[ Downloaded from system.khu.ac.ir on 2024-04-29 |

£ o lad VY ala o) od ol o le 4y 503

YWAY Dah Gl gl

s )8a 0 5y g Adinsa Ja (g1 A8k aladaia (g (5 8 84y
A 5 rilia e (RASE L Asigd g ) s Jlidlu b 8
EI5H)

dﬁjﬂéa};c)@_ﬁ:ﬁwjﬁé';amhééhw

o.\,,&%
L samsd Saigish Hol s s ) JUAlu dvudaa ) o (ol e (5)lake 0 5 Aliusa callia Gl 0
TM 5 TE Ciakad 90 6l 00 a0 Saigish b s 58 Jlale sl oald sy 5 MMP 220 (i) ) ealitil
O 5 dAh lagiie (o 5ludae s b (sliad Gleds Jald Slaslas () Glija ol 22l daulas
J) ddhaie (S Clia sead (5 jlutand gl (al jha )3 ilealiodhs 7 )d (om b (515 (55 g0 sl )
5 dal glagiae @ Jlude sl e ailend oaliinl pua (5l 5 (A28 (i bl plad pulai ok (5l
ol 5l o sl A sk ) el Uy aimad 3 sdiee 03 ) G Juy sladans b)) Lalidie (lase cann (555m
Gz s danny g 1 S (IS 5 By () 1 ) s dlae ) sk s ) Al (51 (o 8 (2
O Slalaa (g 02l 48 255w 0ala GLE 3 HDMMP (i) L (08 (S s3ad mlS 4S cCuul 004 2aldhu
5 e ¢or ya il aile 5k UALL g 55 8 () edldind JB cosla g 53 5 Wialie alale mhaw JSE 4y 4n 58
Lol 5 (5 38) oxidly (S ySIs 2 sn G Al A8 53 sl G s O s Oipad (ol (5 5 ) AN

G 5y coals Hloss MIMP (s 4S8 23 e L (gare Sliulaa (sla oy 2)S odldiul Al

il il ol enalS (g 5y ealdtal

"

dadla
Gl o2l Sl ey g el o€ sl (Soig S Gladal Sl 5o (6551 585 (558 5 slac ydy
SIS 5 (35188 50 28G5 wnd cp) 180 s S ) 051 s s Rl Jlid laiedila b
Sl 035 el [V] ¢[V] ol 02l Glifigh g psuse ale )0 daa AL AP 4 jaie ledad Gl ()5l 8
5 ) 03503 58 (358 o JSin Sisish e (5L 1) Ar s 4y i 5 Guldie o Lo et el
GRS Sgish gl laal Cana [8] ([F] ([F] ol 4ty (5 5RKada 2l 418K A8y ) Spgishsl ale
|5 oS5 il Saa) sl (ty o) 415 (555 p (ol 5 St 58 (sla Jlae dlay) 5 ey 303

Caely b bl o) o 5l 5o jludae s Sy s OIS e 2ia ya cad SALS (il a5 g oI G

e sy MMP i «Saisigh b o isist ol S8 s alS slo iy
AY/E/2 iy AG/YY /Yo il
jalali@pgu.ac.ir Jstsa odiny 53
Yy


https://system.khu.ac.ir/jsci/article-1-1498-en.html

[ Downloaded from system.khu.ac.ir on 2024-04-29 |

Sla Aliagh o Al el e 5 paa 0 g Aliuse da (sl 0 Ai8ia dalia g ) 5 xS K4

Saisigh sl G o ok g Gl a8 G gaSa diluy ) A 4S sad
Gale 5 aloh o Saig i olall e L dalae Saigigh laglall Cal (sl i saailS ) giedy
VT[] o o ola) (S 55 g8 paina (sl e

ek (pia jd )5 U8 )] A e A 5 0 (S 3 sl UL b gl e Sisi sla s
DL & 3l 48 308 3sa s (4o siae 2l 53) () 58 IS CSigigh sl sk o o) el 4 A5 8
5 Sl ) ok 8 Gl IRl S e sk Gl ol el 1) 2 se e
Db (2o AL Gia ()58 sl AL 5 Ladee Ba g B8s dnulae (U 5 Bl ) (p) 50 ol pad S gl 58
i cledy [A] ([Y] ¢[F] b Anusi Saigish 48 pdn sl b dagl Galid b 2l Cuel
SaS 4y )l o) Gl oledae 5 By alh (Sasis sla sk Al s Sl sla )y call 245
Gladad il 5 al sl ) Sl A58 U Gl (55 mm ol Gl g 550 5 d Sllulas sacSiss
A alS (6 pRada ) gl i i b sl sk

