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Synthesis of Configuration of Uniformly Radiating Rigorous full-wave analysis of the RE under consideration is
Longitudinal Slots in the Sections of Nonregular extremely complicated due to the open three-dimensional and nonco-
Rectangular Waveguides ordinate nature of the problem. The effect of the sample and of the
change of its dielectric properties in the process of heating should also

Michael V. Davidovich and Valery P. Meschanov be taken into account. Therefore, the derivation of the approximate

relationships for the synthesis of the above RE is of practical interest.

The goal of this paper is to get the approximate relationships for

Abstract—The integral-equation method has been applied along with the engineering synthesis of an RE in the form of a narrow long
perturbation theory fo investigate the leaky-wave parameters of the |ongitudinal slot in the broad wall of the rectangular waveguide.

fundamental mode in the regular waveguide with a narrow longitudinal . . . . . .
slot on its broad wall, opened into shielded semispace. Then, the simplesuch relationships have been obtained in this paper on the basis of

analytical formulas have been derived for the engineering synthesis of Single-mode approximation of the incident field. In order to obtain
radiating elements (RE’s), which are formed by a nonuniform waveguide the characteristics of the slot radiation, we have considered a full-
section with a nonregular slot on its broad wall. The long slot was cut wave electrodynamic model for the infinite longitudinal slot in a
in the longitudinal direction along certain curved or several connected o4 1ar rectangular waveguide with an infinitely thin metal screen
broken lines, forming small local angles with the waveguide axis. The S

synthesis of RE's by single-mode approximation has been carried out for at the broad wall. Such characteristics for a narrow slot have been
the condition of good uniformity of radiating electrical-field distributon ~ Obtained through use of the perturbation theory.
along the RE axis near the slot. Good agreement of theoretical and

experimental results were obtained.

Il. PROBLEM SOLUTION AND RESULTS

I. INTRODUCTION We will consider the slots cut in a broad wall of a rectangular

A considerable number of works [1]-[5], have been dedicated ¥aveguide so that the angle of their slope toward the waveguide axis
the investigation of longitudinal slots in broad walls of rectanguldpay vary along the axis, yet remains small (of the order of several
waveguides. Most of these works discuss cases of single resorfé#firees). Due to this, the longitudinal electrical field at the slot is
slots parallel to the waveguide axis, compound resonant slots [4],5Rall as compared to the transverse one, and may be neglected.
phased arrays of such slots. Therefore, we will take into consideration only ti&.-component

The investigation of long (the order of a number of wavelengtH¥ the electrical field at the slot, which is approximately equal to
and more) slots cut in longitudinal direction along certain curved dhe transverse field induced by the surface currents at the broad
broken lines, forming small local angles with the waveguide axi¥/aveguide wall, which are lateral to the slot and cross it. In order to
is of much interest. A slot cut along the straight line located at inprove RE matching and to increase its efficiency, we will discuss
small angle to the waveguide axis exhibits improved uniformity ghe possibility of smooth reduction of the guide height. The analysis
the distribution of power radiated into the near area as compar@ill be carried out in the approximation of the incident field of the
to the similar slot parallel to the waveguide axis [5]. The unifornflundamental wave (without taking into account the diffraction effects)
power distribution along the axis of the radiating element (RE) for a narrow slot when the ratid/a of the cross dimension of the
an important factor in industrial basic microwave units for heatingfot to the guide width is small.
and processing of materials where a good heating uniformity (i.e.,
the electrical-field uniformity on large surfaces) is required. Itis alsg o opiam a
essential for many other applications. The principle requirement for
such an RE is the uniformity of the power radiated into the near X i ’ e e
area along the waveguide axis. More uniform radiation in the desigfPnd its axis, the cross section of which is shown in Fig. 1. The
[5] is achieved by compensation of power decrease along the guﬁi%t radlaFes |r_1to the semispace Ilmlted' by the screen in th_e form
(which is subjected to the exponential law in rectangular wavegui@é @ continuation of the broad waveguide wall. A sample in the
with longitudinal slot) via the slope of the slot toward its sidewaifo™ Of an infinite plate made of dielectric material with losses
where the radiation is maximum. However, the slot cut along B2V Pe located in the semispace. The model described above shows
straight line does not provide optimum characteristics for an RECCd correspondence to the real requirements to the microwave
Such characteristics can be achieved by synthesis of the optimBFRcessing and heating. Let us find the attenuation constaint
slot configuration. Besides, an RE on a regular waveguide sectifh @ waveguide wheh < a. The dependence of the fields along
does not exhibit high efficiency since a large part of the powdpe =-axis will be searched for in the formr’", where
goes to the guide load. In addition, such an RE has limited length
determined by the point where the slot touches the narrow wall of ~ =10 + AN
the waveguide. That is why it is expedient to consider an RE having e e
a longitudinal slot cut along a certain optimum curve in the broad 10 =(k” — (7 /a)") @
wall of a rectangular waveguide section with the height decreasing
smoothly along its length. The use of a number of such RE’s locatgd_ e _NO)1/2 is the wavenumber of free space, 4idy| < 1.

