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NwkoAaog Xatlapag
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Amayopeveton 1) avTrypopt), arofrkevoT) kot dtovopn tng mapovoag epyaciog, e€ oho-
KA POUL 1) TUAHATOS ALTNG, Yiot epoptkd okomd. Emtpémnetal n avatidnwor, awobrkev-
o1 Kot SLtVOpT] Yl GKOTTO 1) KEPOOGKOTLKO, EKTTALOEVTIKNG 1) EPELVNTLKAG PUONG, LTTO
Vv podndbeon va ava@épetal 1 TNy TPoEAELOTG KO Vo SLTrpeiTa TO TaPOV pPrjvo-
po. Epotipata mov agopoiv n xprion g epyaciog ylo kepSooKOMIKO GKOMTO TTPETEL
vo artevfbvovTaL TPOG TOV GUYYPAPEQL.

Ot a6 PeLg KaL ToL CUUTTEPAGHATO TTOV TTEPLEXOVTOL GE XVTO TO EYYPOUPO eKPPALOLV TOV
ouyypapéa kot dev TPETEL va eppnveLBel OTL avTLITpocwTEVOLV TIG enticonpeg Béoelg Tov
EBvikod Metoofiov IToAvteyveiov.

Kamowoe amd tar oxfpoato ko TG elkoveg mov Pplokovtal otny SUTAOHATIKY epyaaio
éxouv eumvevotel, 1 faciotel endvw, e oYHATE KoL ELKOVEG TTOL LITAPYXOLV GE GA-
Aeg OnpocLevpéveg epyaoieg. Ze k&be TePIMTWOTN AVTO AVOPEPETAL OTO eEENYNHATLKO
KElPEVO KATw ammd TNV eikova kabadg kot dlveton TAvTa 1) TNy TNG APXLKNG ELKOVOG.
Avayvopllon kol eDYVOHOVE TNV adela Xpriong TOV OYNHATOV KoL ELKOVOV otd TOUG
OXETIKOUG KATOYOVG TV TVEVHATIKOV JIKOALOUAT®V.
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[lepiAnyn

H ntapovoa Sumhwpatikn epyacio €eL wg OVTLKEHEVO TNV avATTUEN evOg adyopiBpov
Kot TNV Snpovpyla vog mpoypappatog oto Matlab ov Oa emitpémel tn mpocopoiwen
g dravuopatiknig mepibiaong H/M kupdtwv yopw amo éva opfoymvieg 2D yewpetpleg.
To @awvopevo tng mepibraong Kupdtwv amd éva pkpo avorypoe evog DI00ID 00000000
UUU epmrodiov meprypdpetal oe éva Pabpd amd v Pabupwtn Bewpia tng mepibiaonc,
oTnV omola, Yo evKoAla, emtAéyetal o medio va eivon pio fabpwthy cvvaptnon U mov
wcavorolel to ohokAnpwpa Fresnel-Kirchhoff. Ytn mepintwon opwg, mov dev BéAovpe
pioe JUIOOIOC ewcova Tov mediov, aAAd TN TPAYHATIKT] SLIAvUGHATIKT ADoT), TOTE Xped-
Cetanr va AvBovv ot e€lodoelg Tov Maxwell kat péow avtodv va fpebdet 1 Stavvopatikr
Abon. H @poon tov mpofAnpatog opng kabiotd d0okoAn tnv avalvtiky Avon twv e€.
Maxwell, cuvenog emAéyeton 1 epappoyn tng aplduntikng pebodov twv Memepacpévov
Awpopwv oto medio tng cuyvotntag (FDFD) oto mpopAnpa.

Xpnowomowwvtag tn pédodo FDFD, ot e€lowoeig Maxwell amdomolodvtal onpovtikd,
aAAG Yo TV Oop€n pn-teTpippévng Abong oto TpoPAnpa x petdletot £vag Hn-opoyevig
6pog (n diéyepon) o omoiog prropei vo dwbel péow tov alyopibpov Total-Field/Scattered-
Field (TF/SF). O alyopiBpog TF/SF Bpickel epappoyég kupiwg o TpoPARpata okédaong
H/M xupatwv oe epmodio avBaipetng yewpHETPLog, GUVETHOS GTOXO0G TNG EPYATLAG AVTNG
B amoteAéoel ) mpocappoyr) tov alyopibpo TF/SF oe mpofAnpata mepibraong.

