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Abstract. In this paper, the auxiliary equation method is successfully applied to compute analytical solutions for
(3+1)-dimensional generalised Kadomtsev—Petviashvili and (24 1)-dimensional Gardner—-Kadomtsev—Petviashvili
equations, by introducing simple transformations. These results hold numerous travelling wave solutions that are
of key importance which provide a powerful mathematical tool for solving nonlinear wave equations in recent era
of applied science and engineering. The method can also be extended to other nonlinear evolution models arising

in contemporary physics.
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1. Introduction

Nonlinear evolution equations (NEEs) have been
studied in the last few decades. A veriety of NEEs are
integrated with the help of various interesting computa-
tional techniques. To understand the physical structure,
described by nonlinear partial differential equations
(PDEs), exact solutions to the nonlinear PDEs play
a crucial role in the study of the nonlinear models
appearing in diverse disciplines, for instance elec-
tromagnetic theory, geochemistry, astrophysics, fluid
dynamics, elastic media, nuclear physics, optical fibres,
high-energy physics, gravitation, statistical and con-
densed matter physics, biology, solid-state physics,
chemical kinematics, chemical physics, electrochem-
istry, fluid dynamics, acoustics, cosmology, plasma
physics, etc. [1-52].

Many well-known models have been established
to describe the dynamics of nonlinear waves aris-
ing in recent era of modern science and engineering,
such as the Korteweg—de Vries (KdV) equation [15],

Korteweg—de Vries Burgers equation [16,20], modified
Korteweg—de Vries (mKdV) equation [18], modified
Korteweg—de Vries Kadomtsev—Petviashvili (mKdV-
KP) equation [39], Boussinesq equation [21],
Zakharov—Kuznetsov—Burgers equation [31], modified
Korteweg—de Vries Zakharov—Kuznetsov equation [14,
25], Perergrine equation [45], Kawahara equation [36],
Benjamin—Bona—Mahoney equation [51], Kadomtsev—
Petviashvili-Benjamin—Bona—Mahony (KP-BBM)
equation [53], coupled Korteweg—de Vries equation
[13], coupled Boussinesq equation [52], Gardner equa-
tion [38], a combination of KdV and mKdV equations.
Numerous approaches, such as the travelling wave
solution [29,32], Cole-Hopf transformation, Painlevé
method, Bécklund transformation, amplitude ansatz
method [46], sine—cosine method, Darboux transforma-
tion, Hirota method, function transformation method
[50], Lie group analysis, extended simple equation
method [33], homogeneous balance method [23], sim-
ilarity reduced method, tanh method, fractional direct
algebraic function method [48], inverse scattering
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method [19], Hirota’s bilinear method [17],
homogeneous balance method [21], variational method
[26,28], algebraic method [30], sine—cosine method
[35], Jacobi elliptic function method [22,27],
F-expansion method [24], extended Fan sub-equation
method [41], (G'/G) expansion method [42-44], tanh
and extended tanh method [37,47], extended direct alge-
braic method [34] etc.

In this paper, the auxiliary equation method is applied
to compute the soliton solution of (3 + 1)-dimensional
generalised KP and (2 4+ 1)-dimensional Gardner—KP
equations. The completely integrable KP equation is one
of the models that describes the evolution of nonlinear
waves, which is the extension of the well-known KdV
equation, where the effect of the surface tension and the
viscosity is negligible [54-56].

The (3 + 1)-dimensional generalised KP equation
reads as

Uxxxy T Uy + Uy — Uzz + 3(uxuy)x =0. (D

Another model that is also considered and studied at
times is the combined KdV-mKdV equations, which is
recognised as the Gardener equation [15]. This describes
the internal solitary waves in shallow seas. The (2 4+ 1)-
dimensional Gardner—KP equation [40,49] is given by

(vt + 6vv, £ 6v2vx + vxxx)x + vy, =0. )

This paper is organised as follows: in §2, the
auxiliary equation method is introduced, while in §3, the
solutions of the nonlinear PDEs have been presented and
the physical interpretation of the solutions is discussed
in §4. In §5, the conclusions have been drawn.

