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This paper recovers a full spectrum of optical solitons that are generated by the combined e�ects
of dispersion and nonlinearity of the pulse propagation. The quadratic�cubic form of the nonlinear
refractive index is incorporated in the governing nonlinear Schr�odinger equation, which governs
the dynamics of the soliton transmission across trans-continental and transoceanic distances. The
model is considered with a nonlinear chromatic dispersion that is required to sustain for smooth
transmission of soliton pulses in optical �bers, couplers, PCF, magneto-optic waveguides, crystals,
metamaterials, metasurfaces, birefringent �bers, DWDM systems and other form of waveguides.
Solitons in birefringent �bers as well as solitons in polarization preserving �bers are considered. The
governing model is treated with Hamiltonian type perturbation terms. The perturbation terms are
with full intensity. The model is studied for the intensity count m = 1. The adopted integration
algorithm is the sine-Gordon equation method that reveals single form soliton solutions as well
as dual-form soliton solutions. These solitons are dark soliton, singular soliton, bright soliton and
combo singular soliton. Also, dark soliton represents a kink/anti-kink solitary wave or a shock wave
in �uid dynamics. The respective constraint conditions are also in place to guarantee the existence
of such solitons.
Key words: solitons, polarization, perturbation, quadratic�cubic nonlinearity.
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I. INTRODUCTION

Optical solitons with the quadratic�cubic (QC) form
of the nonlinear refractive index have attracted attenti-
on during the past couple of decades [1�10]. Such a
form of the nonlinear refractive index �rst appeared
during 1994 and later was rejuvenated in 2011 [7,
8]. Subsequently, a deluge of results ensued. These
stem from addressing the model from a variety of
angles. These are semi-inverse variational principle,
mapping methods, G′/G-scheme, collective variables,
extended trial function, extended Jacobi's elliptic functi-
on expansion, F -expansion scheme, stationary solitons
with nonlinear chromatic-dispersion, soliton perturbati-
on theory, magneto optic waveguides, Bragg gratings and
many more [1�10, 17�20]. There are still a lot of unknown
facts that are yet to be uncovered. This paper will apply
the sine-Gordon equation approach to reveal a spectrum
of soliton solutions that are of a single form as well as
dual form. In this context, soliton polarization in birefri-
ngent �bers as well as solitons in polarization preservi-
ng �bers are considered. There are a few perturbati-

on terms that are also incorporated in the governing
nonlinear Schr�odinger equation (NLSE) that appear wi-
th maximum intensity but stay below their critical count.
The details are studied in the rest of the paper in two
subsequent sections that focus on polarization preserving
�bers, and birefringent �bers respectively.

II. POLARIZATION PRESERVING FIBERS

The NLSE with QC nonlinearity for polarization-
preserving �bers is:

iqt + aqxx +
(
b1 |q|+ b2 |q|2

)
q = 0, (1)

where x and t are the non-dimensional distance and
time in a dimensionless form, respectively. The �rst
term is linear temporal evolution and i =

√
−1. The

complex valued function q (x, t) represents optical soli-
tons in polarization-preserving �bers. The constant a is
the coe�cient of chromatic dispersion (CD), while the
coe�cients b1 and b2 constitute quadratic-cubic nonli-
nearity.
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In the presence of perturbation terms, NLSE with QC
nonlinearity for polarization-preserving �bers reads:

iqt + aqxx +
(
b1 |q|+ b2 |q|2

)
q

= i
[
α
(
|q|2m q

)
x
+ λ

(
|q|2m

)
x
q + µ |q|2m qx

]
, (2)

where the constant α represents the coe�cient of self-
steepening nonlinearity, while the constants λ and µ
are the coe�cients of the higher-order dispersion e�ects.
Also, m accounts for the maximum intensity count.
To obtain the soliton solution, we set

q(x, t) = U(ξ)eiϕ(x,t), ξ = η (x− vt) ,

ϕ(x, t) = −κx+ ωt+ θ0, (3)

where κ, v, ω, η and θ0 are, respectively, the frequency,
velocity, wave number, width and the phase constant
of the soliton. Also, the functions U(ξ) and ϕ(x, t) are
the amplitude and the phase component of the soliton,
respectively.
Inserting Eq. (3) into Eq. (2) yields the real equation

aη2U ′′ −
(
ω + aκ2

)
U + b1U

2 + b2U
3

− κ (α+ µ)U2m+1 = 0 (4)

and the imaginary equation

v + 2aκ+ (2αm+ 2λm+ α+ µ)U2m = 0, (5)

where the velocity of the soliton is

v = −2aκ (6)

while the constraint relation between the perturbation
terms is

2αm+ 2λm+ α+ µ = 0. (7)

