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1. Introduction

In recent years, the investigation of exact solutions to nonlinear
partial differential equations (NPDEs.) has played an important role
in nonlinear phenomena. Nonlinear phenomena appear in a wide
variety of scientific applications such as plasma physics, solid state
physics and fluid dynamics .In order to better understanding these
nonlinear phenomena, many mathematicians as well as physicists
have been made big efforts to seek more exact solutions to NPDEs.
Therefore, several powerful methods have been proposed to ob-
tain exact solutions of nonlinear equations, such as inverse scatter-
ing method [1], Backlund transformation method [2], Hirota direct
method [3,4], tanh-sech method [5-7], extended tanth method [8-
10], (G’/G,1/G) - expansion method [11], modified simplest equa-
tion method [12,13], homogeneous balance method [14,15], Jacobi
elliptic function expansion method [16], F- expansion method [17],
the transformed rational function method [18] and others.
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The first integral (FI) method was first proposed by Feng in
[19] in solving Burgers-KdV equation which is based on the ring
theory of commutative algebra. Recently, this useful method has
been widely used by many authors such as [20-25] and by the
references therein.

The variational approaches such as Ji-Huan He semi-inverse
variational (SIV) method [26] is a powerful mathematical tool for
searching the variational principles of nonlinear physical systems
from the field equations without using Lagrange multipliers.

Yong et al. [27], have studied the following new coupled non-
linear Schrodinger type (CNLST) equation
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by using the truncated singular expansions and direct quadrature
method to obtain exact solutions of this equation.

The new coupled nonlinear Schrodinger type (CNLST)
Eq. (1) was proposed in (2009) by Ma and Geng via spectral
problem and its auxiliary one [28]. In this present paper, we
aim to extend the previous works made in [27], to extract more
exact solutions of the new coupled nonlinear Schrodinger type
(CNLST) Eq. (1) via two distinct algorithms, namely the first
integral(FI) method combined with Liu’s theorem and Ji-Huan He’s
semi-inverse variational (SIV) method.

The layout of this paper is as follows: in Section 2 we present
basic algorithm of the first integral (FI)method .In Section 3, ap-
plication to the new coupled nonlinear Schrodinger type (CNLST)
Eq. (1) is considered. Also, the algorithm of semi-inverse varia-
tional (SIV) method combined with its application to the consid-
ered equation are presented in Sections 4 and 5. The graphics of
the obtained solutions accompanied with their explanations have
been added in Section 6. Section 7 is devoted to some conclusions.

2. Algorithm of the FI method

Consider a general nonlinear partial differential equation (non-
linear PDE) in the form
F(u, ut, uy, Uxx, Use, Uxe, Uxges ---) = 0, (2)

where u = u(x, t) is the solution of this nonlinear PDE (2).
We use the traveling wave transformation

ux, t) =u(é), (3)

where & =x — At 4+ &, and & is an arbitrary constant. This en-
ables us to use the following changes:

ad ad ad a

3t ="Agp ) L@ =77 (),

92 92

W(.):TEZ(.)’“.' (4)

Using Eq. (4), the nonlinear PDE (2) is transformed to the non-
linear ordinary differential equation (nonlinear ODE)

G(u(§), du()/d&,9°u(£)/d&,...) = 0. (3)
Next, we introduce new independent variables

X(@E)=u@)., Y(E)=09u(§)/d§. (6)

which lead to a system of nonlinear ODEs.:

0X(§)/08 = Y(§) (7a)

Y (§)/08 =F(X(§).Y(§))

According to the qualitative theory of ordinary differential
equations [29], if we can find two first integrals to system (7) un-
der the same conditions, then analytic solutions to Eqs. (7a) and
(7b) can be solved directly. However, in general, it is difficult to
realize this even for one first integral, because for a given plane
autonomous system, there is no systematic theory that can tell us
how to find its first integrals, nor is there a logical way for telling
us what these first integrals are.

We will apply the Division theorem to obtain one first integral
to Egs. (7a) and (7b) which reduces Eq. (5) to a first order inte-
grable ODE. An exact solution to Eq. (2) is then obtained by solving
this equation.

