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OZET
YUKSEK LiSANS TEZi

YUKSEK MERTEBEDEN DIiSPERSIF OPTIK SOLITONLARIN ANALITIiK
CALISMASI

OKAN NAZLI

YOZGAT BOZOK UNIVERSITESI
LISANSUSTU EGITIM ENSTITUSU

MATEMATIK ANABILIM DALI
TEZ DANISMANI:Do¢. Dr. ABDULLAH SONMEZOGLU

Optik solitonlar, nonlineer optik alanindaki en zengin arastirma alanlarindan
biridir. Bu alanda bu giinlere dayanan birkag arastirma yonii vardir. Bu tiir konulardan
birkag1 soliton pertiirbasyon teorisi, yari-duragan solitonlar, asir1 biiyiik dalgalar,
fotonik kristal lifler, metamateryal ve meta-yiizeyler ve digerleridir. Bu ¢alismada Kerr,
yerel olmayan ve kiibik-kuintik-septik nonlineerlik yasalarina sahip yiiksek mertebeden
dispersif optik solitonlar genisletilmis Jacobi eliptik fonksiyon agiliminin
uygulanmasiyla arastirildi. A¢ilim, g tip eliptik fonksiyon cinsinden gerg¢eklestirilirdi.
Bu formlar sn, cn ve dn fonksiyonlari cinsindendir. Cok sayida Jacobi eliptik fonksiyon
¢ozlim elde edildi. Eliptiklik modiilii bire yaklastiginda, bu ¢éziimler soliton ¢éziimler
tiiretildi. Boylece parlak, koyu, tekil ve birkag birlesik optik ¢oziim ortaya c¢ikarildi ve
bu ¢oziimlerin hepsi karsilik gelen varlik kriterleri ile sunuldu.

2022, ix+54 SAYFA

ANAHTAR KELIMELER: Kiibik-kuintik-septik yasas1, Kerr yasasi, Yerel olmayan,
Genisletilmis Jacobi eliptik fonksiyon agilima.



ABSTRACT
MASTER THESIS

ANALYTICAL STUDY OF HIGHER ORDER DiSPERSIVE OPTIiCAL
SOLITONS
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Optical solitons is one of the richest area of research in the field of nonlinear
optics. There are several aspects of research that are touched base upon these days in
this field. A few of such topics are soliton perturbation theory, quasi-stationary solitons,
rogue waves, photonic crystal fibers, metamaterials and meta-surfaces and many others.
This study investigates highly dispersive optical solitons with Kerr, nonlocal and cubic-
quintic-septic laws of nonlinearity by the application of extended Jacobi’s elliptic
function expansion. The expansion is carried out in terms of three types of elliptic
functions. These forms are in terms of sn, cn and dn functions. A plethora of Jacobi's
elliptic function solutions is recovered. When the modulus of ellipticity approached
unity, these solutions approached soliton solutions. Thus, bright, dark, singular and
several combo optical solutions are revealed and they are all presented with their
corresponding existence criteria.
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SIMGELER VE KISITLAMALAR LIiSTESI

a : Alfa

B : Beta

0 : Teta

A : Lambda

0] : Phi

K : Kappa

w - Omega

U : Upsilon

o : Sigma

GVD : Grup Hiz Dagilim

IMD : Modlar Arast Dagilim

30D : Uglincii Dereceden Dagilim
40D : Dordiincii Dereceden Dagilim
50D : Besinci Dereceden Dagilim
60D . Altinc1 Dereceden Dagilim
NLS : Nonlineer Schrédinger



1. GIRIS

Optik solitonlar telekomiinikasyon alaninda kalici bir etki birakmustir. Halen
calisilan soliton ¢alismalarindan kaynaklanan ¢esitli kavramlar vardir. Onlardan birkagi,
dagilim-yonetimli solitonlar, Bragg 1zgaralari, saf (pure)-kiibik solitonlar, saf-kuartik
solitonlar, kiibik-kuartik solitonlar, yiiksek mertebeden dispersif solitonlar, yari-lineer
darbeler ve digerleridir. Son zamanlarda Onerilen ve oldukga ilgi goren kavramlardan
biri de yiiksek mertebeden dispersif solitonlardir. Bu tiir solitonlar, ¢esitli nonlineer
kirilma indisi formlar ile kapsamli bir sekilde incelenmis ve daha sonra sonuglarin bir
serisi sunulmustur (Biswas, EKici, Sonmezoglu ve Belic, 2019a, 2019b, 2019c, 2019d,
2019e, 2019f, 20199g). Bu tiir solitonlar, olagan grup hiz dagilimina (GVD) ek olarak,
modlar aras1 dagilim (IMD), tigiincii dereceden dagilim (30D), dordiincii dereceden
dagilim (40D), besinci dereceden dagilim (50D) ve altinc1 dereceden dagilim (60D)
terimlerinin varliginda ortaya ¢ikar (Biswas vd., 2019b, 2019c, 2019d, 2019, 2019f,
20199). Bu tiir solitonlarda, dispersif etkiler nonlineerlige baskindir. Bu nedenle, su ana
kadar, sadece Kerr yasasi, kuadratik-kiibik yasasi, kiibik-kuintik-septik yasasi ve yerel
olmayan yasaya sahip yiiksek mertebeden dispersif solitonlari elde etmek miimkiin
olmustur. Bu baglamda F-acilim semas:t ve genisletilmis Jacobi eliptik fonksiyon
yontemi etkileyici sonuglar vermistir. F-a¢ilim algoritmast Kerr yasasi, kuadratik-kiibik
yasasi, kiibik-kuintik-septik yasasi ve yerel olmayan yasaya sahip NLS denklemine
uygulanmistir (Abdou ve Elhanbaly, 2007; Bhrawy, Abdelkawy ve Biswas, 2013;
Petrovi¢ ve Bohra, 2016; Zhang H., 2007; Zhang Z., 2015). Belirsiz katsayilar
yonteminin, NLS denklemi tarafindan modellenen yiiksek mertebeden dispersif optik
solitonlar baglaminda basarisiz oldugunun kanitlandigi belirtilmelidir (Biswas vd.,
2019). Bu tez calismasinda, (Biswas vd., 2019a, 2019c, 2019f)’deki sonuglar, yani
genisletilmis Jacobi eliptik fonksiyon yontemi ile Kerr yasasi, yerel olmayan yasa ve
kiibik-kuintik-septik yasasina sahip NLS denkleminin yiiksek mertebeden dispersif

optik solitonlarinin elde edilmesi incelenmistir.

Tez calismasmin organizasyonu asagidaki gibidir: 2. Bolimde ana model olan
Kerr yasasi nonlineerligine sahip yiiksek mertebeli NLS denklemi sunuldu ve modelin
matematiksel analizi gergeklestirilerek model denklem istenen formda yazildi. Daha

sonra bu form kullanilarak ele alinan denkleme, genisletilmis Jacobi eliptik sn



fonksiyon acilim yaklasimi yardimiyla eliptik fonksiyon ¢oziimler elde edildi. Son
olarak bu boliimde, eliptik modiiliin sinir degerleri géz Oniine alinarak, m modili 1’e
yaklasirken koyu-tekil birlesik dispersif solitonlar tiiretildi. Sonraki boliim olan 3.
Boliimde, ayni modelin yerel olmayan nonlineerlik durumu incelendi. Yerel olmayan
nonlineerlige sahip yiiksek mertebeli NLS denkleminin matematiksel analizi
tamamlandiktan sonra model denklem genisletilmis Jacobi eliptik fonksiyon
acilimlarinin ti¢ farkl versiyonu ile c¢alisildi. Bu ac¢ilimlar, genisletilmis Jacobi eliptik
sn, cn ve dn fonksiyon ag¢ilimlarindan olugsmaktadir. Jacobi eliptik fonksiyon
acilimlarinin bu {i¢ genisletilmis versiyonu araciligiyla yerel olmayan nonlineerlige
sahip NLS denklemine eliptik sn, cn ve dn fonksiyonlari cinsinden ¢6ziimler ¢ikarildi.
Daha sonra m modiilii 1’e yaklasirken bu eliptik fonksiyon ¢oziimler, ¢esitli dispersif
soliton ¢oziimlere dejenere oldu. Kiibik-kuintik-septik yasasina sahip yiiksek mertebeli
NLS denklemi Jacobi eliptik fonksiyon agilimlari, yani eliptik sn, cn ve dn
fonksiyonlart yardimiyla 4. boéliimde ele alindi ve modele Jacobi eliptik fonksiyon
coziimler ve dispersif soliton ¢éziimler elde edildi. Son boliim olan 5. Béliimde, bazi

sonu¢ ve onerilerden bahsedildi.



2. KERR YASASI NONLINEERLIGINE SAHIP YUKSEK
MERTEBELI NONLINEER SCHRODINGER DENKLEMI

2.1. Ana Model
Alt1 dispersif teriminin varliginda, nonlineer formuna sahip NLS denklemi

boyutsuz formunda asagidaki gibidir (Biswas vd. , 2019c):

iQt + ial qx + A2 xx + ia3qxxx + A4 Qoexxx + iaquxxxx + A6 Qoexexxxx + lelzq =0. (21)

Burada (2.1) denkleminde q(x,t), x ve t’nin sirasiyla bagimsiz uzaysal ve zamansal
degiskenler oldugu dalga profilini temsil eder. Ik terim lineer zamansal gelisimi temsil

ederken, 1 <j < 6 i¢in @; sirastyla, modlar arasi dagilim, grup hiz dagilim, tgiincii

dereceden dagilim, doérdiincii dereceden dagilim, besinci dereceden dagilim, ve altinci
dereceden dagilim katsayilaridir. Son olarak b, kendi kendine faz modiilasyonunun

katsayisidir. Kompleks degerli q(x,t) fonksiyonu bagimli degisken olan dispersif

soliton profilidir. i = v/—1 iken katsayilarin tiimii reel degerli sabitlerdir.

2.2. Matematiksel Analiz
(2.1) denklemi i¢in, baslangi¢ hipotezi asagidaki gibidir (Biswas vd. , 2019c):

q(x,t) = g(g)e?™n, (2.2)

Burada g(¢) dalganmn seklini temsil eder ve dalga degiskeni v solitonun hizi olmak

uzere

¢=x-vt (2.3)
seklindedir. Ayrica faz bileseni

p(x,t) = —kx +wt + 6 (2.4)

seklinde yapilanir. Burada (2.4) denkleminde k soliton frekansi, @ soliton dalga sayisi
ve 0 faz sabitidir. (2.2), (2.3) ve (2.4) denklemleri kullanilarak (2.1) denkleminde

2 - - - . g o
bulunan Gy, Gux» Qe » Qexx » Do » Qrxxne» Qe V€ |CI| terimleri asagidaki gibi

hesaplanabilir:
4x = g'e'? —ixge'
Qe = g € — ixge'? —ix[g e — ixge'?|

=[g" —2ikg — K2gle'
g g g



"

Guex = —ixlg’ — 2ikg —k2gle’ + [g" —2ikg" —K%g'le’?

