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| ABSTRACT
This work explores Kink soliton solution, periodic soliton solution, and rational function solutions for the fractional generalized

anti-cubic (FGAC) nonlinearity in fiber Bragg gratings (BGs). The rational fractional (DZ—G)—expansion method is employed in

conjunction with the idea of conformable fractional derivative. Due to its nature, the soliton solution looks to have some
restrictions.
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1. Introduction

Optical soliton in fiber Bragg gratings is one of the fascinating areas of research in optoelectronics [Zayed, et al. 2020]. Despite the
fact that most publications focus on the integrability features of the equations, the fractional complex-valued function has been
progressively prevalent. Fiber Bragg gratings are excellent sensor components that can be used to measure a variety of engineering
parameters, such as tilt, pressure, strain, temperature, acceleration, displacement, load, and even the presence of variety of
manufacturing, biomedical and chemical matter, using both static and dynamic mechanisms. Differential group delay arises if an
optical fiber's rotational symmetry is disrupted. Mechanical tension, as well as random flaws or bending of fibers, could induce this
effect. Finally, temperature variations might have an impact on optical fiber homogeneity. The phenomenon of birefringence is
brought to light by the cumulative effect of differential group delay across transcontinental distances. This causes pulse splitting
in optical fiber, and the governing equations become vector-coupled equations. A wide variety of techniques are available,

including the symmetry method [Kumar, et al. 2019], the rational (%’)-expansion method [Akbar, 2019], the generalized (%,)-

expansion method [Foroutan, 2018], the rational fractional (DZ—G)-expansion method [Atwaty, 2021] have been formulated to

achieve exact solutions of NLSE.

In this article, we further investigate the fractional generalized anti-cubic nonlinearity in fiber Bragg gratings that were introduced
for the first time in [Biswas, 2019]. The idea of the conformable fractional derivative will be used. After that, the rational fractional

a

D7 G . . . . . . . . .
( 2 )-expansion method shall be carried out for the first time in order to find optical soliton solutions for the two models.
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2. Governing Model

The FNLSE with gAC nonlieearity [Biswas, 2019]

. b

iDEq +aD g + g + balal™™ + bslq|*2)q = 0. ()

The dynamic mechanism that characterizes the propagation of pulses through the fibers is denoted by g (x, t). The linear temporal
evolution is depicted in the first notion, whereas the chromatic dispersion (CD) is reflected by the factor a, the coefficients b; for
Jj = 1,2 stands for self-phase modulation (SPM). the power-law nonlinearity assigned by n where —1 <n < 3 [Biswas, 2019].

Generalized gAC nonlinearity in fiber BGs with two cases will be discussed in the following subsections. For n = n on the usual
knowing equation and for n = 0 on the vector-coupled model corresponding to gAC nonlinearity.

CASE-I: The FNLSE with gAC nonlieearity for n = 0 [16];

, b1 .
iDEY + D ¢+ 2+ e + (AP + 91|91 + il DY + ke = 0,

@)

. b. .
iDEp +azDP P+ s e+ (BIBIP + G211 + ihaDEG + ko = 0,

where a;, by, ¢;,dy, ey, fi, g1, i, and k; for 1 = 1,2 are constants. The x and t variables indicate spatial and temporal variables
respectively. Y(x,t) and ¢(x,t) are the dependent variables, which represent wave profiles along the two components. The
coefficients a; are used to express dispersive reflectivity, The coefficients b; are represents the combination of SPM and cross-
phase modulation effects XPM. The coefficients ¢;, e; and f; define SPM, while the coefficients d; and g; define XPM. The inter-
modal dispersion coefficient is then h;, and finally the detuning coefficient is k;

3. Mathematical Preliminaries
In this paper, the rational fractional (DZ—G)—expansion method is used to obtain analytical solutions to Egs. (1) and (2). The approach
made use of the concept of conformable fractional derivative, which has the definition as [Islam, et al. 2020].

dyp YP(x+e) -

ax o e
where ¥(x): [0,0] - R and x > 0. For the traditional definition, we have % = nx""1. Accordingly, Khalil introduced a order

fractional derivative of i as

1-ay _
TP (x) =£i_r)1(1)¢(x+€x c ) 1,l)(x)’ 0<ac<l,

for y(x) is a differentiable and li%1+Ta1p(x) exists, then the conformable derivative at x =0 is defined as
X
Tah(0) = lim Totp(x).

