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In this paper, we have employed two different forms of mathematical methods, namely
the extended simple equation method, and modified F-expansion method to estab-
lish several types of solutions of the generalized Kadomtsev—Petviashvili modified equal
width-Burgers (G-KP-MEW-B) equation that is used to designate the propagation of
long-wave with dissipation and dispersion in nonlinear media. A suitable transform is
applied to convert into an ordinary differential equation. As a result, after implemen-
tation of the proposed schemes, distinct types of solutions are obtained in the form of
exponential hyperbolic, trigonometric and rational functions. To analyze the physical
phenomena of the model, some constructed solutions are plotted in 2-dimensional and
3-dimensional by inserting the specific values to attached parameters. Hence, the recom-
mended schemes are highly admirably mathematical tools to evaluate the wave solutions
of various models in nonlinear science.

Keywords: The generalized KP-MEW-B model; modified methods; exact solutions.
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1. Introduction

Nonlinear evolution equations (NLEEs) have been supportive tools for demonstrat-
ing the natural phenomena of sciences and engineering.!'> NLEEs are applied in
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numerous areas of science, like physics, mathematics and engineering.?~'2 Lately,
research on the propagation of nonlinear equations among researchers has received
a great deal of attention, such as Alberto et al. explored the relation between the
Langmuir wave field and the transverse electromagnetic field.'° The behavior of ion
solitary waves in plasma was examined by Pakzad.!! Salahuddin et al. scrutinized
the ion-acoustic cover solitons in a collisionless unmagnetized electron-positron-
ion plasma.'? Several numerical and computational methods have been framed to
grip the solutions of these types of nonlinear models, such as the exp-function
method,'3 the Homotopy perturbation technique,'* the Adomian decomposition
approach,'® the sin-Gordon method,'¢ the (G/G’)-expansion method,'” the Shoot-
ing approach'® and Hirota’s simple scheme!??* and many more.?%3?

The Kadomtsev—Petviashvili (KP) model was introduced by two Soviet physi-
cists, Kadomtsev and Petviashvili in 1970,36 this model is signified by the Korteweg—
de Vries (KdV) equation. The KP equation was promptly espoused as a natural
extension of the classical KAV equation to two locative dimensions and was subse-
quently duplicated as a model for surface and inner water waves,3” and in nonlinear
optics in Ref. 38. The investigation of the KP equation transpired closely mean-
while with the progress of the inverse scattering transform.3%40
The generalized KP-MEW equation is%!

(Rt + a(R™)x + YRyzt)s + 0Ryy = 0. (1)

Currently, various authors have explored different solutions of generalized (KP-
MEW) equations with the assistance of altered schemes. Wazwaz*!
wave solutions generalized (KP-MEW) equation via tanh scheme, and the sine-
cosine method. Saha? explored wave solutions of generalized (KPMEW) equation
via bifurcation method. Wei et al.*® investigated wave solutions of generalized (KP-
MEW) (2,2) equation by employing the differential equations qualitative theory.
Li and Song** built the kink-type wave and compacton-type wave solutions of
generalized KP-MEW (2,2) equation and similarly some other more techniques to
explore wave solutions of KP-MEW equation.*5~47
The generalized KP-MEW-Burgers equation®® is

constructed

(R + a(R™)x + BRyy — YRywt)w + 0Ryy = 0. (2)

Distinct authors studied KP-MEW-Burgers equation with different schemes. Saha*®
explored the bifurcation behavior of Eq. (2) with stable oscillations. Seadawy et al.*”
applied the modified extended auxiliary equation mapping method to construct
variety of wave solutions. Now currently Karmina et al.®® employed two different
schemes (1/G")-expansion and the Bernoulli sub-equation techniques to establish
solutions of Eq. (2).

In this study, we have investigated different results of KP-MEW-Burgers model
via improved simple equation method and modified F-expansion methods, see
details in Ref. 51.
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The remaining portion of the work is arranged as: In Sec. 2, the proposed meth-
ods are presented. In Sec. 3, the mathematical calculation of the concern model as
well as the application of both novel techniques are addressed. Conclusion is dis-

cussed in Sec. 4.

