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Background. A further increase in the speed of information transfer is determined by more stringent requirements for the el-
ements of communication devices. One of the most important components of such devices is various filters, which are often made
on dielectric resonators. Calculation of the parameters of multi-section filters is impossible without further development of the
theory of their design. The development of filter theory is based on electrodynamic modeling, which involves calculating the cou-
pling coefficients of dielectric resonators in various transmission lines.

Objective. The aim of the research is to calculate and study the coupling coefficients of rectangular dielectric resonators with
a rectangular metal waveguide when their axes rotate. Investigation of new effects to improve the performance of filters and other
devices based on them.

Methods. Methods of technical electrodynamics are used to calculate and analyze the coupling coefficients. The end result is
to obtain new analytical formulas for new structures with rectangular dielectric resonators, which make it possible to analyze and
calculate their coupling coefficients.

Results. New analytical expressions are found for the coupling coefficients of dielectric resonators with the rotation of their
axes in a rectangular waveguide.

Conclusions. The theory of designing filters based on new structures of dielectric resonators with rotation of their axes in
metal waveguides has been expanded. New analytical relationships and new patterns of change in the coupling coefficients are
found.
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Introduction Calculation of radiation fields during rotation
of dielectric resonators in a waveguide.

Band-pass and band-stop filters based on dielectric
resonators of different shapes are used in access devices
of various telecommunication systems [2-3]. Dielectric
filter theory is well developed. Further improvement of ~ lar resonator with magnetic oscillations Hyyj in local
filter characteristics can be achieved by using less tradi- DR coordinate system (x,y,Z)) (Fig.1, a) we repre-
tional structures, in particular, dielectric resonators with
rotation of their axes relative to each other and the
transmission line [1, 3]. To calculate and analyze the
characteristics of such filters, it is required to calculate

The field of natural oscillations (E,E) of a rectangu-

sented in the form:

the coupling coefficients of the DR located at an arbi- e, _h I(DHOB (SianX") CO,SByy(’ {SinBzZi}.
trary angle with respect to the waveguide axis. ! —p2 " \cos B.x')| —sin,y" ||cosp,z')’
h dop, o (cosp.x’ | sinP,y" |(sinf z

Statement of the problem e, = K- BOB ( sinBBXXX') Cos%yyilf' COS%ZZ' ;
e, =0; (1)

Rectangular DRs are widely used in filter design [2-
6]. The purpose of this article is to calculate and study oo h, COSBX sin B y' BZZ' '
the coupling coefficients of the rectangular DRs with the ) B BB, ( inf, x ) cosByy { BZZ’}’
fundamental wave [, of a rectangular metal wave- L . ' , ,

, - h, B sinfx"|| cosp,y’ |[cosp,z |
guide. Yo -p cosf, x')| —sinf,y" ||-sinp,z'’
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h, =h (sianx'){SiﬂByY'}{sinBZz’} .

z cosf,x'|| cosB,y" ||cosp,Z

Where (B,,B,,B,) - are the wave numbers;

k, =0\l s k, =0yp€, ;h, -is the amplitude; ®

- is the circular frequency; L, - is the magnetic permea-

bility; €,; €, - is the dielectric permittivity of the exter-
nal space and resonator, respectively.

To obtain formulas for the coupling coefficients, we
need to calculate the integral

¢ =1/ 2[{[&, A1) + [, h)(E*) }ds (2)

over the resonator surface S. Here (E*,H") - electric

and magnetic fields of the eigenwaves of a rectangular A/Z X, a x
waveguide, respectively. b
For a rectangular resonator, it is more convenient to

use an approximate representation (2) that is performed

with an accuracy 1/ Q) :

“xi/20( -5, [ G (E))dv. ()
A%

Where Qy is the Q-factor of DR radiation; V - reso-

nator volume.

The problem is that the resonator field and the wave-
guide field have a simple form in different coordinate
systems. Therefore, to calculate (3), we represent the
waveguide field [7] in the coordinate system of the die-
lectric resonator (X', y',Z').

Fig. 1. Rectangular dielectric resonator in the local coordi-
nate system (a). Standard positions of rectangular dielectric
resonators in a waveguide (b, c, d).

After calculating (3), the coupling coefficient of the
resonator with the waveguide is represented according to
the normalization of the waveguide field:

l~<s=ci2/wW 3)




where W - energy stored in the dielectric of the
resonator.

Rotation of the dielectric resonator relative to the
X-axis.

The description of the resonator rotation in the gen-
eral case leads to rather cumbersome expressions, there-
fore, for simplicity, let us single out several simple cases
of rotation about the fixed axes of the waveguide coor-
dinate system (X, Y,Z).

