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The Dynamics of Thirring Optical Solitons by Kerr Law
Nonlinearity

Ebru CAVLAK ASLAN!

ABSTRACT: This article studies the dynamics of thirring optical solitons. Jacobi elliptic functions is considered
for exact solutions and nonlinearship is described by Kerr law. As a result, the singular solutions with Dark and
Bright optical solitons are obtained.
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Kerr Law Lineer Olmayanlik ile Thirring Optikal Solitonlarin
Dinamikleri

OZET: Bu makalede Thirring optikal solitonlarin dinamigi ¢alisildi. Tam ¢oziimler i¢in Jacobi eliptik fonksiyonlar
diistiniildii ve lineer olmayanlik Kerr law ile tanimlandi. Sonugta, Dark ve Bright optikal solitonlar ile tekil ¢dziimler
elde edildi
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INTRODUCTION

Solitary waves that are nonlinear waves, arise from
a balance between nonlinear transmission and scattering
terms. The discovery of solitons dates back to 1834
(Kivshar and Agrawal, 2003; Biswas, 2009; Sassaman
and Biswas, 2010; Biswas, 2010; Biswas et al., 2013;
Mirzazadeh et al.,, 2015). The discovery of optical
solitons that are dates back to 1971. Optical solitons
are interesting subject in optical fiber communication
because of their capability of propagation over long
distance without attenuation and change in shapes.
In 1971, Zhakarov and Shabat were the first to show
the nonlinear Schrodinger equation (NLSE) which

MATHEMATICAL ANALYSIS

The dynamics of thirring solitons is governed by
coupled nonlinear Schrédinger equations (CNLSE) and

iy, +ay v, +by  +olul?y=0
ihe + Ao bx + Doty + 9?0 =0
From Egs.(1)-(2),

P(x,t) =P, (x,t)e?:

u(x,t) =p,(x,t)e'?%,
This, & for i=1,2 as

where £ is the soliton frequency, w is the soliton
wave number and 0 is the phase constant. Substituting

a%p; 92
a; b;
L 9x2 + L 9xo

where j=3-i and imaginary parts
aPi 6Pi _
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describes propagation in a fiber by the inverse scattering
theory (Zakharov and Shabat, 1972; Tang et al., 2014;
Agrawal et al., 2015; Krishnan et al., 2015; Sardar et
al., 2016). The NLSE that gives the phase shift of the
wave used to model wave packets in diverse fields
of science such as hydrodynamics, nonlinear optics,
nonlinear acoustic, plasma waves and bio-molecular
dynamics (Kivshar and Agrawal, 2003). In later years,
many scientists interested in Dark and Bright optical
solitons (Tang et al., 2014; Agrawal et al., 2015).

In section 2 of this study, we will consider the
dynamics of Thirring optical soliton is studied with
Jacobi elliptic function.

is given by (Guzman et al., 2015)

(1

2

)

“4)

)

(3) and (4) into (1) and (2) and equating the real and
imaginary parts yields. The real parts

2 _
PP = 0

(6)

(7
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P is follows

P(x,t) = g(x—vt)

(8)
where v is the velocity, g is the functional form  parts obtained v. Thus (7) lead to
of the wave profile. Thus from real and imaginary
— Wibi—Zal-ki
From equation (9),
kb, # 1 (10)
and
(1 - byk,)(w;b; —2a,k,) = (1 — byk,)(w,b, — 2a,k,). an
Hence, the cNLSE will be considered for the following cases of Kerr law.
Dark Optical Solitons
We suppose that P; and P, are as
= p
P, (x,t) = A;snP1(6,1) (12)
= D2 6’l
P, (x,t) = A,snPz(6,1) (13)
with
6 = B(x—vt) (14)

where 4 is the amplitude, B is the inverse width ~ function. Substituting (12) and (13) equations into
of the soliton and / is the modulus of jacobi elliptic ~ (6) yields

(a;p;(p;— 1) — byp;(p; — Dv)AB?snPi™2 + (—a;p;(p; + 1 — 1? + p;1*) B?

—b;vp;1*(1 + p;))A;B*snPi*? + ¢, A AZsnPit?Pi = (. (15)
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inverse width B is given in (18), the wave number w is

202

Now, from (15) equating exponent (p; + 2, p; + 2p;) lead to
p1=p, =1

In Eq.(15) setting the coefficients of terms to zero, from (15) we obtain

1
w, =

(= o, ki + B (=a,(1+ D) + br(1+19))

and

_CiAZ- 1/2
="
a;l(1+1D)—-2bw1?

