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PO3CIIOBAHHS IIVIACKUX EJIEKTPOMATI'HITHUX XBUJIb
IICEBJAOOBEPTAJIbBHUMMU PEIHIITKAMMU HUJITHAPUYHUX
JIEJJEKTPUYHUX PESOHATOPIB

PosrnsnaeTscst 3amaua po3cilOBaHHS IUIACKUX €JIEKTPOMArHITHUX XBWJIb Ha
pelITKax NceBIo00epTaHuX AleNeKTPUUHUX pe3oHaTopiB ([IP) nmuninapuynoi popmu
3 HIKYMMHU KOJHMBAaHHSMH MAar”iTHOrO THITY. AHaJI3yIOTbCS OCOOJIMBI BHITAJIKH
pPO3CIIOBaHHS, KOJM BICI PE30HATOPIB KOJIHEApPHI 3 BEKTOPOM PO3MOBCIOIKEHHS
najaroyoi XBUIl, a00 HAINpaBJIEH] y HAMPSAMKY B1IOUTOT XBHIIL.

Various periodic structures with Dielectric Resonators (DR) enhance the control
of the scattered field [1-2, 4].

Pseudo-rotations of dielectric resonators with no degenerate oscillations in
lattices can also lead to a number of interesting cases, determined by the degree of
their coupling with the incident and scattered waves. By pseudo-rotation we mean a
nontrivial rotation of the axes of the DR in which the relative spatial orientation of
the resonators remains constant.

1
2
1371
4 <

0 3.‘1'—11 (P p
a b C d

Fig. 1. Rotation of a cylindrical DR relative to a given coordinate system (Xx,y,z) (a).
Dependences of the c-functions of the magnetic oscillation H, , of a cylindrical DR on the
directions of incidence of a plane wave in spherical coordinates for p-scattering (b): 9, ==/4;
¢ =/ 4fors-scattering (d): 9, =n/4; ¢, =0. Dependences of zero values of c-functions on
the angles of incidence of a plane wave in the case of s-scattering for 9, ==/ 4;

@r =0 (curve 1 (C)); 9, =mn/4; @y =n/4 (curve 2 (C)); 9, =n/4; ¢, =n/2 (curveld (c));
9, =n/4; @, =3n/4 (curve 4 (c)).



The first special case of scattering occurs when the conditions are satisfied under
which all resonators of the array are not coupled with the incident wave. Then the
dielectric structure interacts with the incident field only in a nonresonant manner,
which leads to the effect of quasi-complete transmission of the field through the
grating. A similar effect was first observed by Malyuzhinets for scattering dielectric
and metal bars by gratings [3 - 5].

The second special case of scattering occurs when the axes of the resonators are
oriented in space in such a way that the direction of the “zero” field in the wave zone
of each of them coincides with the “angles of reflection” of the incident wave.

Both of these cases are determined by the properties of the so-called c-function,
which determines the relationship between the field of a plane wave and the field of a
dielectric resonator of a given orientation [7].

For the main natural oscillations of cylindrical DRs H,;, we have found a

general analytical expression for the c-function in the case of rotating resonators:
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Where Ny, n,=(sin$_cose_,sinY_sing_,cosS ),
Ny =(Sin 9, COS@g,SiN Y Sin@,,€0s3;) - is the unit vectors determining the

direction of the magnetic field, the direction of propagation of the incident wave, and
the axis of the DR in a spherical coordinate system (fig. 1, a), respectively. Here
p, =Bry; p,=B,L/2; B, B, - transverse and longitudinal wave numbers, which

determine the field of natural oscillations of the DR [7], q, =k,,; q,=k,L/2;
r, - radius; L- height DR; k, =w/c; K, =K,/g,, ; &,- relative dielectric constant of

the resonator.
As follows from (1), in the case
p-scattering dielectric resonators of the lattice are not coupled with the incident

wave (¢ =0) if
(Prr = (PR (2)

For s-scattering
t9(9%)ctg9, = cos(eg +¢,). (3)

or, in a particular case, if
¢, =—@z and 0 =0g; (4)
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Fig. 2. Square lattices of various orientations of pseudo-rotatable cylindrical DRs - a - ¢c. Angular
dependences of the modulus of the scattering amplitude |f <9n,(pn

0,¢)| for 9, =3r/4; ¢, =x and
9, =n/4; @, =0 - (d) for s-scattering. (Straight lines show the direction of the incident wave).

