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Abstract

In this paper, we investigate an integrable high order nonlocal coupled Ablo-
witz-Kaup-Newell-Segur (AKNS) system for the first time. With the aid of
Lax pair of this nonlocal system, Darboux transformation (DT) and new soli-
ton-like solutions are obtained. Different from local equations, Darboux trans-
formation of nonlocal systems needs to meet certain conditions. In this article,
under the condition of symmetry reduction, the components of Darboux trans-

formation need to satisfy bl (x,t)= —bf¥] (—x,—t), blX] (x,t)= —bfK] (—x,—t).
In order to study the dynamic information of the solutions, the images of the
solutions are given.
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1. Introduction

In the past decades, a number of researches involved in applied mathematics and
theoretical physics are concerned with integrable systems. The KdV, the nonli-
near Schrodinger, the mKdV, the sine-Gordon equations, etc. are well-known
integrable equations, and they can all be derived from the AKNS system. Many
scholars have studied these equations from different fields and got many excel-
lent results. An important research topic is to find the exact solutions of these
systems, especially their soliton solutions or soliton-like solutions. So far, many
effective methods have been developed, such as, inverse scattering method [1] [2]
[3], Classical and nonclassical lie group method [1] [2] [3], Darboux transfor-
mation method [4] [5] [6] [7] [8], bilinear method [9] [10] [11] [12], etc.

It is well known that symmetry is one of the important characteristics of in-

tegrable systems. By using Lie group method, the system can be reduced and
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solved, the conservation law of the system can also be constructed at the same
time. Lie symmetry is also called continuous symmetry because its variables are
transformed in the following form, X =x+&f, t =t+er, U =u+ey ,
where ¢ is infinitesimal. However, many facts show that two or more events
occur at different places and times but are closely related to each other. For ex-
ample, the reduction of Arctic sea ice in the summer of 2007 is considered to be
the reason for the heavy winter freezing rain in southern China in 2008. To ex-
plain these events, nonlocal models are proposed, such as nonlocal nonlinear

Schroédinger equation [13],
i (X,t)+ 0 (X.t)+29% (x,t)q" (-x,t) =0, (1.1)

was proposed by Ablowitz, where * represents complex conjugation. One can
see from Equation (1.1) that gis not only a function of x but also a function of —x,
that is to say, the solution q(X,t) evaluated at x requires information from —x
via the term (—X,t) . For system (1.1), the exact solution and the conservation
law are studied by the inverse scattering method. Before long, the nonlocal mod-
ified KdV systems, the discrete nonlocal NLS system, nonlocal sine-Gordon eq-
uation and the nonlocal Davey-Stewartson systems were also proposed. In gen-
eral, nonlocal equations fall into three categories: 1) full P7 symmetry; 2) partial
PT symmetry; 3) partial reverse space-time symmetry. For this new type of sys-
tem, many scholars have studied the integrability, exact solution [14] [15], con-
servation law and other aspects of the system, and got a lot of excellent results.
Because nonlocal systems play an important role in mathematics and physics,
more and more experts are attracted to study this kind of equations [15] [16] [17]
[18] [19].

Constructing the exact solutions of these nonlinear nonlocal equations can
help to verify the numerical solutions and help to analyze the stability of the so-
lutions. However, it is very difficult to solve them because of their high nonli-
nearity. Over the past few decades, significant progress has been made in many
methods. The Darboux transform based on Lax pair has been proved to be one
of the most effective algorithms for solving explicit solutions of nonlinear evolu-
tion equations. By using Darboux transformation method, soliton solutions, ro-
gue-wave solutions of those nonlocal integrable equations are given [20]-[25].

This paper is arranged as follows: In Section 2, the high order nonlocal
coupled AKNS system is constructed by using the linear spectral problem. In
Section 3, the process of Darboux transformations is introduced in detail. Exact
1-fold and N-fold solutions are obtained. In Section 4, using the trivial seed so-
lutions, the exact solutions of the high order nonlocal coupled AKNS system are
constructed. In order to study the properties of the solution, the appropriate pa-
rameters are selected and the corresponding images are made. Finally, some

conclusions and discussions are given in Section 5.

