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This work deals with exact soliton solutions of the nonlinear long-short wave
interaction system, utilizing two analytical methods. The system of coupled
long-short wave interaction equations is studied by two analytical methods,
namely, the generalized tan (¢/2)-expansion method and He’s semi-inverse
variational method, based upon the integration tools. Moreover, in this
paper, we generalize two aforementioned methods which give new soliton
wave solutions. Abundant exact traveling wave solutions including solitons,
kink, periodic and rational solutions have been found. These solutions might
play an important role in engineering and physics fields. By using these
methods, exact solutions including the hyperbolic function solution, traveling
wave solution, soliton solution, rational function solution, and periodic wave
solution of this equation have been obtained. In addition, by using Matlab,

some graphical simulations were done to see the behavior of these solutions.

© 2019 The Authors. Published by IASE. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

In this paper, we consider the nonlinear long-
short wave interaction system (Bekir et al., 2013) as
follows:

iUy + Uy —uv =0, (1.1)
ve + v, + (Jul?), = 0.

The nonlinear long-short wave interaction
systems with considering a general theory for
interactions between short and long waves first
introduced by Benney (1977). Describes of the
nonlinear resonance interaction of multiple short
waves with a long wave in two spatial dimension by
considering a general multi-component (2 + 1)-
dimensional long-wave-shortwave resonance
interaction system with arbitrary nonlinearity
coefficients have been investigated by Sakkaravarthi
et al. (2014) by applying the Hirota (1985)
bilinearization method. The entangled mapping
approach based on the general reduction theory was
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investigated by Dai and Liu (2012), in which they
have derived new type of variable separation
solution for the (2 + 1)-dimensional long wave short
wave interaction model. By utilizing the first integral
method obtained one-soliton solutions and also by
help aforesaid method is used to construct exact
solutions of the nonlinear long-short wave
resonance equations (Jafari et al., 2015). Apart from
this, study on the long-short-wave interaction
system by utilizing (G’/G)-expansion method was
also carried out in Bekir et al. (2013). Triki et al.
(2015) studied the long-wave short-wave interaction
equation by help the simplest equation approach
also obtained soliton solutions as well as other
solutions such as singular periodic solutions and
plane waves. Later on, the nonlinear long-short wave
interaction system was studied by investigating the
transverse linear instability of one-dimensional
solitary wave solution (Erbay and Erbay, 2012). Dias
et al. (2010), proof of the global existence and
uniqueness of the solution of the Cauchy problem
and also proof of the convergence of the whole
sequence of solutions have been studied. Finally, by
applying the new modified exp (-Q (&))-expansion
method sets of solutions including, hyperbolic,
complex, and dark soliton solutions have obtained in
Baskonus et al. (2017).

It has been discovered that many models in
mathematics and physics are described by nonlinear
Partial differential equations. Indeed modeling
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physical problems wusing partial differential
equations with the exact parameters is not always
easy but also impossible in the real problems. For
this purpose, one way is using integration methods
for finding the exact solutions. One of the most
recent approaches is using numerical methods
including the multiresolution analysis (Seyedi et al.,
2015), the multi-scale analysis (Seyedi et al., 2018),
semi-analytical methods (Dehghan and Manafian,
2009; Dehghan et al., 2010; Rashidi et al., 2013) or
analytical methods (Manafian, 2015; 2016; 2018;
Foroutan et al., 2018; Sendi et al., 2019; Dehghan et
al., 2011a; 2011b; Manafian and Lakestani, 2015a;
2015b; 2015c¢; Biswas, 2009; Bekir and Aksoy, 2012;
Manafian and Lakestani, 2016a; 2016b; 2016c;
Manafian et al, 2016a; 2016b; Aghdaei and
Manafian, 2016). Also, of applied methods for solving
nonlinear partial differential equation is He’'s semi-
inverse variational principle, introduced by He
(2006). For further information see references Kohl
et al. (2009), Zhang (2007), Biswas et al. (20123,
2012b), Sassaman et al. (2010). So instead of using
current models of partial differential equations, we
can transfer PDEs to ordinary differential equations.
Hence there occurs a need to use solitary wave
variable that would appropriately transforms PDEs
to ODEs and solve them. In recent decade, exact
solutions of nonlinear differential equations have
been attracted attention from all over the world.
Therefore, some newly published papers can be
pointed to new exact solutions in new works in
which given in Refs. (Cattani et al., 2018a; 2018b;
Sulaiman et al., 2018; Baskonus et al., 2018b; Ciancio
et al, 2018; Baskonus, 2016; 2017; Baskonus and
Cattani, 2018).

