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Abstract: In the present study, the ion-acoustic solitary
wave solutions for Kadomtsev—Petviashvili (KP) equa-
tion, potential KP equation, and Gardner KP equation
are constructed. The nonlinear KP equations are studying
the nonlinear process of waves without collisions plasma
and having non-isothermal electrons and cold ions. Two-
dimensional ion-acoustic solitary waves (IASWs) in mag-
netized plasma are consisting of electrons and ions. We
obtained the ion-acoustic solitary wave solutions same as
dark and bright, kink and anti-kink wave solitons. The
physical phenomena of various structures for IASWs
are represented graphically with symbolic computations.
These results are more helpful in the development of
soliton dynamics, quantum plasma, dynamic of adiabatic
parameters, fluid dynamics, and industrial phenomena.

Keywords: modified mathematical method, Kadomtsev—
Petviashvili equation, potential KP equation, Gardner KP
equation, ion-acoustic solitary wave solutions, solitons

1 Introduction

Kadomtsev and Petviashvili in 1970, first time introduced
the important nonlinear Kadomtsev—Petviashvili (KP) equa-
tion, which is the generalized Korteweg—de Vries (KdV)
equation of two space variables [1]. The KP equation
explains the phenomena for weakly dispersive waves. The
KP equation can be used as a model of long wavelength
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water waves having weak nonlinear restoring forces and
frequency dispersion. From the last five decades, a much
analytical and numerical research has been carried out
on various forms of KP equation. In recent years, KP
equation has large deal of interest because of its explicit
solutions including multi-solitons, periodic, and rational
solutions in variables x and y [2]. The solutions and
explicit solutions of KP equations are obtained by using
the elementary techniques, see ref. [2,3]. The numerical
solutions of KP equation by numerical approach are
found in ref. [4]. By adomian decomposition method,
the numerical solutions including solitons are derived
in ref. [5].

The dusty plasma is ionized gas, which contains a
little particle of matter in solid form, has size range
from tens of nanometers to hundreds of microns. The
solitons are solitary waves which represent an important
feature for nonlinearity marvels in a system of space. The
nonlinear partial differential equations (NLPDEs) have a
specified type of contained results and possess different
important features [6-16].

The study of dust plasmas containing huge dust par-
ticles is very significant to understand various behaviors
for industrial physical applications, space, and astrophy-
sical [17]. The dust plasma has potential applications in
the research for space medium, e.g., zone of asteroid,
cometary tails, planet rings, earth environments, medium
of interstellar, and astrophysical [18-22]. The grains in
the form of dust have negative charge because the number
of various processes of charging, for example, ultra violet
radiation, field emission, and current of plasma [23-25].
The effects of nonthermal supply for dust fluid and
ions temperature on random amplitude applied in soli-
tary construction of electrostatic and effective models,
and exist in hot nonthermal dusty plasmas models
containing hot nonthermal distributed ions and dust
fluid [26,27].

The Sagdeev pseudo-potential and solitons of rare-
factive are finding Bolltzmannian electrons and ions for
dust-acoustic solitary waves under dust plasma [28].
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Sagdeev reported that ion-acoustic waves under unmag-
netized plasma have isothermal electrons, hot and cold
ions [29]. He studied oscillation of scientific particles for
nonlinear wave in good potential such as equation of
integral energy to find the families of basic equations
for plasma dynamic. He derived the Sagdeev potential,
which is useful to measure the presence of various char-
acteristics of soliton in plasma. In a dynamical system,
the number of trapped ions is ignored because of a very
small number of ions. The number of trap electrons is
more, but the electron distribution is less under an ion-
acoustic wave. So the distribution effect of trap electron is
not Maxwellian, and these are not counted under the
observation.

In the recent years, many researchers constructed
the solutions for NLPDEs. Therefore, to construct the
solutions for these NLPDEs many scholars and mathema-
ticians developed many techniques. The list of some tech-
niques are the scheme of Backlund transformed, the
Hirota bilinear technique, the scheme of Darboux trans-
formed, Exp-function method, the scheme of Jacobian
technique, the scheme of trial equation, simple equation
technique, the extension of fan-sub equation technique,
the extend mapping technique, the technique of sinh-
cosh, the direct algebraic technique, the scheme F-expan-
sion technique, the modified tanh technique, the Riccati
equation mapping technique, the extension of auxiliary
equation technique, and Seadawy techniques [30-53].
We constructed the bright-dark solitons as in form ion-
acoustic solitary wave solutions for three nonlinear PDEs
by modified technique [54-64].

This article is arranged as follows: Introduction is
given in Section 1. In Section 2, the proposed technique
is described. Formulation for Sagdeev potential by basic
equations is explained in Section 3. In Section 4, we con-
struct solitonic solutions for equations by the described
technique. In Section 5, the obtained results are dis-
cussed. Conclusion of this study is given in Section 6.