"

=[g" —3ikg" —3x%g +ix3gle®

Qexex = —iklg —3ikg —3k?2g +ix3gle’? + [g® —3ikg" —3Kk%g + ix3g']e’”
= [g™ — 4ixg” —6K%g + 4ik3g + K*glet®
Qexrrx = —ik[g® —4ikg” —6x?g" +4ix3g +Kk*gle®
+[g® — 4ikg™® — 6K2g" + 4ixcg" + K*g']|et®
= [g® - 5ikg® — 4x%g" + 10ix3g" + 5x*g’ —ikSglel®
Qexrrer = —ik[g® = 5ikg™® — 4x2g” +10ik3g" + 5k*g — ix®gle'®
+[9® — 5ikg® — 4k2g™® + 10ix3g" + 5K*g" — ix®g']e'
= [g® — 6ikg®™ — 9?g™ + 14iKk3g" + 15k*g" — 6ix®g’ — K®g|e'?
q. = —vg'e’ + iwgp'e”?
lal* = g°.
Bulunan sonuglar

iQt + ial qx + A2 xx + ia3qxxx + A4 Qoexxx + iaquxxxx + A6 Qoexexxxx + lelzq =0

denkleminde yazilarak
lig — gwle'® + ia;[g — ikgle'?
+ay[g” — 2ikg —K?gle'
tiaz[g" —3ikg" —3Ktg +ik3gle'®
+ay[g® —4ig” — 6K?g +4iK3g + k*gle?
+ias[g® — 5ikg™® — 4k?g” + 10ik3g" + 5ktg —ix®gle®
+ag[g® — 6ikg® — 9k2g® + 14ix3g” + 15x*g" — 6ik5g — KkOgle'®
+bg3ei?» =0

bulunur. Gerekli diizenlemelerle



( lig — gw] + ailig +xrgl+ aylg" —2ikg — K9] A
+aslig” +3kg’ —3ik’g —Kk3g]
+ay[g® —4ikg” — 6K?g + 4ikdg + k'g]

nr " ! i(p = 0
+as[ig® + 5g® — 4ik?g” —10k3g" + 5ik*g + K g] &
+ag[g® — 6ikg® — 9k2g® + 14ix3g" + 15x*g" — 6ix5g — kO¢]
L +bg3 J

ve boylece
[—w + kay — k?ay — k3as + k*ay + K2as — k®aglg
+[i +iay — 2ika, — 3ik2as + 4ix3a, + Sik*as — 6ixSaglg’

"

+[a, + 3ka; — 6K%a, — 10k3as + 15k*aglg
+liag — dixa, — 4ixas + 14ixcaglg

+[a, + 5xas — 15k2%ag]g™®

+lias — 5ikaglg® + [aglg® + bg® =0
elde edilir. (2.1) denklemini sirastyla reel ve imajiner kisimlarina ayirarak,

Reel kisim:

— <w + K (—al + K (az + K(a3 —k(as + Ka5)+’€3a6)))) g
+(a; + 3ka; — 6k?a, — 10k3as + k*ag)g”
+[ay + 5kas — 15k%ag| g™

+[aglg® + bg® = 0. (2.5)

Imajiner kisim:

(v — a + 2ka, + 3k%a; — 4xk3a, — S5k*as + 6K°ag)g
+ (a) + K(—ag + 2k (2a4 + 5k(as — 2Ka6))))g”

—(as — 6Kag)g™ = 0. (2.6)

Ag + Bg'" + Cg™ = 0denkleminde {g, g"', g™} kiimesi lineer bagimsiz oldugundan
A=0,B=0veC = 0olmaldir.

Bu yiizden, (2.6) denkleminden,



as = 6kag 2.7)
kisitlama kosulu ve diger kosullar
as = 2x(2a, + 5k(as — 2kayg))
a; = 4x(as + 10x%ay) (2.8)
seklinde ortaya ¢ikar. Boylece solitonun hiz1 asagidaki gibi elde edilir:
v =ay — 2ka; — 3x%az + 4x3ay + Sk*as — 6K°ag
= a; — 2kay — 3k%[4Kk(as + 10K%ag)| + 4Kx3ay + Skt (6Kag) — 6K ag
=ay — 2kay — 12Kk3a, — 120x%aq + 4x3ay + 5k°ag — 6K°ag
=a; — 2ka, — 8x3a, — 96K°ag. (2.9)
Bu durumda reel kisim asagidaki gibi diizenlenir:
(2.5) denkleminde (2.7) ve (2.8) denklemleri yerine yazilarak
[-w + ka; — k?a; — k3[4K(as + 10Kk%a6)] + k*ay + 5k°(6Kas) — kaglg
+ [az + 3k (4K(a4 + 10K2a6)) — 6K%ay — 10K3(6Kag) + 15K4a6] g"
+ a4 + 5k(6Kag) — 15k%ag|g™ + [aglg® + bg® = 0
ve gerekli diizenlemeyle
—[w = Kka; + K?a, + 3k*ay + 35k%ag)g + bg® + [ay + 6K?ay + 75k*as)g”
+[as + 15x%ag]lg™ + [aglg® =0 (2.10)
elde edilir.

Simdi sonraki boliimde genisletilmis Jacobi eliptik fonksiyon a¢ilimi ile modele
yiiksek dereceli dispersif optik solitonlar ortaya c¢ikarmak igin (2.10) denklemi
incelenecektir (Abdou ve Elhanbaly, 2007; Bhrawy, Abdelkawy ve Biswas, 2013;
Zhang H., 2007).

2.2.1. Genisletilmis Jacobi Eliptik sn Fonksiyon A¢ilim Semasi
Modele soliton ¢oziimler olusturmak i¢in (2.10) denkleminin ¢éziimii asagidaki

gibi alinir (Biswas vd., 2019c¢):

N N
900 = g(e) = ) gysnis+ ) fsns. (2.11)
j=1

j=0



Burada ay, aj ve Bj (j = 1,2, ..., N) belirlenecek sabitlerdir. (2.10) denkleminde

g2 ile g® dengelenerek yani bu terimler arasinda balans islemi yapilarak

BN=N+6
2N=6 = N=3

elde edilir. Boylece formal ¢6zim

Br B2 B

= ay + aySn¢ + a,sn?c + azsn3¢c + )
g(s) = ap + aysng + aysn“g + azsn°g snc Tanze Tanie

(2.12)

seklini alir. (2.12) denklemi (2.10) denkleminde yazilarak ve elde edilen cebirsel

denklem sistemi ¢oziilerek asagidaki ¢oziim setleri elde edilir:
Set-1

a0=0, C¥1=IH6—£—ﬂ

r_ _ 3/2
2 2 7 0(2—0, 0(3——m/,33,

g = Hyp + 1343m3/2,[L; + 1343m3/2\/u;

’

(2.13)

1 2686m?>
ﬁz = Ol ﬂS = ﬁ?,l
'H7+’H8+'H9+03 + U4 + Ug + Ug + U7 + Ug + Ug
w = )
1803649m3p3
_ 'H11+IH12 +4986{6Bgl€2m3/2\m+498(l6ﬁ3szs/z\/()_l—2354 aﬁm\m\/u_l+ulo+011+012+013
a, = mzﬁé
3 3
'Hiz — 111469a¢mz,/ L — 111469a6m2\/a
a ] )
4 1343m2p,
20160a,
53
Set-2
'Hy + 1343m3/2,[L; — 1343m3/%\Ju;
r= 2686m? ’
B,=0, PB3=0p3,



H7+ H8+ H9+03+U4+014+015+016+017+018
1803649m3ﬂ3

3
@ = 'H11+'H12+4980!6,33K2m3/2,/L1—4980(6ﬁ3szix/01+2354a6m1/L1w/Ul+Ulo+012+013+019
2 — 202 ’
m°f3

Hys —111469a6m2\/—+ 111469a6m2\/_

94 == 1343m2p,
20160ay
h=—-———. (2.14)
3
Set-3
aO = O, 0(1 - ,H6 + g— %’ (lz = O’ a3 = —m3/233'

Hy —1343mzr+ 1343m3/2\/_

b= 2686m?
ﬂZ = 0' B3 = B3r
H7+ H8+ H9+UZO+021+022+023+UZ4+025+026
w =
1803649m3ﬁ3
a, = ’Hll+’H12—498a6,83sz%\m+4-98aﬁﬂgkzm%@+2354a6mm@+uz7+028+029+030
2 — mzﬂg ’
3
Hyz + 111469 agmz, /L, — 111469a6m2\/_
Ay = —
* 1343m2g,
20160ay
bh=—-"12 (2.15)
B3
Set-4

ag = O, a1 = H6 + — \/7 g, a, = O, a3 = —m3/2,33,

Hy —1343sz_ 1343m3/2\/_

b= 2686m?2
BZ = OI ﬁ3 = ﬁ3l
'H7 + Hg + Hg + 020 + U1 + 031 + 032 + 033 + 034 + 035
1803649m3p3
3 3
a, = ’H11+’H12—4980{6[?3szf\m—4-98a(,ﬂgKZm§@—2354a6mm\/@+027+028+029+036
2 — = )

2
m?2 B3



3 3
Hyz + 111469 agmz,/Ly + 111469 agmz+/u,

a, =

1343m?2p,

_20160a 2.16)

Bg ) )
Burada

LB
U = —
1 4\/L_1 2 3

LR

Uy =
2 4\/L—1 2 3

03 = —1803649 agm™/2L; (B3vm (11771? + 3045 (m — 6v'm + 1)) + 1343,/L;)

Uy = —28203a,82m>/%(4394580m3/2 + 52801 m? — 8049946m + 4394580Vm
+52801),/L;

vs = 4029agm¥/2[L; (B2?m (1114691 + 223930 (m — 6v/m + 1))

— 1803649 /L;,/01 )

Ug = —1343a6ﬁ3m2\/a<1108821ﬁ3\%

[«)}

+2686,/L1 (11771 + 3045 (m — 6vm + 1)))

u; = —28203aspim3(52801m>3/2 + 4394580m — 8049946+m + 4394580),/u;

(0]

o]

= 4029a5m™/2 fu; (B2K?m (111469x? + 223930 (m — 6v'm + 1))
— 1803649 /L;,/0; )
Uy = —1803649 agm®/?uy (Bsvm (1177x? + 3045 (m — 6v/m + 1)) + 13435 )

671790 asfzm®?(m — 6vm + 1)\/L,
b10 = 1343

671790 agfsm3/?(m — 6vm + 1)\u;
1343

U1 =

5
753280 ats f3m2 (3v/m(74396406m — 574776886vm + 5314029) + 1360496)
2422300607 /L,

U1 =



9
753280 ats f3m2(1360496m + 15942087v/m — 172433064 )
2422300607 /Ly

U13 =

Oy = 4029agm3/?\[L; (p3x?m (1114691 + 223930 (m — 6Vim + 1) )
+ 1803649 /L;,/0; )
oy = 1343a633m2\/a(1108821ﬁ3m

+ 26861 (1177x + 3045 (m — 6v/m + 1)))

3
Uy = 28203a¢B5m>/2 [u, (—31990x2 + 4394580m2 + 52801m? — 8049946m

+ 4394580 v/m)

Uyy = 4029a6m3/zﬁ(ﬁgxzm (—111469x? — 223930 (m - 6vim + 1))

— 1343 ,/u; (101583 Vm + 1343\/71))

u1g = —1803649 agm®/2u; (B3(1177k*Vm + 3045 (Vm — 6)m) — 1343, /u;)
_ 671790asB3m>*(m — 6vm + DVu;
019 = 1343
020 = —1803649 agm®/Ly (Bsvm (1177x% + 3045(m — 6vm + 1)) — 1343,/L; )
Uy = 28203a,82m>/%(4394580m3/% + 52801 m? — 8049946m + 4394580vVm
+52801),/L; (2.17)
Uz = —4029agm*/2\[L; (B3x*m (111469 + 223930 (m — 6vm + 1))

+ 1803649\/5\/0_2)
Upz = 1343a6ﬁ3m2@(2686m(1177x2 +3045(m — 6vVm + 1))

— 1108821 3vm )
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U24

Uzsg

U26

U27

U2

U29

U39

U31

U32

U33

U34

U3s

U36

= —28203a6,8§m5/2\/0_2(—319901c2 + 4394580 m> + 52801m? — 8049946
+ 4394580 vm)

= 4029a,m3/%[u, (ﬁgxzm (111469;<2 +223930(m — 6\%))
+1343,/0,(1343/L; — 1015/33\%))

= —1803649 agm3/2u,(B3(1177k%Vm + 3045 (Vm — 6)m) + 1343,/u,)

671790 agfzm3/%(m — 6vm + 1),/Ly
1343

5
75328083 m2(3vm(74396406m — 574776886v/m + 5314029) + 1360496)
2422300607,/L;

9
_ 753280 B3 m2(1360496m + 15942087vm — 172433064)
2422300607 /L,

_ 671790a6B;m3/2(m — 6v'm + DV,
B 1343

—4029a5m3/?\[L; (B3x?m (11146912 + 223930 (m — 6Vm + 1) )
— 1803649 /L;,/u;)

—~1343a43m?[u; (2686./L1 (1177x% + 3045 (m — 6Vm + 1) )

— 1108821 3vm )

28203a6ﬁ32m5/2@(—3199o;c2 + 4394580mz2 + 52801m? — 8049946m
+ 4394580 Vm)
= 4029a,m*/%[u, (ﬁ%xzm (—111469 K% — 223930 (m — 6\%))
+1343,/0,(1343,/L; — 1015@/%))
= —1803649 agm?/%u,(B5(1177k*Vm + 3045(v'm — 6)m) — 1343, /v,