in one or two parallel planes can provide sufficient heating of a thifhe complex propagation facterof the structure under consideration
flat sample of a large surface area. satisfies the admittance equation

Let us consider a regular rectangular waveguide with the slot cut
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> = (2)2 i cos® (no/a) - S,
T\ “— (nr/a) - th(nmb/a)’

For the case of small, these relationships can be easily transformed
into

, j-Z-d-(n/a)? cos*(mxo/a)
y €5, Wy ! Fodoarhoo ?

where Z = (uo/=0)'/? is the free-space impedance. The use of

! the representatiors, = constant (d* — 4(x — x0)?) satisfying

X the edge condition leads to the replacement Sf by S, =
(m/2)Jo(nwd/(2a)) with Bessel function,, and the relationship
(6) being unchanged. Let us obtain now similar to (6) relationships
taking into account the obvious fordv (z,2’) for the impedances
(4). Assuming the field at the slot constant and integrating the

. . . . j",, . 12 .
Fig. 1. A cross section of the infinite regular waveguide with a narro\}\?garlthmlcally singular functiori (x, +") under small ratiol/a, we

longitudinal slot and three-layered medium with the sample located abol/ad
the waveguide.

2j - cos®(mao/a)
Ay = T20/9) . 7
7 0 bro- (14 2 - In(2am1)) )

Here,5 = 1.78107... is Euler's constant. The following expression

— , _ .- . for the attenuation constant has been found:
K(z,2')= K(z,2' )+ K(z,2")

where the kernel has the form

_ —1

> a=mn"-cos(rzo/a)-{2a-b-~p-1n m)} . 8
I;'(w,l") :2/(12 (mo/a) { o < 2a ®)

n=0

« cos(nma/a) - cos(nma' fa) - (% — %) (3 B. Problem b

Jrwepo (T4 68m0) X - tg(xnb) Let us assume further that, b, and o are functions of the:-
~ oo —jer(e—s’) 12 42 coordinate and find the optimum geometrical slot configuration on
K(z,2') = or / ds—3 T <Z€(H) + Zh(n)) the condition that the amplitude of the transverse current induced by

the fundamental wave is constant with respect.t&uch a condition

I > 211/2 ey, h ) has the form
Here,x. = [k* — (nn/a) v“1/%, Z°(k), andZ" (x) are E- and

H-mode impedances of semispace for the wavenunghemsformed (). o5 <L‘)(z)> - (bo /b(2))*? = constant= cos (W"“ )
to the slot plane [6]. In case the upper screen and dielectric samples a a
are absent at the upper semispace, the impedances will have the form 9)

wherexz; = z0(0), L is the slot length, andy = b(0). The first
multiplier corresponds to the reduction of the wave amplitude in the
guide at the expense of the slot radiation, the second corresponds to
(4) the variation of the induced current due to the slot displacement with
respect to the center of the broad wall, and the third to the increase

of the wave amplitude caused by smooth reduction of the waveguide

The presence of such a screen leads to reactive impedances in{d)iion height: i.e., to the increase of normalized wave conductivity of
The presence of a multilayered medium is taken into account by §gz fndamental wave in the nonuniform waveguide. Let us consider a
calculation of the impedances of the type (4) to the plare0 using  ,mber of individual cases. First, let the slot with constant dimension