Let us first consider the rotation of a rectangular res-
onator relative to the x-axis of the waveguide (Fig.2, a)
for initial position shown on Fig. 1, d. In this case, the
coupling coefficient of the DR with the /|, wave of a

rectangular waveguide has the form:

kg =ko -2 -cos? b, kg, (' kysinBy)o, (T /K, cos, )

2
.(szﬂxxoj ‘ )
cos” %,,X,
Where
N 4
K, =2~(81r—1)2~‘;°b(ﬁ pyp,) 20 Ly

UH=81rk§[B TE T, nz+[3 f § f +

2n2 ¥ _ii
+Bsz'n Z+BB n;(r y n,
T
z

|+

m, =p,Esinp cosp,; v=(x,,z).The upper

and lower signs of nf correspond to the distributions of
the DR field shown in brackets (1). €, =¢ /¢y;
pe=B.ay/2; p,=Bby/2; p,=P.L/2- is the

resonator  characteristic ~ parameters; Xix = nla;

(x5 ¥9»2,) is the coordinates of the center of the reso-

nator in the waveguide; F:w/kg _(Xlx)2 the wave

numbers of a rectangular waveguide with a cross section
axb for the fundamental wave of a magnetic type H,,
(Fig. 1,b) [7]

Here and below
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|
0O
( ilp, cosp, sin(q,&)—q,sinp, cos(q, &))
p, sinp, cos(q,&) —q,Ecosp, sin(q, &)
1
w9= pl-(q,8)

i[p, cosp, sin(q,£) —q,&sinp, cos(q,E)] )’
Gy = koay 1 2;

( p, sinp, cos(q,5) —q,&cosp, sin(q, &) ) :

v=(x,»,2);
q,=kyL/2.

g, =koby /25

a |

Fig.2. Rotation relatively the x-axis of the dielectric resona-
tor (a). Dependence of the DR coupling coefficient on the ro-
tation angle B, (b): (1-x=0,2a; 2-x,=0,3a; 3-

xy =0,4a).

Rotation of the dielectric resonator relative to the
y-axis.

The coupling coefficient of a dielectric resonator rotat-

ed relative to the y-axis with the H,, wave of a rectan-

gular waveguide at the initial position shown in Fig. 1, d,
has the form:

2
kg =k, - B e g (—(y,, /Ko cosa, +T/k,sinay))-

o, (=% /ko sina, —=I'/kjcosa,))—
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Fig. 3. Rotation relative to the y-axis of the dielectric resona-
tor (a). Dependence of the DR coupling coefficient on the ro-
tation angle o; (b): (I-xy=0,15a; 2-x;=7,341 mm; 3-
xy =0,3a; 4- x5 =0,5a ). Dependence of the coupling coeffi-
cient on the DR coordinate x; (c): (1-oy =0,1; 2-0y =0,5;
3-0=0,659;4-ay=1;50;=L15).

Rotations of the dielectric resonator relative to the
Z-axis.

In the case of rotation of the dielectric resonator rela-
tive to z-axis at the initial position shown in Fig. 1, d, the
coupling coefficient takes the form:

kg =k, ~‘By sinayo, (%, / ko cos oy )m, (1 / ko sinoy )+

2
+B, cos oy @, (1, / ko cos oo, (/Ko sin ocl)‘ .

-‘(oy(l“/ko)‘z cos” X, (6)
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Fig.4. The dependence of the coupling coefficient of the DR
on the angle of rotation for the initial position shown in Fig. 1,
d. Dependence of the DR coupling coefficient on the rotation
angle oy : (1-xp =0,2a; 2-x5 =0,3a; 3- x5 =0,4a ) for
bg/ap=0,2 (b); by/ag =3 (c).

In the case of rotation of the dielectric resonator
around z-axis at the initial position shown in Fig. 1, b:

ks =Ko B, cosoym, (I /o (1, /o sina, o, (1, /Ky cosa)|

O

-sin’ %+
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Fig. 5. The dependence of the coupling coefficient of the DR
on the angle of rotation for the initial position shown in Fig. 1,
b. Dependence of the coupling coefficient on the rotation an-
gle a; (b): (I-x5=0,2a; 2-xy =0,3a; 3-x5 =0,5a ). De-
pendence of the coupling coefficient on the DR coordinate x;

(c):(1-0y=0,4;2-0;=0,8;3-a;=1,2).

Calculation and analysis of coupling coeffi-
cients

Relations (4-7) were used for calculations the cou-
pling coefficient dependences.