In this paper, a novel and high accuracy method
based on the classical Galerkin method proposed by
Seyedi et al. (2018). They used Alpert Wavelet basis
in the spectral methods and could solve the nano-
fluid problems with high accuracy. Using the
integration methods, we construct two analytical
methods for Eq. 1.1, give corresponding algebraic
equations, and show the efficiency of these schemes
by the applied equation. Compared with some
existed results, these methods are especially well
designed for the solution of PDEs as particular the
nonlinear long-short wave interaction system. The
aim of this paper is to obtain analytical solutions of
the aforementioned equation, and to determine the
accuracy of these methods in solving this equation.
The rest of the Paper is organized as follows: In
Section 2, we present the He's semi-inverse
variational principle method and the improved tan
(¢/2)-expansion method. In Section 3, we use
transformations for converting the nonlinear
longshort wave interaction system to an ODE form.
In Section 4, by help of methods applied in section 2
we drive new soliton wave solutions for the
nonlinear long-short wave interaction system.
Moreover, in Section 5, we give the simulation and
discussion of the solutions with depicting figures.
Also conclusion is given in Section 6.
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2. Methodology

2.1. The He's semi-inverse variational principle
method

We describe the He’s semi-inverse variational
principle method for the given partial differential
equation. First we give a description of this method,
by noting the following steps:

Step 1: We suppose that given nonlinear partial
differential equation for u(x, t) to be in the form

N (U, Uy, Ug, Uy Ugg, o) = 0, (2.1)
which can be converted to an ODE
Q(u, ku',wu', k?u",w?u", ...) (2.2)

by the transformation & = kx + wt, as wave variable.
Also, u is constant to be determined later.

Step 2: According to He’s semi-inverse method, we
construct the following trial-functional
JU) = [ Ld¢ (2.3)
where L is an unknown function of U and its
derivatives.

Step 3: By the Ritz method, we can obtain different
forms of solitary wave solutions, such as

U(§) = Asech(B¢), U(&) = Acsch(B¢), U(é) =

Atanh(B§), U(é) = Acoth(B¢), (2.4)

and so on. For example in this paper, we search a
soliton solution in the form

U(§) = Asech(BS),
U($) = Atanh(B?),

(2.5)
(2.6)

where A and B are constants to be further
determined. Substituting Egs. 2.5 or 2.6 into Eq. 2.3
and making ] stationary with respect to A and B
results in

9] _
§— ) (2.7)
u (2.8)

Solving Egs. (2.7) and (2.8), we obtain 4 and B.
Hence the soliton solutions (2.5) or (2.6) are well
determined.

2.2. Description of the ITEM

The ITEM is well-known analytical method which
was improved and developed by Sendi et al. (2019).

Step 1: We suppose that given nonlinear partial
differential equation for u(x, t) to be in the form
)=0,

N (U, Uy, Up, User, Ugpy oo (2.9)
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which can be converted to an ODE

Qu, ku',wu', k2u" ,w?u”, ...) (2.10)
by the transformation & = kx + wt is the wave
variable. Also, u is constant to be determined later.

Step 2: Suppose the traveling wave solution of Eq.
2.10 can be expressed as follows:
u(®) = “mAlp + tan(¢/2)]

S(p) = (2.11)

where Ak(0 < k < m) and A-k = Bk(1 < k < m) are
constants to be determined, such that Am= 0,Bmy= 0
and ¢ ¢(&) satisfies the following ordinary
differential equation:

@' (§) = asin(@($)) + bcos(¢p(£)) +c. (2.12)

We will consider the following special solutions
of Eq. 2.12:

Family 1: When A=a%?+b?—-c?2<0 and b-—c=#0,
then (&) = 2tan~? [-& — Y2 tan (L2)].
Family 2: When A=a%?+b?—-c?2>0 and b—c=#0,

then ¢(§) = 2tan™? [ﬁ + b—\/_zc tanh (‘/Z—ZE_)]

Family 3: When A=a?+b?2—-c?2>0, b+#0 and c=

0, then ¢(§)=2tan™?! [%+ bz;az tanh( bz;az f_)]

Family 4: When A=a?+b2—-c?2<0, c¢#0 and b=

0, then ¢(§) =2tan?! [—— + Y2 an <‘/Cz2_—az§_)]

Family 5: When A = a? +b2—c >0, b—c#0 and

a=0, then ¢(§) =2tan"?! [ ,b“ bz_c ]

Family 6: When a=0 and c¢=0, then ¢ =

tan-1 [eﬂ’z—l 2eb¢ ]

an e2béy1 ' e2bEyq |

Family 7: When b=0 and c¢=0, then ¢(&) =

tan-1 [ 204 eza?—l]

an |ty et

Family 8: When  a? + b? = c?, then @) =
_1[ at+2

2tan ooz

Family 9: When a=b=c =ka, then ¢(&) =

2tan"t[ek®¢ — 1],

Family 10: When a=c=ka and b=—ka then
_ 1 eka&

¢(&) = —2tan [—1+eka? ]

