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The coupling coefficients of cylindrical dielectric resonators with a regular rectangular waveguide under the
condition their axes rotation are calculated. The dependences of the coupling coefficients on the angles of
rotation and transverse coordinates of the resonator in the case of excitation of the main magnetic types of
natural oscillations in them are considered. The dependence of the coupling value on the angles of rotation
at the points of circular polarization of the fundamental wave of a rectangular waveguide is shown. The
condition for the angle of rotation of the axis of the resonator, determined by the dimensions of the cross
section of the waveguide and the frequency of the main type of natural oscillations, is also established, when
fulfilled, the coupling coefficient becomes constant in the transverse plane of symmetry of the waveguide.
New analytical expressions are derived for the mutual coupling coefficients of identical cylindrical dielectric
resonators when their axes rotate relative to a rectangular waveguide. The dependences of the mutual
coupling coeflicients on the angles of rotation and coordinates of the resonators are investigated. Conditions
are found under which the mutual coupling coefficients of two cylindrical resonators are independent of their
transverse coordinate in the plane of symmetry of the waveguide. The reasons for the change in the sign of
the coupling coefficients of the resonators during their rotation are discussed. The effect of the emergence
of coupling extrema for different relative orientations of dielectric resonators is noted. In particular cases of
parallelism of the resonator axes of one of the coordinate axes of the waveguide, the analytical expressions
found in the work coincide with those obtained earlier. The obtained analytical results make it possible to
construct analytical models of bandpass and notch filters, significantly reduce the computation time and
optimize complex multi-cavity structures of microwave and optical communication systems.
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Introduction

The rotation of dielectric resonators (DRs) can be
used to reduce the size of filters [1-3], improve the
radiation parameters of antennas [4-9,11], and control
the scattering characteristics of various metasurfaces
[10, 12-14]. To calculate and optimize the scatter-
ing characteristics of these devices, it is necessary to
study the coupling coefficients of dielectric resonators
in various waveguides and open space. For rotating
dielectric resonators, such a calculation of the coupl-
ing coefficients usually leads to extremely cumbersome
analytical expressions. However, in some cases, obtain-
ing analytical expressions is possible. The presence of
the specified analytical formulas allows to establish
previously unknown properties of the interaction of
resonators with each other and the transmission line, as
well as to build an electromagnetic scattering models
on a large number of coupled elements.

1 Statement of the problem

The purpose of this article is to calculation and
analysis of coupling coefficients of the cylindrical di-
electric resonators in a rectangular propagating as
well as a cut-off waveguide in the case of rotati-
on of the resonator axes. Derivation of analytical
formulas for the coupling coefficients of resonators with
their possible rotation relative to one of the coordi-
nate axes of a rectangular waveguide. Search for new
patterns of change in the coupling of cylindrical di-
electric resonators with the main magnetic types of
resonances when they rotate relative to each other and
a rectangular waveguide.
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2 Coupling coefficients of rotati-
on Cylindrical DRs with
rectangular waveguide

To calculate the coupling coefficient of a resonator
with a regular waveguide, we need to find the projecti-
on ¢ of the resonator field (€,h) onto a propagating

waves (Ef,ﬁf) In the case of the main magnetic

type of natural oscillations H1¢1, the field of a cylindri-
cal dielectric resonator in the local coordinate system
(p',¢',2") associated with the axis of the dielectric
cylinder (Fig. 1) is represented as:

ey = ez = 0;

e = —hy H 5 () {Smﬂzz/} : (1)

8 cos 8,2’

here h; is the amplitude; w is the circular frequencys;
1o is the magnetic permeability; (3, 3.) are the wave
numbers 32 + 52 = kf; k1 = wy/mogiko = w/Hoco,
and; g¢, €1 are the dielectric permittivity of the external
space and resonator, respectively.

Fig. 1. Cylindrical dielectric resonator in the local
cylindrical coordinate system (p’, ', 2’)

In the general case of rotations,

¢t = if2w(er — <o) / (& (BE)")dv.

\4

The integral (2) takes on a very cumbersome form,
therefore, in this work, we will consider only rotations
relatively one selected coordinate axis of a rectangular
waveguide.

In the case of propagating waves, the coupling
coefficient of the resonator with the waveguide, taking
into account the normalization, takes the form:

Gl

wW '

k= (3)
where W- is the energy, stored in the DR material.