If u(x) and v(x) are a-differentiable at any point x > 0, for « € (0,1], then [Islam, et al. 2020]:

T,(au+ bv) = aT,(uw) + bT,(v) Va,b €R. (3)
T,(x™) =nx""% vneR. 4)
T. =0, where c is a constant. (5)
To(uwv) = uTy(v) + v (w). (6)
T, = Tt el )
If u is differentiable, then T, (u(x)) = x'~¢ dl;—ix). (8)

To solving the considered equation we set
q(x£) = u(G(x, ))e? e, )

where ¢ and 6 denotes the soliton amplitude component and the soliton phase component respectively, which are characterized
as
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() =x—Ar, (10)
6=]x+w§+k. (amn
Substituting Egs.(9),(10) and (11) into Eq.(1) we get
—(W + aJHuP™? +i(2a] = DuP 1 DFu + au 1 DFu + by + byu'™t? + byuttt =0 (12)

1
Balancing u®"**D?* with u*"** gives N = n—Jlrl Setting u(¢) = [U({)]~ we get

. an+2
—(w+aJHU? + ﬁ(Za] — DUDZU + ﬁungav - +1)z —2_ (DEU)? + by + byUnwt + b3U* = 0,

the real part of Eq.(13) is

an+2
—(w + aJH)U? +ﬁuuguu— (DEUY? + by + byUn+t + b3U* =0, (14)

(n+1)?
and the imaginary part of Eq.(13) is

[ (2a] — HUDEU] = 0. (15)
From Eq.(15) we have

A=2a] (16)
For integrability, we must set b, = 0 in Eq.(14) this leads to

UD}*U — p U? — (D( U)? +p, +p3U* =0, a7

m+1)(w+aj?) bi(n+1) bs;(n+1)
where p; 1=, P2= : . 'Ps= : 2

The rational Fractional (%la)-expansion Method
Step 1: Assume Eq.(17) has a solution of the type
i= (—)‘
U@ = O—Dac (18)

N
i= OB

where 4;(i =0,1,2,...,N) and B;(i =0,1,2,...,N) undetermined parameters, and G({) satisfy the following auxiliary fractional
differential equation [16]

DZ*G +nD§G + puG =0, (19)

It is commonly known that the following solutions exist for equation (19):

/<F¢)<F g.,>\

2T (1+a) 2M(1+a)
n
- =7, n*—4u>0,
h a Bl
€1€0s zl‘(1+a){ +cpsin 21"(1+u){

ISNES

o= |
DgG 4p-n2 4un?
( G )_ . /Clsm<2r‘(1+a —C€2€08 zr‘(1+u)(u (20)
” 2| 2—4p<0
4p— 172 4pu-n2 g #
€1€0s zl‘(1+a) +cpsin zr‘(1+u){a

C,I'(1+a) n
2

CiI(1+a)+C %

n?—4u=0.
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4. Application
Balancing UD?“U with U* we obtain N = 1. Inserting Eq.(18) with N = 1 into Eq.(17), using Eq.(18) and collect the coefficients of

each power of (%)L({), (i =0,1,2,3,4,5) we obtain a set of algebraic equations in the unknown Ay, A4, By, and B;. Solving this
system using Matlab we have:

. _ pa(n+1) 24, _ (@n+1)(n®-4p) _ n@n+2)(4p-1%)
Case 1: when B, = ~ ’ sy B1=0 Ay =4, A= D PL= T o P2 T T ey Prowde pz3#0and n# —1.

As a result, Eq.(1) has the following traveling wave solutions:

when 2 — 4u > 0, we have the following hyperbolic function solution

[ n2—4ﬂ —4M ]n+1
cysinh m(“ +CzCOSh AT’ a (@n+1))(m2-4m)t
a(zn: n?-ap
Q0 ) = Gr+2)(r*—4p) | UM minzaz o). (21)
p3(n+1) 2—4p
{‘1 +czsmh

n 2 w
cycosh 2F(1+a)

For ¢, # 0, ¢, = 0 then equation (21) becomes

2r(1+a)