Family 11: When c=a, then ¢ =

_ _1 [(a+b) eb¥-1 ]

2tan (a—b) ebé-1 |’

Family 12: When a=c, then ¢ =
_1 [+ eb¥+1 ]

2tan (b—c) ebé-1 |’

Family 13: When c=—a, then ¢ =
_1[ e +b-a

2 tan [eb?—b—a ]

Family 14: When

b=—c, then ¢(§)=2tan"?! [

ae®
1-ce® |’

Family 15: When b =0, and a=c¢, then ¢(¢)=
_ _q [c&+2

2 tan [—CE
Family 16: When a=0, and b=c¢, then ¢(¢)=
2tan![c£ .
Family 17: When a=0, and b= —c, then ¢(¢)=

—2tan~! [%]
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Family 18: When a =0,
cE+C.

at_
Family 19: When b =c¢, then ¢(§) =2tan™?! [ETC]

and b=0, then ¢¢)=

where & = &+ C, pA0AkBk(k=1, 2, ..,
are constants to be determined later.

m), a, b and ¢

Step 3: Determine m. This, usually, can be
accomplished by balancing the linear term(s) of
highest order with the highest-order nonlinear
term(s) in Eq. 2.10. But, the positive integer m can be
determined by considering the homogeneous
balance between the highest order derivatives and
nonlinear terms appearing in Eq. 2.10. If m = q/p
(where m = q/p be a fraction in the lowest terms), we
let

u(®) = v/ (9), (2.13)

then substitute Eq. 2.13 into Eq. 2.10 and then
determine the value of m in new Eq. 2.10. If m be a
negative integer, we let
u(§) =v™(), (2.14)

then substitute Eq. 2.14 into Eq. 2.10. Then we
determine the new value of m in obtained equation.

Step 4: Substituting (2.11) into Eq. 2.10 with the
value of m obtained in Step 2. Collecting the
coefficients of tan (¢/2)k, cot (¢/2)k(k =0, 1, 2, ...),
then setting each coefficient to zero, we can get a set
of over-determined equations for AQ,AkBk(k = 1, 2,
..,m) a, b, ¢ and p with the aid of symbolic
computation Maple.

Step 5: Solving the algebraic equations in Step 3,
then substituting A0, A1, B1, ..., Am, Bm, u, p in (2.11).

3. The LSWI systems

In this paper, we consider the nonlinear long-
short wave interaction systems (Baskonus et al.,
2017; 2018a) in the form
iU + Uy —uv =0, (3.1)
Vet Uy + (lulz)x =0.

Combine the real variables x and t by a compound
variable &

u(x, t) =exp(in) U(E), 1n=ax+ft, (3.2)

v(x,t) =V(), &=kx+wt,

If we take the necessary derivations of Eq. 3.2 for
Eq. 3.1, then we get the following nonlinear ODEs,

(w + 2ak)iU’ — (a? + B)U + k?U" —
(k+w)V' + k(U?)' =0.

uv =0, (3.3)

(3.4)

Consider the complex part of Eq. 3.3 to zero, will
obtain
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w = —2ak. (3.5)
By integrating Eq. 3.4 and considering Eq. 3.5, we
getto

-k .0 -k 2 . -1

V=—U"=
k+w k—2ak 1-2a

U2, (3.6)

Now, when we substitute Eqgs. 3.5 and 3.6 into Eq.
3.3, we obtain the NODE as
K2U" —

2 1 3 _
(a* + U+ .U’ =0, (3.7)

4. Test problems
4.1. Applying section 2.1 for the LSWI systems

By He’s semi-inverse principle (He, 2006; Kohl et
al,, 2009; Zhang, 2007), we can obtain the following
variational formulation by using of the Eq. 3.7
] = f°° [lkZ(UI)Z — 1(0.’2 + ﬁ)UZ U4-] dé. (4.1)

0 |2 2 4(1- 2a)

By a Ritz-like method, we search a soliton
solution in the form
U(¢) = Asech(B¢), (4.2)

where A and B are unknown constants to be further
determined. Substituting Eq. 4.2 into Eq. 4.1, we have

J= f°° [1kZAZstechz(Bf)tanhz(B'f) - %(0‘2 +

2 2 4
B)AZsech? (BE) + - 2a)A sech*(BE)| dé. (4.3)
Making J stationary with 4 and B yields
_ly22p_ 1 2 2 1 4
]—GkAB 2B(a + B)A +6(1 M)
OJAB) _112,p 1. 2 3
22 = k4B — - (a +ﬁ)A+3(1 oA =0, (4.4)
0J(AB) _ 1,242, 1 ( 2 2 1 4 _
ek 6k A%+ 257 (a*+ BPA 6(1_20()19214 =0. (4.5