2 Algorithm of proposed method

Consider the NLPDEs in general form as:
S(¢[’ ¢X’ ¢ ) ¢[[) ¢XX’ ¢ ’ ¢X[’ ) = O, (1)

where S denotes polynomial function for ¢(x, y, t) and its
all derivatives. The main features for proposed technique
are explained as follows:
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Step 1: Consider the traveling wave transform as:
V(C) = ¢(X’ Y, t)’

By using Eq. (2), the ODE (ordinary differential equation)
for Eq. (1), we obtain

¢ =xx+ Ay + ut. )

RV, V" v, ..)=0, 3

where R denotes polynomial function in V({) and their
derivatives.

Step 2: The trial solution for Eq. (3) is considered as
follows:

V)= Ya¥ @) + Y b

=0 I=-1

Y'(¢{)
W(O)F2Y'(() d ( )
+ IZ;CI + Z Y0

(4)

where a;, by, ¢, d;, (I = 0, 1, 2, 3,...) denote constant para-
meters to be determined later, while ¥({) satisfy the fol-
lowing auxiliary equation:

(dqj) VBYAE) + BY(E) + BWH(Q) - )

Step 3: Apply the homogeneous rule in Eq. (3), to balance
the highest order derivative and nonlinear term to deter-
mine m for Eq. (4).

Step 4: Substitute Eq. (4) in Eq. (5) and Eq. (3), and
combine each coefficient of ¥'X{)WI(() (k=0,1;1=1,
2, 3,...m) then each coefficient equates to zero. We
obtained a system of algebraic equations and solved
them by symbolic computation and obtained parameter
values. Substituting parameter values and W({) in Eq. (4),
solutions for Eq. (1) are obtained.

3 Formulation of Sagdeev potential
by set of basic equations

Consider the collisionless plasma containing nonisothermal
cold ions and electrons. The plasma model considered the
free electrons temperature (T,f), with trap electrons tempera-
ture (T,;), move with good potential, continuously lose
energy, and a consequences upper electronsmove front
and back with good potential and become trap in good
potential under plasma. The electron density and effect of
trapped electrons [65,66] are defined as:
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%{exp(mﬁ)erf (Jop),

m@=ﬁ%0wﬂwwﬂwﬁ+

The function of distribution of electron is f,(x, r) and ratio
between temperature of free and trapped electronsiso = %

By applying Taylor series in Eq. (6), for ¢ < 1, electron den-

% exp| —({/-0¢)? j
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where ¢ > 0;
J-op (6)
exp(X?dX)|, where o < 0.
0
Sagdeev potential [24] is taken as:
8 s
et V , — 1 —ex + = 5 v
(¢, W p($) 15B¢z 105 y¢2
(12)

sity n, is obtained as:

~ 4,5 1, 8 5 1.
ne—1+¢_§B¢Z+E¢ —EY¢Z+E¢ + .., (7)
where n, denotes electron density and ¢ is the potential
normalized by unperturbed electron density ng and Kol

respectlvely. KB 1s the Boltzmann constant, 8 = 7’ and
Y= ! ; . The plasma has flat top and Maxwellian
distribution foro = 0 and o = 1. If B =0andy = 0, deter-
mine electron densmes 1sotherma1 plasmas. The condi-
tionsare0 < f < — J_ O<y<— J_ for the non-isothermal
plasma. Consider the families of basic equations repre-
sent dynamic plasma under describe fluid, followed by

Das and Sen (1994) as:

a_n + a—nu =0, (8)
ot ox

% = ua—n + 6_u 9)
ax ox ot

Poisson’s equation is accompanied as:

P

52 (10)

=n, - n,

where n is the ion density, normal by the ny move by
1

velocity, u normal with ion acoustic speed Cs = (KB )2.
The space x has Debye length Ap = ( ';'f“’g 2) and time ¢!
0

1
has ion-frequency (4”"—";3) For checking the stable solu-

tions for Egs. (8)—(10), suppose the physical parameters
depend on space and time x, t with relation (¢ = x — ut),
and the wave Mach number is u. Consider { — +oo for
bounded solution, the plasma parameters u and ¢ are set
to be zero. By applying these conditions the families of
basic Egs. (8)—(10) are changed as:

2
%(%) +V(p ) =0 (1

d¢

o

With parameter selection u, 8, and y, various types of
solutions for Eq. (12) are obtained.

4 Applications of described
method for nonlinear dynamical
equations

Here, we applied the proposed technique for the con-

struction of solitary wave solutions for three nonlinear
dynamical equations.

4.1 KP equation

Consider the KP equation as:

(; + 60, + b x + 39, = (13)
and the transformation of wave as:
V) =0y, ), (=rc+Ay+pt,  (14)
putting Eq. (14) in Eq. (13), we obtain:
V" + 6x2(V')? + 6x2VV" + x4V + 302V" = 0, (15)

and integrate Eq. (15), once with respect to { with zero
constant of integration,which becomes

ukV' + 6xk2VV' + k*V" + 302V' = 0 (16)

and balancing higher order derivative and nonlinear term
in Eq. (16), we obtain m = 2. The general solution for
Eq. (16) is obtained as:
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V() =ao + @ ¥({) + & ¥({) + ‘I’IZ() + ‘I’?EY
, ) | (YOY
+ CZ\II (() + d1 ‘IJ(() + dz( ‘I’(() ) .