For convenience, first let us recall the Division theorem.

(7b)

Theorem 1 (Divison theorem). Suppose that P(w,z) and Q(w,Zz)
are polynomials in C(w,z) and P(w,z) is irreducible in C(w,z). If

Q(w, z) vanishes at all zero points of P(w, z), then there exists a poly-
nomial G(w, z) in C(w, z) such that

Qw,z) = P(w,z2) G(w, 2). (8)

The Division theorem follows immediately from the Hilbert-
Nullstellensatz Theorem [30], namely,

Theorem 2 (Hilbert - Nullstellensatz theorem). Let k be a field and
L an algebraic closure of k.

(1) Every ideal y of k[Xi, ..., Xn] not containing 1 admits at least
one zero in L"

(2) Let x = (x1,....,%Xn) ,¥ = (¥1,....¥Yn) be two elements of L"; for
the set of polynomials of k[Xj, ..., X;] zero at x to be identical
with the set of polynomials of k[Xj, ..., Xp] zero at y, it is nec-
essary and sufficient that there exists a k—automorphism s of L
such that y; =s(x;) for 1 <i<n.

(3) For an ideal « of k[X1, ..., Xp] to be maximal, it is necessary and
sufficient that there exists an x in L" such that « is the set of
polynomials of k[X14, ..., X,] zero at x.

(4) For a polynomial Q of k[Xj, ..., Xp] to be zero on the set of zeros
in L" of an ideal y of k[Xi, ..., Xy], it is necessary and sufficient
that there exists an integer m > 0 such that Q™ € y.

Theorem 3 (Liu’s theorem [31]). If Eq. (2) has a kink-type solution

u(§) = Q. (tanh[A (§ + &)1, 9)
then, it has certain kink-bell - type solution
u(§) = Q. (tanh[2A (§ + &)] £ isech[2A(§ + &), (10)

where Q, is a polynomial of degree k, i is the imaginary number,
namely, i = +/—1.

3. Application
The authors in [27] have taken the traveling wave transforma-
tion [32]
u=¢(E) el v=Vv(E), w=Ww(),
§:x_}"t+$07 (11)

where &, is an arbitrary constant. Conducting the analysis made
in [27] on the new coupled nonlinear Schrodinger type (CNLST)
Eq. (1), thus, the following results have been obtained as

. A ¢2 _ " ¢2
VO =—FrnEan YO F e oD
(12)
and the reduced nonlinear ODE
¢ =2 - 2 ¢ (13)

A+1+B) A+1-0)

where / : =d/d§ .

Therefore, we are concerned to solve the Lienard Eq. (13).

By introducing new independent variables X = ¢(£) and Y =
¢’ (&) and using (6), we get a system of nonlinear ODEs

X&) = Y(©&) (14a)

2
A+14+8) A+1-p8)

According to the first integral method, we suppose that X (&)
and Y (&) are the nontrivial solutions of (14a) and (14b), and

Y'(§) = (—k2>x<s>—( )x3<s>. (14b)

QX.Y) =) ai(X) Y, (15)
i=0
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is an irreducible polynomial in the complex domain C[X,Y] such
that

m
QX(§),Y(5) =) ai(X(§)) Y(§) =0, (16)
i=0
where ¢;(X), (i=0,1,2,..,m) are polynomials of X and
am(X) # 0.
Eq. (16) is called the first integral to (14a) and (14b). Due to the
Division Theorem, there exists a polynomial h(X) + g(X)Y, in the
complex domain C[X, Y] such that

dQ dQ dX dQ dy = ;
& -ax detav @:(h(X)Jrg(X)Y)(;ai(X)Y)

(17)
Here, we take two distinct cases, assuming that m=1 and
m=2 in Eq. (16).

~ Case I: Suppose that m=1, by equating the coefficients of
Yi(i= 2,1,0) on both sides of (17), we have

@ (X) =g (X)a1(X) (182)
a5 (%) = h(X)a (X) + g(X)a (X) (18b)
2
@] RXE) ~ (55 = )F )
= h(X)ap(X) (18c)

Since, a;(X)(i =0, 1) are polynomials, then from (18a) we con-
clude that a; (X) is a constant and g(X) = 0. For simplicity, we take
a;(X) =1, and balancing the degrees of h(X) and ag(X) we con-
clude that deg(h(X)) =1, only.

