AIMS Mathematics, 8(11): 27033-27051.
DOI: 10.3934/math.20231383
AIMS Mathematics Received: 25 July 2023

Revised: 26 August 2023

Accepted: 03 September 2023
http://www.aimspress.com/journal/Math Published: 22 September 2023

Research article

New solutions of time-space fractional coupled Schrodinger systems

Mubashir Qayyum', Efaza Ahmad', Hijaz Ahmad****and Bandar Almohsen’

! Department of Sciences and Humanities, National University of Computer and Emerging Sciences,

Lahore, Pakistan

Section of Mathematics, International Telematic University Uninettuno, Corso Vittorio Emanuele
I, 39,00186 Roma, Italy

3 Near East University, Operational Research Center in Healthcare, Nicosia, PC: 99138, TRNC
Mersin 10, Turkey

Department of Computer Science and Mathematics, Lebanese American University, Beirut,
Lebanon

Department of Mathematics, College of Science, King Saud University, Riyadh 11451, Saudi
Arabia

* Correspondence: Email: ahmad.hijaz@uninettuno.it.

Abstract: The current manuscript focuses on the solution and analysis of space and time fractional
coupled Schrodinger system that belongs to a class of evolution equations. These systems encounter
in different fields related to plasma waves, optics, and quantum physics. The fractional He-Laplace
approach is proposed for the series form solutions of fractional systems. This approach contains
hybrid of Laplace transform and homotopy perturbation along with Caputo fractional derivative. The
current study provide new results on time and space fractional coupled Schrédinger systems which
are not captured in existing literature. Reliability of proposed algorithm in both time and space
fractional scenarios is observed through residual error concept throughout fractional domains. The
effect of fractional parameters on wave profiles are analyzed numerically and graphically as 2D and 3D
illustrations. Analysis reveals that proposed algorithm is suitable for non-linear time-space fractional
systems encountering in different fields of sciences.

Keywords: time-space fractional; Schrodinger system; Laplace transform; homotopy perturbation
Mathematics Subject Classification: 35G50, 35C10



http://www.aimspress.com/journal/Math
http://dx.doi.org/ 10.3934/math.20231383

27034

1. Introduction

Partial differential equations (PDEs) arise in various fields like fluid dynamics [1, 2],
kinetics [3], biology [4, 5], quantum field theory [6], engineering [7], and physics [8, 9]. Many
non-linear systems [10] also emerge in several biological and chemical applications. Since the
order of differential equations describes their nature and extension, therefore, in recent researches a
great deal of focus is on fractional order differential equations (FDEs). Fractional derivatives
generalized the integer order derivatives to non-integer form. This enables the memory effect of
models to be studied more accurately. The first concept of fractional calculus arises in 18th century.
Many researchers that are Liouville [11], Miller [12], Riemann [13], and Caputo [14] assisted in this
field. Various linear and non-linear phenomena have been studied through fractional calculus [15, 16].
Agriculture [17], education [18], health [19], ocean waves [20], construction [21], and robotics [22]
are examples of a few fields that assimilate fractional order modeling. Moreover, various branches
of fluid mechanics [23], mathematics [24], thermodynamics [25], computer science [26], and
climatology [27] also utilize it.

Primary focus of scientific community is to find the exact solutions of these non-linear equations.
Various powerful techniques that are new function method [28], sine-Gordon method [29], Hirota
bilinear method [30], sub-equation method [31], and Riccati equation method [32] are applied in
literature to find such results. But the complex nature of non-linear equations makes it challenging to
calculate exact solution. So, it encourages people to find approximate solutions by using many
numerical and semi-numerical algorithms. Homotopy analysis method (HAM) [33, 34], finite
difference method (FDM) [35], Meshless method [36], homotopy perturbation method (HPM) [37],
Haar wavelet method [38], variational iteration method [39], and Runge-Kutta (RK) methods [40] are
some of these schemes. HPM is a significant tool to solve variety of linear and non-linear problems of
higher order. Many alteration of it [41,42] are introduced to make it more effective especially when
dealing with fractional derivatives. One modification is the utilization of Laplace transform. This
hybrid of HPM and Laplace transform [43] makes an excellent tool in tackling higher order fractional
models.

Non-linear Schrodinger equations (NLS) [44] are partial differential equations that describes the
phenomena of slow wave packets evolution in wave systems. They illustrate the energy and position
of electrons in time and space. NLS equations belong to a principal class of evolution equations and
are extended to optics [45], quantum mechanics [46], plasma theory [47], and various areas of
science. These equations have been studied in fractional form by many researches. Li et al. [48]
analyzed non-linear time-fractional Schrodinger equations through L1-Galerkin finite element
method. Linearized fast time-stepping schemes were adopted by Yuan et al. [49] for time and space
fractional Schrodinger equations. Hosseini et al. [50] examined the dynamics of generalized
Schrodinger equation. Kudryashov [51] found the optical solitons of these equations via an extended
approach. Yuan et al. [52] applied linearized transformed L1-Galerkin finite differential method to
them. In this study, we will analyze both time and space fractional non-linear couple Schrodinger
system [53, 54] through He-Laplace method. A (1+1)-dimensional, time-space fractional, coupled
Schrédinger model is given as:
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where, M and N are complex valued functions that represent the amplitudes of circularly-polarized
waves. @ and S are orders of fractional derivative with respect to time ¢ and space x respectively. p, T,
o, and vy are real constants. Application of Eq (1.1) extends to many fields of optics, plasma waves,
hydrodynamics, non-linear acoustics, and acoustics.

Rest of the manuscript is divided as follows: section II contains preliminaries concerning time and
space Caputo fractional derivative and their Laplace transform. Methodology of extended He-Laplace
method for a time-space fractional system is given in Section III. Section IV is base on theorems
regarding convergence and error analysis, whereas, application of He-Laplace method on Eq (1.1) is
in section V. Discussion of obtained results and conclusion are in section VI and VII respectively.

+ a(IMP+HyINIM = 0,
(1.1)

+ c(INP+YIMPN =0,

2. Preliminaries
Definition 1. [55] The Caputo time-fractional derivative “D® of a function Z(x, t) is defined by:

“DHZ(x, 1)} = _ f (t — &)1 ZP(x, £)dé, 9-1<a<d, (2.1)
'@ -a) Jo

where, a represents the time-fractional parameter.