Substitute Eq. (17) in Eq. (16), and combine each coeffi-
cient of ¥'XOWI() (k=0,1;i=1,2,3,4,5,...m), and
equate each coefficient to zero. We obtain system of equa-
tions. After solving the system of equations by Mathema-
tica, the values of constants are obtained as:

Case-I

ap=ao, a;=—P,(dy+x?), ay = -2B;k* - B3d,,
B
bi=b,=¢=d; =0, = d,
1 2=0 1= /31 ﬁ3 2 (18)
_ —24aoPyr? — Bix" — 12B:0% — 6B d) K2

4.k

Substituting Eq. (18) in Eq. (17), then solutions for Eq. (13)
are obtained as:

b6y, O = a0 + By(ds + Kz)(s coth[%ﬂ?1 «+ (O)] + 1) x
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(Figure 1).
Case-II
_ —Px* — 6Bdax® — xu - 30
°" 6K
a==+./BB; 2%+ dy), ar = —2ﬁ3’<2 - B;d,
ﬁ2=¢2\/ﬁ71\/ﬁ73, dy=d, bj=by=¢=d =

Putting Eq. (22), in Eq. (17), only positive value for ay,
solutions for Eq. (13) are obtained as:

>

(22)

B esch| 1B ¢+ )|
4(8 coth[%\/ﬁj((+ (0)] + 1)2

B,(6dx? + k%) + xp + 372
6x?

2p21%[B; (dy + Kz)(s coth[ N A(EXS) ] + 1)
B,
B2B,(e + 2)(e coth [ 1B ¢ + )] +1)°
_ b 23)

¢4(X’ Y, t) =

Beesch| LB+ ¢ [

4(8 coth[%\/ﬁj((+ (0)] + 1)2

(19)
BBy + 26 coth[ B¢+ 4] + 1)
B '
b0y, 1) = ao + Byda(ne cosh B, (§ + §)] + £)2A(n + cosh[ B, (§ + ¢
B e sinh[ /B, ({ + &,)]
h[ h[ AN 2
(1 + cosh[/B, (§ + {)] + e sinh[ B, (§ + §,)D?) BZJIZ - K )[mcosh[ﬁ(“(o)] +1 0
_ Bidz + 2%)(n + cosh| [B.({ + )] + e sinh[ /B, ({ + (0)])2
4(n + cosh[\[B; (§ + ¢)])?
d5(x, y, ) = ag + Bydoe®(yp? + 1 cosh[ /B, (¢ + {)] - psinh[ /B, (§ + ¢)] + D2/((14/p? + 1 + cosh[|[B, ({ + {)])?
(/p? + 1 + pe + cosh[\[B, ({ + §,)] + esinh[ /B, (§ + {)D?)
. 2
B s 2| S sinh[ B, G+ @D o
nvp? +1 + cosh[J,BT((+ ')
&(p + sinh[ B, ({ + {)D)

+ By(-d; - Kz)[—

nyp* +1 + cosh[\/ﬁi((+ ')

) 1],
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Figure 1: Three dimensional, two dimensional, and contour plots for Eq. (19) represent dark soliton while g, = 0.3, k = 2, y = 0.5, A = 1.4,
€=1,n=1,p4,=02,p,=04,B=02,a=1,dr=1,y=1.

bs(x, v, t) = Byda(ne cosh[ B, (§ + §,)] + €)2A(n + cosh[|[B, (§ + 1)
x (n + cosh[ B, (¢ + {1 + e sinh[ /B, ( + {D?)
By(dy + k2)(n + coshl B, (§ + )] + & sinh[ /B, ( + ¢,)])
) n + cosh[ B, (§ + ¢yl
B.(d> + 2k®)(n + COSh[\/ﬁT((*' (D] +¢€ Sinhh/ﬁj(("’ D? B6dK? + k) + K + 342
- 4(n + cosh[ B, (¢ + I - 62 '

(24)
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Pe(x, v, t) = Bydoe?(ny/p? + 1 cosh[[B, (¢ + {o)] = psinh[ /B, ( + ()] + D2/((ny/p? + 1 + cosh[[B, ({ + ¢,)])?
(ny/p? + 1 + pe + cosh[ B, ({ + {1 + e sinh[[B, ( + {)])?)
(6K + k) + K+ 302 5 P e(p + sinh[ B, ({ + {)D 1
6x2 * 2B s (s + ) nyp? + 1 + cosh[ B, (¢ + {)]
ep + simh[\BC+ D ’
nWp? +1 + cosh[\/ﬂ_l((+ )l

(25)

- By(dr + ZKZ)[

(Figure 2).