Solving Egs. 4.4 and 4.5, we obtain

t/~(B+a?). (46)

By utilizing the transformations (3.2) and (3.6),
we will have

A=+21-2a)(a?2+p), B=

u(x,t) =
i\/Z(l —2a)(a? + B) sech (i%w/—(ﬁ + a?)(kx —
Zakt)) ellax+Bt)  (4.7)

v(x,t) = 2(a? + B) sech? (i%,/—([)’ + a?)(kx — Zakt)).
(4.8)

Also, we search a soliton solution in the form

U(§) = Atanh(B¢), (4.9)

where A and B are unknown constants to be further
determined. Substituting Eq. 4.9 into Eq. 4.1, we have
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J= foo [1 k?A?B?sech*(B§) — 1(ocz + B)A?tanh?(B§) +
A“tanh"(Bf)] d& (4.10)
(a + B)A? —

4(1 2a)
kZAZB + —L
3(1-2a)B

Making J stationary with A and B yields

UEE = 2124 - 3 (@ + PA — 3= 2a)BA3 =0, (411)

TED = PR = 5 (@2 + PIA? + 3 AT = 0. (412)
Solving Egs. 4.11 and 4.12, we obtain

A=+/T-20)@®+p), B=+1 B (4.13)

u(x,t) = +/(1 — 2a)(a? + B) tanh (i% B+—az(k

2akt)> i) (414)

By utilizing the transformations (3.2) and (3.6),
we will have

[j’+a

v(x,t) = (a? + B) tanh? < (kx — Zakt)). (4.15)

Likewise, we search another soliton solution in
the form
U(§) = Acsch(B¢), (4.16)
where A and B are unknown constants to be further
determined. Substituting Eq. 4.16 into Eq. 4.1, we
have

J= fow EkZAZBzcschz(Bf) coth?(BE) — l(oz2 +

ﬁ)Azcschz(BE) e )A4csch4(35)] dé (4.17)

1 2 24 1 4
= k A*B +5; (a + BA* + PEEETY:

Making J stationary with A and B yields

JAB) _ 1,5 1. 5 3 _

o = 3k AB+B(a +B)A+3(1 b )BA 0, (4.18)
0J(AB) _ _1,7,2 1 . 5 2 1 _

aB ek A B2 (a® +p)A 6(1—2a)BZA =0.

(4.19)

Solving Egs. 4.18 and 4.19, we obtain

=l "G @)

(4.20)

A=+/2(1-2a)(a® + p),

By using the transformations (3.2) and (3.6), we
will have

u(x,t) =

+/=2(0 - 2a)(@” + B) esch (+1y/=(B + a®)ex -

2akt)) @BV, (4.21)
v(x,t) = =2(a? + B) csch? (i%w/—(ﬁ + a?)(kx —
Zakt)). (4.22)
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As last example, we search a soliton solution in
the form
U(€) = Acot h(B§), (4.23)

where A and B are unknown constants to be further
determined. Substituting Eq. 4.23 into Eq. 4.1, we
have

J = f ’ [5K2A%B2escht(BE) 3 (a? + p)AZcoth?(BE) +

4 4
- (1 S Acoth (BE)| dg (4.24)
242 1 2 1 4
= 3k A B+23(a + B)A% + ECTY:
Making J stationary with A and B yields
9J(AB) _ 2,2 1. - _ 3 _
or = 3K AB + (@ + B)A - 2o()BA 0, (4.25)
0JAB) _ 17242 1 (2 24 4 _
aB 3k A 282 (a® +p)A% + 3(1- Za)BZA 0. (4.26)
Solving Egs. 4.25 and 4.26, we obtain
A=+/0-2a)(@®+p), B=+x /‘“T“Z (4.27)

By utilizing the transformations (3.2) and (3.6),
we will have

[3+a

u(x,t) = +/(1 - 2a)(a? + B) coth( (kx —

Zakt)) ellax+pt) (4.28)

v(x,t) = (a? + B) coth? < ﬁm = (kx — 2akt)>. (4.29)

4.2. Applying section 2.2 for the LSWI systems

By considering Eq. 3.7, and balancing the terms
U’ and U3 by using homogenous principle, we get
m+2=3m= m=1. (4.30)

To get a closed form solution, we use the
transformation as

U(§) = Ag + Aslp + tan(¢/2)] + By [p + tan(¢/2)] .
(4.31)

By substituting (4.31) into Eq. 3.7 and collecting
all terms with the same order of tan (®(§)/2)
together, the left hand side of (4.31) are converted
into polynomial in tan (®(§)/2). Setting each
coefficient of each polynomial to zero, we derive a
set of algebraic equations for q, b, ¢, i, a, 5, kw,A0,A1,
and B1. Solving the obtained algebraic equations, we
have the following sets of coefficients for the
solutions of (3.1) as given below:

Case 1:
- __2
p= b-c’
k, Q=b-op*+b+c, a——+

p=-ib-c+1)-=

b=b, k=
g (4.32)

A0=0, A1=0, BlzBl

c=c, A=a2+b2—cz,

Z
kznz’
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By using of transformations of (3.1) and (4.32),
we can obtain the following complex dark solutions
for Eq. 3.1 as

Case 1.1: Family 1

u(x,t) =
_ — (1, B1?
Bcor (3 g0c0) eldimhbioenin)] g
k20%(b
v 0) = =S D o (R grn)), D) =
2B
ke — ke (1 +k2;12)
Case 1.2: Family 2
U, (X, t) =
B, (b 1,5 (-c+D)+E5)e
i1 (2 5.0) e )]
(4.34)
_ K2Q%(b—c)? 2 (VA _
vy(x, t) = ——— 5 coth (7 &(x, t)) , Ext) =
2B
ko =k (1+ 251,
Case 1.3: Family 6
1 e2bED_1  ppbE®H
us(x,t) = B; cot (— arctan [7‘92"5("")“ , ezbé(x,t>+1])
2
oG- Goroit)] (4.35)
v3(x,t) =
k2p? ezbf(x,t)_l ZBbf(x,t)
(Garetan [y sl ) - $000) = k=
2B
k (1 + kztlyz) t.
Case 1.4: Family 11
u4(x, t) =
_ beb*D—(1-p) i[(%’fksz}g) ( G “+1)+kznz)t]
! (3p-1)be?$ D~ (1-p)? ’
(4.36)
_ K02 beMeO-op) N\ = kx —
va(x,t) = — ((3p—1)beb§("'t)—(1—p)2) ;o S t) = kx
2B,
k(1+ 20,
Case 1.5: Family 16
_ 1 e o
us(,0) = B (5 @ [EZ wela)] )
— 9[22 1 —
vs(x, t) = 2k?c (p+c§(x,t)) , & t) =kx
k(1+ 25
Case 2:
p= P. a=a, b=c c=c¢, A=a* k=k a=
1 + kzaz, 2 (4.38)
A
/3 = _5(1 + k%a?) - kzoaz: Ag =4, A1 =0, By =
__2Aq(ap—c)

a

By using of transformations of (3.1) and (4.38),
we can obtain the following complex dark solutions
for Eq. 3.1 as

Case 2.1: Family 7
A — 24Aq(ap—c) {p +

ug(x, t) = A

1 2ea$(x,t) a&(xt)_ 1 1
tan (E arctan [ezaﬂmﬂ : ezaf<xrr>+1D}

ea-Cawara] 39
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a? 240(ap—
ve(x, £) = ZAZ[AO-—Jififﬁ{p-+

2
1 Zeaf(x,t) ea{(x,t)_l -1
tan (E arctan [ezaax.nﬂ : eza«xnn])} '

Case 2.2: Family 19
u; (x,t) = [AO - —ZA"(ap_c) {p +

_ 1 1 2
—eaf(x't)“"} e [(zﬂ?az) ~(jasrtatrgs )| (4.40)
a ! :

2,42 _
vy(x,t) = k ‘; [AO - 7“0(? ©) {p +
exfxt_) 71 2 24
— 0

] g = - k(1 2
Case 3:
p=p, a=a b=b, c=c, A=a’?+b?>-c? k=
k, a=a B=-a+ %kz(c2 —a?), (4.41)
Ay = 2az 1(a+pb pc)k, A, =0, B, =

fm = ap + p?(b—c) — b —)k.

By using of transformations of (3.1) and (4.41),
we can obtain the following complex dark solutions
for Eq. 3.1 as

Case 3.1: Family 1

ug(x, t) = [ 2a2—1 (a+pb—pc)k — ’2¢xz_—1 (2ap +
p?(b—c)—b -0k x{p+ﬁ—

VA, (VA T ifax+(-a4iki-a®
b__itan(TA {’(x,t))} ] eL[ax+( atk(c"-a )t]' (4.42)

=% (a+pb—pcdk — Qap +p*(b—c)—b—

(Zewo)] |

where &(x, t) = kx - 2kat.

vg(x,t)

V-
C)k {p—l—ﬁ__t

Case 3.2: Family 2
Uug(x, t) = [

2a-1

(a+pb—po)k — ! (2ap +
pz(b—c)—b—c)kx{p+ﬁ+

VA VA - i[ax+(—a+lk2(cz—a2))t]

Etanh (7 &(x, t))} e 2 ,  (4.43)

vo(x, t) =% (a+pb—pc)k — (2ap + p*(b—c) — b —

112
c)k{ +—+£t nh< &(x, t))} ],

where &(x, t) = kx - 2kat.