Definition 2. [56] The Caputo space-fractional derivative ‘Dh of a function Z(x,t) is defined as:
1

I'@-p)

where, B represents the space-fractional parameter.

DUZ(x, 1) = fx(x = &P Z0E, 1)de, {-1<p<{, (2.2)
0

Definition 3. [57] The Laplace transform L of Caputo time and space-fractional derivative is
respectively given as:
9-1
L{°D} Z(x, 0} = sL{Z} = ) 57471 Z9(x,0), d-1<a<d. (2.3)
q=0

-1

LD Z(x 0} = LLIZ) - Y| 87071290, 1), {-1<B=<C (2.4)

q=0
3. Methodology of extended He-Laplace method for time and space fractional systems

Let us consider a general non-linear, time-space-fractional, differential system as:

D Zi(x, 1) + DPZi(x, ) + LIZ] + N[Z] = 0, i=1,...,n, t>0,
9-1<a<d, (3.1)
{-1<B<,

with initial conditions given as
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Zi(x,0) = A,

. . . (3.2)
Zi(0,1) = Bi, i=1,...,n,

where, DY and D’ are the temporal ‘" and spacial ‘x’ fractional derivatives of Zi respectively. L is the
linear operator whereas N represents the non-linear operator.

Case 1: Procedure will be initiated by taking Laplace transform w.r.t. time and considering the spacial
derivative in integer order

LADY Zi(x, )} + L{D, Zi(x, 1)} + L{L[Z] + N[Z]} = 0. (3.3)
Definition 3 leads to
. 1\ i 1 .
LAZi(x, 1)} — (;) Z s Zi9D(x, 0) + (;) LAD,Zi(x,t) + LIZ] + N[Z]} = 0. (3.4)
q=0

The general homotopy of the system is

9-1
Homotopy = (1 = KL Zi(x, )} = Zio(x, 1)) + KL Zi(x, 1)} - (Si) D75 Zi9 (x, 0)
4=0 (3.5)

1
- (s—) L{D:Zi(x,1) + LIZ) + NIZ1}) = 0,
with Zij as initial guess and « € [0,1]. Expansion of Zi(x, f) in power series wW.r.t. k gives

Zi(x, 1) = Zig(x, 1) + k' Ziy(x, 1) + K Zia(x, 1) + - - - (3.6)

Substituting Eq (3.6) into Eq (3.5) and after that comparing identical coefficients of k gives At «':

a
q=0

1) 1
LAZii(x, D)} + Zip — (S—) Z s ZiD(x, 0) + (S—a) LADZio(x, 1) + L[ Zol + N[Zol} =0. (3.7)
At kP
1
LAZi,(x, 1)} + (;)L,{DxZip(x, H+LIZ,)+NIZ,1} =0, p=2,... .k (3.8)

By taking inverse Laplace transform we have solutions At «!:

SQ’

9-1
Zin(x, 0+ L7 Zio - (i) s Zi0(x,0) + (si) LAD. Zio(x, 1) + LIZol + NIZol}} = 0. (3.9)

q=0

At k?:

1
Zip(x,0) + L (S—Q)Lt{DxZip(x, 0+ LIZ,]+ NIZ, Il =0, p=2,....k (3.10)
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The approximate series solution of Eq (3.3) is

Zi=Zi= Ziyx,t) + Zir(x,0) + Zir(x, 1) + Zix(x,0) + - - - (3.11)
We can obtain residual function by substituting Eq (3.11) in Eq (3.1) while considering 5 = 1.
=DYZi+ D, Zi + LIZil + N[Zil. (3.12)
Case 2: Take Laplace transform w.r.t. space and consider the temporal derivative in integer order
LD Zi(x, )} + LD, Zi(x, 1)} + LA LIZ] + N[Z]} = 0. (3.13)

Definition 3 gives
LAZi(x, ) - ()Zfﬂiwmn+()X®JMﬁ+ua+anﬂx (3.14)

System’s homotopy is constructed as
-1
Homotopy = (1 — K)(L{ Zi(x. 1)} — Zio(x, 1) + k(LA Zi(x, 1)} - ( ) P71 Zi9(0, 1)
9=0 (3.15)

(” (D, Zi(x, 1) + LIZ] + NIZ]}) = 0.

Similar procedure as of Case 1 gives
Atk
1

I
LAZii(x, )} + Zip - ( ) P Zi90, 0 + (siﬁ) LD, Zio(x, 1) + LIZo] + N[Zol} = 0. (3.16)

q=0
At k”:
1
LAZi,(x, 1)} + ( ) ADZip(x, 1) + LIZ,1 + NIZ, 1) = p=2,....k (3.17)
By taking inverse Laplace transform we have solutions
At k'
-1
Zi(x, 1) + L_ Zlo - ( ) P Zi9(0, 1) + ( ) LD, Zio(x, 1) + L[Zo] + N[Zo]}}
q=0
(3.18)
At k”:
1
Ziy(x, 1) + L;]{(S—ﬁ)Lx{D,Zip(x, 0+ LIZ,1+ NIZ,l} =0, p=2,... .k (3.19)

Adding them produce approximate series solution. Substitution of the obtained approximate solution
in Eq (3.1) at @ = 1 generates residual function.

Rz = DPZi+ D, Zi + LIZi] + N[Zil. (3.20)
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System errors can be observed by adding the absolute residual errors and then dividing them by i
where, i € [1, n].

Z 'Rl.z". (3.21)
i=1

l
4. Convergence and error analysis of extended He-Laplace algorithm for fractional systems

4.1. Convergence

Theorem 1. Suppose a Banach space (B) has Zi,(x,t) and Zi(x,t) defined in it for i =2, ...,n. Then,
the approximate solution (3.11) of a system for Q € (0,1) converges to the exact solution of (3.1).