3
671790 agfzmz(m — 6vm + 1)/,
- 1343 (2.18)
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ve

2
14533803642 3/'H2 + /H{H3 + 23(H, + \/'H,)?/3

14533803642 /'HZ + /H;

3 5 3
N 21659904 3/2B4m?%(—300m2+120m2 +120m2+m*—527m3+1668m%—527m—300vm+1)

o

3 5 3
21659904 3284m? (—300m2+120m2+120m2+m*—527m3+1668 m2—527m—300ym+1)

N
3/'H2 + /H;
(2.19)

726690182132

L1=

L2:

L3 - —’Hg + ’HS

Ayrica burada
Hy = (4 +1,)?
—15598306572526748311019136219298230442805743652438016 13

’HZ = ll +lz

3
_ 112B5m(—64785m2 + 2377m? + 162848m — 64785vm + 2377)

r

3 1803649
H, = — 2560 ﬁgm%(m - 6vm + 1)(24105063 m%+1360496 m?—29163182 m—24105063 vVm+1360496)
4= 2422300607
3
.. _ 336Bim(—64785m2 + 2377m?* + 162848m — 64785vm + 2377)
> 1803649
. BsVm(934m — 1575Vm + 934
6~ 1343

12



'H, = B3m3 <1803649Ka1
3
— 5a4 (33 (—3083070396 m2 + 1627672015m? + 1627672015m

—220219314Vm) + 134082497))

Hy = —agp3m? (21? (200278380 mz — 28188806m + 200278380 v
+26597711) — 36336186810m? + 670412485 m3)

Hy = —agfik?m?® (9018245 k* + 558551931m? + 1755636751%(m — 6vm + 1))

Hyy = —283m?(934m — 1575vVm + 934)

3

_ 315a,Bm?(67983516m2 — 202570982m + 67983516vm — 4757425)

B 1803649
Hy, = — 15a4B5m? (1803649 Kk* + 99905925 m? + 23408490 k2 (m — 6v/m + 1))
1803649
Hys = 15asf3m? (134312 + 2905 (m — 6v/m + 1)). (2.20)
Burada

5 3
I, = 17520381248144598627618816 fSm3x (—63770m5 +175210m2 +

552758m3+993126m2—30523m+12880m+666

5 3
I, = 17520381248144598627618816 BSm!3/2 (666m5 —30523m2 + 12880m?

+175210m + 993126+m + 63770)

7 5 3
Iy = B3m? (—300m5 +120m2 + 120m2 + m* — 527m> + 1668m?* — 527m

— 300vm + 1. 2.21)

Bu sonuglar yardimiyla, (2.1) denklemi i¢in elde edilen Jacobi eliptik fonksiyon

coziimler asagidaki gibi listelenir:
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Ly ++/u )
<’H6 — @) sn[x — (a; — 2ka, — 8x3a, — 96K°ay)t]
3
'Hio + 1343ma2(, /L, ++/0
qlx, t) =<+ 10 2686r(n\é_1 Vor) ns[x — (a; — 2xa, — 8x3a, — 96K°ay)t] }
3
—m2fysn3[x — (a; — 2ka, — 8k3a, — 96K°ag)t]
\ +B3ns3[x — (a; — 2ka, — 8k3ay — 96K ag)t] J
RN -

sn[x — (a; — 2ka, — 8x3as — 96K°ag)t]

(-t

- <+<’H10+1343m%(M—m)
qx,t) =

2686 m2 )ns[x — (a1 — 2xa, — 8ic*ay — 96K ag)t] |

3
—mzB;sn®[x — (a; — 2ka, — 8k3a, — 96K°ag)t]

+B3ns3[x — (a; — 2ka, — 8k3a, — 96K ay)t] J
exp [ifrex + (R s et 4 o}, 223)

sn[x — (a; — 2ka, — 8x3a, — 96K°ag)t]

(o AV \
Hot =5

Hyg — 1343m§(\/ﬂ —02)

qlx,t) =<+ ns[x — (a; — 2ka, — 8x3a, — 96K°ay)t] }

2686m?
3
—mz2B3sn3[x — (a; — 2ka, — 8x3as — 96K°ay)t]
+B3ns3[x — (a; — 2Kka, — 8k3a, — 96Kk°ay)t] J
) ’H7+’H8+'Hg +020 +021 +UZZ +Uz3+024+025+026
exp [l { KX+ ( 1803649 m3p3 ) t+ 9}]’ (2.24)

Li ++/vu
(’H6 + @) sn[x — (a; — 2ka; — 8k3a, — 96K ay)t]

Hyp — 1343m§(\/ﬂ ++/0z)
ns

2686m?2 [x — (a1 — 2ka, — 8k3a, — 96K ay)t] ¢

q(x,t) =4+

3
—mz2fssn3[x — (a; — 2ka, — 8x3a, — 96K°ag)t]

\ +B3ns3[x — (a; — 2Kka, — 8k3a, — 96K°ay)t]
exp [i {—Kx + ('H7+'H8+'H9+Uz‘i;rgszé:;::;§2+U33+U34 +U35) t+ 9}] (2.25)
3
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2.2.1.1. Soliton Coziimler

Bu boliimde; eliptik modiiliin simir degerleri goz oniine alinarak, 6nceki boliimde
listelenen ¢ift periyodik fonksiyonlardan soliton ¢6ziimler elde edilecektir. (2.22)-(2.25)
denklemlerinde m modiilii 1’e yaklasirken yani m — 1~ iken koyu-tekil birlesik

dispersif solitonlar ortaya gikar:

VL1 ++/u

<’H6 + % ’ tanh[x — (a; — 2xa, — 8x3a, — 96K°ag)t]

'Hyg + 1343(4/L1 + /0
q(x, t) = ¢ +< 10 268(6m21 \/_1)> coth[x — (a; — 2xa, — 8x3as — 96K>ag)t] ¢

—Bstanh®[x — (a; — 2ka,; — 8x3a, — 96K°ag)t]
+B5coth®[x — (ay — 2ka, — 8k3as — 96K ag)t] J

S 'H7+'Hg+Hg +U3+u4+05+0g+07+0g+ug

exp [l { eat ( 1803649 B3 ) t 4 9}]’ (2.26)

Li{—+/u
<’H6 —% ’ tanh[x — (a; — 2ka, — 8x3a, — 96K°ag)t]

=14 (’Hlo +1343(,/L1 — y01)

~"

)coth[x — (ay — 2kay — 8k3a, — 96K°ag)t]

2686
—Bstanh®[x — (a; — 2ka, — 8x3a, — 96K°ag)t]
\ +B5coth®[x — (a; — 2Kxa, — 8k3a, — 96K ag)t] J
) ’H7+’Hg+'Hg +U3 +U4+Ul4+015 +Ul6 +Ul7+018
exp [l{ Kx + ( 1803649 53 )t + 9}] (2.27)

( T /G |
ax =1+ (Hm — 1343(JT; - v53)

~~

2686

—Bstanh3[x — (a; — 2ka, — 8k3a, — 96K°ag)t]
+B5coth®[x — (a; — 2ka, — 8k3a, — 96K ag)t]

)coth[x — (ay — 2kay — 8x3ay — 96K ag)t]

. 'Hy +'Hg +'Hg +up0+Up1 +U27 +023+U24 025 +0
exp [l {—Kx + ( 7+ Hg +Hy +0z0 +051 +09p +Ug3 +094 055 26)t + 9}]’ (2.28)
1803649 3
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VL1 ++u
<'H6 + % ’ tanh[x — (a; — 2ka, — 8k3a, — 96K°ag)t]

'Hyg — 1343(4/L1 + /0
qlx,t) = 4+ 2 (VL1 +52) coth[x — (a; — 2ka, — 8k3a, — 96K°ag)t] ¢
2686
—Bstanh®[x — (a; — 2ka, — 8x3a, — 96K°ag)t]
\ +B5coth®[x — (a; — 2Ka, — 8k3a, — 96K ag)t] J
S ‘H7+'Hg+Hg+up0+U21 +031 +032 +U33+U34+U35
exp [l { x + ( 1803649 B3 ) t+ 9}]’ (2.29)
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3. YEREL OLMAYAN NONLINEERLIGE SAHIP YUKSEK
MERTEBELI NONLINEER SCHRODINGER DENKLEMI

3.1. Ana Model
Tiim mertebeden dispersif terimlerinin varliginda nonlineer formuna sahip NLS

denklemi boyutsuz formunda asagidaki gibidir (Biswas vd., 2019f):

iQt + iaqu + A2 xx + ia3qxxx + A4Qxxxx + ia5Qxxxxx + A6 Qxxxxxx + b(lqlz)qu =0 (31)

seklindedir. Burada (3.1) denkleminde q(x,t), x ve t’nin sirasiyla bagimsiz uzaysal ve
zamansal degiskenler oldugu soliton molekiillerini temsil eder. Ilk terim lineer zamansal
gelisimi temsil eder. a;, a,, az, a4, as ve ag modlar aras1 dagilim, grup hiz dagilim,
iiclincii dereceden dagilim, dordiincii dereceden dagilim, besinci dereceden dagilim ve
altinc1 dereceden dagilim katsayilaridir. Son olarak b, yerel olmayan nonlineerligin

katsayisidir. Kompleks degerli q(x, t) fonksiyonu, bagimli degiskeni temsil eden dalga

profilidir. Bu modelde, i= v—1 ve tiim katsayilar reel degerli sabitlerdir.

3.2. Matematiksel Analiz
(3.1) denklemini ¢ozmek icin, benimsenen hipotez asagidaki gibidir (Biswas vd.,
2019f):

q(x,t) = g(g)e™r ™). (32)
Burada g(¢) dalganin seklini temsil eder ve dalga degiskeni v soliton hizi olmak tizere
¢=x-vt (3.3)
seklindedir. Ayrica faz bileseni

p(x,t) = —kx + wt + 0 (3.4)

seklinde yapilanir. Burada (3.4) denkleminde k soliton frekansi, ® soliton dalga sayisi
ve 0 faz sabitidir. (3.2), (3.3) ve (3.4) denklemleri kullanilarak (3.1) denkleminde

bUIuna‘n Qx' qxx 4 qXXX' qxxxx 4 Qxxxxx 4 qxxxxxx 4 qt ve (lqlz)xx terimleri a@agldaki glbl

hesaplanabilir:
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q, = g'e'? — ixge'®
Qux = g € — ixge'? —ix[g e’ — ikge'?|
=[g" —2ixg —K?gle

"

Guex = —ixlg’ — 2ikg’ —x2gle’ +[g" —2ikg" —K*g'le’?

mnr

=[g" —3ikg" —3k?g +ix3gle’?,

Qeex = —iklg —3ikg —3k2g +ix3gle'? +[g® — 3ikg" — 3Kk%g + ix3g']e’?
= [g™ — 4ixg” — 6K%g + 4ik3g + K*glet?,
Qexrnx = —ik[g® — 4ikg” — 6K2g" + 4ik3g + Kk*gle®
+[9® — 4ikg® — 6x2g" + 4ixcg" + K*g'let
= [g® = 5ikg® — 4x%g" + 10ix3g" + 5k*g’ —ik®gle'?,
Qexrrxx = —ik[g® = 5ikg™® — 4k?2g” + 10ik3g" + Sk*g — ix>gle'
+[9® - 5ikg® — 4k2g™® + 10ix3g" + 5K*g" — ix®g']et
= [g® — 6ikg®™ —9?2g™® + 14iKk3g" + 15k*g" — 6i> g’ — kOg]e'?,
g, = —vg'e”’ + iwgp'e'?
(g1 = () ax
= (299"«
=2(g"% +29%g.
Bulunan sonuclar
iq; +1a1Gx + A2Gux + 03qxxy + QGxxx T+ 185q0neex + A6quxxxex +b(191%) _q =0,
denkleminde yazilarak
[ig' — gwle'® + ia;[g — ixgle'®
+a,[g" — 2iKg — K2gle'®

tiaz[g" —3ikg" — 3Ktg +ik3gle'®

18



+ay[g® —4ixg” — 6K2g + 4ik3g + k*gle?

+ias[g® — 5ikg® — 4k?g” + 10ik3g" + 5ktg —ix®gle?

