MockoBCKuU ABUALMOHHbLIN VIHCTUTYT
(HaumoHanNbHbIN NccnepoBaTeNbCKUNA YHUBEPCUTET)

«MeToa KOHEeUYHbIX pa3sHOCTEeMN
BO BpeMeHHoUu o6nactu (FDTD)»



UucneHHaa gucnepcus



UncneHHaa gucnepcus

Tncriepcyst — 3aBUCUMOCTB (Pa30BOM CKOPOCTHU
BOJIHBI OT YaCTOTHL.
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OG6GnacTb NpoCTpaHCTBA KaK unbTp
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OG6GnacTb NpoCTpaHCTBA KaK unbTp
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o— —0

[TapameTphbl (GU/IBTPa C AUCTIEpCHEN

A(f)4 o(f) 4




Bo/siHOBOe ypaBHeH/e B

OoO4AHOMEPHOM CJ/iy4yae
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Paa Tennopa




Paznoxum GyHKUMIO f(x) B psia Tennopa
BOJIM3M TOUKHM X, CO CMelljeHreM O CripaBa M CJieBa

X=X,+0 X—X,=0

f(Xo+6):f(X0)+6f'<Xo)+2_!62f"(X0)+3_!63f" (xp)+...

X=X,—0 X—X,=—0

[ xa=0]=F (x0) =8 "(x0) #5707 F (x5 =50 " (x)+..



PacueT BTOpOU NponusBogHOM B °

ANCKPETHOM Buae

Co>xuM BeIpakeHus s f(x + &) u f(x - O0)

f(x0+6)+f(x0—6)=2f(x0)+2£! 62f"(x0)+0(64)




0°E, 1 0°E,

Z

=0
ox> v: ot
0’E,|  E!m+1]+E![m—1]-2E[m]
ox*| ()
0’E,|  ET'[m]+E!'[m]-2E![m]
o' | (4,)




Ej[m+1]+E][m—1]-2E][m] 1 EJ"'[m]+E] '[m]-2E}[m]

ITomcTaBnsieM BbIpa)KeHUS 1711 BTOPBIX MTPOU3BOHBIX
B BOJTHOBOE YpaBHEHHe

=0

(A v (A)°

Briparkaem E17'[m]

E;" [m]

EY m+1]+E¢[m—1]-2E*[m]|—E* '[m]+2 E/[m]




ITycte E? — mockast BojiHa ¢ rapMOHUUECKUM KoJie0aHueM

E'[m]= ej(qut—fl?mAx)

k=k'— jk ' — KOMIUIEKCHOE BOJTHOBOE YHCIIO
B IUCKPETHOM IIPOCTPAHCTBE

[TogcrasnsieMm E?|m| B BopaskeHue C npebIAyILero caaizga






IenmM 06e yacTH BLIpAKeHUS HA @’ (0qA,~kmA,)




[TepenvinieM npepiayliee BbIpa’kKeHUe B CeyIOIeM BUJE:

iwA, . — oA 2 2 —ikA . _jRA,
plOlig o7 IO Vv <At) PR LY




[TepenvinieM npepiayliee BbIpa’kKeHUe B CeyIOIeM BUJE:




IIpyumeHuM popmyty unepa:

e.]u+e_.]u

COS U —



IIpyumeHuM popmyty unepa:

e.]u+e_.]u

COS U —




KomMmn/siekcHoe BoJiIHOBoe uncno B

ANCKPETHOM MPOCTPaHCTBE




YacTHbIN cnyyam:

M cnonb3yem pasiiokeHue PyHKLUMH cos(u) B psia MakiopeHa:

B uz u4 (_1)nu(2n)
cosu=1 + .t
2! 4! (2n)!

