H MéBodoc Twy TTemepaopévwy Alagopv ato TTedio Tou Xpbvou
(Finite Difference - Time Domain)

To padnuariké povrého The FDTDW

H FDTD amoteAei pia amoé 1i¢ mio dnpoiAcic peBodoug yia tnv
apBunTIkA emiAuon Twyv e€iowoswyv Tou Maxwell. To paBnuaTikéd
ThG povTéAo PacileTal oTn d1aPopikin HopYhH Twy e€I0WOEWV ToU
Maxwell.
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H MéBodoc Twy TTemepaopévwy Alagopv ato TTedio Tou Xpbvou
(Finite Difference - Time Domain)

To padnuatiké povrého The FDTD®)

ATIO TIC dlavuopaTikEG e€iowoelC aTpoPpiAiopoU, KaTAARYOUHE HE avaTtTuén Twy
TEAEOTWY 0€ KAPTEDIAVEC OUVTETAYHEVEG O€ éva oUaTNUA 6 YpaUHIKWY £€10WaEWV.
O e€iowaeic auTéc TepiAapuPdvouy TIC HEPIKEC TTAPAYWYOUC TWV CUVIGTWOWY TOU

NAEKTPIKOU Kdl HayvnTiKou Trediou.
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H MéBodoc Twy TTemepaopévwy Alagopv ato TTedio Tou Xpbvou
(Finite Difference - Time Domain)

To padnuatiké povrého The FDTD®G)

MNa mpopAhuatra OUo diaoTdoswv E:o

IoXVELl: oz

2 UVETIWCE KaTaAnyoupe ae dUo (amomAeypéva peTall Toug) oUvoAa e§iowaswy.
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H MéBodoc Twy TTemepaopévwy Alagopv ato TTedio Tou Xpbvou
(Finite Difference - Time Domain)

To padnuatiké povrého The FDTD®)
MNa mpopAiuaTta pia¢ didoTaong ﬁ .y “_0

IoXVEL:

2 UVETIWCE KaTaAnyoupe ae dUo (amomAeypéva peTall Toug) oUvoAa e§iowaswy.
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H MéBodoc Twy TTemepaopévwy Alagopv ato TTedio Tou Xpbvou
(Finite Difference - Time Domain)

TTpooéyyion Twyv HEPIKWY TTdpaywywyv pe Temepdopéveg diapopécd

TTaparnpolpe oOTI o0TO oOUOTHUA TepiAauPpdvovTdl XWPIKEC KAl  XPOVIKEC
Tapaywyol. @a mapouadiaotei n Oiadikagia diakpIToTToinoNG vYid Hid YEVIKAG
Hop@h¢ ouvapThong f(x,1)

TTpokeipévou va emAuBei apiBunTikd pia MAE n omoia mepiAappdvel mpwTng
Taénc (XPOVIKEC Kal XWPIKEC) HEPIKEC TApAywyouC ThnC ouvdpTthong f,
XwpiCoupe To HovodidoTaTo Xwpio aTh X - 81eVBuvon oc oToixeiwdn phkn Ax kai
TO XpOVO Ot OTOIXEIWAN Xpovikd diaoTApaTa At.
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H MéBodoc Twy TTemepaopévwy Alagopv ato TTedio Tou Xpbvou
(Finite Difference - Time Domain)

TTpooéyyion Twv HEPIKWY TTdpaywywyv He TETEpdopéveg diapopéc@)

* TTpoaéyyion Xwpikwyv TTapaywywv pe Kevrpikéc Aiapopéc

AvamnTUOOOUHE ThV TPWTN TIAPAYWYO HE TIETEPAOHEVEC XWPIKEC
d1apop£éC yUpw amo To onpeio (i,n)

of (iax,nat)  F"(i+1/2)-F"(i-1/2) N O((Ax)z)

OX AX

» TTpooéyyion Xpovikwy TTapaywywv pe Kevrpikéc Aiapopéc

AvamnTUOOOUHE TNV TPWTN TAPAYWYO HE TIETTEPAOHEVEG XPOVIKEC
diapopéc yUupw amo To onpeio (i,n)
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H MéBodoc Twy TTemepaopévwy Alagopv ato TTedio Tou Xpbvou
(Finite Difference - Time Domain)