+ag[g® — 6ikg® — 9k2g™® + 14ix3g" + 15x*g" — 6ik5g — KOgle'®
+b(2(g")% +29@g)ge’? = 0

bulunur. Gerekli diizenlemelerle

( lig' — gl + a1lig + kgl + ay[g" — 2ikg’ — K2g] \
+aslig’ +3kg’ —3ik’g —K3g]
+a[g® —4ikg” — 6K%g + 4idg +Kkg]
+as[ig® + 5kg® — 4ix?g” —10k3g" + 5ik*g + K g]
+ag[g® — 6ikg® — 9k2g® + 14ix3g" + 15xk*g" — 6ik5g — k°¢]
\ +(2b(g"%g +29%g?) J

el =0

ve boylece

606]9

+ [i + ia;, — 2ika, — 3ik%as + 4ix3a, + Sik*as — 6ik°aglg’

[—w + kay — k?ay — k3asz + k*ay + KPas — k

+ [a, + 3xa; — 6x%a, — 10k3as + 15k*aglg”
+ [iag — 4ixa, — 4ix?as + 14ix3aglg”"’ + [ay + Skas — 15k%ag] g™
+ [ias — 5ikaglg® + [aglg® + (2b(g)%g + 2gPg?) =0

elde edilir. (3.1) denklemini sirayla reel ve imajiner kisimlarina ayirarak,

Reel kisim:
- <a) + K (K (az + k(a3 — k(aq + kas) + K3a6)))>g

+ (az + k(3az + k(5k(3ag — 2as) — 6a4)))g”
+[as + S5kas — 15k%ag|g® + [aglg® + 2bg?g" = 0. (3.5)

Imajiner kisim:
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(v — a + 2ka, + 3k%a; — 4xk3a, — Sk*as + 6K°ag)g

+ (—a3 + 2k(2a4 + 5k(as — 2ka6))) g

—(as — 6kag)g™® = 0. (3.6)
(3.6) denkleminden
as = 6bkag 3.7)
kisitlama kosulu ve diger kosullar
as = 2x(2a, + 5k(as — 2xag))

__ 4x(Bay+5kas)

3 @9
seklinde ortaya cikar. Boylece solitonun hizi asagidaki gibi bulunur:
v =ay — 2ka; — 3x2az + 4x3ay + S5ktas — 6K°a,
=a, — 2ka, — 3K> [4K(3a4; Sids) + 413a, + 5k*as — 6x° %
=ay — 2ka; — 12k3a4 — 20k*as + 4x3ay + 5ct*as — ktas
=a; — 2k(a; — 4x%ay + 8x3as). (3.9
Bu durumda reel kisim asagidaki gibi diizenlenir:
(3.5) denkleminde (3.7) ve (3.8) denklemleri yerine yazilarak
k[6w — 6Ka; + 6K%a, + 18x*a, + 35k°as]g
+ [BK (Zaz + k%(12a4 + 25Ka5))] g
+[6Ka, + 15k%as]g™® + [as]g® + 12bkg?g” = 0 (3.10)

elde edilir. Simdi, sonraki bolimde genisletilmis Jacobi eliptik fonksiyon agilimi ile
modele yiiksek dereceli dispersif optik solitonlar ortaya ¢ikarmak i¢in (3.10) denklemi
incelenecektir (Petrovi¢ ve Bohra, 2016; Zhang H., 2007; Zhang Z. , 2015).

3.2.1. Genisletilmis Jacobi Eliptik sn Fonksiyon A¢ilim Semasi
Modele soliton ¢oziimler olusturmak i¢in (3.10) denkleminin ¢6ziimii asagidaki
gibi alinir (Biswas vd., 2019f):
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N N

glx,t) =g(g) = Zajsnfg+z,8jsn‘f§. (3.11)
j=0 j=1

Burada a, aj ve Bj (j = 1,2,...,N) belirlenecek sabitlerdir. (3.10) denkleminde

g%g" ile g(® dengelenerek yani bu terimler arasinda balans islemi yapilarak

2N+N+2=N+6
2N=4 => N=2
elde edilir. Boylece formal ¢6ziim

g(c) = ag + aysng + aysn?g + B—1+ 522 )
sng  sn’g

seklini alir. (3.12) denklemi (3.10) denkleminde yazilarak ve elde edilen cebirsel

(3.12)

denklem sistemi ¢oziilerek asagidaki ¢oziim setleri elde edilir.
Set-1
=0, a =0, a=-pm B =0, [r=/p,

_ 1260a;k+bB5(25K5—336 k* +560K2+768m3+80 (7K2+36)m2—16m1; +768)
N 1260 ’

bB2(75k* — 672K? + 560m? — 112(6K? + 35)m + 560)

aAy) = )
2 1260
bfz(-75k% + 112m + 112)
ay, = — )
1260
bk 33
= - . 3.13
as 12 (3.13)
Set-2

B 2(By(m3 +23m? +23m + 1) + 1,)
71

a, =0, ay=pym, P =0, pr=Ppy

ag =

)

_ 8820Ka1[% + bﬁz(ﬁz (—48m514 + m4l5 + 4m3l7 + 6m218 + 4ml6 + ll()) - 96l2 l3)

w 2
882012

)
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bﬁz (ﬁz (37714112 + 4‘m3l14 + 6m2115 + 12mll3 + l16) - 96l2l11)

a, =

882013 ’
_ bBy(Bo(75k% — 16m® + (75k* + 528)m” + 6(175k” + 88)m — 16) + 961,)
%= 12601, ’
bk 3
=— : 3.14
as 2 (3.14)
Set-3

Bo(4m3 +m2 + m+lg+4)
ay = —
0 141,

a, =0, a,=0, B =0, pr=0p,

)

8820k a,l3; + bﬂ;(m“ul — 2m3uy + 3m2u3 — 2muy + Ly + Us)
w =

882014, ’
bB3(2m3ug — 3m?ug + 6mu; — 336K%(3l1g — 2) + 40(3l15 — 86) + L)
a, = )
2 882012,
b2 (75Kk% — 16m® + 3(25k2 + 8)m? + (24 — 75k*)m + 24l,5 — 16)
Ay = )
4 12601,
bxp3
ag = — : 3.15
5 2 (3.15)
Set-4
a,(4m3 + m?> + m+ g+ 4)
ayg = — ,

14ml,,

a, = 0, a, = ay, ﬁl =0, ﬁz =0,

8820Km2a1l%7 + bas(m*uy — 2m3uy + 3m2u3 — 2muy + Lo + Us)
w =

882014, ’
ba?(2m3ug — 3m?ug + 6mu; — 336K%(3lg — 2) + 40(31,5 — 86) + Iyy)
a, = )
2 8820m212,
ba3(75k% — 16m> + 3(25K% + 8)m? + (24 — 75k?)m + 2415 — 16)
a4_ = )

1260m?2l,,
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a5 =7 (3.16)
Burada

u; = 175k% + 840x* + 20100k? — 672(l15 + 10)

U, = 175k% + 84x*(3l15 — 5) + k2(5160 — 901,5) — 672(l;g — 7)

ug = 175k® + 56K*(3l15 — 2) + 20k% (615 + 335) — 672(l;5 — 6)

Uy = 175k® + 168x* + 20k? (313 + 575) — 672(l;g — 5)

v = 168x*(3l1g — 2) — 40x?(3l1g — 86) — 672(l1g — 4)

vg = 525k* + 336K2 + 6015 + 11500

u; = 175k* + 56K2(3lig — 5) — 301, + 1720

vg = 525k* + 112k2(3L1g — 2) + 6015 + 6700 (3.17)

I, = 21x* + 245Kk? — 180

I, = \/ﬂzz(m6 + 39m5 + 603m* + 2810m3 + 603m?2 + 39m + 1

l; = —21k* + 5k2 + 28m* + m3(5k? + 784) — 3m?(7x* + 55k? — 1848)
+ m(—294k* — 165k + 784) + 28

l, = 7k* + 2830K? + 42504

ls = 175k% + 6384k* + 2067600k — 19969152

le = 1225k® + 1596k* + 339602 — 3360

l; = 1225k® + 41496k* + 2419120k2 — 4992288

lg = 5775k° + 27664Kk* + 344600K? — 340032

lo =m?+14m+ 1

Lo = 175k® — 36K* + 3440K? + 2688m’ + 80m®(43x? — 68) + 2688
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ly; = —42Kk?% + 5m3 — 3m?(14k? + 55) — 3m(196«k? + 55) + 5
li, = 175k* + 4256K% + 689200

i3 = 1225k* + 1064k% + 11320

i = 3675k* + 82992k? + 2419120

lis = 17325k* + 55328k2 + 344600

Lie = 525k* — 672K% + 3440m® — 96m° (7k? — 1415) + 3440

l17 =m2—m+1

lig = /16m® — 48m5 + 93m* — 106m3 + 93m? — 48m + 16
lig = 175k° + 2688m” + 16m®(215x? — 588) — 48m>(7k* + 215x% — 252)

l,o = —525k* — 3440m® + 48m°(215x? — 588) — 15m*(35k™* + 112x? + 1340)
(3.18)

Sonug olarak asagida listelenen Jacobi eliptik fonksiyon ¢oztiimler elde edilir:

(x,t) = {—mﬁzsnz[x —{a; — 2x(a, + 4x’a, + 8K3a5)}t]}
TEEZ 4 pyms?lx — {ag — 2x(ay + 4x2ay + 8k3as)}t]

exp [i {—Kx n (1260Ka1+bﬁ22(25K6—336x4+560x21;r67068m3+80(7x2+36)m2—16m11+768)t n 9}]
(3.19)

If _2(Bp(m® +23m? +23m + 1) + 1) \I

71
at) = ! 0
|

| +mpBysn?(x — {a; — 2x(ay + 4K*a, + 83 as)}t]
k +B,ns?[x — {a; — 2k(a, + 4Kx2a, + 8x3ag)}t] )

(L 1260 ka1 L3+ By (By(—48m5 ly+m* s +4m3 L, +6m2lg+4mig+ly)—961, 13
exp [l{ KX+ ( 882013 )t + 9}]
(3.20)
'32(47713 + Tn2 +m+ l18 + 4)
q(x,t) = 141,
+B,ns%[x — {a; — 2k(a, + 4x%a, + 8x3as)}t]
S 8820}ca11%7+bﬁ22(m401—2m3U4+3m203—2m02+119+05)
exp [l{ Kx + ( 8820, ) t+ 9}], (3.21)

24



_ a2(4m3+m2 +m+lqg +4)
14147

q(x,t) = { + aysn?[x — {a; — 2x(a, + 4x?a, + 8K3a5)}t]}

8820k ay 117+bad (m*uy —2m3u4+3m2u3 —2muy +1yg+0s5) 961513
8820m21>,

exp [i{—;cx + ( )t + 9}].(3.22)

3.2.1.1. Soliton Coziimler

Bu boliimde; eliptik modiiliin sinir degerleri géz 6niine almarak, 6nceki boliimde
listelenen ¢ift periyodik fonksiyonlardan soliton ¢oziimler elde edilecektir. (3.19)-(3.22)
denklemlerinde m modili 1’e yaklasirken yani m — 1~ iken koyu-tekil birlesik

dispersif solitonlar ortaya ¢ikar:

q(x,t) = By (coth?[x — {a; — 2x(a, + 4x?a, + 8x3as)}t]
— tanh?[x — {a; — 2x(a, + 4x?a, + 8x3as)}t])

bB2(25k°—672K*—2800 k247296
B3 ( )t n 9}]

exp [i{—lcx+(a1}c+ Foco

(3.23)

q(x,t) = 4f,csch?[2(x — {a; — 2x(a, + 4x?a, + 8x3as)}t)]

bB%(25K%—1344k*+8960 K% —49152
B3 ( )t n Q}]

exp [i {—Kx + (a1;c + 1260

(3.24)

q(x,t) = Bycsch?[x — {a; — 2x(a, + 4x?a, + 8x3as)}t]

bﬁzz(25k6+336K4+560K2—768)t + 9}]

exp [i {—Kx + (alrc + 1260

(3.25)
q(x,t) = —aysech[x — {a; — 2k (a, + 4x%a, + 8x3as)}t]

exp [i {—Kx + (a1}c + bﬂg(zs’xéﬁiizy%oK2_768) t+ 9}] (3.26)

3.2.2. Genisletilmis Jacobi Eliptik cn Fonksiyon Ac¢ilim Semasi
Modele soliton ¢oziimler olusturmak i¢in (3.10) denkleminin ¢éziimii asagidaki
gibi alimir (Biswas vd., 2019f):