Case 3.3: Family 6
1mmo=F§%%mww—n&+

2bE(x8) _q

-1
1 i -1 _2eP0D ilax-at
tan (Earctan [ezbs(x,z)ﬂ'ezbs(x,nﬂ])} } ell 1 (444

58

1
V(6 t) =3 [pbk - (> - bk fp +
1 2bE(_q  pebEGD) 172
e - ebs(x
tan (E arctan [—ezbs(x,r)ﬂ'—ezb&x.r)ﬂ])} ] , &xt) =

kx — 2kat

Case 3.4: Family 11
u;(x,t) = /20:2—1 { (a +pb—ap)k — ap + p?>(b —a) —

x. -1
b— a)k [p _ (a+b)ebs¢ »t)—l] } ei[ax—at]‘

(a_b)ebf(x,t)_l (445)

vi(x, t) = %{ (a+pb—ap)k — ap +p?>(b—a) —b —

(a+b)ebs@ 11"

112
a)k [p—m] } , f(x,t)=kx—2kat.

Case 3.5: Family 16
2ck

2a-1
up(x, t) = ,—2 DD e

i|ax+(-a+2k2c?)t
[ax+(-at37e?)e]

y V12 =

2
i{mf;fm} . E(xt) = kx — 2kat. (4.46)
Case 4:
p=0, a=0, b=b, c=c, A=a?+b%>—-c? k=
k, a=k*b*>-c*)—-p, =8, (4.47)

2(h2 —(2)=1—

Ay =0, A= [FEZER (o), By =
_ 1 2k2(b=c)(b+c)*~(b+0)(26+1)
2 (b—c)Ay :

By using of transformations of (3.1) and (4.47),
we can obtain the following complex dark solutions
for Eq. 3.1 as

Case 4.1: Family 5
up3(x, t) =

[ IR, k,q;r:7:¢anh(

1 2k2(b- c)(b+c)2 (b+C)(2,3+1)
2 VbZ-cZ A,

coth (

= ¢ -

)] {[(w*—c?k>-p)x+pt] (4.48)

1
2k2(b2—c2)—1-28

| = ann (5

viz(x,t) =

D

2
G «nﬂﬂ

where &(x, t) = kx - 2k(-f + (b2 - c2)k2)t.

- 2_
1 2k2(b—c)(b+¢)*= (b+c)(2B8+1) coth(
2 Vb2=cZ 4,

Case 4.2: Family 6
ua(x,t) =

2k2b2-1-2f 1 e2bixt) 1 pebixt)
[\J 7 kbtan (E arctan [e2b5<x.t)+1 2 e2b5<x.t>+1]) -

1 2k?b?-(2B+1) «
2 Ay

cot (larctan [Ebe(x.t)_1 20020 ])] etl(W?-c*k?=p)x+pt]
2

22bE(D) 11’ g2bE@ 11
(4.49)
1

(6t = iy
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2k2p2-1-28 1 e2bi(xt)_1 bl
[\J >z kbtan (E arctan [ezwx.rm ' e2b€<x.f>+1]) -

e2bE(xt)_1  pebEt)

2k?b%—(2B+1) )
e2b&(xt) 117 o2bE(x0) 41

1
2 Ay

X cot( arctan [

where &(x, t) = kx - 2k(b2k2 - )t

Case 5:
p=0, a=0, b=b, c=c, A=a?+b?—¢? k=
k, a=2kX(c2—b2)—B, B=p (450)

Ag=0, A = w(b_c)k' B, =
_ 1 4k2(-c)(b+c)*+(b+0)(28+1)
2 (b—c)Aq

By using of transformations of (3.1) and (4.50),
we can obtain the following complex dark solutions
for Eq. 3.1 as

Case 5.1: Family 5

ug3(x, t) =

[/M,{rz_czmw

1 4k?(b- c)(b+c)2+(b+c)(2/3+1)

EDE

2 Vb2-c24,

COth( f(x t))] ei[(z(cz_bZ)kz_ﬁ)x+ﬁt], (4.51)
_ 1

vi3(x,8) = 4k2(c2-b2)—-1-24"

§000) -

|

[ I8 7 i (2

1 4k?(b—c)(b+c)*+(b+c)(2+1)
2 V=74, X coth (

where &(x, t) = kx - 2k(-f + 2(c2 - b2)k2)t.

