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POLARIZATION SELECTOR ON WAVEGUIDES
PARTIALLY FILLED BY DIELECTRIC

Vitaly Pochernyaev', Nataliia Syvkova', Mariia Mahomedova®

!National Academy of Security Service of Ukraine, Kyiv, Ukraine, 2Kyiv Professional College of Communications, Kyiv, Ukraine

Abstract. In this article, a polarization selector, which based on waveguides partially filled by dielectric has been developed and investigated. An analysis
of the designs of polarization selectors on empty waveguides was carried out. The developed design of the polarization selector is based on square
waveguides partially filled by dielectric in the form of an E-tee. The main and side waveguides of the E-tee include metal gratings with mutually
perpendicular conductors. The dielectric plates have a square cross-section and extend between the second and third conductors of metal grids, which
located in the main and side waveguides. The article presents the normalized conductivity for such an E-tee, through which the standing wave coefficient
is determined. The normalized conductivity of the E-tee consists of the reactive conductivity of the joint of the side square waveguide partially filled
by dielectric, the reactive conductivity of the joint of the main square waveguide partially filled by dielectric, reactive conductivity of grids in side and
main waveguide partially filled by dielectric. These conductivities are determined through the corresponding transformation coefficients, which are
combinations of selected coordinate functions and the electrical transverse and magnetic transverse eigenvector functions of a waveguide partially filled
by dielectric. The transverse electric and transverse magnetic eigenvector functions of a waveguide partially filled by dielectric are expressed through
the Mathieu functions and their derivatives. Numerical results were obtained for the reactive conductivities of gratings from the ratio of the thickness
of the grating rod to the size of the wall of a square waveguide for different normalized wavelengths. The results were obtained both for a grid with equal
distances between the rods and for unequal spaced rods.

Keywords: polarization selector, waveguide partially filled by dielectric, standing wave coefficient, transverse electric eigenvector function, transverse magnetic eigenvector
function

SELEKTOR POLARYZACJI NA FALOWODACH
CZESCIOWO WYPELNIONYCH DIELEKTRYKIEM

Streszczenie. W niniejszym artykule opracowano i zbadano selektor polaryzacji oparty na falowodach czesciowo wypetnionych dielektrykiem.
Przeprowadzono analize konstrukcji selektoréw polaryzacji na pustych falowodach. Opracowany projekt selektora polaryzacji oparty jest
na kwadratowych falowodach czesciowo wypetnionych dielektrykiem w postaci E-trojnika. Gtowny i boczne falowody E-tréjnika zawierajq metalowe kraty
z wzajemnie prostopadlymi przewodnikami. Plytki dielektryczne majq kwadratowy przekroj poprzeczny i rozciggajg sig miedzy drugim i trzecim
przewodnikiem metalowych siatek, ktore znajdujq sie w gtéwnym i bocznych falowodach. W artykule przedstawiono znormalizowang przewodnosé
dla takiej plytki E-trojnika, za pomocq ktorej okresla sie wspotczynnik fali stojgcej. Znormalizowana przewodno$¢é E-trojnika sklada sie z przewodnosci
biernej ztgcza bocznego falowodu kwadratowego czesciowo wypetnionego dielektrykiem, przewodnosci biernej ztgcza gtéwnego falowodu kwadratowego
czesciowo wypelnionego dielektrykiem, przewodnosci biernej siatek w falowodzie bocznym i glownym czesciowo wypelnionych dielektrykiem.
Przewodnosci te sq okreslane za pomocq odpowiednich wspolczynnikéw transformacji, ktére sq kombinacjami wybranych funkcji wspotrzednych
oraz elektrycznych poprzecznych i magnetycznych poprzecznych funkcji wektora wlasnego falowodu czesciowo wypetnionego dielektrykiem. Poprzeczne
elektryczne i poprzeczne magnetyczne funkcje wektora wiasnego falowodu czesciowo wypetnionego dielektrykiem sq wyrazone za pomocq funkcji Mathieu
i ich pochodnych. Uzyskano wyniki numeryczne dla przewodnosci biernej siatek na podstawie stosunku grubosci preta siatki do rozmiaru Sciany
kwadratowego falowodu dla roznych znormalizowanych diugosci fal. Wyniki uzyskano zaréwno dla siatki o rownych odleglosciach migdzy pretami,
Jjak i dla pretow o nierownych odstepach.

