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Introduction

The wave propagation simulation in room requires
the mathematical models of walls [1]. Usually for
electrically large rooms simulation hybrid methods are
applied. These methods simulate ray tracing with reflection
between walls of the room. For most cases the incidence of
ray on the wall is oblique. The model of homogeneous slab
can be obtained analytically by solving simple boundary
problem for oblique incidence. Therefore it is tempting to
obtain equivalent permittivity for wall with metallic
constructions inside. These constructions can be of
cylindrical wire, like for reinforced concrete, or flat lattices
for electromagnetic securing of room. The boundary
problem solving for oblique incidence on the wall with
metallic lattice inside allows exploring conditions for
which complicated wall can be replaced with complex
permittivity.

For most cases the published investigations are
dedicated to reinforced concrete for normal incidence of
wave [2], [3], [4]. The methods of investigation are
different. The published results are obtained for normal
incidence and solving methods don’t allow apply them like
methods for oblique incidence. Usually, metallic structures
in composite materials have regular placement that allows
applying periodic boundary conditions.

The structure of block

Slab parameters depend on @ and b lattice dimensions
(see Fig.1.) and dimensions of metallic structure inside
slab. The a and b are periods of grating along x and y axis.
The wall contains infinite cluster of blocks like Fig.1. (the
dimensions of the wall are considered large enough,
comparing with wavelength). At boundary every block is
described by periodic boundary conditions, which allow
equations solving for one block. The system of Cartesian
co—ordinates x and y is coupled with center of metallic
structure. The sides of lattice d, and ds show the filling of
block cross—section. If d,=d5=0, we have homogenous slab

without metallic lattice. If d 4 >al/2 or d5 >b/2 we
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have two dielectric slabs separated by metallic plate. These
two cases don’t create periodic structure and can be solved

analytically. The periodic structure allows periodic

conditions using for all fields’ components
f(x+a:yaz)=f(x7yzz)'exp(_i'kx.a): (1)
f(x$y +b,Z) = f‘(xsy»Z) ' exp(—i ' ky b) .

The solving of Maxwell’s equations for slab of
concrete can be decomposed in £ and H fields with field
component along z axis correspondently.
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Fig. 1. The structure of block

Let at frequency f concrete contain permittivity &,
and conductivity o, [S-m']. Lattice is created from

perfect conductor with thickness d,. Complex dielectric
permittivity of concrete at frequency fis
. o,
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&o and p are permittivity and permeability for free room.

For our calculations &, =4.25 ando, =0.03 are selected.

The field components

On wall incidents flat wave with wave vector
k=€, -k, +€,k, +&, k,, )
k. =k-sin(0) - cos(e), ky =k -sin(@)-sin(p) ,

k, =k-cos(0), k — free room wave number, €, — unit

where

vector.

The wave vector of incident field k can define
infinite amount of waves that’s vector of polarization lies
in perpendicular plane.

For the problem solving field decomposition as £ and
H waves with longitudinal components will be applied
Ef()] Hf[ 07

structure has periodic placement. For upper index 3
symbols are applied: £ or H wave type, number that labels
environment (0 — for z<0, 1 — for 0<z<d|, et cetera), third
sign / for wave propagation in direction z, R — opposite
direction and T for denote transversal part of field vector.
The last sign * can indicate complex conjugate value.

The solving of Helmholz equation for periodic
boundary conditions gives admissible values of wave
numbers:

and correspondently, because metallic

2.1 2.
ko =k 45k =k S
a
2 2 2 2 2 2
ktmn :kxm +kyn > kzmn = kO _ktmn > (5)
kc?mn :kc2 _ktzmn 5
&n =€Xp(—i -k, - x =ik, -y).