2. High Order Nonlocal Coupled AKNS System

In this section, we will construct the high order nonlocal coupled AKNS system.
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In fact, the starting point is the AKNS scattering problem [26],

¢ =Ug,
¢ =V

¢=(¢1(x,t),¢2(x,t),¢3(x,t),¢4(x,t))T, and the matrices U,V have the fol-

lowing form matrixes,

(2.1)

-4 P -1 R A B E F
Q 4 S 4 C -A G -E

U= V= , (2.2)
0 0 -4 P 0 0 A B
0 0 Q 4 0 0 C -A

which was first introduced by Ma et al, A/B,C,E,F,G have the following

form,
1 1
A=a| 2*-= —=Apq |,
a( 2oty g, 5 qu
1,01 .1
B=a|-A’p+=Ap, —=p, +=P°q |,
a[ PS5 AP Py 2qu
1 11
C: 2 __/1 - 2 1
a( Q=5 A0~ Gt qu
E=a ﬂ q-2- —j+§pq Sap-2ps ran - 2rg, + 2 p
2 4 X 4 X 4 X 4 X 4 X 4 X
, 1
+ﬂ(i i qpx——lqu
F= a[f px = %pxx 1xx——p g+ pS+pqu
+ﬁ(_ﬂ'2p+_ﬂ'px_£pxx+lpij’
2 4772
(2.3)
G=a(/12(q—s) (qx 1's +jqXX i xx 3Pq +1q r+Pq5n

1 1 1
_22 —ﬂ, _ - - 2 ,
+ﬂ( g+, 4qxx+2qu

where p,q,r,s are four potentials, a 1is arbitrary constant and A is the
spectral parameter.

The compatibility condition of the system (2.1) yields the zero curvature re-
presentation U, -V, +[U,V]=0, using this formula, one can obtain the fol-

lowing evolution equations,

3
P _Eapqpx _Zapxxx'
q —Eapqq —-—aq
it 2 X 4 XXX !

G =Sap,, ——ar —iﬂp +§/3pqp -2 pap
t 4 XXX 4 XXX 4 XXX 2 X 2 X

+§apqr +§apsp +§aqrp
2 ) 2 X
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3 1 1 3 9
St :Zaqm _Zasxxx _Zﬂqxxx +Eﬂ Paa, _Eapqqx
(2.4)

+§0! pgs +§aqrq +§0.’ psq
2 xTo xTy X!

system (2.4) is coupled mixed nonlinear Schrodinger equation, it possesses infi-
nitely many symmetries, which constitute some infinite-dimensional Lie algebra.

In this section, we set a symmetry reduction to (2.4),
a(xt)=p(=x-1),

s(x,t)=r(-x,-t), (2.5)

the high order nonlocal coupled AKNS systemn can be obtained,
3 1
P =5 PR, P (=X ~t) = 70 P
1 3
rt = Z(3a pxxx _arxxx _ﬂpxxx)_'_a ppx (ﬂp(_xv_t)_3a p(—X,—t) (26)
+ar(—x,—t))+gap(—x,—t)( pr, .

The integrable high order nonlocal coupled AKNS system is constructed by
using the symmetry reduction method. The following work is to construct the
exact solution of the system (2.6). It is well known that the Darboux transform is
an important method for solving the exact solution of integrable nonlinear sys-
tems. It is proved that this method is not only suitable for solving local equations,
but also for solving nonlocal equations. In the next section, we will construct the

Darboux transform and exact solution of the nonlocal integrable system (2.6).

3. Darboux Transformation for High Order Nonlocal
Coupled AKNS System

In this section, we will construct the Darboux transformation (DT) by means of
the lax pair of high order nonlocal coupled AKNS system. The idea of the DT is
to construct a transformation such that the form of the lax pair remains un-

changed. Similarly to classical DT, we take the following gauge transformation,
gl =Ty, (3.1)

Assume that the new lax pair has the following form under the gauge trans-

formation (4.1),

[ _
¢?11 B ¢[1]’ (3-2)
g7 =Vige,

where

ol = (T [, Tly )(T [ )*1 ,
(3.3)

v (TJ” +THv )(T o )*1 ,

the next work is to find a matrix T¥ such that U [1],V[1] have the same forms

as U,V ,and p,q,r,s are mapped into new potentials p[l],q[l],r[l],s[l] , Le.
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4 plo_p M Al gl gl gl
[1] ) S[l] ) _ A[l] G o _ E [1]
gl _ | |ovB- . (3.4)
0 o0 -2 pi o o A4 gH
o o q¥ 2 o o cH -_ad

where A[l], B[l],C[l], E[l], F[l],G[l] have the same forms as A,B,C,E,F,G (2.3),
just like the forms of U N