Stowa kluczowe: selektor polaryzacji, falowdd czesciowo wypetniony dielektrykiem, wspotczynnik fali stojacej, poprzeczna elektryczna funkcja wektora wlasnego, poprzeczna
magnetyczna funkcja wektora wlasnego

polarization into a side rectangular waveguide. The designs
of polarization selectors that are most widely used are shown
in reference books [2, 6]. Also, modifications of these designs
were studied in [3, 5, 8, 12, 23], and polarization filtering
in antennas of different types and different ranges was analysed
in[1,4,7,13-22, 24].

However, these traditional hollow waveguide designs have
large transverse dimensions and sometimes require matching
junctions. The developed design based on the WPFD is devoid
of these disadvantages and can be wused in waveguide
phased antenna arrays, matrices of mirror antenna feeds,
and axisymmetric antenna feeds to reduce mirror dimming.

The purpose of the article is to develop and study
a polarization selector at WPFD.

Introduction

The antenna-feeder paths of mobile digital troposcatter
communication stations and troposcatter components of combined
mobile digital troposcatter-radiorelay [9] and mobile digital
troposcatter-space [10] stations contain polarization selectors.
These devices are designed to separate transmitted and received
signals with electromagnetic field polarization planes that differ
by z/2. In some cases, as is done in the above communication
stations, signals are transmitted with either vertical or horizontal
polarization, and signals are received with both polarizations.
Then in the receiving part of the antenna-feeder path there should
be a polarization selector that separates the vertical and horizontal
polarization into two receiving microwave paths. However,
the antenna-feeder paths of mobile combined communication
stations are implemented on waveguides partially filled
by dielectric (WPFD). Therefore, the task arises of developing
a polarization selector based on the WPFD.

2. Main part

Figure 1 shows a general view of the developed polarization
selector, which based on square WPFD. This polarization selector
consists of an E-tee made up of square WPFD and two metal grids
with  mutually perpendicular conductors. Dielectric plates
of square cross-section are arranged to extend between the second

1. Analysis of the literature

An analysis of the literature shows that the main waveguide
structures of polarization selectors consist of a circular or square
axial waveguide and a rectangular single-mode waveguide located
at an angle of z/2 to the axial waveguide. A longitudinal
conductive plate is installed in an axial waveguide of circular
cross-section. This plate allows evidence of one linear polarization
to pass through and reflects a wave with another linear

and third grid conductors in the main and side waveguides.
Fig. 1 shows the connection of the antenna (Ant) and two
microwave receiving arms Recl and Rec 2. A wave with vertical
polarization of vector E enters the arm of Rec 1, since it freely
passes through an inclined grid with horizontal conductors
in the main waveguide and is completely reflected from the grid
in the side waveguide. A wave with horizontal polarization
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of vector E enters the Rec 2 arm, since it is reflected,
like a mirror, by an inclined grid with horizontal conductors
in the main waveguide and is directed into the side waveguide.
The grid in this waveguide is perpendicular to the vector E
and transmits such a wave.

RecZ}‘g

Rec 1

F

Ant

Fig. 1. Design of a polarization selector based on square WPFD

The operation of the device is based on the E-tee circuit.
When an electromagnetic wave falls from the E-arm of the tee,
the electric fields in the side arms of the main waveguide at equal
distances from the joint are in antiphase. Magnetic fields at equal
distances from the joint are in phase.

A square waveguide has an advantage over a round
waveguide, since there are no critical frequencies of higher wave
types in the required operating range. In the square WPFD,
the operating mode is selected between the critical frequencies
of the main waves quasi-Hj, and quasi-Ho; and the first higher
types of waves quasi-H, and quasi-Hg,. This single-mode mode
was chosen for practical reasons of durability of the waveguide,
and, in general, of the entire device to increase the operating
frequency band. In an hollow square waveguide, it is preferable
to choose a multimode operating mode between the critical
frequencies of the higher types of waves, quasi-H,q and quasi-Hy,,
and the critical frequencies of the higher types of waves, Hy;
and E;.

The main parameter of the polarization selector is the standing
wave coefficient (SWC) or traveling wave coefficient (TWC).
The values of SWC and TWC are determined through the module

of the reflection coefficient |S,,| :
1+]S,|
1-[s,| (1)
:17\511\
1+Sy
The equivalent circuit of the device in Fig. 1 is shown
in Fig. 2.

