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Abstract

In the upcoming study, a modified Sardar sub-equation method has been studied to find the solutions to the stochastic
fractional long—short-wave interaction system, which is a very useful equation in the field of mathematical physics.
All kinds of answers have been obtained using the method in question, which shows the strong performance of this
method.
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1 Introduction

In this paper we consider the following stochastic fractional long—short wave interaction system (SFL-SWIS)

ist + 2% — sr = iysWy,
(1.1)

ro+ 997+ 9¢ (|sf*) = 9w,

Nonlinear partial differential equations (NLPDEs) have been extensively used for determining natural propositions
of applied mathematics and sciences which can be seen in the field of fluid dynamics, plasma physics, mathematical
physics, natural sciences, electromagnetic theory, applied sciences, etc. The higher-order nonlinear evolution equations
(NLEEs) examine the physical and complex behavior of solitary waves in terms of exact solutions including some
arbitrary functional parameters and arbitrary constant parameters on the unpredictable and continuous background.
It has been observed that most of the systems are nonlinear in nature and therefore differential equations play a vital
role to explore the modeling of real physical systems. So far, many studies have been done to obtain the solutions of
these equations, among which we can refer to [I]-[I0].

2 The description of modified Sardar sub-equation method

This method is a powerful and robust approach that may be used to generate numerous types of soliton solutions,
including dark, bright, W-shaped, mixed dark-bright, singular, mixed singular solitons, periodic, and other solutions,
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for both the classical and fractional order NPDEs as compared to other methods in the literature. The fact that
this approach overcomes the complications of the solitary wave ansatz method [18,46] is noteworthy. As a result,
this section contains a full description of the MSSE approach. To use this approach, we assume the following general
NPDE as:

G (u, ut, Uy, Ugg, ...) = 0, (2.1)

where G denotes a function of v and its derivatives. The complex wave transformation given as
” (SC, t) U (5) ei(wzx+772t)7£ = wiz + mt, (2.2)

is proposed to reduce Eq. ([2.1) into nonlinear ordinary differential equations (NODE):

NU,U,U",..)=0. (2.3)
The solutions of Eq. can be classify as:
U(§) =d+Y 6:Q (), O # 0. (2.4)
i=1
The function @ (§)in Eq. satisfies
(@ (€)= v2Q" (&) +11Q” (&) + vo, (2.5)

where vg , v1 , and v are constants. In addition, the family of solutions for Eq. ([2.5) with constant are listed as
below:

1. If vyg = 0,v1 > 0, and vy =0, then

Q:1F (6) = iw/—j—;secmm&m),
QxF (6) = iw/f%csmm&m).

2. For constants A; andAs . Letvy = 441 A5, v1 > 0,, and vg = 0, we have

1T A,
(443 — vg) cosh (/01 (£ + &) £ (443 + v) sinh (/o1 (£ + &)

Qs* (&) =

2
3. If ug = 71, v; < 0,vy > 0, with constants B; , and B, , then

@2t (6 = [~ v (-2 (6 +9)).
@t (© =[5 comn (- e+9).

Qs () = £, /—2%2 (tanh (vV=2v1 (£ +¢)) £isech (vV=2v;1 (£ +¢))),

Qe* (6) =+ —8”712 <tanh (ﬁ(gﬂ)) + coth <H(£+§)>) ,

i, [ (£VBE¥ B} - Bicosh (V=201 (€ +9))
Q7 (f)—i\/z< Blsillh(\/Tm(f+§))+BQ >’

Lo ~ o [ cosh (V=2v1 (£ +9))
Qo™ (§) = i\/TUQ (sinh (V=2v1 (£ +5)) ii) .
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4. If vg = 0,v1 < 0,v9 # 0, then

Qio* (€) = +, /—Z—;sec (V=01 (£ +5)),

QT (6) =+, /72—; cse (vV=v1 (E+9)) .