2. Formation of the Schemes
Let the general NLFDE have the following form:
Q1(R, Rg, Ryz, Rit, Raot, Ryy, Rayt,...) = 0.
Let the wave transformation,
R=U(), &=kx+ky— wt.
Putting Eq. (3) into Eq. (4), we get
QU U, U, U", . ) =0.

2.1. Improved simple equation method
Let (5) have a solution,

N
UE) = > AT(E).

i=—N
Let U satisfy,

U =co+ 10 + U2 + 303,
Put (6) with (7) in (5) to achieve the solution of (3).

2.2. Modified F-expansion method
Let the solution of (5) be

N . N .
U=ap+ ZaiFZ(f) + Z biF ™ (€).
=1 =1

Suppose F' satisfies Eq. (8),
F'= A+ BF + CF?.
Put (8) with (9) in (5) and solve the solution of Eq. (3).

3. Applications
3.1. Application of improved simple equation method

Let n = 2, then Eq. (2) has the following form:

(Rt + a(R2)$ + BRyy — 'VR:L’zt)x + 5Ryy =0.
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Subsitute (4) into (10):

akiU? + yk3wU" + BEIU’ 4+ U (k3 — kyjw) = 0. (11)
Let the solution of (11) be
Ao A
_ 2 2 1
U= AV +A1\I'+@+T+Ao. (12)

Putting (12) with (7) in (11), we get

Case 1: c3 = 0.

FAMILY-I
3(V/B2y4(c3 — dcoer)352KS
4 + Byok3 (20062\/’)/2(6% — 4cgez) + e — 4’}/006261))
0=—

S5ay?(ct — 4cea) 0k ’
63vc3k,

_5a\/72(c% — 4coea)
___Bracoks
L, SC ety ~ ek (13)
1

o 5 ’

A=A 1=0, A=

v2(c3—4coca)d2

\/6\/ﬁ2'y4(c% —dcocz)362kS+ B8k, \/’yz(cf—40002)
/fQ - )
VB

B
5v/72c3 — 4y2coez

w =

Put (13) in (12),
3(\/6274(6% — 4coez)3 52k

+ ByOk3 (2c0can/v2 (] — 4cgea) + e} — dycocacy))

S5ay2(c? — 4coe)Ok?

U, =

(c1 — V/Acaco — c3 tan (5 /4caco — 3 (h +€)))
(66 At~ feh)
2(5a)

San/v2(c2 — 4egea)

y <(%(cl — \/4caco — 2 tan (%\/40200 —cA(h+ 5))))2(6,6’703161))

4epeg > . (14)
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FAMILY-II
3B70k3 (—2coca /72 (e — dcocs) + vci — dycocacr)
A — 3/ B2y4(c? — 4coez)362KS
0 =

S5ay2(c? — 4eoee)0k? ’
68vc3k1
A_2 = — 9
5a/72(cf — 4eoes)
3670k} (—2coca\/7? (e} — 4coca) + e — dycoeacr) (15)

— 3/ B294(c? — 4coe2)362KS

ko =
? S5ay2(c? — 4coee)0k? ’
_ Brycociky
A, = 6(660k1 72(6%—40002))
_1 = )

%"
p
5v/72ct — 4y2coen

A2:A1:0, w =

Substitute (15) in (12),

3870k} (—20062\/’}/2 (¢? — 4coea) + e — 4’)/000201)
— 3\/6274(0% — 4coeg)3 52k
5ay2(c? — 4coea)0k?

U,

. 6/3703161
San/72(c3 — deoes)

E[gluet'l -a)

Figure(1-b)

e
0.0019 {-..__»

naotah

0_0017;&

Fig. 1. (Color online) Solution Uy with o = =3, 8 = —0.1, co = 1, c1 = 0.05, ¢ = 1, v = 1.03,
§=—-001,h=—103k =42, y=1.
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—2
X (; (01 —y/4cacy — €3 tan (;\/40200 —c3(h +§)>>)

cocrk
6(eoks — R

* Sa
2
1 1
X (2 (01 —y/4cacy — €3 tan <2\/40200 —c3(h +§)>>) ,
degey > cf. (16)

Case 2: ¢cg =c3 =0,

Mom A pm Ay =0, Ay= 000k, 12Pek
5acy S an
_ VB —Gpeik B
’ NN byer”
Put (17) in (12),
b [©5E (RS (Uzterite el + O
5acy (5a)(1 — caexp(er(h +€))) )’
c1 >0, (18)
o (68¢3k1) (- rmbinien) "\ <(12602k‘1)(c1 exp(cl(thS))))
4 S5ac; (5a)(caexp(er(h+€)+1) )’

c1 < 0. (19)

Case 3: ¢; =0,c3 =0.