Jay ig) ) ea))se gm0 00 asa s Saigish )5 sla bl dudas 5l o st i
dﬁﬁmumjﬁ%)zu@udm}q\_}jd\,uiﬁ\&qahagwgu)usud\ﬁdA}:IGA[,J\AL\Q';JGJM
AS D gl o paldiL) AAL;Q@M‘}GAAJK%FL}J\}A&‘).}O]:\:\QQMJJAJ\}&L\u\@»\iﬁhh}.}j\
A< ot Sais K el S Jae g e LGEs ) ) 5800 Al sd g (ACulia ) aaend () gl
B S ealiind QW8 gloaly ) L (e AL () el el (55 Sz e T el 0 Osa
sl 221y 3 ge 51 Vgers 48 sl (FDTD) ooy Aialy aliie Jualii (g «Jgliie sl
GION Uiy ol 4l Casl 02 oaldinl Sigi b (5 ) 8 la il Auulas (5l g Of paend b (g 2 s
U G yile abas (S 201 Sl 630 (s 5 4Bl (65 selS mlie 4 5l IS sllaa
Gioy [A] A1) a5 Gald Culaa 5 L) e 5o A4S Gl 225 22l @Bl 9o (aamy j0 ju AL Gl
Calide slalase b ail€uia a5 3) saliid (o 5 ol adaaia Ly 3 e (MMP) T438uia odaaia
ol 5 (AR L ) g (5 boand Culld gy Gyl 230 4831 (55 S e plua) (51 anilia () Bt i) i
Angil ) i (6 )l Slaalae gliad IS saiaSed ccalisg (glaaiala ) saldiul Jilaay 5 ajla ) sl 4
ol (SIS sla i gaalS (555 oaliid QB 52510 zlin) 8o (lai s Ay Casd (5 5S (5 5 saalS il

i n a2 Sce (Ame 4add b O o)) G 5 (amsn Sigigh sk 1k eallia o
5 39don (s 0 (oA pE (5 laRa 0 Gy ALl 3 gl e 00l il al&uia dalixia Dlatan (i ) ol

lad )3 Jaa ladia 8 9l (primat 3 gd e ) A0 adalaia llaidas (5 ) SaSdnaline Ja SSs

V. Finite Difference Time Domain (FDTD) Y. Multiple Multipole Program (MMP)
1v¢


https://system.khu.ac.ir/jsci/article-1-1498-en.html

[ Downloaded from system.khu.ac.ir on 2024-04-29 |

Dla 4lreg’ o Al el e 5 paa 0 g Aliuse da (sl 0 Ai8ia dalia g ) 5 xS K4

D ot slad ) aline Jlee) U Bles a0 Ke 431)) (5l il dpalas (i) 5 5 land

i (o) N

bl L atly el
a7 ¥,
; 4‘ '
e dl ke Pk ol adaie sk Jl arkae
E\\ K." h\
M k M k
M N M
I Y ’ \
; \ K \
y \ s \
’ Y i
/ \ / A_,
T ( r L} l: r. b
* !\x N\ K K, A / K,
N F Y /J
\ / 3 ;
\ 7 " ¥,
_______________ e med et
«—2m 8 . :m_
a av3 av3
—l - &

s AN (T 5 Alia (5 (e (Y LAl A (i ghy o o) Allhala g Jasay 581 Y JS

G 9d Sigish ) oly

GBI 53 1) Saisish sl sk O sice anbia j3 s L) ) Suigigh ol 8 dnlaa b
sl Saed caoxiadad ¢ ) 55 808K & (5las 3 4 O sioe 43 sad (5 0 .30 IS4y sandad (5 58 ailie (i
28 s bl el jliabe G 50 2 S el s (JUIS sla il (s )50 ) s sl ild VL H e b 3
DL (g 0 4S (555 n 430G () g An i Gl dnbia 0 JlS Sisi )58 S8 Geiia daiia
A s ISl Alalaa 50 4y J puSle E¥alae 5 23 i T glie B SG L (5558 Gkl g cdndbia 3 )58

il il 5 algidiy (53250 (5 ) 55 sl Ll Sl ealdinl b o sita sl ) 3l iy e JlS5 (el
Asdign Cina g G oS 5ol Alalidl oacills ) (S (lae slase b GRS 58 L
3sa g ol = ga S5 (5l 2 (s 523 F U sk ABkie Al j3 e 50 5 Ul sla s o S Gl
(s 5 Cumise a8 DAL e LAY oA LS e Ly a0 i gie ealing z ga slas R 35l
A4S il 3 (O i oa o ordaling g IS (o ) g Apml 4gdn L 2 50 at (B S e Jn 1) aaly Jle ol
Koade oS gl (oal g 5 glicg 503 VL aeln b slade 5305 g b (al s )3 Gl o3 S adln b (slae
2.0 G ionk el s ek S paile YU g al st 53y S8 G ) Gy 4S e Ol 52 s
Sl ol e W e Sail g Al ja GE g i gl 8 G YL 5o G jn 4K e @S s
sl by (lacsain Sy sl 1) sl st B () sise (ba s Al Ay 5 el ) L2000 el il 38
3 Vgl Ll 630 8 () Wolae 48 a5 o «lla (i) 53 38 Chia i ol ol il ol

1Ye


https://system.khu.ac.ir/jsci/article-1-1498-en.html

[ Downloaded from system.khu.ac.ir on 2024-04-29 |

Sla Aliagh o Al el e 5 paa 0 g Aliuse da (sl 0 Ai8ia dalia g ) 5 xS K4

Ol 550 52 AR Gl sde 38 pale o A 1 i )80 Ll cdishie S e YU g sladdy
D by edalina gy (slade 4S 283 e o jla) Saigigh ol 4t G )& Al e 29y 4
Lol b aS il (30 7 g0 el 4S cdigi 25k 7 g0 @i IS 40 () i 1) e aniS (sl 7 5e