Now, suppose that h(X) = AX + B,and A # 0, then we find
ap(X)

ap(X) = %sz +BX +D, (19)

where D is an arbitrary integration constant.

Substituting ag(X), a;(X) and h(X) into (18c), and setting all
the coefficients of powers X to be zero, then we obtain a system
of nonlinear algebraic equations and by solving it via Mathematica
9, we obtain

1 2
D=-k/B2— 1+1)% A=——°  B=0
2VF B2—(1+1)
(20a)
1 2
D=—-K/B2-(1+1)>*A=—=" B=0 (20b)
2 VB2 —(1+1)?

Setting (20a) in (16) leads to
V) = MXZ(E)— S —asnt e
-1+

Combining (21) with (14a), a first-order ODE is derived, then by
solving this derived equation, we obtain the exact solution to (13).
Thus, the traveling wave solution of the CNLST Eq. (1) is obtained
and can be written as

u; (x,t) = — (kRy/v/2) tanh((k/~2)[x — At + &y — 2R, ¢])
x expli(kx — wt)]
1 (x, t) = —(Ak2R2/2S; )tanh? ((k/~/2)[x — At + &9 — 2Ri S ])

w1 (x,t) = (Ak2R2/2N)tanh® ((k/v/2)[x — At + & — 2R; )
(22)

where ¢ is an arbitrary constant.
Therefore, by using Liu’s Theorem 3, we get another traveling
wave solutions as

uy(x,t) = — (kRy/v2)
tanh((2k/~/2)[x — At + & — 2R <)
+isech((2k/~/2)[x — At + &y — 2R: <))
x expli(kx —wt)]
Vo (x, t) = —(Ak2R:2/257)
2 (23)
tanh((2k/v/2)[x — At + & — 2R; ¢ ])
+isech((2k/~/2)[x — At + &y — 2Ri <))
wa(x,t) = (A k®R;2/2N)
2
tanh((2k/~/2)[x — At + & — 2R ¢])
|:iisech((2k/ﬁ)[x —At+& — 2R1g]):|

where,

Ry =\/m,51 =B+D(B+Ar+1),
N=B-D@B-1-1), (24)

and ¢ is an arbitrary integration constant.
Similarly, in the case of (20b), from (16), we obtain

1 1
— X2E)+ kB2 — (1+1) (25)
B2 — (1+21) DrRVE

Combining (25) with (14a), we obtain the exact solution to
(13) and therefore, the traveling wave solution of the CNLST
Eq. (1) are found as

uz(x,t) = —(kRy/~/2) tanh ((k/~/2)[x — At + & + 2R ])
x expli(kx —wt)]
v3(x,t) = —(Ak?R?/2S; ytanh? ((k/~/2)[x — At + & + 2R; ¢ ])

ws(x, t) = (Ak2R2/2N)tanh? ((k/~/2)[x — At + & + 2R S ])
(26)

VE) =-

Hence, via Liu’s Theorem 3, we also have

us(x,t) = —(kRy/~/2)[tanh((2k/~/2)[x — At + &y + 2R ¢ ])
+isech((2k/~2)[x — At + &y + 2R c])]
x expli(kx —wt)]
va(x, t) = —(Ak2R2/281)[tanh((2k/v/2)[x — At + & + 2R: C])
Lisech((2k/~2)[x — At + & + 2Ri gD J?
wa(x, 1) = (Ak2R 2 /2N)[tanh((2k/v/2)[x — At + & + 2R ¢ ])
+isech((2k/~2)[x — At + & + 2R ] ]?

(27)

where ¢ is an arbitrary constant and Ry, S; and N are given as
in (24).

