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Featured Application: The optical soliton solutions obtained in this research paper may be of
concern and useful in many fields of science, such as mathematical physics, applied physics,
nonlinear science, and engineering.

Abstract: In this paper, the cubic-quartic nonlinear Schrédinger and resonant nonlinear Schrodinger
equation in parabolic law media are investigated to obtain the dark, singular, bright-singular combo
and periodic soliton solutions. Two powerful methods, the (m + %) improved expansion method
and the exp(—¢ (&)) expansion method are utilized to construct some novel solutions of the governing
equations. The obtained optical soliton solutions are presented graphically to clarify their physical
parameters. Moreover, to verify the existence solutions, the constraint conditions are utilized.

Keywords: cubic-quartic Schrédinger equation; cubic-quartic resonant Schrodinger equation;
parabolic law

1. Introduction

In the current century, many entropy problems have been expressed by using mathematical
models that are nonlinear partial differential equations. New results in the last few years have shown
that the relation between non-standard entropies and nonlinear partial differential equations can be
applied on new nonlinear wave equations inspired by quantum mechanics. Nonlinear models of
the celebrated Klein-Gordon and Dirac equations have been found to admit accurate time dependent
soliton-like solutions with the shapes of the so-called g-plane waves. Such g-plane waves are
generalizations of the complex exponential plane wave solutions of the linear Klein—-Gordon and
Dirac equations [1]. Wave progressing of soliton forming and its application in the differential
equation has been noticeable in the last few years. The physical phenomena of nonlinear partial
differential equations (NLPDEs) may connect to many areas of sciences, for example plasma physics,
optical fibers, nonlinear optics, fluid mechanics, chemistry, biology, geochemistry, and engineering
sciences. The nonlinear Schrodinger equations describe wave propagation in optical fibers with
nonlinear impacts [2—4].
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Various numeric and analytic techniques have been used to seek solutions for nonlinear
differential equations such as the homotopy perturbation scheme [5], the Adams—-Bashforth-Moulton
method [6], the shooting technique with fourth-order Runge-Kutta scheme [7-10], the group
preserving method [11], the finite forward difference method [12,13], the Adomian decomposition
method [14,15], the sine-Gordon expansion method [16-18], the modified auxiliary expansion
method [19], the modified exp(—¢ (¢)) expansion function method [20,21], the improved Bernoulli
sub-equation method [22,23], the Riccati-Bernoulli sub-ODE method [24], the modified exponential
function method [25], the improved tan(¢ (¢) /2) [26,27], the Darboux transformation method [28,29],
the double (%, é) expansion method [30,31], the (é) expansion method [32,33], the decomposition
Sumudu-like-integral transform method [34], and the inverse scattering method [35].

In recent years, many researchers have carried out investigations on the governing models in
optical fibers. The nonlinear Schrodinger equation, involving cubic and quartic-order dispersion terms,
has been investigated to seek the exact optical soliton solutions via the undetermined coefficients
method [36], the modified Kudryashov approach [37], the complete discrimination system method [38],
the generalized tanh function method [39], the sin-cosine method, as well as the Bernoulli equation
approach [40], the semi-inverse variation method [41], a simple equation method [3], and the extended
sinh-Gordon expansion method [42].

Now, optical solitons are the exciting research area of nonlinear optics studies, and this research
field has led to tremendous advances in their extensive applications. It is identified that the dynamics
of nonlinear optical solitons and Madelung fluids are based on the generalized nonlinear Schrodinger
dispersive equation and resonant nonlinear Schrodinger dispersive equation. In the research of chirped
solitons in Hall current impacts in the field of quantum mechanics, a specific resonant term must be
given [43].

