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Abstract

Many applications of the classical nonlinear Schrodinger equations with cubic and power nonlinearity are seen in nonlinear
optics, plasma physics, superconductivity, propagation of the electric field in optical fibers, self-focusing and collapse of
Langmuir waves in plasma physics, to model deep water waves and freak waves in the ocean.

Objectives: In this paper, the generalized form of the modified nonlinear Schrodinger equation is proposed with various
nonlinearities.

Methods: Bernoulli equation method, which is one of the ansatz-based methods, is considered to be obtained as the novel
soliton solutions of the modified nonlinear Schrodinger equation with various nonlinearities.

Results: With the view of the results, new improvements can happen for applications of the model.

© 2023 International Association for Mathematics and Computers in Simulation (IMACS). Published by Elsevier B.V. All rights
reserved.
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1. Introduction

One of the main nonlinear partial differential equations is the classical nonlinear Schrodinger equation (NSE)
1
i¢t+§¢xx+|¢|2¢:07 e))

which is seen in the various areas from optics, plasma physics to deep water waves, freak and rogue waves not only
on the surface of the ocean but also in fiber optical systems in the literature. New modifications were required due to
the inability of classical NSE to model sub picosecond optical dynamics pulses well. Therefore, many modifications
have been seen in the literature due to the nonlinearities, two of them are main modifications [8—10,23].

The generalized form of modified nonlinear Schrodinger equation

i, +ad,+F(07)P=i[ad+Ar(ID™ ) +v(2f), o], i*=-1 2)

is given where @ (x, ) represents the wave profile in an optical fiber, m, a, o, A, v are parameters which represent
nonlinearity, group velocity dispersion (GVD), inter-modal dispersions (IMD), the self-steepening (SS), nonlinear
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dispersion (ND), respectively. F is a self-phase modulation function which is in a nonlinear form. So, it effects the
nonlinearity of Eq. (2).

In this work, we will study on exact solutions of Eq. (2) with respect to the various types of F function that are
given by Eq. (3).
bu, Kerr law

bu”", Power law

byu + byu?, Parabolic law

biu" + bou®", Dual-power law

biu + byu® + b3u®, Polynomial law

F(u) = { byu" + byu® + b3u", Triple power law 3)
biu + byu® + bsu~2, Anti-cubic law

biu™ + byt + b3u~"*D | Generalized Anti-cubic law

b1/u + byu, Quadratic—cubic law

b (u),, , Non-local law

biu + byu® + by (1), , Parabolic—Nonlocal combo law

Almost all types of modifications are given by Eq. (3). Additionally, the significant point is the generalization
of the F function i.e. when all the types given in Eq. (3) wanted to proposed in one function, it may be

F(u) = biu" 4 byu® + bsu® + by (u),,, n € R. 4)

Since the nonlinear Schrodinger equation (NSE) has the Benjamin-Feir instability [25] proposed as one of
the mechanisms for rogue wave generation [6], the NSE has been extensively studied as a model for extreme
wave behavior. Many methodologies have been considered to obtain the solutions of various types of nonlinear
Schrodinger equation [1-5,7-10,12-14,23,24,31,32,35,36,38,39]. The dark and singular solitons of Schrddinger
equation with non-Kerr-law nonlinearity were investigated by Biswas et al. and Jawad et al. [7,35], asymptotic
solutions of modified NSE were obtained by Kitaev et al. [9], many works can be seen in Refs. [15,20]. In this
work, the novel exact solutions including rogue waves of Eq. (2) for each function F given by Eq. (3) are obtained
via Bernoulli approximation method which is ansatz depended method, for details Refs. [26-29] should be read
and also, in the second section the brief methodology is given. In third section, the obtained solutions by Bernoulli
approximation method are proposed and supported by the 3D-, 2D- and contour plots.

2. Brief of the methodology

As mentioned above, Bernoulli equation method is ansatz-based method like Riccati equation method. Bernoulli
equation is best known nonlinear ordinary differential equation (NODE) after Riccati differential equation. The
Bernoulli type differential equation is

=P+ ©), &)

where P (¢) and Q (¢) are arbitrary functions [33,34] so Eq. (5) is not classical Bernoulli equation. When the
arbitrary functions are constant, the equation is reduced to Bernoulli differential equation.