Equation (4) can be integrated to determine the soliton
pro�le. According to the sine-Gordon equation method,
Eq. (4) satis�es

U (ξ) =

N∑
i=1

cosi−1(V (ξ))

[
Bi sin(V (ξ))

+Ai cos(V (ξ))

]
+A0, (8)

where Ai and Bi (0 ≤ i ≤ N) are constants, N is the
balance number and V (ξ) holds

V ′ (ξ) = sin (V (ξ)) (9)

with

sin (V (ξ)) = sech (ξ) ,

sin (V (ξ)) = i csh (ξ) ,

cos (V (ξ)) = tanh (ξ) ,

cos (V (ξ)) = coth (ξ) . (10)

By using the balancing principle in Eq. (4), Eq. (8)
reduces to

U (ξ) = B1 sin(V (ξ)) +A1 cos(V (ξ)) +A0. (11)

Substituting Eq. (11) with Eq. (9) into Eq. (4) leads to

Case 1:

m = 1, η = ±
√
aκ2 + ω

4a
,

A0 = ±

√
aκ2 + ω

2 (ακ+ κµ− b2)
,

A1 = ±

√
aκ2 + ω

2 (ακ+ κµ− b2)
, B1 = 0,

b1 = ±
√

9 (aκ2 + ω) (ακ+ κµ− b2)
2

. (12)

Plugging Eq. (12) with Eq. (10) into Eq. (11) leads to
the dark soliton

q(x, t) =

{
±

√
aκ2 + ω

2 (ακ+ κµ− b2)
±

√
aκ2 + ω

2 (ακ+ κµ− b2)
tanh

[√
aκ2 + ω

4a
(x+ 2aκt)

]}
ei(−κx+ωt+θ0) (13)

and the singular soliton

q(x, t) =

{
±

√
aκ2 + ω

2 (ακ+ κµ− b2)
±

√
aκ2 + ω

2 (ακ+ κµ− b2)
coth

[√
aκ2 + ω

4a
(x+ 2aκt)

]}
ei(−κx+ωt+θ0). (14)
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These solitons are valid for

(ακ+ κµ− b2)
(
aκ2 + ω

)
> 0, (15)

a
(
aκ2 + ω

)
> 0. (16)

It must be noted that solutions (13) and (14) are dark and singular solitons, respectively, in nonlinear �ber optics.
However, solution (13) is referred to as kink/anti-kink or shock wave in �uid dynamics.

Case 2:

m = 1, η = ±
√
−aκ

2 + ω

2a
,

A0 = ±

√
aκ2 + ω

2 (ακ+ κµ− b2)
, A1 = 0,

B1 = ±

√
aκ2 + ω

ακ+ κµ− b2
,

b1 = ±
√

9 (aκ2 + ω) (ακ+ κµ− b2)
2

. (17)

Inserting Eq. (17) with Eq. (10) into Eq. (11) causes to the bright soliton

q(x, t) =

{
±

√
aκ2 + ω

2 (ακ+ κµ− b2)
±

√
aκ2 + ω

ακ+ κµ− b2
sech

[√
−aκ

2 + ω

2a
(x+ 2aκt)

]}
ei(−κx+ωt+θ0). (18)

The bright soliton is valid for the constraint (15) along with

a
(
aκ2 + ω

)
< 0. (19)

Case 3:

m = 1, η = ±
√
aκ2 + ω

a
,

A0 = ±

√
aκ2 + ω

2 (ακ+ κµ− b2)
,

A1 = ±

√
aκ2 + ω

2 (ακ+ κµ− b2)
,

B1 = ±

√
− aκ2 + ω

2 (ακ+ κµ− b2)
,

b1 = ±

√
9
(
aκ2 + ω

)
(ακ+ κµ− b2)
2

. (20)

Substituting Eq. (20) with Eq. (10) into Eq. (11) yields the combo singular soliton

q(x, t) =

{
±

√
aκ2 + ω

2 (ακ+ κµ− b2)
±

√
aκ2 + ω

2 (ακ+ κµ− b2)
coth

[√
aκ2 + ω

a
(x+ 2aκt)

]
±

√
aκ2 + ω

2 (ακ+ κµ− b2)

× csch

[√
aκ2 + ω

a
(x+ 2aκt)

