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Abstract: In this paper, rapidly convergent approximation method ARK} is applied for seek of exact solutions of chiral nonlinea
Schrodinger’s equation (NLSE) in (1+2)-dimensions. Apalion of this method gives series solution which convetgethe exact
analytic solution of NLSE from which several kinds of exaotusions are constructed. The solutions comprise brigatk,dkink,
soliton, singular solution and periodic solutions. Thegpaetric conditions for existence of chiral solutions asogiresented.
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1 Introduction Many powerful methods have been developed to
construct exact solutions of nonlinear evolution equatjon
such as the Jacobi elliptic function expansi@j, [the

tanh-function expansiorf], ansatz method1[0], and so

Nowadays, the research of finding solutions of nonlinearOn One of the most effective simple flexible methods to
evolution equations (NLEEs) which model several | ° P

physical phenomena are challenging and fascinating taslge\ﬁlt?gntshZstﬁgt%govrﬁ;i 333321”%g{tig%n:#ré?%gumn
NLEEs arises in various fields of science and engineering d P ’

especially in mathematical physics. Their closed formWh|ch is a simple and effective iterative method for the

. : : tation of series solutions, was first proposed by
solutions provide us a complete concept of the phyS|caf30mpL.J )
phenomena, which help to analyze and understand thédomlan PJ. This method was.further developed by
any authors among them one is P. K. Das and M. M.

physical processes that are modeled by NLEEs. S anja 2] Recently, same author&g] have proposed a
finding their solution have great importance in mentioned b ' Y, T prop
rapidly convergent approximation method (RCAM) as a

fields. There are several solutions like, shock wave, A . g -
Wodmcatlon of previous work and applying this scheme

solitons, plane wave, cuspons, peakons, rogons that c ; . : :
be constructed from this equations. All this various typesthey obtained 1-soliton solution of many important well

solutions cannot be obtained by one method. Henc{nown nonlinear mathematicallphysics models. And_they
developing a new method which able to provide various, >V shown that this scheme is very useful and efficient
types of solutions of NLEEs have drowned a lot of tool for constructing S(_)Ilton s_olut|on of single as_well as
interests of researchers. The nonlinear Schrodinge ystem.of non]mear dlfferentlal e'quatlons.lln th'.s paper,
equation (NLSE) is the generic model in nonlinear CAM is applied to chiral NISE in (1+2)-dimensions to

physics governing wave evolution in opticdl, [2], look for exact solution.

Bose-Einstein condensate3-p], plasma physicsd, 7],

fluid dynamics and nuclear physicsl]. Recently, it is The objective of this paper is to investigate the chiral
observed that chiral NLSE plays important role in Hall NLSE in (1+2)-dimensions by RCAM. Using this method

effect and optical fiber. Many resull?-18] have been derived several kinds of exact travelling wave solution of
reported for this model in past those are on solitonNLSE. Furthermore, the condition on parameters for
perturbation theory, application of semi inverse existence of this solutions presented. Here, for the first
variational principle and Lie symmetry analysis. time to my knowledge, chiral NLSE in (1+2)-dimensions
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is solved by RCAM and this method can construct eightand recasts the nonlinear term into
types of solution is shown. o

The present paper is organized as follows. After this 4 1y]1(§) = S n(uo(&),us (&), - ,u ’ 9
introduction Section 2 contains a brief review of RCAM. ll($) HZO m(to(&), th(£) () ®)
In Section 3 we presented conversion of chiral NLSE to _ _
two different ODEs. Section 4 and 5 contains solutionwhere«; (&), n> 0 are Adomian polynomial2D, 21] for
obtaining technique of these two ODEs by RCAM and nonlinear term can be obtained by using the formula
finally using these solutions we obtained eight different 1 gm -
solutions of chlral. NLSE. Last Section 6 is devoted to (&) = _|[—m‘/V( We)eo, m>0.  (10)
research perspective. m! “de &

The correction to the leading order due to presence of

2 The Rapidly Convergent Approximation nonlinearities are obtained by executing the following
Method Steps
Uo(§) =c- e+ 07 gl(¢) (11)