The results of calculating the coupling coefficients
(3) are most conveniently presented in the form:

a) in the case of rotation of the resonator axis about the x axis of the waveguide (Fig. 2,a)

l~f=4l~coxfwcos2620082()<1mxo) |v(x1z, ['sin B2, T cos f2) |2;

b) rotation of the resonator relative to the y axis of the waveguide (Fig. 2,b)

k =k ‘(le cos oy & I'sinag)v((x1. cosay + T'sinay),0, (X1 sinag F ' cos ay))e”X1e0 4

+ (x12 cosag F sinag)v((x1z cosar Fsinag),0, (x12 sinag =T cos al))e““”o |2;

c) rotation of the resonator relative to the z axis of the waveguide (Fig. 2,c)

k= 4];!0|F|2C08204181D2 (x1220)|v(T, X142 sin a1, X14 COS a1)|2,

where

[ (/52 + o) Jo(p) = \f52 + sjrodo (/52 + 53r0) )] e

V(Sg, Sy, 82) =

(s3 +s3)r6 —pt

)
/62 4 42
sz + sy

* — complex conjugate symbol; J,,(z) — Bessel functions.
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Fig. 2. Rotation of the dielectric resonator relatively the z-axis (a); y-axis (b); z-axis (c). Dependence of the
DR coupling coefficient on the rotation angle 85 (d): (yo=0,5b; 1 — 2o =0,2a; 2— 20 =0,3a; 3 — 29 =0, 4a).
Dependence of the DR coupling coefficient on the rotation angle «; relatively the y-axis (e): (yo = 0,5b; 1 —
xo =7,341mm; 2 — 29 = 0,3a; 3 — 9 =0,4a). The dependence of the coupling coefficient of the DR on the
angle of rotation ay for the initial position 2’ ||z (f): (yo=0,5b; 1 — 29 =0,2a; 2 — 29 =0,3a; 3 — xo =0, 4a).
Dependence of the coupling coefficient on the DR coordinate o (yo =0, 50) (g): (1 - f2=0,1;2 - 85=0,6; 3 —
B2=1,2); (h): (1 - a;=0,1; 2 - @;=0,659; 3 — a1 =1,2); (i): (1 - @1=0,1;2 - @1 =0,7; 3 — a1 =1,2).

As can be seen from (7)

(8)

For basic magnetic oscillations Hig1 (1), (ey =
—h1 =52 J1(Bp') cos B.z") the function (7) also is even
in all arguments:

U(Sz, Sy, 82) = U(Sy, Sz, 55)-

U(—8z,8y,52) = U(Sz, —Sy,8:) =

= v(8g, Sy, —82) = V(Sg, Sy, Sz)-

(9)

Here and below x5 = sm/a; Xuy = un/b; I' =
\/(st)2+()<%)2—/<§ is the wave numbers of a
rectangular waveguide with a cross section a x b
(Fig. 2,a); €1, = €1/€0; pL = Pro; p. = B-L/2 and
q1 =koro; - =koL/2 is the characteristic parameters;
ro — radius; L — height of the resonator (Fig. 1);

w;(82)
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—i[pycosp,sin(s,L/2)—s,L/2sinp, cos(s,L/2)]
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vo = [Ji(pL) — Jo(pL)J2(pL)] (2p- + sin2p.).

The results of calculating the dependences of the
coupling coefficients on the coordinates and the angle
of rotation of the resonator are shown in Fig. 2 for
Hj1 oscillations and e1,,=36; L/2ro=0,4; fo= 7 GHz;
axb=35x15mm?. In Fig. 2, d, f shows the possibility
of changing the coupling coefficient by rotating the
resonator about the x and y axes, as well as by varying
the coordinate of the resonator center along the x-axis.

