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Abstract. In this work, the extended tanh method is used to construct wave solutions for
the Davey—Stewartson equations. The extended tanh method is a powerful solution method for
obtaining different kind solutions of nonlinear evolution equations. This method can be applied
to nonintegrable equations as well as to integrable ones.

1. Introduction

Integrable equations are quite interesting and a lot of their properties such as integrability, exact
solutions are well studied in 141 dimensions [1-3], in 241 dimensions [4-10]. Two well-known
examples of integrable equations in two space dimensions, which arise as higher dimensional
generalizations the nonlinear Schrodinger (NLS) equation, is the classical Davey-Stewartson
(DS) [11]. The solutions for the DS equation were studied in various aspects previously. The
bifurcation method was used to study the exact traveling wave solutions of the generalized DS
equations [12], explode-decay dromions through Hirota method was found in [13], the extended
Weierstrass transformation method was applied in [14], approximate analytical solutions for the
fractional DS equations using the variational iteration method were found in [15], the rational
expansion method was used to construct periodic and solitary wave solutions of the DS equations

[16].
In this paper, we study the (3+1)-dimensional Davey-Stewartson equations as
1y + wac;r + alwyy + wzz - a2’¢‘2¢ - 1/1?1} = 0, (1)
Wee + 1wy + wez — 52(‘7/’|2)yy = 0, (2)

where 1 is complex while w is real, ay, as, 51,82 are nonzero real constants. Lie symmetry
algebra of the (3+1)-dimensional DS system (1)-(2) was studied in [17] and multiple scales
asymptotic expansion method was applied in [18].

The main focus of the present work is to study equations (1)-(2) by extended tanh method
that is considered to be the most effective and direct algebraic method for solving nonlinear
equations [19-22].

Our paper is organized as follows: in Section II, we consider the (3+1)-dimensional DS
equations and obtain traveling wave solutions through the extended tanh method. Sect. III
gives out the summary of this paper.
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2. Traveling wave solutions

In this part, we construct exact traveling wave solutions of the (341)-dimensional DS using the
extended tanh method [19]. For applying this method, we ought to reduce the system (1)-(2)
to system of ordinary differential equation. We use the transformation

where a, b, s, d are constants, VU(z,y, z, t) is real valued function, then the system (1)-(2) reduced
to following system of differential equations

U(—d—a*—ab? — %)+ Upp + Uy + V., — ¥ —Tw = 0, (4)
Uy 4 20, + 200, + 250, = 0, (5)
Wog + 51wyy + Wy, — 52(‘1’2)% = 0. (6)

Substituting wave transformation

U(x,y,2,t) =U() =V(x+y+2z—ct), (7)
w(z,y,z,t) =W(E&)=W(x+y+z—ct), (8)

into system (4)-(6), we obtain that

U(—d—a®—a1b? =)+ U (24 o) — ¥ — W = 0, (9)
U'(—c+2a+2b+2s) = 0, (10)
W' (24 B1) — B2(¥2)" = 0. (11)

From equation (10) we can obtain that
c=2(a+b+s). (12)

Integration twice equation (11) with respect to £ and taking integration constants are zero for
simplicity, we find

A
24D

(13)

By substituting equation (13) into the equation (9), we obtain following ordinary differential
equation

U(—d—a’>—o1b? — )2+ B1) + ¥ 24 )2+ B1) — W32+ 41) — foU° = 0, (14)

where prime denotes the derivation with respect to £&. The extended tanh method consists
of using the new independent variable Y = tanh(u&), that leads to the following changes of
variable:

dv

R — — 2 R
= aa-v)R (15)
2v 5 0 d¥ grp d2W

where p is the wave number, £ = © + y + z — ¢f. Assume that the solution is expressed in the
form

V() => aY' +> by, (17)
=0 =1
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where the parametrs m can be found from (14) by balancing the nonlinear term W3, that has
the exponent 3m, with the highest order derivative U", that has the exponent m + 2, in (14)
yields 3m = m + 2 that gives m = 1. Than the extended tanh method admits the use of the
finite expansion for

\I/(g) :ao—i—alY—l—b?l. (18)

Coefficients ag, a1,b1, 0 are to be determined. Substituting (18) into (14) and equating
expressions at Y3, Y72 Y1 YO Y1 Y2 Y3 to zero we have the following system of equations:

—adagf + 2a100 B — 2a3an — ad By + daraip® + day fip? + 8ap® =0, (19)
—3a0a%a2ﬂ1 — 60,0(1%0(2 - 3(10@%52 = 0, (20)
—3adaianfi — 3adagbi B — ararb® By — 2a100 f1p? — a®a1 By — 6adarog —
—Sa%alﬂg — 6a%a2b1 — 3@%1)152 — 2a1a1b% — 4a1041,u2 - 4a1ﬁ1u2 —

—a1515% — 2d%a; — a1 f1d — 8aip? — 2a15% — 2a1d = 0, (21)
—agasfi — 6agarbrasf — apa1b*B1 — aga’Br — 2aias — aj B2 — 12aparbias —
—6agaibi B2 — 2apa1b® — aps®By — 2apa® — apdBy — 2a9s® — 2apd = 0, (22)

—3agaobi B — Barasbi B — arb®bi B — 2011 frp® — ab i —
—GCLOOszl - 3aobl,82 - 6a1a2b1 - 3a1b 52 - 20[11) b1 40[1()1/1, —