Dispersion and nonlinearity are the two key elements for the propagation of solitons over
intercontinental ranges. Normally, group velocity dispersion (GVD) leveling with self-phase
modulation in a sensitive way allows such solitons to maintain long distance travel. Now, it could occur
that GVD is minuscule and therefore completely overlooked, so in this condition, the dispersion impact
is rewarded for by third-order (30D) and fourth-order (4OD) dispersion impacts. This is generally
referred to as solitons that are cubic-quartic (CQ). This term was implemented in 2017 for the first time.
This model was later extensively researched through different points of view such as the semi-inverse
variation principle [41], Lie symmetry [44], conservation rules [45], and the system of undetermined
coefficients [37]. Consider the nonlinear Schrédinger and resonant nonlinear Schrédinger equations in
the appearance of 30D and 40D without both GVD and disturbance. The equations are as follows:

iU + i0Uyxy + PUlyxxxx + CF (|u\2) u=0, 1)

iUy + i0Uxyyx + PlUxxxx + CF (|u|2) u+c3 <|Tb|l"x> u=0. ()

In Equations (1) and (2), u (x, t) is the complex valued wave function and x (space) and ¢ (time)

are independent variables. The coefficients « and p are real constants, while c3 is the Bohm potential
that occurs in Madelung fluids. The Bohm potential term of disturbance generates quantum behavior,
so that quantum characteristics are closely related to their special characteristics. Therefore, we have
the chirped NLSE’s disturbance expression giving us the introduction of the theory of hidden variables.
Therefore, it will be more crucial to retrieve accurate solutions for the development of quantum
mechanics from disturbed chiral (resonant) NLSE [46]. Furthermore, the functional F is a real valued
algebraic function that represents the source of nonlinearity and F (|u|2) u : C — C. In more detail,

the function F (|u|2) u is p-times continuously differentiable, so that:
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F (|u|2) ue G c? ((—n,n) X (—m,m) : Rz) .

m,n=1

Suppose that F (1) = cju + cau?, so Equations (1) and (2) can be rewritten as:

ity + i0tlyyy + Plxxxx + (cl|u|2 + cz|u\4) u=0, 3)

. . u
iUy + i0Uyxy + Blxxxx + <c1|u\2 +cz|u|4) U-+cs3 <| |xx) u=0. 4)

|ul

Equation (3) was investigated by making c; = 0 in [47] via the Kudryashov approach.
The conservation laws to obtain the conserved densities for Schrédinger’s nonlinear cubic-quarter
equation have been analyzed in Kerr and power-law media [45]. The undetermined coefficients
method has been employed to construct bright soliton and singular soliton solutions of Equation (1),
when nonlinearity has been taken into consideration in the instances of the Kerr law and power
law [37]. In this study, we use two methods to investigate soliton solutions of the cubic-quartic
nonlinear Schrodinger equation and cubic-quartic resonant nonlinear Schrédinger equation with the
parabolic law, namely Equations (3) and (4).

2. Instructions for the Methods

Assume a nonlinear partial differential equation (NLPDE) as follows:

P (u/ UX/ ut/ uxx/ utt/ utXI .. ) - 0/ (5)

and define the traveling wave transformation as follows,

Ux,yt)=¢(Q), {=x—vt (6)

Putting Equation (6) into Equation (5), the outcome is:

N (¢.¢',¢", ...) =0. )
G'(Q)

For the m + ﬁ expansion method, we take the trial solution for Equation (7) as follows:

¢ () = i ai(m+F)i:a,n(m+F)*”+...+mao+al(m+F)+...+an(m+F)”, (8)

i=—n

wherea;, i =0, 1, ..., n and m are nonzero constants. According to the principles of balance, we find
the value of n. In this manuscript, we define F to be a function as:

el
F=cw)

©)

where G ({) satisfy G” + (A +2m) G' + uG = 0.

Putting Equation (8) into Equation (7) by using Equation (9), then collecting all terms with
the same order of (m + F )", we get the system of algebraic equations for v, a,, n = 0,1, ..., n,
A, and u. As aresult, solving the obtained system, we get the explicit and exact solutions of Equation (5).