Epappoyn oc povodidoTara mpopAnpara (TM puBudc)
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H MéBodoc Twy TTemepaopévwy Alagopv ato TTedio Tou Xpbvou
(Finite Difference - Time Domain)

Epappoyn oc dididoraTta mpopAnparta (TM puBpuog)
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H MéBodoc Twy TTemepaopévwy Alagopv ato TTedio Tou Xpbvou
(Finite Difference - Time Domain)

Epappoyn oc TpiodidoTata mpopAipara (TM puBpocg)
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H MéBodoc Twy TTemepaopévwy Alagopv ato TTedio Tou Xpbvou
(Finite Difference - Time Domain)

Ikavomoinon Twyv vouwyv Faraday kai Ampere ge 0AoKANPWTIKA LOPYRH

TTapoAo mou n FDTD péBodoc mapouaidoTnke wW¢ apiBunTIKA HEBodo¢ emiAuong ThS d1aPopIKAC
Moponc Twy e€iowoswv Tou Maxwell, pia o pakpookoTIKA TTPooEyyIon TNG ATTOKAAUTITE! OTI,
AOYW TOU OUYKEKPILEVOU TPOTIOU TOTTOBETNONG TWV OUVIOTWOWYV Tou E Kai Tou H atov TpiodidoTa-
To XWpo, N HEB0JOC IkavoTrolei Kal TRV 0AOKANPWTIKA Hopeh Twy e€iowaswv Tou Maxwell.

) 0 [r 48 = 0 ) 05 & _ [& 4
Noépog Ampere ag[D-dS1 :iH -dl Noépog Faraday aé[B-dS2 ——iE-dI2

Tkavomoinon Twv vouwyv Gauss via E kai H
EmimpooBeTa, n didatan Twv ouvioTwowy cival TéETold WoTE :
0 fra o G
e ﬁD-dszo e ﬁB-dszo
ot

Yee cell Yee cell

2 nueiwon: H ikavotoinan Twy e€iowaswy Tou Maxwell kai oTnv 0AoKANPWTIKA TOUG HOoPYH
divel Tnv 18160TNTa otnv FDTD va e€opoiwvel evdoyevwe TIC 0pldKEC OUVONKEC Yid TIC OUVIOTW-

0eC Twv Tediwy



H MéBodoc Twy TTemepaopévwy Alagopv ato TTedio Tou Xpbvou
(Finite Difference - Time Domain)

Oéparta vuhomoinonc®
* EmiAoyh XxwpikoU PAPATOC

Baoikn mapdueTpog yid Thv €TIAOYA TOU XwpIikoU PAuATog eival n péyiotn ouxvotnta f,,, Yid
TV omroia HeAETAUE KATrol0 TPOPANUa. ZThV f, ., AVTIOTOIXEI éva eAdXI0TO HAKOG KUUATOG A i

max

2.0gpwva pe TO Ocwpnua deiypatoAnyiag, mpémel va AauPpdvovral TouAdxioTov 2 Xwpikd
dciyparta yia kdBe mediakn ouvioTwoa oc KABe di1eUBuvaon Tou TPIGOIAOTATOU XWPOU. 2ZUVETIWC,

AX,AY,Az < }L;‘”

2 x0A10: ZuvnBwg emiAéyovTal ol d1doTACEIG ToU TTAEYHATOG va gival HIKpOTEPEG amo A,/ 10



H MéBodoc Twy TTemepaopévwy Alagopv ato TTedio Tou Xpbvou
(Finite Difference - Time Domain)

Oépara vuhomoinong®

* ETiAoyn XpovikoU PAPATOC

1

1 1 1
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VAL <

H mapamdvw avicoTnta civar yvwaoTA w¢ ouvenkn euotdBeiag Courant kai kaBopilel éva avw
0p10 YId TO XpOoVIKO PApa, dedopévng ThS O1dKPITOTTOINONG 0TO XWPO Kal ThE Taxutntag 60euong
TOU KUHATOC

2uumépaopa: Tia dedopévn péyiotn ouxvotnta (n omoia KaBopilel Th XWPIKA
d1aKPITOTTIOINGN), TO XPOVIKO PAHA £XEI Hia HEYIOTN ETUTPETTA TIUA TTAVW ATTO TNV 0Troid O
aAyopiBuoc TEPTEI o€ aoTdO«eIa.