N

N
glx,t) =g(g) = Za]-cn/g+ Bjens. (3.27)
=1

j=0
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Burada ag, aj ve Bj (j = 1,2, ..., N) belirlenecek sabitlerdir. (3.10) denkleminde
g® ile g(g)? veya g?g" dengelenerek yani bu terimler arasinda balans islemi

yapilarak

3N+2=N+6

2N=4 = N=2

elde edilir. Boylece formal ¢6ziim

B | B2
=ag + + apen®c + + :
g(¢) = ag + a;eng + azen®g cnc cnig

(3.28)

seklini alir. (3.28) denklemi (3.10) denkleminde yazilarak ve elde edilen cebirsel

denklem sistemi ¢oziilerek asagidaki ¢oziim setleri elde edilir.
Set-1

a,(10m3 — 15m? + 13m + [; — 4)
14ml,

a0= )
a =0, ay=a, p1=0, Pp,=0,

3 8820 km?l5 + ba3(m*v; + 2m3u, — 3m?us + 2mu, + I3 + us)

w > ,
8820m21;
ba2(15m*ls — 2m3lg + 3m2l, — 30mlg + 12,1, + L)
a, = — )
2 8820m212
ba’(75k% — 16m> + 3(25k? + 8)m? + (24 — 75k?)m — 241, — 16)
A, = — )
* 1260m2l,
baj 3.29
a5 - 42m2 ( . )
Set-2
2(a,(48m3 — 72m? + 26m — 1) + 1;,)
ayg = — )
0 7mly,
a(m-1)
@ =0, m=a, Pp=0, pf="—,
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_ 8820a1szl%1 + baz(az(—512m3ll6 + 96mzl17 — 32m115 + l18 + 06) + 96110112)

w 2
8820m?2l14
Ar = — ’
2 8820m212,
__ bay(ay(=75k*+1024m>—48(25k *+32)m” +240 (5K *+2)m+16) +96l1)

a4 = 1260m2ly, ’

ba?x 3.30
aS - 42m2 ( . )
Set-3

a(m—1)
=0, a=0 a=ay p =0, ﬁzz—zT:
1260a;km? + ba(25k® — 336K* + 5602 — 7296m> + lys + L, + 768)
w = )
1260m?
ba?(—75k* + 672K% + 2800m? — 112(12k? + 25)m — 560)
%2 = 1260m? ’
ba?(75k% + 224m — 112)
a, = )
1260m?

ba%x 331

ag = — . .
> 42m? (3:31)

Set-4

B (10m3 — 15m? + 13m + [, — 4)
ayg = — ,

141,,
ar =0, a,=0, B =0, pr=p,

8820a;kl5; + bﬁé(m“ul + 2m3u, — 3m2u3 + 2muy + I3 + Ug)

w 2.2 )
8820(m — 1)°l5
bB3(15m*ls — 2m3lg + 3m?l; — 30mlg + 1211, + lg)
a, = — 272 )
8820(m — 1)215
bB3(75k% — 16m> + 3(25K? + 8)m? + (24 — 75k*)m — 241, — 16)
a, = )

1260 (m — 1)°L,
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bRk

s =~ 17 (3.32)
Burada

u; = 175k® + 840k* + 20100k?% + 672(l; — 10)

U, = —175k°® — 168k* + 20k%(3l; — 575) — 672(l; + 5)

ug = —175k® + 56K* (31, +2) + 20x%(3l; —335) — 672(14 + 6)

Uy = —175k® + 84k*(3l; +5) — 30k2(3l; +172) — 672(ly + 7)

vs = —168k*(31; + 2) + 40k%(31; + 86) + 672(1; + 4)

Ug = 1280m*ly, — 49152m°l4 (3.33)

I, = /16mb — 48m5 + 93m* — 106m3 + 93m? — 48m + 16
L=m?-m+1

l; = 175k® + 2688m’ + 16m°®(215k? — 588) — 48m°(7k* + 215k? — 252)
l, = —84Kk? 4+ 10m3 — 3m?(28x% + 5) + 3m(28x? — 5) + 10

ls = 35k* + 112x% + 1340

lg = 35k* — 56K2 + 344

I, = 525k* — 224K% + 6700

lg = 525k* + 336K + 11500

lo = 525k* — 672K? + 3440m® — 48m°>(14x? + 215) + 3440

lio = \/a%(4096m6 — 12288m5 + 13056m* — 5632m3 + 813m?2 — 45m + 1)

lj; = 16m? —16m + 1

L, = —21k* + 5k% + 7168m* + 64m3(5k? — 244) — 48m?(7x* + 10k? — 168)
+ 2m(168k* + 75k — 448) + 28
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iz = 7* + 860k% — 4116

lia = 35k® + 672K* + 35088K% — 94080
Lis = 175k% + 147k* + 4890K? + 168

Lig = 175k° + 1365k* + 37840K? — 59136
li; = 525k° 4+ 1960k* + 29150k2 — 21504

Lig = 175k° — 336Kk* + 3440K? + 44040192m’ + 65536m°®(215k% — 2352)
+ 2688

Lig = —42Kk? + 320m3 + 96m?(7k? + 5) + 6m(112k2 + 25) + 5

l,o = 35k* + 448K? + 11696 (3.34)
l,; = 105k* + 546K + 7568

l,, = 175k* + 98k? + 1630

l,3 = 315k* + 784K? + 5830

L,y = 525K* — 672K% + 14090240 m® — 98304m° (72 + 430) + 3440

l,s = 16m(42x* + 175x% — 324)

—16m?(175k% — 684)

o~
N
(o)}

I

L, =m3—-2m?+2m—1 (3.35)

Bu sonuglar yardimiyla, (3.1) denkleminin Jacobi eliptik fonksiyon ¢oziimleri

asagidaki gibi listelenir:

a,(10m3 —15m? + 13m + 1, — 1)
14ml2

Q(x, t) = {_

+ azen?[x — {a; — 2k (ay + 4x?ay + 8K3a5)}t]}

8820alkmzlg+ba%(m401+2m302—3m203+2m04+l3+05)—96lzl3))t + 9}]
)

exp [i {_Kx + ( 8820 m2(2

(3.36)
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2(a,(48m3 — 72m? + 26m — 1) + lyp)
CI(x» t) =1 7m111
+ aycn?[x — {a; — 2k(a; + 4x%ay + 8k3as)}t]
a,(m—1
+ %ncz[x —{a; —2x(ay + 4x2a, + 8K3a5)}t]}
N 8820 a1km?21%; +ha, (ay(—512m311+96m? 117 —32mlys +l1g+ug)+96119112
exp [l { Kx + ( 8820m21%, )t ¥ 6}],

(3.37)

q(x,t) = {azcnz [x — {a; — 2x(ay + 4x?ay + 8x3as)}t]

n az(m—1)

- nc?[x — {a; — 2x(ay + 4xla, + 8K3a5)}t]}

(1260 alxm2+ba§(25x6—336x4+560x2—7296m3+125+126+768))) ¢4 9}]
1260 m?2 ’

exp [i {—Kx +
(3.38)

ﬁz(loms - 15m2 + 13m + l1 - 4)
141,

ﬂ%ﬂ={

+ Bonc?[x — {a; — 2k (a, + 4x%a, + 8K3a5)}t]}

[ 8820alfcl%7+b[>’22(m401+2m302—3m203+2m04+l3+05)
exp [l{ Kx + ( 5620 (m 1712 )t + 6}] (3.39)

3.2.2.1. Soliton ¢oziimler

m — 17 i¢in, parlak dispersif soliton ¢oziimler ortaya ¢ikar:

4
q(x, t) = ay (—; + sech?[x — {a; — 2x(a; + 4Kx%a, + 8K3a5)}t]>

, br?ad(35k*~3361%+592
exp [l {—Kx + (alzc + e )t + 9}] (3.40)
q(x,t) = azsech?[x —{a; — 2k(a, + 4x%a, + 8x3as)}t]

exp [i {—Kx + (a1K + ba%(25K6+331223+560K2_768) t+ 9}] (3.41)
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3.2.3. Genisletilmis Jacobi Eliptik dn Fonksiyon A¢ilim Semasi
Modele soliton ¢oziimler olusturmak igin (3.10) denkleminin ¢éziimii asagidaki

gibi alinir (Biswas vd., 2019f):

N N
glx,t) = g(o) = Z a;dnf ¢ + ZB]- dn=g. (3.42)
=0 =1

Burada ao, a; ve B (j = 1,2, ..., N) belirlenecek sabitlerdir. (3.10) denkleminde
g® ile g(g)? veya g2?g"" dengelenerek yani bu terimler arasinda balans islemi

yapilarak

3N+2=N+6

2N=4 = N=2

elde edilir. Boylece formal ¢6ziim

B B2
= oy + aydng + a,dn?g + —— + ,
g(6) = ag + aydng + a,dn”g dnc | dng

(3.43)

seklini alir. (3.43) denklemi (3.10) denkleminde yazilarak ve elde edilen cebirsel

denklem sistemi ¢oziilerek asagidaki ¢oziim setleri elde edilir.
Set-1

a;(—4m3 + 13m? — 15m + [, + 10)
141, '

CZO:
ar =0, ay=ay; p1=0 p,=0,

_ 8820(11}(:[% + ba%(m401 + 2m302 - 3m203 + 2m04 + l3 + 05)

w

882015 ’
ba2(15m*ls — 2m®l, + 3m?l, — 30ml, + 1211 + Io)
“2 = 882012 '
_ baj(75k% — 16m® + 3(25k? + 8)m? + (24 — 75k*)m — 241, — 16)
% = 12601, ’
bazzic 3.44
Ae = — . .
5 12 (3.44)
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ag = O, a, = 0, a, = ay, ﬁl = O, ﬁz = az(m - 1),

_ 1260a;k + ba3(25k8 + 672K* — 2800K2 + 768m3 + 1 + Iy — 7296)

w 1260

ba?(75k* + 1344K? + 560m? — 112(6K% — 25)m — 2800)
%2 = 1260 ’

ba?(—75k% + 112m — 224)
A, = — )

4 1260

ba?x

as = — .
42
Set-3
2(L; — az(m® — 26m? + 72m — 48)

aO = )

713

a1 =0, ay=a;, p1=0, Br=a(m-1),

(3.45)

_ 8820611!(?1%3 + baz(az(m“lg + 967712[20 = 5127?1118 + 256119 + 06) + 96[12[14)

w

8820135
o = bay(az(3m*ly—160m3ly3+480m?ly5 —7680mly; +256156+177)+96l15121)
2= 8820 12, ’
o = bay(a(16(64—75k%)+16m3 +(480—75k2)m?+48(25k%~32)m)+961;,)
4= 1260 13 ’
ba?x
as = — .
42
Set-4
B, (4m3 — 13m? + 15m + [, — 10)
ayg = — ,

141y
ap =0, a=0, B =0 p=p,

8820a1szl%8 + bﬁ;(m‘*(n — 2m3010 + 3m209 — Zng + l3 + 011)

w =
8820 (m — 1)°15

J

bB2(15m*ls — 2m3l; + 3m?lg — 30ml, — 1211 + L)
8820(m — 1)2[2 ’

a, =

32
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bBZ(75Kk% — 16m® + 3(25k2 + 8)m? + (24 — 75k?)m + 241, — 16)

