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Bi-surface Gap Soliton in the Border of Periodic and Homogeneous
Structures

Keivan Mahmoud Aghdami\‘r, Samira Mahmoudi Hesar"~ and Somayyeh Alidust’
' Department of Physics, Payame Noor University, PO Box\aYa6-Y#4Y, Tehran, Iran.

Y Payame Noor University of Urmia, A Shahrivar Ave. , Urmia.

Abstract- In this paper we investigate the gap solitons, emerging inside and edge of homogeneous medium sandwiched by
periodic structures. After introducing theoretical model based up on the well-known nonlinear Schrédinger equation, this
equation is numerically solved and the existence domain of steady solitary solution are plotted. Furthermore new class of the
solitary solution in this sort of systems named “Bi-surface soliton” is introduced for the first time, according to our
knowledge. This new mode is compared to the previous ones well-known as monopole and dipole modes.

Keywords: Floquet - Bloch Spectrum, Gap Soliton, Surface mode, Dipole mode.

YEAN
ASL g yiawd BB WWWLOPSILIT Colu [ aS cuwl jliel gl g0 0 dlin )


http://www.opsi.ir/
http://www.opsi.ir/article-1-715-fa.html

[ Downloaded from www.opsi.ir on 2025-11-06 ]

Sadgyh ght pd Aolas WS g0 et (29l s
@ S Ghspd Jele jpam 0 o] p oSl gan 14
EV] el oy L & 50

09 _ V0'q

-z " — DR
p Yaxr+q(q) pR(X) ™

ol odse glsly X 5 zge il gl Z o1 o a8
e il by a3 070X ele L e oS
oLty bame sl PR(X) 5 s i Jele ()’
i sl Slaie 4y culps g b CoaS aled am3 o
Sy o il ool ledaore (oled [0 LaSlons
2ol pluw (pl )0 05d g0 (22 pe Slinly )0 zse
(o058 OgrYgde 0929 S P 93 e
oS 3gde Bl il ol S4r e o CunS
P a1y oye 50 @5l o Gy G ge Oypa
@ OlFee wai e Dedee Bl BB s &l
2 (S G H9d Tae &5 L8l Cuws (s kalyl bl
"o 2ba opdle b |y T sl piie Sy
&b R(X) g poaw¥goe Gos P ())aolre ;o il
Sy gy Dogar 45 03 CwnSd oo GeYsde

D9 s

R(X):{cos‘(Qx) |x|2”7%Q -

. Else

el A=27/Q s Job b ol sl G oS
ool el 0ape ) Bd ol Sl gls N slass 4y a5
AR A 50 s lyie 4 ESleSy (Sl 4l
oo 5l ool (il lazme g a5 Cenl oal wd S

] o&; ‘J.?-

Erdle glaws! sbd Clg> -Y

: slacly> 5
oed ai8 8 Ly s (X, Z) = w(X)exp(ikx+ibz)
Sypar A=YT/Q gl L W(X) &b b oS
o s sl e bl wix)=w(x+v7/Q)
Sl G® (sl Dle sl E3 gge sue Ky e
oS Col 0,9 S Sl o oals jloeigy ol aisls
A e 0,5 18 BB 9,0 a5 bl g polie jo ladd
So (1) doles o 0 BN b ogdge SE el
bl Ll o gob b sl (hewilis dslee

Q)}o LY aJoles

A

Lige e oKl A YAY ola (60 YO b YY

doddio —)

