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Abstract

In this article, we have found some soliton wave solutions of the (2 + 1) -dimensional dispersive long wave equation
using the generalized (%) - expansion method. Recently this method is developed for searching exact traveling wave

solutions of nonlinear partial differential equations. Also, these solutions might play important role in mechanics. For
this equation, we obtained hyperbolic function solutions, exponential function solutions and rational function
solutions. We also saw that the solutions provided the equation using Mathematica 11.2 and we showed the graphical
performance of some of the solutions found.
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1.INTRODUCTION

Nonlinear partial differential equations (NPDES) have an important place in applied sciences [1,2]. There
are some analytical methods for solving these equations in the literature [3-11]. In addition to these methods,
there are many methods of solving such equations by using an auxiliary equation. By using these methods,
partial differential equations are converted to ordinary differential equations and the solutions of partial
differential equations are found with the help of these ordinary differential equations. These methods are
given in [12-26]. Many authors have applied these and similar methods to various equations [27-47].

We used the generalized (%) Expansion Method for finding the some soliton wave solution (2+1)-
dimensional (DLWE). This method is presented in[29].

2. ANALYSIS OF METHOD

Let's introduce the method briefly. Consider a general partial differential equation of two variables,
Q(u, Ug, Uy, Useyy .. ) = 0, Q)

Using the wave variable u(x, t) = u(¢), & = x — ut the Eq.(1) turns into an ordinary differential equation,
Q' u"u",..)=0 )
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here u is constant. With this conversion, we obtain a nonlinear ordinary differential equation for u(§). We
can express the solution of Eq.(2) as below,

u(§) = Lito de @) + Xit; e @ ()" (3)

where m is a positive integer is found as the result of balancing the highest order linear term and the highest
order nonlinear term found in the equation, the coefficients d; and e, are constants. ®(¢) = (%) satisfies
the following ordinary differential equation,

kiGG" — k,GG' — k3(G')? — k,G? = 0. (4)

1 N~k ..
Substituting solution (3) into Eq. (2) yields a set of algebraic equation for (%) , (%) , then, all coefficients

’ ’ -k . . .
of (%) , (%) , have to vanish. Then, we can found dy, ey ,kq, ko, k3, k4 and p. The special solutions of

Eq. (4) are as follows,[29]
1.Whenk, #0,f =k, — ks and s = k% + 4k,(k, — k3 ) > 0, then
\/EClsinh <2£kslf> + C,cosh <2\/k_ f)

f 2f '
Cicosh 2\/k_ & | + Cysinh 2\/k_ &

\/—S —C;sin (g:f) + Cycos (‘é}f)

() =

D) = :
Zf 2f Cicos (55) + C,sin (gf)
3. Whenk, #0,f =k, —k; ands=k22+4k4(k1—k3)=0,then
*O =3 treE

4. Whenk, =0,f =k; —ksand g = fk, > 0, then

Clslnh< >+ Czcosh<

Clcosh \l/c__ >+ Cysinh
5 Whenk,=0,f =k, —kzand g = fk, <0, then

H—Clsin <\/k_1_g$> + C,cos <Hf>
f QCOS(}; §>+Czsin<\/k__gf>

6. Whenk, = 0and f = k; — k3, then

() ——

() =

J)

Cik3exp (_k—liz f)

—k '
fls + Cikskpexp (2€)
7.Whenk, = 0and f =k; —k3; =0, then

®(§) =
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k k
D) = —k—z + Ciexp (k—jf)

8. Whenk; = k3, k, =0and f =k; —k; =0, then
k
OO =i+ s
9. When k3 = 2k,, k, = 0and k, = 0, then
1

®(¢) =— :
cl+(',‘;—i—1)f

3.EXAMPLE. We consider the (2+1)-dimensional DLWE [47],

Uyt + Uyy T UylUy + Ullyy, = 0
Ve + Uy + UV + UVy + Uyyy = 0, (5)

Using the wave variable u(x,y,t) =u(), §=x+y—ut the equation (1) turns into an ordinary
differential equation,

—pu” +v" + W) +uu” =0
—uv' +u' +u'v+uv' +u" =0, (6)

when balancing v"’ with uu' and u'" with u'v then m =1 and n = 2 gives. The solutions are as
follows:

u(§) =do +d; (&) + e, P(§) ™

v(&) = fo + 1) + LP()? + g1 @)+ g, P(§)? (7

If Eq. (7) is substituted in Eq. (6), the following algebraic equation system is obtained for d,,d,, e,
ki, ko, k3, ky and p;