To medio ov popetl T0 TPOYPUPIX GTOV LTOAOYLOTH v AUoeL, e€apTdTal amd To péye-
Bog tov TAéypatog (StorkpLTod Y®pov) mov ypnotpomoteital. I To pakpivo medio dmov
1| TPOGOHOLWGT a6 LITOAOYLOTH elval TpakTikd advvartn, avadveton 1 péBodog tng
dtavvopatikng avéAvong tov mediov oe éva pacpa emmédwv kKupatwv (VPWS), mov
péow Kot@AANAwv Fourier oAOKANPOUATOV yiveTal EQLKTH 1] KATAOKELT TOL TTediov

OTI HOKPLVT) TTEPLOXT.

H peBodoroyio yio Tnv avamtu€n T€Tolwv TPoYPappATOY TapoLoLlileTal He AVAAUTL-
KO TpOTO, KaB®G Ko apkeTol pEBodoL YL TNV OVTIHETOTLOT OPLOPEVOVY TPOPANUAT®-
v/neploplopadv tng pebodov. TeAlkd, TO TPOYPAHHA TTOL AVATTOGGETAL ATOCKOTEL GTN)
HEAETT) TNG TTPAYHATIKNG ELKOVAG TOV 1Tediov ov mepllatal ord 1o eumddio 6To XWpo,
omwg akplpaog diémovv ol e€lowoelg Maxwell, eved mapdAAnia yivetar ocbykplon TV
QTOTEAECPATOV aLTOV TNG Pabpwthg Bewploag.

Agégerg Khewdid: dovuopatikn mepiOAaon, memepaopéves SLapopEés, TPOGOROLWOT) TTe-
piOAaong, PML, Stavucpatikd gpacpo emimédwv kopdtwv, TEF/SF alyopiBpog






Abstract

The aim of this dissertation is the development of a program in Matlab that will simulate
the vectorial diffraction of EM waves on rectangular two dimensional slits. In order to
obtain the actual vectorial solution to the problem, one would have to solve Maxwell's
equations. However, due to the nature of the problem, it is impossible to obtain an
analytic solution from Maxwell's equations and therefore, the numerical method of the
finite difference in the frequency domain (FDFD) will be used to solve this problem.

Using the FDFD method, the Maxwell equations are greatly simplified, but in order for
a unique solution to exist we require a non-homogeneous term (excitation), which is
provided by the Total-Field/Scattered-Field (TF/SF) algorithm. The TF/SF algorithm finds
applications mainly in problems of scattering EM waves in devices of arbitrary geometry,
therefore the aim of this work will be that of adjusting this algorithm to problems of
diffraction.

The field that the program can simulate on the computer greatly depends on the size
of the grid (discrete space) that will be used. Consequently, the limited computational
space makes it impossible for the program to calculate a solution in the Far Field. The
method of vector plane wave spectrum (VPWS) is used to tackle this challenge, where
the far field is calculated by applying a Fourier analysis on the solutions obtained by the
program inside the grid.

The methodology for the construction of this program is presented in detail, as well
as several techniques that are necessary for overcoming certain problems/limitations
that arise in such problems. Finally, this program aims at studying the nature of the
vectorially diffracted field exactly as governed by Maxwell's equations, while simultane-
ously comparing the results to the predicted solutions of the scalar theory.

Keywords: Vector diffraction, finite difference, diffraction simulation, PML, vector plane
wave spectrum, TF/SF algorithm






Evyapiotieg

Oa nfela va evyaplotiow tov kabnynt pov, HAla TAVTon, yix T cuvepyoaoia kot T
BorBeiar ov pov mpocégepe. Emiong, evxaplotd tnv Avva Kot THV OLKOYEVELD OV, YLK
v vroothplEn Toug.
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* hrnc|l ' kdg knpulg 1.- G op}sfvpfrhknonhd” bdlhidtk\ldqg rtlsds |
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E;I-E(r): 9Eoe jko(sin j x+cos iz);
E‘rI'E(r)= 9I’TEE06 jko(sin ¢ x cosrz);

N p—
E;I'E(r) - 9'[TE Eoe jko( bcsin ¢ x+ abcos tz);
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dmhr}rdhg bh sn fjdisphi{i " hsnk blfshi{odc”n

E/M(r)=(cos i® sin ;2)Eye Kol ixxcos iz).

EM(@r)=( cos R sin 2)r™ gye lkolsin rx cosr2).
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