the formula of their transformation sequentially for each layer. The be cut parallel to the waveguide axis. Then, from (9), it is easy to
admittance equation (2) may be obtained by conventional methgflyy the inverse dependencéb) having the form
of field matching [6]-[9] through decomposition and representation

of the fields inside the waveguide by Fourier series and outside the 2(b) = 1 “In(bo /b). (10)
waveguide by Fourier integrals. If the fields in the upper semispace 2a

are not considered and the slot is simulated as an impedance surfdoee rapid decrease of heightwith the growth ofz as compared

with the impedanceZ, then fx'(;c,w’) in (2) should be replaced by to the exponential law corresponds to the above dependence. In this
Z7'8(x—2") [6], [9]. In this case, we will substitute the relationshipsase, the power leakage efficiency is of the order of 75%, and the
(1) into (2) with the assumption in the sl&t, = constant, and expand height ratio is aboubo /6(L) = ¢* when the RE lengtil = 1/a.

in terms of the small parameter~/~. As a result, we get (5), shown This length, according to (8), increases inversely proportional to

(m/a)? cos®(mxo/a) - 57

Avy =
=7 bvi0[2 cos(mao/a) - S2/b+ (w/a) - ctg(wb/a) + jwpoa/(dZ) — X]
sin (274
577' = TEWZF;L ) (5)

2a
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Fig. 2. (a) Calculated slot profile configuration. (b) Measured electric-fie

squared (power) relative distribution along the axis for = 100 cm,
h = 12cm, andd = 0.2 cm.
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mode impedance varying with Thus, for the reflection coefficient,
we have

L1 o ) N,
R=ot [ L ctimaton Jraehet .
0

p(z)
where p(z) = b(2)/{bo(1 + A~(2)/~0)} is the normalized local
waveguide impedance anlo = —A~(0)/[2y10 + A~(0)] is the
reflection coefficient from a semiinfinite regular waveguide with a
slot parallel to its axis and locatedat= z,. The radiating efficiency
of an RE has been estimated by the application of this method.
The correct consideration of the dielectric plate is also possible
by the calculation of the residues and integrals through the cuts
in the last mentioned relationship from (2). In order to divide the
contribution of the surface and spatial waves into the real part of
slot impedance or radiating capability obtained during this process,
it is convenient to apply the procedure described in [12] dealing
with the decomposition of the Green’s function into longitudinal
electric (LE)- and longitudinal magnetic (LM)- modes. It is more
convenient to consider the upper region with side screens, which
enables one to represeﬁi(m, 2") in the form of a series. Both the
theoretical evaluation and the experiment show strong dependence
of the attenuation constantsfrom the parameters and configuration
of the dielectric sample. However, there is no need to define the
optimum slot configuration in each case. It is sufficient to do this for
lthe most typical semispace medium configurations (e.g., when the
dielectric filling is absent or for the standard sample). The variation
of the sample parameters (e.g., change: afnder drying) may be
compensated by the change of the sample height above the slot or by
introducing a displacement with respect to the height of the lossless

(12

sin?(768/a), whered is the distance from the slot center to the centradielectric insertion.

line of the broad wall. Now, let be constant and, vary. Then,z
may be expressed via, in the form

2(zg) = 1n<

m) (- cos2(rr'xo/(1,))_l. (11)

cos(mwwy /a)

Simple analytical formulas for the engineering synthesis of the
configuration of long longitudinal slot cut in a broad wall of the
rectangular waveguide section and uniformly radiating into the near

CONCLUSION

Here, a., is the maximum attenuation constant obtained from (865 have been obtained. Both regular and tapered forms of the

for 2o = 0. The maximum lengttL,,, for the slot may be obtained
from (11) for 2z = 0. It is defined by the value:; and has the
form L., = z(0) = —In(cos(wz1/a))/a,.. In order to provide the

waveguide section are presented. The formulas presented have been
obtained in a single-mode approximation of the given incident field
under the condition of a narrow slot, as compared to the dimension

efficiency of approximately 50%, it is advantageous to choose g e proad wall of the waveguide. The above formulas are based

length from the conditiomv,, L, > 2. Let us now consider the case
of an RE in the form of the tapered section of waveguide with leng
L and height dependence in the foirt) = bo + z(b1 — bo)/L.