Case II: Suppose that m =2, by equating the coefficients of
Yi(i = 3,2,1,0) on both sides of (17), we have

a, (X) = g(X)az (X)), (28a)

@00 = h ()0 (X) + 800 (X) (280)

@00+ 20,00 (X O - (15T €]
= 100G () + g(X)a0(X) (2580)
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2 3
@+1+ﬂxk+l—ﬁﬂx(®]

@ (0 [ (X @) - (

=hX)apg(X) (28d)

Since, a;(X)(i=0,1,2) are polynomials, then from (28a) we
deduce that a,(X) is a constant and g(X) = 0. For simplicity, we
take a, (X) = 1, and balancing the degrees of h(X), a; (X) and a,(X)
we conclude that deg(h(X)) =1, only. In this case, we assume
that h (X) =AX +B, and A # 0, then we find a;(X) and ag(X) as
follows

a(X) = %sz +BX+D (29a)
A 1 .\
ao(X) = (s* ETEY I ﬂ))x
2
+ %ABX3 + <AD ; B +I<2>X2 4 BDX +F, (29b)

where D and F is an arbitrary integration constants.

Substituting ag(X), a; (X), a;(X) and h(X) in (28d), and setting
all the coefficients of powers X to be zero, then we obtain a system
of nonlinear algebraic equations and by solving it, we obtain

D=-2VF,B=0A=—1—(/—4F + k4B2)/k* A = 2k*/F,
(30a)

D=-2VF.B=0,1=—1+ (y/—4F + k4B2)/k* A = 2k* //F,
(30b)

D=2VF,B=0,1=—-1— (\/—4F + k*B2)/k* A = —2k*/V/F,
(30¢)

D=2vF,B=0,A=—1+ (y/—4F + k*B2)/k*, A = —2k?//F,
(30d)

Using the conditions (30a) and (30b) in (16), we obtain
Y (€) = [2F — IX?(§)]/2VF (31)

Combining (31) with (14a), then we obtain the exact solution to
(13) and thus, the traveling wave solutions of the CNLST Eq. (1) can
be written as

us(x, t) = (V2F/k)
x tanh[(k/v2)[x +t + (/—4F + k4B2/k2)t + & + 2v/Fs]]
x expli(kx — wt)]
Us(x,t) = R, x tanh?
[(k/V2)[x+t + (/—4F + kA B2/k2)t + & + 2v/F< ]
ws(x,t) =S,

x tanh?[(k/v/2)[x + t + (/—4F + kAB2/k?)t + & + 2/F<]]
(32)

ug(x,t) = (V2F/k)
x tanh[(k/v2)[x +t — (/—4F + k4 B2/k2)t + & + 2v/F< ]
x explilkx —wt)]
Vs(x,t) = R3
xtanh®[ (k/v/2)[x +t — (\/—4F + k*B2/k2)t + & + 2VF ¢]]
we(x,t) =S3

x tanh?[(k/v/2)[x +t — (/—4F + k4B2/k?)t + & + 2/F<|]
(33)

respectively. Therefore, we also get the extra exact solutions of the
considered Eq. (1) as

uz(x,t) = (V2F/k)
tanh((2k/v2)[x+t + (/—4F + k*B2/k2)t + £ + 2VFg )+
isech((2k/v/2)[x+t + (/—4F + k*B2 /K2t + & + 2VFs )
x expli(kx —wt)]
v7(x,t) =Ry
[tanh((2k/v/2)[x + £ + (V—4F + KB2/kD)t + &+ 2VEc )2 |
| isech((2k/v2)[x+t+ (/=4F +Kk4B2/k2)t + & + 2VF )
wr(x, t) =S,
[tanh((2k/v/2)[x+t + (/—4F + k4B /k2)t + & +2ﬁg1)ﬂT

| isech((2k/v2)[x+t + (/—4F + k4 2/k?)t + & + 2VF <))
(34)

ug(x,t) = (vV2F/k)
tanh((2k/v2)[x+t — (\/—4F + k482 /k*)t + & +2VFs )+
isech((2k/vV2)[x+t — (/—4F + k4B2/k2)t + &y + 2v/F<c])

x expli (kx —wt)]

vg(x,t) =R

[tanh((2k/v/2) X+t — (V—4F + KBkt + £+ 2VF L]