(b)
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T
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T

-4 ) 0 2 4

Figure 2: Three dimensional, two dimensional, and contour plots for Eq. (20) representing bright soliton while {, = 0.3, k = 2, y = 0.5,
A=14,e=1,n=1,0,=02,8,=04,p,=02,a8=1,d=1y=1
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Case-III 4.2 Potential KP equation
Rk — 2 aay _ 3N2
ap = P - 6B 1‘é2"2 K - 3k , Consider the potential KP equation as:
K
3 1 3
a = i2d2\/B71\/B73’ (26) ¢xt + E¢x¢xx + Zd)xxxx + Z(pyy = 0.

a=-B:dr, B, = ¥2B;/B5,
bj _b, 3: ZCZ :2 d = O\,/—cllz\/:—g . We apply the wave transformation:

V(() = ¢(Xy Y, t)y (: KX+Ay+I,lt.
Substituting Eq. (26), in Eq. (17), only positive value for

@, solutions for Eq. (13) are obtained as: Putting Eq. (31) in Eq. (30), we obtain:
X, Y, t)=— + y) e P
7 6K2 1 4(8 Coth[%\/ﬁ—l((+ (0)] + 1)2 6
2
282\ [B (e coth[ 1B G + )] +1)  BiBuda(e coth[ 1 Biex + Ay + e + &) +1)
i B, i B ’

bsx, ¥, 1) = Bydo(ne coshlJB, (§ + ¢ + €)*A(n + cosh[JB, (§ + ¢)I)?

inh
x (n + cosh[\/ﬁ—l((+ )l +¢€ sinh[JﬁT(@r D) - Bldz[ ne sin [\/ﬁj((+ &)l . 1)

+ cosh[ /B, ({ + ¢y
1 € sinh[\/ﬁ—l((+ &)1 ’ B.(6d:x? + k%) + ku + 342
- = ld2 +1] - > .
4 n+ cosh[\/ﬁ_l((+ )] 6K
(Figure 3).

Po(x, y, 1) = Byt (np? + 1 cosh[ (B, (§ + §)] — psinh[\[B, (§ + &)1 + D?/((ny/p? + 1 + cosh[JB, ({ + {)])?
x (Nyp? + 1 + pe + cosh[ B, ({ + §)] + e sinh[ /B, ( + {HD?)
B,(6d:k? + k*) + K + 312 e(p + sinh[ /B, ({ + )]
- 2 | - -1
6x> * 2B P> { nyp? + 1 + cosh[ /B, ({ + ¢

2
e(p + sinh[\[B,({ + () .
nyp® + 1 + cosh[ /B, (¢ + &)l

- B3d2

where { = kx + Ay + ut (Figure 4).

uxV" + %KBV'V" + %KZ'V”" + %AZV” =0.

30)

€Y

27)

(28)

(29)

(32)
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Figure 3: Three dimensional, two dimensional, and contour plots for Eq. (21) representing anti-kink wave soliton when g, = 0.3, k = 2,
p=25A=1be=1,n=16=02p,=04p=02p=030=1,d=1y=1

Integrating Eq. (32), once with respect to { and integra- Putting Eq. (34) in Eq. (33), and after solving, we
tion constant equate to zero, we obtain: obtain:

(%/12 + ;uc)V’ + %K3(V’)2 + %x‘*V”’ =0. (33) Case-I

Balancing highest order derivative and nonlinear termin Eq. 33), %~ 205\ BiBs» @2 = —Bydy, = -2, dy = dy,
we obtain m = 2. The general solution for Eq. (33) is given as: = —px* - 372 , B, = ¢2\/m’ bi=by=c,=0. (35)

4x
b b
_ 2 1 2
VO =ao + a¥(§) + & ()" + Y " Y(()? Substitute Eq. (35) in Eq. (34), only positive value for a,

w'({) N dz(qﬂ(() )2. (34) then solutions for Eq. (30) are obtained as:
¥(() ¥(()

+o¥'(() + 4
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P06, y, ) =ao + (JB, (e csch[% B+ (0)]2 B2(\JB, dse + 2x(cosh[ /B, (¢ + )] + e sinh[ /B, ({ + {)] - 1)
1 3

- 88,8,/ d2(£ coth[zﬂz—1 ¢+ (0)] + 1)

4 2
_ 4ﬁ13/2ﬁ3d2(8 coth[%\/E(C+ (0)] + 1) )]/4[322(8 coth[%\/ﬁl((+ (0)] + 1) ,

36)

1
10

Figure 4: Three dimensional, two dimensional, and contour plots for Eq. (23) representing dark soliton when g, = 0.3, k = 2, y = 0.5,