TFTIY] [T <) ] ool 25 Ad 0 ASa i (o

HR(F) = ikt UR(F) = e-ikf UR(F + ﬁ) M)

Dl sdar aie slie slate 4y Lol K caline jalie aS cund o gk sacilla age (S5
Kl ltie daa 20 (i o gl e a5 U gl LaS |y Caline (slad shu G (5 36 bl K ¢ 50
O ibce JESN O g0 4 Ol ASad o 03 S Allal b i xS e i 8 adkie gl ) z s S
Y 5 mie o Alile SRl A gl s a3aly 5 ik bl VIS Gl ik Adhie Bl
A ge QLS ) s s8)

Ail8aia lbaia g

223 dan S ETH 5550585 S 5 2 1) (MMP) 4dBaia ladxia (555 VA Jls 50 yifla ) sud 5
5 b e shima )2 JsuSle O¥ale da ) el Ay 5o (5 e (liladas (g ) Glis) ()
FDTD s <Ay eGisy ol 03 [OY] [IV] <) ][9] <[A] ¢[V] ol ol sads S b o Ssas
0 Asdiee suinSed 54 K ke Calide gladials (e el g o Liad IS (gaiaSad 45 sl
gadsh 4 Gt 6 585 Sl (bt (Sa 8 b 48 Bl g jludnd MMP i) b 4agi
GlacueS Ol sice cul e ool R Lt B e ol oSl el S (sla JisnalS (55 g cilus
b sladdlse Cul (IS Al 5 ol 50 250 Gy Tl sliad ) adaii ja 5o 1) Hlaia ) ge (S8
A Gty O (1) = {Eppy (1), Hypy) (1)} 22252 52 Dy 02 orasbaline (om e 5 (S0 S (o
Erpy(r) = m [ Ky VrEzy (r) — OHpy (& X V1) Hypy (0] (M)
3 3 on danlae ) pa (2 4S Gl (o pe 7 s 32 Kopqpy eadasl ) 0l 9
S(Di)H(Di)wz = (Kpyp)? = Krpy)? + (K;)? ™
lase Ju ladans U 5 30 Sl 8 s Gl okl 5o ) ) aahixia 3S) je b asa (550 Olue kel )
(Y d5d) o) i) i
920000 T = Pexcon ® F scaanp o @ = Pexcmn @ + T fiop@py @ (9
Pexc) () 3 Pgeaapp(oy (1) GBI Sl (285 Plase cu i@ g (1) adaidy o) 0
1 AT sl i fip ) 5 B83e G ) 0 4TSI s 5 0 03S) gy o B SN S
r, o e b ISl (gm0 50 (adainia i () 2 55 e 00l A4y il 5 ) icdy alainia il 55 ) (pl(Di)(r)
12 e 0313 D) papny

1Y


https://system.khu.ac.ir/jsci/article-1-1498-en.html

[ Downloaded from system.khu.ac.ir on 2024-04-29 |

Sla Aliagh o Al el e 5 paa 0 g Aliuse da (sl 0 Ai8ia dalia g ) 5 xS K4

cos (n;0,)
910y ("1 4) = HnKropr). {sin () ©

b ol Gl g o e by el cliaiie (rl,q,l) sy A e 5 Js) g s dSaa Al HY cadad 5 o)
fip;) el ul i (a5l 0 Sl N U e byl )3y e e b sMALS () 1o n 4 e ks
Sload Jeel 0Dy Do 30 02 k=1,... Negl 5 T (o238 Qs Bl Llds aios S )3 5 0 il )
(Tos8)

(")

wg, (1) [E”(Di) (rd) — E||(Dj)(1‘k)] =0

wg, () [S(Di)EJ.(Di) (ro) — E(Dj)EJ_(Dj)(rk)] =0

e il y gl S [l L 5l Joedasee 565 G i@ () SO sl sSE
Olue 2ilaH Glue juhai B e Gulaline s 55 (culae 553500 (55 0 Jai) ) (el 3 550 danilae
(5 e da) i At Cal i Al e oy oy BT ) a5 ) O 4S lilise 50 LgTie 2
Ol So iy Ly daal pd ol elane (sladdl 5o daa U dilodd 03y HlS4y (5 ) pe ol i dan I 0] e saleiul
gl e yaie ) o yle Alalae 4y Y alae oK 23S gl )

2pAap Fp = Gy (Y)
& b Gy DR 5 2sdee fipy i m dabd el Fg )l n .Sl (o2 50 (o fle A g eadail ) 0l 0
aady oAb Lolue gal a3l A8 gl e Gl e s (SEa S0
AN T ol Chais 4dali A JALAML;LM;A\A@;QJMR sule [4] 258 4uS R = |AF — G|
Rien (G g

*)

Necol
2r *
R = Z |(DE” (l‘k)| Ejiop (i) — E||(D]-)(Fk)] [Ell(Di)(rk) - E||(Dj)(1‘k)]
k=1
2
+ |00EL(1‘1<)|2 empELmp (M) — 8(Di)EL(Dj)(1’k)|
2r *
+ |00H” (Fk)| Hjjop (i) = H||(Dj)(rk)] [Hll(Di)(rk) - H||(Dj)(rk)]