| isech((2k/v2)[x+t — (/—4F + k4 B2/k?)t + & + 2v/F<]) |

Wwg (X, t) =53

[tanh((2k/v/2) X+t — (V—4F + KABZ/KD)E + £+ 2VF L]

| isech((2k/v2)[x+t — (/—4F + k*B2/k*)t + & + 2VF<]) |
(35)

respectively, where,

Ry 2F (k2 + \/—4F + kK4 B?)
k2(1+ B) (k2B — /—4F + k4B2)
5, 2F (k2 + \/—4F + k4p?)
k2(=1+ B) (k2B + \/—4F + k*B2)
Ry 2F (k2 — \/—4F + K4B?)
I2(1 4 B) (K2 + /—4F + K4 f2)
. 2F (K2 — /—4F 1+ k4p?) -
12(1+ B) (k2B + /—4F + k4p?)
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Similarly, as in the case of (30c) and (30d), from (16), we get

Y (&) = [-2F + k*X%(£)]/2VF. (37)

and therefore, the traveling wave solutions of the CNLST Eq. (1) are
thus obtained as

ug(x,t) = —(vV2F/k)

x tanh[ (k/v/2)[x + t + (/—4F + kB2 /k)t + & — 2VF<]]
x expli(kx — wt)]

Vg(X,t) =Ry

xtanh?[(k/v/2)[X +t + (\/—4F + k4B2/k2)t + &0 — 2VF<]]

Wo(X,t) =S,

xtanh®[ (k/v/2)[x + t + (/—4F + KAB2/k2)t + & — 2VFs]l,

(38)
up(x, t) = —(V2F/k)
x tanh[ (k/v/2)[x + t — (\/—4F + k*B2/I2)t + & — 2/F<]]
x expli(kx —wt)]
V(. t) =Rs3
xtanh?[(k/v/2)[x +t — (\/—4F + KAB2/k2)t + &9 — 2VF<]|
Wig(x,t) =S3
xtanh?[(k/v/2)[x +t — (\/—4F + KAB2/k2)t + £ — 2VF<]),
(39)

respectively.
As the previous obtained solutions, we therefore have the fol-
lowing extra exact solutions

up (x, t) = —(v/2F/k)
[tanh((2k/v/2)[x + t + (/—4F + kK4 B2 /k2)t + &0 — 2/F¢ )£ ]

isech((2k/v2)[x+t + (/—4F + k4 B2/k2)t + &y — 2/F<])
x expli(kx — wt)] -
vnx.t) =Ry

[tanh((2k/vZ)[x+t + (V—4F + KAB2/k2)t + £ — 2/Fe )]
| isech((2k/V2)[x+t + (y/—4F + k4 B2 /k®)t + & — 2VF <)) |

wn(x,t) =S5,

| isech((2k/~2)[x+t+ (y/—4F + k*B2/k*)t + & — 2V/Fg))
(40)

[tanh((2k/v2) X+t + (/—4F + KB2/K)t + o —Zﬁg])ﬂ:}z

)

up(x,t) = —(V2F /k)
tanh((2k/v2)[x+t — (\/—4F + k4B2/k2)t + & — 2V/Fs])+

) L sech((2k/v/2)[x +t — (/—4F + k*B2/k?)t + & —zﬁg])]

x expli(kx — wt)]

V(. t) =Rs3

[tanh((2k/ V)X +t — (/—4F 1 KB2/KD)t + & — 2VFs 4]

| isech((2k/v2)[x+t— (\/=4F + k4B2/k?)t + & — 2VFc]) |

wia(X,t) =53

[tanh((2k/ V)X +t — (—4F 1 B2kt + & — 2VFS 4]

L isech((2k/v2)[x+t — (/—4F +k*B2 /)t + £ — 2VFs]) |
(41)

respectively. Where ¢ is an arbitrary constant and R;, R3, Sy, and
S5 are given as in (36). Comparing these results with the results
obtained in [27], it can be seen that the solutions here are new.

4. Algorithm of the SIV method

Jabbari et al. in [33] have been written the He’s semi - inverse
variational (SIV) method in the following steps:

Step 1. If possible, integrate Eq. (5) term by term one or more
times, this yields constant(s) of integration. For simplicity, the in-
tegration constant(s) can be set to zero.