2. The description of the auxiliary equation method

We shall briefly present the auxiliary equation method
(AEM) in the following steps:

Step 1: Let us have a general form of the nonlinear
PDE:

F(u, us, uy, Uy, Uz, Uxx, Uyy, Uzz, - . ) =0,
3)
where F' is a polynomial function with respect

to the indicated variables.
Step 2: The following wave variable is presented to

solve (3):

u(x,y,z,t) = F(). “4)
Transformation (4) converts the PDE (3) to an
ODE:

O;(F, Fg, Fge, Fege, .. .), )
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where F = F (&) is an unknown function.

Step 3: The main idea of the auxiliary equation method
based on expanding the travelling wave solu-
tion F(§) of eq. (5) as a finite series is

F(§) = iaj vl (&) (6)
j=0
Y satisfies
‘;—‘é’ = Co+ C1Y (&) + C2y* (8)
+ Gy (E) + Capt(©), (7
& =kix +kyy 4+ k3z — ot, 8)

where C; (i = 0,1,2,3,4) and k; (k =
1, 2, 3) are constants.

Step 4: Applying the homogeneous balance to (3), the
parameters n in (6) can be obtained.

Step 5: Substitute (6)—(8) into (3) and collect the coef-
ficients of /1 ®)| then solve the system for w
and C;.

Step 6: Substitute w, C; and () obtained in step 5
into (6) to obtain solutions for (1) and (2).

3. Soliton extraction

3.1 Three-dimensional generalised KP equation
Consider the transformation

ux,y,z,t) = u), &=kix+ky-+kyz—owt. 9)
Using (9) into (1),

k‘?kgu”" — (k1w + kow + k%)u”—i—6k%k2u'u" =0. (10)
Integrating and neglecting the constants of integration
kikou"" — (kiw + kow + k3 )u’ + 6kika(u')* = 0. (11)
Considering the homogeneous balance between (u’ )2

and u”’, gives n = 3. Suppose the solution of (11) is of
the form

u=ag+ay ) +ayE)’ +ayE)?’.

Substitute (6), (7) and (12) into (11) and collect the
coefficients of yJ/ &),

12)

Casel: C4 =0.
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(a)
=- arkiky (4e15 + 6
12163) 8a2k2kfe915+8( 1kika ( 2)
1
+— (64e915 askika (ki + ka)w + k3)
a
x (azkokie” + 1) + af (a262kiks — 4)
x (azkak? (8" + 3) + 4))"/ 2) . 13)
where
o a3 (kio + koo + k3)
1= s
Jadki (ko + ko + 1)
4k3 4o
0r=—>5 N3 2
awkiky(kiw+kow+k3)  axki(kiw+kow+k3)
4w

+ -
azklkz(kla) + kow + k3)

The parameters C; and a; become

1 4a1\/a§k§k2(k1w+k2w+k§) _ﬁ

Co = i
"7 16a2 k3 k ki
1
Ci = ———|4/a3k3 k3w + asktkaw + askikak3
1 8a§kf’k2< 2Kq 2R1R2 1 K2K3
—3a12a2k12k2> ,
3ay a»
Cr=—-"—", C3=——1,
2T T4 T T
apy=0, ar=Ai1, a2=»Xx, a3=0,

where A1 and A, are arbitrary constants. Hence, the
solution of (1) will be

62", [i3ka2 (k1 +h)o+K3) (kPkanae™ —1)

= 2 2008 11\
A5 (kadakiens 41)

x (k323K (—e*™) (n*(—ka)ki + (k1 +ko)w+K3)

— 2koa3kie™ (50T kaki + (k1 + ko)w + K3)

+661kkFeE [ kard (ki + koo + K3)

— Ja(n*(=k)k} + (ki + k) +£3)) (14)

where
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Kl (ki + ko + &)

n=

kika23
\/ \/ k*kz((k1+k2)w+k )15 —azkiky)

¥a(§) = azksz Y

ai

- 15

2ar (15)
where
) a%(kla) + koo + k%)

1= .
Jadkia ko + ko + k)

The parameters C; and a; become

L ( darJadkika(kiotkaw+K3) a§)
"7 16a2 ak3ky ki
1
C — 4/ a3k 0+ a3kikow+askikoks
' 8a2k3k2< 25 2HETRn T
— 3a12a2k2k12>,
3ay a»
C = -, = ——
2T T T T2k
ap=0, ar=x, ar=»xr, a3=0,

where A; and Aj are arbitrary constants, and hence the
solution of (1) will be

e’ Jkikadd (k1 + ko + K3) €7 + Kaak?)