1
2_
q(x,t)=[¢ Grr2) r?— ) <tanh «/n = (a)>] U U

p3(n+1) 2I'(1+a) (22)
when 1% — 4u < 0, we have the following trigonometric function solution
1
[ ) 4#—112Z 4#—712( ]n“
cysin| >X——7% |+c,cos[ >—-C%
I+ erYETm— 1 2r(+a) 2 2T(1+a) | i(jx+%+k) 23)
qx,t) =[+ X e (1)2—a] )
| p3(n+1) 4p-n2 ap-n2 |
l \Clcos 2r(1+a)(a +cpsin zr(1+a)(2 /J
Forc; #0, ¢, = 0 we have
L 2
_ | [en2@n—n?» Ja? L\ \ [T O ra)) 24
qlx,t) = [+ (D) <tan <2F(1+a)( ))] X e 2(n+1)%-a] , (24)

(a) (b)

2000

la(x.)I?

1000

No

Figure 1: The solution |q(x,t)]*2 of Eq.(24) with a=2, J=2, n=1, b_3=1, n=3, u=0.5, and x€[-10,10], t€[0,2], and a=1 for Figure (a)
and in cylindrical coordinates a=0.25 for Figure (b), a=0.5 for Figure (c) and a=0.75 for Figure (d).
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when 72 — 4 = 0, we have the following rational function solution

1

_[+ [Gnn [ ara+a \[ o iga+i
q(x,t)—[+ ps(n+1) Cll"(1+u)+CZZ“)] xe : (25)

For C; =0, C, # 0 we have

1

_ [+ | Bn+2) r@+a)\ |+ i(Jx+k)
qCx,t) = [+ Gt (L) )] X iU+, 26)
_ 240n | p3(n+1) _ 440 p3(n+1) _ 4#__772
Case 2: when By = £ =~ NZ—4p A n+2) ' B, = in2—4u \’ n+2) ' 1 Ao = Ao Ay =0, py = 2(n+1)’

P2 = —%. Provide p; # 0 and n # —1. As a result, Eq.(1) has the following traveling wave solutions:
3

when 1% — 4u > 0, we have the following hyperbolic function solution

1

[ T+
n2— ap-n? _ K
a0 = 7 J— AT o UG, @)
casinh \2F(1+a } 52°°Shkzr(1+a }
p3(AD(“p-1?)
(n+2) —au
01005h<2r(1+a) )+czsmh/zr(1+a )/
For ¢; # 0, ¢, = 0 then equation (27) becomes
1
]n_ﬂ
2_ . 4#—772_ 2\t
qx,t) = | = | X el(]x+(2(n+1) af )a+k)' (28)
| [mmmars,, (7 ||
[ (n+2) k 2r(1+a)’ J

when 12 — 4u < 0, we have the following trigonometric function solution

1

[ T+
2_ : e TN
qlx,t) = ni—4u x el(lx+(2(n+1) aj )a+k)_ (29)
) [ 4p-n2 a\ / 4p-n? a\
clsm\m( }+czcos\m( }
p3(n+1)(4p-n?)
+2) 4u-n? [ Jann?
c1c0s| orrray’” |+e2sin| oriira) 2
'|n_+1
2
24 e+ gtk
(x t) — n H - X e U (2(n+1) J )a ) (30)
pa(AD(u—nD) T,
(n+2) - 2F(1+a)’
Ao [ p3(n+1) 4pu-n? n(n+2)(4u-1°)
:when B, =0,B; = +-° L Ag = Ay, A =— =—PrV| n -1.A
Case 3 enB,=0,B;, =% p i)+ Ao = Ao Ay = 2” ' PL= Sy P2 Tops (i)’ ovide p; # 0and n # sa

result, Eq.(1) has the following traveling wave solutions:

when 1% — 4u > 0, we have the following hyperbolic function solution
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nn?-au

2-4

. n 3 a
clsmh\m{ }+c2cosh

2u+ 2

n2-ap
a +czsinh

c1 cosh(m(

r12—4u \) Iz
2r(1+a) }
-4 >

2I‘(1+11) / L(]x+(4ﬂ n?

—aj? ) +k)

q(x, t) =

) n2-ap
515'"h\2r(1+a)

X 2(n+1)
{‘7‘>+c2 cosh KZJF(l:-A:;{

P32 =41
4(n+2)

2-4p

n2-ap
2T(1+a)

n
51C°Sh\21—(1+a) ‘1>+czsmh

)1
)

For ¢; # 0, ¢, = 0 then equation (31) becomes

2u+

2_,
[ ? nz wtanh(

2F(1+a)

q(x, t) =

when n?

