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The problem of connecting three electrodynamic volumes with ideally conducting walls through electrically narrow rectilinear
connecting slots and a radiating slot is solved by the generalized method of induced magnetomotive forces (MMF). The solution is
obtained in an analytical form, taking into account the finite thickness of the walls of the connected volumes. The volumes are an
infinite rectangular waveguide excited by a fundamental wave, a rectangular cavity resonator, and a half-space above an infinite
plane. The energy characteristics of this system have been comprehensively studied depending on the geometric parameters of the
constituent elements of the structure under consideration.

Keywords: Radiation slot; Connecting slots, Rectangular waveguide; Cavity resonator, Electromagnetic waves

PACS: 02.30.Rz;78.70Gq;84.40.-x;84.40Ba

Currently, in the antenna-waveguide technology of millimeter and centimeter wavelengths, slotted radiators in flat
and spherical surfaces are widely used as feeds for highly directional mirror and lens antennas [1-5], elements of in-
phase and scanning antenna arrays [6—19], as well as devices connections of electrodynamic volumes [20-22]. Single
slotted radiators are characterized by a significant broadband, which in conditions, for example, of a complex
electromagnetic environment, can lead to disruption of the operation of radio electronic systems (RES). In this regard,
the problems of analysis, synthesis and control of the band characteristics of slot antennas are of undoubted interest for
practice, in particular, from the point of view of ensuring the electromagnetic compatibility of various RES components.

The formation of the required frequency-energy characteristics of slot radiators and coupling holes can be ensured,
for example, by using combined (with dipoles, dielectric inserts, etc.) radiators [21, 22 and references therein], or by
placing in the supply waveguide channel through cavity resonators, which, in turn, are band-pass and band-stop filters
[4, 16, 23]. There are also other constructive solutions to this problem, namely: placement between the radiating slot
and the connection slot (slots) the cavity resonator [11, 18], and the presence of two closely spaced slots in the wall of
the main waveguide makes it possible to significantly increase the value of the coupling coefficient in a narrow
frequency band [14].

In this article, an electrodynamically rigorous mathematical model is constructed and the energy characteristics of
the following radiating structure are studied: a system of two transverse slots in a wide wall of an infinite rectangular
waveguide - a pass-through cavity resonator - a slot that radiates into a half-space above an infinite ideally conducting
plane. On the basis of such structure, a linear or two-dimensional antenna array with new (compared to those known for
similar structures) electrodynamic characteristics can be created.

FORMULATION OF THE PROBLEM AND SOLUTION
The considered waveguide-resonator-slot structure and the designations adopted in the problem are shown in
Fig. 1. Three electrodynamic volumes with ideally conducting walls, representing, respectively, an infinite rectangular
waveguide with a cross section {axb} (index “Wg”), a rectangular resonator with dimensions {a, xb, xH} (index

“R”), and a half-space above an unlimited screen (index “Hs”) are interconnected rectilinear slots S,,S,,S; cut in
infinitely thin common walls.
The geometric dimensions of all slots satisfy the following conditions

d d
L o<1, L<<1, p=123, )
2L, A

where 2L, and d, are the length and width of the slots, respectively, and 4 is the wavelength in free space. In this
case, the equivalent magnetic currents in the slots can be represented as (ésp are the unit vectors, s, and fp are the

local coordinates associated with slots, J,, are the current amplitudes):

T,(5)=8 Jo, [, (s)2,(E,) - )
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In this case, the functions f,(s,) must satisfy the boundary conditions f,(+L,)=0, and the functions Zp(fp) must

satisfy the conditions on the edges of the slots and the normalization conditions: I ;(p(fp)dfp =1.
S

Figure 1. The structure geometry and notations

Let us choose as functional dependences f,(s,) on the longitudinal coordinates of the magnetic currents in the

slots the functions obtained as a result of the approximate solution [15] of the integral equation for the current in a
single transverse slot (symmetric with respect to the axis {0x}), excited by a wave of the type H,, and connecting two

rectangular waveguides ( f,(s,,)), and for the current in a slot in an infinite screen when a plane electromagnetic wave

falls on it, the vector H of which is parallel to the vector e, (fi(sy)):

T V4
Sia(s1,) = (cos ks, , cos;Ll’2 —COSkL,, cos;sl’zj,

f5(s3) = (cosks, —coskLy,).

