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Effect of polarization and insulation
characteristics on EM interaction in anisotropic
mediums

Nazir Shoraw PhD.Mohamed mousa® PhD.Salam mahmoude®

Abstract
This research concentrate on the effect of dielectric constant and
polarization in anisotropic mediums on electromagnetic waves
propagation. The Anisotropic mediums particularized with different
electrical and magnetic characteristics which varied in value from
spatial direction to another in three dimensional coordinate system.
This variation will be reflected on electrical characteristics such as
polarization, insulation and others, which leads to huge difficulties in
Maxwell's equations solution methods in EM Phenomena’s analysis
and interaction. Such researches are found in engineering applications
because semiconductors, sensitive devices, display monitors, etc. are
anisotropic materials in general. This materials are important in
control, automation and Especially in materials with high anisotropic
constants, which is used in wave attenuation or damping and EM
Shielding. This interaction has been followed up by aid of advanced
simulation environment (CST), which depend on finite difference time
domain method "FDTD" in Space and time.

Key words: Anisotropic materials, Isotropic materials, electromagnetic
Fields, Finite Difference Time Domain FDTD, CST software.

(1)Electrical Engineer/ PhD Student - Electrical Power Department- Faculty of Mechanical
&Electrical Engineering-Damascus University

(2) Professor - Electrical Power Department- Faculty of Mechanical &Electrical Engineering-
Damascus University

(3)Professor Assistant- Electrical Power Department- Faculty of Mechanical &Electrical Engineering-
Damascus University

88



dgana aBli 3 puga daaa 3 g osd gl 2022 ale 10 2w 44 Aaall Gad) dadly Alxe

- 3

4Aadla

g o Cuny cosall Aoy oA (8 Aaliiidll Lgiaeall Lpasde Sl 2 lsaY) o
ol byl 8 ) atey L) olat) o dnsae Ciligine (8 dagall
Bpaa alids . JlyeSl Gllaiu¥) salls Gipas Gl ) Ciliay b e ju (i
Ol Mivie (dllin KU gl e dasg g ) e Blug¥) (8 danslajeSll dasall Jo il
Ciila (e dasall Jsdag deyull asty CalSai¥lg SLaSY) Jalglal Gajatin 5] 38
Slalad¥) & Aliie dug g 5¥) ue salall 480 5eSh lilaiin) (5S5 JAT il (e
eyl Jgaall (e il ddbadl)

O a2l 8 Lgaladn Y dug fighl b pailiadn duniia aSlfig s b ol
Myt s bl @il g LS Jisall Bgaly LD cilils (fia dunnigl i)

s o5) st Msall 3 il g€l el Jlae 8 S e el Wls (g
R yieds dagall (aliaialy (oo Sl Cuaadl) Jlas 4 el (e B2l

PLa (e g g i) e dgall e Ll oSl gD Joliall Julas Candl 138 ol
[8,10,11,19,20]Je Wl 13¢gd 8y5maS Aaiaall aliall b Gllaiin) dejlie

Gaag) Ui

O Ao sana cdug gl e Llugl e dilide sy Lyl c‘y&‘ s sl
fe el A0l Lai yelini o oSas pilly HLaSiV g aalaally jaeill Lgia alslall
Al o€ Anpall QU iy Camatll 8 Lgie Sl 38 By ailiad LlugY) ol
gl L] LY Gaibaddly Clagiudl bl Je el Cagy

Lo AeiN) sabs A figh) sl (8 ALyeSl QLB Ay el lll oda alk
e oS 715y Jstally dabeiall O laleallg

Jyiadl Jalas aasg g hall & Aibide 2lyeS pailiads g ighHl) e blugy) Sl
sl Ahaal) gl il 8 dali Asll deal 53 Al Upas 8030
+Aag Saall

89



L g 9o b Bl g¥) (B s < ) Jolis o Jad) pailad g qlaia) il

tdaag g5 by dusg i) Algall B Alugsl lladiny) -1

S A 550 e Tl 8 Ak gl £l SU ddlide alg by s
= pailadll (eis ¢ helly 23 ally dgnally Sl HLia) (ailiad
alatg Ay zlins Ala g€l st dudaas e cDlelin Cigin (8 dusg fig 5
LeiVond Aasbiag Aaa) oyl 3ans 1) Ll SLital) S ally akaall cSle Ll
coan) e Qi) el Pl (e dxial

o Ll A loiee @3 (e cbyal) ilin ) e ANAY ATl syl (s
& ©AY) gl (ans 0580y (gl & LIS Ainge Dligig g Al iy 5S))
Shas (g) e Dllasg dange din ) Vs o) QL ldld (e Lginnila
Ll eSl Jsaad) N A Ll 63 Jg¥) sl s die L (Apliie e il
cesrall COLE e Aulladly Tumgall cilin &l #1355y ec¥pual) JS80 L al)
CYpuall 56w  SUN gl 8 Lain (Jaall Jaglas sl aliniil Waysae Joa ysatg
[3,19,20]0)ik xie aliing Joall Clin Wisie

Unpolarized

Folarized by an applied electric field.
ek B E EXENE NN NENXN:

el Jinll s g U8 Jle Jausgd llaina) (1) Sl

90



dgana aBli 3 puga daaa 3 g osd gl 2022 ale 10 2w 44 Aaall Gad) dadly Alxe

038 e ganas ¢ Sl Jswall aje i) (G Ailusally Jouall dind ehaa oy
Sl Gl Vb e paal) Baaly (8 daad) e il dakinall ag5al)
PleSl Qllaiia¥] ¢ Ll (ol Laxieg (1) JSEN 3 (e LS (Polarization)
il () Dlsad) 038 Jia payad e Lag figsl Hlall s (alad) S 4
Gl ¢ las Laiw (D) ghall 3 soal) 286 ¢ b 1) ddlea) Laia dan LA
gl Hyaa b Bl o oaglal) Jaall 5l jeda i (Al chlaey Laaldl)

:3,4,19,20]30 <8l 385 (P) UainsY)

D, = ¢,E (1)

P = ¢, XE (2)

D =¢,(1+X)E =¢E 3)
=g, E=¢,E+ P

V/m Sued Jasll sasgles —E

C/m? (AshY) g ) Slye<l) sl 8 -D
F/m — &L, daledl  —¢

Al 4Lyl daled) F/m 8.85x 10712 =g
(Al ) dapl) L3Lpes)) Lalend) g,

C/m? e Qi) - P

Gl Susceptibility saldl L5 —X

91



L g 9o b Bl g¥) (B s < ) Jolis o Jad) pailad g qlaia) il

Agall (o de sanal L0l Adilall s [14] (1) Jgoad)

Relative Permittivity

Material
Vacuum 1 (by definition)
Air 1.00058986
Polytetrafluoroethylene (PTFE, Teflon) 21
Paper 3.85
Diamond 5.5-10
Methanol 30
Water 80.1
Titanium dioxide (TiO,) 86-173
Strontium titanate (SrTiOs) 310
Barium titanate (BaTiOz) 1,200 - 10,000
>250,000

Calcium copper titanate (CaCusTis012)
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