Appl. Math. Inf. Sci.12, No. 6, 1067-1071 (2018) %N =¥\ 1067

Applied Mathematics & Information Sciences
An International Journal

http://dx.doi.org/10.18576/amis/120601

Study on a New (3+1)-Dimensional Extensions of the
Konopelchenko-Dubrovsky Equation

Abdul-Majid Wazwaz*
Department of Mathematics, Saint Xavier University, ChizalL USA 60655

Received: 12 Jul. 2018, Revised: 2 Aug. 2018, Accepted: 6 20@8
Published online: 1 Nov. 2018

Abstract: In this work we introduce new (3+1)-dimensional extensiohthe Konopelchenko-Dubrovsky (KD) equation. We use the
simplified Hirota’s method to study these new extensionsdérféve the dispersion relation and the multiple solitorusohs for each
developed model.
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1 Introduction well-known Kadomtsev-Petviashvili (KP) equation.
Moreover, forb = 0, equation {) is the modified KP
In [1], the Konopelchenko-Dubrovsky (KD) equation was equation.
presented in the form In [1], this equation was investigated by the inverse
3 scattering transform method. The F-expansion method is
_ _ S22, ara-1 -1y, _ used in P] to investigate the KD equation. The main
Ut = Uoor = BbUiL+- 587U Ux = 3(d "y )y +3aUd, Uy f’ focus of these works inl] and [2] was the solitary wave
wherea andb are real parameters, aag® is the inve(rs)e solutions. . .
of & With 8- 16, — ddol —1 and, To solve the KD equation 1§, various
X x X EXEX ' methods §]- [17] have been invested, such as the stan

N X dard truncated Painleve analysis, the tanh method and its
(O ~F)(x) = / f(t)dt, (2)  generalizations, the the extended Riccati equation ration
- expansion method, the homotopy perturbation method,
under the decaying condition at infinity. and many others.

Eq. (1) is a new nonlinear integrable evolution Using the sense of the KD equation, we introduce the
equation on two spatial and one temporal following (3+1)-dimensional extensions of the KD

dimensions2-4] The following equations equation, given as
2b U — Uy — BbUU + Sa2uuy — 3(d5 tuy)
au+ — =0 3 X X1 2 X e led

Wt Yot ( a ) =0 ®) +3auyd; Luy — 3(d; 1u,),+ 3auxd, Lu, = 0, ©®)

and
Ut — Uyoox — BbUL, + glazuzux — 3(0¢ Luy)y + 3auxdy tuy
Ut — Ao — 6(au— 2) o+ (Bav— Ja?1P + Bbu— 1215 — Bauy) g = O, —3(05 tuy), + 3ady tudy tuy =0,
4) (6)

whereuy = Vx, are a Lax pair3] for the KD equation {). and

Konopelchenko and Dubrovskyl] introduced () in

connection with the nonlinear waves with a weak U — Uy — Bbuuy+ 21a2u2ux — 3(05 tuy)y + 3auxdy tuy
dispersion. Fou, = 0, equation {) becomes the Gardner  —3(d; *u,), + 3ady *u,0; 'u, =0,

equation. However, Fora = 0, equation 1) is the (7

3
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will be referred to as the first, second, and third (3+1)-wherek; andr; are left as free parameters. The last results
dimensional extended KD equations respectively, where give the dispersion relatioi ) as
andb are real constants.

The objectives of this work are twofold. First, we seek ki+3r2 3(ar; — 2bky +ak?)?\ .
. . . =— + =123
to study the three new (3+1)-dimensions extensions by ky a2k,
investing the simplified Hirota’s method. Second, we aim (18)

to show that these equations give multiple soliton In view of these last results, the single soliton solution fo
solutions for specific values of coefficients of the spatialthe (3+1)-dimensional extended KD equati@) i€ given
variablesx,y, andz The three new models give distinct by

single- soliton solutions.

o 2 4
o g L ),
. . s b l) = ar;— 2 k4 rZ ar
2 The first extended KD equation a(l+ek1x+klv—7( LR (e 2 Yoy e )