2
+ |on, (l‘k)lz |H(Di)HJ_(Di)(rk) - H(Dj)HJ_(Dj)(rk)|

pen Dl a2 02 Chba Jall aadis @5 31 (K oaerin 58U 5 s e sl 4y adal 5 cl
A il gl e pud b 1) Gladase lbad Ol e L aabiaia glagie S L 5
O Dshiedy 28 A (Dl ) Uad 4S a5 pdany ) Gl ks 1)l O siee D) sy
O] lead il ) L 5 AL anead abalaia (Gg) oSS maie gy alal o stie Glagis) L abiaia
ki Al 5 diad e 48l IS0 5A ) sty a e 0la ) A (51 s (el ) S LSS () ) adamy

@0 48 Limb ) Bl i G8w) Jeeily b = sha Cliadifia 5 asgie 4 4nsi b g Gubline s 5
1"


https://system.khu.ac.ir/jsci/article-1-1498-en.html

[ Downloaded from system.khu.ac.ir on 2024-04-29 |

Sla Aliagh o Al el e 5 paa 0 g Aliuse da (sl 0 Ai8ia dalia g ) 5 xS K4

AN e W ka6 1 canlie (S (5 sadin 4y (Al Olase 535 )51 3 sa st ale ) galbiia i il
Ssas s oVlall daglue GSadcuia Jae b laliadl ¢ 58 oS5 LalE (JSE) ) s ks 0 4Ska o )
O sioe (e (aSan 51 ) (B (am59) Jamsilly ot = shans 5 il ol 58 Gl 3 ) 8 8 o2 L e )l
Gl b a2 S (5 a1y Laolase ol 3 U ala 18 Jauaily s Lashad ) (SG 55 03 1) L akiaia
e Lpad by aalae 1) Wglae oadd s ) (30 glbd 8L L ) sie daolixia op) Jase
Il Aalaie aS K plas )y (b b o sice sl U (58 dlaa L3 S dig 1) o) o dainia
abaa 1) gl 5 aase )8 sk 4ihie §ie sy » 1) Lkl [VY] @2 (g ) Gish
ol Guulia dihaie ) je 555 W eabiaia Gleds e Sl S s i glbd 4 da 5L aiS e
G pain 5 aSe dadan 1) je s 3 Ol s ) (U lalad MMP (s 02 (AS ) skt
) el U 1y 6180 3 e (Ol sia cpinad (Y JS) ariS e 41 |y Und La axia Cued ga 52 Ol i b
Ole 52 (B8 s B MMP slagealy g (21 Spa diliy Gl 50 2 S oalii) Lalide a0 )8

T3] e vty (S0 35

A (r)

4
Ol g (peXC(Di)(r) a0 3 .0Dy 8 ODj¢0D;j s34 9 Dy 9 DjeD; sWddals Soilad lnlad | ¥ JS
(i R (S) badi pais)

)5 e 4y (58 (e 4S O gy (Sl iy Jls da 50 MMIP sy 250018 G igin

DI e S L 4S 2 gdoe (s3] e g (SIS Albia ) sty Jilise 458 Gyl 3 g3 ga 028y 5 2
Lol Gl si 4S 2500 gy (ol 4n s B Qs din 2155 e 4RSS 5 AT 7 ge 35 8l
SRS 3 b 2255 (51 Wz sa 5 SIS lai (63 )) e 3 L3 9o a8 A whaasas (5933 (550
i sa % Silaaly ) 3 (5 lake 0 5y Alse Oy saady ( KIAEGN 3 (50 GG Sy & 55 Ol I 35

L8] ) Blsa g 53 0 ) Sigish sla sk o ghue 5550 AL (el X3 08 e

TYA


https://system.khu.ac.ir/jsci/article-1-1498-en.html

[ Downloaded from system.khu.ac.ir on 2024-04-29 |

Sla Aliagh o Al el e 5 paa 0 g Aliuse da (sl 0 Ai8ia dalia g ) 5 xS K4

u-EAJ:\.G L;J\ﬁ“j”ma.,mm

aid Kl 0 Suigid sl slaglue 5 bz e «so)s Jale (5 ))ae o35 Alie o slaiedy
R(e)X(e) =) (Y dﬂl&.ﬂ) Llalin) iy ) MMP ecad oadi S5 alide Cilidan jo aSlia 35l e
SE 5 g s Al dslae Alis 4S 0 4 4n 5 L Ll 2l dilss 8 (il s sl (P()
MMP Cisy [V Y] G ulie olaaiuw Gaia )3 edldiul (5 asw e MMP (g c)la8 (adidia
Opnd A0 Glae 4lels Amp 5 P clad 1y g 30 P2 4S 20 4inaS | fe) = %;2) [CaRCBE YT
~sn Dl b3 B 0 ORI REI L e 5 ol il 5lai ) se alive g g4 Amp lake
sl Gl oag jea (SEAEN a3 jlaili) (5 e o 55 Aliue i SIS 502 s dsulae s
2313 42 5§ MATAB 4l S 43 MMP oo b (s le 035 s da (515 s S35 ol 0
O Ayl 5 Alisa O ) guady (a2l allie o) 5o Cand Sy Jiloe 434 50 S o) [V Y] sl 02