]}
ei(−κx+ωt+θ0). (21)

The combo singular soliton is valid for the constraints (15) and (16).
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III. BIREFRINGENT FIBERS

A. Unperturbed model

The coupled system derived from the equation (1) for
birefringent �bers with four-wave mixing (4WM) is:

iqt + a1qxx + b1q

√
|q|2 + |r|2 + qr∗ + q∗r

+
(
c1 |q|2 + d1 |r|2

)
q + e1r

2q∗ = 0, (22)

irt + a2rxx + b2r

√
|r|2 + |q|2 + rq∗ + r∗q

+
(
c2 |r|2 + d2 |q|2

)
r + e2q

2r∗ = 0, (23)

where the complex valued functions q (x, t) and r(x, t)
account for optical solitons in birefringent �bers. For
l = 1, 2, al are the coe�cients of CD and cl represent
the coe�cients of self-phase modulation (SPM), while
dl account for the coe�cients of cross-phase modulation
(XPM) and el stand for the coe�cients of 4WM. For the
coe�cients bl, the �rst two terms are SPM and XPM,
respectively, while the last two are 4WM inside the radi-
cal sign.
To obtain the soliton solution, we set

q(x, t) = U1(ξ)e
iϕ(x,t), r(x, t) = U2(ξ)e

iϕ(x,t),

ξ = η (x− vt) , ϕ(x, t) = −κx+ ωt+ θ0. (24)

Inserting Eq. (24) into Eqs. (22) and (23) yields the real
equation

alη
2U ′′l −

(
ω + alκ

2
)
Ul + blU

2
l + blUlUl̃

+clU
3
l + (dl + el)UlU

2
l̃
= 0 (25)

and the imaginary equation

v = −2alκ, (26)

where j = 1, 2 and j̃ = 3− j. Equation (25) reduces to

alη
2U ′′l −

(
ω + alκ

2
)
Ul

+2blU
2
l + (cl + dl + el)U

3
l = 0 (27)

by the constraint Ul̃ = Ul. By using the balancing pri-
nciple in Eq. (27), Eq. (8) reduces to

Ul (ξ) = B1 sin(Vl (ξ)) +A1 cos(Vl (ξ)) +A0. (28)

Substituting Eq. (28) with Eq. (9) into Eq. (27) leads to

Case 1:

η = ±

√
alκ2 + ω

4al
,

A0 = ±

√
− alκ2 + ω

2 (cl + dl + el)
, B1 = 0,

A1 = ±

√
− alκ2 + ω

2 (cl + dl + el)
,

bl = ±
√
−9 (alκ2 + ω) (cl + dl + el)

8
. (29)

Plugging Eq. (29) with Eq. (10) into Eq. (28) leads to
the dark solitons

q(x, t) =

{
±

√
− a1κ2 + ω

2 (c1 + d1 + e1)
±

√
− a1κ2 + ω

2 (c1 + d1 + e1)
tanh

√a1κ2 + ω

4a1
(x+ 2a1κt)

 ei(−κx+ωt+θ0), (30)

r(x, t) =

{
±

√
− a2κ2 + ω

2 (c2 + d2 + e2)
±

√
− a2κ2 + ω

2 (c2 + d2 + e2)
tanh

√a2κ2 + ω

4a2
(x+ 2a2κt)

 ei(−κx+ωt+θ0) (31)

and the singular solitons

q(x, t) =

{
±

√
− a1κ2 + ω

2 (c1 + d1 + e1)
±

√
− a1κ2 + ω

2 (c1 + d1 + e1)
coth

√a1κ2 + ω

4a1
(x+ 2a1κt)

 ei(−κx+ωt+θ0), (32)

r(x, t) =

{
±

√
− a2κ2 + ω

2 (c2 + d2 + e2)
±

√
− a2κ2 + ω

2 (c2 + d2 + e2)
coth

√a2κ2 + ω

4a2
(x+ 2a2κt)

 ei(−κx+ωt+θ0). (33)

Again, in nonlinear optics solutions (30)-(31) are referred to as a dark�dark soliton pair while in �uids they represent
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a kink/anti-kink solitary wave or a shock wave pair. These solitons are valid for

(cl + dl + el)
(
alκ

2 + ω
)
< 0, (34)

al
(
alκ

2 + ω
)
> 0. (35)

Case 2:

η = ±

√
−alκ

2 + ω

2al
,

A0 = ±

√
− alκ2 + ω

2 (cl + dl + el)
, A1 = 0,

B1 = ±

√
− alκ2 + ω

cl + dl + el
,

bl = ±
√
−9 (alκ2 + ω) (cl + dl + el)

8
. (36)

Inserting Eq. (36) with Eq. (10) into Eq. (28) leads to the bright solitons

q(x, t) =

{
±

√
− a1κ2 + ω

2 (c1 + d1 + e1)
±

√
− a1κ2 + ω

c1 + d1 + e1
sech

√−a1κ2 + ω

2a1
(x+ 2a1κt)

 ei(−κx+ωt+θ0), (37)

r(x, t) =

{
±

√
− a2κ2 + ω

2 (c2 + d2 + e2)
±

√
− a2κ2 + ω

c2 + d2 + e2
sech

√−a2κ2 + ω

2a2
(x+ 2a2κt)

 ei(−κx+ωt+θ0). (38)

The bright solitons are valid for the constraint (34) along with

al
(
alκ

2 + ω
)
< 0. (39)

Case 3:

η = ±

√
alκ

2 + ω

al
,

A0 = ±

√
− alκ

2 + ω

2 (cl + dl + el)
,

A1 = ±

√
− alκ

2 + ω

2 (cl + dl + el)
,

B1 = ±

√
alκ

2 + ω

2 (cl + dl + el)
,

bl = ±
√
−9 (alκ2 + ω) (cl + dl + el)

8
. (40)

Substituting Eq. (40) with Eq. (10) into Eq. (28) yields the combo singular solitons

q(x, t) =

{
±

√
− a1κ

2 + ω

2 (c1 + d1 + e1)
±

√
− a1κ

2 + ω

2 (c1 + d1 + e1)
coth

√a1κ
2 + ω

a1
(x+ 2a1κt)


±

√
− a1κ

2 + ω

2 (c1 + d1 + e1)
csch

√a1κ
2 + ω

a1
(x+ 2a1κt)

 ei(−κx+ωt+θ0), (41)
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r(x, t) =

{
±

√
− a2κ

2 + ω

2 (c2 + d2 + e2)
±

√
− a2κ

2 + ω

2 (c2 + d2 + e2)
coth

√a2κ
2 + ω

a2
(x+ 2a2κt)



±

√
− a2κ

2 + ω

2 (c2 + d2 + e2)
csch

√a2κ
2 + ω

a2
(x+ 2a2κt)

 ei(−κx+ωt+θ0). (42)

The combo singular solitons are valid for the constraints (34) and (35).

B. PERTURBED MODEL

The coupled system derived from the equation (2) for birefringent �bers is:

iqt + a1qxx + b1q

√
|q|2 + |r|2 + qr∗ + q∗r +

(
c1 |q|2 + d1 |r|2

)
q + e1r

2q∗

= i
[
α1

(
|q|2 q

)
x
+ β1

(
|r|2 r

)
x
+
{
λ1

(
|q|2
)
x
+ γ1

(
|r|2
)
x

}
q +

(
µ1 |q|2 + δ1 |r|2

)
qx

]
, (43)

irt + a2rxx + b2r

√
|r|2 + |q|2 + rq∗ + r∗q +

(
c2 |r|2 + d2 |q|2

)
r + e2q

2r∗

= i
[
α2

(
|r|2 r

)
x
+ β2

(
|q|2 q

)
x
+
{
λ2

(
|r|2
)
x
+ γ2

(
|q|2
)
x

}
r +

(
µ2 |r|2 + δ2 |q|2

)
rx

]
, (44)

where the constants αl, βl, λl, γl, µl and δl (l = 1, 2) are the coe�cients of the nonlinear terms.
Inserting Eq. (24) into Eqs. (43) and (44) yields the real equation

alη
2U ′′l −

(
ω + alκ

2
)
Ul + blU

2
l + blUlUl̃ + (cl − καl − κµl)U3

l + (dl + el − κδl)UlU2
l̃
− κβlU3

l̃
= 0 (45)

and the imaginary equation

(2λl + 3αl + µl)U
2
l U
′
l + 2γlUlUl̃U

′
l̃
+ δlU

2
l̃
U ′l + 3βlU

2
l̃
U ′
l̃
+ (2κal + v)U ′l = 0, (46)

where j = 1, 2 and j̃ = 3− j. Equations (45) and (46) reduce to

alη
2U ′′l −

(
ω + alκ

2
)
Ul + 2blU

2
l +

(
cl + dl + el − καl
−κβl − κµl − κδl

)
U3
l = 0 (47)

and

(2λl + 2γl + 3αl + 3βl + µl + δl)U
2
l U
′
l + (2κal + v)U ′l = 0 (48)

by the constraint Ul̃ = Ul. Equation (48) implies

v = −2alκ (49)

and

2λl + 2γl + 3αl + 3βl + µl + δl = 0. (50)