Uy =
)\.% (k%kz)\,g — e”‘?)s

x (—2kaA3kie™ (ka(5n°ky + @) + k1w + k3)

+ 2267 (ko — 0°Kk]) + k1o + 13)

+ k3 03kt (ko (0 — n°K7) + ko + K3)

+ 6nkakie™ [k3kand ((ky + koo + K3)).

(16)

where

JEad (i + ko + &)
T] =

kikar3
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Casell: C3=0,C4 =0.
(a)

_ k1At
Y3(§) = Dar

J —klo—kaw—k3
Jkio—ko—i3 tan(s‘”’—z‘“>

TN
2a1vkivka

a7)

The parameters C; and a; become

Co = —cthok + ko + koo + k3 1=
4arkiks ’ ’

aj
ki’
ap=0, ay =X, a2 =0, a3 =0,

Cr, =

where A1 and A, are arbitrary constants, and hence the
solution of (1) will be

uz = nin tan(ni€)(— sec®(m)) (3nikoki (dniky
—m) sec’ (&) — dnthaki — kio + kow — K3),

(18)
where
\/_(kl + ko — k3
n = 373
25" iy
-k ko — 2
nm = .
Vkivky
(b)
J—kio—kyw—k?
Jkio—ko—k2 tan<sl§f+‘“3)
RN
V() = —

2a1Vkivke
19)

The parameters C; and a; become

kiw + kow + k3
= 16()—226()37 Cl 209 sz_a_17
darkiky

ap=0, ay=Xx1, a =0, a3 =0,

Co

where A1 is an arbitrary constant, and hence the solution
of (1) will be

ug = 2031, tanh (€ )sech? (i, €)
x (6m1kak? (2n1ky — ma)sech® (1) — dntkak;
+kiw — kow +£3), (20)
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where

\/_(kl +k)w — k3
n = )

25" iy
ki ko — i
m=- .
2Vkik2
CaseIll: Co=0,Cyq4 =0.
(a)
Varr JkiJk + 6res
Vs(§) = : (21)
e201§ — a%klkz

where

Vo + ko + kg
0 = , (22)

N
0, = \/kiw + koo + k3. (23)
The parameters C; and a; become
c \/klw—i-kza)—i-k% c 0 ¢ a
1= ) 2 =Y, 3= "=
2% ky 2k

ap=0, a1 =0, ap =Xy, a3 =0,

where A1 is an arbitrary constant, and hence the solution
of (1) will be

6211e%8 [kt + K)o + K2 E + Vi)

we (VKK — ehiE)3
X (691](2)»]](%6915\/(/(1 + ky))w + k%
— 2/kiv/kar1e¥ (567kak3 + (ky + ko) + K3)
+ kaAki (07 (—k2)k + (ki + ko) + K3)
+ 291507 (—k)k3 + (k1 + ko) + &3) ) (24)
(b)
02 (—e8) — ar0h ki kae?1E
Ye(§) = — v , (25)
1 — a3kikye?ié
where
Vo + koo + k%
01 = , (26)
N
0 = ko + koo + k3. 27)
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The parameters C; and a; become

ko + o+ 13 “
Cl: ’ C2=05 C3=__a
26,2 /Ky 2k

ap=0, ag =0, aa =X, a3 =0,

where A1 is an arbitrary constant, and hence the solution
of (1) will be

2hie” (ks + ko + K2 + VEVEA)
(Vkivkary — e7%)3
x <6nk2x1k%e"f J + ko + 13

Ug =

+2Vkivkorie™ (51%kak + (ki + k2w + k3)
— koA (N (—k2)k3 4 (ke + k2o + &3)

— &2 (P (—ka)k} + (ki + k) + K3) ) (28)
where
Vi + ko + K
SRy

3.2 Two-dimensional Gardner—KP equation

Consider the transformation

vx,y, 1) = v(), § =kix+ky—or (29)