In order to construct the form of the gauge matrix 7, we suppose,

TH = To T , (3.5)
0 T,

where T; and T, have the following forms,

T - [/1+ 1 (xt)

bl (x.t)

b (x.t) ]

A+bd(xt))

A+l (x 1) BE(xt)
T = ,
bl (x,t)  A+bl (xt)

b,[f], i=12;j=1,2,3,4 areundetermined functions of xand ¢
By substituting (3.5) into (3.3), we obtain the transformations between

p,q,r,s and p[l],q[l],r[l],sm by balancing the order of 4,
p[l](x,t)z p(x,t)+2b (x,1),

_oplll
g (x,t) = q(x,t)— 20l (x,1), (36
1](x,t) (x,t)+2bl[i](x,t),
st (x,t) = s(x,t) - 20l (x,1),
and
_bn_p[l blel _blz_p[l]bzz bupr
—bls pllb,; + by, by,5—by,g, —bm pllb,, +1b,, —b,r —byp,
3.7)

0

&bﬂ 1]bll - bzsz

8_Xb23 = q[l]bw +5,by; —b,,5-D,,q,

:q[lblz_bup'
O,y =" by,r —b
_X ha =0 By + 510, =0y —bys p,

because g (x,t), pl (xt), rid (x,t),s[l] (x,t) are still solutions to the Equation
(2.4), so we assume that these four new potentials satisfy the symmetry reduc-
tion condition g (x,t)= pll (—x,—t),sm (x.t)= rlt (=x,—t). Using this condi-

tion, one can get,
b8 (1) =53 (1),
b (x,t) = bl (—x,-t),

so the N-fold Darboux transformation for nonlocal couplings of AKNS equa-

(3.8)

tions (2.6) can be constructed,
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@l =T, (ﬁ)q) U (A)T[”*ll (1)...1‘[“] (l)'”T[l] (ﬂ)q), (3.9)

the gauge transformation TI* (4) has a similar form to (2.4). Different from
the Darboux transformation of local equations, the Darboux transformation of

nonlocal equations needs to meet the following constraints,

o 1) =68 (50,

k k (3.10)
b£3] (X,t) = _b1[4] (—X,—t), k=12,--N
The relationship between new and old potentials is as follows,
P ) (3.11)

rl = v 260 (—x, ).

Proposition 1. Under the action of transformation Tl (3.5), the matrix
UM determined by Equation (3.2) has the same form as U that is,

-2 p¥ —x M
g 4
0 0 -4 pH
o o d¥ 2

U[l] —

the transformations between p,q,r,s and p[l],q[l], rl st are given by Equa-
tion (3.6).

Proof: For convenience, we will write T as 7; according to formulas
T =(detT)"T",and

fll(ﬂ) flz(ﬂ’) f13(ﬂ’) fl4(ﬂ')
(T +TU)T = fﬂéﬂ) f”éﬂ) :28; E;‘Ej; (3.12)
0 0 fu(A) fu(d)

It can be known by calculation that f; () are four or five times polynomials
about A, and it can be proved that A;,j=12 aretherootsof f;(4).

Because A;(j=1,2) are therootsof detT,we can rewrite (3.12) as
(T +TU)T =(detT)P(4), (3.13)

with

S ol S S pia 3 gl g
2 A Y P YpgAt Y pu'A
i=0 i=0 i

i=0 i=0
& i) i > i) i 2 i)qi > i) qi
> pEAt Y pRat Ypad Y phA
P(ﬂ): i=0 i=0 i=0 |ZO , (314)
0 0 pA Y Pl
i=0

where undetermined Pij(k) are not functions of A.Because T =T" -(detT)7l ,

so Equation (3.13) can be rewritten as,
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T +TU =P(4)T. (3.15)

