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Abstrakt. The determination of transmission and reflection of wave propagating at arbitrary
angle between the polarization axis of polarization filter and polarization axis of the wave is
hardly covered in literature. The general case of the propagation of eectromagnetic wave
through the polarization-selective surface at random angle is considered. The decomposition
strategy, applied to general oriented electromagnetic field incident onto the polarization-
selective surface, allows to bring the problem of the determination of the transmission and
reflection coefficients to examination of the individual E-case and H-case of parallel and
perpendicular wave polarization. The results of the calculated relation of the propagation
coefficient through a spiral polarization-selective cylindrical structure irradiated with a linear
source, located parallel to the axis of the structure, for two orthogonal polarizations of the wave
for the maximum transmission and maximum reflection cases are presented.

Keywords: polarization-selective structure, vector decompmsj electromagnetic field,
transmission coefficient.

Introduction. Metal grids of parallel round-shaped or planarewiare widely used in radio
engineering as passive antenna reflectors insteadlid metal shields. This allows us to save the
costs of material, to reduce weight and wind lo&dother application of such elements is to use
them as polarization filters (PF), which enablepriovide selective transmission of electromagnetic
waves (EMW) depending on their polarization chaastics. The most common types of PF are
the following structure formed of plane-parallel fera (fig. 1,a), thin round-shaped conductors
(fig.1, b), thin strips on a dielectric base or withouffid.(L, c), slot-perforated metal plane (figd),
etc. The main geometrical features, which chareetéhe mentioned structure are the grid spacing
D, the strips widthW and their thicknesss. The main electrodynamic characteristics of the
structures are the wave transmission raiig) @nd reflection ratioK,e) from the grid depend on
the incidence angle and polarization of the wave.
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Fig. 1. The main types opolarization filters

In order to solve the problem it is required toedetine the values oK; and K of
electromagnetic waves from the metal grid of thiamation filter as a part of the apparatus for
loose materials microwave treatment. It consistgarfcentric surfaces and cavities. The internal
cylindrical volume provides continuous materialdeg and processing. Over the first chamber the
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polarization filter is formed, function of which 8 pass the electromagnetic waves with
corresponding polarization. Moreover, it can beigie=d as a spiral-wound wire or as a perforated
sheet cylinder, so that the polarization axis @& snrface at the opposite sides of the cylinder is
oriented in opposite directions (turned i@ he internal volume is irradiated by electrometim
waves of industrial frequency (2,45 GHz) with theadiator, e.g. a slotted waveguide. The
matching surface is a part of the device, and desidor compensation of the reflected waves from
the processing material. It is designed as coaxithl the central zone of the inner chamber. The
matching function can be realized either with itiserof dielectric tube or by the metal grid sudac
at the required amplitude and phase conditionth®reflected wave. To provide the conditions and
to determine the total field strength distributionthe processing section, the determination of the
wave transmission and wave reflection from the nqmddéion surface is required depending on the
incident wave angle with arbitrary orientation loé& tpolarization angle towards the polarization axis
of PF.

Let us make the assumption that the research damsmsider the obtaining of expressions for
dependence of EMW transmission and reflection frame different polarization-selective
structures, since such expressions are represented- 4].

The determination of transmission and reflectioowaive propagating at any angle between
the polarization axis of PF and polarization axXighe wave is hardly covered in literature.

We consider that in order to study the structusskiy andK; dependency on incidence angle for
parallel and perpendicular polarization for spedificase andH-cases is known.

Main part. Let us restrict the consideration of EMW incideranto the polarizing filter to

the separat&-case andi-case for wave with parallel (index «||») and pedieular (index &J»)
polarizations to simplify the determination of nWarave energy transmission through the surface.
In this manner each of the vectors of the inciddattromagnetic wave should be decomposed into

the following componentsEz, Eog, By, Eo, and Hiz, Hoe, Hyy ,Ho, . We will understand
perpendicular polarization as such the orientation of the electromagnetic field vector relative to
orientation of polarization-filter axis where the vec®iis perpendicular to the polarization axis of

PF; parallel polarization — the case in which the vectdd is perpendicular to the axis of
polarization. TheE-case is considered as a case of wave incidence on the surface while the electri
field vector is parallel to the incidence plakkcase — a case when the vector of the magnetic field
is parallel to the incidence plane (fig.&,

Let us introduce vectors, | with the origin at incidence point of the wave on the surface,
such thati belongs to the incidence plane and is perpendicular to the wapagation direction;
] belongs to the surface of PF (or tangential tant) is perpendicular to the incidence plane #ig@).
Let angle between vectoris and E be denoted by, the angle between the incidence plane and
polarization axis sites by, and the angle between the direction of the wave propagatiamoamehl|

to surface of PF sites Ity
So we then decompose the incident wave vectors orEdtese andH-case components,

which can be determined by projecting of corresponding initial v&atato the unit vectors, j:
E. = i|E|tos), "
_ 1
E, = J|E Bin@).