SWC =

TWC

o

Fig. 2. Equivalent circuit of a polarization selector based on square WPFD

The diagram shows: Y, — the characteristic conductivity
of a square WPFD [11]; jbj — reactive conductivity of the joint
from the side of the square WPFD; jb. — reactive conductivity
of the joint from the side of the main square WPFD;
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jb, —reactive conductivity of the grid in the side square WPFD;

jbig — reactive conductivity of the inclined grid in the main square

WPFD.
The normalized conductivity of an E-tee with grid
diaphragms is written in the form:

yz[&j(jbj + b, )+ ibe + jb, @
mE

where n, - transformation coefficient for the fundamental wave
of the square WPFD; m,_ — E-tee transformation coefficient.

Since the characteristic conductance Y, in all arms

of the E-tee are the same, the expression for |811| is as follows:

y
Su|= 3
Sul=52 ®

Due to the cumbersomeness of the expression for the values
of jb. and mg, we will not indicate them, but we will present

these values graphically (Fig. 3), where curve 1 corresponds
to the value of m_, and curve 2 —to the value of b_ .
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Fig. 3. Dependence of the reactive conductivity bz and the module
of the transformation ratio mg on the normalized wavelength

The expression for the reactance of the junction jbj is as
follows:

b, =@/ny)? Y7 nZy, 4
where n,_ - transformation coefficient for higher of types waves
of square WPFD; y, — normalized conductivities of higher wave
types [11].

Necessary expressions for determining the transformation
coefficients in formula (4):

Ny = L En108n01dS ®)

no=[ 3>, .&dS (6)

where  &.0,&; — transverse electrical eigenvector functions
of quasi-Hy, and quasi-Hy; waves; &, — transverse electrical

eigenvector functions of high wave types; §k — coordinate
function; S — cross section of a square waveguide.
We take the coordinate function §k in expression (6)
in the form:
Ik = Eno + Enor T Enao U]
where Ergo + Epoy + Engy — lransverse electrical eigenvector

functions quasi-Hig, quasi-Hyy, quasi-Hag.
The correction factor for formulas (5) is as follows:

_37r2b b , a ) ) 8
k=== o5 G0 + g [(pm) + (apr)] ®
The correction factor according to formula (8) increases
the accuracy of formula (5) by 3%.
As a first approximation for k = 3, we take the eigenvector
functions of the quasi-Hy, Quasi-H,, quasi-Hy waves
as the function g, .
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Taking into account the transverse electrical eigenvector
functions of quasi-H;; and quasi-E;; waves increases the accuracy
of the calculation using formula (6) by 1.5%. This is explained

by the correct choice of the coordinate function 3,, defined
by formula (7).

We will calculate the values of jb, and jb, as follows.

As coordinate functions §j and §ig ,
the field on the grids, we take the sum of the transverse electric

and transverse magnetic eigenvector functions of the quasi-Hg
and quasi-Hz, waves:

51 = €nyo +7T[h10 + &ngo +7T[h30
Oy = AU/SINP)[Eryo + H o + &gy + Higo]

where &0, €nso

approximating

©)

— ftransverse electric eigenvector functions

of waves; Hyi0, Hpso transverse magnetic eigenvector
functions of quasi-Hyy and quasi-Hsy, waves; ¢ — angle

T . . V4 /4
of inclination of the grid’s diaphragm ZS¢SE.

If the eigenvector functions are written in terms of Mathieu
functions, then they look like this:

Eno = (\/128/ab 64+0°+ p?+q°p /Xhlo)
[Ce,(a,)Ceq (. 17)¢” ~Ce{ (0, £)Ce, (P, 7)7°]
s =(\/128/ab(64+q2 +p*+q°p’ /Xhao) (10)
[Ceg(q &)Cey(p,m)E" —Cey(a,£)Ce (P )7

oy = (\/128/ab(64+q +p +q2p2/th)
[Ce1 (,£)Ce, (p,7)E° +Ce,(a,§)Cey (P 1)7"]

Higo = (\/128/ab 64+q° + p>+q°p? /tho)
[Ce}(a,£)Ce, (p,m)&* +Cey (0, £)Cey (P, 7)7°]

where
Ce,(0.), Cey (0,£),Cey (0,£),Ce, (p.17).Ce,(p.y) — €ven Mathieu functions;

Ce/ (0, ), Ce; (a,£), Cej(q, &), Ce/ (p, ), Cey (p, ) — derivatives of even
Mathieu functions.

Expression (9) is found using formulas (10).