Substitute Equation (3.5) and Equation (3.14) into Equation (3.15), by com-
paring the coefficients of the same power of A on both sides of Equation (3.15),

the following system of equations can be obtained,
A% =0,p5=0,p;, =0,p;, =0,p3 =0, pg, =0,
AP =0,p;, =0,p; =0,p5, =0, Py, =0, =0, py; =0,
P =0, Py =0,pyy =0, P =0, pj, =0,
2% p=0,p;=0,p; =0,py =0,p3 =0,p =0,py =0,
Pz =0,pj=0,p}, =0,p3 =0,p; =0,
A% ph=0,p,=0,p; =0,p, =0,p% =0, p;, =0, p; =0,
P =0,P5=0,p5 =0,p; =0, p;, =0,
A% P, =0,py =0,p; =0, P =0,py, =0, Py =0, py; =1,
Pu =-1 P =-1 Pz =1 Py =1 P =1
Atpl = p+2b, = pt, pd = p+2by, = pt, pf =q-2b, =g,
p% =q-2b, =, pf, =r+2b, =rl, pf, =52, =",
P =0, P =0,p5 =0, Py =0, py =0, py, =0,
and the coefficients of A° satisfies Equation (3.7). By substituting the above

results into Equation (3.14), we can get,

_ﬂ p[l] _A r[l]
1] [
q A s A
P(2)= g |
0 0 -4 p

o o q¥ 2

then from Equation (3.3), we can get UM = P(4).
Using the same process, we can prove that VI has the same form as Vun-
der the transformation.
Proposition 2. Under the action of transformation T (3.5), the matrix
V' determined by Equation (3.2) has the same form as V; that s,
AU gl M EM
ch _al gl _gi
0 0 A[l] B[l]
o o cl -

V[l] —

where A[l], B[l],C[l], E[l], F[l],G[l] have the form (3.4), and the transformations
between p,q,r,s and p[l],q[l], rl st are given by Equation (3.6).
Proof: According to formulas T =(detT) " T", and
9:(4) 9(4) 95(4) 9u(4)
. A A A A
(Tt+TV)T _ 921( ) gzz( ) gza( ) 924( ) (3.16)
0 0 1(2) 9u(4)
0 0 (4) 9. (%)

A

«

43
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where g (A) are six or seven times polynomials about A, and A4;,1=12

are the roots of g (). So we can rewrite (3.16) as

(T, +TU)T ™ =(detT)K (), (3.17)
with
7 6 7 ) 6 . .
S S Sl Y
i=0 i=0 i i=0
6 7 7 N
YROE YDA YK > kA
K(/l)= i=0 i=0 |70 :0 , (3.18)
0 0 kA Sk
i=0 i=0
6 7
0 0 Yk Ykia
i=0

N
o

where undetermined kigk) are not functions of A . The Equation (3.17) can be

rewritten as,

T, +TU =K (2)T. (3.19)

Substitute Equation (3.5) and Equation (3.18) into Equation (3.19). By com-
paring the coefficients of the same power of A on both sides of Equation (3.19)
we can get Proposition 2. Because the results are very complex, we do not give
them here.

In this section, we construct the Darboux transform of the high order nonloc-
al coupled AKNS system and establish the relationship between the new and old
potentials. In the next section we will construct the exact solution of (2.6) using

the results of this Section.

4. Exact Solution of High Order Nonlocal Coupled AKNS
System

According to the classical Darboux transformation, firstly, four basic solutions

of lax pairs (2.1) are given,

7B U
¢ v, ®, ¥,
A=(g(1;) w(id ) D(1) ¥(4))= (4.1)
() v(a) 0(s) ¥l E
¢ v, ©, V¥,
We know that by the Darboux transformation,
Ty T, T Tu)éd v @ V¥
(/)[1]=T[1]g0= Ty T Ty T || v, @, ¥, , (42)
T Ty Ty T f|ds vy @ W
Ty T T Tu)\& v, @, YV,

when A=241;, the 4 columns of go[l] are linear correlation. In other words,
there are different constants 7/21),;/22),7/23) that satisfy the following relation-
ship,
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x:

4 4 4 4
2T, +7§1)ZT11"//J +752)ZT11(D1 +7’23)ZT11\P1 =0
i1 i1 =t i1

T 03T @37 93T, w =0
Z; 259 + 7] Z; ¥ 17 Z; 2i P +7; Z; 2 0 =
]= ]= J= J=

(4.3)
éT31¢i +721)éT311/’j +7/§2)§T3J(Dj +7§3)§T31‘P1 =0
S IS BAN @y _
§T4j¢i+7/i ;TM‘VJ'“’] J_Z;T4jq)i+7j JZ:;TM‘IIJ' =0
Substitute (3.5) into (4.3), we get,
o)+ {70 + ol + ol = 7, (1407
o] )+l + P = )+ ) »
P + o) = 7,4
agz)bgll] + a]@)bg = —/11-0523)
where
o NVt 0 Mokl o w0 4,
! ygl)l//l+y22)(bl+y23)‘lfl+¢1 7 ! 721)1//1+7/§2)<I>1+;/§3)‘P1+¢1 ’ (45)
ags):752;//4+7§(2:)<D4+7§Z‘P4+¢4, P12 '
Vivity O+ Y +4
Expression (4.4) can be written as a product of determinants,
AXT =hT, (4.6)
where
1 oY d? ¥ 0o 0o o0 o0
0 0 0 0 1 o &? o9
d? ¥ 0o 0 0 0 0 0
Al 0 0 0 0 d? d¥ 0 0
1 o &2 &2 0o 0o 0o o]
0 0 0 0 1 & &P &Y
d? Y 0o 0 0 0 0 0
0 0 0 0 & ¥ 0 0
and

(b bE bl bE b bl bE b,

b=(-4(1+a?) ~A(al+a?) -2a? -2a? -2 (1+al?) n(af+al) -2al? -nad)

To get [il],bgli],i =1,2,3,4, we need to solve the system (4.6), but, we need to
give the basic solutions for Lax pair firstly,

T
o) =60 (st x)e o esicnn o)
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T
4 (ﬂj ) = (0, —C(jz)/lj ([)’,1]2{ - X)e‘ixfﬂfl 0, ng)ezjxfaafl) ,
T

i T
(2,)= (0% ,0,0,0) .
with cgk) (j =12k =1,2,3, 4) are arbitrary constants.
By solving system of linear Equation (4.6) and using Equations (4.5), (4.7), we
can get the expression of bf}l(x,t),bl} (x,t) and bJ(xt),bl(xt) since only
these four variables are included in the Darboux transformation.

(A+7p (allthraizzt—a/ll/lzt—x)
o (1) = 5 (s —h)e ,
c{l)cgz)yze(ﬂé )7/11)(05/11 t+aifts aijot-x) ~ Cl(z)cgl)yl(l)e(ﬂrzz ) @ittraitraniat-x)
~(A+2p )| arft+ardt-aigt—x
b[ﬂ(xt) ey (/lz /11) wriafesfoesbi-eaa
C(l)c(z)y(l)e(iz—ﬂl)(a/llt+aﬂqt+aﬁlﬁzt—x) (2 )C() (1)e(/11—12)(a&fwaﬂzzua/lllzt—x) '
1 G272 2
bl[l] (X t) ) AleZ/iz(a%zzt—x) . Azeul(a/lft—x) (4.8)
4 e 2 ~iy)arftaridtra - 2 (k-2 arftraift+a - ’
Cl(l)cgz)(yl(z)) Q2 etrarfaiyigtox) +Cl(z)cgl)(71(1)) o 2t )i s aiftsandot—) — 22, 0P
Ase—ZZQ(UMQZt—X) . A4e—221(aﬂlzt—x)

b“(x t)=-

W2 (2) (/12—/11)(allzwalzzha/{llzt—x) (2)0). (1) —(/11—12)(a/112t+alzzt+al1lzt—x) 2
C'C e -GGy e

where

A= (e (4 - ﬂq)[zyfz’cl‘z)c@ (B2t~ x)

(2)

106 (10 + o) - A |

=~(o7) ()2l (Bt

PO () pee]

A, (c2 7 )2(/12 %)[271 o 2)(:3/113'[_’71)()

A (0 ) Al

Ay = (cP72) (1, - 4)[ 270676 (At~ 2,x)

I () el -]
Using the symmetry reduction condition (3.8), we can get
4 ﬁ s = C§2)7£2) 0 _iil) A — Cgl)yél) (49)
! cl? 3 cla 1t c '3 c®

4 2 4

where i =—1. In this case, we obtain the new solution,
p[l] - ZbE] (x,t),

(4.10)
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with /11,ﬂ,z,c}”,cl(z),cgl),c@,cgz),cgz),cfﬁ),cf) are arbitrary constants,

;/1(2), gz)’ 1(1), gl) conditions satisfied (4.9).