5. If vg = i v1 > 0,v9 > 0,andB? — B2 > 0, then

41}2 ’

Qe () = /-5 tan (V2 €+9). @ur©- [ oot (Y% €+9).
Quit () = [ (1o (V2 (€4 9) seo (VI (6 +9))

Qs (© = [ (1 (2 (6 +9)) ot (/L 6+9)).

w1 (+y/B} — B — Bicos (v2u1 (£ +9))
2’U2 Bl sin (\/T’Ul (f + ()) + B2 ’

B U1 cos (\/E(f + C))
Qur™ (§) = jE\/; (sin (V201 (€ +9)) + 1) |

+ o 4 +/01(€+5) + - +4 o1 (€+5)
Qus™ (§) =t ey Q- @) =+ ey

Q™ (&) ==+

6. If vyg =0 and vy > 0, then

7. If vg = v1 = 0and vy > 0, then

1
+
Q20 (f)—i\/@(€+g).
8. If vg = v1 =0 and vy < 0, then _
)
R T )

3 MSSEM application to the SFL-SWIS
In the following, we first consider the stochastic fractional long—short wave interaction system as follows
ist + 2% — sr = iysWy,
Tt + S%r 4+ 3¢ (|s|2) = yrWy,
where s (z, t)represents a complex function, r(z,t) is a real function, 3%is the Jumarie modified Riemann—Liouville

derivatives for 0 < a < 1,7, is a constant representing noise strength, and W, = ‘Z—VX, W = W (t)is the standard
Brownian motion. In order We consider the following wave transformation

s(at) = h(&) LPVOTY) Ly = g(e) WO (3.1)
r® kx®

By substituting (3.1)-(3.2) in eq. (1.1) we obtain

1 22
P — (K* + A) h+ ﬁh?’e"yw(t)_Tt =0. (3.3)
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Because W (t) is a standard Gaussian process, the mathematical expectation is

2
aJ-
W) — o5t

Considering the expectation on both sides of Eq. (3.3)), we obtain:

1
2k -1

B — h*— (K> 4+ X)) h=0

Substituting (3.1] into , we obtain:
2

1—2k) g +2aR W5t —
g

Applying the mathematical expectation of Brownian motion, Eq. (3.6 can be rewritten as

(1—2k) g +2nR =0.

Integrating Eq. (3.7) once yields
(1-2k)g+h* =c
c—h?

TS

(3.4)

(3.8)

(3.9)

Therefore, the exact solution of SFL-SWIS (1.1)) can be constructed by solving Eqs. (3.5) and (3.9). Due to the
relationship (3.9), we must focus on the bifurcation and the solution of Eq. (3.5). For this aim we consider Eq. (2.4)

for Eq. (3.5).
h(§) =do+0:1Q (&), 61 # 0,

5_(2k—1)\/Tz;2 5_\/5(2/@—1) —k2 — A+
L 2%k — 1’ 0= 3 2%k—1

So solutions of equation (|1.1)) as follows:
3-1. If vg = 0,v; > 0, and vy = 0, then

o1 (2,1) = f(zk 1) /%;k ko ((%+At>+vw(t)—§t)+
. 2
(2k 1) /2—k6v2 /—ﬂsech( ( s th—i—g))) e<10+’yW(t)*%t)7

(.’E t) \/§(2k 1) /—k;k A+vq ( (1"(1+(v) +/\t)+"/W(t)7§t)+

. e ,y2
(e /;kﬁw\/jcsch( o7 (e - 2kt+<)))e(’(%“t)*”w“*ﬂ).

In this case we have

2
. W(t)— 2t 2k 1) k2o
ry(z,t) = 7= 2k)e(’y )_(1 2k)( ot
2
(2k 1) _6”2 sech( (F(1+a 2k‘t—|—§>)> e(WW(t t)

ra (2, )_(1C2k) ( t)iit)_ = 2k)< 2k 1\/W
k \/TUZFCSC}L( (F(1+ ) 2kt+§)))26(7W t)

vy < 0,v9 > 0, with constants By, and B, then

3-2. If Vo =

4U’

(1‘ t 2k 1) /—k2 /\+U1 I‘(1+o¢)+>\t YW () —- 77)

™ 7ﬁ
<(2k?:1) \/ ST V7 305 tanh( (F(1+a) 2kt + §>>) ( i(wiray AW () =5t

)

)

(3.10)
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sa (@, 0) = BN, [ (et 0 WO

. e & _Y?
(25 oV (e -] Ll w02,

3 2k—1 2vg

and in this case we obtain

2
c W (t)— %t V3(2k—1) [ —k2—X4v
rs (z,t) = (1—21c)6(V ) - (1—12k) ( (3 )\/ ot

2 2
(2k—1) /—6 1 T & YW (t)— Lt
3 5h—11/ 20, tanh (E(F(H—a) _th"'g))) e( ’ )
. AW ()= Lt V3(2k—1) [—k2—ato

ry(z,t) = (1721@)6( =) - ey ( 3 ottt

2 2
2k—1 —6v v T z% W(t)—It
B 5 =3 coth (V= (et — 260+ ))) L)