First consider a second order differential equation of the .
form with

u'(&) = A2u(&) = A [Ul(§) +9(8), & € (—oo,0), (1)

where .#[u] is an nonlinear term ini, andg(¢) is the
inhomogeneous or source term, continuous over theD
infinite domain of independent variable. No®) can now €
be recast into the form

Uns1(€) = 6~ Y] (E), n>0. (12)

It is important to note that whenever the domain
comes(—,0], instead of using vanishing boundary
conditionu(e) = 0O, for localized solution of 16) we use
u(—o) =0in (6) and get

Olu(§) = A ul+9(8), 2 i .
. A u(§) =cy e OTHA(E) + O HGI(E), & € (—,0).
where the linear operatar|-] given by (13)
50 o AEd (a22 Ed oA ET similarly following the previous steps, higher order
oNE) =¢ d¢ (e d¢ (& 4LD). (3) corrections over leading order approximation can be

One may reinterpret the inverse operﬁ;rl as a twofold obtained recursively from

integral operator given by up(&) =cy e &+ G-1g)(8) (14)
&) =er i et [](§)dEde. @) and

In this case operation @~ onu’ (&) — A2u(&) gives Uns1(8) = 6 n(E), n>0. (15)
é’*l(ul'(f) —A2(8)) In case ofA < 0, one has to proceed in the same way

by retaining the term involving®™ ¢.

e [ [eh Hut(E) - Au(E)) dE o
— et [ e () - e FuE) o)k

=u)-c,eé—c e?? 5
(§)—c+ ’ A( ) [19, M. Eslami studied the chiral NLSE in
wherec, ¢, andc_ integration constants. Operatiag (1+2)-dimensions

on both sides of3) and use ofY), leads to i + @G+ yy) + 1 {b1(qGE — G )

ué)=crefqrc e E- o U)(E)+ g (8). +bz(qay —a*ay)}a =0,

. . I (6) where the first term is the evolution term, whike
Assuming A > 0 and using the vanishing boundary enresents the coefficient of dispersion term. Atsoand
condition u(e) = 0 for localized solution of 1) within -, "6 the coefficients of nonlinear coupling terms. In
[0, ) we can obtaire, = 0, thus order to solve Eqi6)we apply the transformation

3 Application of the RCAM to chiral NLSE

(16)

u()=c- e {4+ oA U)(E)+6Hal(§). £ € [O’E% ax.y.t) = {A+u(@)}e?, (17)
To evaluate terms involving the unknow(¥ ) in R.H.S of
(7), one writes

whereu(§) is the amplitude portion of the solution, while
phase portiorp(x,y,t) and are given below

& =Bix+ Boy — 2a(lel + szz)t,

P(X,Y,t) = kiX+ koy + wt + 6. (18)

u(E) = iun(f) ®)

n
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Under this transformation NLSE16) reduces to the
travelling wave equation

a(B? 4+ B3)U" + {6A2(byky 4 boko) — a(k? 4 k3) —
+ 6A(b1ky + boko)u? + 2(b1ky + boko)u®
+ A{2A?(bgky + boks) — a(k? 4+ k3) — w} = 0.

w}iu
(19)

Now using @6) with (21) in (17) we can find solution of
NLSE (16) in the following form

2aFAE )
_ 42012‘/\ éejF oY)
BA26 2 E _ 32

dc3 ’
where@(x,y,t), £(x,y,t), A andd are givenin 18) in (22
respectively. Depending on valuesofindd this solution

(27)

For localised solution equating constant term with zero wecan be recast in the following forms

get

A{2A?(bky + boka) —

Solving for A we get
22

A=0,+4/— 5

whereA,  are given by

a(k? +k3) — w} =0. (20)

(21)

a(ké +k3) + w
a(Bi +B3)

B 2(k1b1 + k2b2)

a(B7 1 B)) o

4 Case-l (WhenA=0)

Using A =0 in Eq (19) we get the following differential
equation

U/(€) ~ A2u(E) = S u(§)®.