Through verification, we can know that solutions (4.10) are exact solutions of
high order nonlocal coupled AKNS system (2.6). It can be seen from the expres-
sion (4.8) that the solutions of the system are in the form of exponential function,
and the soliton solutions of the nonlocal system can be constructed by selecting
appropriate parameters. In order to study the characteristics of the solutions, the
graphs of module p and r are illustrated in Figure 1 and Figure 2 by selecting

the appropriate parameters.

Pl 51

(b)
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lpl 3

(d)

Figure 1. (a) The modulus of PH in expression (4.10) with the parameters 4, =1-i,
A4 =2i, a,=-1.(b) 2D graph of expression (4.10) with x =0. (c) 2D graph of expres-
sion (4.10) with t=0. (d) Density graph of expression (4.10).
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Figure 2. (a) The modulus of rl in expression (4.10) with the parameters 4 =1-i,
A=2i, a,=-1, p=-0.1.(b) 2D graph of expression (4.10) with x=0. (c) 2D graph
of expression (4.10) with t =0. (d) Density graph of expression (4.10).
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We know that if this solution is taken further as a new solution, we can per-
form the Darboux transformation again to produce another new solution. This
process can be carried out continuously and a series of soliton solutions for high

order nonlocal coupled AKNS system (2.6) can be theoretically obtained.

5. Summary and Discussion

In this paper, considering the practical importance of nonlocal equations, a
high-order nonlocal coupled AKNS system is constructed and studied by using
the symmetric reduction method for the first time. With the help of lax pairs, the
gauge transformation of the system is constructed, and the Darboux transforma-
tion of the system is obtained. In this paper, a new exact solution of the system is
constructed by using the trivial seed solution and Darboux transformation, and
the soliton solution of the system is obtained by selecting appropriate parame-
ters. In order to study the properties of soliton solution, the corresponding im-
ages are given.

It is very meaningful to study the coupled nonlocal integrable model. Howev-
er, much remains to be done. For example, the construction of Lie symmetry,
symmetry reduction and similar solutions of nonlocal equations should be stu-
died. In addition, the rogue wave solution of nonlocal equations is one of the re-
search hotspots in recent years. Therefore, it is very meaningful to construct the
rogue wave solution of nonlocal equations with variable coefficients by using the
Darboux transform method. The above topics will be discussed in a series of fu-

ture research works.

Acknowledgements

This work is supported by the National Natural Science Foundation of China
(Nos. 11505090, 1171041), the Natural Science Foundation of Shaanxi Province
under Grant No. 2018JQ-1045, and the Science and Technology Innovation
Foundation of Xian under Grant No. 2017CGWL06. We also acknowledge Re-
search Award Foundation for Outstanding Young Scientists of Shandong Prov-
ince (No. BS2015SF009) and the doctoral foundation of Liaocheng University
under Grant No. 318051413.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this pa-

per.

References

[1] Zakharov, V.E. (1980) The Inverse Scattering Method. In: Bullough, RK. and
Caudrey P.]., Eds., Solitons. Topics in Current Physics. Springer, Berlin, 243-285.
https://doi.org/10.1007/978-3-642-81448-8_7

[2] Ablowitz, M.]., Ablowitz, M.A., Clarkson, P.A., et al. (1991) Solitons, Nonlinear
Evolution Equations and Inverse Scattering. Cambridge University Press, Cam-
bridge. https://doi.org/10.1017/CB0O9780511623998

DOI: 10.4236/jamp.2021.911167

2606 Journal of Applied Mathematics and Physics


https://doi.org/10.4236/jamp.2021.911167
https://doi.org/10.1007/978-3-642-81448-8_7
https://doi.org/10.1017/CBO9780511623998

X.P.Xin et al.