1
In this section we study the first extended KD equation  gptained upon using the potential definedd (
For the two-soliton solutions, we use the auxiliary

Ut — Uooc — BbUL + 382U2uy — 3(d5 Ly )y + 3auydy Luy — 3(d; Luz)z + 3auxdy tuz = 0. function f (X V,Z t) as
(8) VYY)
We first remove the integral term i8)(by introducing the f(x,y.zt) =1+ o g (20)
potential ) ;
W(X,Y,Zt) = Ux(X,Y,Zt), (9 where6, and®; are given in 13). By using this auxiliary
to carry @) to the equation fur;ct'ifon in (L0), we find that the two soliton solutions exist
onlyi
Wt — Whooo — BI0WWix -+ 38202 W — 3y + 3aWsoWy — 3z + 3oz = O. ri =k, 21
(10) § = ek g3 1)
Substituting

wherek; is left as a free parameter.
(11) To determine the two-soliton solutions explicitly, we
substitute the obtained results into the formula

into the linear terms of10), and solving the resulting W(xY,zt) = 4(Inf(xy,zt)), and then we use the

w(x,y,zt) = €%, 8 = kx+riy+sz—wt,

equation forwy we obtain the dispersion relation as potentialw(x,y, zt) = Ux(x,y,zt) as defined ing). _
To determine the three soliton solutions, we substitute
. 2 the auxiliary function
MZ_WJ:123 (12) y
f(x,y,zt) :1+e91+e92+e93, (22)

and hence the wave variatfiebecomes . )
and proceed as bhefore, we obtain the three-soliton

44 3r2+3 solutions under the conditiong1).
6 = kix+riy+sz+ (W) t.  (13) v
We then use the transformation 3 The second extended KD equation
wW(x Y,z t) =R(In f(x,y,21)), (14)  In this section we investigate the second extended KD

where the auxiliary functiori(x,y, z t) reads equation

Ut — Usoo — BbUL + 3a2U2Ux — 3(0 L)y + 3auydy Luy — 3(d5 *uz)z+ 3ady tuzd; tuy, = 0.

2
Kyx+r1y+s12+ <k‘11_+3'2+_3%) t (23)

fixyzt)=1+e ’ (15) To remove the integral term i”28) we use the potential
into Eq. (LO) and solve to find that WX Y,2,t) = Ux(X, . Z,t) (24)
R= 2, (16)  which gives the equation

and for the single-soliton solution to exist, the coeffitien Yt~ Weo— B+ PG Wioc — 3y - Wiy — Bz + W,y = 0.
s1 must take the form o (25)
Substituting
(arl — 2bky + akf)

S| =— 2 : 17) w(x,y,zt) =e% 8 = kx+riy+sz— wt, (26)
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into the linear terms of25), and solving the resulting
equation forwy we obtain the dispersion relation as

4 52
IR P

= 27
7 (27)
and hence the wave variatliebecomes
t+3r7+3
6 = kix+riyy+sz+ (W) t. (28)
We next use the transformation
w(x,y,zt) =R(In f(x,y,2t)), (29)
where the auxiliary functioffi(x,y,z t) reads
K}+3r2+as
k 171 t
f(xyzt)=1+e worpisz (S5ER) g
into Eqg. @5) and solve to find that
2
R=Z 31
- (31)

and for the single-soliton solution to exist, the coeffitien
s must take the form

B k2(arq — 2bk + ak?)
ary

; (32)

wherek; andr; are left as free parameters. The last results

give the dispersion relation as

K} +3r2
wl:_( 1k i
1

3k{ (ary — 2bky + ak?)?
a2r

i=1,23.