To solve nonlinear partial differential equation (NPDE), firstly NPDE has to be reduced to NODE via wave
transformation; secondly using balancing principle the degree of the ansatz & ({) = Zf\;o g7 (¢) ie. N is
determined, where g; are parameters, it is clear that z (¢) is the solution of Bernoulli differential equation. Finally,
substitute Bernoulli differential equation and the ansatz into NODE to obtain algebraic system for obtaining the
parameters.

As seen in the procedure of the methodology, it is same as the well-known methods like Riccati equation method,
tanh method, auxiliary equation method, etc. [11,12,16-19,21,22,30,37,40,41].
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Fig. 1. (a) 3D, (b) contour and (c) 2D plots (at t = 0, 0.2, 0.4, 0.6, 0.8) of the modulus of the exact wave solution of ®*(x, ) with Kerr
Law when P =2, =1,a=1,b=1,A=2,k =—-15,81=2,60=0,C; = 1.

(c)

3. Solutions

To solve Eq. (2) with the various F function like in Eq. (3), firstly the complex wave transformation @ (x,t) =
U (¢)exp (ig (x, 1)) is considered where { = x —ct, ¢ (x,1) = —kx + wt + 6 i.e.

D (x,t) = ¥ (x —ct)exp (i (—kx + wt + b))

(6)
and «, w, Oy, ¢ are frequency, the wave number, phase constant, the velocity of the soliton, respectively.
As a result, Eq. (1) is reduced into two equations due to real and imaginary parts, respectively.
al’ — (o +ax® +ak) U+ F (U?) ¥ —a@*" ' =0 7
where F function is determined in Eq. (4).

(c+2ak +a) ¥ + (L 2m + 1) + 2mv) &' ¥ =0, (8)
which gives two algebraic equations ¢ + (2ak +«) = 0 and A 2m + 1) 4+ 2mv = 0 which will be used in the
considered method. The second one is the relation between nonlinearity and self-stepping. Additionally, to satisfy
the integrability condition, generally m = n is chosen.

Applying the procedure of Bernoulli equation method as mentioned previous section, the solutions are obtained
for each F function, the obtained parameters and 3D-, 2D- and contour plots are given below.
Case 1. Kerr Law when m = 1.

(2ak +a). go = £P |— > (@ taxtiap?), Q= /-22<
c=—QQak +a), g = — v=——, w=—(ak"Fak+=aP”), = — .
80 2k —b) 2 2 VT ©

9
So, the soliton solution is given by

a P

PCyexp (—P(x 4+ 2ax +a) 1)) F by /&2
1
X exp (i (—/cx —(ak’>+ ok + EaPz)t + 9())) .

Fig. 1 represents the exact wave solution as soliton solution given by Eq. (10) with the parameters P = 2, o =

(10)

l,a=1,b=1,A=2x =—1.5,g, =2,6, =0 when C; = 1. The 3D, contour and 2D plots of |§P+ (x, t)| are
shown in Fig. 1(a), (b) and (c), respectively.

Case 2 Power Law when m = n = 1

5-
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Fig. 2. (a) 3D, (b) contour and (c) 2D plots (at t = 0, 0.2, 0.4, 0.6, 0.8) of the modulus of the exact wave solution as a peaked rogue
wave of @;(x,t) with Power Law when P =2, 0 =2,a=1,b=1,A=-2,k=15,80=1,81=2,00=1,C; = 1.

The parameters are obtained as;

Set 1.
b* (b — K b— Kk
c=—QRak+a),g0=0,g = —%, v=-21, w=aP?>—ak’—ax, 0= —%.
(11)
Set 2.
P? 2 (b — KA
c =—Qak +a), g = —a—, g = —M, v=—2A, w:aPz—alcz—aK,
b—kA 6a P2 (12)
0 =8 (b —Kd)
- 6aP
When the parameters are substituted, the exact wave solutions are obtained as
b P
Dy (x,1) = 1 by (A
PCiexp (—P(x + 2ak +a) 1)) — o5
» 2 (13)
exp (i (—kx —(aP2 — ak? — oK)t +6)),
(Pc1 exp (—P(x + Qak +a) 1)) — %) (i 0))
and
(JP2 b1P
D) (x, 1) = — +
2 ( b=k PCiexp(—P(x + (ak +a)1)) — 2=
2
P exp (i (—Kx — (ap2 —ak’ —« Kt + 90)) . o
PCyexp (—P(x + (ak + a) 1)) — 22