A=14,e=1,n0=1,8,=02,8,=04,B,=02,a=1,d,=1,y=1.
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Gy, 1) = ao — 2,[B,ke( cosh[ /B, (§ + {)] + 1)/(n + cosh[\[B, (§ + {y)]
1 + cosh[ /B, (¢ + {)] + e sinh[ /B, (¢ + ¢
+ Byda(ne cosh[[B, (¢ + {o)] + £)2A(n + cosh[\[B; (§ + ¢)])?
x (1 + cosh[ B, (¢ + ] + e sinh[ /B, (§ + ¢)I)?)

e sinh[ /B, (¢ + &) 1 e sinh[ /B, ({ + )] ’
- Bid, +1| - —B,d> +1],
n + cosh[ /B, (¢ + ¢l 4 n + cosh[ /B, ({ + &)l

P5(x, v, £) = ao — 2,/B,ke(ny/p? + 1 cosh[ /B, ({ + ¢)] - psinh[\[B, ( + {)] + D/(y/p? + 1 + cosh[ /B, ({ + {)]

np* +1 + pe + cosh[\/ﬁu’l((+ )l + ¢ sinh[\/ﬁj((+ &)D

+ BideX(yp? + 1 cosh[JB, (¢ + {1 — psinh[ /B, ({ + ()] + D?/((1/p? + 1 + cosh[[B, ({ + {)])

nJp? +1 + pe + cosh[\/ﬁj((+ ] + ssinh[\/ﬁj((+ OD?)

i . 2
. 2\/[371\/[73@[ e(p + smhL/ﬁT((+ D 1) B ﬂ3d2[ e(p + smh[\/ﬁj((ﬁL '®))) . 1] .

B nyp* +1 + cosh[\/ﬁi((+ 'Sl B nyp* +1 + cosh[\/ﬁj((+ 'S

(Figure 5).
Case-II
—Bx* - 34
@ =+ B0+ 2[Bidr), @ = ~Pody, oy =~k p=———, dy =, B, = -2B;, bi=b;==0.

Substituting Eq. (39) in Eq. (34), only positive value for a;, then solutions for Eq. (30) are obtained as:
2 4
\/EKE csch [%Jﬁj(( + (0)] B,dxe? csch [%\/ﬁj(( + (0)]
+
1 2
2¢ coth [ 3B, (§ + ¢ | + 2 4(e coth[ LB ¢+ )] + 1)

BB s + 0(ecoth[ 3B+ 8] +1)  Bisc(e coth[ 2B+ 6] + 1)
. B, . B ’

¢s(x,y, t) = ao - B xe(n cosh[ B, ({ + )] + 1/ + cosh[ /B, (§ + )]

o,(x,y, t)=ap +

esinh[ /B, (¢ + )]

n + cosh[ /B, ({ + ¢ + e sinh[ /B, ({ + {)I) - %\/E (2,/B, d> + x)[n

+ Bidx(ne cosh[[B, (¢ + {1 + €)2A(n + cosh[ /B, (§ + &)

e sinh[ /B, ({ + ;)] . 1]2

x (7 + cosh[\[B, (¢ + ¢,)] + & sinh[ /B, (§ + {)])?) - %Bldz(n + coshl B ¢ + {)]
1 0

+ cosh[ /B, ({ + ¢y ’

J

@37

(38)

39)

(40)

(41)
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-4 -2 0 2 4

Figure 5: Three dimensional, two dimensional, and contour plots for Eq. (36) representing solitary wave when ¢, = 0.3, k = 2, y = 0.5,
A=14,e=1,n=1,8=02,8,=0.4,B8,=02,a=1,d,=1,y=1.

b, y, ) = ao + JBxe(n(=/p? + 1) cosh[\[B, (¢ + {,)] + psinh[\[B,( + {)] - 1)
Jp? + 1 + cosh[[B,({ + )]
x nJp? +1 + pe + cosh[\/[Tl((+ )] + € sinh[\/ﬁ_l((+ D +
BydeX(ny/p? + 1 cosh[[B, (§ + {p)] - psinh[ B, ( + {)] + 1DX/((ny/p? + 1 + cosh[ B, (¢ + ¢{)I)?
x (/P> + 1 + pe + cosh[ /B, ({ + ()] + e sinh[ [, ({ + {)?) (42)
e(p + sinh[ B, (¢ + )
+Bs 2B, d> + K)[— s coil?[JﬁT((+ o - 1]

pof @t snBLECHOD ’
~ B.d, .
’ nWp? +1 + cosh[\/ﬁ_l((+ ')

(Figure 6).
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Figure 6: Three dimensional, two dimensional, and contour plots for Eq. (37) representing kink wave soliton when {; = 0.3, k = 2, y = 1.5,
A=14,e=1,n=1,6=02,08,=0.4,p,=02,a=1,d,=1,y=1.

