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PO3CIIOBAHHSA IVIOCKUX EJJEKTPOMATI'HUTHUX
XBWJIb HA OJHOBUMIPHUX PEHIITKAX COEPUYHUX
JAIEJJEKTPUYHUX PE3OHATOPIB

Posrnsanaerbest 3aaya poO3CiIOBaHHSI TUIOCKUX E€JIEKTPOMArHITHUX XBWJIb Ha
OJTHOBUMIPHHUX pEIIITKax AieleKTpuuHux pe3onartopiB (/AP) chepuunoi dopmu 3
HIOKYMMHU KOJIMBaHHSIMU MarHiTHoro Tunmy H,.,. Ha ocHoBi Teopii 30ypeHs,
noOy70BaHa €JIEKTPOMAarHiTHa MOJIeNb PEIIITOK. AHAI3YIOThCS OCOOJIMBI BUIAJKU
PO3CIIOBaHHS Ha JIHIMHUX Ta KUIBIEBUX CTPYKTypax. PO3TisiHyTI pemriTku MOXYTh
BUKOPHCTOBYBATHCS SIK €JIEMEHTH aHTEH B MPUCTPOSX 3B 53Ky a00 IHTEPHETY pedei
ONTUYHOTO Ta 1H(PAUEPBOHOTO AlaNla30HIB JOBXKUH XBHUIIb.

Today, spherical dielectric resonators (DRs) are considered as one of the main
elements of various devices in the infrared and optical ranges [1-4]. Despite the fact
that the fields of this type of resonators are described by relatively simple analytical
expressions, the calculation of more complex structures, based on them, faces
significant computational difficulties. At the same time, obtaining exact analytical
solutions usually leads to cumbersome computational structures [5]. Analytical
modeling using perturbation theory also makes a number of difficulties arising from
the high sensitivity of the output parameters to the relative frequencies of partial
resonators, as well as the uncertainty in the choice of basis functions for a spherical
DRs. At the same time, the construction of electromagnetic models of such structures
provides valuable information about the behavior of systems of various shapes
lattices under different scattering conditions.

In this report, we considered the problem of scattering of plane waves on various
one-dimensional lattices of spherical DRs with fundamental magnetic oscillations of
partial resonators H,, (m=0,+1). On the basis of perturbation theory [6], an

electromagnetic model of scattering on one-dimensional and quasi-one-dimensional
ring lattices is constructed, taking into account the excitation of degenerate
oscillations of the main type in the system of resonators. Various particular cases of
wave scattering are considered, which are of interest for the development of antenna
field spatial converters for access points of optical and infrared communication
systems.
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Fig. 1. Linear lattice of spherical DRs. Angular dependences of the squared modulus of
scattering amplitude |f <9k,(pk|6,(p>|2 for k,d=1/4; ¢, =m; 6,=7n/2 (b,c); 6, =3n/4 (d, e)

for p scattering - (b, d); for s-scattering (c, e). (Straight lines show the direction of the incident
wave, and the dots show the spatial arrangement of the resonators).

Expanding the scattered field of the lattice in terms of natural oscillations of the
system of resonators [6], we took into account the coupling coefficients of all types of
oscillations H, , (m=0,£1) [7], differing from each other by the field rotation, near

the lowest resonance frequency f,.
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Fig. 2. Angular dependences of the squared modulus of scattering amplitude for k,d=1; ¢, ==
o, =n/2; (a b)andfor e, = (a, c) for p scattering - (a) for s-scattering (b, c).



The noted relationship between degenerate oscillations with different values of
azimuthal indices in the spatial structures of spherical DRs redistributes the lattice
field in most cases, having a noticeable effect on its characteristics (see, for example,
fig. 3, e). At the same time, the maximum spatial symmetry of spherical DRs makes
lattices, built on their basis, as responsive as possible for different directions of
incidence for waves of different polarizations, which is especially attractive for
building access points in communication systems.
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Fig. 3. Ring lattice of 16 Spherical DR (a). Angular dependences of the squared modulus
of scattering amplitude for k,R,=7; ¢, =m; 6,==n (b); 6,=3n/4 (c,e); 6,=n/2 (d,f),
for p scattering - (b - d) for s-scattering (e - f).



The constructed model made it possible to calculate and analyze the scattering
features of p and s type plane waves for different angles of incidence. On fig. 1-3
points show the conditional spatial arrangement of the lattices. The direction of

propagation of the incident wave is shown by a solid line, defined by wave vector RO :
It was assumed that all resonators are made of a dielectric with ¢, =36.

As follows from the calculations, in the case of s-scattering, the incident plane
wave is transformed by a linear grating into a uniformly distributed wave in azimuth
(fig. 1, c; fig. 2, b) compressed in the vertical direction. In the case of p-scattering,
the incident wave is scattered in directions determined by its polarization with respect
to the spatial arrangement of the lattice (fig. 1, b, d; fig. 2, a; fig. 3, b - d).
Interestingly, in the case of p-scattering on a linear lattice with k,d=1, the theory

predicts the same distribution of the field for two different directions of the incident
wave: 0, =0;and 6, =m.

Thus, the data obtained show that linear and ring lattices based on spherical DRs
have a more complex field structure associated with the excitation of several types of
degenerate oscillations of these type resonators. The considered structures are of
practical interest for use in access and transmission systems of optical and infrared
communication systems.
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