Fig. 2 represents the exact wave solution given by Eq. (13) with the parameters P = 2, = 2,a = 1,b =
ILA=-2k=15,g0=1,g =2,6) =1, when C; = 1. The 3D, contour and 2D plots of | & (x, t)| are shown
in Fig. 2(a), (b) and (c), respectively.
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Case 3 Dual-power Law
When m = 1, the equation has parabolic law nonlinearity. The parameters are hold as

3 N 15by (=by + Kk X)

c=—(2ai<+ot),v=—7,g0= 5by ,
2C1+/15b, (—b| + xX) e Is (—b] + k) —6bsra
= X —
81 23b, P Shya
2C1/30b;, (—b; ¥ kA a (by — k) ¢ (—by + kA) J/—6bra\ (15)
Q) == 1 exp | — ;
6b2a 5b2a

30by (—by + kX)) Bby — 3k ))
15by/a (5by — 5kX) '
As a result, the solution is

15 (K)\. . b]) m <6Xp ((K)L—bl)(ZaKt+ocr+x)4/—6ab1> ) exp ((Kk—bl)(Zakt+al+x)4/6b2(KA—b1)))

Saby 15 Sbyn/—a(kcr—by)

P(E) ==+

D(x,t) =
Gh (K)» 5 ) 125 ex (kA—b1)(akt+at+x)/—6ab; —115ex (kX—=b1)Qaxt+at+x)/6by(kA—b1)
2 1 P Saby P Sbyn/—a(kr—by)
25by (k (x + (ak +a) 1) —6) + 6 (kA — by)* ¢
x exp | —i
25b,
(16)
Also, if m =n = %, then the parameters are hold as
0(©) ::I:glz;zabz,c: —Qak+a),v=-"2rw0=—k(ak +a),b; =kA, g =0
a
. 17
(({ + C1) /Jaak — 3ab2g(2) +aw+ asz) \/aa/c — 3ab2g8 +aw + a?«? (17
P(¢) = tanh
a a
Hence, the solution is
. 2
agrexp (i (—kx — (ak” +ax)t + 6
sy XD (ex = (o )1+ 1)) .

—2g1 (x + Qak + ) 1) v2akr —aCy

Fig. 3 represents the rogue waves in periodic form given by Eqs. (16) and (18) with the parameters a = 1, =
2,r=2k=-1,6=1,g1=1,bp =—-1,bpb=2anda = —-l,a =2, =1,k =1,0) = 1,8, = 1 when
C, =1, Cy = 1, respectively. The 3D, contour and 2D plots of real part of @ (x,t) are shown in Fig. 3i-ii (a), (b)
and (c) for each solution, respectively.

Case 4 Triple-power law:
When m = 5, the equation has polynomial law nonlinearity. The parameters are hold as

2 2 3
35b3gt — T0b3g3 + by) /3 g1/ —3a (21bsg5 — Thsgg)
P@)= :F( 0 0 )

0@ == Je=—Qak +a), by = —Thsg,
2 3 3a
4,/—a (21173gU - 7h3go)

11291g8b% — 1106b1 b3 g3 + 3b? 11291g8b2 — 1106b, b3 g3 + 3b?

— 2 U= ’
672xb3 83 336kbs g3 19
7259g8b3 — 434b1bs gl + 3b3 + 672xb3 g2 (ak + ) (19)
672kbs3 g} ’

3¢ (—35b380+b
_105b3g3 +3b; + \/exP (f#ﬁ‘;}éﬁ')) C1b3g3 (—1152480b3gg + 32928b1) + 11025ggb§ — 630b1b3g3 + 9b%
g1 ==

784b3 g3
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Therefore, the solution is

O(x.1) = [gy+ (3 (-1055,85+ 35,
J(-(-zu--):n)(-su’.;ul) 1|-|-z-:--):n)(-un’.;u')
+/-nszuo- 1% 183 gh+ 11025 g8} 4 32928 *[aehe _cu,b,g;-mb,b,.;nufl(-ssa,g;u,)
3(-(-3ax-0)rex) (-335,g5+,)
78455, | -105¢ PR Clbyg;