For the (exp — ¢ (¢)) expansion method, we use the trial solution as follows:
n

¢ (&)=Y bilexp(—¢ (&), i=12...n (10)

i=0
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where b; are non-zero constants. The auxiliary ODE ¢ (¢) is defined as follows:

' (8) = exp (=9 () +pexp (¢ (Z) + A (11)

Solving Equation (11), we have:

Case 1. When A > 0 and p # 0, we get the hyperbolic function solution:

~A—VAtanh (VA (§+¢))
e
Case 2. When A < 0 and p # 0, we get the trigonometric function solution:
~A+v=Atan (1V/=A(E +0))
e
Case 3. When A > 0, u = 0, and A # 0, we get hyperbolic function solution
(¢)=-In ( A ) (14)
Ple) = 1+ cosh(A(E+c)) +sinh(A(E+c) /)"
Case 4. When A =0, # # 0 and A # 0, we get the rational function solution:
B —2—-2A(&+0)
Case 5. When A =0,y = 0,and A = 0, we get:
¢(6)=In(5+c), (16)

where c is the non-zero constant of integration and A = A% — 4.

3. Application to the (m + %) Expansion Method

In this section, we use the (m + %) expansion method for the cubic-quartic nonlinear Schrédinger
and cubic-quartic resonant nonlinear Schrodinger equations.

3.1. The Cubic-Quartic Nonlinear Schrodinger Equation

To solve Equation (3), by the (m + S expansion method, we use the following transformation:
q y G P g

i

u(x,t)=U(d)e , E=x—1t, 0 = —xx + wt. (17)

In the above equation, 6 (x,t) symbolize the phase component of the soliton, k represent the
soliton frequency, while w denote the wave number, and v symbolize the velocity of the soliton.
Substitute wave transformation into Equation (3), and separate the outcome equation into real and
imaginary parts. We can write the real part as follows:

- (ocK3 — Bt + w) U+ e UB + coU° + 3axcll” — 6p12U" + pU@ = 0, (18)
and the imaginary part can be written as:
(302 — 4 +v) U’ — (a — 4p) UG =0, (19)

From Equation (19) U’ # 0 and U"" # 0, then:
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v =4Bk> —3ax?,  a = 4Bk (20)
Hence, Equation (18) can be rewritten as:
(35K4 + w) U — U — c,U° — 12B:2U" + 6x2U" — U@ = 0. (21)

Multiplying both sides of Equation (21) by U’ and taking its integration with respect to ¢, we get:

B (—12(U")% + 24U U') + 6c1U* + deoU® + 723 (U')? = (36pr* +120) U2 = 0. (22)
Finding the balance, we gain n = 1. Replacing this value of balance into Equation (8), we get:

U@E) =a_y(m+F) '+ ag+a; (m+F). (23)

By substituting Equation (23) into Equation (3) by using Equation (9), we get the following
solutions:

A)2—4 2
Case 1. When qy = %, K= F (Zmir/g) H, ¢ = 8((2m+A)" —4y) c = _ AP a_1 =0,and A =

2 7 47
a a
(A+ Zm)2 — 4y, we get an exponential function solution as follows:

1

u(x,t) = ei<\/§x+%m2t>

(24)

%—i—al m+% —2m+ (1-— f2A12 — VA - A ,
A x—2/2B(A)%t
Aq+ Age (x 3\/25( ) >

which is a dark solution, as shown in Figure 1, A and A, are non-zero numbers, and A > 0. Figure 1
shows that Equation (24) is a dark soliton under the suitable values of parameters.

05—
\[
L {f
x 0 !
=)
-05
-1
-20 0
X,
05
o
oy
z 0
=2

Figure 1. 3D surface of Equation (24), which is a dark optical soliton solution plotted when A; =
1,Ay=03,=02,a1 =04,A=1m=1,u=—1,and t = 2 for 2D.
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_ /\(171 . . 12w - (2m+/\)274y -
Case 2. When gy = A 2 M = 0,a, = —5((2m+/\)2_4y)2, K = e a =
96(—m(m+A)+pu)’w _288(—m(m+A) +p) w and A = (A 2 . .
T2 N = — , = 4+ 2m)” — 4u, we obtain an exponential
5((@mtA)—ap)a2,” 2 5((2m+A)2—ap) at, ( ) # p
function solution:
i(* x (2m\2}1)2 —4p +tw> i(* x (Zm\/%)t)z —4p T tw
a_1e /\ﬂ_l e
t)= 25
u(x,) Zm(m—l—)\)—Zy /( )
m+% | —2m+|1- ZAlgﬂw VA —A
\/Z(wr 5\/% T)
A1+Aze

which is a soliton solution, as shown in Figure 2, A; and A, are non-zero numbers, and A > 0.
With the suitable values, Figure 2 presents that Equation (25) is a singular soliton.