AL Ll (5 laa 0 g Al Ly Bl 4S (5 ) sha 4y cailord
e Sigigh sl sk )2 g o)sh SRl L SIS )0 pal b by i se 0 LI S Agulae )
p2fe SR 3 (A1 —HMW))IH = |g) Sosata |y oo o 5y Aliua 255 o s Tk e (5 )10 0 5y
s 803 F,g 5 Dl e dis A Rlee H .l o gag ad e saiaaglii h a4 H (Sl 5 [V Y]
Coe (SRIAILY iy geaphy AadA sy 1) a (s anle 1D R = (M — HOY) ™ 2l F oaS s )
o ile (F mfice DB 0 (ol (S8 auie () sieds Glae o L 1 (p?i(f*) b ol () S
B ) Gllas dad ) 1) R sailedly Alius (¥ Lasdce da L il ) oalli Ol sieds oV alalas
Ol b i€ e 4 R (L) @l ) edliind L ) calide juilia (s ) el iy jadlia o B ,e:\):SGA

S A ad )y (Sgihala 9450 U cana e o UV 2elaie 4 aol 55 s 1) a8

1= ¥5luNy| + [ dk [vENv(K)] Q)
H = Tk ui)(u;| + [ dk A(K) [v(R)} v ()| ")
PS4 a8 Gy gacpn 45) - dadl ) S S Lol SR (V) QU ds

1
A= (k)

2l e o adagl )l €3 o8 Aulae SAKG paaa gl Slae 4 Ka
RIfy = Wlg) = Z;x_%j |ui)uy| g + [ dk— i(k) VX vK)1g) "
O el AlaE 0 s o) 5 anSee A Saa Kl dale () siedy | akdvia a5 (MMP Gis) o
Tp Ol 2 ) (ol (S5 3 g e wbitiasl (S0 1 () 0 ol S5 3) 2 ) g0 le) 5o 258 e )8 Jsbs
S Juae) By + Rpg L1 g sk s e ol b 5 eals )8 Jases Jsbs 2

HKo (F) =2 (1_"’ —To+ ﬁpq) eikoRpq O

Z,exc

R() = z,-k_%j|u,-><ui| + [ dk v(K))v(K)| 0O))

1ya


https://system.khu.ac.ir/jsci/article-1-1498-en.html

[ Downloaded from system.khu.ac.ir on 2024-04-29 |

Dla 4lreg’ o Al el e 5 paa 0 g Aliuse da (sl 0 Ai8ia dalia g ) 5 xS K4

P.q }M&Q&L&J\Aﬁﬁl'ﬁz‘ﬁpq:p§1+q§24.):.\9\))3,M\Jﬂﬁd}\&h):c}n)\dﬁko
;(.;Ub\V&Lg\))qsiisﬁd\)goahj\ﬁgw,m@maqx

Hy O (F)H, O (F)

wZ_(mEO,n )2

E —>
Hzo(r) = ClesthZ (\2)

O 2l e oy HE P(F) e oS 5 oF M e sy e 2 S lay b (Sen Alis 53 oyl n L
s s) el s Adlaie § ye )4l g KM Ak il tanS e dae (35 50ms sl 58 Ul Gl )
RO s "M 035 ) LY iy 38 Cl 55 D @ polie g U i e AT )

e
Cr o olsd 5 dpdion Lt K8k o il 4y (5 ) sbimd KM adi cad ha KM laie o 55 4S (e
salua KM e o 50 ol plal Ly el g e Sl saiun 4S i ol 03 Kca D) SS dae
5o b AL () il gl 5 e psn pe lAUE s A S (g Gl N 839
el 4 Al 5 G Sde Sl L ) ge (s LS el () ) Ol e (I lal) aeli 4y 4l
Ak 31 slaoals Laiinee U 5 3 S saliin) Lol Jae b 5 350 Jae et caline sladae 31 o) sis

S0 S ot O | Ml 4 il

1,566~
3 *
1.26.6-
9E-7
> GE.T 2 |
* ; *
3E.7 '
o]
3E-T
3 *
GE-7-
) Gl L ) L
HE7 IET 0 3E7 6ET 9E7 12661566
X
(&
* = - >

» *

(@ e AL () G bd b gl e g S ladan (i philaia () 0) WAL (lada Y JSE
GosH) AN Jidlu (7 c‘;.'\fu Jlhala

.


https://system.khu.ac.ir/jsci/article-1-1498-en.html

[ Downloaded from system.khu.ac.ir on 2024-04-29 |

Sla Aliagh o Al el e 5 paa 0 g Aliuse da (sl 0 Ai8ia dalia g ) 5 xS K4

MMP B Alia JLAQ\

G0 Al @55 A€ e 3 gane el gl AL ) Akely din Jels 48 Jae 4381 (S0 4 ) Ciliala
0231 3y lare O 5 U e A Jsbs ) 500 o Jansy 5 (alalinia (pia 20 05 e 013 oy Jagusy 45810
Gl O poSie B 0 Jsle Gkl olevia Jawy v Gpiaaa [V] 28 (bl 1) 00d
L gosh anhi Al laglue ol S e g 0ledae Jap &880 (500 1) a8 (AU las (L akiais)
A L)
¢k(F + ﬁpq) = eiﬁ'%k(?) ('°)
Lopey 581y e 3 & sh (o3 Jaal 5 Jlae) gy V0 Alslaa 2,10 (3las (i sk 5 ) Aaie 40 K o 2 4S
O Aliuse Gl 258 da Gl pe (g lae o e AL (5158 UL (el (6l 2 sdie 22 iS4
o KRS Olsiear 1) Ay @l sladaen O (S0 Gl ol 2l (B (KRG a5
Dedie 055 Ol oaldiiad b 5 aiSige a2 055 el Sl (omili oy a1V oan sile Allaa ¢ xS e
dlas caiie Jon g3 ASRKN 53 Gl a5 TE 20 (8 8 Hlai o b aiSa 4ineS | Und il ol oy

