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This research paper investigates the computational solutions of the resonant schréding-
er’s equation. The modified Khater method and Adomian decomposition method are
applyied for construct new analytical traveling and semi-analytical wave solutions.
This model describes the pulse phenomena and studied in non-linear optics. For fur-
ther illustration of our obtained solutions, some distinct types of sketches are given.
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Introduction

Marvellous applications in the field of science and engineering have been formulating
in non-linear PDE with an-integer order or fractional order [1-15]. Thus, many researchers in
different fields have been focusing on studying the exact travelling and solitary wave solutions.
These solutions are used to discover more physical, dynamical behaviour, and the nature of
non-linear problems and explain the different scientific non-linear phenomena. For achieving to
this fundamental goal, many computational and numerical schemes have been being formulated
such as the improved and novel expansion method [1-3], extended simplest equation method
[4-7], first integral method [8, 9], Khater method which is derived by Khater in 2017 [10-13],
the exp -expansion method [14, 15], the Kudryashov method [16], the Jacobi elliptic functions
[17, 18], the modified Khater method, [19-22], the generalized Kudryashov method [23, 24],
the new extended direct algebraic method [25], the functional variable method [26], Adomian
decomposition method [27-29], and the sub equation method [30].

In this paper, with the availability of symbolic computation packages, the resonant
non-linear Schrodinger’s equation (RNLS) is investigated by employing the modified Khater
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method and Adomian decomposition method to construct analytical and semi-analytical solu-
tions [31-41]. The (3+1)-D RNLS model is given:

V2
1Q, +7 VZQ+r2|Q|zS+r2 (%]320 (1)
where
0 0 0
Q —Q(X,y,Z,t), \% —a‘f‘a‘f‘g, X,y,ZGR

Employing the following traveling wave transformation:
Q(x,y,z,t) G( e

where

/i =cos(s;)x+cos(sy ) y+cos(s3)z+s,t,0= {s5 [cos(sl)x+cos(s2)y+c0s(s3)z]+s6 t}

yields
L G'-L, G+ G =0 ()

where
2 2 2
L=p(rs+n), L, =(9nss+56), 54 =261 55, =cos(s;) +cos(s,) +cos(s3)
Balancing the highest order derivative term and non-linear term in eq. (2), leads:

G'GP=>N+2=3N=>N=1

Application

In this part, we apply the modified Khater method and Adomian decomposition meth-
od [42-44] to the (3+1) RNLS equation.

Modified Khater method

According to the general solutions suggested by the method, we get the general solu-
tion of eq. (2) in the form:
N N
G(4)=ay+> a3 bk < a4k Dy 417 Wy 3)
i=1 i=1
where ay, a1, by, and k are arbitrary constants while f(/) satisfies the auxiliary equation
1

f'(#) =m( K% +;(+51Cf(ﬁ)) , where o, y,8 are orbitary constans

Substituting eq. (3) and its derivatives into eq. (2). Collecting all terms of the same
power of K/, Solving the obtained algebric system by any computer software program, leads:
Family 1.
20a, 2aozr2 —459a§r2 + ;(2a§r2
aq>——, b >0, Lo>—=, L5 5
v4 V4
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Family 2.
2pa, 2a§r2 —45@(13;’2 + Zzagrz
a0, b >—, Lo—=, L, > >
X y4 V4

According to the value of parameters in Family 1 and 2 the explicit wave solutions of
eq. (1) are given:
— forf?—406<0,6#0

Nv aotan[; é\/459—;(2 }

Q. (x,y,x,1)=e" 4)
, V4
mt[;/m} 5
Qs (% yx1)=e” )
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maotanh[;ﬁm } 6
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x
— fory=06=kxand p =0
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— forp=0,y#0,and 6 #0
4
X, V,X,t)=—aq elw 1+— 9
Q],G( Y ) 0 ( _2+e’415) )
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460(2+ 4,
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Figure 1. Solitary wave solutions of absolute, real, and imaginary value of eq. (6) in 3-D for
s1=10,5,=12,5,=13,5,=14,5s=15,z=9,y=8,ay=7,0=1,0 =2, x=3
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Figure 2. Solitary wave solutions of absolute, real, and imaginary value of eq. (6) in 2-D for
s1=10,5,=12,5,=13,5,=14,5:=15,2=9,y=8,a)=7,0=1,0=2,x=3
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Figure 3. Solitary wave solutions of absolute, real, and imaginary value of eq. (6) in contour plot for
s1=10,5,=12,5,=13,5,=14,5:=15,2=9,y=8,a)=7,0=1,0=2, =3