Fig. 2 presents the numerical results of the synthesis of the

profile (central line) according to the relationship (9) [Fig. 2(a)] an
the measured results for the distribution of the electric field modul
along the axis at the distanée= 12 cm from the broad wall obtained

upon the properties of the regular uniform infinite waveguide with a
mngitudinal slot. The admittance integral equation has been used to
define such parameters. The relationships obtained have been applied
Blthe computation of the design of an RE and show good uniformity
gé power distribution in the near area, as confirmed by experiments.
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Mode-Matching Analysis of Circular-Ridged
Waveguide Discontinuities \

@

Uma Balaji and Ruediger Vahldieck ) ) ) ) . .
Fig. 1. Cross section of (a) circular waveguide (region 1), (b) double-ridged

circular waveguide (region Il), (c¢) quadruple-ridged circular waveguide (re-

. . . . gion Il), and (d) sideview of the discontinuity.
Abstract—This paper describes a mode-matching algorithm forS-

parameter computation of circular-ridged waveguide (CRW) discontinu-
ities. The ridges are shaped like the cross section of a cone (pie-shaped)

with a geometry that can be described in cylindrical coordinates. This discontinuities was presented in [3]. To verify the algorithm, we have
idea avoids the use of a mixed-coordinate system in the analysis of thed ianed. built. and tested a five r nator double-rid c,j filter and
electromagnetic fields in the ridged sections, which can, therefore, be d€SIgned, bulll, and tested a five resonator double-ridge er a

expressed in terms of modal functions. The resulting algorithm is fast found very good agreement with theoretical data.
and accurate and has been utilized to design and optimize a five-section

double-ridge filter and a quadruple-ridge waveguide transformer. The

measured response of the filter is in good agreement with the calculated Il. THEORY

data. A mode-matching method is developed to calculate the general-

Index Terms—Algorithm, circular waveguides, eigenvalue. ized scattering matrix of a discontinuity between an empty circular
waveguide and a double- or quadruple-ridged circular waveguide. The
cross section of such a discontinuity is shown in Fig. 1. Region Il
in Fig. 1(d) can either be a double- or quadruple-ridged waveguide.
Circular-ridged waveguide (CRW) components like filters, polarizsince theTE, ; mode is the fundamental mode of propagation, a
ers, orthomode transducers, etc., are important elements in subsystemgnetic- and electric-wall symmetry can be used. The electric and

for satellite communications. Low-cost design, small size, and opthagnetic potential functions in the empty circular waveguide for such
mum performance of these components is essential to satisfy today’'symmetry can be written as follows:

stringent payload requirements. In this context, ease of manufacturing

|. INTRODUCTION

and accurate computer-aided design of CRW components are equally (hy M N Ih Ih L

important issues. This paper describes the design of CRW filters and v = Z Z PolnTn (ke . p) sinné @
transformers in which the ridge geometry has been modified from m=in=1s

the usual rectangular shape to a pie shape (Fig. 1) for which the (1) S Te e o

geometry can be described entirely in cylindrical coordinates. This v 7;1 n;gp”vm‘]" (]"Cmmp) cosne. 2)

approach avoids the use of a mixed-coordinate system in the field-
theory analysis of CRW structures. Thus, simplifying the algorithiihe coefficientsP represent the power normalization constants and
without complicating the fabrication of CRW components. are obtained by setting the magnitude of the power carried in each
In [1] and [2], the authors have presented an eigenvalue analysf¢he modes to unity. The eigenvalues of the circular waveguide for
of pie-shaped ridge structures in circular waveguides by using thi& and TM modes can be determined from the zeros of the Bessel
radial mode-matching method. In that work and due to the pie shagedctions [4]. The values o/ and X in (2) depend on the number of
ridges, the electromagnetic field in the subsections of the CRWE and TM modes used in the evaluation of the generalized scattering
were described by modal functions. On the basis of [1] and [2hatrix. The electric and magnetic potential functions in the CRW
a scattering parameter analysis of double-ridged circular waveguigegion IlI) can be written as a sum of those in subsections (1) and
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