%4 1260 (m — 1)21, ’
2
as = —42(:3—2_'(1)2. (3.47)
Burada
U, = 175k° + 840k* + 20100x2 + 672(l; — 10)
U, = —175k® — 168x* + 20k%(3l; — 575) — 672(l; + 5)
ug = —175k® + 56K*(31; + 2) + 20k2(3l; —335) — 672(4 + 6)
vy = —175k® + 84k*(3l; +5) — 30k2(3l; +172) — 672(l4 + 7)
vs = —168Kk*(31; + 2) + 40k% (31, + 86) + 672(1; + 4)
Ug = 2688m7 + 16m°(215k% — 336) — 48m°l;s — 160m31;
U; = 175k® + 8400k* + 20100x% — 672(l; + 10)
vg = 175k® + 84x*(3l; — 5) + k?(5160 — 901,) — 672(l; — 7)
Ug = 175k° + 56x*(3l; — 2) + 20k%(3l; + 335) — 672(l; — 6)
U1p = 175k° + 168k* + 20x2(3l; + 575) — 672(l; — 5)
U1y = —336K* + 3440K? + 24(21k* — 5k% — 28)1; + 2688 (3.48)

l; = /16m® — 48m5 + 93m* — 106m3 + 93m?2 — 48m + 16
L=m?-m+1

l; = 175k% + 2688m7 + 16m®(215x? — 588) — 48m>(7x* + 215k% — 252)
l, = 35k* — 56K% + 344

ls = 35k* + 112x% + 1340

le = 35k* — 224K? + 6700

l; = 525k* + 336K + 11500
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lg = —84K? + 10m3 — 3m?(28k? + 5) + 3m(28k? — 5) + 10
lo = 525x* — 672K?% + 3440m°® — 48m>(14x? + 215) + 3440
lip = 16m?(35k2 — 324)

li; = —16m(21x* — 175k? — 684)

li, = \/a%(m6 — 45m> + 813m* — 5632m3 + 13056m?2 — 12288m + 4096)

li; =m? —16m + 16

L4 = —336K* + 320K2 + 28m* + m3(5k? — 896) + m?(—21k* + 150x? + 8064)
+ 16m(21x* — 30k% — 896) + 7168

Lis = 7k* + 32602 + 43008

L = 35K% — 1176K* + 121088k2 + 752640

li; = 175k° — 4704k* + 27984002 + 30277632

Lig = 175k° — 1680k* + 82560k2 + 301056

lig = 175k® — 1344K* + 55040K2 + 172032

l,o = 525k° — 7280k* + 46840k? + 2107392 (3.49)

l,; = —672K? + 5m3 — 6m?(7x? — 25) + 96m(7x? — 5) + 320

l,, = 35k* — 224K? + 5504

l,3 = 105k* — 2352K2 + 121088

l,s = 175k* — 3136K2 + 932800

l,s = 315k* — 2912x? + 93568

l,e = 525k* — 2688K?2 + 55040

l,; = 3440m® — 96m°(7x? + 1630)

lLg =m3—2Kk?>+2m—1 (3.50)
Bu sonuglar yardimiyla, (3.1) denkleminin Jacobi eliptik fonksiyon ¢oziimleri

asagidaki gibi listelenir:
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a;(—4m3 + 13m? — 15m + [ + 10)
141,

CI(x, t) = {_
+ aydn?[x — {a; — 2x(a, + 4x’a, + 8K3a5)}t]}

. 8820 aqkl5+ba(m*uy+2m3u,—3m2uz+2mus+iz+u
o[ e (Sl il mtad))
2

q(x,t) = {ay,dn?®[x — {a; — 2x(ay + 4x%a, + 8k3as)}t]
+ ay(m— Dnd?[x — {a; — 2k(a, + 4x%a, + 8k3as)}t]}

(3.51)

. 1260 ajk+ba’(25k6—672Kk*—2800 K2 —-768m3+11y 4111 —7296
exp [l {—Kx + ( verbag( —o 04 )) t+ 9}], (3.52)

2(l1; — ay(m® — 26m? + 72m — 48))

q(x, t) = {—
+ aydn?[x — {a; — 2x(a, + 4x?ay + 8x3as)}t]

+ a,(1—m)nd?[x — {a; — 2x(a, + 4x’a, + 8K3a5)}t]}

. 8820 aq ki3 +bay(ay(m*ly;+96m2ly0—512mlig+256l19+0g )+961151
exp [l {—Kx + ( 1kli3 2(az(m*ly7 88202102 18 1946) 12 14))t + 9}],
13

(3.53)

Bo(4m3 — 13m? + 15m + [; — 10)

CI(X, t) = {_

+ Bond?[x — {a; — 2k(a, + 4K’a, + 8K3a5)}t]}

exp [i {—KZX + (8820 alkl%g+bﬁ22(m407—2m3010;32m209—2m08+l3+011)) £+ 9}] (354)
8820 (m—1)213

3.2.3.1 Soliton Coziimler

m — 17 ise, parlak dispersif soliton ¢éziimler ortaya ¢ikar:

4
q(x, t) = ay (—7 + sech?[x — {a; — 2k(a; + 4K%a, + 8K3a5)}t]>

exp [i {—Kx + (a1}c + sza%@Si:‘f%szgz) t+ 9}], (3.55)

q(x,t) = azsech?[x — {a; — 2k(a, + 4x%a, + 8x3as)}t]

exp [i {—Kx + (a1}c + ba%(25K6+33122;+560K2_768) t+ 9}] (3.56)
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4. KUBIK-KUINTIK-SEPTIK YASASINA SAHIP YUKSEK
MERTEBELI NONLINEER SCHRODINGER DENKLEMI

4.1. Ana Model
Kiibik-kuintik-septik yasa varliginda, nonlineer formuna sahip NLS denklemi

boyutsuz formunda asagidaki gibidir (Biswas vd., 2019a):

iqt + ial qx + A2xx + ia3 Qxxx + A4 Gxxx + iaS xxxxx + A6 Qxxxxxx
+(bylql* + b2q|* + b3lq|®)q = 0 (4.1)

Burada, (4.1) denkleminde bagimli degisken q(x,t), x ve t nin sirasiyla
bagimsiz uzaysal ve zamansal degiskenler oldugu soliton profilini temsil eder. Ilk terim

lineer zamansal gelisimi temsil ederken, 1 < j < 6 icin a; swrastyla modlar arasi

dagilim, grup hiz dagilim, igilincii dereceden dagilim, dordiincii dereceden dagilim,
besinci dereceden dagilim ve altinci dereceden dagilim katsayilaridir. Daha sonra, by,b,

ve b; terimleri birlikte kiibik-kuintik-septik nonlineerlik yasasini olusturur. Bu

katsayilarin hepsi gergek degerli sabitler ve i = v—1.

4.2. Matematiksel Analiz
(3.1) denklemini ¢6zmek i¢in, benimsenen hipotez asagidaki gibidir (Biswas vd.,
2019a):

q(x,t) = g(g)ev ™D, (4.2)

Burada g(¢)dalganin seklini temsil eder ve dalga degiskeni v soliton hizi olmak

uzere

¢=x-vt (4.3)
seklindedir. Ayrica faz bileseni:

p(x,t)=—kx +wt+ 06 (4.4)

seklinde yapilanir. Burada (4.4) denkleminde k soliton frekansi, @ soliton dalga sayisi
ve 0 faz sabitidir. (4.2), (4.3) ve (4.4) denklemleri kullanilarak (4.1) denkleminde

2 4 H s
bulunan qy, e, Grxx s Qoxex » Qo » Qe » e 1912, 1q1* ve |q]® terimleri;
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4 = g'e'’ — ikge'
Qux = g € — ixge'? —ix[g e’ — ikge'?|
=[g" —2ixg — Kk%gle”

"

Qo = —iklg —2ikg —x2gle’ +[g" —2ikg —KZg'le'®

mnr

=[g" —3ixg" —3Kk?’g +irx3gle'

Qe = —iklg —3ikg —3k2g +ix3gle'? +[g® — 3ikg" — 3Kk2g + ix3g']e’®
= [g™ — 4ixg” — 6K%g + 4ik3g + K*glet®

Qexrnx = —ik[g® — 4ikg” — 6K2g" + 4ik3g + Kk*gle®
+[9® — 4ikg® — 6x2g" + 4ixcg" + K*g'let

=[g® —5ikg™ — 4k2g" + 10ik3g" + 5k*g’ — ik>gle

Qxxxxxx = _ik[g(S) - SiKg(4) - 4K29W + 10iK3g” a= 5K4g, - iKSg]ei(p
+[9® - 5ikg® — 4k2g™® + 10ix3g" + 5K*g" — ix®g']et

= [g©® — 6ikg®™ —9?2g® + 14ik3g" + 15k*g" — 6ix>g’ — k®g|e'?

q. = —vg'e" + iwgp'e?

lq|* = g2,
lq|* = g*,
lq1° = g°.

Bulunan sonuglar

qe +1a1qx + Axqxx +1A3qxxx T AGuxxx + 105 Quxrxx + A6 Grxxxxx
+(bylql? + bz1q|* + b31q|®)g = 0

denkleminde yazilarak

lig' — gwle'® + ia;[g — ixgle'®

+aylg" — 2ikg — K*gle?
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+iaz[g” —3ikg —3x%g +ik3gle?
+ay[g® —4ig” — 6K?2g + 4ik3g + k*gle?
+ias[g® — 5ikg® — 4k?g” + 10ik3g" + 5ktg —ix®glel?
+a6[g®@ — 6icg® — g™ + 14ix3g" + 15ktg” — 6ik®g  —kCgle™s
+(blgz + b2g4 + b3g6)gei¢ =0

bulunur. Gerekli diizenlemelerle

( lig' — gwl + a;lig’ + Kg] w

+ay[g’ — 2ikg — Kk2g]

+aslig” +3kg’ —3iktg —Kk3g]

; +as[g® —4ixg” —6r*g + 4iK’g +K*g] 0G0 =

+as[ig® + 5kg® — 4ik?g" —10x3g" + 5iktg + xg]

+ag[g® — 6ikg™ — 9k2g™® + 14ix3g" + 15x*g" — 6ik®g — kO¢]
\ +(b1g3+bzgs+b3g7) J

ve boylece

[—w + kay — k?ay — k3as + k*ay + K2as — k®aglg
+ [i + ia; — 2ika, — 3ik%as + 4ix3a, + Sik*as — 6ik°aglg’
+ [a, + 3ka; — 6K%a, — 10k3as + 15k*ag]g"”
+ [iaz — 4ika, — 4ik%as + 14ix3ag)g"" + [a4 + 5xas — 15x%ag]g®
+ [ias — 5ikaglg® + [aglg® + (b1g® + byg® + b3g”) = 0

elde edilir. (4.1) denklemini sirasiyla reel ve imajiner kisimlara ayirarak.

Reel kisim:
— <w + K (K (az + K(a3 — k(ay4 + kas) + ;c3a6))>>g

+(b1g3 + bag® + b3g”) + (az + 3kaz — 6K%a, — 10k3as + 15k*ag)g”
+[ay + 5kas — 15k%ag| g™ + [ag]lg®© =0 (4.5)

Imajiner kisim:
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(v — ay + 2Ka; + 3Kaz — 4Kk3a, — Sktas + 6K°ag)g

+ (—a3 + 2k(2a4 + 5k(as — ZKae,))) g

—(as — 6xag)g™ =0 (46)
(4.6) denkleminde,
as = 6kag @4.7)
kisitlama kosulu ve sonra diger kosullar
as = 2x(2ay + 5k (as — 2xag))

_ 4Kx(3ays+5kas)
= fxGeeroas) (48)

seklinde ortaya cikar. Boylece solitonun hizi asagidaki gibi elde edilir:

v =ay — 2ka; — 3x2az + 4x3ay + S5ktas — 6K°a,

= a; — 2Ka, — 3K? [4K(3a4;— Skds) + 4K3ay + 5k*(ag) — 6K5%
=ay — 2kay — 12K3a4 — 20k*as + 4x3ay + 5x*as — k*as
=a; — 2ka, — 8x3a, — 16k*as. (4.9)
Bu durumda reel kistm asagidaki gibi diizenlenir:
(4.5) denkleminde (4.7) ve (4.8) denklemleri yerine yazilarak
—k[6w — 6Ka; + 6K%a; + 18k*ay + 35k°as|g
+6b1Kg> + 6bykg® + 6b3Kkg’
+3k[2a, + 12Kk%ay + 25K3%as|g”
+3x[2a, + 5xas]g™® + [as]g® = 0 (4.10)

bulunur. Simdi sonraki bolimde genisletilmis Jacobi eliptik fonksiyon agilimi ile
modele yiiksek dereceli dispersif optik solitonlar1 ortaya ¢ikarmak igin (4.10) denklemi
incelenecektir (Abdou ve Elhanbaly, 2007; Petrovi¢ ve Bohra, 2016; Zhang H., 2007;
Zhang Z., 2015).
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4.2.1. Genisletilmis Jacobi Eliptik sn Fonksiyon A¢ilim Semasi
Modele soliton ¢oziimler olusturmak igin, (4.10) denkleminin ¢oziimii asagidaki
gibi alinir (Biswas vd., 2019a):