)(-(-h(-c)m.](-”b,“‘,tbl) )(-l-hl-u)ltn)(-”h,x;*b')
e s f-wer g
_ {108, g5 438, 4 [ -n1s2es0e [-5eha _C153 g5+ 11028 g3 b] + 32928 ¢ [ _Clby b, gy~ 630 b, gd + 98]

10976 b, g5

3-(-2ax-alr+x) (356, g5+ 5)) o - (293 +e20@s - 18 b b+ 61axh 243870 o
0
15, |]e

e aj—nusé TN
(20)
Also, if m =n = %, then the parameters are hold as

6 2 6 —b 2 A 2 2

c=—Qak+a), v =3k 0= BT TSI HIAEL  _( py =0, g9 = 2L,

622 82

\/66182 (—6b3glg? — 12b3g0gig — b3g! — 3bagogs — 328281 — g3 (b1 — k1))
0@)== . 1)
6ag,

§1v/6 (—5b1g3 + 5831k — 30b3g2g3 + bsg! — 15b2g0g3)
30g2\/ag2 (—6b3g585 — 12b38087182 — b3g! — 3b28083 — 3b28287 — &3 (b1 — kM)

P ==

With the obtained parameters, the solution is

2
. © —60 2(kn—b -
g% exp [ —i (6K ((ax+a)r+x) . 0)82+87 (kA=D1 )t g2 exp g]gz(zaxt+a3z+x)f6(m\ by) 1 Cig
82 6,Jag3 (cr—by)
. (22

¢ (x, t) = :
6 ex 8182 Qaxt+ar+x)V/6(kr—by) | _ c
82 (gz p ( 6 Jagd r—b1) 181
Fig. 4 represents the exact wave solutions given by Egs. (20) and (22) with the parameters a = 0.1, ¢ = =2,k =

I,by=1,b3=-0.1,g0=—-1,00=1,C;=01landa=1l,a =2,A=-2,k=1,60=1,C;=1,C, =1,g, =
1, go = —1, by = 1, respectively. The 3D, contour and 2D plots of real part of @ (x, t) are shown in Fig. 4i—ii (a),
(b) and (c) for each solution, respectively.

Case 5 Generalized anti-cubic Law:
When m = %, the equation has anti-cubic law nonlinearity. The parameters are hold as

81\/—261 (208352 + b1) (=3b1go + 28b2g3 + kA) /2 1)
Q(g):i ) ’P(é‘)::t ’gozﬁs
a 3,/—2a (20g3bs + by) !
(23)
781 3ak? — gok A — 3w 3ak? + gok A + 3w
C = ,e=— 0= =3Aa=—
3k 3k
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Fig. 3. (i) (a) 3D, (b) contour and (c) 2D plots (at t = 0, 0.2, 0.4, 0.6, 0.8) of the modulus of the exact wave solution of & (x,t) with
Parabolic Law when a = l,a =2, A =2,k =—1,00=1,g1 = 1,b; = —1,by = 2.

i) (a)

(ii) (a) 3D, (b) contour and (c) 2D plots (at t = 0, 0.2, 0.4, 0.6, 0.8) of the modulus of the exact wave solution of @ (x,t) with Dual-Power
Law when a = -1, =2, A =1,k =1,00=1,g1 =1 when C; =1, C, = 1, respectively.

So, the solution is

224byk3 33
2 281 ( 276} K)‘)
D (x,1) =

3b (3 22222 4 )
3,3 aK: w |1
2<224b2K » M) 35, .

2763 3«

2;2
(e )
1
196k202by g1 21b1g1 1126202bp g1
(szKZAZ 730))[ ( on? 3 + 3 +3b1g1
3by —1
exp| 2kA| ~———=———+x Tbl/S

x exp (i (—kx 4+ wt + 6p))

exp| —

(24)
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Fig. 4. (i) (a) 3D, (b) contour and (c) 2D plots (at t = 0, 0.2, 0.4, 0.6, 0.8) of the modulus of the exact wave solution of & (x,t) with
Polynomial Law when by =1,b3 =1,g0 = —1,6p = 1.