H MéBodoc Twy TTemepaopévwy Alagopv ato TTedio Tou Xpbvou
(Finite Difference - Time Domain)

Oépara vuhomoinonc®)

* duaikn e€nynan Tng euaTddeiag yia povodidaTaTta TTpoPARuaATa
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IMNa va eivar euoTa®n¢ o aAyopiBuog, Oa mpémel To apIBuNTIKO Tedio e€dpTnong va civai
uttepaUvoAo To puaikoU Trediou e€ApTNONC. 2TV AVTIOETN TTEPITTTWAON UTTAPXOUV onpEia
EKTOC Tou ap1OunTikoU mediou Ta omoia emnppedlouv Th AUon Kai Ta oTroid o aAyopiOuog
de Aappdver umoyn. H amaithon auti odnyei ath oxéon:
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H MéBodoc Twy TTemepaopévwy Alagopv ato TTedio Tou Xpbvou
(Finite Difference - Time Domain)

Oépara vuhomoinong®
» Xprion AtroppopnTtikwyv Oplakwy 2uvenkwv

O1 amoppoPNTIKEC OpIAKEC OUVONKEC XpnoloTtoloUVTadl Yid TOV TEPHATIOHO Tou
TTAEYHATOG OTNV TTEPITTTWON HEAETNG AVOIKTWY TtpoPANHATWY
X HovTeAomoinon Kepaiwy, Tpoadiopiaddc RCS (ouvteAeoTh¢ omiaBiag okédaong)oToxXwv

O1 onpavTikoTepeg ATtoppopnTikéG Oplakéc ZUVONRKeC civai:

A) H Amoppogntikn Opiak ZuvOnkn MUR (emiAuon KupaTtikig e€iowong oTto 6pio Tou
TAEYHATOC)

B) H Texvikn PML (Tpooappoyn XapakThpIioTIKAG avTioTaong pHéoou - undevikA avdkAaon
0TO 0p10 TOU TTAEYHATOC)



H MéBodoc Twy TTemepaopévwy Alagopv ato TTedio Tou Xpbvou
(Finite Difference - Time Domain)

TTAeovekTApaTa Thg FDTD

> EmAvel Tic EE. Maxwell oto medio Tou Xpovou, divovrag Thv ATTOKPION TOU CUOTAUATOC Yid
éva eupl @dopa ouxvotTnTwy (Xpnon mnyng pe eupU @aopaTikO Trepiexopevo). Me xphon
FFT pmopoupe va PydAoupe oupmepdopara yia KABe ouxvoTnTa Tou Hag evoOldpépel.
> ZeavriBeon pe Tn MAS Tou £miAUEl via pia ouxvoTtnTta k=2T1/A.
> TToAAég ouxvoTNTEG -> TTOAAEG e@appoyéC Tnge MAZ

> EmiAUg! TauTOXpOVa YId TO NAEKTPIKO Kal HAyVNTIKO Tredio.

»H didaraén Twyv cuvioTwowyv Twy Tediwv 0To KUTTAPO Tou Yee IkavoTrolei TO000 Th d1apopIKi
000 Kdl TNV OAOKANpwTIKA Hopeh Twv eflowoswv Tou Maxwell. Apa ikavomoloUvTal
evVOOYEVWCE 0l 0pIAKEC OUVORKEC.

»H diataén Twv ouvicTwowyv Twv Tediwv 0TO KUTTAPO Tou Yee IKAVOTIOIEI TOUG VOHOUG Tou
Gauss

> Aev antaiTei avTioTpoh Tivaka

> Eivar amAh oTov TpoypappaTIoNd Kdl UTTOpEi va HOVTEAOTIOINOE! HE €UKOAIA avOHOIOYEVA,
avIoOTPOTIIKA KAl HN YPAUHIKA UAIKA.