In our case, for a grid of four thin rods, we take waves
of type H.o with index m equal to m= 9, 11, 19, 21, 29, ...

as local fields. For example, for a two-rod grid, the index
m =5,7,11,13,17,19,23, ... Here it is enough to limit
ourselves to the quasi-Hyo and quasi-H;;o waves to find
the reactive conductivities jb; and jb, . Their eigenvector

functions are written as follows:
Enoo = (\/128/ab(64+q +p2+g°p /Xm)
[Ce, (a.£)Ceq (p.17)E " —Cey (4, £)Cey (p. )77 "]
Hygo = (\/128/ab(64+q +p2+q’p’ /xm) a1)
[Cey(a,£)Cey (p.7)E" +Cey(a,£)Cey (P, 1)1
A (\/128/ab(64+q2 +p?+q°p? /Xhm)
[Cen(q &)Ceq(p.)&" ~Cey, (a,6)Ce, (P 1)7°]
Hino (\/128/ab 64+0°+p°+9°p /Xmm)
[Cei,(0,6)Ce, (p.1)E° +Cey (0,6)Ce; (p.1)7°]

where:

Ce,(p,77),Cey(q,£),Ce,, (q,£) — even Mathieu functions of zero, 9
and 11 orders;

Cel(p.n).Cel(q,&).Ce/ (q.£) — derivatives of even
functions of zero, 9 and 11 orders.

Mathieu
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Table. 1. Reactive conductivities of the 4 — rods grid diaphragms

Grid in the side waveguide Incline grid |nvthe main
waveguide
alA 5 b
i ig
0,72 10 14
0,76 11 16
08 13 19

Calculation of the conductivity of the grid diaphragm
at a/A=0.7 in the side section of the waveguide tee
(polarization selector) is shown in Fig. 4.
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Izt 7 13} 1
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Fig. 4. Dependence of the reactive conductivity of the grid diaphragms in the side
waveguide of the d/a ratio (unequal distances between the rods)

Solid curves are graphs, which constructed using basic
formulas. The dotted curves are graphs, which constructed
using formulas with a correction factor. Curve 1 corresponds

to the value |, /a=0.11,/a=04. Curve 2 corresponds
to the valuel,/a=0.1;1,/a=0.3. Curve 3 corresponds

to the valuel,/a=0.11,/a=0.2. The unequal distances

between the rods were chosen for the convenience of locating
a dielectric plate with a square cross-section if it were necessary
to increase the size of this cross-section.

Fig. 5 shows the dependence of the reactive conductivity
of a four-rod grating diaphragm with equal distances between

the rods a/5 located in the side waveguide as a function

of d/a. The ratio a/A=0.7 corresponds to the lower limit
of the frequency range of the digital troposcatter station, the ratio
al/A=0.75 corresponds to the middle of the frequency range

of the digital troposcatter station, the ratio a/A=0.8
corresponds to the upper limit of the frequency range of the digital
troposcatter station. The graphs show that as the operating
frequency increases, the reactive conductivity of the diaphragm
decreases.

All quantities in formula (2) are determined through formulas
(4)-(11) and graphs in Fig. 3. Substituting expression (2) into
expression (3), and the modulus of expression (3) into expression
(1), we find SWC or TWC.

Resulting of Fig. 4 and Fig. 5 are used by formulas (10), (11).

—b .
a/s
25 *
a/i=0,7
20 a/l=0.75
a/}=0,8
15
10
. //
d/a
0.01 0,02 0.03 0.04 0.05

Fig. 5. Dependences of the reactive conductivity of the grid diaphragms in the side
waveguide on the d/a ratio (equal distances between the rods)
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3. Conclusions

A polarization selector based on square WPFD can be
classified as a broadband device with an operating frequency band
of ~45%. The SWC value is no worse than 1.12. At the junction
of the square WPFD, quasi-Hp; and quasi-Hsz, waves are taken
into account, at the diaphragm, quasi-Hgy and quasi-Hy; o waves.

For researchers of similar devices the data in Fig. 4 and Fig. 5
are useful. These data are related to questions of placement
and dimensions of the dielectric rod, which were investigated
in the monograph [11].

A polarization selector based on square WPFD can be used
in digital troposcatter stations, waveguide phased array antennas
and reflector antenna feed matrices. The main positions of theory
of the WPFD is developed in transactions [11]. As the a/A ratio
increases, the reactive conductivity of the grid diaphragms will
decrease. As the number of grid diaphragms increases, the number
of higher types of waves taken into account will decrease while
achieving the same calculation accuracy.
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