(ii) (a) 3D, (b) contour and (c) 2D plots (at t = 0, 0.2, 0.4, 0.6, 0.8) of the modulus of the exact wave solution in a rogue wave form of
® (x,t) with Triple-Power Law when a = l,a =2, A= -2,k =1,00=1,C; =1,Ca =1, g1 =1, g2 = —1,b; = 1, respectively.

Also, if m =n = %, then the parameters are hold as

wab aib (1673%/0¢> ~24r (3) 1 (3, -2) 3'°¢2 + 451 (3) %)

PO =600 = —"""%.
3 (=5¢b3by)"° s4(=s¢b3bs) " 1 (3)

)

(25)

(=55b3n)"°

32
c:—(2m<+a),v=—2)»,b1=aK2+E§a+aK+KA+a),g0= b
2
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As a result, the solution is obtained as

(=5 (x — Qax +a) 1) b3by)"/® exp (i (kx + wt + 60))

& (x, 1) =

by
3 _ 3
+ <9g1F (%) (— (x — Qak + @) t)3>1/ exp ((x(Zal;)-i—oz)t) exp (i (kx + wt 4+ 6p))

—24(x = Qax +a) 1) g15%0b T (§, - S=CUFO) 3131 (3) 416 (x — Qax + o) 1) 15703907 -
1/3
+e1 (= (x — Qak +a)1)?)"* 55/6p, ((x — Qax + ) 1)? (16n35/6 —24r (%) r (%, —%) 31/3) +45T (%) e2/5)

30 (= (x — Qax +a) 1) b3b3)

(26)

Fig. 5 represents the exact wave solutions given by Eqgs. (24) and (26) with the parameters a = 1,0 = =2, w =
—-lLA=-2k=16=1,b)=1,pb=1,gr=1anda=—-1l,a=-05b=1,bs=1L,0o=1,k=—-1,0) =
1, g1 = 1, respectively. The 3D, contour and 2D plots of real part of @ (x, t) are shown in Fig. 5i—ii (a), (b) and
(c) for each solution, respectively.

Case 6 Quadratic—cubic Law: The parameters are obtained as

2 4 b 2 2b
P)y=-1,a= §bg§’ c= —gbg(z)/c —o,v= Py o= gbgé 1—«k)—ak, A= 30
o8 (—iﬁ+ 2) 00 - jEg“/zam @7
T emexp@) T T 2a
and the solution is hold as
i u2g2+((m+a)i{ t+kx—0y «/—abz—((ZaK+a)t+x)g0b2«/§
g§C1 exp (_ (( - ) 2\/)Thz )
7 = 2
(x’ t) C ex ((2ak+oz)t+x)g0b2«/§ _ ( 8)
8oL 1 exp 2 —aby 81
Fig. 6 represents the exact wave solutions given by Eq. (28) with the parameters « = 0.2, b = —1, go = —0.1, g; =

—1,x = 1,6y = 2. The 3D, contour and 2D plots of real part of & (x,t) are shown in Fig. 6(a), (b) and (c) for
each solution, respectively.

Case 7 Parabolic—-Nonlocal combo Law: In the view of the previous cases, two types of nonlinearities are obtained.
In the case of m = 1 and b; = b, = 0, the equation has nonlocal law nonlinearity. The parameters are hold as

b1 +2b80Q(¢) £ [b2g} — 4b2g0g1 O(0) + 4b2g3 Q¢ + 2bwcrg] — 4baQ(¢)?

P()=- ,
2bg)
Te1 (65 - 7~/145) b (2933 n 413«/145)
e = 57620 U= 5184k ’
a5 (65 -7v135) L0, (29)
w=—bgy — =bgy————"+ —bgjk" — ax,
54780 7 577807 ogg 21780

b(2933+413dﬁ) 1580C) (169+ 15%)

. gl =
7776k 7
S08 exp (‘ 71+m>
543
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Fig. 5. (i) (a) 3D, (b) contour and (c) 2D plots (at t = 0, 0.2, 0.4, 0.6, 0.8) of the modulus of the exact wave solution in a periodic form

of @ (x,t) with Anti-cubic Law when a = l, 0 = -2, 0o =—-1,A=-2,k =1,00=1,by =1,bh =1, = 1.
(ii) (a) 3D, (b) contour and (c) 2D plots (at t = 0, 0.2, 0.4, 0.6, 0.8) of the modulus of the exact wave solution in one-fold rogue wave

form of @ (x,t) with generalized anti-cubic Law when a = —1,0 = —0.5,b, = 1,03 =1, 0w =1,k = —1,0y = 1, g = 1, respectively.