Case-III oyt JB, e csch [%\/B—l ¢+ (0)]2
B Prly, =0+ ecoth[lﬁ((+()]+1
a = _ﬁde; a = _W’ d; = -2k, 2VP1 0
1 1 1
~ _ﬁlK4 — 3R ey, B~ /3_22 (43) + Z(B + Zecoth[E\/ﬁT(g# (0)]
- 4K P e 4ﬁ1’ 2 coth? 1 (44)
b, = bz =g =0. - &rcot I:E\/B—l((+ (0):|
Substituting Eq. (43) in Eq. (34), then solutions for g2csch [%\/ﬁ—l €+ (0)]4
+

1e

Eq. (30), we obtain: (s coth[ % \/E((Jr (0)] . 1)2
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b(x, ¥, t) = ao — 2/B, xe(n cosh[JB, (§ + {)] + 1A + cosh[[B, (¢ + {)]
x 1 + cosh[ B, (¢ + )] + e sinh[[B,({ + ¢)]) + Bida(ne cosh[[B, (¢ + ()] + €)?
A(n + cosh[ B, (§ + {H)?

x (1 + cosh[ /B, (¢ + {)] + e sinh[ /B, ({ + {)D?) (45)
& sinh[ B, ((+ ()] 2
N 113 \/Ed esinh[\/ﬁ_l((+ o) 1l ﬁzzdz(mcosh[\/ﬁl(n(o)] * 1)
2"\ B\ n + cosh[ B, (¢ + )] 168, '

bo(x, y, ) = ao — 2B, ke(y/p? + 1 cosh[JB, (¢ + ¢,)] = p sinh[ B, (¢ + )] + 1)/
X (n\/m + cosh[JE((+ (&]nW + pe + cosh[\/ﬂT(C+ )] + ssinh[\/ﬁj((+ B))]
+ Bydoe(np? + 1 cosh[ B, (§ + ¢p)] — psinh[{[B, (¢ + {)] + DY((n/p? + 1 + cosh[JB, (¢ + )]
x (P2 + 1 + pe + cosh[ [, (¢ + {,)] + £ sinh[ /B, (¢ + {HI)?) (46)

2
] B dz( e(p+sinh[ B, + o)) +1)

nyp? +1 + cosh[ /By (¢ + )]
4B,

_pal- e(p +sinh[ B+ )
2 nyp* +1 + cosh[\//?l((+ &l

(Figure 7).
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Figure 7: Three dimensional, two dimensional, and contour plots for Eq. (38) representing bright soliton when g, = 0.3, k = 2, g = 1.5,
A=1l4,e=1,n=1,8=02,8,=04,5,=0.2,p=08a=1d=1y=1
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Case-1V
oK~ 2\/B>1B2d2 B d>
=, ) = — )
2B, 4B,
b1:b2=C2=0 dl_ (47)
Bt =302 3A2 B
d=d, u= R = —=,
2= H= T B 4B,

Substituting Eq. (47) in Eq. (34), then solutions for
Eq. (30), we obtain:

DE GRUYTER

V() = p(x,y, 1),

Substituting Eq. (52) in Eq. (51), ODE of Eq. (51), we
obtain:

{=xx+ Ay + ut. (52)

(ukV' + 6x2VV' + 6ax?V2V' + k*V") + 22V" = 0. (53)

Integrating Eq. (53), once with respect to { and integra-
tion constant equal to zero, Eq. (53) becomes

P, ¥, 1) :% 4ay + 2\//371;([3 coth[%\/ﬂj(gw (0)] +

+ (3 +2¢ coth[%\/E(C+ (;0)] - g’ coth[%\/ﬁj(C+ (o)] +

¢11(X’ Vs t)=ao - \/EK‘E‘(”I COSh[\/B—l(( + (0)] +

+ esinh[/B,( + ¢)I) + Bida(ne coshl B, (§ + §,)] + €)2A( + cosh[|[B, (§ + {)I)?

x (1 + cosh[[B, ({ + {,)] + e sinh[ /B, (¢ + {))?)

ﬂ1 B esinh[\[B;({+ )]
ﬁz (K 2\/7 2)(q+cosh [B.(C+ 4ol *

B,

DX, y, O) = ag + \[Byke((—/p? + 1) cosh[\[B, ({ + {,)] + psinh[ B, ({ + {)] - D/(nyp? + 1 + cosh[\[B,({ + {y)]

x 1yp? + 1 + pe + cosh[ B, ({ + {,)] + e sinh[ /B, + &)
+ Byde?(nyp? + 1 cosh[JB, (§ + ¢p)]
x (nyp* + 1 + pe + cosh[ B, ({ + )] + e sinh[ B, ({ + {HN?)

ukV' + 6x2VV' + 6ax?V2V' + k4V" + A2V’ = 0. (54)
ecsch [%Jﬁi(( + (0)]2
ecoth[%\/ﬁi((+ (0)] +1
. (48)
2 csch[%JﬁT((+ (0)]
Al
(s coth [ 2B, (¢ + )| + 1)2
DAn + COSh[\/ﬁT((+ o)l + COSh[\/ﬁ—l((+ o)l
(49)
e sinh[ /B, (¢ + &) 2
1) Bzz d2(71+cosh\[/\/ﬁj({+ &l * 1)
) 168, '
— psinh[ /B, ({ + {)] + 12/((ny/p? + 1 + cosh[JB, ({ + {)])?
(50)

(p +sinh[ /B, ({+ &)
x - 2B d)| -—= oy
. ﬂz( \/B_l 2)( n p2+1+cosh[\/ﬁ—1((+(o)]

. Iy 2
&(p +sinh[{/B; ({+{p)D + 1)

Bz 2( nyp?+1+ cosh[\jﬁ—l((+ )l

2B,

where { = xx + Ay + ut (Figure 8).