103 Rice Jiasi ) (5138 0 g Aliuna 4y 3l sala

k,n
(o )Hkn(r)+VT T )VH““()—O O
e Casdy ) e (s had e (5 )ae 0 3y g Alalaa b s S5 (5 Jlumalis Iy Culed
0)2 = 1 = - —>
(c_z + VT'ar(T,m)vT) Hz (I‘) = Hz,exc(r) (\ \/)

b F sl sae o ) 0 S A

kn kn
G, (R0 =cf dR¥z %}()9 O

e 03 ) sagn VY had e (5 )laa e g Alalas Gy
H, @ =J dfG, (£ 1)H,u(f) (%)

K SSa s il GalS cilialae (e ) U eatiS e saldial by via ) (K8 5 Jle) )
e ) e s S5 o jlasd 5 abaon i K+ 8K o 40 1 K G s ain lay 1yl e S oald
Vo) GladSad aiSoe HSG cann il | sk adhie )5 aldiz sl e aS Sy B, S Gl
(6 i szl 5o Jae (s () e 2830 LIS | dadia 50 L alavia leda 5 Jas 4381 i iy
Aigdiea dlee) Ly (sl o opa 08 julad (S5 al sA Sl ealiid Ldaias 5o s Ly adie JSCG o
s 20 g e 0312 ) 8 sk o alhaia ) e adald a0 la dadaia el sad padiiia VO JSE 0 aSlia
Sl el 3 (VASD) ariSicm am) XY slaiga 53 (o b o 50 & sh (6 el i Jlee ] (5
Db el Ly aniS e oaldinl (9 30 5 000 Gl s )budan () adie 3S e 0 duw daiy 5 okl

1Yy


https://system.khu.ac.ir/jsci/article-1-1498-en.html

[ Downloaded from system.khu.ac.ir on 2024-04-29 |

Dla 4lreg’ o Al el e 5 paa 0 g Aliuse da (sl 0 Ai8ia dalia g ) 5 xS K4

MR a1 Lag) dast 5 adije s abiria gla Ol sice Und 5 omas (Ghig )y 5 gl )2 oal oty slallad
g ol oS illae ey s Wallad 48 il
s o) A5 = ge Jansy ulai g e slais) ) JASY st dsalae gla)) 5 dSEe Sl (i) 0l
ohrs ssaton b3S Ja 1y <glite sl o) 5 5 Blide oas ;€ cciline IS U L jiales oL cud ald
O Sl L a8 oy 1y oal csaelisy o 3 ) 4k Yo v v ol sk Afkie A 5, K A L laka

(EDSE) 25l sy | )55 sl ) e

10°

10° | 1

intensity
—
=)
1

10' 1 1 1 1 1
0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

wal2nc

Adadi Yo v @\xF@JAJ\&b}JaM@U £ g8

1
0.8 _\
0.6 _e%ﬁ

3 1§
2|8
04
0-2/
r X m r
;,rij,ﬂ Jol aileis

Ok L) ga 53 VY 0 ALK r=0.18a Sqikdiga sladlia ) JSKdia g 30 A4S0 (o) 58 AL 0 JSE
Gl 03 aladl MMP (g b 6 b (i bad il 7 g oy (g b s Jbdpdi a3 TE

6 a2
2oSe B 0 TM STE Gl 5 (510 158 3 1 (sloals e b b (laalie (5 )58 sl
43 4l 5 (o83 ,K) Sl lai 22l3l ol sa 5 (el ) S (83 ,3) S ST 3 e ) JNlie (aalse
salin) Sl LS Al 31 slasaly I (D) sandly 3l ge S Sl Culd (5) jn ilodd (o (Melasy

Jala @\l}}[\é]w\ PR \);\ MATLAB J\)ﬂ\(‘a}hdm u;:\ B) cdﬁaﬁ\)\ e.u)jiﬂ [\i] sl s
vy