Ilnst manoro u 6yzieM cuuTaTh, 4YTo

2
u

cosu~]l——
21



YacTHbIN cnyyam:
A, - 0,A -0

-2k



YacTHbIN cnyyam:

A, - 0,A -0

Hnst manoro A |, -

K = X arccos(cos (k A, ))=k

HeT uncneHHOM AUCHIepCrn




YacTHbIN cny4yail:

«Marmnyeckumn» Liar no BpemMmeHn

A, At_l
Ecmu AtZT N VA_X_
o 1 2
k:A—Xarccos - Xt (cos(wA,)—1]+1|=

- 1 _ t ) _
_A—aI‘CCOS(COS<(DAt)_1+1)_ A, _v_k

X

HeT uncneHHOM AUCHIepCrn




UncneHHaa gucnepcus

C_ N
C
S
N, arcsin M8 in|
Sc N}\.

¢ —CKOpPOCTb PacrpoCTpaHeHust BOJIHBI B JUCKPETHOM TPOCTPAHCTBE

N, —KomnnuecTBo syeek CeTkd Ha JMHY BOJIHbI



UncneHHaa gucnepcus

EcmS.=1,e=1,p=1

il _nN,
Sin(i) N; =
N

A

O | O

N, arcsin

HeT uncneHHOM AUCHIepCrn
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AHaNIN3 YUCIeHHOn ancnepcuin

(dispersion.py)
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AHanus yncneHHom aucnepcun -’

(fdtd_dispersion_vacuum.py)
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Pacuet ha3oBOM CKOPOCTHU

no cpasoBOMY CNeKTpy curHana
(fdtd_dispersion.py)

quk Zﬂ: =A, = A,

¢ ¢

d — paccTosiHMe MeXIy JaTUYhKaMu, M
N, — paccTosiHie MeXay JaT4MKaMu, OTCYeT

A — PasHOCTb (ha3 Ha KPyrOBOM YacToTe , pa

27Tn
NSAt

w=2nf=2nnAf=

11 — HOMEP OTCUYETAa B CIIEKTPE CHUI'HAJ/Id
NS — KOJ/IMYECTBO OTCUHETOB B 3dperiCTPpUPOBAHHOM CHUI'HAJIE



Pacuet ha3oBOM CKOPOCTHU

no cpasoBOMY CNeKTpy curHana
(fdtd_dispersion.py)

27|:NA ZJ'ENC
NAA NAS

V¢(n)



KoadhdomumeHThl

OTPaXKEHUSA N NMPOXOXKAEHNA

I TpaHuL[bI paszesa ABYX AU3IeKTPUKOB
p=1
2.JE
VETVE

VB,
VR,

Kos(puieHT NpOX0KAeHUS: T =

Ko buieHT oTpa’KeHus: I



KoadhthuumeHTbl NPOXOXXAEHUA N OTPAKEHUSA B

ANCKPETHOM NPOCTpPaHCTBE

_ B, (B (B,
N 2 \/€,COS - N JE€,COS 22 — /€,C0S 12
T= — = I'= — —
BA [‘J)le ﬁZAx _ ﬁle
JECOS|—— > +./E,C08| —— > JE COS > +/€, COS >
rae
Bid_ . |vEm . [nS.
———=arcsin sin
2 . N,




KoachdomLmeHT oTpakeHUs1 B AUCKPETHOM 32
nPoCTpaHCTBEe

(reflection_error.py)
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cnonb3oBaHUe HeEpPaBHOMEPHON CETKU
pasoneHns No NPoOCTPaHCTBY
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Micnonb3oBaHne HepPaBHOMEPHOI CETKU

pasoneHns No NPoOCTPaHCTBY

H*" [m+1/2]=

Yy

1
uW,

= H 2 [m+1/2]+ E{[m+ 1)~ E4[m]| ——S [m+1/2]

EZ+1[ m] —

W
=E'[m]+ HY"[m+1/2)-H"""[m~1/2]| S [m]




cnonb3oBaHUe HeEpPaBHOMEPHON CETKU
pasoneHns No NPoOCTPaHCTBY




Mpumep ncnonb3oBaHUA HepaBHOMeEpPHOI ceTkn 36
NPOCTPAHCTBEHHOIo pasoueHus

(fdtd_heterogen_sc.py)
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