FAMILY-1
31 k
Ay = m, Ao=0, A_,=0,
%6’

A, — 731&63/21471 A, — 76502k1

27 San/co e 5a (20)
) 451\/&%@ — 2403,/ /K3 N i3

2 = - )

VIOVS 107y /G0 /e

Put (20) in (12),

C2

Sa/co
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_ ((6ﬁ02k1)(\/@tan(\/@(h + 6))))

(5a)eq
3i k
+ (%) coca > 0, (21)
<3iﬁcg/2k1)(_\/Tmtanh(\/Tc)Cz(h-i-f)))2
Us = |- c2
_ <(6/302k1)(—\/ —cocz tanh(v—cocz(h +€)))
(5a)eg
3i k
+ (%) cocy < 0. (22)
FAMILY-II
0i 1 ., 3/2
AO:—M, A?QZ_M, A, = 6’800k1, Ay =0,
15%e" San/ca 5o
23
VAP P -L: SE V1 k3 : =
o Toeeves T 248 V/co ekt i8
=0, = B W= — .
! ? V105 107,/C0\/e2
Put (23) in (12),
U, — 6560[471 32503/2]{)1
77\ Ba)(Veots tan(eoea (h+6)) (5a ﬁ)(mwnmfczwm)f
Cc2 Cc2
9 k
_ %)7 coca > 0, (24)

Fjglue(Z—a]

,Iv Figure(2 - b)

5 -4 -2 H 4

Fig. 2. (Color online) Solution Us with o = =3, 8§ = —0.1, ¢1 = 0.05,c2 = 1,y = 1.03, § = —0.01,
h=-1.03 k =4.2,y=1.
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I ( 68coky 32605/2
8 = — — - —
(5a)(_v—0062ta:2h(\/—0002(’z+€))) (50[@)(—\/ cocztanh(c;/—cocz(h-i-g)))Q
9¢ k
_ W) coca < 0. (25)
Sa
FAMILY-III
o BiBVRVEk 38k 6Beok
0 ey ’ -2 100y /c3 -t 5a
3 03/2 65cok
4y = SPGTRL oy Gek (26)
1004\/% 5%
k
. 451\/7%1@ + 9683 /co\/cak s
’ 2V5/5 ’ 207,/G0\/C2

Put (26) in (12),
U9 _ ( 3Zﬁ\/a\/5k1 _ (GﬂCle)(\/COCQ tan(,/COCQ(h + g)))

(5ar)ea
3/2). \ (¥/G0% tan(y/Goes (h+6)) | 2
(32,80 )( 0C2 . 0C2 )
10ay/co
68cokq 32603/2
T\ Ga/as w(Jaatra) (10a/c3) (Lo tonl/am e 2 |
Cc2 Cc2
coco > 0, (27)
Uso — _3Zﬁ\/%\/ak'1 _ (6ﬁ62k‘1)(—\/—6062 tanh(\/—CQCQ(h+€)))
10 a (5ar)ea
G B2k, (- mtanhg@ww))?
10ar\/cg
n 6ﬂ00k1
(5a)(—+/—coca tanh(y/—coea (h+E£)))
ca
3@503/2 )
— — —— 5 ], coc2 < 0. (28)
(100ry/2) (- ¥ or oy =enes (€l
3.2. Application of modified F-expansion method
Let the solution of (11) be
by b
U:a2F2+a1F+ao+ﬁ+fI. (29)
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Q
S
|
=
S
)
|

Putting (30) in (29), we get

2
o = (1228 (o (§) +3) - (%) (3o () +3) )