In Fig. 2-3, 5 depending on the coupling coefficients
on the angles of rotation and transverse coordinates are

plotted for the resonator with €, =36; a,=b,;

L/a;=0,4. The cross section of the waveguide was

axb=35x15mm,; frequency of the fundamental mag-

netic oscillation of  the resonator H1 1"

(h, =h, cosP,x"cosp,y'cosB,z" in (1)) f=7GHz

The most interesting dependences were obtained for
the rotation of the DR relative to the y-axis (Fig. 3, b, ¢).
In the first case (Fig. 3, b, curve 2), we see that the cou-
pling coefficient does not depend on the orientation of
the DR axis at the point of "circular polarization" of the
magnetic field of the waveguide:

]
Xo =—arcctg—-.
Lix Lix

In the second case (Fig. 3, c), the coupling coefficient
does not depend on the transverse coordinates when the
axis of the DR is rotated by an angle:

i
X =arcctg—.
1x
In other cases, the dependences of the coupling coeffi-
cients on the angles of rotation change according to non-

harmonic laws. In limiting cases o,,f3, =0,£m/2, ex-

pressions (4-7) coincide with the coupling coefficients
for standard positions (Fig. 1, b-d) of the resonator in the
waveguide.

Discussion and Conclusion

In the presented work, new analytical expressions are
obtained for the coupling coefficients of rectangular DRs
with a regular rectangular waveguide, when the DR is
rotated relative to the waveguide axis.

In the case of rotation about an axis located parallel to
the narrow wall of the waveguide, the coupling coeffi-
cients do not depend on the angles at the point of circu-
lar polarization of the magnetic field, and in the case of
rotation of the DR by an angle determined only by the
longitudinal and transverse wave numbers, they do not
depend on coordinates.

In all cases, the dependences of the coupling coeffi-
cients on the angles of rotation change according to non-
harmonic laws.
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Tpyoin 0.0.
Koeginientu 3B's13Ky NpsiMOKYTHHX JieJIeKTPHYHUX Pe30HATOPIB 3 NPSAMOKYTHIM XBUJIEBO/IOM NPH o0epTaHHi iX oceil

Ipodaemaruka. [Toxanpime miBHIEHHS MBHAKOCTI Tiepenadi iHGopMarii BH3HAYAETHCS OLIBIT KOPCTKUMH BUMOTAMH, IO
TPeN IBISIOTHCS JI0 EIEMEHTIB MPUHMANBHO-TIEpeIaBaTbHAX MPHCTPOiB. OHOT 13 BaXKIMBUX CKIAJOBHX YaCTHH TAKUX TIPHCTPOIB
€ PI3HOMAHITHI (ITBTPH, AKi YaCTO BHKOHYIOTBCSA Ha JIETCKTPHYHIX pe3oHaTopax. Po3paxyHOK mapaMeTpiB 6araToNaHKOBHX
MIYHOMY MOJIEIIOBAHHI SKe Mepedadae po3paxyHoK KOe(ilieHTiB 3B'M3KY JieTeKTPHIHIX PE30HATOPIB B PISHOMAHITHHX JHIAX
nepenaui.

Merta focikensb. MeToro JOCTiKEHb € PO3PaXyHKH Ta TOCTIKEHHS KOC(IlieHTIB 3B'A3Ky IPAMOKYTHHX  JiCMEKTPUIHIX
PE30HATOPIB 3 MPAMOKYTHHM METAJIEBUM XBIJICBOIOM IPH 3aCTOCYBAaHHI HOBUX CTPYKTYp 3 00epTaHHAM oceil pe3oHaTopis. Jloc-
J/KEHHS. HOBUX e(eKTiB, 110 A03BOJIAIOTH MOKPAILYBATH XapaKTEPUCTHKK PO3CIIOBAHHS (DITBTPIB Ta {HIIMX MPUCTPIB HA X OC-
HOBI.

Mertonnka peanizanii. /s po3paxyHKy Ta aHanizy koedilieHTiB 3B'I3Ky BHKOPHCTOBYIOTHCS METOJIH TEXHIYHOI €IEKTPOIH-
Hamiky. KiHI[eBUM pe3yIbTaTOM € OTPHMAHHSA HOBHX aHAMITUYHUX (HOPMYI JUI HOBHX CTPYKTYP 3 HPSIMOKYTHHMH Ai€NeKTPHY-
HIMH PE30HATOPAMH, 10 A03BOJISIOTH AHANI3YBATH 1 PO3PAXOBYBATH 1X KOS(IIiEHTH 3B'I3KY.

PesyabTaTi gocuikennb. 3HaliieH0 HOBI aHATITHYHI BUpa3y U1 Koe(ilieHTIB 3B'I3KY IiCNEKTPUYHUX PE30HATOPIB 3 00ep-
TaHHSAM 1X Oceil B IPAMOKYTHOMY XBUJIEBOJI.