https://system.khu.ac.ir/jsci/article-1-1498-en.html

[ Downloaded from system.khu.ac.ir on 2024-04-29 |

Sla Aliagh o Al el e 5 paa 0 g Aliuse da (sl 0 Ai8ia dalia g ) 5 xS K4

G55 AY 5 (Alia (e Al A ik yaBhie g dape AL ) IS Gl O sea (0 6 lede )
L 5 (0 4ire ) L phina gleds ssad 5 Jialedn p Ahulae gliad ¥ IS5 50 ma0e Gl )
adlaie JS5 O peady 1) o hainia leda Gl sad a2y (lilad andia ja Loy S e 3 e
L Osom s 0ot Ggiue 5l (V07 apan) AeS i glad cailealy I E Jlale a il
G b Gllas cla pdaaia (o) 4l 5 e Q8 GBL 31 o MMP i) 0 258 0a (s Jbed e
b sl AL S ) JIS 5 By iy 0 shaieds 58 e aladl mdd JigualS (555 s JiB
Jlie ol i) Jds oo K e (5 )bl TE ik (6 1 1/07 aa,K 5 /0 A (Kadiy s L 2 g
Sl s B8 () lagedy 5 Cad ol aladl o gan e gl is ) b (om0 450l (o)l 58 JliALL 48 sl ()
Gl 028 (5 Annd MIT ol&iils MPB 301 il ) sdlifiul b <l 7z e Janss (g ta sl o)
s SsRer Ul 53 a Sl el Gy (gl 58 AL 1o sad €2 55 ga p2aliae © S 2 aSclia [V 7]

A3 e L)) MIMP Uiy b (s e (s laie o 5y aliue i) 4S 2y _SacsSo

——— \ﬁ
N~ . 09 N
= el — - n,sf-<::— N ’,’f‘_::’-\‘_‘
o7 Rl I -
s = “:,— ;‘:_' -
~
S| o S <
B [~ 05 ~ N
3| 3 | E J_o_= N
SN .
04-= . .
TE )y G
0.3 s I— ~
Y
02 I, \\
0z 2 N
01 ’ N
0.1 7
T M X r I X M I
Sl Jil e sl Jl adlae

152 03 VY00 ANE L r=0.18a Sqisdisa sdlia ) JSdia a pa 45 (5 )58 b (a1 (84
qupa b r=0.15a Souisdlgs sbdlia ) JSdia Alle 480l g ) o8 JUALL (@ «TM O bA « TE bad (kb
TM (pbd « TE bA (hadad 1 a3 A g a8 )X

3l oy VT GadSd 5o Sl oale b (Al 5 o pe AL 53 6l )50 la e

i 0250 B (sai Sy ity Waagles (1 iSG 3 pealie 4S 0 S Aa g Al (s Y A
s dgina oad 04% ¢ Tagan o B0k 5 6l 4S +/YAAG i laieds adlie plad dagl ) 205
e JUals (5 )) 53 el (S BN A ga b ora e 5 il JUALw (5 )) 58 lasal daulas o gSle V]
Jlagad ol 5T IS o a4l aladl 5 caliile 31 slasaly ) saliiud Ly (o1l eale) D (slaadia L
by Gagee Jsna ol 0nf an) V)01 (AR 5 0 VA (Bapy HsE L e Jlale Sl
M (2,%) 5X(0,%) ¢ T(0,0) 5 ezl s dakin 4 oK e Sl B sme 5 0 = 25 Jainw,
a8 i 4S Cud Gadidian Yo v 68 G TE (iabad o)y o)) st Gl sl 5T Hlasal 5o 2iad e ol |

AgY 2a,R g Ne (RKad oy S L e jlale  Sadly jhsar caal IS8 ol 95YA Gl& a4y

ey


https://system.khu.ac.ir/jsci/article-1-1498-en.html

[ Downloaded from system.khu.ac.ir on 2024-04-29 |

Sla Aliagh o Al el e 5 paa 0 g Aliuse da (sl 0 Ai8ia dalia g ) 5 xS K4

Dlagai Gl 3 V] saan e sllisa QLS ) ()53 a8 A8 1 sl Canddy yalia il 00 A
Jlasai ol 9TV QIS x4y QIS s A4S sl (adidia ¢ FY- 408 G TM Gl sl ) 55 S
Gl ,Y JSE )0 (QaVdSd) ol sl any o )0 Sadiy 56 L Ol slaalie Sl jliale Sauily
YV olasal 50 Cal sadiany AE) a0 )X v V0 Kady S L g ey 4y Ul Saily s
O TM Glalad (510 5 %Y Y Q8 iy GlE i 212 )10 G TE (el (sl (58 S8
S s (s ol AL Gl 3 940 Gil8 a4y IS s 4S (Cul (adldia ¢ AQ- Y 0
S bale b sl 5 (S5 aan 1) 2 sdice TM Gkl 50 &5 Sigih o)) 58 B 4y e

)] ol Al LS L ) L sl 5 4Bl Gl 38 55 G sale IS ab a0 50l

TE , TM 5,1y Gl

wa
2mc

e Il adlete b Ol e
Jsa a \Vuhd):\glgrzo_llla &‘Jﬁﬁ\g.\ 5“@}‘M@J#jﬁym(5)\ﬁ)&u(ﬂub R
Llida 23,8 4 r=0.15a Mo Wl ) JSdia Al ASed 5 ) 8 Jidbu (@ TM G bd (TE bd (kd
TM&a « TE G b (g | 2 2