H MéBodoc Twy TTemepaopévwy Alagopv ato TTedio Tou Xpbvou
(Finite Difference - Time Domain)

MeiovekTApaTta thg FDTD

» &aivopevo apiBuntikng diaomopdg (Numerical Dispersion). KaBe ouxvétnta odelel oTo
UTTOAOYIOTIKO TTAEYHA HE dIAPOPETIKA TaxuTnTd.

> 2@dAuya  kKAigakwong (Staircase Error). O1 opaAéc emigdveie¢ HIAC  YEWUETPIAC
mpoocyyilovTal KAIHAKWTA.

> Akpipela 0eUTepng Taéng Tng HeBodou. TTapouaidlovral opdApuara deUTepng TAENC oTo XWpo
Kdl 0TO XpOVO

Ta mpoPAAHATAa autd UTTOPOUV vd AVTIHETWTIOTOUV €iTe He €mIAOYA TTAEYHATOC HIKPOTEPWY
diaotdoewv (= av€non Tou apiBpoU Twv AyVWOTWY) EiTE PE ThV £PAPHOYA AVOHOIOHOPPOU
TAEypaToc €ite pe ab€non Tng Taéng tng akpipeiac (Aapupdvoupe Ut OYn HAC TTEPIOTOTEPOUG
0pOUC OTNV TTPOCEYYIOH TWV TTAPAYWYWV)



H MéBodoc Twy TTemepaopévwy Alagopv ato TTedio Tou Xpbvou
(Finite Difference - Time Domain)

TTapadeiypa dounonc 2D FDTD kwdika oe Java

public static void main(String [] args) {
FDTDMesh mymesh=new FDTDMesh(3E+08,3E+09,10,1,1);
fleldHandler fields=new fieldHandler(mymesh);
MaterialAssigner materials=new MaterialAssigner(mymesh);
SourceModeller mymodeller=new SourceModeller(mymesh,15,15,32.0);
int timestep_limit=100;

for(int timestep=0;timestep<=timestep_limit;timestep++) {
System.out.printin("Current time step: "+timestep);
fields.updateEfield(hfield.Hx,hfield.Hy,materials);
fields. applyBoundaryConditions();
fields.updateSource(mymodeller,timestep);
fields.updateHField(efield.Ez,materials);



H MéBodoc Twy TTemepaopévwy Alagopv ato TTedio Tou Xpbvou
(Finite Difference - Time Domain)

Baoikéc kAdoeic:

 FDTDMesh : H kAdon auth diatnpei Thv TAnpowopia yia To TTAEypa oTo oTroio Oa epadpHooTEi
HéBodo¢

fotd
feltd FDTDMesh feltel
fe — — fieldHandler
& i cint
& limy :int

fieldHandler || MaterialAssigner || SourceModeller |

& timestepLimit : int

& xdimension ; douhle

& ydimension ; double

Ty ¢ - douhle

Ty discretization : double

e DOt double

1y D double

1% Dw: double

1% fields : fieldHandler

T frnax : double

1% lambda : double

Tp materials  Materialfssioner
T mymodeller ; Sourcemodeller

*» computeMeshParameters (waid
* FDTDOMeshi : void

* FDTDMesh{) : void

* rmaing ; void

* run(  Long




H MéBodoc Twy TTemepaopévwy Alagopv ato TTedio Tou Xpbvou
(Finite Difference - Time Domain)

*MaterialAssigner : H kAdon auth diatnpei Tnv TTAnpowopia yia Ta UAIKA e Ta oTroia aAAnAemidpoUlv ol
ouvIOTWOEC Twy TTediwy 0To TTAEYHA

foitdd

fidtd MaterialAssigner feltd

[ FDTDMesh |= = = fieldHandler
cells_in_x:int
cells_in_y:int

1% 20 douhle

1s IDEz: double]l]

1 |DHx : doublel

1% IDHy : daublef

1% mo0 : douhle

1 myMesh  FDTDMesh
1y offset : int

B
g

® Circlegearnetred  void
* MaterialAssignerd : void




H MéBodoc Twy TTemepaopévwy Alagopv ato TTedio Tou Xpbvou
(Finite Difference - Time Domain)