Step 2. According to He's semi - inverse method, we construct
the following trial - functional.

Jw = [Lag.,

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

(42)

u(¢) =Hsech(K&¢), u(é)=Hcsch(K§),
u(¢) = Htanh(K§), u(&) = H coth (K&),

and so on. For example in this paper,we search a solitary wave so-
lution in the form

u(¢) = Hsech(K§),

where H and K are constants to be further determined. Substitut-
ing Eq. (44) into Eq. (5) and making J stationary with respect to H
and K results in

3J/0H =0,
3J/9K = 0.

(43)

(44)

(45a)
(45b)

Solving Egs. (45a) and (45b), we obtain values of H and K. Hence
the solitary wave solution (44) is well determined.

5. Application

By He’s semi - inverse method [26,34,35], we can obtain the
following variational formulation

J= /0 T2 @) + [R272)¢% (&)
+ A2 +1+8)(A+1- ﬂ)otk)qﬁ“(é)]dg.

By a Ritz - like method, we search for a solitary wave solution in
the form

(&) = Hsech(K§),

(46)

(47)
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3D graph of v| for k=1, A=1 and f=3 2D graph of v| for k=1, A=1 and
with —=10<x,7<10 f =3 with -10<x<10

Fig. 2. (a) 3D graph of v; for k=1, A =1 and B =3 with —10 <x, t < 10 (b) 2D graph of v; for k=1, A =1 and =3 with -10 <x < 10.
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0.61

0.4
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]

3D graph of wy for k=1, A=1, =3 2D graph of wy for w=1, k=1, A=1,
and £y =0 with —10<x,7<10 B=3 and £ =0 with -10<x<10

Fig. 3. (a) 3D graph of w; for k=1, A =1, B =3 and & = 0 with —10 <x, t <10 (b) 2D graph of w; forw =1,k=1,1=1, 8 =3 and & = 0 with —10 <x < 10,
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3D graph of up for =1, k=1, A=1 and

B =15 with —10<x,£<10.

-
.

2D graph of uy for w=1, k=1, 1=1
and #=1.5 with —-10<x<10.

Fig. 4. (a) 3D graph of u; forw =1, k=1, A =1 and B = 1.5 with —10 <x, t <10 (b) 2D graph of u; forw =1, k=1, A =1 and 8 = 1.5 with —10 <x < 10.

3D graph of vy fork=1, A=1 and
B=1.5 with —-10<x,£<10.

2D graph of vy for k=1, A=1 and
£ =15 with —-10<x<10.

Fig. 5. (a) 3D graph of v, fork=1, A =1 and 8 = 1.5 with —10 < x, t < 10 (b) 2D graph of v, for k=1, A =1 and § = 1.5 with —10 < x < 10.

where H and K are unknown constants to be determined later.
Substituting Eq. (47) into Eq. (13), we have

= / [ (H2K?2) sec h? (K& ytanh? (KE) + (k2/2)H? sec h? (KE)
0

+ (172(A+1+B)(A +1— B))A*sech*(KE)]dE
= —(H?K/6) + (H*/3K(A + 1+ B)(A + 1= B)) + (H*k?/2K).

(48)
Making J stationary with H and K yields
9J/0H = —(HK/3) + (Hk*/K)
+ [4H33K(L+ 14+ B)(A+1-B)], (49a)
9J/0K = —(H?/6) — (H? k?/2K?)
—[HYBK2(A+1+B8)(A+1-5)] (49b)

From Eqs. (49a) and (49b), we get

H=ky/-1+p2-21-22 K=ik. (50)

The soliton solutions are, therefore, obtained for Eq. (1) and can
be written as

u3(x,t) = kRy sechlik(x — At +&p)] x expli(kx — wt)]
Ui3(x, t) = —(Ak2 R12/Sy) sec h2[ik(x — At + &)] (51)
wis(x, t) = (Ak2R 2 /N) sec h2[i k(x — At + &)],

where & is an arbitrary constant and Ry, Sjand N are given as in
(24).
These solutions are all new exact solutions.