Using (29) into (2),

ko™ + (k3 — kjw)v” + 6k3 (03 (—v”) + vv”
—20()* 4+ ()} =0. (30)

Integrating (30) and neglecting the constants of
integration

k" + (k3 — ki)' + ki (vv' — v*v) = 0. (31)
The homogeneous balance between v2v’ and v’ gives
n = 3. Suppose the solution of (31) is of the form

v =do+ary(§) +ap )’ +azys)’. (32)

Substitute (6), (7) and (32) into (31) and collect the
coefficients of v/ y &),

Casel: C4 =0.
(a)

6k A
Yi(€) = f -

ﬁ\/zuqa)—kf — 42 tan(0¢)
2a1ky ’

(33)
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where

JHkio — k7 — 443

0 =
2V2k7
The parameters C; and a; become
—23/6c2k} — 4+/6kio + 6k} + 44/6 k2

Co= 3

8611/(
Ci=x, 2= — C3 =0,

V6k,

1
ap = 5(1 - Véciky), a1 =%y, a2 =0, a3 =0,

where A; and Aj are arbitrary constants, and hence the
solution of (2) will be

v = 2%1 («/592\/4k1a) — k7 — 4k3 tan(9E) sec* (0¢)
X (k1w (55— 17 cos(20&)) + 4%k} (cos(20€) — 5)

+ 3k2 (cos(208) — 5) + k2 (17 cos(20§) — 55))).

(34)
(b)
V2(§)
V3/02( — eMEIV2) — stk eV 20E
= N EN))
\/ 3a3kleV2is — 1
where
J ko + 13+ 483
01 = 3 ;
ki
0, = \/—4kla) + k3 + 4k3.
The parameters C; and a; become
ko + K + 483
Co=0, C= , C2=0,
0 1 2 2
Cy=—2
1 (V3y ko + 1 + 483
ap = 3 + 1 , adp = 09
2 ki
ap =X\, a3z =0,
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where A1 is an arbitrary constant, and hence the solution
of (2) will be

3n2hie’ ki + & + 43
T e — Bk
x (3kiate™ (11n?k}+127k1w — 33k —12743)
+ 3k e (12 + 127k o
—33k3 — 127k3) + 33k 13 (K}
+17kyw — 3k} — 17k3)
+e (k] + 17k — 3ki — 1743)) ,

(36)

where

J ko + K+ 48
T NeTS

(©)
¥3(§)

£/ —4kj ok +4kS
VeI

3/~ 4k + 1 + 4k3e
T NETE

«/Eklz _ 1

(37

ﬁalkle

The parameters C; and a; become

N

Co=0, C) = ,
V2k?
C=—2 ;=0
2 = s 3=V,

V6ki
1 \/5\/—4k1w + k2 + 4k3

ap = 5 +1],
2 ki

ar =X, ap=0, a3 =0,

where A1 is an arbitrary constant, and hence the solution
of (2) will be

3n2hie’ [~k + & + 43
C (Bhikie — 13
x (k1 (3J§A§kfe3"5 (P2 417k 00— 3k3 — 17k2)
+ 323k (11n2k} + 127k — 33kT —127k3)
+/3r1e™ (1%t + 127k — 33k} — 127k3)
2K = 3k + 170)) - 17k§) , (38)

vy =
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where
Jtkio + K+ 443
1’] =
V2k}
Casell: C3=0,C4 =0.
(a)

NTEY ﬁ\/4klw — k2 — 42 tan(0¢)

Ya(§) = 2ar Sk
(39)
where
Ao — 13 — 43
’= 2V2k3

The parameters C; and a; become

_ —23/6ctk] — 4v/6kiw + 6k + 4+/6k;

8aik;
ai

NG
1
ap = 5(1 —Vbeik), ay =1, ay=0, a3 =0,

El

Co

Ci=x, =

where A; and Aj are the arbitrary constants, and hence
the solution of (2) will be

ﬁeZ\/4k1w — ki — 4k tan(0&) sec*(0&)
v= 2%
x (k1w (55 — 17 cos(20€)) + 4%k} (cos(20&) — 5)
+3k{ (cos(208) — 5) + k3 (17 cos(20£) — 55)) .