But the most nontrivial results are obtained by the
rotation of the resonator about the y-axis (Fig. 2,e,h).
In the first case (Fig. 2,h; e curve 1), we see that the
coupling coefficient does not depend on the orientation
of the DR axis at the points of "circular polarization”
of the magnetic field of the waveguide:

LT
ro1 = —arcctg—-,

X1z X1z (10)
and To2 =G — TO1-

In the second case (Fig. 2,e), the coupling coeffi-
cient does not depend on the transverse coordinates
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(Fig. 2,h curve 2) when the axis of the DR is rotated 3 Calculating mutual COUplil’lg

by an angle: coefficients of rotation Cylin-
IT| drical DRs in the rectangular
ac = arcctg—--. (11) .
X1z waveguide

Calculation of the mutual coupling coefficients of

In limiting cases aq, 82 = 0,+7/2, expressions (4- identical cylindrical DRs with oscillations (1) in a cut-

6) coincide with the coupling coefficients for standard off rectangular waveguide leads to the expressions in
positions of the resonator in the waveguide. the waveguide coordinate system (x,y, z) (Fig. 3,a-c):

ki =Kl > fHFD)(fR(£T)) e Tl (12)

t>tm

here

qi_pz (Elr - 1)2 L

iy
kowo 1 Vo

K9y = —2

)

a) in the case of rotation of the resonator axis about the = axis (Fig. 3, a)

fiH(FiT) =cos(x12Tn) {[E;O(Xuy cos B, Fil'sinf,) — E;()Xsm €08 B, + 1E g X se SIN B | X
X e*iX“yy”v(Xsm, (Xuy cos Bn, Fil'sin B,,), (Xuy sin B, £ cos 5,))+
+ [Ero(Xuy €08 By 40 sin ) — EjgXsa €08 B + iE7g X se sin Bn] %
xeXuw¥ny(y oy, (Xuy €0s Bn, £il'sin B,,), —(Xuy sin B, F I cos 5n))} ;

b) rotation of the resonator relative to the y axis of the waveguide (Fig. 3,b)

JE(FIT) = cos(Xuyyn) {[EroXuy €08 ot — Erg (X €08 0t F il i vy ) — 1E5 Xuy SIN 0] X
x e~ XerTny((Ygp COS auyy F il sin vy ), Xuys (Xsz sin o, £ i cos ay,))+
+ [EroXuy €08 o — By (Xsz cos i, £ 4T sin o) + 4B Xy Sin a, | X

xeXsxTn)((y 40 cOs oy % il sin oy, ), Xuy> —(Xsz sin a,, F il cos an))} ;

¢) rotation of the resonator relative to the z axis of the waveguide (Fig. 3,c¢)

[t (Fil) =[+il' (B sin oy, + Ejg cos ay,) — i(Xsae SIN iy + Xuy €08 ) 7] %
X SIN(XszZn + XuyYn)V(—IL, (Xsz si atn + Xuy €OS ), (Xsz COS Gt — Xuy SINQL,))—
— [Fil (B sinay, — Ejgcos ay,) — i(Xse SIN Qy — Xuy €OS Qi ) 7] X
X SIN(Xs2Zrn — Xuy¥n )V (=1L, (Xsz SIN G — Xuy €OS ), (X sz COS Qny + XuySINO,)),

(15)

su

1/2
where O 2[ | ] (1 = 8y — 600) "2
X |wegab

Eao = iXuy |Weu| hui Eyo = —iXea [Wi| By

for H-waves;

)

1/2

Eu0 = FXox€ui Byo = Fxuy€oui Bzo = X/ [T €}
‘ e Y wsw o (Zn, Yn, 2n) is the coordinates of the center of the n-th
for E-waves of the waveguide; resonator in the waveguide coordinate system; 3, au,
is the angles between the z’-axes of the local coordi-
1/2 .
2 [ | } 1 nate system of the resonator and the z-axes waveguide
(

hO _ = .
Y 1+ 850+ 5u0)1/2’ (Fig. 3,a,b), or z-axes waveguide (Fig. 3,¢) (n =1,2).

wpoab
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Fig. 3. Simple rotations of the dielectric resonator relatively the z-axis (a); y-axis (b); z-axis (c) of the rectangular
waveguide. Dependence of mutual coupling coefficients on the DR longitudinal coordinate Az = |z; — 29| for

y1 =y2 = 0,50; (d) fr =0; 1~ o =0; 2~ o = 7: (e,

f) a1 =0; 1 — ag = 0; 2 — g = 7. Dependence of the

coupling coefficients on the rotation angle of the 2 DR for z1 = x5 = 0,5a; y1 = y2 = 0,5b; Az = 10mm: (g-i) 1
- P1,a1 =0; 2 - B1,1 = 7/4; 3 — B1,1 = w/2. Dependence of the coupling coefficients on the rotation angle

(G) B1 = B2; (k-1) a1 = ag) of the DRs for x1 = 0, 25a;

y1 = yo = 0,5b; Az = 10mm, and (j-1) 1 — zo = 0, 25a;

2—x9=0,5a; 3 —xo =0,75a.