For designation transversal part £ and H wave types
of electrical and magnetic fields are applied vectors:

2
tmn >

2
tmn >

é‘Emn = (_kxm '_éx _kyn éy)/k

(6)

Cpn = (ke €, + k- €) /K
= (k,, €, —ky, €,)/k,

hEmn tmn >
lalen = (_kxm 'éx _kyn _éy)/kz

X

tmn *

All E and H field transversal components can be
expressed by the correspondent longitudinal components.
Mainly, for boundary conditions will be applied transversal
part of field vector. For example, the transversal field of
layer 1 is:

M N

nEUT | +EIRT | w HUT | +HIRT |_
z z (Emn +Emn +Emn +Emn )_
m=—M n=—N

M N ~E11 - s
z ngn Emn Kemn - €Emn €Xp(—i-kepmy - 2) -
m=—M n=—N

~E1R - .
_Emn 'kcmn € Emn ~6Xp(l 'kcmn 'Z)+

THI1I — .
+Hmn TO- Ho €y 'exp(_l'kcmn z)+

THI1R - .
+Hyp" @ fhy €y - eXpli-kepmy - 2)}

(7
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M N
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m=—M n=—N

M N ~E11 1 .
Z ngn AEmn @-&c &0 Mgy -exp(=i-kepyy -2)+
m=-M n=-N

~E1R
+E,,

q FUT | (wEIRT | (yHUT | ywHIRT
(Hmn +H,, " +H,," +H,, ):

-8, -8 hgy, expl -kepu, -2)+
T H1I T .
+Hu kemn N - exp(=i-kepp - 2)—

_Hrlr-llr}R 'kcmn hip, 'exp(i'kcmn -2)}. (3

The field’s intensity for other layers can be written
like this.

The significant property of this field representation is
orthogonality. If layer is homogenous like z<0, z€[0,d|],
ZG[d1+d2,d1+d2+d3], Z>d1+d2+d3, defined field will be
integrated over all cross—section of block

al2 b/2
[[E2T R, e, g, vy =
—a/2-b/2
kop,-a-b .
_ l’qz Eﬁél ~exp(—i-kcpq 'Z),m:P,”:qa
1 ki )
0, otherwise.
al2 bI2r o .
[T Emn xhy ], g, de-dy=0. (10)

Only layer ze[d,,d|+d,] contains metallic lattice that
occupies a part of cross—section and integrating (10) must
be cared out only over part of cross—section and
orthogonality default. On metallic part of lattice for z=d,
and z=d,+d, tangential components of electric field (7)
must be zero.

System of equations

System of equations for solving all the components
for E and H fields can be created from boundary conditions
on all the surfaces of layers. For example at surface of wall
(z=0) conditions for tangential components electrical fields

nE0/ | 1 HOI

M N
~EOR | wHOR
Eg " +Egp " + Z Z (Emn +En, ):
m=—M n=—N
M N o/ B B B (11)
X X (B BRI B B
m=—M n=—N

contain £ and H wave type and waves with opposite
propagation direction. Similarly field conditions for
magnetic field and on other surfaces of layers can be
written. The balance equation can be multiplied by
transversal part of £ and H wave type vectors and
integrated over cross—section occupied by concrete.

The next step for problem solving is a chosen number
of wave types taken in to account. M and N depend on
uniform of layers. The slab without metallic structure can
be solved exactly with M=N=0, but deviation from uniform
structure excite other type of waves. The highest types can
be propagative or evanescent. The ability to propagate the
highest types depends on the block size (a and b),



wavelength (1), permittivity and wave incident angles. The
M and N values must be selected so as all propagative
types are taken into consideration or, best of all, that some
lower evanescent types are taken in to account.
Calculations are carried out for M=N=3.

The results of calculation

The results of calculation contain various tables and
graphics. For this paper selected incident field H type wave
with H=0.005 A/m, ¢=0. Layers d,=0.05, d,=0.001,
d5=0.05, a=0.1, b=0.15. Some results reproduce [RE| or
|TE| that are module reflection or transmission coefficients
for dominant mode.
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Fig. 2. Reflection and transmission coefficients for /~=1.8 GHz,
d4=ds=0.02 m for different incident angles
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Fig. 3. Transmission coefficients for /~1.8 GHz, @=n/6 for

different d, and ds
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Fig. 4. Transmission coefficients at incident angle 6=n/6 for
different dy=d;

Frequency f=1.8 GHz chosen for graphics because
geometric dimensions of lattice in domain f>2 GHz begin
create propagative modes with m=0 or n#0. The inclusion
of the highest modes causes dependence the reflected and
transmitted fields from co—ordinates in cross—section.