By using the balancing principle in Eq. (47), Eq. (8) reduces to Eq. (28). Substituting Eq. (28) with Eq. (9) into
Eq. (47) leads to
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Case 1:

A1 = ±

√√√√√√
κ2al + ω

2

(
καl + κβl + κδl

+κµl − cl − dl − el

) ,

A0 = ±

√√√√√√
κ2al + ω

2

(
καl + κβl + κδl

+κµl − cl − dl − el

) ,

η = ±

√
alκ2 + ω

4al
, B1 = 0,

bl = ±

√√√√√√9 (κ2al + ω)

(
καl + κβl + κδl

+κµl − cl − dl − el

)
8

. (51)

Plugging Eq. (51) with Eq. (10) into Eq. (28) leads to the dark solitons

q(x, t) =


±

√√√√√√
κ2a1 + ω

2

(
κα1 + κβ1 + κδ1

+κµ1 − c1 − d1 − e1

) ±√√√√√√
κ2a1 + ω

2

(
κα1 + κβ1 + κδ1

+κµ1 − c1 − d1 − e1

)

× tanh

√a1κ
2 + ω

4a1
(x+ 2a1κt)

 ei(−κx+ωt+θ0), (52)

r(x, t) =


±

√√√√√√
κ2a2 + ω

2

(
κα2 + κβ2 + κδ2

+κµ2 − c2 − d2 − e2

) ±√√√√√√
κ2a2 + ω

2

(
κα2 + κβ2 + κδ2

+κµ2 − c2 − d2 − e2

)

× tanh

√a2κ
2 + ω

4a2
(x+ 2a2κt)

 ei(−κx+ωt+θ0) (53)

and the singular solitons

q(x, t) =

±
√√√√√ κ2a1 + ω

2

(
κα1 + κβ1 + κδ1

+κµ1 − c1 − d1 − e1

) ±√√√√√√
κ2a1 + ω

2

(
κα1 + κβ1 + κδ1

+κµ1 − c1 − d1 − e1

)

× coth

√a1κ
2 + ω

4a1
(x+ 2a1κt)

 ei(−κx+ωt+θ0), (54)
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r(x, t) =


±

√√√√√√
κ2a2 + ω

2

(
κα2 + κβ2 + κδ2

+κµ2 − c2 − d2 − e2

) ±√√√√√√
κ2a2 + ω

2

(
κα2 + κβ2 + κδ2

+κµ2 − c2 − d2 − e2

)

× coth

√a2κ
2 + ω

4a2
(x+ 2a2κt)

 ei(−κx+ωt+θ0). (55)

Once again, (52)�(53) give the perturbed dark�dark soliton pair in optics, while in �uids they are viewed as kink/anti-
kink solitary waves or solitary waves. These solitons are valid for(

καl + κβl + κδl

+κµl − cl − dl − el

)(
κ2al + ω

)
> 0, (56)

al
(
κ2al + ω

)
> 0. (57)

Case 2:

A0 = ±

√√√√√√
κ2al + ω

2

(
καl + κβl + κδl

+κµl − cl − dl − el

) ,

B1 = ±
√√√√√ κ2al + ω

καl + κβl + κδl

+κµl − cl − dl − el

,

η = ±

√
−alκ

2 + ω

2al
, A1 = 0,

bl = ±

√√√√√√9 (κ2al + ω)

(
καl + κβl + κδl

+κµl − cl − dl − el

)
8

. (58)

Inserting Eq. (58) with Eq. (10) into Eq. (28) leads to the bright solitons

q(x, t) =


±

√√√√√√
κ2a1 + ω

2

(
κα1 + κβ1 + κδ1

+κµ1 − c1 − d1 − e1

) ±√√√√√√
κ2a1 + ω(

κα1 + κβ1 + κδ1

+κµ1 − c1 − d1 − e1

)

× sech

√−a1κ2 + ω

2a1
(x+ 2a1κt)

 ei(−κx+ωt+θ0), (59)

r(x, t) =


±

√√√√√√
κ2a2 + ω

2

(
κα2 + κβ2 + κδ2

+κµ2 − c2 − d2 − e2

) ±√√√√√√
κ2a2 + ω(

κα2 + κβ2 + κδ2

+κµ2 − c2 − d2 − e2

)