Figure 2. 3D surface of Equation (25), which is a singular soliton solution plotted when A; =2, Ay =
3,=6,a_1=6A=1m=1,uy=—1,and t = 2 for 2D.

Case 3. When a_; — —W3almms)—pw - _ WVSaA g = 0, w = 3,k =
cz((2m+)x)274y) 2\/c2((2m+)x)274;4) 2
 @m+A)? 4 vy = 8 and A = ()L—;-Zm)2 — 4y, we have an exponential
NG ’ 8ca((2m+A)2—4p)” ’
function solution:
. 502 VA
u(x,t) :e1<7ﬁt+72x)
iV3/eA iv/3y/c1 (m (m+A) — p) 20
2J/c2h '
m+3 | —2m+ [1- 24 VA—A| | Vah

2t
A 1
A1+Aze\r(x+ 2\/552\/E>



Appl. Sci. 2020, 10, 219 7 of 20

which is a soliton solution, as shown in Figure 3, A; and A, are non-zero numbers, and A > 0.
Considering some values of parameters, Figure 3 shows singular soliton solution.

Figure 3. 3D surface of Equation (26), which is a singular soliton solution plotted when A; = 0.3, Ay =
2,60 =03,cp=2,A=1,m=1,u=—1,and t =2 for 2D.

3.2. The Cubic-Quartic Resonant Nonlinear Schrodinger Equation

To solve Equation (4), by the (m + %) expansion method, we consider wave transformation
Equation (17). Replacing Equation (17) into Equation (4) and separating the outcome equation into
real and imaginary parts, we can write the real part as follows:

(K3 (a — Br) + w) U — ;U3 — coUP — (c3 + 3k (a — 2K)) U — pU® =, (27)
and the imaginary part can be written as:
(3m<2 —4Bi3 + 1/) U — (x—4px) U" = 0. (28)
From Equation (28) U’ # 0 and U"" # 0, then:
v = 4pK> — 3ax?, x = 4Bxk. (29)
Hence, Equation (27) can be rewritten as:
(3x* + @) U =1l — cU° — (3 + 62 ) U — pU® = 0. (30)

Multiplying both sides of Equation (30) by U’ and integrating it once with respect to &, we get:

(368 + 1200) UP — 60y U* — depll® — (1203 + 728 ) (W) + B (12(U”)? — 24U'U") = 0. (3D)

Finding the balance, we gain n = 1. Putting this value into Equation (8), we get the same result of
Equation (23). Substituting Equation (23) with Equation (9) into Equation (4), we get the following
solutions:
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2
Case 1. When a7 = —w, m = 0, w = 1B (6K4+((2m+/\)24y) ),
2 2_
c1 W, 0 = 7%’ and ¢z = /3(—6K2+(2m+)\)2—4y>, we obtain the

following solutions:

Solution 1. In the case A > 0, we have an exponential function solution:

() =e (Aot (@mtAy—41))1)

2 (m (m +A) — ) ag (32)
2A
(4 (2m+ (1 it ) VA1) )

Considering some values of parameters, Figure 4 shows singular soliton solution.

apg —

Figure 4. 3D figure of Equation (32), which is a singular soliton solution plotted when A; =1, Ay =
3A=1m=1uy=-1,=0.2,a9 =02,k =0.01, and t = 2 for 2D.