3)

We note that such a choice of the function f;(s,) made it possible to obtain an expression for the external conductivity
of the radiating slot in an analytical form.

Using the boundary conditions for the continuity of the tangential components of the magnetic field on the
surfaces of slots and following the generalized method of induced MMF for a multi-slot structure [20], we obtain a
system of algebraic equations for unknown current amplitudes J;, :

-
i
T (R 40T ) Ty (B V5) Y == [ A0y (),
-
wg R we R R io 7
Joo (Yzz +Y, )Jm (YZl +Y, )+J03Y23 = _ﬁ I S(s, )HosZ (s,)ds,, 4)
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are the own conductivities of slots;
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are the mutual conductivities of slots (g =1,2,3); G'**™ are the s - components of quasi-one-dimensional
(] fp —f; |=d,/4) Green’s functions for the vector potential of the corresponding volumes [20]; H,, (s,,) are the

projections of the field of external sources on the axes of the first and second slots; @ is the circular frequency;
k=2rm/A.
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After substituting functions (3) and formulas for G'**™ [20] into relations (5), (6), we obtain the following
expressions for the own and mutual conductivities of slots ( p =1,2):
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distance between the axes of the slots S, and S,, y,, is the position of the p-th slot axis in the coordinate system

ko ¥k =K, k,=m/a, & =1 at n=0, =2 at n#0, z, is the

associated with the resonator (Fig. 1), Si and Cin are the integral sine and cosine [24].
Solving the system of equations (4), taking into account the fact that for a wave of the type H|, in a rectangular

waveguide H, =H,cosks,, H, =H,cosk.s,e " (H, is the amplitude, k, = /k’ —k is the propagation constant
of the H,,- wave), we find the currents in each of the slots and the reflection and transmission field coefficients S, and

S,, , as well as the power radiating coefficient | S, [ :
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In formulas (7)—(9) ]0 » =0, / (—;Z;Hoj are the normalized amplitudes of currents in slots,

sinkL, cosk L, —(k./k)coskL,sink L, sin2k L, +2k.L,

F(kL,)=2cosk.L, I—(k k) ~CoskL, (2k, / k)

The normalized radiation pattern in the vector H plane for the structure under consideration has the form (8 is
the angle measured from the axis {Ox}, Fig. 1):

sin kL, cos(kL, cos @) —cos kL,[sin(kL, cos 8) / cos 6]

Fu(0)=
#(9) sin @(sin kL, — kL, coskL,)

(10)

Accounting for the thickness #, of metal walls, in which slots are located, can be made according to [20] by the

following substitutions d, — d,,(%,) under conditions (4, /1) <<1:

7h,
_
d,(h,)=de"", (11)
where d,,(h,) is the “equivalent” width of the p -th slot.
NUMERICAL RESULTS

On Figs. 2-5 are plots of dependences of the radiation coefficient | S; ' (1) on the wavelength for the following
parameters: @ =23.0 mm, b=10.0mm, H=a,/2, 2L,=14.0 mm, d, =h,=1.0 mm. As can be seen from Fig. 2, the
presence in the structure under study of a cavity resonator with one or two coupling slots makes it possible to form
different frequency-energy characteristics of the entire system as a whole in comparison with a single transverse slot
(1 slot) in the broad wall of the waveguide. With a certain mutual arrangement of slots relative to each other, | S; [ can
reach a value of ~0.9 in a narrow band of wavelengths or a value of ~0.5 in a relatively large part of the range of the
fundamental wave of the waveguide. A change in the transverse dimensions of the resonator ( a,,b, ) has practically no
effect on the position of the maximum | S; [ (Fig. 3). Moving the position of the radiating slot S, within the resonator
wall leads to a change in both the maximum (Fig. 4) and minimum (Fig. 5) values |S; [* at a certain wavelength,