4 Analysis of mutual coupling
coefficients

Relations (12-15) make it possible to calculate the
mutual coupling coefficients of the DRs in the cases
of the considered rotations of their axes. The found
expressions in particular cases when the axes of the
resonators become parallel to one of the coordinate
axes of the waveguide coincide with those obtained
earlier.

In Fig. 3 shows the dependences of the coupling
coefficients on the coordinates and angles of rotation
of the resonators. As follows from the results obtained,
the sign of the coupling coefficient can change with
a smooth change in the structure parameters. This

reason has a twofold nature: purely mathematical —
due to a change in the direction of the field in one of
the resonators and physical, due to different values of
the coupling coefficients for different relative positions
of the resonators in the waveguide. An example of a
purely mathematical reason for a change in the sign
of a link is shown in Fig. 3,d-f. If the z’-axis of one
of the resonators changes its direction by an angle 7,
the direction of the field changes sign with respect to
the direction of the local coordinate system. In this
case, the structure remains the same, but the sign of
the coupling coefficient changes to the opposite (see for
example curves 2 in Fig. 3, d-f).

In the second case, as is known, the sign of
the coupling is determined by the mutual positi-
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on of the resonators. For coaxial arrangement of References

resonators if Az > L and for example Ap =

\/(371 —332)2 + (yl —y2)2 < 2rg, then k12 < 0 (see
curves 1 in Fig. 3,d-e).

If the axes of the resonators are parallel, for
example, the = axis and Az > 2rg, then k12 > 0 (see
curve 1 in Fig. 3,f). This is a purely physical property
of coupled oscillations, determined by the nature of the
spatial distribution of the resonator fields.

In Fig. 3,g-1 shows the calculated dependences of
the coupling on the mutual orientations of the axes of
the DR and waveguide. The effect of the independence
of the value of the mutual coupling from the transverse
coordinate of the second resonator at a certain angle of
inclination of their axes, shown in Fig. 3,], in the case
of rotation relative the x axis.

As follows from the data shown in Fig. 3, g-k, for
each resonator 1 position, there is an optimal resonator
2 position at which the coupling coefficient between
them reaches a maximum.

Discussion and Conclusion

In this paper, we obtained analytical expressions
for the coupling coefficients, as well as the mutual
coupling coefficients of cylindrical DRs in the case of
their rotation about one of the axes of a rectangular
waveguide.

1) The conditions are established under which the
coupling coefficient with the main propagating wave
Hip of a rectangular waveguide at the point of its
“circular polarization” of the magnetic field does not
depend on the angle of rotation of the resonator (10).

2) It is shown that the coupling coefficient with
the fundamental wave H;y does not depend on the
transverse coordinates of the DR if the resonator axis is
rotated relative to the axis of the waveguide in a plane
parallel to the wide wall by an angle determined by
the dimensions of the waveguide and the frequency of
the basic magnetic type of oscillations Hyp;. A simple
formula is given for determining the angle of rotation
of the resonator (11).

3) The existence of angles of rotation is established
at which the coefficients of their mutual coupling do
not depend on the transverse coordinates of cylindrical
DGs in a rectangular waveguide (Fig. 3,]).

4) For each resonator 1 position, there is an opti-
mal resonator 2 position at which the mutual coupling
coefficient between them reaches a maximum.

The proposed theory can be used to calculate and
analyze complex band-pass or band-stop filters, multi-
plexers, and other communication devices built on
dielectric resonators in the microwave, infrared and
optical wavelength ranges.
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Ob6epraHHg HUIIHAPUIHUX [i€eJeKTPH-
9YHIUX PE30HATOPIB B IPIMOKYTHOMY XBH-
JeBoai

Tpybin O. O.