Application of RCAM, to (L9)gives following iteration
formulae

(&) = cx ¢,
Un:1(8) = 6~ Y] (E), n>0,

whereay,(€), n> 0 are calculated using formula&Q).
Hence from 25) the successive terms are given by

Uo(§) = cx ¢,

(23)

(24)

3
o ciei"f
ul(é) — %7
52 (Ciei)‘f)s
(&)= 64 (25)

Un(&) = Cig—nei/\f (@) ’

)\2

The closed form of series solution &3) is given by:

[ee]

u(¢) = nZOUn(E)

_ 8ciAZetAe
 8A2eT2A¢ ¢

(26)

oct

%(E)Z\/—%Z

502 (28)
x sech {i)\é—k “log < o2 ﬂ dol xyt
222
qZ(E) = T
1 oc2 (29)
= == ) | @oeyt)
xcsch{i)\é+2|og<8/\2)]e' ,
these solutions exists whenis real and 225 > 0.
[o22
q3(£) = Tl
(30)
X Sec | A& — i—Iog ﬁ g P0eyt)
2 8A2 ’
222
Q4(5) = Tl
(31)
X CSC :l:)\lf—i—log _6_C:2‘E g exyt)
2 8A2 ’

these solutions exists wheh is pure imaginary (ie,
A =i A1), 2425 > 0 and values ot are so chosen that
trigonometric functions becomes real.

5Casell (When A=+,/—%)

For A = :I:\/—%2 Eq (19 reduces to the following
differential equation

U’ (&) +2A%U(E) = F3V —A20u(E)24+ 5 u(&)® (32)

Application of RCAM, to a9)g|ves foIIowmg iteration
formulae

(&) = cr €48,
Un+1(§) = 0 Yar)(§), n>0,

wherea;(&), n > 0 are calculated using formuld@.
Hence from 83) the successive terms are given by

(33)

Uo(€) = coe™V2V A%
Cgteig’\/z\/f_)‘25 <Ci5:F SVWeiﬁ‘/*_’\zf) (34)
up(é) =— ,

1642
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C:t275n71)\ 72ne¢\/§\/7)\ 2(—2n-1)&

Un(§) =
\/ 35 (cicS:F 16v/_0A2e7V2V/-2% )

n+1
x { <i8ci\/—6A 2gTV2V A%y \/016 (Ciéq: 16v/—8A ZeJFﬂ\/—AZE) + ci(-d))

n+1
—~ <i8ci\/—5/\2e$ﬁv—“f — \/cié (Ci(S:F 16\/—6)\2e¢ﬁ\/—"25) +ci(—6)> }

The closed form of series solution &2) is given by:

00

u(é) :nZOun(E)

36
. 20:‘:)\2 ( )
20262V A% ¢y \/—5A2

Now using @6) with (21) in (17) we can find solution of
NLSE (16) in the following form

o 2c4 A2 )\2
2\ 2gtV2V-A%E q:cim
whereg(x,y,t), £(x,y,t), A andd are givenin 18) in (22

respectively. Again depending on the valuesioéind
this solution can be recast in the following forms

oyt

@7

)2
as(§) =F I

A2 1 Ct o (38)
x Pyt

_)2
QG(E)ZZE\/T

A2 1 ct | O (39)
x POyt

these solutions exists wheh is pure imaginary and
—A2%5>0.

a7(§) = \/ﬁ

(35)
2
SN
x cot \/7E+—I ( 1/ Aézﬂ (41)
x POyt

these solutlons exists whe¥f is real,A%25 > 0 and value
of ¢, is so chosen that trigonometric functions becomes
real.

6 Conclusion

In summary, applying RCAM, we have found closed form
solution of chiral NLSE, from which eight types solutions
constructed. The main strength of this method is that it
does not need any guessing of forms of solutions as other
methods like tanh, Jacobi elliptic function method, ansatz
method etc. requires. It should be noted here that the
RCAM not only can generate regular solutions, but also
singular ones involving csch, coth functions. The
obtained solutions establish that method is an effective
and powerful tool for solving nonlinear differential
equations arising in mathematical physics. It remains an
open problem as how to generalize this method in order to
deal with nonlinear differential equations with variable
coefficients.
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