Lo 30 Syide gl o a5 Sl gl
v laggdle WS e S8 ogline (S8
b olge ;o LI 5 [¥-1] wigs o ol (SGS) 'uls
5 C3lES be S Joliox 3 2l Slgsss Cusls
lopglle g6 onl digdior J5a5 oglite baze S5
h eSS Gy oS bt sl o il o
el Job slaial o (o9l Jao o bawgs il ol
ol dgrgdy S oo yesd jLal L)y sges b
& Naboo JSis Gloy BB (xhan slagyle
S Al S i gl )0 0dig e g 0digpdoy glgal
=S5 9 Wdignds ob 4 WS (oo 4 | Sl Ay
) SE slaggidle (xdaw glgel 334 pamia ols>
5 Swgigd laygh o 5 endle o] wus bl
“5 M Slp s,y (JS8 gl sl bl
wbi wloaslie BB spzrse slaalyl 5 s
gl ;o a5 S)ls 3g2s S il 9550 )0 o
@y b (Sl aSeld g cSleSh e S i
30 N sle sl Wl o a5 euls onys s 8
ol ez il atsls o o g¥in aBisl;] wlaalie
oo iy ]y SE glagedle ly S i gl
5281y 2353 (S 252 b S slaggdle [Flass
o) Stlle laclyz g arts 0a Sl olas Ll
W13 3529 BB (e 0 S g9 5l Culad e Sl b
ety oo polie oyl asls o sl &b 9925 9
Sals Cipls il et 45 WS o iy Lil
b 1) Gedle slacly jea> (A8 ol (o0 O

S,5

E¥ @9 s 85 a0 e dlie pl o

hawsd oyl b baS bagsidle 5l g
Sly jgas axl ol salgs cw)p Wl oul ol

eor e v g ol e sl b gedle
Sy Jowo =Y

pd &5 Sgdige pAlie (gelasw )0 49 &S (eln
@ las! Gy p 0gee) poye slinly o )] cass

). Surface Gap Solitons
v. Nonlinear Schrodinger Equation


http://www.opsi.ir/article-1-715-fa.html

[ Downloaded from www.opsi.ir on 2025-11-06 ]

Sloz alws cpaiz (V) JSKG 5l eolazwl b Ll vales
Uit 50 a5 Wl ce Caway (V) dolas goae > 51 Ly

Slawd o o —)-Y
dEl o i ous Sl &5 Jedle bl
S5 hol ae (@l atws g0 @ les o |y el aiin
T USE 545 5 st aus s o (o 5 ok
UL g BB axlb o lylex pl il oo sols las
S99y 4>l ) SE e il 13 b ast
L= sl bl win o (o 5 il
ol Jo BB 50 e S5, L N=Y 50 5 508 K

Sl 00 ool

03
-w
02 —abs(w)
01
Z
H
0
21

s 0 45 0 § 1 5 0 6 8 %

—-w
=abs(w)

wi(x)

Slez (mly) s N =Y a0 a8 S5 ae (Y)Y S
olie gl N=V oicasain o b oo s JSedle
i s W jlie by b P=¢,b=—+/1 6l

IREXYNEA |W|

s’da.wgé o -)\-Y

)bl Gz 30 )b sl sl a5 G 55 eepe

ol adlas ol yo Gsn  dol Bus 5 0uls cnnlic
& . . . ‘~

Sirl oS v ol jo a9 oo

b glo ad jo 5 aive Jore slo o )S o iy

¥ Bi-surface

YEAY

g S olBsls AYAY ol s YO LYY

: oq
il oy 3 O yga (— =0)
<° PSR oz
d'w .
—— —Yow—YW' +YpRw =" )

& kil alox laml dolee opl o0e J> sl
ol N s g 0ads bos ol slo ol ars
st J> sl s gy & g N (s 2
Sl atin Py b polie a5 el a3 aml jo L0l
ol lp S wib sl Jlisay b Jds e &
—aSel ek b Ll o pgl aS g cglite ptuce
sboly> 2 aSsl Gl gl 1. ol T
olag 4 &oloiay
Lowes )l q(X,2) =w(X)exp(ikx+ibz)
GMie oy aoles & NLSE woles o (5 0%

29 o0 Jol>

|
bw=-
y

d VV+Yik0|—W—k*W + pRw (%)
dx’ dx

e Gy B jolis oy 58 aobae > b oS
Coomd 0 0dls B g P laie gl 4 a5 Sy
o e Jlade slls K bl poye zge sae sognge
Sboamb o Sjpanl pé 0 5 BB 4l Wil
Sebar S5 L i (1) JS& 50 45 39 wales (g

sl 00 00l tglad (g S

-l 4
A
-5 L L /

0 2 4 6 8 10

Q:Y 6l}|=\4-_')5L:SAWL§|).‘: 85wk )ti.">L.::\ JS.M

Ol wgd aid S ks )0 55 lame (09 (oS pé S
2l LAE 5,0 ek de leea Sedle s

" Floquet-Bloch


http://www.opsi.ir/article-1-715-fa.html

[ Downloaded from www.opsi.ir on 2025-11-06 ]