× sech

√−a2κ2 + ω

2a2
(x+ 2a2κt)

 ei(−κx+ωt+θ0). (60)
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The bright solitons are valid for the constraint (56) along with

al
(
alκ

2 + ω
)
< 0. (61)

Case 3:

A0 = ±

√√√√√ κ2al + ω

2

(
καl + κβl + κδl

+κµl − cl − dl − el

) ,

A1 = ±

√√√√√ κ2al + ω

2

(
καl + κβl + κδl

+κµl − cl − dl − el

) ,

η = ±

√
alκ2 + ω

al
,

B1 = ±

√√√√√− κ2al + ω

2

(
καl + κβl + κδl

+κµl − cl − dl − el

) ,

bl = ±

√√√√√9 (κ2al + ω)

(
καl + κβl + κδl

+κµl − cl − dl − el

)
8

. (62)

Substituting Eq. (62) with Eq. (10) into Eq. (28) yields the combo singular solitons

q(x, t) =


±

√√√√√√
κ2a1 + ω

2

(
κα1 + κβ1 + κδ1

+κµ1 − c1 − d1 − e1

) ±√√√√√√
κ2a1 + ω

2

(
κα1 + κβ1 + κδ1

+κµ1 − c1 − d1 − e1

) coth

√a1κ
2 + ω

a1
(x+ 2a1κt)



±

√√√√√ κ2a1 + ω

2

(
κα1 + κβ1 + κδ1

+κµ1 − c1 − d1 − e1

) ×csch
√a1κ

2 + ω

a1
(x+ 2a1κt)

 ei(−κx+ωt+θ0), (63)

r(x, t) =

±
√√√√√ κ2a2 + ω

2

(
κα2 + κβ2 + κδ2

+κµ2 − c2 − d2 − e2

) ±√√√√√ κ2a2 + ω

2

(
κα2 + κβ2 + κδ2

+κµ2 − c2 − d2 − e2

) coth

√a2κ
2 + ω

a2
(x+ 2a2κt)



±

√√√√√ κ2a2 + ω

2

(
κα2 + κβ2 + κδ2

+κµ2 − c2 − d2 − e2

) ×csch
√a2κ

2 + ω

a2
(x+ 2a2κt)

 ei(−κx+ωt+θ0). (64)

The combo singular soliton are valid for the constraints (56) and (57).

IV. CONCLUSIONS

This paper accrues soliton solutions to �bers wi-
th QC nonlinearity in the presence of CD. A full
spectrum of solitons, both single- and dual-form are exhi-

bited. The Hamiltonian type perturbation terms that
are incorporated are of maximum allowable intensity.
The absolute maximum or critical value of the intensi-
ty is yet to be discovered. The Benjamin�Fier instabili-
ty analysis is not yet studied for the model. Moreover,
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the study needs to be extended later with quadratic�
cubic nonlinear structures of the refractive index. In
that case, the integrability issues will be addressed for
the perturbed equation, and the corresponding soliton
solutions along with the conservation laws for the model

will be displayed. Additionally, the model has to be
extended to address DWDM topologyand the formulated
model will also be studied. Several additional integrati-
on schemes will also be implemented [11�16]. The readers
are suggested to stay tuned!

[1] A. R. Adem et al., Phys. Lett. A 384, 126606 (2020);
https://doi.org/10.1016/j.physleta.2020.126606.

[2] M. Asma, W. A. M. Othman, B. R. Wong, A. Biswas,
Proc. Roman. Acad. A 18, 331 (2017).

[3] A. Biswas, M. Ekici, A. Sonmezoglu, M. Belic, Optik
178, 59 (2019); https://doi.org/10.1016/j.ijleo.20
18.09.159.

[4] A. Biswas, M. Ekici, A. Sonmezoglu, M. Belic, Optik
178, 117 (2019); https://doi.org/10.1016/j.ijleo.
2018.09.154.

[5] A. Biswas, M. Ekici, A. Sonmezoglu, M. Al�ras, Optik
178, 178 (2019); https://doi.org/10.1016/j.ijleo.
2018.09.180.

[6] A. Biswas et al., Chin. J. Phys. 56, 1990 (2018); https:
//doi.org/10.1016/j.cjph.2018.09.009.