4.3 Gardner KP equation

Here we take the Gardner KP equation as:
(¢, + 6P, + 6ap’, + P )x + B, = 0.

We apply the wave transformation as:

(51)

4By

Balancing the highest order derivative and nonlinear
term in Eq. (54), we obtain m = 2. The general solution
for Eq. (54) is as follows:

b, b
V() =ap + a¥({) + &P (()? + () \1/(2)2
, V), (YO
+ o) + d; ¥0) + dz( w0 ) .

Substituting Eq. (55) in Eq. (54), and after solving, we
obtain:
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=]

1
-4 =2 0 2 4

Figure 8: Three dimensional, two dimensional, and contour plots for Eq. (57) representing solitary wave when ¢; = 0.3, k = 2, y = 0.5,
A=1l4,e=1,n=-1,0,=02,8,=04,p,=02,a=1,a=1,d,=1,y=1.

Case-I where a < 0, and substitute Eq. (56) in Eq. (55), then we

obtain solutions for Eq. (51) as:
 —VaB,x - 2/B; - 4a[B;B\d>
4a/By ’

—JByx - vap,d;
- Ja

3aBk* — 8ap Byk* — 8aBA + 12B;k?
I‘l =

8ap;x

bi=b,=6=d =0,

ao

a , ) = ﬁ3(—d2), dy = dy, (56)

>

1| B csch[% B+ (O)]4 gﬁg + 4ap,d, + 2
¢ (X’ Y, t) = - 3
1 “ (ecotn[ 1B ¢ + ] +1) a

(57)

4B, (B + Va,) (e coth [ 1B ¢+ ] +1)  apiBsci(ecoth[ LB+ )] +1)
' vap, ) B
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(Figure 9).

=i =7 0 2 4

Figure 9: Three dimensional, two dimensional, and contour plots for Eq. (58) representing kink wave soliton when {; = 0.3,k = 2, y = 1.5,
A=14,e=1,n=1,6=02,08,=04,p,=02,a=1,a=1,d,=1,y=1.

by, v, ) = %(4/31612(718 cosh[ B, (¢ + ()] + £)2A(n + cosh[\[B;({ + {)I)?
e sinh[ B, (¢ + )] ) 1]2

x (1 + cosh[ B, (¢ + ] + e sinh[\[B; (§ + ¢)I)?) - ﬂle(

n+ cosh[ﬁ((+ )] (58)
- B e _esinhl By ()

a Ja
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P5(x, y, ) = Bydae?(nyp? + 1 cosh[ B, ({ + )] — psinh[ /B, ({ + {1 + 1)?/((ny/p? + 1 + cosh[ B, + {)])?
x (Nyp? + 1 + pe + cosh[ B, ({ + §)] + e sinh[ /B, ( + {)HD?)

(p +sinh[ /B, ({+{p)D)
Japx | 4ofidy +2  (=B3K - \/Hﬁzdz)(— A VB, ARUCEN 1)

B . nyp? +1 +cosh[\[B; ({+ )] (59)
4a Ja
2
b e(p + sinh[ \/E(CJf(o 1
32m/p +1+cosh\/7((+(0 '
Case-II
“2aB.d, — 1 K =2aB,x* — 2aA? + 3x?
Qo = 0([3172 al:—\/lT3 sy =—Pidy, dy=dy, u= ok i K,b1=b2=52=d1=0, (60)
2a Ja 20k
where a < 0, substituting Eq. (60) in Eq. (55), then solutions for Eq. (51) become:
w—ﬂl\/“x(e coth[ 2B, (¢ + )| + 1) - 2/32
==
¢4(X y,t)= aﬁz
\ 1 , (61)
0B g2 csch[%\/ﬁj((+ (0)] 4ﬂ1ﬁ3(£ Coth[i\/ﬂ—l((+ (0)] + 1)
X 1l —

4+ 1 2 B2
(e coth[ LB, ¢+ )] + 1) ;

b(x, y, t) = %(_2 — 4 dy+4p,dy4Pdo(ne coshl B, (§ + &) + €)/((n + cosh[ B, + {2
x (1 + cosh[ /B, (¢ + {)] + e sinh[ /B, ({ + {HD?)