1.8

1.6

1.4

1.2

1

wl

0.8
0.6}
0.4H

0.2

% 4 2 0 2 4 6
X

| o oondags (ol b)) ooad S5 o Jilby anslie F S5

ald Bl bl 10 ()8 alai) I g4 oddangs 5 ((Sive as)

R(X) s s GgemVsie @l o glite bghas (53550

o o las |

S5 e ¥

oael  xlawgs a5 wax Seidle e dlie ol o
CanSs g o Bl 5l gl [l G o ol onds
aless e Ko 5l (SKep ains S hwg oS
i 5 5 sl b Tyl 5 ead e
5 Oyl yo ol Al xdawgs lavse Ho .l 0y S
Lol 55 yete Sl e Joh gl 90 0 L

Sl 4l 3 God GeeVate Bes e il
5 anlys 35 ete o )lS 4y g atily tals

&=y

[¥] Yuri S. Kivshar and Govind P. Agrawal, Optical Solitons
from fibers to photonic crystals, SA:Elsevier Science, v--¥.
[¥] T. Dohnaland, D. Pelinovsky, Surface gap solitons at a
nonlinearity interface, Phys. Rev. Lett. y(\V¥fY) (v--4) \-yY.

[¥] Fangwei Ye., Yaroslav V. Kartashov, Victor A. Vysloukh,
and Lluis Torner, Bragg guiding of domain like nonlinear modes
and kink arrays in lower-index core structures, Opt. Lett. Y'Y,
NO. VY (Y- -A) \YAA-YYA-.

[f] V. Kartashov Yaroslav, A. Vysloukh Victor, L. Torner,
Surface Gap Solitons, Phys. Rev. Lett. a5 (v-+#) -v¥a-\.

[o] Chen, Wei, and D. L. Mills. Gap solitons and the nonlinear
optical response of superlattices, Phys. Rev. Lett. oA,y (VaAY)
VP

[#] W. H. Chen, Y. J. He, and H. Z. Wang, Surface defect gap
solitons, Opt. EXpress \f (Y- -£) VAYY\—11YV5.

[v] W. L. Zhu, L. Luo, and Y. J. He, Surface gap solitons in
one-dimensional dual-frequency lattices, J. Mod. Opt. a7,
(¥-+2) Ve YA-Y - AY.

YFAY

i S olKadls AYAY ole g5 YO L VY

Hijhmog)osobyom@aow‘p
YOS 0 a8 0gd e awlS o] ol oles &g
oW o..\g.b)f D) U] )I usl.a.m 4.!3.0.’ 9o Jalﬁjf

18f

16

14F

1.2f

w]
-
T

0.8

0.6

04r

0.2r

=]
O

20

Q@I)G&Lm&)wfly()a}yda_mb)“ E9 9
s P=Y, bz_\).b)lbd)_lf)}gwiw" 5 po 45 JBde
(n=Yy

=g i (b 5o 5k sl sln 1y o iz &Sl o
5SS e 0 Gl aS el P PO W
19 45 s sl S Slogad i b b
) oo JoSi5 oglite 5 (Ko Lo 93 S yiis 50
S8 Kaen Syglome 40 5, 90 ol aS el
ot s Sy (S b ma 3 o kS o
LS oS oy 45l 4 e i 20 S

oy 500 Bk 5 ey b andl yiolidl o bgs

Wt 75l 9 J210 50 Gl Canlg dnlie
o w90 00 90 ;o Jolhgn TS )0 (635 0
Slbl jo eas oldS ) JSiay el G v ol jon
A bawg o aaly Jlade cewl ol gy An
P b el Gl b (xawgs slase ;o (X=1)
b yo s ae 90 45 o> L b e a5
Lo se opl g 4l il oo laz o8 51O ds

el Jol BB amb gl ann o Ly i


http://www.opsi.ir/article-1-715-fa.html
http://www.tcpdf.org