Proof. Let {Ai,} is the sequence of partial sums of Eq. (3.11). To prove that Ai, is a Cauchy sequence
in space (B), consider

| Aipyy = Ay ||= || Zins |l
<O |l Zin l
<Q* || Zin-t | (4.1)

<"\ Zio I,

for partial sums Ai, and Ai,, where n,m € N and n > m, triangle inequality property gives

” Aln - Alm ”:” (Aln - Ain—l) + (Ain—l - Ain—Z)
+-o+ (Aim+1 - Aim) ”

. . . . 4.2)
S” Aln _Aln—l ” + ” Aln—l _Aln—Z ”
+-eet ” Aim+l - Alm “9
from Eq (4.1) we have
| Ay = Ai 1| < Q" | Zio | +Q" " 1 Zig | +-+- + Q™ || Zio |
<@ +Q7+-+ 0" Zio
<Q"NQTTT QTP+ 0+ DI Zio (4.3)
11— anm
< m+1 .
<Q (—I—Q )IIZloII,
since 0 < Q < 1, therefore, 1 — Q" < 1. Thus
m+1
Il Ady = Al [I< 17— o M | Ziol, (4.4)
boundedness of Ziy implies
lim || Ai, — Ai, ||= 0. 4.5)

Hence, Ai, is a Cauchy sequence in Banach space (B). Thus the given statement of convergence
holds. -
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4.2. Error estimation

Theorem 2. The maximum absolute truncation error of solution of fractional system (3.1) is

Proof. From Eq (4.3) we get

0 < Q < 1implies 1 — Q"™ < 1. Thus, we have

Qm+l
|Zi - zl]\ I Zio I (4.6)
J_ e
| Zi - iy 1< Q’”“( £ m) I Zio “.7)
< "
m+1
zi- ZZz,\ =1L “8)
O

5. Application and solution of time-space-fractional coupled Schrodinger model

Consider the time-space-fractional Schrodinger system given in Eq (1.1). Suppose the complex
valued functions M and N can be written as M = Z1 +:Z2 and N = Z3 + (Z4, then, an equivalent
system of Eq (1.1) is

8" Z1 +paﬂz1 e
or 0xP 0x*#
Z2 P72 32ﬁ21
orr " Po T T o
Z3 P73 alﬁz4
orr Pop T T oxw
FZ4  FZ4 P73
o o T ox
O<acx<l,
0<p<1,t>0,

with initial conditions

Z1(x,0) = sin x,
Z4(x,0) = cos x,
2Z3(0, 1) = sint,
Z2.(0,1) = —sint,

o((Z1* + Z2%) + y(Z3* + Z4*)Z2 = 0,
o(Z1* + Z2%) + y(Z3* + Z4)Z1 =

o((Z3* + Z4) + y(Z1* + Z2*)Z4 = 0, (5.1)

—o((Z3 + Z4) +y(Z1* + Z2°)Z3=0

Z2(x,0) = cos x, Z3(x,0) = sin x,

Z1(0, 1) = sint, Z2(0,¢t) = cost, 52)

Z4(0,1) = cost, Z1.(0,1) = cost,

Z3,(0,1) = cost, Z4.0,1) = —sint.

Case 1: Consider 8 =1 in Eq (5.1). Laplace transform w.r.t. time (LL,) and utilizing Definition 3 gives
homotopies of system as

AIMS Mathematics
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0Z1
ox

HI : (1 - 0@LAZ1) - Z1o) + K(LAZ 1) - (é) sinx + ( )}Lt{p

2
2 L o(Z1 + 220 + T3+ Z4)Z2)) =

.
0x?
H2 : (1 - )L AZ2} — Z2) + K(Lz{ZZ} - (%) cos x + (S—la) L,{p@

ox
Z1
ox?

H3 : (1 - (LA Z3) - Z30) + (LA Z3) - (1)sm X+ (sll)L,{ e

2

-

— o ((Z1° + Z2) + Y(Z3 + Z4)Z1)) = 0
(5.3)

4
(é +o(Z3 +Z4) + 1 Z 1 + 222)Z4))

H £ (1= 0LAZ4) - Zdo + {0240 - Joosx o+ (L) f -t

_T62Z3
Ox?

+T

—0(Z3 + Z4) + 1 Z1* + Z2)Z3)) =
for x € [0,1], expansion of Z in power series W.r.t. k gives
Z=20+K'Zi+KZ+KZs+ (54)
After substituting Eq (5.4) in Eq (5.3), and comparing alike coeflicients we acquire
K':

8Z10 82Z20
0x ox?

LAZ1} + Z1o - (%)smx+ (s )Lt{p +o(Z13+22)
+Y(Z3} + Z45)Z2) = 0

LAZ21} + Z2 - (%) cos x + ( )Lt{
+Y(Z35 + Z49)Z1o} = 0

Lz{Z31} + .Z3() - (é) sin x + (%) Lt{ —-p

(9.220 82Z10
0x ox?

o(Z15+Z2)

0Z30 02240 )

0x ox?

+0((Z35
+ Z43) + Y (Z1} + Z28)Z4} = 0

2
LAZ4:) + Zdo — (%)cosx+ (%)Lt{ 024 T3

P ox T ox2

- o (Z3;
+Z8) + Y (Z13+ Z28)Z30} = 0

An application of Laplace transform inverse generate

AIMS Mathematics Volume 8, Issue 11, 27033-27051.
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t (yo' cos*(x) + yo sin?(x) cos(x) + p cos(x) + o cos’(x) + o sin?(x) cos(x) — T cos(x))

<hi=- T(a+1) ’
) 1 (—yO' sin®(x) — yo sin(x) cos?(x) — p sin(x) — o~ sin’*(x) — o sin(x) cos>(x) + 7 sin(x))
Zh == T(a+ 1) ’
1 (yo’ cos’(x) + yo sin(x) cos(x) — p cos(x) + o cos’(x) + o sin®(x) cos(x) — T cos(x))
el T(a+ 1) ’
1 (—’)/O' sin’(x) — yo sin(x) cos?(x) + p sin(x) — o sin’(x) — o~ sin(x) cos>(x) + T sin(x))
4) = -
<4 T(a+1)
(5.6)
At K
1 0Z1 0*Z2
LAZ1o) + | | L ?x -7 afz S+ o((Z17+ 22D + 1(Z3] + Z4D)Z2 ) = 0,
1 0222 0*°Z1
LiZ2) + | | Lo ?x -7 afz - —o((Z1 + 22D + Y(Z3] + Z4)Z 1L} = 0,
5.7
1 0223, > Z4 2 2 2 2 o7
LAZ3} + | L - + 1o + 0 ((Z3] + Z4D + 1(Z1] + Z2D) T4} =0,
1 0Z4, 6*Z3
LAZ4o} + | < L - p—p = = T = 0(Z3 + Z4D + 1(Z1] + Z2) 23} = 0.
By taking Laplace transform inverse we have
z1, = _tz" sin(x)(yo + p + o — 1)?
2T TQa+ 1) ’
72, = _tz" cos(x)(yo +p + o — 1)?
*T IQ2a+1) ’ 5.8)
73, = _tz" sin(x)(=(y + 1o + p + 7)? '
2T TQ2a + 1) ’
74, = _tza cos(x)(—=(y + D)o + p + 1)2
2T TQa+ 1)
Hence, at fifth order the approximate solution in series form is
5 5
Z1=3 Z1(60,22= ) 22,5,
= = (5.9)

5 5
Z3=) Z3;(60,Z4= ) Z4x0).