[7] J. Fujioka et al., Chaos 21, 033120 (2011); https://do
i.org/10.1063/1.3629985.

[8] K. Hayata, M. Koshiba, J. Opt. Soc. Am. B 11, 2581
(1994); https://doi.org/10.1364/JOSAB.11.002581.

[9] S. Khan, Optik 212, 164706 (2020); https://doi.org/
10.1016/j.ijleo.2020.164706.

[10] E. V. Krishnan et al., Chin. J. Phys. 60, 632 (2019);
https://doi.org/10.1016/j.cjph.2019.06.002.

[11] N. A. Kudryashov, Optik 189, 42 (2019); https://doi.
org/10.1016/j.ijleo.2019.05.069.

[12] N. A. Kudryashov, E. V. Antonova, Optik 217,
164881 (2020); https://doi.org/10.1016/j.ijleo.20
20.164881.

[13] N. A. Kudryashov, Optik 206, 163550 (2020); https:
//doi.org/10.1016/j.ijleo.2019.163550.

[14] N. A. Kudryashov, Chaos Solitons Fractals 141,
110325 (2020); https://doi.org/10.1016/j.chaos.20
20.110325.

[15] N. A. Kudryashov, Chaos Solitons Fractals 140,
110202 (2020); https://doi.org/10.1016/j.chaos.20
20.110202.

[16] N. A. Kudryashov, Chin. J. Phys. 66, 401 (2020); https:
//doi.org/10.1016/j.cjph.2020.06.006.

[17] H. Triki et al., Opt. Commun. 437, 392 (2019); https:
//doi.org/10.1016/j.optcom.2018.12.074.

[18] E. M. E. Zayed et al., Optik 202, 163620 (2020); https:
//doi.org/10.1016/j.ijleo.2019.163620.

[19] E. M. E. Zayed et al., Optik 203, 163993 (2020); https:
//doi.org/10.1016/j.ijleo.2019.163993.

[20] E. M. E. Zayed et al., Phys. Lett. A. 384, 126456 (2020);
https://doi.org/10.1016/j.physleta.2020.126456.

ÎÏÒÈ×ÍÅ ÑÎËIÒÎÍÍÅ ÇÁÓÐÅÍÍß ÒÀ ÏÎËßÐÈÇÀÖIß Ç ÊÂÀÄÐÀÒÈ×ÍÎ-ÊÓÁI×ÍÎÞ
ÍÅËIÍIÉÍIÑÒÞ Â ÏIÄÕÎÄI ÐIÂÍßÍÍß ÑÈÍÓÑ-�ÎÐÄÎÍÀ

ß. Éèëäèðèì1, Å. Òîïêàðà2, À. Áiñâàc3,4,5,6, Ã. Òðèêi7, Ì. Åêiäæi8, Ï. �ó  iëëà3, Ñ. Õàí3, Ì. Ð. Áåëi÷9

1Êàôåäðà ìàòåìàòèêè ôàêóëüòåòó ãóìàíiòàðíèõ i ïðèðîäíè÷èõ íàóê,Óíiâåðñèòåò Áëèçüêîãî Ñõîäó, 99138,
Íiêîñiÿ, Êiïð,

2Êàôåäðà ìàòåìàòèêè, Óíiâåðñèòåò Ã'þñòîíà�Òiëëîòñîíà, Îñòií, Òåõàñ�78702, ÑØÀ,
3Êàôåäðà ôiçèêè, õiìi¨ òà ìàòåìàòèêè, Óíiâåðñèòåò Àëàáàìè A&M, Íîðìàëü, Àëàáàìà, 35762�4900, ÑØÀ,

4Äîñëiäíèöüêà ãðóïà ç ìàòåìàòè÷íîãî ìîäåëþâàííÿ òà ïðèêëàäíèõ îá÷èñëåíü (MMAC),
Äåïàðòàìåíò ìàòåìàòèêè, Óíiâåðñèòåò êîðîëÿ Àáäóëàçiçà, Äæèääà, 21589, Ñàóäiâñüêà Àðàâiÿ,

5Êàôåäðà ïðèêëàäíî¨ ìàòåìàòèêè, Íàöiîíàëüíèé äîñëiäíèöüêèé ÿäåðíèé óíiâåðñèòåò,
Êàøèðñüêå øîñå, Ìîñêâà, 115409, Ðîñiéñüêà Ôåäåðàöiÿ,