A=0,B=-1,C=1,

GOZ%, 0422—%, 1=0, b =0,
e, o B gy IO (32)
5y VAV
Substitute (32) into (29):
2
= (-8 (3L (£)) ). (33)
A=1/2,B=0,C=—1/2.
FAMILY-I
ay = Q'Bkl, az = —36k1, a1 = %, b1 =0,
10c 10c da
bo0, wel gy o VIR 6B o
’ 5y’ VNG
Figure(3 - a)
Figure(3 - b)
5 5 -4 -2

Fig. 3. (Color online) Solution Ui with a = =3, 8 = —1.1, ¢g = —0.05, c2 = 1, v = 1.03,
§=—0.01, h=—1.03, k1 = 4.
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Putting (34) in (29), we get

Uiz = (91%];1 + 3?51 coth(&) + csch(€) — 31%]2 (coth(§) + Csch(g))2>. (35)
FAMILY-II
ag = 9150127 Az = 07 a; = 07 by = 3?517
36
SO TS B i 0
7 10 5y NN A
Putting (36) in (29), we get
(9Bk1 | 36k 1 36k 1
Ua2 = ( 10« * 5o coth(€) 4+ cesch(€)  10ar (coth(€) —l—csch(f))?)' (37)
FAMILY-III
B VOO | SR
" 22 T 200 ' B5a ' Ba”
38
by — 3Pk Y B b — V Bk1 — 245k} 33
* 7 200 107 T VoAV
Putting (38) in (29), we get
Usss = (35 o1 3011 coth(€) + esch(€))? + 227 (coth(€) + esch(€)! + 35%)
1 38k1
+ (coth(f) +csch(€)  (20a)(coth(€) + csch(ﬁ))2)' (39)

Figure(4 -a)

A

Figure(4 - b)

Fig. 4. (Color online) Solution Uj3,3 with o = =3, 8 = —1.1, v = 1.03, § = —0.01, k1 = 0.5.
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A=1,B=0,C=—-1.

FAMILY-I
o — 98k, a 773ﬁk1 0 — 66k, b — 0
0 — 5@ 9 2 — 50{ I 1— 5a ) 1—=Y
40
ST IR T 5 w
’ 107’ V10,/7V6
Putting (40) in (29), we get
9Bk 68k: 38k 2
= tanh(&) — tanh . 41
Uiaa = (Tt o+ 5 (@) - 222 tankig (a)
FAMILY-II
k k
a0:361, az =0, a1 =0, 51:661,
da da
. (12)
by — 36k1 w— B iy = V. —24fvki — Bk
S5a 107’ V10,76
Putting (42) in (29), we get
38k, 68k, 1 36k, 1
= . 4
Ui < 5a | 5a tanh(&) t 5 tanh?(¢) (43)
FAMILY-III
3k 3Bk 68k, 6Bk
=75 27 10a’ “= 507 ' Ba
3 (44)
3Bk B /B0
by = —PML = P, = VP T PR
10« 20y 2\/§\ﬁ\/8
Putting (44) in (29), we get
([ 3Bk1 | 68k 38k1 2
Uisz = ( + o tanh(f) 10 tanh (f)
60ks 1 38k1 1
— . 45
5 tanh(¢) 10« tanh2(§)> (45)
A=B=1/2,C=o0.
FAMILY-I
o — _32'5/{1 0 — 3iBky 0 — _3ﬁk’1 b =0
7 T 10’ P 10a YT Ba T
46
T TR Voo Y Vs e 6)
’ - NN
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Putting (46) in (29), we get

B _36/()1 _ 3Zﬁk‘1 2 3/8k1
Ui = (- 225 = 20 an(e) 4 see(©)? ~ L2 (tan(e) +s0c(6)) ). (47)
FAMILY-II
CLO:%’ ap =0, a3 =0, 51235%7
3iBk, i (=1)3/4/BVE 67k — 1 (48)
2= 0 YTy M7 '
gl V5V
Putting (48) in (29), we get
e <3iﬁk1 38k; 1 _ 3ifk 1 ) (49)
527 100 " Ba tan(é) +sec(€)  10a (tan(€) + sec(€))? )
FAMILY-III
_ 3ifk _ 3iBk _ 3Bk, 3Bk
=T e T T 00 M7 T et T e
b — 338k, B  V-1VBVEL 249k + 1 (50)
0 = — , w=-——, k= .
20a 10y V10,/7V5
Putting (50) in (29), we get
Urss = (— 31'25;1 - 3;@21 (tan(€) + sec(£))? — 35;“1 (tan(¢) + sec(g)))
30k1 1 3iBk, 1
+ ( 5o tan(€) 4+ sec(€)  20a (tan(€) +sec(§))2)' (51)
/E_i_({lil e(h-a)
e |