and the solution is hold as

S (4Abgog1 — kAg? +2A%
Dx.1) =|g+a ( ! )
<2A2bg0g1 + Abg? + Agl\/4A2b2g% — 4Ab2gog) + 2brcrg? — 4A%ab + b2gf) S+ Cy (4Abgogr — krg? +2A%a)

x exp (i (kx + ot + 6p)) ,
(2Abgo +bgy — \/4A2b2 g5 — 4Ab%gog1 + 2bkAg? — 4A%ab + b2gf) (x —ct)

S = -
exp e
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[==t0——t=02 — — =04 — — =06 — — t=08]

(a) (b) (c)

Fig. 6. (a) 3D, (b) contour and (c) 2D plots (at t = 0, 0.2, 0.4, 0.6, 0.8) of the modulus of the exact wave solution of @ (x, ) as a peaked
rogue wave form with Quadratic—cubic Law when ¢« = 0.2,b = —1,g0=—-0.1,g1 = -1,k =1,6) = 2.

(30)
Also, if m = 1 and by # 0, by # 0, b3 # 0, the equation has parabolic—nonlocal law nonlinearity. The parameters
are hold as
g1V —babs bago 3 2 4
=4+ P =F——— c=—2akta),v=——,w=—ak" —ak — b
0(©) T (©) ¢@ ( ) 2 280
(ak? + @k + ) bs, /2 (2b3y/=b3bs — aby)
= _ , 31
&0 b3/ —bab, — aby ©1)
(—4b3 — 4b3 (ax® + ak) + 2abs (kh — by) + a*by) /=b3by + 4b3 (k) — by) + aby)
w= .
4b§«/—b3b2
Therefore, the solution is given as
. (ax + ek + ) b3\ /=2 (2b3/=B3bs — abn) &/@ﬂ+w+@h/4@MWMb—wﬁ
(x’t) =~ . _ - 2by b3 (ak2+ak+)((2ka+a)t+x)C;
2bs baba = ab> QJB\/TM - abz) °xp (_ t§b3vtb3;—);(bz)vtb3t; N gl)
X exp (i (—«kx + wt + 6p))
(32)

Fig. 7 represents the exact wave solutions given by Eqgs. (30) and (32) with the parameters « = 0.2,b =2,k =
1,90 = l,go = —O.S,Cl =1and a = 1,0[ = —2,)\ = —2,/( = 1,90 = 1,b1 = —1,b2 = 1,b3 = 1,g1 =
—1, Cy = —1, respectively. The 3D, contour and 2D plots of real part of @ (x,t) are shown in Fig. 7i-ii (a), (b)
and (c) for each solution, respectively.

Case 8 Generalized form for F(u) = byu" + byu®* 4 bsu" + by (u),, includes previous nonlinearity cases which
are given following Table 1.

Now, Eq. (3) is considered for the nonzero coefficients by, by, b3, bs, n and the given procedure is applied to
obtain the solutions of Eq. (1) with Eq. (3).

Applying the given procedure, the solution set is obtained as follows;

A 3k rby + ab
c=—Qak +a),v=——,0=—«(ak + ), b; =K4—+a2_
2 3b,
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Fig. 7. (i) (a) 3D, (b) contour and (c) 2D plots (at t = 0, 0.2, 0.4, 0.6, 0.8) of the modulus of the exact wave solution of @ (x,r) with
nonlocal Law when « =0.2,b =2,k =1,00=1,g0=—0.5,C; = 1.

(ii) (a) 3D, (b) contour and (c) 2D plots (at t = 0, 0.2, 0.4, 0.6, 0.8) of the modulus of the exact wave solution of @ (x,t) with
parabolic-nonlocal-combo Law when a = l,a0 = -2, A =-2,k =1,6p=1,b; =—1,bp =1,b3 =1, g1 = —1, C; = —1, respectively.