€1
nJ4u-n?

a |1
2

sin(zs(‘i_:;{ >+c2cos\2:(ul:_?:)(“}\l

n+1
_4H{a ]
: L(]x+(w n?
pz(n+1>(n2—4u>.anh<d”2“‘“
L S
4(n+2) 2F(1+a)

— 4u < 0, we have the following trigonometric function solution

2
X e 2 Yz +k)

1
Jn+1

=

2u+ 2

€1

_ _ 2
cos(z:(’ll+12){a)+czsin(z:,g+12)(2})

lUX+GE )

qx,t) =

clsin<;£7‘]7;<“>+czcos zr‘(1+a)<

X 2(n+1)
4p-n2

)

p3(+1)(4p-n?)
4(n+2)

Forc¢; #0, ¢, = 0 we have

n n2-4p

2u+

7 tan 2l (1+a)

=

_n
2

‘:1°°5\2F(1+a) "‘}”2““<z:g+12) 2))

qx,t) =

4pu-n?
2(n+1)

. ¢
el(]x+( —aj?)+k)

P34 o I
4(n+2) - 2F(1+a)’ 2

when 2 — 4u = 0, we have the following rational function solution

n n+1

Cal'(1+a) 2
)3 % ei(]x—%tﬂc)

2”+n(clr(1+a)+czia
ﬂ3(7l+1)(
(n+2)

qx,t) =

2CT(1+a) )_E
C1T(1+a)+C20%) 2

Forc; =0, ¢, # 0 we have

1
n+1

Cal(1+a)\_n 2
2utn(~—a— )3 i(Tx—3Z
q(x' t) — ( I4 ) 2 eL(]x p t+k).
p3(n+1)(T(1+a) _n
(n+2) 2

5. Mathematical Analysis: CASE-1 (n=0)
The following is the initial hypothesis for addressing the considered coupled system:

P t) = w (e,

P(x,t) = up (e’
Substituting Egs.(37) and Eq.(38) into Eq.(2) we get

@3M

33)

(34)

(35)

(36)

(37)
(38)

Page | 6



JMSS 4(2): 01-13

byuy

—i ADfuy —wuy — ayJ*uy + 2 i ay ] Dfup + ag DF%u;, + Cranm et
1%1 1

+(flu% + glug)ul + lhl Dgul - h1] Uy + kl U, = 0, (39)

—i ADfuy —wuy — ayJ*uy + 210 ay J Dfuy + ap DF%uy + % + eyu,

+(fzu% + gzu%)uz + lhz Dguz - hz] Uy + kz u = 0, (40)
Egs.(39) and (40) can be gathered as

—i/nguj —-wu; — a;f?y +2ia;] Dfu + a; DZ ul+m+e]u]

+(f] + gju; )u] +ih Dfw — hi Jw + kju, = 0, (A1)
where j = 1,2 and [ = 3 — j. Using the balance principle we get u; = u; and that leads to

b; .
the real part of Eq.(42) is
wiDZu; + pyuf + py + psuf =0, (43)
the imaginary part of Eq.(42) is
/1—2(1}']—}1]'=0. (44)
,,,,,, 2

Where p; = AL Wa:_l’] Gyl Py = aj(clj+d) and p; = (f’ g’) . Provide that a; # 0 and ¢; + d; # 0. From Eq.(44) we have

6. Application
Balancing ujD(Z"‘uJ- with u]‘-" provides N = 1, which is then substituted into Eq.(18) and subsequently Eq.(43) and solve the result
algebraic equations using Matlab yields:

Aoy/2p3
n

Case 1: when B, = , B =0, Ag =4y A== p,=2u ——, p2 = 0. Provide n # 0. As a result, Eq.(2) has the following

traveling wave solutions:

when 1% — 4u > 0, we have the following hyperbolic function solution

_ _ n+1
¢,sinh ik {“ +c,cosh w{“
2M(1+a) 2l(1+a) . ain
w(x t)— + 77 4# x el(]x+(k1+el—h1]—a112—2a1/4+—) +k)_ (46)