2 peiky  doerks  gika  2efks  4gaks  peikpks | doeikaks | gikaks | efk} | 2g.Kk3
ei +2 - - - - - -
1292+ Ky Ky Ky Ky k2 + k% + k% +k§+ K
Hdikaky | dodiksks | fikoks | diki | 2fkE _
2 2 + 2 2 + 2 - 0’
kl kl kl kl kl
sefd | 69:k% _
ki kg
5e2kyk, n 10gzkoks  2pe1k n 2dge k? n 2g.k? -0
zk%z zkf , k2 k2 k2 ’ ,
2elk3 | 4g,k3  4elk, 8g,k, 3peikyky | 3doeikoky | 3g1k.k, | 4efksk, | 8gpksk
122+.9222_ 1Re 924_M1224+ 01224+ 91224+ 1234+ .92234:0'.“
k2 k2 ky ky k2 k2 k2 k2 k2
(8)
If this linear algebraic equation system is solved, the coefficients are found as follows:
Case 1.
ds k ky(—fiki+2k
e =0fo= -1 fo=—%, g, =0, g, = 0,dy # 0,k =152,k 2 0, kg = EaCLalat2he)
1 2

—2dok,—diky+2doks
2(=kq+k3)

k4:O,_k1+k37‘:0,M=
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2.2 2
( [(x+y t(d(ﬁ{é)) ftligll [<x+y t| d0+ flk
\Clsinh| E +CZCosh|

Solution 1.

2kq |

B
J'/r

| | I
(y,t) =do+2 ©)
u(x,y 0 / [xw { d0+£1)> fig%] [<x+y t(ao+2) fqu\
\61C05h| 2 |+C Smh| |/k1
[ | ]
v(x,y,t)
[ x+y t(d0+£—11)) fl;’f‘f] / [ x+y—t(do +£—11)) ﬁ;’gf]\l
ZSmh[ 3 ‘C1C2d1 + Cf | 1+ Coshl 3 ‘ |d% - f2
== 2
[ x+y-—t <d0 + 5—1>> ﬁ;?f] [(x +y-—t <d0 + 5—1>> fl;’ﬁ]
2 Cosh| o C, + Sinh| o C, | d?
| | | |
I | | |
2 2]
3 ((—1+C05h! ("“’ t(do;gl)) ftligl !)dﬂff\
+ \ |‘2 2 J /2 2 2 (10)
2 Cosh{(x+y_t<d0:f_1)> fégl]C1+Slnh| x+y_t(d0:1%)) f;gllCz d%
[ | [ |
Case 2.

e1k1

2
di,=0, fo=-1,f=0,9, =0, 92=—%,k2=0,k3=k1, ky = , w=do, eifiks # 0.

Solution 2.
u(x,y,t) =dy+

€1
C1 +%(x+y—td0)el

(11)

_ _1_ 2ef 1 _
V(x, Y, t) - 1 (2C1 +(x+y—tdg)e;)? + (Cl + 2 (x + y tdO)el)fl (12)
Case 3.
912 g1k1 1k%
d1=0,fo=-1 f1=0,f,=0, g, =~—, e; # 0, kz—— ky =k, ky 0, ky=—2 L
k4 + 0’ ©= —e1ky+2doky

2k,
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Solution 3.
u(x,y,t) =dgy + 26191 (13)
gl(x+y—t(d0+‘g—:)>
ef+2e €1 (g
2e?g? 29%
v(x,y,t) =—1— L > (14)
) o e 1),
kef+2e e1 Clgl) ef+2e €1 €191

4. EXPLANATIONS AND GRAPHICAL REPRESENTATIONS OF THE OBTAINED SOME
SOLUTIONS

The graphs of Eg. (9) and Eq. (10) are shown in Figs. 1-2 respectively, within the interval —20 < x <
20,-5<t<5.

a) b)
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Figure 1. a) The 3 Dimensional surfaces of Eq. (9) for f; =1,d; =1,dy =2, (; =2, k;, =3,C, =1,y =1. b)
The 2 Dimensional surfaces of Eq. (9) for f; =1,d; =1,dy =2, (; =2, k;, =3,C, =1, y=1andt = 1.

a) b)

-20 10 20

Figure 2.a)The 3 Dimensional surfaces of Eq. (10) for f; =1,d; =1,dy =2, C; =2, k;, =3,(,=1,y=1. b)
The 2 Dimensional surfaces of Eq. (10) for f; =1,d;, =1,dy =2, C; =2, k;, =3,C, =1, y=1andt = 1.
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5. CONCLUSIONS

We used the Generalized (%) Expansion Method for some soliton wave solution (2+1)-dimensional

DLWE. Some nonlinear partial differential equations were solved by this method. For this equation, we
obtained hyperbolic function solutions, exponential function solutions and rational function solutions. We
also saw that the solutions provided the equation using Mathematica 11.2 and we showed the graphical
performance of some of the solutions found. Moreover, this method is also computerizable, which lets
us to perform confused and oppressive algebraic calculation on a computer by the aid of symbolic
programs such as Mathematica, Maple, Matlab, and so on. It can be solved similarly in a number of
nonlinear partial differential equations.
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