N N

glx,t) =g() = Z ajsn ¢+ Z,Bjsn‘fc. (4.11)
=0 =1

Burada ay, aj ve Bj (j = 1,2, ..., N) belirlenecek sabitlerdir. (4.10) denkleminde

g©® ile g7 dengelenerek yani bu terimler arasinda balans islemi yapilarak
IN=N+6
6N=6 > N=1

elde edilir. Boylece formal ¢6ziim

B1
= + + —, 4.12
g(c) = ap + aysng sn G ( )

seklini alir. (4.12) denklemi (4.10) denkleminde yazilarak ve elde edilen cebirsel

denklem sistemi ¢oziilerek asagidaki ¢oziim setleri elde edilir.
Set-1

ay=0, a; =0, p;=07p,

_ 6ayk?—6ak(—3k*+Im2+10K? (m+1)+6m+9)+2asly +3b fE k(K> +m+1)
- 6K ’

(12 a4x(3x2—5m—5)+a5(75x4—150x2(m+1)+7m(13m+62)+91)+3b1ﬁ§;c)
a, = — )
6K

4(5a,(=3K* + 7m + 7) — 6a,K

2 B;LK_ )

b — _ 120as (4.13)
’ prx '
Set-2

ag = O, a = aq, ﬁl = 0,

w = 6rem(ag k—ay(—3x*+9m? +10k% (m+1)+6m+9)+2asml 1 +3by a? k(x> +m+1)
- 6xkm

7

40



(—12a4xm(=3k2+5m+5)+asm(75k*~ 1502 (m+1) +7m(13m+62)+91)+3b i k)

a2 = 6km ’
4m*(5a,(=3Kk* + 7m + 7) — 6a,k
2 = 4 )
aK
120asm3 (414)
3 alk '
Set-3
=0, a=—Fn/m, B =p,
w = 2a5 (20K —75x* (m—6ym+1)—2K21,+1516)+3b1 B k(12 +m —6v/m +1)+6kl,
- 6K !
_ (12a4x (=32 +5m—30Vm+5)+as (— 75k *+150k2 (m—6vm+1)—7lg)—3b1 - k)
a2 = 6K !
4(auk + 5a5(3x% — 7m + 42v/m — 7))
bz = - 4 )]
BK
by = 2205 (4.15)
B |
Set-4
a =0, a;= ﬁﬂ/E, B = B,
w = 2a5 (20K —75k* (m+6/m+1)+2K%15+1517)+3b1 B2 k(K2 +m+6vVm+1)+6kl3
- 6K !
_ (12a 4k (+3K2=5(m+6vm+1))+as(75k*~ 150k 2(m+6vm+1)+719)+3b1 B2 k)
az = 6K !
; 4(5as(—3x? + 7m + 42Vm + 7) — 6a,k)
2 — ‘le}K )
120as (4.16)
3 = — . .
prx
Burada

l; = 20K — 75k*(m + 1) — 2k?(m(11m — 86) + 11)
+15(m+1)(m+3)(3m + 1)
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l, = ayic + a,(3x* + 60m3/%2 — 9m? — 10K%(m — 6vVm + 1) — 246m + 60vVm — 9)
3
Iy = ayc — ag (=3ic* + 60m2 + 9m? + 10K2(m + 6v'm + 1) + 246m + 60Vm + 9)
3
l, = 300mz + 11m? — 446m + 300Vm + 11

ls = 300m: — 11m? + 446m + 300V — 11
le = (Vm—3)(3vm—1)(m - 14vm+ 1)(m — 6vm + 1)
;= (m+3)(3¥m+1)(m+ 14vm + 1)(m + 14Vm + 1)

3
lg = —300m2z + 13m? + 782m — 300vm + 13

3
lo = 300m2 + 13m? + 782m + 300vm + 13 (4.17)
Sonug olarak asagida listelenen Jacobi eliptik fonksiyon ¢oziimleri elde edilir:

q(x,t) = {Bins[x — {a; — 2ka, — 8x3(a, + 2kas)}t]}

{ 6aik2—6a,k(—3k*+9m2+10k2(m+1)+6m+9)+2acl; +3b1 B2k (k2 +m+1
exp[l{_Kx_l_( 1 ax( ) )+2asly+3b1 BT K( ))t+9}],
K

(4.18)

q(x,t) = {aysn[x — {a; — 2xa, — 8x3(ay + 2xas)}t]}

6Kkm (alk—a4(—3k4+9m2+101c2(m+1)+6m+9)+2a5ll+3b1a%K(K2+m+1)) t+ 9}]
)

6Km

exp [i {—KX + (
(4.19)

q(x,t) = {fins[x — {a; — 2ka, — 8k3(ay + 2Kas)}t]
— Bivmsn[x — {a; — 2ka, — 8k3(ay + 2Kas)}t]}

exp [i {—xx n (Zas(20K6—75K4(m—6\/rW+1)—2K214;516)+3b1312;<(x2+m—6\/ﬁ+1)+6x12) 4 6}]

(4.20)
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q(x,t) = {Bins[x — {a; — 2ka, — 8k3(ay + 2Kas)}t]

— Bivmsn[x — {a; — 2ka, — 8k3(a4 + 2Kas)}t]}

2a5(20K6—75x4(m+6\/ﬁ+1)+2;<215+1517)+3b1ﬁ12x(x2+m+6\/n_1+1)+6x13) - 9}]

exp [i {—Kx + ( o

(4.21)

4.2.1.1. Soliton Coziimler

Bu boliimde; eliptik modiiliin sinir degerleri géz 6niine alinarak, 6nceki boliimde
listelenen ¢ift periyodik fonksiyonlardan soliton ¢oziimler elde edilecektir. (4.18)-(4.21)
denklemlerinde m modiilii 1’e yaklasirken yani m — 1~ iken koyu-tekil birlesik

dispersif solitonlar ortaya ¢ikar:

q(x,t) = Bycoth[x — {a; — 2ka, — 8x3(a, + 2kas)}t]

6K(a4(3k4—201€2—24)+a11c)+4a5(10K6—75k4+64K2+240)+3b1[3‘121c(1c2+2))t n 9}]
)

exp [i {—Kx + ( o

(4.22)

q(x,t) = ajtanh[x — {a; — 2Kka, — 8k3(a, + 2kas)}t]

6K(a4(3x4—zo;<2—24)+a1;c)+4a5(10K6—75K4+64x2+240)+3b1a%x(x2+2)) - 9}]
6K ’

exp [i {—Kx + (
(4.23)
q(x,t) = 2p,csch2[x — {a; — 2ka, — 8x3(as + 2Kkas)}t]

6k(a4(3k4+401<2—144)+a11c)+8a5(5K6+75k4—88K2—720)+3b1[§‘12;c(1<2—4))t n 9}]
6K !

exp [i {—KZX + (
(4.24)

q(x,t) = 2B coth[x — {a; — 2ka,; — 8k3(a, + 2Kkas)}t]

61c(a4(3K4—80K2—384)+a1;c)+8a5(5K6—150K4+512;c2+7680)+3b1,812;c(rc2+8)) ¢4 9}]

exp [i {—Kx + ( o

(4.25)

4.2.2. Genisletilmis Jacobi Eliptik cn Fonksiyon A¢ilim Semasi
Modele soliton ¢oziimler olusturmak i¢in, (4.10) denkleminin ¢6ziimii asagidaki

gibi alinir (Biswas vd., 2019a):
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N

N
glx,t) =g() = Z aent ¢+ Z Bjens. (4.26)
=1

j=0 j
Burada ag, aj ve Bj (j = 1,2, ..., N) belirlenecek sabitlerdir. (4.10) denkleminde

g© ile g7 dengelenerek yani bu terimler arasinda balans islemi yapilarak
IN=N+6
6N=6 = N=1

elde edilir. Boylece formal ¢6zim

g(c) = ag + aycng + i, (4.27)
cn g

seklini alir. (4.27) denklemi (4.10) denkleminde yazilarak ve elde edilen cebirsel

denklem sistemi ¢oziilerek asagidaki ¢oziim setleri elde edilir.
Set-1
oy = O, o = 0' :31 = ,81,

24a;k*(m — 1)? + 4a; (m — 1)%0; + b,B kv, — 12b,f7Kk(m — 1)(K? — 2m + 1)

w

24k (m — 1)2 ’
1 (2asv3  byBT(3k*+10m — 5) + 6b,55(m — 1)
0(2 = - 2 )
12\ « (m-1)
_ 5a5(3k? +14m —7) b, B}
%4 = 6K 24(m — 12’
120as(m — 1)3
= _ 4.28
3 55 (4.28)
Set-2

ag = O, a = aq, ,81 = 0,

24a,k*m? + 4asm?v, + byatku, — 12byakm(k* — 2m + 1)
w = »
24Kkm?

2asm?us + byatk(3x? + 10m — 5) + 6b,a’km
o, = )
2 12km?
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_ 5a5(3k* + 14m = 7) byat

% = 6K -~ 24m?
. 120asm3 1429
I (4.29)
Set-3
m—1
=0, a=a, Ppr=-a |——,
24a,k*m? + 4asm?u, + atx(byaivg + 12bym(—k? + 2m — 6vm — 1v/m — 1))
w = )
24Kxm?
2asm?ug + a?k(a?b,(3k% + 10m — 30v/m — 1v/m — 5) + 6b;m
a, = ;
2 12km?
20asm?(3Kk? + 14m — 42Ym — 1Wm — 7) + b,k
ay = — p
24Kkm?
. 120asm?3 (430)
3 _ afK . .
Set-4

m—1
a =0, a=a, p1= al\/T’

24a,k*m? + 4asm?us + atk(byaiv, + 12bym(—k? + 2m + 68/m — 1v/m — 1))

w

24Kxm? '
2asm?ug + a?k(a?b,(3x? + 10m + 30vVm — 1WVm —5) + 6b;m
a, = )
2 12Kkm?
20asm?(3K? + 14m + 42v/m — 1Wm — 7) + atb,k
Ay = — ,
4 24Km?
120asm?3
by = ———. (4.31)
a’K

v; = —5k® + 105k*(1 — 2m) — 7k?(112(m — 1)m + 37)
+45(2m —-1)8(m —1)m +5)

U, = —3Kk* + 10k% — 20k?>m + 24(m — 1)m + 9
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U3

U4

Usg

Ug

U7

Ug

15k* + 20x%2(2m — 1) + 784(m — 1)m + 259

3 5
—5k° 4+ 105k* — 259k2 + 840(5k2 + 36)Vm — 1m2 — 30240Vm — 1m2

+ 15840m3 — 8(1043k?2 + 2970)m?

+ (—210x* + 8344k% + 8370)m + 210(3k* — 10k%? — 9)Vm — 1Vm
— 225

3 5
—5k° 4+ 105k* — 259Kk% — 840(5k2 + 36)Vm — 1m2 + 30240Vm — 1m2

+ 15840m3 — 8(1043k? + 2970)m?