Case 5.2: Family 6
u(x,t) =

—4k2c2-1-2 1 2b§(et) _q
[ /Cfﬁ kb tan (E arctan [e

2eb§(xt)
e2bE@n 1’ ezrzf(x.oﬂ]) -
1 —4k?b*+(28+1) %

2 Ay
e2bE 1 pebE(xt)

1 e -1 2en i[(2(c2=b?)k?-B)x+pt]
cot (2 arctan [em(xnﬂ 2 ebe("'t)+1])] e ’

(4.52)
1
v t) = g

[/_4k2b2 128 kb tan arctan[

—4k?b2+(2B+1)
Aq

e2bE_1 bt
2bE(t) 41’ ezbf(xt)+1]) -
e2bE _1 bt

x cot (jaretan [y, m])] '

1
2

where &(x, t) = kx + 2k(2b2k2 + B)t.

Case 6:
p=—baTC, b=b, c=c, A=a*+b*—-c? k=
k, Q=(b-cp?+b+c, a=—k2b-c)-p,
(4.53)

B=p Ag=0, A =(b-0k /2"‘2‘1, B, = 0.

By using of transformations of (3.1) and (4.53),
we can obtain the following complex dark solutions
for Eq. 3.1 as

59

Case 6.1: Family 1

uls(x, t) =
K ’(1—§a)A ( £, t)) (-2 k2am-0)- ﬁ)x+ﬁt]

(4.54)
vi5(x, t) = —u tan? (?f(x, t)), E(x,t) = kx +

2k (5 k20(b - c) +5)t.

Case 6.2: Family 2

U6, t) =
K ’(Za;I)A ( £, t)) i|(-3 k2am-0)- B)x+ﬁt]’ (4.55)
V1e(x, t) = — (75(35, t)), E(x,t) = kx +

2k (5 K2Q(b - ) + B) ¢.

Case 6.3: Family 6

Uy, (x,t) = bk ’Za E tan( arctan[

ei[(—%kzbz—ﬁ)xwt]
v17(x,t)
k?b?

= tan? (E arctan[

1
= kx+2k(§ k2b2+ﬁ>t.

e2bEX) _1  pebi(xb)
2b§(x,t)+1 4 ezbf(x,t)_H_])

(4.56)

ezbf(x,t) -1 Zebf(x,t)

Case 6.4: Family 11

ug(x, t) = —(b -
’Za 1 Bp-Dbe?EN)—(1-p)2  [(-k2Q®m-a)-B)x+pt
)k beb§—(1-p) e [( 2 ) ]‘
(4.57)
_ K2(b-a)® ((Bp—1)bebEED_(1-p)2\? _
vig(x,t) = 2 ( bebfED_(1-p) ) » Sty =
kx + 2k (5 K*Q(b — a) + B) t.
Case 6.5: Family 17
- k -
Upo(x, ) = /2"‘2 E (ﬁ) ell=Bx+Btl . (y f) =
2k? _ _
oD &(x, t) = kx — 2kpt. (4.58)
Case 7:
p=p, a=a, b=b, c=c, A=a*+b?>—-c? k=
_1 A1 — l 2
k, a=:+ ooy B=—a—3k, (459

Ag= =222y, 4y =4, 31 =0.

By using of transformations of (3.1) and (4.59),
we can obtain the following complex dark solutions
for Eq. 3.1 as

Case 7.1: Family 1

Uzo(x,t) =
85 (e ) el
(4.60)
v0(x, t) = %ZA tan? (?f(x, t)), E(x,t) = kx —
Case 7.2: Family 2
Upq (%, t) » y
1 1 1 1
= glftanh (@f(x, t)> [(2 "kZ—0)? ) (2 fez—o2 2, A) ]

ezbf(x,t) +1 ’ ezbf(x,t) + 1]) ’ f(x’ t)

’
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(4.61)
k2A VA

vy (x,t) = Ttanh2 (7§(x, t)), E(x,t) = kx —

24,
k(1+ —kz(b_c)z) t.
Case 7.3: Family 6

1 e2bE(xt) _1  pebEt)
Uy, (x,t) = A; tan (E arctan [m,m]).
i[(z+£)x_(1+f‘_12+gkzbz)t]

e |\2 k2p? 2 k2p2 72 [4.62)

vy (x, t) =
k2 2 (1 e2bEX_1  pebd(x) _
7 tan (Earctan [m,m}) ) E(X, t) =kx —

k(1+ if;;) t.

Case 7.4: Family 12
Uyz(x, t) = A {—ﬁ +

2 2

b(E+C (141 )_(1. A1 .122)]

EZ+C§eb:§+C;+1}eL[<2IkZ(b_C)z x~(stEp gzt %)t ’
—-c)e -1

(4.63)

_ k*(-c)? c (b+c)ePC+04q 2 _
Va3 t) = {_E+m} ;) =
_ 24,
kx k(1+k2(b_c)z) .