PospaxoBani koedirienTn 3B’s3Ky Ii€I€EKTPUIHUX DPe-
30HATOPIB MIIHAPUIHOI (GOpMU 3 PEryIapHUM IIPAMOKY-
THUM XBIJIEBOJIOM 33 YMOBH obepTaHHs ix oceil. Po3rmismy-
TO 3aJ1€KHOCTI KoedilieHTiB 3B’ A3Ky BiT KyTiB 0O0epTaHHS
1 HOIepevHnX KOOPAMHAT PE30HATOPA B Pa3i 30y KeHHS B
HUX OCHOBHUX MAarHITHUX TUIMIB BJIACHUX KOJUBAHb. IIoka-
3aHa HE3AJIeKHICTh BEJIMIWHU 3B’ 3Ky BiJ KyTiB 00epTaHHS
B TOYKAX KPYrOBOI IIOIAPU3alii OCHOBHOI XBHJI IIPAMOKY-
THOTO XBUJIEBOIY. Tako»K BCTAHOBJIEHO YMOBH [JIsl KyTa
obepTaHHd OCi pPe30HATOpPa, BU3HAYAEMOIO PO3MipaMH IIO-
[IEPEYHOrO [IePePi3y XBUJIEBOAY 1 9aCTOTOI0 OCHOBHOTO TH-
Iy BJIACHUX KOJIMBAHb, DY BUKOHAHHI SIKOTO, KoedirieHT
3B’A3Ky CTa€ MOCTIMHWM B MOMEPEYHIN TIOMMHI CHMeTPil
xBuAeBOay. BuBeneHo HOBI aHa/TUYHI BHPA3W I KOe-
dimienTiB B3a€MHOr0 3B'SI3Ky OJHAKOBHUX [Ii€JIEKTPUTHUX
pe3oHaTopiB muIiHApUYHOI GopMu pu obepTaHHl X oceil
IIO/I0 MPSIMOKYTHOTO XBUJIEBOAY. JlOCIiIZKEHO 3aJIe3KHOCTI
koedimieHTIB B3a€MHOr0 3B’SI3Ky BiI KyTiB OOepHEHHS Ta
KOODIWHAT Pe30HATOpPiB. BcTraHoBI€HO yMOBH TpPH BUKO-
HaHHI SKUX KOE(DIIIEHTH B3aEMHOTO 3B’SI3KY IBOX ITHJIIH-
JPUYHAX PE30HATOPIB HE 3aJIe2KaTh Bif iX momepedHol Koop-
AMHATH y IwomuHu cuMeTpii xBuiieoay. O6roBopooThCs
MPUYHUHN 3MIiHM 3HAKIB KOe(dIlieHTIB 3B’'SI3Ky pe30HATO-
piB mpu ix obepramui. Binzuawgaerbcsa edexT BHHUKHEHHS
eKCTPeMyMiB 3B’#A3Ky [/ DI3HHUX BIJHOCHMX Opi€HTAIii
JieJIeKTPUYHUX PEe30HATOPIB. B oKpeMmx BHUITagKaxX mapa-
JIEJTBHOCTI OCeil Pe30HATOPIB OJIHIE] 3 KOOPAWHATHUX OCEit
XBUIEBOY, 3HalIeHi B poOOTI aHasiTu4HI BUpaswu 306iraro-
THhCST 3 OTPUMAHNMU paHimre. 3HalAeH] aHATITUIHI Pe3yiIhb-
TaTU [O3BOJIAIOTH OyAyBAaTH AHAITUYHI MOZETI CMyTOBUX
1 pexkekTOpHUX (DIIBTPIB, MO 3HAYHO CKOPOUYE HaC PO3-
PaxXyHKIB Ta omTmMizarii CKIATHHX 0AraTope30HATOPHUX
CTPYKTYP MIKPDOXBHJIBOBUX 1 ONTHYHHUX CUCTEM 3B’ S3KY.

Karwosi caosa: KoedilieHT 3B's3Ky; KoeIIliE€HT B3a-
€MHOT0 3B’513KY; 00€PTAHHS; NI HIPUIHIN TieIeK TPUIHII
pe30HaTOp; XBUJIEBIT,

Bpamiennga mDHINHIPHUYECKUX IHIJICK-
TPUIECKUX PE30HATOPOB B IIPAMOYTOJb-
HOM BOJIHOBOJIE

Tpybun A. A.