As a result, solutions of the equation system (1-2) are given as

Y(x,t) = Aysn[Bx — vt), []e1,

u(x, t) = A,sn[B(x — vt),l]e'z,

(16)

(17

(18)

(19)

(20)

where the relation between the amplitude 4 and the  given by (17). When the modulus [ = 1 in (19) and

Y(x,t) = Ajtanh[B(x — vt), []e®1,

u(x,t) = A ,tanh[B(x — vt), l]e™?z,

when | — 1, the wave numbers of the solitons and width are given by

and

2 1/2
B _ —CiA!' /
Zai—Zbiv

respectively. Also, from (24) Eq. are connected to the following limitations

(20), occurs dark optical soliton solutions as

(e2))

(22)

(23)

24

(25)
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and

Ay — (01(a2_b217))1/2

Ay cy(a;—bqv)

Bright Optical Solitons

In Egs.(1)-(2) equations by Kerr law, we suppose that F1 and P, are as follows
P (x,t) = A;snP1(6,1)
P, (x,t) = A,snPz(6,1)

with
6§ = B(x — vt)

Substituting (27)-(28) into (6) yields

(—a;p;(p; — D(® = 1) = byvp;(p; — 1) (1 = 1?))A;B*cnPi~?
+(a;p;(—p; + L — 12 + 2p,I1*)B? + bvp?(1 — 21*) B* + b;k;w; — a;k? — w;) A;cnbi

(—a;p;l(1 + p;1) + bp;vl*(1 + p;) )A;BZcnPit? + ;A AFenPit?Pi = 0.

In this last equation, (p; + 2pj, p; + 2) lead to
p1=p, =1

Similarly to the Dark optical soliton solutions, from the coefficients of

w; = ——{(a;(I1* + 1 — 1) + b;v(1 — 212))B? — a,k?}

L7 1-bik;
and

B —CiAZ- 1/2
=(—2J
2bwl?2—a;1(1+0)

Thus, solutions of the equation system (1-2) are given by

W(x,t) = Ajcn[B(x — vt), l]e®1,
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(26)

27

(28)

(29)

(30)

(32)

(33)

(34)

35)
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u(x,t) = A,en[B(x — vt),l]e'e,

(36)
From Egs. (35)-(36), we obtain following bright optical soliton solutions as the modulus [ — 1
w(x,t) = Ajsech[B(x — vt), []e®1, 37)
,t) = A,sech[B(x —vt),l]e'?z,
u(x, t) ,sech[B(x —vt),l]e (38)
when [ — 1, and B are given by
1
Wi = 1_biki{(ai —bv)B? — a;k}} (39)
and
B = ( _ciAZZ' )1/2
2biv—2ai (40)
respectively. Also, from (40) Eq. are connected to the following limitations
and
Ay — (Cl(bz"_az))l/z
A2 CZ (blv_ al) ' (42)
Singular Solutions
Let, in the form
—__ 4
Pl - scP1 (5,1) (43)
and
j— AZ
PZ - Ssz (5,1) ’ . (44)
Substituting (43) and (44) into (6) yield
(—a; + bv)p;(=1—p)A;B*sc™?7Pi + ((—a; + b;v)p;* (1> — 2)B* + b;k,w; — a;k?
—w;)A;sc7Pi+ (—a; + b;v)p;(1—p,)(1 — 1*)A;B*sc?*7Pi
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From this equation is as
p,=p, =1

From coefficients of

w; = ——{((=a; + bv)(I*> = 2))B* — a;k?}

L7 1-bik;

and
B - (;iAL)“Z,
2bv—-2a;
In the same way from
Y(x,t) = Ajcs[Bx — vt),l]e®1,
u(x,t) = A,cs[B(x — vt), []e?®z.

Here, while [ - 1 from (45)

W, = — {(—a; + b;jv)B* — a;k?}

L7 1-bik;

and singular solutions are given by
w(x,t) = Ajcsch[B(x — vt), 1] e,
u(x,t) = A,csch[B(x — vt), l]e™®z,

By using (48) equation as

CONCLUSIONS

In this article, we investigated Jacobi elliptic
function solutions of (1)-(2) equations system. The
Optical soliton solutions are obtained of Egs.(1)-(2)
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(46)

(47)

(48)

(49)

(50)

(51

(52)

(53)

(54)

with Kerr law nonlinearity of Jacobi elliptic functions.
Thus, dark and bright optical solitons and singular

solutions are presented when | — 1.
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