(40)
(b)
¥s(§)
£/ —4k w+kF+4k3
3\/—4k1a) + k? + dk3e V2
= — (41)
£/ 4k w+k}+4k3
\/§a1k16 V2K —1
The parameters C; and a; become
J ko + K + 413
Co=0, C= ,
V2k?
Cr = —
2= )
6k,
1 (V3y ko + 1 + 483
ap = 3 +1], a1 =2,
2 k1
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where A1 is an arbitrary constant, and hence the solution
of (2) will be

3n2he’ [ —dkio + i + 4k3

vy =
(v/3kires — 1)5
x (k1 (3v3a3K3e™ (12K + 17K
—3k} — 17K3) + 3Atkie®™ (11n°k}
+127k 1w — 33k} — 127k3)
+/3r1e™ (1% + 127k — 33k — 12743
+ ] = 3k + 170) — 17k§) , (42)
where
J ko + K+ 443
" NI
(c)
V3, /410 — I — 43 tan(0¢)
Ve(§) = : (43)
2a1ky
where
. ko — 13 — 413

2V2k¢

The parameters C; and a; become

46k — 6k} — 4/6k3

0

8a1kio’
Ci=0, C;= -4
1=0, (7= ,
6k
ag=—-, aj=x1, a» =0, a3 =0,

2
where A1 is an arbitrary constant, and hence the solution
of (2) will be

ﬁez\/4k1w — k2 — 4K2 tan(08) sec* (0£)
B 2k
x (k1w (17 cos(20&) —55) —46%k{ (cos(20&) — 5)

— 3k} (cos(20€) — 5) + k3 (55 — 17 cos(26£))).
(44)

Vg =

CaseIll: Co=0,Cyq4 =0.
(a)

ﬁ\/gz( — eNEIVD) — \BayokyeV 2k
\/3a§k12eﬁ918 —1

Yr(§) =

’

(45)
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where

\/—4k1a) + kI + 4k3
- 2
kl

0

’

b = 410 + K2 + 4.

The parameters C; and a; become

Jtkio + K+ 48
B 2V2K3 ’
1 (V3) ko + 1 + 43

= _ 1],
ao 5 I +

Cq C, =0, C3=

a
26k’

a1 =0, ap =211, a3 =0,

where A is an arbitrary constant, and hence the solution
of (2) will be

3n2he’ [ ~dkio + & + 4k3

V7 =
(v3kihie — 1)
x (ki (3v3aiKEe™™ (121 + 17K 0
—3ki — 17k3) + 3aTkie*™ (11n°k]
+ 127k —33kT — 127k3)
+/3r1e™ (1%t + 127k 10— 33k — 12743)
023 = 3k + 17a)> - 17k§> , (46)
where
J o + K+ 483
T] =
V2k3
(b)
Vs(§)
£/ 4k w+kF+4k3
Ey/ otk ik
3\/—4k1a) + k? + dk3e V2
S (47)
£/ 4k w+kF+4k3
\/§a1k16 ﬁk% —1
The parameters C; and a; become
N o
Ci = , Cr= , C3=0,
\/Ekf V6k;
1 (V3y 4k + 1 + 483
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where A1 is an arbitrary constant, and hence the solution
of (2) will be

3n2hie’ [~k + & + 43

vg =
(V3kiAiens — 1)5

x (lq (3J§A§kfe3"5 (P2 417k 00— 3k3 = 17k2)

+ 323k (11n?k} + 127k w—33ki — 127k3)

+ V3 (1n?k 4+ 127k 0 —33k3 — 127k3)

P — 3k + 17a)> - 17k§) , (48)
where

N
1’] =

V2k2
()
3\/—4k1a) + ki + 4k3
= . 49
o) £/ 4k w+kF+4k3 49
\/§a2k1 —e Zﬁk%

The parameters C; and a; become

Jthkio + K+ 483

C - ’
: 22K
c @ =0
2 = s 3 =Y,
26k,
L VB 4k + 1+ 44
ap=—=|1- .
2 k

ar =0, ap =2y, a3 =0,

where A1 is an arbitrary constant, and hence the solution
of (2) will be

; 97’}%772)\,]67“%‘/«/5
9 =
2(eMé/V2 — \/3kiAp)8

x < — 6k2A2eVImE (378;@/ >+ V3kia (nikd

— 2k + 3k + 2K3) — 9«/§n2k1x1)