J=0 J=0

AIMS Mathematics Volume 8, Issue 11, 27033-27051.
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Case 2: Take @ = 1 in Eq (5.1) and apply Laplace transform w.r.t. space (L,). By following the steps

portrayed in section 3, the homotopies are

HI - (1 = OLAZ1) - Zlo) + (L Z1) - (1)s1nt+(ﬁ )L{
sp

922

+T 9x25

H2 : (1 - )L AZ2} - Z2) + K(LX{ZZ} (i) cost + ( )Lx

01
o 0x*F

H3 : (1 - )L A{Z3} - Z3p) + K(LX{Z3} - (%) sint — (—) .

—o((Z1? +Z2%) + y(Z3* + Z4))Z1

0Z1
ot

+0((Z17 + Z2) + Y(Z3 + Z4)22)) = 0,

0Z
ot

)=0
923

Car
}
{
}

Ao ot
28
+76a 24 +0((Z3° + Z4) + Y (Z1° + Z2)Z4)) = 0
X
H4 : (1 - O(L.{Z4} - Z40) + k(LAZ4} - (1)cos t— (S—)L {‘9;4

0Bz 3
Ox28

T

T(Z3 +Z4) +y(Z1” + Z2%)Z3}) = 0

Expansion and comparison of « in power series form gives

At k'
(Z11)+ Z1o - (%) sint + (S;—p)L{a?—th 2L (2134 22) + AT+ Z8)Z2) =0
2z 220 (4 Jeosr (o 22 - LZh o213+ 22 + 72+ ZR)ZN) =0
L{Z31}+ Z30 - (%)smt - (#)Lx{agfo + 7‘92;5[340 +0(Z35 + Z49) +Y(Z1G + Z25) Zo) = 0
(Z4) + Z4o - (%) cost - (#)L{% - r% - (Z3+ Z8) + Y(Z13+ Z22)Z30) = 0
At K%
L{Z1,) + é) Lx{agﬁl + razgf;l +0((Z15 +Z2D) + 1(Z3] + Z4D)Z2 | =
L{Z2:} + #) Lx{af,fl 32;§ﬁ11 o(Z1] +Z2D) + 1(Z3] + Z4N)Z 1} =
L{Z3,) - #) Lx{aff ‘ azgfzj S+ 0((Z3]+ Z4D + Y(Z 1] + 22T =
L{Z4) - #) Lx{af;f‘ ‘92;55 - - 0(Z31 + Z4) +¥(Z1] + 22231 ) =

AIMS Mathematics
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At i3:
1 0Z1, %22
LiZ1+| 5 L=+ 155" + 0(Z15 + Z2) + ¥(Z3} + Z43)Z2) = 0,
1 0Z2, 0%#Z1
LdZ2)+ | o L5 =157~ 0(Z15 + Z2) + ¥(Z3} + Z4)Z1af = 0,
(5.13)
1 0Z3, 0%*Z4
LiZ3) - | & L =5+ =57 + 0(Z3 + Z4) + ¥(Z 13 + Z8) T = 0,
1 0Z4, 9*Z3
L{Z42} - %)Lx{ ot -7 dx2h 2 o(Z3+Z4) +y(Z12+ 225))Z32} = 0.
Following similar working as that of Case 1, we can have fifth order approximation as
5 5
Zl=) Z1(60,22= ) Z2(x1),
o = (5.14)

5 5
Z3=) Z3;(60,Z4= ) Z4ix0).

j=0 Jj=0
6. Results and Discussion

In this research article, a time-space fractional non-linear coupled Schrédinger system is solved via
a semi-numerical algorithm titled as He-Laplace method. The time and space fractional derivatives
are taken in Caputo form which are further simplified with the help of Laplace transform. While
initiating the process, the complex valued functions of Schrodinger system are separated in real and
imaginary parts. Thus, it is further modified in the system of four equations. Since the range of
fractional parameters « and 8 are between 0 to 1, two cases are considered. For Case 1, the Laplace
transform is applied with respect to time ¢ while taking the fractional parameter 8 = 1. Similarly, for
Case 2 Laplace transform in space x is employed while keeping @ = 1.

Efficiency and productivity of the applied method for a complex non-linear system throughout the
fractional domain is elaborated through absolute residual and system errors in Tables 1 and 2. At
distinct values of ¢ and x, errors are determined for @ = 0.30, 0.55, 0.80, & 1.0. Analysis demonstrates
that the errors keep improving as fractional parameter increase in its domain and approaches the
integer order value 1.0. The system errors indicate that the obtained solution is consistent even for a
larger value of time and space. It can be concluded from these tables that the calculated approximate
solution converges towards the exact solution by increasing the number of iterations of the proposed
methodology. Three dimensional graphical presentation of solutions for § = 0.40, 0.75 & 1.0 can be
seen through Figure 1. The up and down motion of the solution curves indicate sinusoidal behaviour
of waves for the whole system. It is noticed that at bigger value of 8, the crest and trough of waves are
large compared to a smaller value of 5. Moreover, in the beginning the system’s surface is flat, but as
space expanded waves started to form and gradually increased. Figures 2 and 3 display the wave
profiles for distinct fractional parameter values in two dimension. The rise and fall of waves can be
observed with the help of arrows. For half cycle the waves profiles are showing decreasing behaviour
with the increase of fractional value, whereas, it shows opposite behaviour in other half for larger

AIMS Mathematics Volume 8, Issue 11, 27033-27051.
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fractional values. It is illustrated that for varying time and fixed x, the real function plots (3a) and (3c)
of Figure 3 has opposite behaviour for same S value. Similarly, the imaginary function plots (3b)
and (3d) also depict contrasting behaviour.