(62)

ssmh[ Bl((+ ¢l

Yy ssinh[\/ﬂ_l((+(0)] \/7‘/— (n+cosh (VB ¢+ ] +1)
172 n+ cosh[\/ﬁj((+ (0)] Ja '

e(p+sinh[[B G+ L))
oy =—L g4 */EK(_n 2 +1 + coshl B¢ + ) 1)
b6(X, Y, —_Z—&Z_ Ja
+ By p? + 1 cosh B, (§ + (] - psinh[ B, (§ + {)] + D*/((yp? + 1 + cosh[JB, (§ + {)])?
x (Mp?> +1 + pe + cosh[\/B_l((+ $)l + esinh[\/E((+ ¢OD?)

e(p + sinh[ [, + {,))) ’
- B3d2 +1 .
nyp? + 1 + cosh[ /B, ({ + ¢

(63)

(Figure 10).

Case-III

-2ap,d, - 1 K 4ofx* — 2aA% + 3x>
= "1 4= Bdy, di=+——, dy=dy, Y= ,ai=bi=b,=¢=0, (64)
ao 20{ a ,33 2, dp N 2 2, U 2ax 1 1 2 2
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-4

Figure 10: Three dimensional, two dimensional, and contour plots for Eq. (59) representing dark soliton when {, = 0.3, k = 2, y = 0.5,
A=1l4,e=-1,n=-1,B,=02,8,=0.4,5,=02,p=08,a=1,a=1,d=1,y=1.

where a < 0, substituting Eq. (64) only positive value for d; in Eq. (55), then solutions for Eq. (51) become:

) ZJﬂ_lxecsch[%\/B_l((+ (0)]2 Y g2CSCh[%\/ﬁ—l((+ (0)]4 4
ﬁ(scoth[g\/ﬁj(G ] + 1) 12 (ecoth[%\/ﬂ—l((+ W]+ 1)2

4p2B(e coth [ B¢ + )] +1)
i By

=
QN

¢7(X’ y,t)=
(65)

where { = xx + Ay + ut.
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e,y £) = —i + JByxe(n cosh[JB, (¢ + )] + IAV&(n + coshl[B; (¢ + ¢
% 1+ cosh[[B; (¢ + {1 + & sinh[[B; (¢ + () — Bud

+ Byda(ne cosh[[B, (¢ + {o)] + £)2A(n + cosh[ (B, (§ + §)])?

x (1 + cosh[\[B, (¢ + )] + e sinh[ B, ({ + {)I)?) - %ﬂldz -

by, v £) = —i + JBixe(ny/p? + 1 cosh[[B;({ + ()] - psinh[ B, (¢ + {)] + 1)/

(Va(yp? + 1 + cosh[ /B, ({ + &)

nyp? + 1 + pe + cosh[ /B, ({ + )] + e sinh[ /B, + {)]) — Bida

+ By p? + 1 cosh B, (§ + ] - psinh[ B, (§ + )] + D*/((yp? + 1 + cosh[JB, (§ + {,)])?

(66)
e sinh[ /B, ({ + {,)] N
+ cosh[ /B, ({ + &)l

(67)

x (Nyp? + 1 + pe + cosh[ B, ({ + §)] + e sinh[ /B, (¢ + {HD?)

2

e(p + sinh[\[B,({ + (D N
nyp? +1 + cosh[\/ﬁj((+ )]

- B3d2

5 Results and discussion

We successfully constructed the new solitary wave solu-
tions including bright and dark, kink and anti-kink wave
solitons for three nonlinear PDEs by the proposed new
modified technique. Here we discuss the similarity and
difference between our new determined results with pre-
vious literature which have been found by other methods.
The scholar found a numerical solutions including soli-
tons by using the adomian decomposition method which
is mentioned in ref. [5]. Our constructed solutions are
new, more general, and different from that obtained in
the existing literature. These new solutions are obtained
in rational, elliptic, trigonometric, and hyperbolic form
including singular bright and dark solitons, kink and
anti-kink wave solitions.

From the above complete discussion we conclude
that our constructed solutions are different and new,
which have not been determined in the existing literature.
The all calculation shows that the proposed technique is
more powerful, effective, and reliable for analytically
investigating other various kinds of nonlinear PDEs.

6 Conclusion

In the present work, we successfully proposed modified
technique on three NLPDEs. We have determined new
ion acoustic solitary wave solutions for KP equation,

potential KP equation, and Gardner KP equation by the
modified mathematical method. We obtained the ion-
acoustic solitary wave solutions including singular dark
solitons, singular bright solitons, kink and anti-kink
wave solitons. We also represent physical interpreta-
tion of some obtained results by two-dimensional, three-
dimensional, and contour graphs by Mathematica to
understand the physical structure for ion-acoustic soli-
tary wave. The obtained solutions may have potential
applications in quantum plasma, optical fibers, soliton
dynamics, laser optics, dynamic of adiabatic parameters,
fluid dynamics, and various other fields. The complete
calculations show that the proposed technique is more
efficient, powerful, straightforward, and fruitful to inves-
tigate analytically other various kinds of NLPDEs.
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