Remark 1. If we seek a solitary wave solution in the form u(§) =
Atanh (BE) or u(¢) = Acoth(B&), we can further apply Liu's
Theorem 3 to get more exact traveling wave solutions to the new
coupled nonlinear Schrodinger type (CNLST) Eq. (1), and this is left
for the reader.

Remark 2. First integrals play an important role in studing the
nonlinear ODEs., since they allow to find solutions of a nonlinear
differential equation by quadratures. We also note that our results
for using the FI method were based on the assumptions m =1
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3D graph of wy fork=1, A=1 and
F =15 with —-10<x,7<10.

Ly
[y
=]

2D graph of wy for k=1, A=1 and
B=15 with -10<x<10.

Fig. 6. (a) 3D graph of w, fork =1, A =1 and = 1.5 with —10 <x, t < 10 (b) 2D graph of w, for k=1, A =1 and 8 = 1.5 with -10 <x < 10.
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3D graph of U3 for =1, k=1, A=1
and f=3.5 with -5<x,r<5.

2D graph of U5 for =1, k=1, A=1
and f=3.5 with -5<x<5.

Fig. 7. (a) 3D graph of uy3 forw =1, k=1, A =1 and B =3.5 with -5 <x, t <5 (b) 2D graph of uy3 foro =1, k=1, A =1 and B =3.5 with -5 <x <5.

and m = 2.The discussion becomes more complicated for the cases
m =3 and m = 4 because the hyper-elliptic integrals, the irregular
singular point theory and the elliptic integrals of the second kind
are involved. Also, we do not need to consider the cases m > 5 be-
cause it is known that an algebraic equation with degree greater
than or equal to 5 is generally not solvable.

6. Graphical representation of the solutions

Solutions u; and w; represent squeezed anti-bell shape soliton
solution, on the other side v; represent the bell shape soliton solu-
tion. A soliton is a solitary wave which retains its shape and ampli-
tude after the collision with another solitary wave in the course of
propagation with a constant velocity. Its form is usual and stable.
Solitons are due to a skilled balance of nonlinear and dispersive ef-
fects of the medium. Solitons are the solutions of a comprehensive

group of weakly nonlinear dispersive partial differential equations
recounting physical systems.

The modulus of the solutions uy, uy, Ug,..., U1y Tepresent multi-
soliton solution whereas solutions v,, v4, Us,..., V12 represent the
squeezed bell shape soliton solution. On the other hand w,, wy,
Wg,..., Wqp represent anti-bell shape soliton solution. For mini-
malism, the rest of the graphs of the solutions have not been
depicted.

Solutions u43, V13 and w3 illustrate the singular periodic so-
lution. Periodic traveling waves play a significant role in vari-
ous physical problems, including reaction-diffusion-advection im-
pulsive systems, systems, self-reinforcing systems, etc. The mathe-
matical formulation of abundant intricate phenomena, for instance,
chemistry, physics, biology, mathematical physics and many more
phenomena leads to periodic traveling wave solutions. Here we
have sketched only the graph of the solution u43. As the shape of
the other two solutions vq3 and wy3 are similar to the shape of the
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solution u43, therefore for succinctness, the other figures have not
been plotted.

7. Conclusion

In the present work, we have succeeded in extracting new ex-
plicit and exact traveling wave solutions of the new coupled non-
linear Schrodinger type (CNLST) Eq. (1) owing to the effective com-
bination of the FI method and Liu’s Theorem 3. The SIV principle
is a very dominant approach to find solitary solutions (solitons) for
the new coupled nonlinear Schrodinger type (CNLST) Eq. (1),where
we have searched for these kinds of solutions in the forms of Eq.
(47). Another soliton solutions of the considered equation can be
obtained via the assumption u(¢) = Qsech?(I'€), where Q and I’
are constants to be determined, and we left this work also for the
reader.

The obtained solutions may be important for the explanation
of some practical physical problems. The first integral method de-
scribed herein is not only efficient but also has the merit of be-
ing widely applicable. Therefore, all the used methods in this pa-
per can be extended for applications to other nonlinear PDEs. with
power laws nonlinearities and this will be conducted in a future
work.
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