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TEOPIA 35YPEHD 3BA3AHNX KOJIMBAHb PE3OHATOPIB
3 AKTUBHUM TA ITIOTJIMHAIOYNM HIEJIEKTPIKOM

Po3BuBaeTbcsa Teopis 30ypeHb, NMpUAAaTHA Ui ONKCY 3B'A3aHUX KOJIMBAaHb J1EIEKTPUYHHX
pE30HATOPIB, BUKOHAHMX 3 AKTUBHHUX JICJIEKTPUKIB Ta [ICJIEKTPUKIB 13 BTpaTamu. 3HaijcHA
cUcTeMa pIBHSAHB SKa BHU3HAYAa€ aMIUTITYJM Ta YacTOTH PE30HATOPIB Ta B OKPEMHUX BHIIAIKaxX
30iraeThes 31 3HAHICHOIO PaHilIIe.

JlOCITiKYIOTBCSL 3B’ s13aHI KOJIMBAHHS JiCNIEKTPUYHUX PE30HATOPIB pi3HUX BUIIB. OTpuMaHi
3aKOHOMIPHOCTI J00pe COriacyroTbcs 3 pe3yiabTaTaMmH, 3HAJIEHWMHU B IHINUX IMYOJNiKaIlisiX Ha
OCHOBI 3aCTOCYBaHHS YMCEIIbHUX METOJIB Ta EKCIEPUMEHTAIBHUX JOCHiKeHb. llpeacramieHi
pe3ysbTaTH € OCHOBOIO JJISI PO3PAaXYHKY Ta MOOYIOBH LIMPOKOTO KJacy pi3HOMAHITHUX ONTHYHUX
MOJYJISITOPIB, MIEPEMUKAYIB TOTYKHOCTI, Ta CEHCOPIB I CUCTEM ONTHUYHOTO 3B'A3KY 1 IHTEPHETY
peuen.

It is known that the physical conditions in the DR can be implemented in such a
way that energy from an external source is transferred to the field excited in its
material. It is convenient to describe such resonators by introducing into
consideration the concept of active dielectrics, materials in which the imaginary part
of the dielectric constant can take positive values. In works [1 - 4], coupled systems
of similar waveguides and resonators have already been considered, carried out using
numerical methods, simulation and experimentally.

Previously [5], we considered dielectric resonators made of an ideal lossless
dielectric whose dielectric constant is a purely real quantity. In this report, using
perturbation theory for Maxwell's equations, coupled oscillations of resonators, the
material of which is a complex function €, =€ +ie’, are studied, the imaginary part

of which can take both positive and negative values. The resulting system of
equations is used to study coupled oscillations of DRs made of an active dielectric
and a dielectric with power losses. The found system of equations coincides with that
obtained earlier [5] for € =0.

The simplest systems are considered, consisting of two coupled resonators, the
material of one of the resonators is absorbing €’ <0, and the second is active ¢, >0.
Resonators with fundamental magnetic oscillations, as well as resonators with
whispering gallery oscillations are investigated. (Fig. 1, 2).



On Fig. 1 shows the solutions of the equation systems for coupled oscillations of
the absorbing and active DR with variation of the imaginary part of the dielectric
constant of the second resonator.
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Fig. 1. Different cylindrical DR with main oscillations H,,, (a) (g//€&; =-0,01; &, =¢,, =36;
A, =A,=0,4; f,=10GHz;Ax=Az=0; Ay =10mm). Different spherical DR with a
whispering gallery mode H,g 5, (€) (&, =€) =2,4.Ax=Az=0; k,Ay =40). The coupling

frequencies (b, f); amplitude ratio (c, g) quality factor of coupled oscillations (d) as functions of the
complex dielectric constant tangent function of the second DR (a) (&;/&; =-0,01).

As follows from the data obtained, an increase in the imaginary part of the
dielectric constant for resonator 2 leads to a decrease in the detuning between
frequencies (Fig. 1, b, f). The amplitudes of coupled oscillations are distributed in
such a way that only one of the resonators of the system is excited (c, g). In this case,
the quality factor of one of the coupled oscillations increases exponentially, and the
quality factor of the other coupled oscillation remains approximately constant (d).

When using resonators with whispering gallery mods, the noted qualitative
patterns of changes in the parameters of coupled oscillations are preserved (Fig. 1, e -
g), however, the dependences of the frequencies become more complex functions of
the dielectric parameters (Fig. 1, f).

On Fig. 2 shows the results of calculating the frequencies, amplitudes and quality
factors of coupled oscillations of 3 cylindrical DRs with a whispering galery
oscillations EH, ,, .
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Fig. 2. 3 different cylindrical DR with a whispering gallery mode EH, ,,, (a) (¢, =€, =¢;, =9;

koAr =22 A, =A, =A,=0,2). The coupling frequencies (b); amplitude ratio (c) quality factor of

coupled oscillations as functions of the complex dielectric constant tangent function of the second
DR (a) (e//e =¢;/e5;=-0,01).

The obtained patterns of amplitude distribution confirm the previously discovered
effect [6, 7], the essence of which is that coupled oscillations in complex lattices
consisting of various types of DR are broken down into oscillations of individual
sublattices. All resonators in each individual sublattice are characterized by the same
shape and the same parameter values.

Thus, using perturbation theory, we have obtained a new system of equations that
describes the general patterns of behavior of multi-element lattices with DR
performed by their various dielectrics. Considered DR lattices can find practical
application in multiplexers, amplifiers, channel switches and other devices of infrared
and optical communication systems.

References

1. Hlushchenko A.V., Novitsky D.V., Tuz V.R. Trapped mode excitation in all-dielectric
metamaterials with loss and gain // Physical Review B 106, 155429 (2022) 2022. PP. 155429-1 —
155429-9.

2. S. Phang, A. Vukovic, G. Gradoni, P. D. Sewell, T. M. Benson, S. C. Creagh. Theory and
Numerical Modelling of Parity-Time Symmetric Structures in Photonics: Boundary Integral
Equation for Coupled Microresonator Structures. Chapter. Recent Trends in Computational
Photonics . November 2017. pp 207-233. https://link.springer.com/chapter/10.1007/978-3-319-
55438-9 7.

3. Bo Peng, S. K. Ozdemir, F. Lei, F. Monifi, M. Gianfreda, G. L. Long, S. Fan, F. Nori, C. M.
Bender, L. Yang. Parity—time-symmetric whispering-gallery Microcavities // Nature Physics.
Vol. 10. May 2014. www.nature.com/naturephysics , pp. 394 - 398.

4. C. E. Riiter, K. G. Makris, R. El-Ganainy, D. N. Christodoulides, M. Segev, D. Kip. Observation
of parity-time symmetry in optics // Nature Physics. Vol. 6, March 2010, pp. 192 — 195.
www.nature.com/naturephysics.

5. A.A. Trubin. Study of electromagnetic oscillations in a system of coupled dielectric resonators
using perturbation theory // Bulletin of NTUU "KPI" ser. Radiotechnique. 1987. Vol. 24, pp. 42
- 45 (in russian).

6. A.A. Trubin. Eigenoscillations lattices of different dielectric microresonators // "Modern
Challenges in Telecommunications”, Kiev. 2019. pp. 99-102.

7. A.A. Trubin. Modeling of optical topological insulators on lattices of coupled dielectric
resonators // "Modern Challenges in Telecommunications”, Kiev. 2022. pp. 66-68.


https://link.springer.com/book/10.1007/978-3-319-55438-9
https://link.springer.com/book/10.1007/978-3-319-55438-9
http://www.nature.com/naturephysics