(33)
In view of these last results, the single soliton solution fo
the (3+1)-dimensional extended KD equati@B)(is given

by

K2 (arq —2bkq +ak? Ké3r2
Ky x-+rqy— @12k ) J‘k—l
a

3k4] (arq— 2bk1+ak2] )2>
2kie

32 T

u(x.y,zt) = Klary—2ky +akd) (G137 3 (arg 20k k)
e Zareq), (9

?
Ky x+kgy— 1 T)t
a(l+e 1 )

(34)
obtained upon using the potential defined2d)(
For the two-soliton solutions, we the auxiliary function
f(x,y,zt) as
f(xy,zt)=1+e% +e% (35)
wheref; and6, are given in 13). By using this auxiliary
function in 25), we find that the two soliton solutions exist
only if
r =Kk,
§ = KaBiak) ;g3 (36)
wherek; is left as a free parameter.
To determine the two-soliton solutions explicitly, we
substitute the obtained results into

the formula

w(x,y,zt) = 2(Inf(x,y,zt)), and then we use the
potentialw(x,y,z,t) = ux(x,y,zt) as defined inZ4).

To determine the three-soliton solutions, we substitute
the auxiliary function

f(xy,zt) =1+e% +e% 1 % (37)

and proceed as before, we obtain the three-soliton
solutions under the condition®X). It is interesting to
note that although the first and the second extended KD
equations are different in the last term and the dispersion

relation, but the second- and the third-soliton solutions
are the same.

4 The third extended KD equation

In this section we study the third extended KD equation

Ut — Uy — BbUU + 38202y — 3(8; LUy )y + 3auxdy tuy — 3(d, tuz), + 3ady ud; tuz = 0,
(38)
Using the potential

W(Xv yv th) = UX(Xv yv th)a (39)

carries 88) to the equation

W — Wiooox — BIOW Wi + 38202 W — 3y + 3aWsoy — 3Wz + 3aWZW, = 0.
(40)

Proceeding as before, the dispersion relation as

41 32
R P

=— 41
@ K (41)
and hence the wave variatlebecomes
41 3r7 1+ 3
6 = kix+riy+sz+ (bJr kl. + S2)t. (42)
Using the transformation
w(x,y;zt) =R(In f(x,y,z1)), (43)
where the auxiliary functiorfi(x,y,z t) reads
Kj+3rd+as3
k: 11 t
oy — 1 @ s (TR gy
into Eq. @0) and solve to find that
2
R=— 4
= (45)

and for the single soliton solution to exist, the coefficient
r, must take the form

(akitasi - 2blc°’

ak?

= (46)
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wherek; ands; are left as free parameters. The last results [2] D. Wang and H-Q Zhang, Further improved F-expansion

give the dispersion relatiod ) to

i

kl a2 k&'1>

),i:1,2,3.

(47)
In view of these last results, the single-soliton solution f
the (3+1)-dimensional extended KD equatiB8)(is given

by

(ak-+as3—2bik3) K4+3s2  3(akdasd—2pk3)2
Kpx— 1351 1y+912+(115§+ 1 Has —20k)7 ) |

U(X Zt) _ 2kle a2l(1
Y2t = A s TN G T i T LA
kx-S 2 et 5 s |t

ak 1 ack:

a(l+e 1 1

(48)
obtained upon using the potential defined38)(
For the two-soliton solutions, we the auxiliary function
f(x,y,zt) as

f(xy,zt)=1+e% +e% (49)

where6; and 6, are given in 42). By using this auxiliary
function in @0), we find that the two soliton solutions exist
only if
S = K, 50
=M Gy 23, (50)
wherek; is left as a free parameter.

To determine the two-soliton solutions explicitly, we
substitute the obtained results into
w(x,y,zt) = g(ln f(x,y,zt)), and then we use the
potentialw(x,y,z,t) = ux(x,y,zt) as defined in39).

To determine the three-soliton solutions, we substitute
[12] W. Hereman and A. Nuseir, Symbolic methods to construct

the auxiliary function

f(xy,zt) =1+e%+e% 1%, (51)

the formula
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and proceed as before, we obtain the three soliton solutiond3] A.M. Wazwaz, Multiple soliton solutions and other ekac

under the condition<Q).

5 Conclusion

In this work we introduce three (3+1)-dimensional

extended KD equations. We show that the three extended
The
single-soliton solution for each extended form is distinct
and appear for specific conditions of the coefficients of
the spatial variables. However, the two- and three-solito
solutions are identical for the three-extended equations,
and these solutions exist for specific values of the spatial

forms give the same dispersion relation.

variables coefficients.
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