(3]

(4]

(5]

(6]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

Zhang, Z.C. and Fan, E.G. (2021) Inverse Scattering Transform and Multiple
High-Order Pole Solutions for the Gerdjikov-Ivanov Equation under the Ze-
ro/Nonzero Background. Zeitschrift Fiir Angewandte Mathematik und Physik, 72,
Article No. 153. https://doi.org/10.1007/s00033-021-01583-x

Guo B.L., Ling L.M. and Liu Q.P. (2013) High-Order Solutions and Generalized
Darboux Transformations of Derivative Nonlinear Schrédinger Equations. Studies
in Applied Mathematics, 130, 317-344.
https://doi.org/10.1111/j.1467-9590.2012.00568.x

Duan, C.N. and Yu, F.J. (2018) N-Fold Darboux Transformation for the Nonlocal
Nonlinear Schrédinger (NNLS) Equation with the Self-Induced PT-Symmetric Po-
tential. Journal of Applied Mathematics and Physics, 6, 888-900.
https://doi.org/10.4236/jamp.2018.64076

Chen, J.C., Ma, Z.Y. and Hu, Y.H. (2018) Nonlocal Symmetry, Darboux Transfor-
mation and Soliton-Cnoidal Wave Interaction Solution for the Shallow Water Wave
Equation. Journal of Mathematical Analysis and Applications, 460, 987-1003.
https://doi.org/10.1016/j.jmaa.2017.12.028

Chen, J. (2015) Generalized Darboux Transformation and Rational Solutions for the
Nonlocal Nonlinear Schrédinger Equation with the Self-Induced Parity-Time
Symmetric Potential. Journal of Applied Mathematics and Physics, 3, 2327-4352.
https://doi.org/10.4236/jamp.2015.35065

Schnizer, W.A. and Leeb, H. (1993) Exactly Solvable Models for the Schrodinger
Equation from Generalized Darboux Transformations. Journal of Physics A: Ma-
thematical and General, 26, Article ID: 5145.
https://doi.org/10.1088/0305-4470/26/19/041

Hirota, R. (2004) The Direct Method in Soliton Theory. Cambridge University
Press, Cambridge. https://doi.org/10.1017/CBO9780511543043

Milnor, J.W. and Husemoller, D. (1973) Symmetric Bilinear Forms. Springer, Ber-
lin. https://doi.org/10.1007/978-3-642-88330-9

Hietarinta, J. (2005) Hirota’s Bilinear Method and Soliton Solutions. Physics AUC,
15, 31-37.

Zhao, X., Tian B., et al. (2021) Bilinear Backlund Transformation, Lax Pair and In-
teractions of Nonlinear Waves for a Generalized (2 + 1)-Dimensional Nonlinear
Wave Equation in Nonlinear Optics/Fluid Mechanics/Plasma Physics. Nonlinear Dy-
namics, 103, 1785-1794. https://doi.org/10.1007/s11071-020-06154-9

Ablowitz, M.]. and Musslimani, Z.H. (2013) Integrable Nonlocal Nonlinear Schrodin-
ger Equation. Physical Review Letters, 110, Article ID: 064105.
https://doi.org/10.1103/PhysRevLett.110.064105

Nelson, O., Yu, Z., Dorian, B. and Wang, Y. (2018) A New Method for the Exact
Solution of Duffing Equation. Journal of Applied Mathematics and Physics, 6,
2718-2726. https://doi.org/10.4236/jamp.2018.612225

Siddiqui, A., Walait, A., Allison, T. and Haroon, T. (2018) Exact Solution for Pres-
sure Driven Flow of Two Immiscible Phan-Thien-Tanner Fluids in a Pipe. Open
Journal of Fluid Dynamics, 8, 378-391. https://doi.org/10.4236/0jfd.2018.84024

Rao, J., He, J., et al (2020) P7-Symmetric Nonlocal Davey-Stewartson I Equation:
General Lump-Soliton Solutions on a Background of Periodic Line Waves. Applied
Mathematics Letters, 104, Article ID: 106246.
https://doi.org/10.1016/j.am1.2020.106246

Yan, Z.Y. (2016) Nonlocal General Vector Nonlinear Schrédinger Equations: Inte-
grability, PT Symmetribility, and Solutions. Applied Mathematics Letters, 62, 101-109.

DOI: 10.4236/jamp.2021.911167

2607 Journal of Applied Mathematics and Physics


https://doi.org/10.4236/jamp.2021.911167
https://doi.org/10.1007/s00033-021-01583-x
https://doi.org/10.1111/j.1467-9590.2012.00568.x
https://doi.org/10.4236/jamp.2018.64076
https://doi.org/10.1016/j.jmaa.2017.12.028
https://doi.org/10.4236/jamp.2015.35065
https://doi.org/10.1088/0305-4470/26/19/041
https://doi.org/10.1017/CBO9780511543043
https://doi.org/10.1007/978-3-642-88330-9
https://doi.org/10.1007/s11071-020-06154-9
https://doi.org/10.1103/PhysRevLett.110.064105
https://doi.org/10.4236/jamp.2018.612225
https://doi.org/10.4236/ojfd.2018.84024
https://doi.org/10.1016/j.aml.2020.106246

X.P.Xinetal.