Table 1. Error analysisatx=2,p=7=0.1 and oo =y = 0.01.

t IRlz1 [Rz2 IRz3 [Rlz4 Rl system
0.1 3.59x107!! 5.62x107!1 6.85x1077 3.04x1077 2.47%x1077
a =030 0.6 3.83x1071° 1.15x107° 1.10x1073 4.40x107° 3.63x10°¢
1.1 7.88x10710 3.24x107° 2.51x1073 1.08x107° 9.00x1076
1.6 1.18x107° 6.15x107° 4.42x107° 1.89x107° 1.58x107°
0.1 6.28x10713 5.83x10713 1.22x1078 5.05x107° 4.07x107°
a=0.55 0.6 6.19x107!1 1.36x10710 1.55x107¢ 6.82x1077 5.60x1077
1.1 2.51x1071° 8.99x10~1° 8.28x1076 3.56x1076 2.96x1076
1.6 5.41x1071° 2.90x107° 2.32x107° 9.86x107° 8.29x107°
0.1 3.80x10°1° 3.03x10°1 1.28x10710 5.86x107!! 4.68x107 !
a =0.80 0.6 2.97x10712 8.29x10°12 1.67x1077 7.50x1078 6.05x1078
1.1 1.65x10°!" 1.32x1071° 1.89x10°° 8.39x1077 6.83x1077
1.6 9.81x10712 7.47x10710 8.48x1076 3.72x10°6 3.05x10°¢
0.1 0.0 1.73x10°'3 2.77x107"7 2.77x107"7 1.43x107"7
a=1.0 0.6 5.72x107"7 1.26x10716 8.53x10712 3.92x10712 3.11x10712
1.1 7.17x10713 1.61x10714 5.93x1071° 2.73x1071° 2.16x10710
1.6 1.39x10713 3.17x10713 8.16x107° 3.77x107° 2.98x107°
Table 2. Error analysisats=0.3,p=7=0.1 and o =y =0.01.
x IR z1 IR z2 IRlz3 1R z4 Rl system
-2.0 3.73x1071° 1.13x10710 3.52x107¢ 1.67x107° 1.29x107°
-1.5 2.73x10710 2.78x1071° 3.89x1076 2.17x1077 1.02x107°
a =10.30 0.0 2.58x10710 2.92x1071° 5.81x1078 3.89x1076 9.89x107~7
1.5 3.09x10710 2.37x10710 3.88x107° 3.33x1077 1.05x107°
2.0 1.58x10710 3.57x1071° 3.56x1076 1.56x107° 1.28x107°
-2.0 1.94x107!! 2.17x10712 2.28x1077 1.07x1077 8.40x1078
-1.5 1.59x10° 1 1.12x1071 2.52x1077 1.50x107% 6.68x1078
a =0.55 0.0 1.00x10~1 1.67x107 1 2.82x107° 2.52x1077 6.38x1078
1.5 1.74x10°11 8.84x10712 2.51x1077 2.06x1078 6.81x1078
2.0 1.10x10~1 1.61x10~1 2.30x1077 1.02x1077 8.33x1078
-2.0 4.43%x10°13 4.77x10714 1.03x1078 4.80x107° 3.80x107°
-1.5 3.65x10713 2.54x10713 1.14x10°8 7.64x10710 3.04x107°
a =0.80 0.0 2.27x10713 3.83x10713 4.55x1071 1.14x1078 2.87x107°
1.5 3.98x10713 2.00x10713 1.14x1078 8.55x10710 3.06x107°
2.0 2.53x10713 3.66x10713 1.04x10°8 4.72x107° 3.78x107°
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Figure 1. Three dimensional solutions of Schrédinger system at different value of fractional
parameter whenp =7 =0 =2.0and y = 1.0.
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Figure 2. Effect of time-fractional parameter a on the wave profiles of Schrodinger system
(Case 1) whenp=17=0.2,y=0=03and = 3.
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Figure 3. Effect of spacial-fractional parameter S on the wave profiles of Schrodinger system
(Case2) whenp=7=02,y=0=0.1and x = 1.

7. Conclusions

In this research article, a hybrid of Laplace transform and homotopy perturbation is successfully
applied to time-space fractional Schrodinger system. The obtained solutions are analyzed
theoretically by proving convergence theorem and finding error estimates. Efficiency of the proposed
methodology is tested by finding residual errors throughout the fractional domain. These obtained
numerical results endorse the convergence of proposed algorithm. Physical behavior of different
fractional parameters on the wave profile are observed through 2D and 3D plots. Analysis concludes
that proposed method is effective in relation to highly non-linear complex system in time-space
fractional environment. Hence, in future the proposed scheme can be extended to other complex
systems having uncertain fractional space.

Use of AI tools declaration
The authors declare that they have not used artificial intelligence tools in the creation of this article.
Acknowledgments

Researchers  Supporting Project number (RSP2023R158), King Saud University,
Riyadh, Saudi Arabia.

Conflict of interest
All authors declare no conflict of interest regarding the publication of this paper.

AIMS Mathematics Volume 8, Issue 11, 27033-27051.



27047

References

1.

10.

11.

12.

13.

14.

S. Nadeem, W. Fuzhang, F. M. Alharbi, F. Sajid, N. Abbas, A. S. El-Shafay, et al.,
Numerical computations for Buongiorno nano fluid model on the boundary layer flow of
viscoelastic fluid towards a nonlinear stretching sheet, Alex. Eng. J., 61 (2022), 1769-1778.
https://doi.org/10.1016/j.aej.2021.11.013

M. Qayyum, S. Afzal, E. Ahmad, M. B. Riaz, Fractional modeling and analysis of unsteady
squeezing flow of Casson nanofluid via extended He-Laplace algorithm in Liouville-Caputo sense,
Alex. Eng. J., 73 (2023), 579-591. https://doi.org/10.1016/j.ae.2023.05.010

A. E. Aboanber, A. A. Nahla, A. M. El-Mhlawy, O. Maher, An eflicient exponential representation
for solving the two-energy group point telegraph kinetics model, Ann. Nucl. Energy, 166 (2022),
108698. https://doi.org/10.1016/j.anucene.2021.108698

C. Villa, A. Gerisch, M. A. J. Chaplain, A novel nonlocal partial differential equation model of
endothelial progenitor cell cluster formation during the early stages of vasculogenesis, J. Theor.
Biol., 534 (2022), 110963. https://doi.org/10.1016/].jtbi.2021.110963

I. Ahmad, H. Ahmad, P. Thounthong, Y. Chu, C. Cesarano, Solution of multi-term time-fractional
PDE models arising in mathematical biology and physics by local meshless method, Symmetry, 12
(2020), 1195. https://doi.org/10.1016/j.heliyon.2023.e16522