Solution 2. In the case A < 0, we have a trigonometric function solution:
—ikx+Lip(—6xt 2_4y)?
u (x, t) —e 1Kx+21/3< 6K +((2m+A) 4y) t)

4aq (mz—f—WZ/\—]l) (Azcos ((x)+A1 sin (oc)) (33)

o A ((—A1M+ Az/\) cos (a) + (AZJTA+ Al/\) sin (zx)) '

whichis a = Jv/=A (x + 8p3t).

Periodic singular solution is plotted in Figure 5.
2 2 2
Case 2. Whena_; =0, 1 = 2%, w = 1B (—61{4 + ((2711 —1—)&)2 —4y> >, = 2PN (@A) —4p)

2 7
a9

3pA4

= —T
2 zaé/

andcz = (—61(2 +(@m+A)* - 4;4) , we obtain the following solutions:

Solution 1. In the case A > 0, we get dark solution, as shown in Figure 6 :
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) e (et nsar )

1 7\ _
R )
0

A

Figure 6 shows the dark structure this solution.

Figure 5. 3D surface of Equation (33), which is a periodic singular soliton solution plotted when
Aj=1,A=2A=1m=1L1u=28=010a=2x=0.1,and t = 2 for 2D.

\ ‘( //

10 20

Figure 6. 3D surface of Equation (34), which is a dark soliton solution plotted when A; =1, A, =3,
A=1m=1pu=-1,=02,a0 =02« =0.01,and t = 2 for 2D.

Solution 2. In the case A < 0, we have a trigonometric function solution:

9 of 20

(34)
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u(n8) :efixKJr%i‘B(76K4+((2m+/\)274y)2>t

V=4 (A; cos (3v/=A (x+8px%) ) — Apagsin (3v/=A (x+86¢1) ) ) (35)
A (Az cos (%\/TA(X+8,BK31?)) + Ajsin (%\/TA(X+8,BK31L))) .

Periodic singular solution is plotted in Figure 7.

‘UM‘H‘

l

H
|

Figure 7. 3D figure of Equation (35), which is a periodic singular soliton solution plotted when
A1=1,A=2A=1m= %,y =2,=01,a0 =02,x=0.1,and t = 2 for 2D.

4. Application to the Exp (—¢ (¢)) Expansion Method

In this section, we apply the exp(—¢ ()) expansion method to the cubic-quartic nonlinear
Schrédinger and resonant nonlinear Schrédinger equations.

4.1. The Cubic-Quartic Nonlinear Schrodinger Equation

To apply this method on the cubic-quartic nonlinear Schrodinger equation, Equation (3), we
utilize the same wave transformation of Equation (17). As a result, we get Equation (22). Finding the
balance, we gain n = 1. By inserting the value of the balance into Equation (10), we get:

U (&) = by 4 be 9@, (36)

Substituting Equation (40) into Equation (22) and setting each summation of the coefficients of the
exponential identities of the same power to be zero, we discuss the following cases of the solutions.

Ab 8ap (A2 —4p 24a A2—d4y 5 2 2
Case 1. When by = 34, ¢1 = %,cz = —?Z,K = - ;and w = $ap (A —4pu)”, we get

the following solutions:

Solution 1. In the case A2 — 4u > 0 and  # 0, we have a hyperbolic function solution:
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(L ()
u(x,t)=e
(37)
Aby 2pby
2 - /A% — 4ptanh [% <c +x—3/2a2(A2 - 4;4)3/215) AZ — 4;4]
This is a dark soliton solution, as shown in Figure 8.
Figure 8. 3D surface of Equation (37), which is a bright singular combo soliton solution plotted when
b1 =02,=02,c=1,A=3,u=1,and t =2 for 2D.
Solution 2. When A2 — 4y > 0,4 =0, and A # 0, we have hyperbolic function solutions:
(5 g4, VA2
u (x, t) =e1<12/5A t+ NG x>
/\bl /\bl (38)
=+

2 _i4cosh (A (c+ x— g@ﬁw)wt)) + sinh (A (c+ x— g@ﬁwﬁ/%))

This is a bright singular combo soliton solution, as shown in Figure 9.
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Figure 9. 3D surface of Equation (38), which is a bright singular combo soliton solution plotted when
b1 =0.04,8=02,c=02A=1,u=0,and t =2 for 2D.