-SourceModeller : H kAdon auth diaTtnpei Thv TTAnpowopia yia Th B£on Kar TRV TIMA TG TINYAC TTou
Xpnoigotolieitai

foktdd

feltd SourceModeller feltd

[ FDTDMesh |= =S = — | fieldHandler
& sourceposition_x: int
& sourceposition_y ;int
1% alpha : double

1% heta : double

1% mesh : FDTDMesh

* getSourceyvalued : daouble
* SourceModellerd : void




H MéBodoc Twy TTemepaopévwy Alagopv ato TTedio Tou Xpbvou
(Finite Difference - Time Domain)

- fieldHandler : H kAdon auth diatnpei Thv TAnpoWopia yid TIC TIHEC TWV GUVIOTWOWY O0Td onyeia Tou
TAEYHATOC Kal gival UTTELBUVN yia TRV evnpépwaon Tou NAEKTPIKOU Trediou Kal Tou HayvnTikou Trediou,
TNV €QAPHOYA TWV 0PIAKWY CUVONKWY Kdl ThV €9apHoyh TWV TThywv.

futd

feitdd fieldHandler

FDTDMesh | > I s e s s s 1

& Ez  doublef] I IR [ — |

: K V
::Ei SEEE:EEE | FDTDMesh || MaterialAssigner || SourceModeller |

1% coeff ; double
1% coefi2 ; double
1% coeff3 : double
o local_lim:x:int
o local_limy :int
1% term? : douhle
1% term2 : double
1% term3 : douhle
1% termd : douhle

* fieldHandler) : vaid

* updateEfield( : void

* updateHField? : void

* updateLowerLimitd ; void
*» UpdateSourced : double
* updateUpperlimitd : void




H MéBodoc Twy TTemepaopévwy Alagopv ato TTedio Tou Xpbvou
(Finite Difference - Time Domain)

Egpappoyéc Tngc FDTD

*MeAéTn emidpaonc NAeKTpopayvnTIKAG dakTivoPpoAiac oTov davBpwto
(epappoyéc PronAekTpopayvnTiopov)

2 xediaon pikpokupaTikwy diatalewv (kupatodnywy, @iATpwy, Kepaiwy) Kai
OTMTIKWY d1aTtdfewv (OTTIKEC iVEQ)

*MeAétn HAekTpopayvnTikng Zuppotntac (EMC) kair HAekTpopayvnTiKAC
AAAnAeTtidpaoncg (EMI) ouokeuwy

*MeAéTn okédaong amo ouvOetTeg diatdleic - EmiAuon mpopAnudTwy
avtioTpopn¢ okédaong.



KaTtavepnpévn emiAuon mpopAnudatwy 2 diactdocwy pe Th H€Bodo FDTD

MaOnuariko povTéAo yia To puBpo TMz:

HX_”fﬁzHX_”?—( el ).(EZ_”_l—EZ_”_l)
i,j i,j ,U”Ay i, j+4 i, j—4




Karavepnpévn emiAuon tpopAnudtwy 2 diactdoewy pe Th HéBodo FDTD

AnooUvOeon ToUu UTOAOYIOTIKOU XWpPou

Op1o uttoAoyi0TIKOU XWpPoU

2 10Xx0¢: H karavepunpévn emiAuan evog TpoPARLATOC HEYAANG KAipakag
amo éva MAKOoc¢ eme epyaoTwy



Karavepnpévn emiAuon tpopAnudtwy 2 diactdoewy pe Th HéBodo FDTD

AnooUvOeon ToUu UTOAOYIOTIKOU XWpPou

Op1o uttoAoyi0TIKOU XWpPOoU

Katavepnuévog
UTTOAOYIOTIKOC
xwpoc¢



KaTtavepnpévn emiAuon mpopAnudatwy 2 diactdocwy pe Th H€Bodo FDTD

Opiakoi koppol
(emipoAn ABC)

TM wAéypa

ool ot oo 0T @



KaTtavepnpévn emiAuon mpopAnudatwy 2 diactdocwy pe Th H€Bodo FDTD

TM wAéypa

Mepogn 3 < ¢+t ¢ ¢ T4 ¢ T @ ® Ez
—tleoToToToToTe — iy
Meproyh 2 < oot ot eoToT 0T @
-— otot ot ototote — T HY
Mepoy 1 < oloT oo ot o e

- ool ot oo 0T @



KaTtavepnpévn emiAuon mpopAnudatwy 2 diactdocwy pe Th H€Bodo FDTD

Epappoyn: TTpopAnpa okédaong amd PEC kUAIvEpo!