é e

TN e

L Saisish sl sk ol sla Jialu dadlas ) chd e e oy Al o (B3 Gl 2

502 0310 Jansy (ke ) (akaiia ol 65 AL 5 W ol sad 43l ) A8 kv (g ) ) saliial
W jlaie o 505 ¢k o J gl Al 5o Waolase 4iely H&aidia (il 381 5 208 al) y ilead (6 jludad (s
5e o (g ) ol U oo e 4S8 L3S il a8l gk s Akt )y alxiel 3 el 63l 3 ),
A ) e Jlagad ailaidly Kacsu b s sdad il 48 aloala LA 5 02l aiu jlie] AT
o 0218l ) ge () (Alle JUALL (pinar 5 S il ol se ) s Y 5 (Alle (o e Al
S8y o 5ke diy Gl (addie TM STE ik 50 8 (s ()5t S8 s Jliala o) 0l o0
308 % O )t S8 Gl g gy Giely 5 il G )50 L eale RIS a8y (s sny A8Y AL
Qs ke 5 g obend sl aliee ey 0 (Samw 2505 b MMP iy 25 (ks
Soaly ) aiivue saliinl a5 dabise 80,8 L Calise ol ge 5]y debon 530 5o () IS Jidady cilaalase

DsA o il 5 w2 Spa Sl Gl cn) Cninpd 8 )8 Ansi 3 se Dl il e Al

1y¢


https://system.khu.ac.ir/jsci/article-1-1498-en.html

[ Downloaded from system.khu.ac.ir on 2024-04-29 |

Sla Aliagh o Al el e 5 paa 0 g Aliuse da (sl 0 Ai8ia dalia g ) 5 xS K4

48 3830 Ui Clalae il Cad alie Cilide (slaaSad 5 30 cladd b JISa) ) 4ngi )
(abdls 5 CPU) oS Slnlse dpia 5 ab) iy b il e alide 4l ladsh o) )5t sl
35 gae Gliulaa a Japy 4iily ) S S A L sk o Ll ) salaial L Opinad 3 6d dailasa
O sisn @l 3 Al e Caventy laidlae Jla ) 5 (5 5 samalS ailia (EAIS 50 (3 0A byl Aaill 2 aS 3550
Al (5] 3 (radd (5la i gaalS (55 noaldind QB 52l B L i) O siedy aillaia ks (g )

Pl Sl sl sk Al (S5 el s s e

) Pl
sl 00 alail 8 gl o8I i 55y i sl Slatidly by IS

el.'u
o8l ol ) Asns 'y ¢y g (Ll (5 B Sig7 58 5Ly sl ey Qs caa 3 Sl sl Ol )
(OYAT) Ssal (ol e g
2. C. Manolatou, S. G. Johnson, S. Fan, P. R. Villenueve, H. A. Haus, J. D. Joannopoulos,
"High-density integrated optics", J. Lightwave Technol., 17 (1999) 1682-1692.
3. J. M. Lourtioz, "Photonic crystals and the real world of optical telecommunications”, Ann,
Telecomm., 58 (2003) 1197-1237.

4. K. Sakoda, "Optical Properties of Photonic Crystals"”, (2001) Springer, Berlin.

82

. S. Imagawa, K. Edagawa, K. Morita, T. Niino, Y. Kagawa, M. Notomi, "Photonic band-gap
formation, light diffusion, and localization in photonic amorphous diamond structures",
Physical Review B, 82, 11 (2010) 115116-115124.

6. S. Mohammadi, A. A. Eftekhar, A. Khelif, and A. Adibi, "Simultaneous two-dimensional
phononic and photonic band gaps in opto-mechanical crystal slabs™, Opt. Express 18 (2010)
9164-9172.

7. Ch. Hafner, "Multiple multipole program computation of periodic structures”, J. Opt. Soc.
Am. A, 12,5 (1995) 1057-1067.

8. E. Moreno, D. Erni and Ch. Hafner, "Modeling of discontinuities in photonic crystal
waveguides with the multiple multipole method", Phys. Rev. E, 66 (2002) 036618-1-12.

9. Ch. Hafner, "Post-modern Electromagnetics”, John Wiley & Sons, Chichester (1999).

Tre


https://system.khu.ac.ir/jsci/article-1-1498-en.html

[ Downloaded from system.khu.ac.ir on 2024-04-29 |

Sla Aliagh o Al el e 5 paa 0 g Aliuse da (sl 0 Ai8ia dalia g ) 5 xS K4

10. E. Moreno, D. Erni and Ch. Hafner, "Band structure computations of metallic photonic
crystals with the multiple multipole method", Phys. Rev. B, 65 (2002) 155120-155129.

11. J. Smajic, C. Hafner, and D. Erni, "Design and optimization of an achromatic photonic
crystal bend", Opt. Express, 11(2003) 1378-1384.

12. J. Smajic, C. Hafner, and D. Erni, "Automatic calculation of band diagrams of photonic
crystals using the multiple multipole method", Phys. Rev. Lett., 18, 3 (2003) 172-180.

13. A. Raman, S. Fan, "Photonic Band Structure of Dispersive Metamaterials Formulated as a
Hermitian Eigenvalue Problem", Phys. Rev. E, 104 (2010) 087401-087404.

14. E. Palik, "Handbook of Optical Constants of Solids", Academic Press, New York (1991).

15. www.mathwork.com

16. Steven G. Johnson and J. D. Joannopoulos, "Block-iterative frequency-domain methods for

Maxwell's equations in a plane wave basis", Optics Express, 8 (2001) 173-190.

v


http://www.mathwork.com/
https://system.khu.ac.ir/jsci/article-1-1498-en.html
http://www.tcpdf.org