O. D. Adeyemo, C. M. Khalique, Lie group classification of generalized variable coeflicient
Korteweg-de Vries equation with dual power-law nonlinearities with linear damping and dispersion
in quantum field theory, Symmetry, 14 (2022), 83. https://doi.org/10.3390/sym 14010083

S. Afzal, M. Qayyum, M. B. Riaz, A. Wojciechowski, Modeling and simulation of blood flow under
the influence of radioactive materials having slip with MHD and nonlinear mixed convection, Alex.
Eng. J., 69 (2023), 9-24. https://doi.org/10.1016/j.2ej.2023.01.013

L. Guo, H. Wu, T. Zhou, Normalizing field flows: Solving forward and inverse stochastic
differential equations using physics-informed flow models, J. Comput. Phys., 461 (2022), 111202.
https://doi.org/10.1016/j.jcp.2022.111202

S. P. Joseph, New traveling wave exact solutions to the coupled Klein-Gordon system of equations,
PDE Appl. Math., 5 (2022), 100208. https://doi.org/10.1016/j.padiff.2021.100208

M. Farman, A. Akgil, S. Askar, T. Botmart, A. Ahmad, H. Ahmad, Modeling
and analysis of fractional order Zika model, AIMS Math., 7 (2022), 3912-3938.
https://doi.org/10.3934/math.2022216

J. Liouville, Mémoire sur quelques questions de géométrie et de mécanique, et sur un nouveau
genre de calcul pour résoudre ces questions, J. Ec. Polytech. Math., 1832.

K. S. Miller, B. Ross, An Introduction to the Fractional Calculus and Fractional Differential
Equations, Hoboken: Wiley, 1993.

B. Riemann, Versuch einer allgemeinen auffassung der integration und differentiation, Gesammelte
Werke, 62 (1876), 1876.

M. Caputo, Elasticita e Dissipazione, Bologna: Zanichelli, 1969.

AIMS Mathematics Volume 8, Issue 11, 27033-27051.


http://dx.doi.org/https://doi.org/10.1016/j.aej.2021.11.013
http://dx.doi.org/https://doi.org/10.1016/j.aej.2023.05.010
http://dx.doi.org/https://doi.org/10.1016/j.anucene.2021.108698
http://dx.doi.org/https://doi.org/10.1016/j.jtbi.2021.110963
http://dx.doi.org/https://doi.org/10.1016/j.heliyon.2023.e16522
http://dx.doi.org/https://doi.org/10.3390/sym14010083
http://dx.doi.org/https://doi.org/10.1016/j.aej.2023.01.013
http://dx.doi.org/https://doi.org/10.1016/j.jcp.2022.111202
http://dx.doi.org/https://doi.org/10.1016/j.padiff.2021.100208
http://dx.doi.org/https://doi.org/10.3934/math.2022216

27048

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

H. Ahmad, N. Alam, M. Omri, New computational results for a prototype of an excitable system,
Results Phys., 28 (2021). https://doi.org/10.1016/j.rinp.2021.104666

M. Qayyum, E. Ahmad, S. Afzal, T. Sajid, W. Jamshed, A. Musa, et al., Fractional analysis of
unsteady squeezing flow of casson fluid via homotopy perturbation method, Sci. Rep., 12 (2022),
18406. https://doi.org/10.1038/s41598-022-23239-0

K. S. Nisar, K. Logeswari, V. Vijayaraj, H. M. Baskonus, C. Ravichandran, Fractional order
modeling the gemini virus in capsicum annuum with optimal control, Fractal Fract., 6 (2022),
61. https://doi.org/10.3390/fractalfract6020061

A. Yusuf, S. Qureshi, U. T. Mustapha, S. S. Musa, T. A. Sulaiman, Fractional modeling for
improving scholastic performance of students with optimal control, Int. J. Appl. Comput. Math., 8
(2022), 37. https://doi.org/10.1007/s40819-021-01177-1

H. Hassani, J. A. Tenreiro Machado, Z. Avazzadeh, E. Naraghirad, S. Mehrabi, Optimal solution
of the fractional-order smoking model and its public health implications, Nonlinear Dynam., 108
(2022), 2815-2831. https://doi.org/10.1007/s11071-022-07343-4

M. Qayyum, E. Ahmad, S. T. Saeed, H. Ahmad, S. Askar, Homotopy perturbation method-
based soliton solutions of the time-fractional (2+1)-dimensional wu-zhang system describing
long dispersive gravity water waves in the ocean, Front. Phys., 11 (2023), 1178154.
https://doi.org/10.3389/fphy.2023.1178154

C. Wang, X. Zhou, X. Shi, Y. Jin, Variable fractional order sliding mode control for seismic
vibration suppression of uncertain building structure, J. Vib. Eng. Tech., 10 (2021), 299-312.
https://doi.org/10.1007/s42417-021-00377-9

I. M. Batiha, S. A. Njadat, R. M. Batyha, A. Zraiqat, A. Dababneh, S. Momani, Design fractional-
order PID controllers for single-joint robot arm model, Int. J. Adv. Soft Comput. Appl., 14 (2022),
97-114. https://doi.org/10.15849/ijasca.220720.07

M. H. Derakhshan, Existence, uniqueness, Ulam-Hyers stability and numerical simulation of
solutions for variable order fractional differential equations in fluid mechanics, J. Appl. Math.
Comput., 68 (2021), 403—4209. https://doi.org/10.1007/s12190-021-01537-6

A. Cardone, D. Conte, R. D’Ambrosio, B. Paternoster, Multivalue collocation methods
for ordinary and fractional differential equations, Mathematics, 10 (2022), 185.
https://doi.org/10.3390/math10020185

N. A. Shah, A. Wakif, E. R. El-Zahar, T. Thumma, S. J. Yook, Heat transfers
thermodynamic activity of a second-grade ternary nanofluid flow over a vertical plate
with Atangana-Baleanu time-fractional integral, Alex. Eng. J., 61 (2022), 10045-10053.
https://doi.org/10.1016/j.aej.2022.03.048

N. P. Dong, H. V. Long, N. L. Giang, The fuzzy fractional SIQR model of computer virus
propagation in wireless sensor network using Caputo Atangana—Baleanu derivatives, Fuzzy Sets
Syst., 429 (2022), 28-59. https://doi.org/10.1016/j.s5.2021.04.012