Op1o ToU UuTtoAOYIOTIKOU
XWwpou

PEC okedaoThC

4

2 nyeldkn thyn
(TraApoc Gauss)

N

\

EAcUBepoc xWpo¢




KaTtavepnpévn emiAuon mpopAnudatwy 2 diactdocwy pe Th H€Bodo FDTD

21adia vAomoinong:

a) YAomoinon umoAoyiaTikoU KWdika age Java yid Thv €TiAuoh Tou TTpoPAALATOC
Epappoyn MUR ABC ota 6pia Tou TAEypaTog

B) TTpooappoyn Tou KWAIKa yia karavepnuévn emiAuon amo éva ouvoAo Kivntwv
AVTITIpOOWTTWYV

v) YAomoinon Master-Worker povréAou yia Thv katavepnuévn emiAuon



KaTtavepnpévn emiAuon mpopAnudatwy 2 diactdocwy pe Th H€Bodo FDTD

ApHOOIOTNTEC TTPAKTOPWYV

a) O Master Agent mpaypatomoigi Thv amoolvOean Tou TTpoPAAUATOG

B) O Master Agent dnuioupyei Solver Agents, kB¢ évag amé Toug omoioug
TpoopileTal va emAUCEI Hid OUYKEKPIPEVN TTEPIOXN

y) O1 Solver Agents petakopiouv aTa amopdkpuUoUéva CUGTAUATA Kal €TTIAUOUV
TOo TTPOPANHA ETIKOIVWVWVTAC HETAEL TouC
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Emikoivwvia peTall Twv mpakTopwv

a) Emikoivwvia peTagl Twyv Solver Agents

x Master Agent
Solver Agents g <) g < g

B) Emikoivwyvia petall Tou Master Agent kai kdBe Solver Agent {exwpioTd

x Master Agent

/" I\
ahersgers QD
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Enmikoivwvia petaf Twv Solver Agents

O kdBe Solver Agent éxel avd mdoa xpoviKA OTIYUA Thv TANpo@opid vid Thv evhpépwon
TWV OUVIOTWOWY ToU HayvnTikoU Tediou TG TTEPIOXNG Tou. 2To oTdAdIo auTéd dev xpeldleTal
agoipaia emikoivwvia petagl Twv Solver Agents

2 TNV TEPITMTTWON EVNHEPWONG TOU NAEKTPIKOU Trediou 6HwWG, o kABe Solver Agent
xpelaleTal TAnpowopia amoé Toug YEITOVIKOUG Tou:

a) lia TV evnpépwan Tou NAEKTPIKOU TTEdiou 0TO OPI0 TOU TTOU AVTIOTOIXEI OE EOWTEPIKA
onpeia Tou AEyparog (AauPdavel Tic TIHEC Tou Hx akpipw¢ HeTd To 6plo)

B) MNa tnv epappoyn Thg ABC aTo 6p1o Tou UTTOAOYIOTIKOU XWPOU TTOU AVTIOTOIXEI OThV
TTEPIOXA TNV 0TT0i0 ETIAVEI
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Enikoivwvia peta tou Master Twv Solver Agents

AiTia: o ouyxpovioudg Twv Solver Agents

a) oThV evhUEPWON ToU hAEKTPIKOU TTediou

B) oTnV evnuépwan Tou payvnTikoU mrediou

y) oTnv amoBnkeuoh Twv TIHWV aTo éplo Tou TTAéypatog (via epappoyh
The ABC aTo emopevo Xpoviko prpa)
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‘EAeyxoc Tnc AUonc

@ ‘EAeyxoc apiOunTikWwy amoTeAEoUATWY Yyia avixveuon aotdBeiag

@ ‘EAcyxoc¢ oplakhG oUVORKNG

@ ‘EAeyxoc ouvopou peTall Twv YEITOVIKWY UTTO-TTEPIOXWY ThV idid XPOVIKA
OTIYHA