Figure(5-b)
2500

Fig. 5. (Color online) Solution Uys,3 with o = —0.1, 8 = —1.1, v = 1.3, 6 = —1.01, k; = —1.3,
y=1.
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A=B=-1/2,C=0.

FAMILY-I
g — 79@'61@1 4o — —
0 — 10a ) 2 —
i3
b :0 = —
2 , W 57, 2

Putting (52) in (29), we get

3ikq
,  ar = ’
10« 15%6"
_ V-IVBVELV6k +1
VB AV

[ 9Bk 3ipky , 3Bk ,
Ut = (-0 = 200 () = an(€))? + 220 () — tan(€)? ).
FAMILY-II
9Bk B 3Bk
ao =~ 57 az =0, a1 =0, b = Pt
b _ 3Bk w—ﬁ by — V=1VBVEL\/ 67k + 1
2 100 573 2 \/5\/’?\/5 .
Putting (54) in (29), we get
o (_9iBks 38k 1 _ 3iBky 1
16.2 7 10« Sa sec(€) —tan(€) 10« (sec(§) — tan(§))?
FAMILY-III
_ 3iBk  3iBk 38k, _ 3Bk
T T T 2000 T a0 T T
, __3iBk _ 8 VBRI AT
7 20a 10y V10,/7V5 '
Putting (56) in (29), we get
1 3Bk 1

)

3ipk 3ipk
U1673:(_ Bk 3ifky

200 20a (sec(€) — tan(£))?

(228 () - tan(e) + ~ 208 secle) — tan(©))? ).
A-B=-1,C=o0
FAMILY-I
wo B VELVBVRV2NR T
107’ V107V

2350198-13
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Putting (58) in (29), we get

Uira = (=20t = 20 ) + L an(e) ).

S 15%" «
FAMILY-II
ag = —9lﬁk1, az =0, a;=0, b= —6Bk17
Sa 5%"
y o Bifk 0B YETVBVRVRRR
2 S5a 10y 2 V10,4V '

Putting (60) in (29), we get

Y
17,2 = 5o 5a tan(€) 5a tan*(€) )

FAMILY-III
3ipk, 3ipk, 68k, 66k,
ag = ————, ag = — s a; = ) blzf )
o 10c da da
3i8k1 i3 V=1vBVki\/967k? + 1
bg = — , W= ——, k‘g = .
10 20y 2v/5,/7V6
Putting (62) in (29), we get
Ui o — (- 3ifky 66k 1 3ifky 1
e a S5a tan(§)  10a tan?(€)
6Bk1 3ZB]C1 2
+ = tan(§) — 100 tan®(§) ).
C=0,
B
CLO:%, CLQ:O, ale, b1:0,
po_ 648k B /B —6BBMK]
? 5aB 5By T \BVByAWE

Putting (64) in (29), we get

2
S 6428k, 1
871 " 50  5aB op(BE A

2350198-14
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F_icjuleiﬁ—a]

Figure(6 - b)

Fig. 6. (Color online) Solution U;g with « = 2.1, A =1.01, 8 =3.1, B=0.5,v=0.3, § = 4.01,
k1 =3.3,y=1.

4. Conclusion

We have reconnoitered enlightened and well-organized solutions that are con-
structed of generalized Kadomtsev-Petviashvili modified equal width-Burgers equa-
tion by successfully implementing two mathematical methods. The investigated
solutions are in various functional forms like trigonometric, hyperbolic, rational
and exponential. To demonstrate the physical phenomena of the KP-MEW-Burgers
equation, some solutions are plotted in two and three dimensions by employing
certain values to the parameters (Figs. 1-6). Hence, the proposed schemes are mer-
itorious for advanced studies for other NFPDEs.
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