__VAEN VAV VP sl S -
Case 2. When by = e rml by = Narsperml K= 76 YT T3 and p = 8ep (A2—dp)”’

we get the following solutions:

Solution 1. When A? — 4y > 0 and u # 0, we get a dark solution, as shown in Figure 10:

i<—%t+ v )j;lyx>
u(x, t)=e
V31 (Az — 4y + A\/A? —4utanh (45/%512 + 3 (c+x) /A= 4,4)) (39)

3t
2y/—c2 (A2 —4p) (/\—l— VA% — 4y tanh <4\%€2 + % (c+x) /A2 _4]4))

1
—
0.5 \
o \“
= |
X0 '
2
-05
-1
-20
05 X
o
= 0
&
=2
05
g ~
A . 3
5 <
20
0 10
0
-10
t 520 X

Figure 10. 3D surface of Equation (39), which is a dark soliton solution plotted when b; = 0.2, =
02,c4=01,c=-01,c=1,A=3u=1andt =2 for 2D.
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Solution 2. When A? — 4y > 0 and u = 0, we get hyperbolic function solution:

2 e 1 Vo
‘Lc%z” 2 4,4x> V/3,/c1A coth (24)\ <12 (c+x)+ Czﬁt))
24/ —C2/\2

This is a singular soliton solution, as shown in Figure 11.

(40)

-200

Figure 11. 3D figure of Equation (40), which is a singular soliton solution plotted when b; =4, f = 0.2,
c1=01,c=-01c=02A=1pu=0,and t = 2 for 2D.

4.2. The Cubic-Quartic Resonant Nonlinear Schrodinger Equation

To apply the exp (—¢ (¢)) expansion method on the cubic-quartic resonant nonlinear Schrodinger
equation, Equation (4), we utilize the same wave transformation of Equation (17). As a result,
we get Equation (31). Finding the balance, we gain n = 1. Via inserting the value of the balance into
Equation (10), we get the same result of Equation (36). Substituting Equation (36) into Equation (31)
and setting each summation of the coefficients of the exponential identities of the same power to be
zero, we discuss the following cases of solutions.

2BA2(A2—4 4 /= A2—d)
Case 1. When b; = %, o = i G ) (bg V>, o = —%, K = —63\;;\(/3 ) and
3 42e3B(A2—dp) +5p2 (A2 —dp)”

28 , we get the following solutions:

Solution 1. When A2 — 4y > 0 and  # 0, we get hyperbolic function solution:

ey tp(V2—ay) (fc§+ZC3ﬁ(AL4y)+5ﬁ2(A2—4u)2)
VB 125 t

u(x,t) =e1 (

(41)
4]/1170

% (c s 2\/gt(63+.3(/\24ﬂ))3/2> A2 _ 4}4] )

by +

)L(—A—«/)Lz—élytanh N

This is a dark soliton solution, as shown in Figure 12.
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14 of 20
0.05
Ng 0
oo
-0.05
0
i 0
=2
-0.05 ]
5
Figure 12. 3D surface of Equation (41), which is a dark soliton solution plotted when by = 0.2, § = 0.2,
c3=1c=1,A=3,u=1andt =2 for2D.
Solution 2. When A2 — 4y < 0 and p # 0, we get trigonometric function solution:
1~ B +2e3p(A2-41) +562 (A2 -4 )
(/s (- Frasp(W2 ) 582 (12-an)
= Ve/B + 128
u(x,t)=e
(42)
4ub
bO _ MO0

2(_ 2_ 3/2
A2 —Ay/=A2 +4ptan |} C+x—|—2\/;( CHPNV ),

v/ —A2Z+4
3+/B A

This is a periodic singular soliton solution, as shown in Figure 13.

ol LU

20

Figure 13. 3D surface of Equation (42), which is a periodic singular soliton solution plotted when
bp=04,B8=01,c3=-5c=1,A=1,u=1,and t =2 for2D.
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Solution 3. When A? — 4y > 0 and u = 0, we get hyperbolic function solution:

i<_x\/W+t(—c%+ZC3/S/\2+5ﬁ2)\4)>
u(x,t)=e Veve 2
(43)
bO _I_ 2b0
240 A2 3/2 240 A2 3/2
cosh [/\ <c+x+ W) +sinh [A <c+x+ W)]

This is a bright singular combo soliton solution, as shown in Figure 14.