For dominant mode dependence on co—ordinates in
cross—section can be characterized by
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8oo =exp(—i-ky-x—i-k,-y). (12)

The cover highest modes create near surface the wall

difficult field distribution and cross polarization. For f~=1.8

GHz, ¢=n/6, d;=ds=1 cm in (Fig. 5., Fig. 6.) reproduced

transmitted electric field intensity on surface and on

distance 20 cm from surface. The (Fig. 7.) reproduces
cross polarization on surface.
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Fig.5. Distribution of transmitted field on surface
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Fig. 6. Distribution of transmitted field on distance 20 cm from
surface
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Fig. 7. Distribution of cross polarization of transmitted field on
surface

As the observation point moves away from surfaces
of wall the deflection from field distribution of dominant
mode and cross polarization exponential decreases.

Conclusion

The research reflection and transmission of
electromagnetic wave through dielectric slab with metallic
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This paper contains findings of authors, which concern reflection and transmission electromagnetic waves in case of oblique
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solving boundary problem. For solving periodic structure field decomposition in TE and TM wave types is applied. The highest modes
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MeTANLINYeCKOl pelIéTKoi BHYTPH // DJIeKTPOHUKA M dJ1ekTpoTexHuka. — Kaynac: Texnosorus, 2006. — Ne 7(71). — C. 55-58.

Pabora comepkHT HCCIENOBAHHS OTPAKEHUS M IPOXOXKICHHUS ICKTPOMATHUTHBIX BOJTH B ClIydae HAKIOHHOTO TaA€HHs Ha
JTUAICKTPUYECKUN CIIOH ¢ BHYTpEHHEH METaUIM4eCKOM mepuogudeckodl pemérkod. OrpaxEéHHOE IMoJe U IMpOLIEANee IOoJe
BBIYHCIISIOCS ITyTEM PeIleHus] KpaeBoi 3amaun. s pemeHust NpuMeHseTcsl pa3ioKeHHe Mo IepPUOIMIECKOll CTPYKTYpPBI Ha BOJIHBI
tuna TE u TM. BomaHbI BBICHIETO MOPSIKA CO3MAI0T BOJIM3U TIOBEPXHOCTH CTCHBI CIOXHYIO KapTHHY paclpeieiCHHUsS TOJIS U Kpocc—
nonsipusanuy. Takoe pacrpeneneHrne He CBOMCTBEHHO MOJAEISIM 0e3 BHYTPEHHEH Iepuoandeckoil cTpykTypsl. Toinbko B ciydae, eciiu
TeOMETPHUS CTPYKTYPHI U JATMHA MaJaoMIeil BOIHBI HE CIOCOOCTBYIOT BOZHHMKHOBEHHUIO BOJIH BBICIIUX THUIIOB, CYIIECTBYET BO3MOXKHOCTh
CO3JIaHMs MPOCTONM MaTeMaTU4eCKOW MOJENH Ul TOYKH HaOIrofeHHs MOJs B JanbHed 30He. M. 7, Oubi. 4 (Ha aHITIHMICKOM S3bIKE;
pedepaTtsl Ha aHTITUHACKOM, PYCCKOM H JIATOBCKOM $3.)

J. Ziemelis, T. Solovjova. IstriZzas ploks¢iosios bangos kritimas i siena su vidiniu metaliniu tinkleliu // Elektronika ir
elektrotechnika. — Kaunas: Technologija, 2006. — Nr. 7(71) — P. 55-58.

Aprasomi tyrimai, susij¢ su istrizai | dielektrinés plokstés, kurios viduje yra periodinio zingsnio tinklelis, pavirSiy krintanéiy
elektromagnetiniy bangy atspindziu ir praéjimu Atsispindéjusio ir praéjusio lauko parametrai apskai¢iuojami sprendziant ribiniy salygy
uzdavini. Sprendziant uzdavinj pritaikytas lauko i$skaidymas { TE ir TM tipy bangas. Auksciausios bangy modos sienos pavirSiuje
sukuria sudétingos struktiiros ir skersinés poliarizacijos lauka. Toks lauko pasiskirstymas neleidzia modeliuoti periodinés vidinés
struktiiros objekty. Nesudétinga matematini modeli galima sukurti tik tuo atveju, jei struktiiros geometrija ir krintan¢ios bangos ilgis yra
tokie, kad aukstesnés bangy modos néra sukuriamos. Il. 7, bibl. 4 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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