+ (—210x* + 8344k% + 8370)m — 210(3k* — 10k% — 9)Vm — 1WVm
— 225

3
—3k* 4+ 10k2 — 120vVm — 1m2 + 264m? + 60(k2 + DVm — 1WVm

— 4(5k%+66)m+9

3
—3k* + 10k2 + 120Vm — 1m2 + 264m? — 60(k2 + DVm — 1vVm

—4(5k*+66)m +9

3
15k2(k% — 14) — 4200vVm — 1m2 + 8344m? + 28(15k% — 298)m

+ 420(3k?% — 5)vVm — 1Wm + 259

3
Ug = 15k%(k? — 14) + 4200Vm — 1mz + 8344m? + 28(15k? — 298)m

+ 420(3k% — 5)vVm — 1v/m + 2509. (4.32)

Bu sonuglar yardimiyla, (4.1) denklemi i¢in elde edilen Jacobi eliptik fonksiyon

coziimler asagidaki gibi listelenir:

q(x,t) = pinc[x — {a; — 2ka, — 8x3(ay + 2kas)}t]

24a,k%(m—1)2 +4a5(m—1)201+bzﬁfxuz—12b1,812K(m—1)(K2—2m+1)

exp [i {—Kx + ( Py )t + 9}], (4.33)

q(x,t) = ajen[x — {a; — 2ka, — 8k3(ay + 2kas)}t]

exp [i {—Kx + (

24a11c2m2+4a5m201+b2a‘fkuz—12b1a%;cm(k2—2m+1))t + 9}]
24km? ’

(4.34)
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q(x,t) = ayen[x — {a; — 2xa, — 8k3(as + 2kas)}t]

m—1

- nc[x — {a; — 2ka, — 8x3(a, + 2Kkas)}t]

2,2 2 2 2 2 _ — _
24a1k*m?+4asm?ugt+air(byaivg+12bym(—k*+2m—6ym—1vym 1)))t+ 0}]’(435)

exp [i {_Kx + ( 241cm?
q(x,t) = ayenfx — {a; — 2xa, — 8k3(ay + 2kas)}t]

m—1

- nclx — {a; — 2ka, — 8x3(a, + 2Kkas)}t]

24a11c2m2+4a5m205+a%K(bza%u7+12hlm(—}c2+2m+6\/m—1\/ﬁ—1))) t+ 9}] (4 36)

24Km?

expli {rex + (

4.2.2.1. Soliton Coziimler

m — 17 i¢in, parlak dispersif soliton ¢oziimler ortaya ¢ikar:
q(x,t) = aysech[x — {a; — 2xa, — 8k3(a, + 2xas)}t]

24a,k-5 —12a?by(k2=1)+a*b, (—3k*—10k2+9) ) +900
exp [i{—Kx+ <K( ayk=Saskr;—12aiby (k*~1)+aiby(-3k K )) ‘15))>t+9}],(4.37)

24k

burada

Ky = 5(c? + 21)Kk? + 259. (4.38)

4.2.3. Genisletilmis Jacobi Eliptik dn Fonksiyon A¢ilim Semasi
Modele soliton ¢oziimler olusturmak igin, (4.10) denkleminin ¢6ziimii asagidaki
gibi alimir (Biswas vd., 2019a):

N N

glx,t) = g(g) = Z a;dnf ¢ + Z,Bjdn‘fg. (4.39)
' =1

Jj=0 j=

Burada ag, ajve Bj (j = 1,2, ..., N) belirlenecek sabitlerdir. (4.10) denkleminde

g© ile g7 dengelenerek yani bu terimler arasinda balans islemi yapilarak

47



IN=N+6
6N=6 > N=1

elde edilir. Boylece formal ¢6ziim

By
dng’

g(¢) = ag + aydng +

(4.40)

seklini alir. (4.40) denklemi (4.10) denkleminde yazilarak ve elde edilen cebirsel

denklem sistemi ¢oziilerek asagidaki ¢oziim setleri elde edilir.

Set-1
ay=0, a; =0, p;=04p,

6x(ark —az(k? + m —2) + a4N1) — asN;
W= ,

6K
b - (m — 1)(6Kk(2a4(3k% — 5m + 10) + ay)asN;)
b 3p1K ’
4(m — 1)*(5a.(=3k? + 7m — 14) — 6a,k)
2 = 4 )
BiK
_ 120a5(m - 1)°
- ik
Set-2

ag = O, a; = aq, ﬁl = 0,

6r(aik —az(k? + m —2) + a4N1) — asN;
w =

6K ’
6Kk (2a,(3k% — 5m + 10) + ay)asN3)
bl = 3 2 )
ark
. 4(6aux + 5a,(3k* — 7m + 14))
2= atk ’
_ 120ay
37 abk
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B1

a =0, a=-77= b =p,

_ —6ayK* + 6a,kN, + 6ayk(k* + m + 631 —m —2) + asNe + N7 + Ng
@= 6K ’
; (m — 1)(6ayk + 12a4x(3k? — 5m — 30v/1 — m + 10) + asN,)

1=

3B K ’

; 4(m — 1)*(Sa,(—3K? + 7m + 421 —m — 14) — 6a,k)

2 )
BiK
120a:(m — 1)3
by = — 5(6 ) (4.43)
1 K
Set-4
B

dg = Or a; = 1—1m' ﬂl = :81'

6a1k® + 6a,kNs — 6ask (k* +m — 6v1—m — 2) — asNg + N7 + Ng

@= 6k ’
b = (m—1)(6ayk + 12a4k(31c2 —5m+30V1—-m+10) + a5N10)

1 — 3ﬁ12K )
; 4(m — 1)2(6a,4k + 5a (3x? — 7m + 42V1 —m — 14))

2= = 4 )

Bk
120as(m — 1)3
=— 4,44
3 BEx (4.44)

N, = =3k*+m? — 6x?(m —2) — 16m + 16

N, = 35k* + m3 — 138m? + 75k*(m — 2) — 15k%((m — 16)m + 16) + 408m
— 272

Ny = 75k* — 150K%(m — 2) + 7(m(13m — 88) + 88)
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N, = 3k* —m? + 6K%(m — 2) + 136m — 136
N = —3k* + m? — 6x?(m — 2) — 136m + 136

Ng = 35k* + m3 — 4338m? + 75k*(m — 2) — 15k%((m — 136)m + 136)
+13008m — 8672

N; = 216a,k3V1 — m — 360a,kvV1 — mm + 720a,kV1 — m — 8736asV1 — mm

+ 8736asV1 —m
Ng = 545asV1 — mm? + 450ask*V1 — mm — 900ask?V1 — mm
+1800asx*V1—m

Ny = 91m? + 2m(—75k? + 1050V1 — m — 2828) + 75x%(x? — 12V1 — m + 4)
— 4200vV1 —m + 5656
Ng = 91m? — 2m(75k% + 1050V1 — m + 2828) + 75k2(k? + 12V1 —m + 4)
+56(75V1 —m + 101)
(4.45)
Bu sonuglar yardimiyla, (4.1) denklemi i¢in elde edilen Jacobi eliptik fonksiyon
coziimler asagidaki gibi listelenir:

q(x,t) = Bind[x — {a; — 2xa, — 8k3 (a4 + 2xas)}t]

exp [i {—KX + (GK(alk—az(K2+TZK—2)+a4N1)—a5N2) £+ 9}]’ (446)

q(x,t) = adn[x — {a; — 2xa, — 8k3(a, + 2Kas)}t]

exp [i {—xx n (6K(alk—a2(K2+rZK—2)+a4N1)—a5N2) ‘4 9}] (4.47)

q(x,t) = pynd[x — {a; — 2xa, — 8k3(a, + 2kas)}t]

B1
- dn[x — {a; — 2xa, — 8x3(ay + 2Ka:)}t
- KZ K2 m -m— a
exp [i {—Kx i ( 6aik?+6a4KxNy+6azk( +6K+6\/1 2)+ 5N6+N7+N8)) - 9}], (4.48)
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q(x,t) = pynd[x — {a; — 2xa, — 8k3(ay + 2kas)}t]

B
+ dn[x — {a; — 2Ka, — 8x3(ay + 2kas)}t
“—dnlx — {ay - 20, — 8K (a4 + 2Ka5)}t]
2 _ 2 _ —m—=2)—
exp [i {—Kx + (6a1K +6a4kNy 6a2K(K +rr61’c 6vV1-m 2) a5N6+N7+N8))t + 9}] (449)

4.2.3.1. Soliton Coziimler

m — 17 i¢in, parlak dispersif soliton ¢oziimler ortaya ¢ikar:

q(x,t) = aysech[x — {a; — 2ka, — 8x3(a, + 2Kkas)}t]

6K (ic|—3 2_2)—ayr+aq)+ay+ay)+as(—35k0+75K* +15K%+1
». [i {—Kx+( K(K( agk(k?-2)—azk+aq) aZKa4) as(—35k K K )))t+9}].(4.50)
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5. SONUC VE ONERILER

Bu tezde Kerr yasasi, yerel olmayan yasa ve kiibik-kuintik-septik yasasina sahip
NLS denklemi igin parlak, koyu ve tekil yiiksek mertebeli dispersif optik solitonlar
Jacobi eliptik fonksiyon agilimlari yardimiyla incelendi. Ag¢ilimlar i¢ tip eliptik
fonksiyonlar cinsinden yani eliptik sn, cn ve dn fonksiyonlari yardimiyla
gergeklestirilmistir. Bu agilimlar yardimiyla ele alinan modele Jacobi eliptik
fonksiyonlar cinsinden ¢ok sayida ¢6ziim elde edilir. Eliptiklik modiilii yani m — 1~
yaklastigr durumda elde edilen Jacobi eliptik fonksiyon ¢dziimler soliton ¢oziimlere
dejenere olur. Boylece parlak, koyu, tekil ve birka¢ kombo optik soliton ¢oziimler
ortaya ¢ikarildi ve bu c¢oziimler karsilik gelen varlik kriterleri ile sunuldu. Bu

yaklasimin basarisi, daha sonraki ¢alismalarin yolunu agacak olmasidir.

Gelecekte, bu tezde incelenen model denklemler pertiirbasyon terimleri dahil
edilerek calisilacaktir. Ayrica Lie simetri analizi, yari-invers varyasyonel prensibi,
Kudryashov metodu, deneme denklem yontemi, G'/G —a¢ilim yOntemi gibi birgok
integrasyon semasi modelin pertiirbe edilmis versiyonuna uygulanacaktir. Dahasi
model, DWDM topoloji, optik baglayicilar ve optik metamateryallerin yani sira ¢ift
kirihiml fiberlere de uygulanacaktir. Bu tiir caligmalarin sonuglar1 yavas yavas goriiniir

hale gelecektir.

52



KAYNAKCA
Abdou, M., & Elhanbaly, A. (2007). Construction of Periodic and Solitary Wave
Solutions By The Extended Jacobi Elliptic Function Expansion Method.
Communications in Nonlinear Science and Numerical Simulation, 12(7), 1229-

1241.

Bhrawy, A., Abdelkawy, M., & Biswas, A. (2013). Cnoidal and Snoidal Wave
Solutions to Coupled Nonlinear Wave Equations By The Extended Jacobi’s
Elliptic Function Method. Communications in Nonlinear Science and Numerical
Simulation, 18(4), 915-925.

Biswas, A., Ekici, M., Sonmezoglu, A., & Belic, M. (2019). Highly Dispersive Optical
Solitons With Cubic—Quintic—Septic Law By Extended Jacobi's Elliptic
Function Expansion. Optik, 183, 571-578.

Biswas, A., Ekici, M., Sonmezoglu, A., & Belic, M. (2019). Highly Dispersive Optical
Solitons With Cubic-Quintic-Septic Law By F-Expansion. Optik, 182, 897-906.

Biswas, A., Ekici, M., Sonmezoglu, A., & Belic, M. (2019). Highly Dispersive Optical
Solitons With Kerr Law Nonlinearity By Extended Jacobi's Elliptic Function
Expansion. Optik, 183, 395-400.

Biswas, A., Ekici, M., Sonmezoglu, A., & Belic, M. (2019). Highly Dispersive Optical
Solitons With Kerr Law Nonlinearity By F-Expansion. Optik, 181, 1028-1038.

Biswas, A., Ekici, M., Sonmezoglu, A., & Belic, M. (2019). Highly Dispersive Optical
Solitons With Non-Local Nonlinearity By Exp-Function. Optik, 186, 288-292.

Biswas, A., Ekici, M., Sonmezoglu, A., & Belic, M. (2019). Highly Dispersive Optical
Solitons With Non-Local Nonlinearity By Extended Jacobi's Elliptic Function
Expansion. Optik, 184, 277-286.

Biswas, A., Ekici, M., Sonmezoglu, A., & Belic, M. (2019). Highly Dispersive Optical
Solitons With Quadratic-Cubic Law By F-Expansion. Optik, 182, 930-943.

53



Biswas, A., Vega-Guzman, J., Mahmood, M., Khan, S., Ekici, M., Zhou, Q., . . . Belic,
M. (2019). Highly Dispersive Optical Solitons With Undetermined Coefficients.
Optik, 182, 890-896.

Petrovi¢, N., & Bohra, M. (2016). General Jacobi Elliptic Function Expansion Method
Applied To The Generalized (3+1)-Dimensional Nonlinear Schrodinger
Equation. Optical And Quantum Electronics, 48(4), 1-8.

Zhang, H. (2007). Extended Jacobi Elliptic Function Expansion Method and its
Applications. Communications /z Nonlinear Science And Numerical Simulation,
12(5), 627-635.

Zhang, Z. (2015). Jacobi Elliptic Function Expansion Method For The Modified
Korteweg-De Vries-Zakharov-Kuznetsov And The Hirota Equations. Romanian
Journal Of Physics, 60(9-10), 1384-1394.

54