—4b1B1,u — blﬂls — 2(1 bl — blﬁld — 8b1,u — 2b1$ — 2b1d = 0, (23)
—3&0&25%61 - 60,()0(2[)% — 30{][)%,32 = 0, (24)
200101 B11% — b By + danbyp® — 2c0bF — b3 By + 4b1 B1* + 8byp* = 0. (25)

Solving system (19)-(25) with the aid of Maple, we obtain the following results:
Case 1:

ap=0, a1 =0, c=2(a+b+s), (26)
2 2 4 g2 2 4 42 4 g2
b — + _(d+a’+arb —|—3)(2+B1)7 p—— b’ +al 2 +d (27)
az(B1+2) + P2 2001 + 4
Case 2
ap=0, by=0, c=2(a+b+s), (28)
d+ a2 b2 & 52)(2 2 a2+ s24d
ap =+ _( +a? + a1b? + s%)( +,81)’ 4=+ 10" +a” + 5%+ ' (29)
aa(B1 +2) + Ba 2000 + 4
Case 3:
(d+a® + a1b? + 52)(2 4 A1)
:07 :2 —|—b—|— 5 ::l: Y 30
agp c=2(a 5), @ \/ 202 £+ 2) + 255 (30)
(d+a® + a1b® + ) (2 + B1) i\/a1b2+a2+82+d (31)
by = , = :
2 (d+a2+a1b2+s2)(2 4 8
% LT IR (ag(By +2) + Bo) ot
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Case 4:
(d+ a? 4+ a1b? + s?)(2+ 51)
g 07 = 2 b ; = :t - b 32
ag c (a+b+s), a \/ Toa (B 1 2) £ 45 (32)
1 d+a®+ a1b? +s2)(2 + arb? +a?2+s2+d
b= :FZ (dfa2+a1b2+52)12+,31) )( 51) C HEE T 1 8a + 16 (33)
_\/ 2aitD B (@2(B1+2) + b2)
Corresponding expressions for ¢ (z,y, z,t), w(z,y, z,t) are
V(@ y,z,t) = eI (g 1+ gy tanh(p€) + by coth(u)), (34)
w(z,y,z,t) = 5 —%b (ap + a1 tanh(u€) + by coth(ué))?, (35)
1

where E =z +y+ 2z —ct.

Finally, we substitute results (26)-(3
for (341)-dimensional DS system (1)-(2) in the following forms

: d+ a2+ a1b? + s2)(2 4 1)
Ly, 2, ) =+ i(ax+by+dt+sz) _(
i,y 2,1) = Fe ( as(B1 +2) + Ba

B2 ( (d+a*+aib? +5%)(2+ B
2+ b az(f1+2) + P2

wl(x, Y, Z’t> ==

)CO

- d+a2+a1b2+82)(2+51
Ty, 2,t) = iez(ax+by+dt+sz) (

Pa ( _dta+al?+s)(2+61)
2+ s (B1 +2) + Ba

wo(x,y, 2,t) = £

, d+a?+ a1b? +s2)(2+ p1)
Ty, 2,1) = ez(ax—i—by—i—dt—‘rSZ) 4 ( t
Ya(@y,20) ( 200 (1 +2) + P
(d+ a® + a1b® + s%)(2 + B1)

1
2 [(d+a®+a1t’+52) (21 B1)
a2&20(%1+2§+52 . (012(61 +2 +62

) = - ,szl (i\/(d+a2 +aib? + 52)(2 + i)

200(81 + 2) + 202
(d+ a? + a1b® + s?)(2 + p1)

1
:':7
2 [(d+a?+a1b?+s2)(2+51)
\/ 2a2(231+2)+62 s (a2(f1 +2) +52

anh(+

3) into (34)-(35) and obtain new traveling wave solutions

21 424 g2
coth(j:\/—alb +a*+s +d€))’

2001 +4

2001 +4

2 2, 2
th(j:\/alb +a?+s —i—dg))z’

h(+ a1b2+a2+82+d£
2001 + 4

h(+ a1b2+a2+52+d
2001 +4

b2 +a?2+s24+d

41 + 8 OF
ﬂ:\/ ab? Z;‘f N Sy,
:I:\/alb2 —;—;12:8824—d§)$
e[ G gy

&),
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§)F

, d+a?+ob?+s2)(2+4 ) Cab?+a+s’+d
) — i(ax+by+dt+sz) + _( tanh(+
Ya(z,y, 2,1) = e ( das(Br + 2) + B2 anhf 8ay + 16

(d+ a® + a1 b® + 5%)(2 + 1) ab? +a?+s2+d

4 (d+a2+a1b2+52)(2451) 9 COth(i\/ 8a + 16
2a2(B1+2)+ P2 (a2(B1 +2) + B2)

w4(ﬂf,y,z,t):ﬁ2(:|:\/ (d+ a? + a1b? + s2)(2 + B1) anh(:l:\/ a1b2+a2—|—82—|—d£):|:

£),

2+ by 40&2(ﬂ1 + 2) + 5o 8aq + 16

(d+a? + a1b® +52)(2 + B1)
4 (d+a2+a1b2+s2
s @B+ 2) + o)

b’ +a?+s2+d
8ay + 16

coth(+

€)%,

where { =z +y+2—2(a+ b+ s)t.

3. Conclusion

In this paper, the extended tanh method which is direct, standard and computerizable, has been
successfully applied to find traveling wave solutions of the (341)-dimensional Davey-Stewartson
equations. The tedious computations associated with the algebraic calculations are facilitated
using symbolic computation software such as Maple.
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