According to the value of parameters in Family 2, we get the solitary wave solutions
ofeq. (1):
— forf?—400<0,0#0

Q1 (x,y.x,0) =ape” | 1- 400 . (11)
7t —a4s0-1* tan[zﬁ 460 - 1* }
. 46
Q5 (3,7, 3,0) = aye | 1- ¢ 1 (12)
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. 46
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21+ 480+ P tanh{zﬁ 480+ y* }
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— fory=p2=xand =0

4
Q, < (x,y,x,t)=a,e"” [1+—j 15
b5 (1nmt) = ae” | 1+ ——— (15)
— foro=0,y#0,and o #0
; 2
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where

f=cos(s;)x+cos(s,) y+cos(s3)z+s,1, ¢={S5 [cos(sl)x+cos(s2)y+cos(s3)z]+s6 t}
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Figure 4. Solitary wave solutions of absolute, real, and imaginary value of eq. (13) in 3-D for
51=5,8=6,53=7,5,=4,55=10,2=9,y=8,a0=7,0=1,0=2,y=3
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Figure 5. Solitary wave solutions of absolute, real, and imaginary value of eq. (13) in 2-D for
51=5,8=6,5:=7,5=4,5=10,2=9,y=8,a)=7,0=1,0=2,y=3
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Figure 6. Solitary wave solutions of absolute, real, and imaginary value of eq. (13) in
contour plot for s, =5,s5,=6,5;=7,54=4,5s=10,z=9,y=8,a)=7,0=1, 0=2,x=3
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Adomian decomposition method

Applying the Adomian decomposition method on eq. (2) enables rewriting it to be in
the form:

LG(#4)+RG(4)+NG(4)=0 (18)

where (L, R, and N) represent a differential operator, a linear operator and non-linear term,
respectively.
Using the inverse operator (L) on (18), we get:

0

6 (4)= 9(0)+g’(0)/¢+%L1 [ig (ﬁ)]—g—‘ r! [ié] (19)

i=0

Under the following condition [0 =1, 0 =2, y =3, ap =5, r, = 4] on eq. (6), we get:

54
go = _? (20)
A
— _r 21
R TRTS @0
5 7 8 10
4 , 254 ,
G = —'4—+ A 254 + /i (22)
576 16128 64512 55296
3147 614 54" 4" 4" 4"
Gy = - + + - - (23)
48384 1161216 2322432 337920 14598144 12779520
According to egs. (20)-(23), we get an approximate solution of eq. (2):
56565 &K 1T 2548 6140
G(h)=—"—"+—"—-—+ - - +
6 72 144 24192 64512 1161216 (24)

. 47410 . /Ill ~ /”12 ~ /1’13 .
2322432 337920 14598144 12779520

In tab. 1, we discuss the exact and approximate solutions of the (3+1) RNLS equation
show the value of the absolute error between them.

Table 1. Shows for increasing the value /, the absolute error
increases gradually; that means the Adomian decomposition method
gives more accurate solutions for the values near to zero

Value of /4 Exact solution Approximate solution Absolute error
0.01 0.00833326 0.00833326 1.73472 - 107"%
0.02 0.0166661 0.0166661 6.93889 - 1018
0.03 0.0249981 0.0249981 2.56739 - 107'¢
0.04 0.0333289 0.0333289 2.5327 - 107"
0.05 0.041658 0.041658 1.51129 - 10"
0.06 0.049985 0.049985 6.4948 - 107
0.07 0.0583095 0.0583095 2.22801 - 10"
0.08 0.0666311 0.0666311 6.4812 - 107"
0.09 0.0749494 0.0749494 1.66225 - 1012
0.1 0.083264 0.083264 3.85979 - 1012
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Figure 7. Exact and approximate wave solutions according to the shown values in tab. 1,
show the accuracy of the our obtained solutions.

Conclusion

In this paper, the (3+1) RNLS equation have been investigated via the modified Khater
method. Some new distinct types of computational solutions have been obtained. These solu-
tions have been used to evaluate the initial and boundary conditions of the model. Furthermore,
the Adomian decomposition method have been applied for construct the semi-analytical wave
solutions based on these conditions, Some solitary and approximate solutions are sketched to
investigate more of the physical properties of this model figs. 1-7. The performance of both
methods shows useful and powerful in studying many of non-linear partial differential equations.
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