Case 7.5: Family 15
24, i[(%+%)x—(%+:2—1:2)t]
c&(x,t) € ’

vya(x,t) =

Upa(x,t) = —
2 (4.64)

2412\ \°
(x-(1+35%)c)

5. Simulation and discussion of the solutions

In this section, the numerical simulations of the
the nonlinear long-short wave interaction system
will be given. Now, we will discuss all possible
physical significance for each parameter. By utilizing
the balance principle, one can found m = 1, therefore
we can write other following equations:

U() = Ao + Ai[p + tan(¢/2)] + By [p + tan(¢p/2)] 77,
(5.1)
U'(§) = Aysec?(¢/2) — Bysec?(¢/2)[p + tan(¢/2)] 72,
(5.2)
U" (&) = 24, tan(p/2)sec?(¢p/2) — 2B, tan(¢p/2)sec?(¢p/
2) [p + tan(¢/2)] 7% + (5.3)
2B;sec*(¢/2)[p + tan(¢/2)] >

where A1/= 0 and B1/= 0. When we use Egs. 5.1 to 5.3
in Eq. 3.7, we get a system of algebraic equations
from the coefficients of polynomial of tan (¢/2). By
solving this system of algebraic equations via Maple
13 software, we can find other different style
analytical solutions which can be obtained by using
ITEM. We have also obtained the dark, bright and
singular soliton solutions of the nonlinear long-short
wave interaction system (3.1) by using He’s semi-
inverse variational method and briefly studied their
behavior dynamics. Moreover, by utilizing the ITEM,
can found the exact particular solutions containing
four types hyperbolic function solution (exact soliton
wave solution), trigonometric function solution
(exact periodic wave solution), rational exponential
solution (exact singular kink-type wave solution)
and rational solution (exact singular cupson wave
solution). It can be said the ITEM has further merit
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comparing with other methods. This study will find
analytical applications in nonlinear sciences,
particularly in the literature we refer to the circular
functions, the gravitational potential of a cylinder
(Weisstein, 2002), the profile of a laminar jet
(Weisstein, 2002), the Langevin function for
magnetic polarization (Weisstein, 2002), the
longitudinal waves such as in sound, pressure waves
and musical instruments waves. In Figs. 1- 12, we
plot two and three dimensional graphics of absolute
values of (4.33), (4.34), (4.36), (4.37), (4.54) and
(4.55) by means of Section 4.2, which denote the
dynamics of solutions with appropriate parametric
selections. Likewise, after comparing these analytical
solutions obtained via He’s semi-inverse variational
method and ITEM with solutions obtained by
authors of (Bekir et al.,, 2013; Baskonus et al., 2017;
Khater et al, 2010), and to the best of our current
state of knowledge, we think that complex
hyperbolic function, trigonometric function and
rational function solutions may have been obtained
here for the first time, in the literature.
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Fig. 1: Graphs of (4.33) ((a) and (b)) real values and ((c)

and (d)) imaginary values by considering the values a =

b=B;=p=k=2,c=3,-20<x<20,-5<t<5and
t = 0.01 for 2D surfaces
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20,-5 <t < 5for((a) and (b)),values a=b=p=k =
2, Bj=02,¢=3,-20<x<20,-5<t<5((a)and
(b)) and t = 0.01 for 2D surfaces
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®) exact traveling wave solutions including solitons,
| kink, periodic and rational solutions have been
I found. The obtained results are useful in gaining
. . understanding of the transmission of the soliton

wave solutions.
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6. Conclusion

X

. . Fig. 8: Graphs of (4.37) real values by considering the
This paper presented a study on the nonlinear valuesa=0, b=c=k=2B, =p = 0.5,-20 < x <

long-short wave interaction system. The nonlinear 20,—5 < t < 5 for ((a) and (b)), valuesa =0, b=c =k =

long-short wave interaction system is solved by two 2,B; =0.5,p=5,-20 <x<20,-5<t<5((a)and (b))

analytical methods, namely, the improved tan (¢/2)- and t = 0.01 for 2D surfaces

expansion method and He’s semi-inverse variational

method, by using the integration tools. Abundant
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It is worth noting that the new solutions obtained
by means of aforementioned methods confirm the
correctness of those obtained by other methods. Not
only, the newly obtained solutions are identical to
already published results, but also further solutions
have obtained. Therefore, these methods can be
applied to study many other nonlinear partial
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differential equations which frequently arise in
mathematical physics and mechanical sciences.
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Fig. 12: Graphs of (4.55) real values by considering the
valuesB=b=B;=p=k=2,c=3,-20<x<20,-5<
t < 5for((a)and (b)), valuesB=c=B; =k=2,b =3,
p=02-20<x<20,-5<t<5((a)and (b)) and t=
0.01 for 2D surfaces
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