Wave front corresponding to vect@e coincides with the initial wave front, and magnetic

vector of the wave lies in the plane of the grid; wave front, correpgro E+ coincides with the
primary wave front and its electric vector lies in the plane of the grid.
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We then consider two pairs of vectors separatetiy@arform the decomposition of each into
parallel and perpendicular polarization components.

Let us introduce vectorsn and n with the origin at the wave incidence point sucht tthe

both coincide with PF surfacey coincides with polarization axis of PF aids perpendicular
to it (fig. 2, b). Then we consider the separate

components of the vectoE., so EH” is the

projection of E4 on the vectorm and accordingly
En — projection on the vectar.

Eny = N|Ea| cosp),
_ ‘_ ‘ (2)
Ev, = M| Eu|sing).

We consider vectoEe as the pair of vectors
Ee, and Ee,, hence Ee +Eey =Ee. It is
obviously, that the initial and two derivative verxs
must lie in the same plane. Therefore, it is sidfit
to build a single plane through the vector on
which we introduce two vectors, and i, such

that 7 =7, +7 . HenceEg, lies oni andEe, lies
on i,. To simplify computation let us construct the
surface in the manner of coincidence with So i_H

is the projection ofi on a surface which include
vector m and isperpendicular to the surface of PF,
i, — projection ofi on n. Let us denote the
constructed surface by

The angle between the vectarsand n can be
found from the cosine theorem for trihedral angle:

cos(_i/,\_n)= cosff) cos@’) +sin@)sin(’) cos(A)(3)

where f'=90°$ denotes the angle betweén and
projection of i on the surface of PF. Angkeis the
angle between the planar anglésand g, and is

equal to 98 Performing trigonometric transforma-
tion we can rewrite (3) as:

cos(_i/,\_n)= cosf)sin(B) . (4)
Hence we can find the expressions:
Eep =1, ‘Ee‘COSG/,\_n) (5)
Performing the analogous conversion we get:
c Ee =1, ‘EE‘COS(QO ~TinE i ‘_E‘ sin(in’ (6)
Fig. 2. Vector decomposition on polarization The angle between the Vecto'_r|§ and m cor-

surface:l — incidence wave fron — incidence L
plane:3 — polarization axis of polarization filter '€SPONds to0 the angle of incidence of the wave

component ofH-case for perpendicular polarization
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and is equal to angle of incidence of the wavie-oése for parallel polarization. The componenthef
initial wave, defined by pair of the vectds, and Ee, are oriented normally to the plane of PF.

According to above the total wave transmissiororatigiven by:

Ex
o lo)= \‘E ’ @)
where electric vector of the incident wave can esented as
Einc=Eey + Eg + Eng + By, (8)
and similarly, the electric vector of the transedtivave can be presented as
Eu = Eeqy + Eepy + By + By (9)
where  Eep, =EEDK(GED )tr . =9 =EE”K((XE”)“_ . [ =EHDK(aHD)trHD,

EH”U :EH”K(aH”) — wave transmission ratio of corresponding coneporof the initial

tI’H” ’

wave depending on the angle of incidence
The angles of incidence for each wave componergé@ual to:

ag =0y, Gy, =M, = arccog co¥()sin(3)) = arccoq sinf)sin@)), ag =a,,, @, =0.
Apparently, two constituent waves, hamely components-cdse of parallel anHi-case of
perpendicular polarization, are characterized by the same incidence @hgls; two components
do not depend on the angle of incidence of the initial wave amdspand to the case of normal
incidence for thée-case of perpendicular amttcase of parallel polarization onto the polarization-
selective surface.
Calculation results. The test calculation of transmission ratio ,J
of electromagnetic waves through the polarization-selective TN
structure has been performed according to fig. 2, irradiated with a , N
linear microwave source. The diagram of the installation is shown
in fig. 3, wherel — microwave energy sourc@, — cylindrical
polarization-selective  structure. Calculation is carried out
depending on the radiation angfein the plane perpendicular to the
axis of the structur2. We consider the polarizing filter designed as - 2
a spiral wound of thin round-shaped wire with winding angfetd5
the axis of the cylinder. The angle between the polarization axis of
the incident wave and the cross-sectional plane of the structure
(perpendicular to the axis) is 45Thus, while the wave incidents Fig. 3. Sketch of installation:
inside of the cylinder the maximum transmission of MW is1— phase center of source;
observed, on the other hand, while it incidents from withioeima- 2 — polarization filter

ximum reflection occurred. The diameter of the helix wire in studiedeinis 1 mm, the distance
from the phase center of the radiator to the axis of the structd@® isxm, diameter of helix — 200
mm, which corresponds to the maximum value of the afigégual to 12,% exceeding which the
wave does not reach the surface of PF. The frequency on whichatieling has performed is
2,45 GHz. Transmission dependence of the wave through the patarigatective structure of thin
wires for specific cases is taken from [1].
The relation between the transmission ratio into the structure @&ndaibe of angle?,

obtained according to (7) for maximum transmission is showig.ir, a. Corresponding case for
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the maximum reflection is shown in fig. |, The solid curves correspond to the distance katwe
the conductors in the coils equal to 5 mm, dottd® +mm.