—ap
2
clcosh<zr(l+a) >+czsmh(zr(1+a) >

[ ) nioap o ]"“
- cysinh zr(1+a)< +c,cosh 21"(1+a){ ' - m
71 {ad i(Jx+(ky+ey;—hyJ—az]*—2a,u+ )+k) (47)
o(x,t) =|+ | \/27 - | X e .
—4p n2-ap
\clcosh<zl_(1+a){“>+c2sinh<2r(1+a){2>/

Forc; #0, ¢, = 0 we have

Yoo = |F 1 (anh (L2 ca " plUxH(erter—hyJ=ay /P -2a i) (48)
2p3 2l (1+a) ’

1
_ n2—4u V=t Lo\ \[M o iUx (et —ha—ay )7 —2a,p+ 2D o) 49
o(x,t) = [ / <ta h 2F(1+a)( ))] X e (49)
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when n? —

4u < 0, we have the following trigonometric function solution

1
. 2 n+1
[ 2 Clsm(zr‘(1+a)<a>+czCOS(ZI‘(Ha) a) ]
w(x, )=|¢ T |

% ei(]x+(k1+el—h

1]—a1]2—2a1u+m) +k) (50)
2p3 4p-n2
clcos<zr(‘1+1){“>+czsin(zrg:‘i) 2>
L
2 2 n+1
[ /clsin<Zr£+1)(“>+czcos<zr(tl){“>\]
— n2- 4#' | i(]x+(k2+ez—h2]—a2]2—2a2u+m) +k) (51
¢(x,t) = 2pe s = X e
\C1C°S<2F(1+a)(a>+czSin(zr(ua){z)/
Forc; #0, ¢, = 0 we have
1
a t
lp(x t) — [ IW p4‘l’~ (ta (2\/;(};-‘-7;) (Q))] X el(]x+(k1+6’1—h1]—a1]2—2a1#+%n)z+k)’ (52)
3
1
. a t
d(x, t) = [? nzp (ta (2\/:{;"71)( ))] el(]X+(k2+€2—h2]—a2]2—2a2u+%n);+k) (53)
3
when 12 — 4u = 0, we have the following rational function solution
X
_ |1 G (1+a) n+1 i(]x+(k1+91—h1]—a1]2—2a1u+m)£+k) 54
Yoot = [ Jz_,;g(clr(1+a)+czzﬂ)] xe ’ 4
1
—|F_1 Gr(1+a) wH i(jx+(k2+e2—h2]—a212—2a2u+m) +k) 55
pet) = [+ Jz_;;3(01F(1+a)+czza)] xe (53)
For C; =0, C, # 0 we have
1
n+1 i anyt
Wx t) = [_I_ le3 I‘(l:a))]"‘rl x eL(]x+(k1+el—h1]—a112—2a1u+ rerad) (56)
(a) (b)
1031
10 5000
E 2
= . =
2

No

Figure 2: The solution |Y(x,t)|*2 of Eq.(56) with a=0.5, J=0.5, n=0, a=1, b_3=1, n=3, u=0.5, x€[-10,10], t€[0,2], and a=1 for Figure

(a) and in cylindrical coordinates a=0.25 for Figure (b), a=0.5 for Figure (c) and a=0.75 for Figure (d)
1
b(x,t) = [ Jl_ F(lzza))]nﬂ x glUx+eater=hy]—az]? ~2azu+"ZN4k)

(57)
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Case 2: when B, =0, B; = —“12‘)3 Ay =4y, A= ,p1 — —2u, p, = 0. Provide u # 0. As a result, Eq.(2) has the following
traveling wave solutions:

when 2 — 4u > 0, we have the following hyperbolic function solution

2u+
2 Jn?-au . n —4u )
cpcosh oM (@) +csinh 2M (17 Q) }
Y t) = |+

) / n2-ap \ —w
t:1smh\21.,(1+a)s /+czcosh 21"(1+a)”
—p3(m?-4p)
2
|
|

5 2 T+
71\[1,2: C1sinh<m{ >+CZC05h 2;7(1+‘:;{ \W

% plUx+(kiter—hij=a1j?+2a1u~"4k) (58)

172—4# n? 4# z
cqcosh 2M(iFa) @ l4cysinh 2M(F )

[1’ _an —411 . In+1
cqsinhi T e +c2cosh PiverTnd
[n2—au \2 1+a) 2 (1+a) 2
2 / n2-ap \ 2 4u z
c1cosh\zr(1+ ) )+c25mh YeET) /