BucnoBku. Po3mmpero Teopis KOHCTPYIOBaHHS (iNbTPiB HA HOBUX CTPYKTypax AiCNEKTPUYHUX PE30HATOPIB 3 00epTaHHAIM
iX oceil B MeTaneBHUX XBUJICBO/AX. SHAIICHO HOBI AHAIIITHYHI CITIBBIIHOIICHHS Ta HOBI 3aKOHOMIPHOCTI 3MIHH KOC(illieHTiB 3B's-
3Ky.

KarouoBi cioBa: pienektpudHuil GpibTp; IPsSMOKYTHUIL TieNCKTPUYHIE Pe30HATODP; 00epTaHHs;, KOSDIlliEHTH 3B'SI3KY.

Tpyoun A.A.
KoygduuueHTsl cBSI3M NPAMOYrOJAbHBIX JMAJIEKTPHYECKUX PE30OHATOPOB € MPSAMOYrOJLHBIM BOJHOBOIOM NpH
BpAILeHNH HX Ocei

IIpo6iemaruka. JlanpHelee MOBBILEHHE CKOPOCTH Mepeadn HHMOPMALUH Onpesensiercs Ooee JKeCTKUMU TPeOOBaHMUS-
MH, TIPEIBSBIAEMBIMU K 3JIEMEHTaM MPHEMO-TIepeJaloNX yeTpoiicTB. OIHON M3 BaXKHEHIINX COCTABHBIX YacTeH TAKMX YCT-
POJICTB ABISIOTCS PA3NTIYHBIE (IITBTPHI, KOTOPEIC YacTO BHITONHSIOTCS HA JUANEKTPHYECKHX pe3oHaTopax. Pacuer mapameTpos
MHOTO3BEHHBIX (PHIIBTPOB HEBO3MOXKEH 0€3 JalbHEHIIEro pa3BUTHS TEOPHH MX NPOCKTHpoBaHWs. Passutne Teopuu (uibTpos
0asmpyeTcs Ha 3IEKTPOAMHAMIUECKOM MOJEIMPOBAHUH, KOTOPOE MPEIONAraeT pacueT KO3(Q(HIHEHTOB CBI3M AMAICKTPUIE-
CKHX PE30HATOPOB B PA3TMIHBIX JINHHAX TIEPEIadH.

Lenp uccmenoBanmii. Llempro mceneoBanmii ABNISETCS pacdeT W MCCIeNOBaHHE KOI(QQHUIMEHTOB CBA3M MPAMOYTONBHBIX
JIICKTPIYECKIX PE30HATOPOB C MPSAMOYTOIBHBIM METALTHYCCKIM BOTHOBOIOM TIPH BPAIICHHH HX OCeH. VccnenoBanne HOBBIX
3¢ (heKToB, TTO3BOIAIONINX YIyIIIaTh XapaKTePUCTHKA (IITTPOB U APYTHX YCTPOHCTB HA MIX OCHOBE.

Metoauka peanusanuu. g npoBeseHNS pacdeTa U aHaIH3a KOI(QQHUIMEHTOB CBA3M UCTIONB3YIOTCS METOJIbI TEXHIIECKOI
3NEKTPOMHAMHIKH. KOHEUHBIM pe3y/IbTaTOM SBIISCTCS MOMYYEHHE HOBBIX AHAMTHYECCKHX (OPMYT I HOBBIX CTPYKTYp C Hps-
MOYTOJBHBIMH JIMAIEKTPUICCKAMH PE30HATOPAMH, KOTOPHIC MO3BOIAIOT AHANM3MPOBATH M PACCUHTHIBATE MX KOI(DDHIHCHTHI
CBSA3U.

PesyabTaThl HecnenoBanuii. HatifeHs! HOBbIC aHANMUTHYECKHE BBIPAXKEHHUS JUI KO3(PGUIMEHTOB CBA3U IUIIEKTPUICCKUX
PE30HATOPOB C BPAIICHHEM HX OCEH B MPAMOYTOILHOM BOTHOBOJIE.
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BoiBoabl. Pacimpena Teopust KOHCTPYHPOBAHHS (HIBTPOB Ha HOBBIX CTPYKTYPax AMANEKTPHUYECKHX PE30HATOPOB C Bpallle-
HHEM HUX Oceil B METAJLUIMYECKNX BOJHOBO/AX. Hali/leHbl HOBbIC aHAIMTHYECKHE COOTHOIICHUS M HOBBIE 3aKOHOMEPHOCTH M3Me-
HEHHS KO3((DUIIUCHTOB CBSI3H.

KioueBble ciioBa: IMANEKTPHYCCKUI (HIBTP; IPIMOYTONBHBIA AHAICKTPUUCCKUIT PE3OHATOP; BpAleHHE; KOIDDULIHCHTHI
CBSI3M.
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