3-3. If vg =0,v1 < 0,vy # 0, then

. kx® w 72
s5 (z,t) = \/5(23]671) \V 7k;;;_)‘1+“1 (3(1(”1“*) AL)FAW (5= t)Jr
_ a i —kz® w _2?
((2k3 = \ 2_1661)? 5; sec ( Y1 (F(T+a) - 2kt + C))) €< (F(1+a) M)—PY )= t),

. [ _ﬁ
se (z,t) = \/5(23k_1) \/We(’(mﬁ) FAL) AW () =% t)+
— a i kz 42
(%\/;ﬁ:ﬁ\/%csc (\/—77}1 (% — 2kt + g))) e< (st +A) W ()= t).

In this case we have

2
c YW (t)— -t 1 V3(2k—1 —k2—Xfwv
rs (,1) = 4(1_%)6( 7) - 1-2k) ( G ot

2 42
(21@3_1) \/ﬁ _% sec (\/—71}1 (% — 2kt + g))) e(’YW(t)—Tt)

2
: TW() =5t VB(2k=1) k% —rio
o) = (1j2k)e( 7 - (1*12’“) ( (3 : T+
2 2
Sy e (v=ui (i — 2kt +<)) ) LW O—51),

3-4. If vyg = %, v; > 0,v9 > 0,andB? — B > 0, then

i((at 2
S7 (:C, t) = \/5(231671) \/We(l(r(ua)‘*‘)‘t)*"YW(t) 5 t)+
o ¥ VZ (2 (T X)W ()=
( 3 \/E —ﬁtan( jl(m—th+g)))e((F(+) ) 2 )7

. oo & 72
ss (2,) = x/§(23k—1) /—k;]zj\iyle(l(%—&-)\t)—&-'yW(t)—Tt)_’_
o 2
2k—1 —6v v U1 & 7 L{X+)\t FAYW (t)— -t
<( 3 )\/Qk? —ﬁcot<\g<7r(1+a) —2kt+c)))e((m+ 5+M) rt),

In this case we have

. AW ()= Lt 1 V3(©2k-1) [—k2—rtw
r7 (@) = (1—2k)6( =) - (I—2k) ( 3 ot
2 2
(2k—=1) [—6v v T z° YW(t)— 5t
3 o1\ 30 tan (‘/71(1“(1+a) —2kt+§))) e( 2 )

2
YW (t)— Lt 1 V3(2k—1 —k2—X4v
rs (@) = (1f2k)e( 7 - 1—2k) ( % )\/ ot

2 2
2k—1 —6v U1 U1 z® YW (t)— 5t
Ve —EC“(\/?<W_2’”+<) ) el =)
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3-5. If vg = 0 and vy > 0, then

. e 2
so (2,1) = \/3(2;—1) /_k;:j?_vle(i(m—&-)\t)—k'yW(t)—%t)_'_

el _ . 2
@h—1) [Zowy  avye VT (rctrm “2) 6(1(7F(klfa)+>\t)+’YW(t)—’YTt>
— Y% X R
3 2k 11)152\/“(%*2"”*)

)
741}1 V2

. P 2
s10 (2,) = x/§(23k—1) —k;;i\i&-me(z(%+)\t)+7W(t)f“’7t)+
(2k—1) oo ddvyetVTI(rdTa 2t) e(i(%+At)+wW(t)—§t)
3 2k—1 174U16i2m(r‘&7‘b72kt+§) .

So we have

e (w2 VB(2k-1) [k Aty
ro (z,t) = (1—2k)e( 7) - ==y ( 3 Do

o 2 R
(2h=1) [“oog vyt VoT(rciay ~24t) e(’yW(t)—"’Tt)

—4vivg

2
c YW (t)— -t 1 V3(2k—1 —k2—X\+v
o (z,t) = (1—2k)e( 7 - =2k ( = )\/ ot

™ . 2 2
(2k=1) [—6uvy i4vleiv”1(r(1+a>‘2““) e(’yW(t)—%t)
— e N N M

3 2k—1 174U16i2\/ﬁ(7r(§+°‘) —2kt+s)

4 Conclusion

Many methods have been proposed so far to obtain the solutions of equations with partial non-linear derivatives,

most of them have a lot of complexity for calculations and often give us limited solutions. In addition to its simplicity,
this method gives us a wide range of answers, some of which are mentioned in the article.
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