depending on the geometric dimensions of the slot and the thickness of the waveguide and resonator walls. Changing
lengths of radiating and coupling slots at their fixed positions in the waveguide and resonator walls gives additional
possibilities for the formation of characteristics required in the case of waveguide-resonator structures considered here
(Fig. 6, a=23.0mm, b=10.0mm, a,=20.0 mm, b,=10.0 mm, H=a,/2, d,=h,=1.0mm, y,=>b,/8,

Yo2,03 =b, /4).
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Figure 2. Wavelength dependence | Sy [ (4) for structures Figure 3. Wavelength dependence | S [ (4) for a structure

with one, two, and three slots with three slots for various resonator sizes
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CONCLUSIONS

It is known from the classical theory of slot radiators and coupling holes [20] that a single slot in the side wall of a
rectangular waveguide cannot radiate (transmit) more than half of the input power. An increase in the value of the
radiation (transmission) coefficient can be carried out by placing other resonant elements in the waveguide, for
example, vibrators (dipoles) [21] or dielectric inserts [22]. As shown by the calculations performed in the article, the
placement of a rectangular resonator between the coupling slots and the radiating slot also leads to a significant increase
the radiation coefficient value (up to ~0.9) in a narrow wavelength (frequency) band. The multi-element waveguide-
resonator-slot radiators studied in the article can be useful both in the development of new antenna transceiver systems

of centimeter and millimeter wavelengths (including slotted antenna arrays), and for the modernization of existing ones
based on the existing element base by means of insignificant design changes.
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BATATONNAPAMETPUYHE KEPYBAHHSI EHEPTETUYHUMU XAPAKTEPUCTUKAMMU
XBUJIEBOJHO-PE3OHATOPHO-IIIVIMHHUX BUITPOMIHIOBAYIB
Muxaiino B. Hecrepenko, Biktop O. Katpnu, Harans K. Bainnosa
Xapxiscokuii Hayionanvhuil ynieepcumem imeni B.H. Kapasina, maioan Ceoboou, 4, Xapxis, Yxpaiuna, 61022

3agada 3'eMHaHHS TPHOX EJIEKTPOJUHAMIYHUX 00'€MiB 3 i€aTbHO MPOBITHUMHU CTIHKAMU Yepe3 eNeKTPUYHO By3bKi NMPSIMOJNIHIHHI
CIOJIyYHI IUIMHU Ta BUIPOMIHIOBAJIbHY INUIMHY BUPIIIYETHCS y3aralbHEHHM METOIOM HaBeIeHUX MarHitopymiitnux cui (MPC).
Po3B's130Kk OTpHMaHO B aHANITHUYHIA GOpMi 3 ypaxyBaHHSM KIiHIIEBOI TOBIIMHU CTiHOK 3B's3aHHMX 00'eMiB. O0’eMn SIBISIOTH cO00IO
HECKIHUCHHHUH NPSIMOKYTHHI XBHJIEBIH, SIKHI 30yIXKEHO OCHOBHOIO XBHJIEIO, PE30HATOP MPSIMOKYTHOI OPOXKHUHH Ta MiBIPOCTIp HAT
HECKIHYCHHOIO IUIOIUHOI0. BceGiuHO BHBYEHO EHEPreTHYHI XapaKTEepUCTUKU IIi€i CHCTEMH B 3aJIeKHOCTI Bil T€OMETPHUYHHX
rmapaMeTpiB CKIaJOBUX EIIEMECHTIB KOHCTPYKLIl, IO PO3TIIAAA€THCA.

Kui04oBi cii0Ba: sunpominioganvha winuna, CROLVYHI WINUHU, NPAMOKYMHUL X6ULe8i0;, 00'cMHULL pe30HAmMOp,; eneKmpOMACHImHI
xeui