) n2-4p 112—4# \
clsmh\zr(“ﬂ) +czcosh| 21..(“_“)
[o3ar?=4m) R
" )

N

o(x,t) =+

% ei(]x+(k2+e2—hzj—a2]2+2a2u m) rasd)

(59)

]

NI:\‘

: /m\./m)

clcosh\zr(1+a) /+0251“h\2F(1+a)

Forc¢; #0, ¢, = 0 we have

2_, 2_, "_+1
[ 2#+7l ! wtanh( 7 4#( > "2]

2 2T (1+a)
Ylx,t) =1+

ei(]x+(k1+91—h1]—a1]2+2a1u—a2ﬂ)§+k)

x , (60)
—p3(m2-4p) i
tanh {
2 2F(1+a) 2

(@ (b)
4
22
0 1
10 0 10 ©
X
(c) (d)

Figure 3: The solution |Y(x,t)|*2 of Eq.(60) with a=-0.5, J=3.5, n=0, b_3=-1.01, n=4, u=3, x€[-10,10], t€[0,2], and a=1 for Figure (a)
and in cylindrical coordinates a=0.25 for Figure (b), a=0.5 for Figure (c) and a=0.75 for Figure (d).
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% ei(1x+(k2+e2—hzj—az]2+2azu—%)£+k)' 61)

N

n n?-4p n2-4p 2 1
[ 2pt+—— tanh(m{"‘)—n ]
o t) =|F |
|l f—pa(nz—w)tanh(\l"z_“ a)_ﬂJI
2 2

2r(1+a)”

when 12 — 4 < 0, we have the following trigonometric function solution

1

au-n2 4p—eta? 11 T+
2 cisin 2[‘(1+a)< +€2008| “Srerray ¢
n/48-1 1]2
p—— =

Ty (i |

51C°5\2r‘(1+a)”u/+':2Si“\zl‘(1+u)”2/

% elUx+later—hyj—ayj?+2a, =" k) (62)

Yt =T

2

[ Jau-n? o 4p-n? o
€180 orerFa)S |FC2C08| ar(iva)
—p3(4u-1?) n
2

c1cos<2:(i:lz) “)+czsin<24:(l:_1: 2)

nJ 4p-n?
2p+

4p-n2 4;1 eta2 Lo
Clsm\zr‘(1+a) )+czcos 2T (1+Q)
u

2
4p-n? 4p-n?
Clc"s\zr‘(ua) )*’Czsm 2r‘(1+a) . ) agn.t
¢(x, t) =|F X el(]x+(k2+e2—h2]—a2] +2a2#—T);+k). (63)

\

4u-n? 4p— nz
Cis‘"\zr(ua)* /”2”5 2I‘(1+a)"
-p3(4u-12)
2

au-n? 4# 72 2
Clcos\zr‘(1+a) +czsin 21"(1+a) /

Forc; #0, ¢, = 0 we have

u—m2 2 n+1
n #Tlta< H-n a>n2

2ut— N orare

—p3(tu-1®), VA {a
2 2T (1+q)

olUx+(ky+es—hyJ—asj*+2a, 4~ M) il (64)

Y t) =|F

(a) (b)

dix.t)

Figure 4: The solution |Y(x,t)|*2 of Eq.(64) with a=0.5, J=0.5, n=0, b_3=1, n=3, u=2.5, x€[-10,10], t€[0,2], and a=1 for Figure (a)
and in cylindrical coordinates a=0.25 for Figure (b), a=0.5 for Figure (c) and a=0.75 for Figure (d).
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nJau-—n2 4p-n2 2|
ta @

[ 2ut—— 2Fa+a)
| |
| ,—pa(w—nz)tan(\J‘”""ZU)_E |
l 2 2T(1+a) 2 J

when 1% — 4u = 0, we have the following rational function solution

lUx+ ez +es—ha ] —az 2+ 2a,0u—"21) k)
)

(65)

1
Cor@+a)  \_n?ln+1
T 2u "(C1F(1+a)+czza) 2 } x ei(]x+(k1+e1—h1]—a1]2+2a1u—%)£+k)

Col'(1+a) n
v _2p3(51r(i+a)+czzf1)_5

1

Yx,t) = (66)

CoT(1+a) ) n?