A. Din, F. M. Khan, Z. U. Khan, A. Yusuf, T. Munir, The mathematical study of climate
change model under nonlocal fractional derivative, PDE Appl. Math., 5§ (2022), 100204.
https://doi.org/10.1016/j.padiff.2021.100204

AIMS Mathematics Volume 8, Issue 11, 27033-27051.


http://dx.doi.org/https://doi.org/10.1016/j.rinp.2021.104666
http://dx.doi.org/https://doi.org/10.1038/s41598-022-23239-0
http://dx.doi.org/https://doi.org/10.3390/fractalfract6020061
http://dx.doi.org/https://doi.org/10.1007/s40819-021-01177-1
http://dx.doi.org/https://doi.org/10.1007/s11071-022-07343-4
http://dx.doi.org/https://doi.org/10.3389/fphy.2023.1178154
http://dx.doi.org/https://doi.org/10.1007/s42417-021-00377-9
http://dx.doi.org/https://doi.org/10.15849/ijasca.220720.07
http://dx.doi.org/https://doi.org/10.1007/s12190-021-01537-6
http://dx.doi.org/https://doi.org/10.3390/math10020185
http://dx.doi.org/https://doi.org/10.1016/j.aej.2022.03.048
http://dx.doi.org/https://doi.org/10.1016/j.fss.2021.04.012
http://dx.doi.org/https://doi.org/10.1016/j.padiff.2021.100204

27049

28

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

. Y. Gurefe, Y. Pandir, T. Akturk, Analysis of exact solutions of a mathematical model by new
function method, Cumhuriyet Sci. J., 43 (2022), 703-707. https://doi.org/10.17776/csj.1083033

M. R. Ahamed Fahim, P. R. Kundu, M. E. Islam, M. A. Akbar, M. S. Osman, Wave profile
analysis of a couple of (3+1)-dimensional nonlinear evolution equations by sine-Gordon expansion
approach, J. Ocean Eng. Sci., 7 (2022), 272-279. https://doi.org/10.1016/j.joes.2021.08.009

B. Ghanbari, Employing Hirota’s bilinear form to find novel lump waves solutions to
an important nonlinear model in fluid mechanics, Results Phys., 29 (2021), 104689.
https://doi.org/10.1016/j.rinp.2021.104689

W. Razzaq, A. Zafar, H. M. Ahmed, W. B. Rabie, Construction solitons for fractional nonlinear
Schrodinger equation with S-time derivative by the new sub-equation method, J. Ocean Eng. Sci.,
in press, 2022. https://doi.org/10.1016/j.joes.2022.06.013

G. Akram, M. Sadaf, S. Arshed, F. Sameen, Bright, dark, kink, singular and periodic soliton
solutions of Lakshmanan-Porsezian-Daniel model by generalized projective riccati equations
method, Optik, 241 (2021), 167051. https://doi.org/10.1016/j.ijle0.2021.167051

S. Liao, Homotopy analysis method: A new analytical technique for nonlinear problems, Commun.
Nonlinear Sci. Numer. Simul., 2 (1997), 95-100. https://doi.org/10.1016/s1007-5704(97)90047-2

S. Afzal, M. Qayyum, G. Chambashi, Heat and mass transfer with entropy optimization in hybrid
nanofluid using heat source and velocity slip: a hamilton—crosser approach, Sci. Rep., 13 (2023),
12392. https://doi.org/10.1038/s41598-023-39176-5

T. Hayat, K. Muhammad, S. Momani, Melting heat and viscous dissipation in flow of hybrid
nanomaterial: a numerical study via finite difference method, J. Therm. Anal. Calorime., 147
(2021), 6393-6401. https://doi.org/10.1007/s10973-021-10944-7

H. Ahmad, M. N. Khan, I. Ahmad, M. Omri, M. F. Alotaibi, A meshless method for numerical
solutions of linear and nonlinear time-fractional Black-Scholes models, AIMS Math., 8 (2023),
19677-19698. https://doi.org/10.3934/math.20231003

J. H. He, Homotopy perturbation technique, Comput. Meth. Appl. Mech. Eng., 178 (1999), 257—
262. https://doi.org/10.1016/s0045-7825(99)00018-3

R. Amin, K. Shah, H. Ahmad, A. H. Ganie, A. Abdel-Aty, T. Botmart, Haar wavelet method for
solution of variable order linear fractional integro-differential equations, AIMS Math., 7 (2022),
5431-5443. https://doi.org/10.3934/math.2022301

G. Singh, 1. Singh, New laplace variational iterative technique to solve
twodimensional Schr'odinger equation, Mater. Today Proc., 62 (2022), 3995-4000.
https://doi.org/10.1016/j.matpr.2022.04.585

M. Croci, G. R. de Souza, Mixed-precision explicit stabilized Runge-Kutta methods for
single- and multi-scale differential equations, J. Comput. Phys., 464 (2022), 111349.
https://doi.org/10.1016/j.jcp.2022.111349

M. Aslam, M. Farman, H. Ahmad, T. N. Gia, A. Ahmad, S. Askar, Fractal fractional
derivative on chemistry kinetics hires problem, AIMS Math., 7 (2022), 1155-1184.
https://doi.org/10.3934/math.2022068

AIMS Mathematics Volume 8, Issue 11, 27033-27051.


http://dx.doi.org/https://doi.org/10.17776/csj.1083033
http://dx.doi.org/https://doi.org/10.1016/j.joes.2021.08.009
http://dx.doi.org/https://doi.org/10.1016/j.rinp.2021.104689
http://dx.doi.org/https://doi.org/10.1016/j.joes.2022.06.013
http://dx.doi.org/https://doi.org/10.1016/j.ijleo.2021.167051
http://dx.doi.org/https://doi.org/10.1016/s1007-5704(97)90047-2
http://dx.doi.org/https://doi.org/10.1038/s41598-023-39176-5
http://dx.doi.org/https://doi.org/10.1007/s10973-021-10944-7
http://dx.doi.org/https://doi.org/10.3934/math.20231003
http://dx.doi.org/https://doi.org/10.1016/s0045-7825(99)00018-3
http://dx.doi.org/https://doi.org/10.3934/math.2022301
http://dx.doi.org/https://doi.org/10.1016/j.matpr.2022.04.585
http://dx.doi.org/https://doi.org/10.1016/j.jcp.2022.111349
http://dx.doi.org/https://doi.org/10.3934/math.2022068

27050

42

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

.J. H. He, M. L. Jiao, K. A. Gepreel, Y. Khan, Homotopy perturbation method
for strongly nonlinear oscillators, Math. Comput. Simul., 204 (2023), 243-258.
https://doi.org/10.1016/j.matcom.2022.08.005

M. Qayyum, E. Ahmad, M. B. Riaz, J. Awrejcewicz, Improved soliton solutions of generalized
fifth order time-fractional KdV models: Laplace transform with homotopy perturbation algorithm,
Universe, 8 (2022), 563. https://doi.org/10.3390/universe8110563

Y. Pandir, T. Agir, Genisletilmis deneme denklemi yontemi ile kiibik lineer olmayan Schrodinger
denkleminin yeni tam ccoziimleri, Afyon Kocatepe Uni. J. Sci. Eng., 20 (2020), 582-588.