+ 18k222emE/2 ( — 324

+ k{7 (8nfkt + 2k10 — 3kT — 2k3)
+367/303 2y 0y + 9n2k%A%) + Bk re2V2mé
x (63m + 1Tntk! + 14k — 21k7 — 14k3)

24k peSMEIVE <18\/§n§/2
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ki (=53t =2k 0+ 3K2 + 2k3) — 9n2m1)
+ 9KkA3 (— 108303 + V/3k{AT (~9m + ikt

— 2k + 3K7 + 2K3) + 108n§/2k1k1)

+ 265’“5/‘5(—9772 + dntk}

—2kiw + 3ki + 2k3) ) (50)
where
J—4kio + 1 + 413
771 - 2]{% k]
n = —4kijw + ki + 4k3.
CaseIV: Co=0,Cr, =0,Cyq4 =0.
(a)
VA2~ — Raonky
Vo) = ; (5D
Jev2iE —3a2k2
where
\/—4k1a) + ki + 4k3
01 = ;

2
kl

b = 410 + 13 + 4.

The parameters C; and a; become

. ko + K + 43 I
1= 3= s
24/2k3 2+/6k;
L VB ko + i+ 43
ap=—-1|1-— ,
2 Ky

a; =0, ap =4y, a3 =0,

where A1 is an arbitrary constant, and hence the solution
of (2) will be

300002
4(eNEINZ — \[Bkin)3

v10

X ( —~ 10892kfx%e91$/ﬁ\/ —4kjw + K2 + 4k2

—3k302eME/V2 (~10863 + 1107k}
— 34k + 6k + 34k3)



Pramana — J. Phys. (2018) 91:68 Page9of 13 68

Figure 1. The solution of (3 4 1)-dimensional generalised KP equation (Case I) plotted as: (a) u1(x, y, z,1): A2 = 4, k1 = 2,
k=1k=30o=41t=1z=1,b uxx,y,z,t): =3 k1 =2, ko =4 kz=1lL,w=1t=1,z=1.

Figure 2. The solution of (3 + 1)-dimensional generalised KP equation (Case II) plotted as: (a) uz(x, y, z,t): k1 = 4, ky = 1,
ksy=3,0o=4t=1,z=1,b)us(x,y,z,t): k1 =3 ko =—1L, k=2, 0w=2,t =1,z=1.

"
".

]
4/

hJ
(K |
I'I

Y q‘ RN/
L
(f

Figure 3. The solution of (3 + 1)-dimensional generalised KP equation (Case III) plotted as: (a) us5(x, y, z,): A = —2,
ki=3k=2k=1L,w=2,t=1,z=1,b)uecx,y,z,t): A\ =2, k1 =3,k =2, ka=1l,0o=2,t=1,z=1.

— ke (162K} — 34k10 — 33333 (—3663 + 67k}

+ 6k} + 34K3) + 34k — 6k — 34k2) + 30E/V2

+ 72\/592k1k16ﬁ91§\/—4k1w + k% + 4k§

x (—07k] — 34kiw + 6ki + 34k3) )
— 108V302k 41y 4k + K3 + 413 52)
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Figure 4. The solution of (2 + 1)-dimensional Gardner—KP equation (Case I) plotted as: (a) vi(x, y,1): A1 = 1, ky

k=5 w0=3t=1 0B uvnkx,y):rM=2k=2k=—4ov=1t=1Cuvx,y,1): A =2,k = -2,k

= 3,
=1
w=31t=1.

)

Figure 5. The solution of (2 + 1)-dimensional Gardner—KP equation (Case II) plotted as: (a) v4(x, y,1): k1 = 2, ko = 3,
w=2,t=1b)vsx,y, 1) M =1Lk =-2kh=1lLow=2t=1;)vsx,y,t): k1 =2, ko =—1, 0 =2, =3.
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Figure 6. The solution of (2 + 1)-dimensional Gardner—KP equation (Case III) plotted as: (a) v7(x, y,t): A1 = 2, k| = 2,
ky =3, 0w=2,t=1;b)vg(x,y,0): A1 =5,k = -2, ko =3, 0w =2,t = 1;(c) vo(x, y,1): Ay = 1, k} = =2, kp = 3,

w=21t=1.