Paccunrannpl K03 HUIMEHTHI CBA3M IUIIEKTPUICCKIX
PE30HATOPOB LIIMHAPUIECKOU (DOPMBI C PEryJIsiPHBIM IPsi-
MOYTOJIbHBIM BOJIHOBOJIOM TIIpW YCJIOBUWM BPAIIEHUS WX
oceit. Paccmorpenbr 3aBucuMOcTH KO (DHUITUEHTOB CBA3U
OT yIVIOB BPAIEHUs U IIOIEPEYHBIX KOOPIMHAT PE30HATO-
pa B ciaydae BO30OYXKIEHHS B HUX OCHOBHBIX MarHUTHBIX
TUIIOB COOCTBEHHBIX Kosiebanwmil. [lokazana He3aBHCHMOCTH
BEJIMYMHBL CBA3U OT YIVIOB BPAINEHHS B TOYKAX KPYLOBOM
TOJISIPU3AIUN  OCHOBHON BOJIHBI TIPSIMOYTOJILHOTO BOJIHO-
Boja. TakzKe yCTAHOBJIEHO YCJIOBHE s YTJIa BPAIIEHWS
OCH DPEe30HATOPA, OLpeIedeMOe Pa3MePAMU IIOIIEPEIHOIO
CeYeHUsT BOJTHOBO/IA W YACTOTOM OCHOBHOTO THIA COOCTBEH-
HBIX KOJIEOAHUN, IIPY BBIIIOJTHEHUH KOTOPOTr0, K03 MUIIEeHT
CBSI3M CTAHOBUTCH IIOCTOSIHHBIM B IIOLEDPEYHOHN ILIOCKOCTH
CAMMETpPUM BOJIHOBO/A. BbIBeeHBI HOBBIE aHAJIUTUIECKUE
BbIpayKeHHs i KO(DMUIMEHTOB B3auMHON CBS3U OJIH-
HAKOBBIX JIMIJIEKTPUUIECKUX PE3OHATOPOB ITUINHIPUIECKOMN
GOpMBI TIpM BpAIEHWHM WX OCEH OTHOCHUTEIHHO IIPSIMOY-
TOJIBHOT'O BOJTHOBOIA. VlcciemoBaHbl 3aBUCUMOCTH KO3 (] du-
IIMEHTOB B3aWMHON CBSI3W OT YTJIOB BPAIIEHUS U KOOPIH-
HAT PE30HATOPOB. YCTAHOBJIEHBI YC/IOBUS TPHU BBHITIOJTHEHUH
KOTODPBIX KO3 dUIMeHThl B3aUMHON CBA3W ABYX IIAJIMH-
JIPUYECKUX PE30HATOPOB HE 3ABUCAT OT WX TOTEPEYHOM
KOOPIMHATHI B IJIOCKOCTA CHMMETpuu BOJIHOBOmA. O6Cy-
JKTATOTCS IPUYINHBI N3MEHEHUs 3HaAKa KO3(DDUIIMEeHTOB CBsI-
3M pe30HATOpPOB Tpm ux BpameHun. Ormedaercs 3¢ dexT
BO3HMKHOBEHHUS SKCTPEMYMOB CBSI3U JJIsi PA3JINIHBIX OTHO-
CHATE/IbHBIX OPHEHTANNA JUIIEeKTPUIECKAX PE30HATOPOB.
B wacTHBIX ciydasx TapasielbHOCTH OCeil pe30HATOPOB
OHOM M3 KOODAWHATHBIX OCEH BOJHOBOJA HANJEeHHBIE B
paboTe aHAIUTUYECKHWE BBIPAYKEHUS COBIIAJAIOT C IOJIY-
YeHHBIMU paHee. [lo/IydyeHHbIe AaHATUTHYIECKUE PE3YIHTATHI
TIO3BOJISIIOT CTPOUTH AHAJUTHIECKUE MOJIE/IH TIOJIOCOBBIX
PeXKEKTOPHBIX (DUIBTPOB, 3HAUUTETHHO COKPANIATH BPEMS
BBIYNCIEHUN ¥ ONTHUMU3UPOBATH CJIOKHBIE MHOTOPE30HA-
TOpHBIE CTPYKTYPBI MUKPOBOJIHOBBIX U OIITHYECKUX CUCTEM
CBSI3M.

Kmoueswie caosa: kodddunment cBa3u; K03 UIueHT
B3aUMHOI CBA3U; BpallleHue; MUINHIPUIECKUNA TUIJIEKTPU-
YEeCKHUI Pe30HATOP; BOJTHOBO
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