K. J. Wang, G. D. Wang, Variational theory and new abundant solutions to the (1+2)-
dimensional chiral nonlinear Schrodinger equation in optics, Phys. Letters A, 412 (2021), 127588.
https://doi.org/10.1016/j.physleta.2021.127588

M. Al-Smadi, O. A. Arqub, S. Momani, Numerical computations of coupled fractional resonant
Schrodinger equations arising in quantum mechanics under conformable fractional derivative
sense, Phys. Scripta, 95 (2020), 075218. https://doi.org/10.1088/1402-4896/ab96e0

S. F. Tian, X. F. Wang, T. T. Zhang, W. H. Qiu, Stability analysis, solitary wave and explicit power
series solutions of a (2 + 1)-dimensional nonlinear Schrodinger equation in a multicomponent
plasma, Int. J. Numer. Meth. Heat Fluid Flow, 31 (2021), 1732-1748. https://doi.org/10.1108/hft-
08-2020-0517

D. F Li, J. L. Wang, J. W. Zhang, Unconditionally convergent 11-galerkin FEMs for nonlinear
time-fractional Schrodinger equations, SIAM J. Sci. Comput., 39 (2017), A3067-A3088.
https://doi.org/10.1137/16m1105700

W. Q. Yuan, C. J. Zhang, D. F. Li, Linearized fast time-stepping schemes for time—space
fractional Schrodinger equations, Phys. D Nonlinear Phenomena, 454 (2023), 133865.
https://doi.org/10.1016/j.physd.2023.133865

K. Hosseini, E. Hincal, S. Salahshour, M. Mirzazadeh, K. Dehingia, B. J. Nath, On the dynamics
of soliton waves in a generalized nonlinear Schrodinger equation, Optik, 272 (2023), 170215.
https://doi.org/10.1016/].ijle0.2022.170215

N. A. Kudryashov, Method for finding optical solitons of generalized nonlinear Schrédinger
equations, Optik, 261 (2022), 169163. https://doi.org/10.1016/j.ijle0.2022.169163

W. Q. Yuan, D. F. Li, C. J. Zhang, Linearized transformed 11 galerkin FEMs with unconditional
convergence for nonlinear time fractional Schrodinger equations, Numer. Math. Theory Meth.
Appl., 16 (2023), 348-369. https://doi.org/10.4208/nmtma.oa-2022-0087

T. Y. Han, Z. Li, X. Zhang, Bifurcation and new exact traveling wave solutions to time-
space coupled fractional nonlinear Schrodinger equation, Phys. Letters A, 395 (2021), 127217.
https://doi.org/10.1016/j.physleta.2021.127217

P. F. Dai, Q. B. Wu, An efficient block Gauss-Seidel iteration method for the space
fractional coupled nonlinear Schrddinger equations, Appl. Math. Letters, 117 (2021), 107116.
https://doi.org/10.1016/j.aml1.2021.107116

AIMS Mathematics Volume 8, Issue 11, 27033-27051.


http://dx.doi.org/https://doi.org/10.1016/j.matcom.2022.08.005
http://dx.doi.org/https://doi.org/10.3390/universe8110563
http://dx.doi.org/https://doi.org/10.1016/j.physleta.2021.127588
http://dx.doi.org/https://doi.org/10.1088/1402-4896/ab96e0
http://dx.doi.org/https://doi.org/10.1108/hff-08-2020-0517
http://dx.doi.org/https://doi.org/10.1108/hff-08-2020-0517
http://dx.doi.org/https://doi.org/10.1137/16m1105700
http://dx.doi.org/https://doi.org/10.1016/j.physd.2023.133865
http://dx.doi.org/https://doi.org/10.1016/j.ijleo.2022.170215
http://dx.doi.org/https://doi.org/10.1016/j.ijleo.2022.169163
http://dx.doi.org/https://doi.org/10.4208/nmtma.oa-2022-0087
http://dx.doi.org/https://doi.org/10.1016/j.physleta.2021.127217
http://dx.doi.org/https://doi.org/10.1016/j.aml.2021.107116

27051

55. K. S. Nisar, S. Ahmad, A. Ullah, K. Shah, H. Alrabaiah, M. Arfan, Mathematical analysis of SIRD
model of COVID-19 with Caputo fractional derivative based on real data, Results Phys., 21 (2021),
103772. https://doi.org/10.1016/j.rinp.2020.103772

56. T. Bakkyaraj, Lie symmetry analysis of system of nonlinear fractional partial differential
equations with Caputo fractional derivative, Eur Phys. J. Plus, 135 (2020), 126.
https://doi.org/10.1140/epjp/s13360-020-00170-9

57. N. H. Tuan, H. Mohammadi, S. Rezapour, A mathematical model for COVID-19 transmission
by using the Caputo fractional derivative, Chaos Solitons Fract., 140 (2020), 110107.
https://doi.org/10.1016/j.chaos.2020.110107

©2023 the Author(s), licensee AIMS Press. This
is an open access article distributed under the
terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0)

% AIMS Press

AIMS Mathematics Volume 8, Issue 11, 27033-27051.


http://dx.doi.org/https://doi.org/10.1016/j.rinp.2020.103772
http://dx.doi.org/https://doi.org/10.1140/epjp/s13360-020-00170-9
http://dx.doi.org/https://doi.org/10.1016/j.chaos.2020.110107
http://creativecommons.org/licenses/by/4.0

	Introduction
	Preliminaries
	Methodology of extended He-Laplace method for time and space fractional systems
	 Convergence and error analysis of extended He-Laplace algorithm for fractional systems
	Convergence
	Error estimation

	Application and solution of time-space-fractional coupled Schrödinger model
	Results and Discussion
	Conclusions