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

https://doi.org/10.1016/j.aml1.2016.07.010

Chen, J., Yan, Q. and Zhang, H. (2020) Multiple Bright Soliton Solutions of a Re-
verse-Space Nonlocal Nonlinear Schrodinger Equation. Applied Mathematics Let-
ters, 106, Article ID: 106375. https://doi.org/10.1016/j.aml.2020.106375

Ji, J.L. and Zhu, Z.N. (2017) Soliton Solutions of an Integrable Nonlocal Modified
Korteweg-de Vries Equation through Inverse Scattering Transform. Journal of Ma-
thematical Analysis and Applications, 453, 973-984.
https://doi.org/10.1016/j.jmaa.2017.04.042

Yang, Y.Q., Takashi, S. and Cheng, X.P. (2020) Darboux Transformations and Exact
Solutions for the Integrable Nonlocal Lakshmanan-Porsezian-Daniel Equation. Ap-
plied Mathematics Letters, 99, Article ID: 105998.
https://doi.org/10.1016/j.aml.2019.105998

Zhang, X.E., Chen, Y. and Zhang, Y. (2017) Breather, Lump and X Soliton Solutions
to Nonlocal KP Equation. Computers & Mathematics with Applications, 74, 2341-2347.
https://doi.org/10.1016/j.camwa.2017.07.004

Zhou, Z.X. (2018) Darboux Transformations and Global Explicit Solutions for
Nonlocal Davey-Stewartson I Equation. Studies in Applied Mathematics, 141, 186-204.
https://doi.org/10.1111/sapm.12219

Huang, X. and Ling, L.M. (2016) Soliton Solutions for the Nonlocal Nonlinear
Schrodinger Equation. 7he European Physical Journal Plus, 131, Article No. 148.
https://doi.org/10.1140/epjp/i2016-16148-9

Zhang, Y.X., et al (2008) Lax Pair and Darboux Transformation for a Varia-
ble-Coefficient Fifth-Order Korteweg-de Vries Equation with Symbolic Computa-
tion. Communications in Theoretical Physics, 49, Article ID: 833.
https://doi.org/10.1088/0253-6102/49/4/06

Zhou, Z.X. (2016) Darboux Transformations and Global Solutions for a Nonlocal
Derivative Nonlinear Schrodinger Equation. Communications in Nonlinear Science
Numerical Simulation, 62, 480-488. https://doi.org/10.1016/j.cnsns.2018.01.008

Ma, W .X. and Zhang, Y.J. (2018) Darboux Transformations of Integrable Couplings
and Applications. Reviews in Mathematical Physics, 30, Article ID: 1850003.
https://doi.org/10.1142/50129055X18500034

DOI: 10.4236/jamp.2021.911167

2608 Journal of Applied Mathematics and Physics


https://doi.org/10.4236/jamp.2021.911167
https://doi.org/10.1016/j.aml.2016.07.010
https://doi.org/10.1016/j.aml.2020.106375
https://doi.org/10.1016/j.jmaa.2017.04.042
https://doi.org/10.1016/j.aml.2019.105998
https://doi.org/10.1016/j.camwa.2017.07.004
https://doi.org/10.1111/sapm.12219
https://doi.org/10.1140/epjp/i2016-16148-9
https://doi.org/10.1088/0253-6102/49/4/06
https://doi.org/10.1016/j.cnsns.2018.01.008
https://doi.org/10.1142/S0129055X18500034

	Darboux Transformation and Exact Solutions for High Order Nonlocal Coupled AKNS System
	Abstract
	Keywords
	1. Introduction
	2. High Order Nonlocal Coupled AKNS System
	3. Darboux Transformation for High Order Nonlocal Coupled AKNS System
	4. Exact Solution of High Order Nonlocal Coupled AKNS System
	5. Summary and Discussion
	Acknowledgements
	Conflicts of Interest
	References