The solution is hold

P(x,t)=1]g0+ 281800 exp (i (—k (x + (ak +a) 1) + 6)) .

2g0b2 ((2ka+a)t+x)

—21b3ggg1 — bagi
| —6by (21b3gg+b2)

280b>C exp

(34)

Fig. 8 represents the exact wave solutions as rogue wave given by Eq. (34) with the parameters ¢ = 1,a =
—2,A=-2,k=5by=1,b3=—1,by = —1, go = 0.00001, g, = -2, C; = —2, 6y = —2. The 3D, contour and
2D plots of real part of @ (x,t) are shown in Fig. 8(a), (b) and (c) for each solution, respectively.
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Table 1
Reductions of Eq. (3) due to coefficients by, by, b3, ba, n

by=b3=bys=0,by =b bu", Power law

b3y=by=0,n=1 byu + byu?, Parabolic law

by =Dby =0 biu" + byu®", Dual-power law

by=0,n=1 biu + byu® + b3u®, Polynomial law

by =0 biu" 4 byu® + b3u®", Triple power law
by=bs=0,n= % by+/u + byu, Quadratic—cubic law

by =by=b3=0,by=b b (u),, , Non-local law

b3=0,n=1 biu + bou® + by (1) vx » Parabolic—Nonlocal combo law
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Fig. 8. (a) 3D, (b) contour and (c) 2D plots (at t = 0, 0.2, 0.4, 0.6, 0.8) of the modulus of the exact wave solution of @ (x, t) as a periodic
rogue wave form with F(u) = bju” + byu®* + b3u®" + by (), when a = l,a = 2,0 = -2,k =5,by = 1,b3 = —1,bg = —1,g0 =
0.00001, gy = —=2,Cy = —=2,6p = 2.

The solution sets include one of the reduced cases when b3 = 0 that correspond to parabolic non-local combo
law. Additionally, one new case is obtained for by = 0,53 =0

c 5¢1 by (—4b2g3 + 3k 1) 8kbybagl — 6Kk*Aby + aby
1= ,a = — ,C = — )
b b
ldgoexp  —s0i/e ) : g
S0 exp (3174«/—(1)2174)_1
(35)
. _3?)», " _4K2b2b4g0 bzgo — 3Z3Ab4 + K)»bzg% + oucbz’b1 —0.by =0,
2
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Fig. 9. (a) 3D, (b) contour and (c) 2D plots (at t = 0, 0.2, 0.4, 0.6, 0.8) of the modulus of the exact wave solution of & (x,t) as one-fold
rogue wave form with F(u) = bou® + by () Wwhen o = -2, A =-2,k=1,0=1,bp=1,bs=—-1,80=1,8 =—1.

and its solution is given as follows

2
2g0x/6<—<<%+%>t+%)bz+xzkl)4l‘)
go|Sexp| — = +7exp(

8()«/3(8Ktbzb4g(2)76K2Atb4+atb2+xb2)
3/ —baby

P (x,1) =

Sexp | —

4Kb4g§ o X 2
2g0\/5(7(< 3 6 )it )bkt 7 gO«/@(SKtb;b;;gé—szktb4+atb2+xb2)
—habs exp 3V —habs

X exp (,- (8603 + ((4xbagl + )t — kx + 60) bo) + 3”’“’4) . (36)

by

Fig. 9 represents the exact wave solutions as one-fold rogue waves given by Eq. (36) with the parameters
o =-2,1=-2,6=1,6=1,bp =1,by = —1,g0 = 1,8 = —1. The 3D, contour and 2D plots of real
part of @ (x, t) are shown in Fig. 9. (a), (b) and (c) for each solution, respectively.

4. Conclusion

The generalized form of modified nonlinear Schrodinger equation (Eq. (2)) has been modified due to the
inadequacy of the classical NSE. Therefore, many modifications of NSE have been seen in the literature due to the
nonlinearities. In this paper, the generalized form of modified nonlinear Schrédinger equation with various types
of nonlinearities is proposed. As a significant point, generalized nonlinearity is proposed which includes many
nonlinearities. To obtain exact solutions, Bernoulli equation method, which is one of the ansatz-based methods, is
considered. The rogue waves, solitons, and periodic solutions are all represented as a result. The results will be
considered for the new application areas of the generalized form of modified NSE.
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