(b)

\/ 3aZklev201s — |

yné) =

’

(53)

where

J 4o + 13+ 483

0
1 Q2

’

0, = \/—4lqa) + k3 + 4k3.

The parameters C; and a; become

. Jtkio + K+ 48 oo @
2V2k3 2/6k;
«/5\/ —4kyw + k} + 4k3
a =7 I +17,

ar =0, ap=2x1, a3 =0,

where A1 is an arbitrary constant, and hence the solution
of (2) will be

3030 658/
T Ak )
x (803 + ki( — 3v/3k2Ai 5 /YK (—862 — 2k
+ 3K + 2k2) + 3kiaZeV2RE /K (5202 — 2k 0
+ 3K + 2k3) + v/3h1e®E/ V2K (5202 — 2k
+3k3 + 2k3) — 3k1 + 2w) — 243).

V11

(54)

4. Discussion and results

The graphical representation of solitons has been
illustrated in the following figures for various values of
the parameters. Mathematica 10.4 is used to carry out
simulations and to visualise the behaviour of nonlinear
waves.

In Case I, the solution for eq. (1) is shown in figure 1,
obtained from eq. (14) with Ao = 4, k1 = 2,k = 1,
k3 =3, w=4,t=1,z=1andeq. (16) with Ap =3,
ki =2 kh=—-4ki=1w=11t=1,z=1, while
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Figure 7. The solution of (2 + 1)-dimensional Gardner—KP equation (Case IV) plotted as: (a) vip(x, y, ): A1 = =5,k = 2,
k=—l,w=-2t=10b vk, y,t):rA=-2,kk=2kb=-3,0=2,t=1.

in Case II, the solution for eq. (1) is shown in figure 2,
obtained from eq. (18) with k;y = 4, ko = 1, k3 = 3,
w=4,t=1,z=1andeq. (20) withk; =4,k =1,
ks =3, w=4,t =1, z=1.1In Case III, the solution
for eq. (1) is shown in figure 3, obtained from eq. (24)
withd; = -2 ki =3 k=2 ks3=1,0=2,t =1,
z=1land 28) with A1 = =2, k1 =3, kp =2, k3 =1,
w=21t=1z7=1.

Similarly, the solution for eq. (2) for Case I is shown
in figure 4, obtained from eq. (34) with A1 = 1, k] = 3,
ky =5 0w =3,t =1, 36) with Ay = 2,k = 2,
kr = -4, = 1,¢t = 1 and eq. (38) with A} = 2,
ki =—2,ky=1,w =3,t = 1, while in Case II, the
solution for eq. (2) is shown in figure 5, obtained from
eq. 40) withk; =2, k) =3, w = 2,t = 1; (42) with
M=Lk=-2kh=1,0=2,t=1andeq. (44)
with ki = 2, ko = —1, w = 2, t = 3. Moreover, in
Case 111, the solution for eq. (2) is shown in figure 6,
obtained from eq. (46) with Ay = 2, k; = 2,k = 3,
w=2,1t=1,48 with Ay =5, kj = =2,k = 3,
w =2,t =1andeq. (50) with Ay = 1, ky = =2,
kr) =3, w =2,t = 1, while in Case 1V, the solution for
eq. (2) is shown in figure 7, obtained from eq. (52) with
M=-5k =2,k =—-1,0w=—-2,t =1 and eq.
G4 withi1 =-2, k1 =2,k =-3,0=2,t=1.

5. Conclusion

The aim of the study is to find some new travelling
wave solutions for (3 + 1)-dimensional generalised KP
and (2 + 1)-dimensional Gardner—KP model equations.
The auxiliary equation method is observed as one of the
most powerful tools to find a variety of analytical solu-
tions for more complex problems. Depending on the
real parameters, a collection of new exact solutions are
obtained. These results are very favourable for further
investigation and have a strong basis for the solution of
NPDEs.
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