X

Figure 14. 3D surface of Equation (43), which is a singular soliton solution plotted when by = 0.4,
B=02c3=-1,c=02,A=3,y=0,and t = 2 for 2D.

BAZ(A2—4p) _2V2y/BARA24) o 3q B (62 A2 _
o1 ,bl— 2] ,C2— W’C?’_ﬁ( 6K +/\ 4]/[),

andw = 18 (—6Kx*+ (A2 —4 2 , we get the following solutions:
2 H g g

Case 2. When by = V2

Solution 1. When A? — 4y > 0 and u # 0, we get hyperbolic function solution:

i i 2
u (x, 1) = \/2BA2 (A2 — 4u) o it bip(—6rt (12 —4p0) )t

(44)

_ 4y
(1 A2\ /AZ—dy tanh[%(c+x+8/51<3t)\//\274y} >
Ve

This is a dark soliton solution, as shown in Figure 15.
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i
Figure 15. 3D surface of Equation (44), which is a dark soliton solution plotted when = 3,c; =5,
c=003,A=1u=01x=0.1,and t =2 for 2D.
Solution 2. When A2 — 4y < 0 and p # 0, we get trigonometric function solution:
2 /12 7in+%iﬁ<76K4+(/\274y)2)t
u(x,t) = 1/2BA% (A2 —4p)e
— 4p (45)
A2-) —A2+4ytan[%(c+x+8tﬁx3),/—A2+4y]
Vel

This is a periodic singular soliton solution, as shown in Figure 16.

lux,t)l?

Figure 16. 3D surface of Equation (45), which is a periodic singular soliton solution plotted when
B=-3,c0=5c¢=003A=01u=1x=0.1and t = 2 for 2D.

Solution 3. When A% — 4y > 0 and p = 0, we get the hyperbolic function solution:
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Ve e 3IB(-6K AN /EAT o (% (c+ x + 8px°t) A)
ver '

which is a periodic singular solution, as shown in Figure 17.

u(x,t) = (46)

Figure 17. 3D surface of Equation (46), which is a singular soliton solution plotted when 8 = 3,c; =5,
c=003,A=01u=0x=0.1,and t = 2 for 2D.

5. Conclusions

In this research, the new dark, singular, bright singular combo soliton, and periodic singular
solutions of the cubic-quantic nonlinear Schrodinger equation and the cubic-quantic resonant nonlinear
Schrodinger equation were shown. Figures 1, 6, 8, 10, 12 and 15 are dark soliton solutions,
Figures 2—4, 11, 14 and 17 are singular soliton solutions, Figures 5, 7, 13 and 16 are periodic singular
solutions, and Figure 9 is bright singular combo soliton solution. The (m + G’ /G ) expansion and
exp(—¢ (¢)) expansion methods were utilized to study these two models with the parabolic law.
The new solutions verified the main equations after we substituted them into Equations (3) and (4) for
the existence of the equation.

Conte and Musette introduced that wave transformation, which we considered in this paper, protects
the Painleve conditions and its properties [48]. Therefore, it can be seen that all results verified their
physical properties and presented their estimated wave behaviors. Therefore, one can observe that the
wave transformation considered in this paper in Equation (17) satisfies these conditions. We substituted
all solutions to the main equations Equations (3) and (4), and they verified it; the constraint conditions
Equations (20) and (29) were also used to verify this existence. The optical soliton solutions obtained
in this research paper may be of concern and useful in many fields of science, such as mathematical
physics, applied physics, nonlinear science, and engineering.
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