6Êàôåäðà ìàòåìàòèêè òà ïðèêëàäíî¨ ìàòåìàòèêè, Óíiâåðñèòåò íàóê ïðî çäîðîâ'ÿ Ñåôàêî Ìàê àòî,
Ìåäóíñà, 0204, Ïðåòîðiÿ, ÏÀÐ,

7Ëàáîðàòîðiÿ ðàäiàöiéíî¨ ôiçèêè, Ôiçè÷íå âiääiëåííÿ, Ôàêóëüòåò ïðèðîäíè÷èõ íàóê,
Óíiâåðñèòåò Áàäæi Ìîõòàðà, 23000, Àííàáà, Àëæèð,

8Êàôåäðà ìàòåìàòèêè ôàêóëüòåòó íàóê i ìèñòåöòâ, Óíiâåðñèòåò Éîç àò Áîçîê, 66100, Éîç àò, Òóðå÷÷èíà,
9Iíñòèòóò ôiçèêè â Áåëãðàäi, Ïðå ðåâiöà, 118, 11080 Çåìóí, Ñåðáiÿ

Ó ñòàòòi âiäòâîðåíî ïîâíèé ñïåêòð îïòè÷íèõ ñîëiòîíiâ iç êâàäðàòè÷íî-êóái÷íîþ íåëiíiéíiñòþ ó
âîëîêíàõ, ùî çáåðiãàþòü ïîëÿðèçàöiþ, à òàêîæ ó âîëîêíàõ iç äâîçàëîìëåííÿì. Äîäàíêè çáóðåííÿ
ìàþòü ïîâíó iíòåíñèâíiñòü. Òàêó çàäà÷ó ìîæíà ðîçâ'ÿçàòè â ïiäõîäi ðiâíÿííÿ ñèíóñ-�îðäîíà. Òàêîæ
¹ âiäïîâiäíi îáìåæóâàëüíi óìîâè, ÿêi  àðàíòóþòü íàÿâíiñòü òàêèõ ñîëiòîíiâ.

Êëþ÷îâi ñëîâà: ñîëiòîíè, ïîëÿðèçàöiÿ, çáóðåííÿ, êâàäðàòè÷íî-êóái÷íà íåëiíiéíiñòü.

2001-10

https://doi.org/10.1016/j.physleta.2020.126606
https://doi.org/10.1016/j.ijleo.2018.09.159
https://doi.org/10.1016/j.ijleo.2018.09.159
https://doi.org/10.1016/j.ijleo.2018.09.154
https://doi.org/10.1016/j.ijleo.2018.09.154
https://doi.org/10.1016/j.ijleo.2018.09.180
https://doi.org/10.1016/j.ijleo.2018.09.180
https://doi.org/10.1016/j.cjph.2018.09.009
https://doi.org/10.1016/j.cjph.2018.09.009
https://doi.org/10.1063/1.3629985
https://doi.org/10.1063/1.3629985
https://doi.org/10.1364/JOSAB.11.002581
https://doi.org/10.1016/j.ijleo.2020.164706
https://doi.org/10.1016/j.ijleo.2020.164706
https://doi.org/10.1016/j.cjph.2019.06.002
https://doi.org/10.1016/j.ijleo.2019.05.069
https://doi.org/10.1016/j.ijleo.2019.05.069
https://doi.org/10.1016/j.ijleo.2020.164881
https://doi.org/10.1016/j.ijleo.2020.164881
https://doi.org/10.1016/j.ijleo.2019.163550
https://doi.org/10.1016/j.ijleo.2019.163550
https://doi.org/10.1016/j.chaos.2020.110325
https://doi.org/10.1016/j.chaos.2020.110325
https://doi.org/10.1016/j.chaos.2020.110202
https://doi.org/10.1016/j.chaos.2020.110202
https://doi.org/10.1016/j.cjph.2020.06.006
https://doi.org/10.1016/j.cjph.2020.06.006
https://doi.org/10.1016/j.optcom.2018.12.074
https://doi.org/10.1016/j.optcom.2018.12.074
https://doi.org/10.1016/j.ijleo.2019.163620
https://doi.org/10.1016/j.ijleo.2019.163620
https://doi.org/10.1016/j.ijleo.2019.163993
https://doi.org/10.1016/j.ijleo.2019.163993
https://doi.org/10.1016/j.physleta.2020.126456

	Introduction
	POLARIZATION PRESERVING FIBERS
	BIREFRINGENT FIBERS
	Unperturbed model
	PERTURBED MODEL

	CONCLUSIONS
	