The numerical solution of equation (3) is shown in Fig. 1c, for different directions

C, * for p and s scattering on the angles of

incidence (9_,¢_) for (9.,¢.) =(xt/ 4,7/ 4) are shown in fig. 1, b, d respectively.
Coupling reaches its maximum in case
p-scattering, if

O, =n/2and ¢, =@, £/ 2; (5)

and for s-scattering:
¢, +¢s, =02t and 6, —0_=m/2, (6)

or
o, +og=mand O +0_=m/2. (7)



Calculation of the scattering amplitude in the wave zone of one- and two-layer
lattices in the case of coincidence of the direction of the minimum radiation of the
resonators with the “angles of reflection” of the incident wave, are shown in
Fig. 2, c, d.

Thus, the performed studies of the c-functions in the general case make it possible
to determine the conditions for the quasi-complete propagation of scattered waves
through the gratings of pseudo rotated cylindrical DRs with a fundamental oscillation

H,,; similar to the Malyuzhinets effect.

It was found that the effect of quasi-complete passage of the incident wave
through the DR grating occurs when one of the conditions:

If the direction of the minimum radiation of the resonators coincides with the
direction of propagation of the reflected wave.

In the case of vanishing of all the c-functions of the resonators. For the main
types of oscillations, H,,; the specified condition is realized when one of the

equations (2-3) is fulfilled.

References

[HEN

. R. Paniagua-Domi'nguez, Ye Feng Yu, A. E. Miroshnichenko, L. A. Krivitsky, Yuan Hsing Fu,
V. Valuckas, L. Gonzaga, Y. Teck Toh, A. Yew Seng Kay, B. Luk’yanchuk, A. 1. Kuznetsov.
Generalized Brewster effect in dielectric metasurfaces / NATURE COMMUNICATIONS |
7:10362 | DOI: 10.1038/ncomms10362 |www.nature.com/naturecommunications

2. B.II. Ulecromanos, JI.H.JlutBunenko, C.A.MacamoB, B.I.Conory6. J[ludpakuus BodH Ha
pemerkax. U3n-so XI'Y. 1973 1.

4. EM. Hedenor, A.H. CuBoB. DiekTpoauHaMuKa MEPUOIUIECKUX CTPYKTYyp. U3a-Bo Hayka. M.
1977 r. 208 c.

3. B.b. Kazanckuii, B.P. Ty3, .B. IOnunnes. Paccesnue ['aycCOBBIX BOJHOBBIX ITy4YKOB
or paHquHHOﬁ MOCJICAOBATCIIbHOCTBIO UCPCAYIOIIUXCA PCIICTOK U3 JUIJICKTPUYCCKUX 6p}/'CBCB
/I Bicauk XapkiBcbkoro HamionansHoro yaiBepcutery im. B.H. Kapazina, 2007, N 756,
Paniogizuka Ta enextponika, Bum. 11, c. 82-86.

4. Trubin A.A. Unidirectional scattering of electromagnetic waves by gratings of dielectric
resonators // 7 Intern. Sciences. technical conference “Problems of telecommunications 2013”.
Kiev 2013. pp. 191-193.

5. A. A. Trubin, "Electromagnetic waves scattering on a lattice of Dielectric Resonators,” 2009 19th
International Crimean Conference Microwave & Telecommunication Technology, 2009, pp.
405-407, doi: 10.1109/TELSKS.2009.5339480.

6. A.A. Trubin Lattices of Dielectric Resonators. Springer International Publishing Switzerland -

2016 — 171 p. https://link.springer.com/book/10.1007/978-3-319-25148-6.