Looking the calculated curves one can notes tlaeasing of radiation angle will reduce
the beneficial effects of PF. It is obvious thathwincreasing of¥ the value of the angle of
incidence of the waves also increases, which omtigehand, causes an increase of reflection, and
on the other hand causes mismatch between theemtoicave polarization and polarization axis of
PF. As the consequence of the mentioned effectpalaization of transmitted and incident waves
in general will not be the same.
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Fig. 4. Relation of the transmission coefficiertbithe structure

Conclusions. The decomposition strategy, applied to generanted electromagnetic field
incident onto the polarization-selective surfadeyas us to bring the problem of the determinatdn
the transmission and reflection coefficients toneixeation of the individuaE-case andd-case of
parallel and perpendicular wave polarization. Letstress the fact that two of the four decomposed
components correspond to normal incidence of wate the surface and do not depend on the angle
of incidence of the initial wave, the other two qmments are characterized with identical angle.

The test results of the considered computations ghat the wave transmission ratio through
the cylindrical polarization-selective structure sgiral wound thin conductors depends on the
radiation angle, moreover the polarization of traitted wave through the grid, in general, differs
from the incident one as a result of different abads of both polarization components on the
polarizing surface.
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1O. @. 3inbkoBcrkui, 0. K. Cunopyk, A. O. TypoBcbkuii

AHaJi3 [J0BLILHOI0 TPOXOMKEHHSI €JEeKTPOMATHITHUX XBWJIb KPpi3b NOJSIPU3AMIAHO-
BHOipKOBY IOBEPXHIO

Po3rnsHyTO 3arajibHH BUMAIOK MAJiHHA €EKTPOMArHiTHOI XBWJII Ha MOJSApPU3ALIHHO-BUOIPKOBY
MTOBEPXHIO IMi/I JOBUIBHIUM KYTOM, 3alIPOIIOHOBAHO CITOCIO BH3HAYEHHS KOC(IIIEHTIB MPOXOIHKCHHS
Ta BiAOMBaHHS XBWJII BiJ] Takoi CTPYKTYpH IUISIXOM pPO3KJIAJAaHHS BEKTOPIB HANpPYyXEHOCTI
EJIEKTPUYHOTO0 Ta MAarHiTHOTO TIOJIB Ha OKpeMi XapakTepHi ckianoBi. [lpuBeneHo pesynbratu
pO3paxyHKy  3aJeXHOCTI  Koe(imieHTa  TMPOXOMKEHHS  Kpi3b  CHIpadbHy  HWJIIHIPUYHY
MOJISIPU3ALIHHO-BUOIPKOBY CTPYKTYPY NpPH ONPOMIHEHHI JIHIHHUM JUOKEPEIOM, pPO3TalllOBaHUM
napanenbHO 0 OCl CTPYKTYPH, JUISl IBOX B3AEMHO OPTOTOHAJILHUX MOJISIPU3ALii XBUIL 1711 BUNAAKY
MaKCUMAaJIbHOTO IPOXO/KEHHS Ta MAKCUMAJIBHOTO BiTOMBAHHS.

1O. @. 3unpkoBckuii, fO. K. Cunopyk, A. A. TypoBckuii

AHAaJM3 NPOU3BOJIBLHOIO NMPOXO0:KAEHUS IJIEKTPOMATHMUTHBIX BOJIH 4epe3 MOJSIPM3ALMOHHO-
H30MpaTeIbHYIO IOBEPXHOCTH

Paccmorpen  oOmmit  cimydaid majeHUs  DJIGKTPOMArHUTHOM BOJHBI Ha  TOJIAPU3AIMOHHO-
n30UpaTenbHyI0 TMOBEPXHOCTh IOJI MPOM3BOJIBHBIM YIJIOM, MPEIOKEH CIOCO0 OmpeeneHUs
KO3 (DUIIMEHTOB MPOXOXKICHUS M OTPAXKCHHS] BOJHBI OT TaKOH CTPYKTYPHI MyTEM Pa3lIOKECHUS
BEKTOPOB HAIPSHKEHHOCTH 3JIEKTPUYECKOI0 M MAarHUTHOTO TOJie Ha OTAENIbHbIE XapaKTepHbIE
cocraBistoniue. [IpuBeeHbl pe3ynbTaThl pacdera 3aBUCUMOCTH Kod((HIIMEHTa MPOXO0XKICHUS
gepe3 CHUPATbHYI HUJIMHAPUYECKYIO TOJSPU3AUOHHO-U30UPATENbHYIO CTPYKTYpy TIpH
00Jy4eHUH JMHEHHBIM HCTOYHHMKOM, PACIONIOKEHHOM MapajyieIbHO OCH CTPYKTYpHI, AN ABYX
B3aMMHO OPTOTOHAJBHBIX TMOJSPU3ALMNA BOJHBI JJis CIAy4yas MAaKCUMAJbHOTO MPOXOXKIACHHUS U
MaKCUMaJIbHOTO OTPAXKEHUSI.