n+1
T 2”+n(51r(1+a)+52(“ _7] % ei(]x+(k2+ez—h2]—a2]2+2a2u—a§—n)é+k)-

Cal(1+a) n
v _2p3(c1r(i+a)+cz;d)_5

$(x,0) = 67

For C; =0, C, # 0 we have

_ 1= [ i(Jx+(ky+ei—hyj—a,j2+2a,u—2 vk
l/)(x, t) =|F = (I‘(1+a)) 217 (Jx+(ki+e;—hiJ-ay] 1=, )a ). (68)
[—2p, )3

1
2
2#+n(r‘(1+a))_n_ n+1
Xe

1
ra+a))_n?ln+1
2u+n () _1- . ¢
T H ?7( [ ) z} XeL(]x+(k2+ez—h2]—az]2+2azu—a§—")z+k).

o(x,t) = (69)

Case 3: when B, = _'4”:27 V_;T, By = F 2AoV=20s V_ZpB, Ag =4y, A1 =0,p = "72 —2u, p; = 0. Provide n? — 4u # 0. As a result, Eq.(2) has

n?—4p
the following traveling wave solutions:
when 2 — 4u > 0, we have the following hyperbolic function solution
_ T
n+1
W t) =|F n%—4p x ei(]x+(k1+e1—h1]—a1]2+2a1u—azﬂ)£+k). (70)
n2-4p n2-4p
clsinh<zr(1+a)(‘z)+c2cosh\zr(1+a)(‘z>
V=p3(m*—41)
: n2-ap n2-4p
cqpcosh 2I‘(1+a){a +cpsinh mzz
_ N
n+1
_|= n?—4u iUx+(kpter—ha ] =5 +2a,u—"2D 4 k) 71
x,t) =|F X e 2 02, (71)
¢( ) . { 172_4” a\ / 772—41»1 a\
clsmh\m( }+£2cosh\m( }
V=ps(m*—4u)
: n2-ap n2-ap
cqcosh 2F(1+a)(a +cpsinh 2I‘(1+a)(2
Forc; #0, ¢, = 0 we have
1
[ ]n+1
— 2_4 i —hyJ—a.]? _aamt
lﬁ(x, t) =|F nT-ap x eL(]x+(k1+e1 hyj-aij*+2a;pu—=; )a+k), (72)

2_
[-p (112—4[1)tanh<n—w(a>—ﬂ
3 2F(1+a)

2
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¢(x,t) =

no-4u eL(]x+(k2+ez—h2]—a2]2+2a2u——) +k) (73)
n2-ap
—ps(M?—ap)tanh| Y——¢a | -1

2I(1+a)

[ z ™
|F | x

| |

| |

when 1% — 4u < 0, we have the following trigonometric function solution

1

n+1

. ¢
Vi t) =|F n°-4p x el(]x+(k1+el—h1]—u1]2+2a1u—%);+k). (74)

4# r12 o \
+czcos 2I‘(1+11) |
|

__\
o
P
@,
=
[ ————~
B
ﬂ
=
3
P

x| \msm/W\
1 \2F(1+a) } Kzr(1+a) })

Tn+1

oo t) =T n —4u x  elUx+(ka+er=hyj-az]*+2azp~ m) el (75)
4pu-n? 4p— 712 \
{”15‘" 2T(1+a) }“2“’5 2T(1+a) \
-p3(ap—n?)]
4p-n? 4p-n?
kclms(zr(ua) a)+“'25i“<21‘(1+a) 2))
Forc; #0, ¢, = 0 we have
L
n+1
v t) = | T n2-4u % ei(]x+(k1+e1—h1]—a1]2+2a1;4—m) ), (76)
Jn?-an
—p3(n2—4u)tan<m("‘>
o
[ n+1
_ 2_ : ChoT—a.1? _G2m\t
d(x,0) =|F no—4p ><ez(jx+(k2+ez haJ-az]?+2a,u——2 )a+k)’ (77)
Jn?-an
—03(ﬂ2—4#)t3n<m(“>

7. Conclusions
In this paper, the FNLSE with generalized AC nonlinearity was found to have optical soliton solutions in fiber BGs. The conformable

. _— ST . . . . . . DEG .
fractional derivative definition is utilized. Finally, the solutions were retrieved using the rational Fractional ({T)-expansmn Method.
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