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The shallow water wave equations (SWWEs) are of current
interest in nonlinear sciences. In this paper we obtain a new
family of soliton-like solutions for a (3-1)-dimensional gener-
alized SWWE. Samples are given.

The shallow water wave equations (SWWEs) are of
current interest in many fields of non-linear sciences.
However, so far only the (1+1)-dimensional SWWE has
been discussed in details (see, e.g., [1] and references
therein). Its (3+1)-dimensional generalization [2],

Uye + Upgry = 3 Ugy Uy =3 Uy Uy —u,, =0, (1)

is known not to be completely integrable in the usual
sense, though originated as the second equation in the
Kadomtsev-Petviashvili hierarchy [2, 3]. Four families
of solutions for [1] have been found recently [4].

In this paper we investigate (1) with a direct method
[5,6,7].

To begin with, we insert a particular ansatz, namely

u@x,y zt)=Adidwlgxyz0]+B, (2

into (1), where A # 0 and B are constants, while m = 1
and n = 0 are the integers determined via the leading-or-
der analysis.

After steps of computerized symbolic computation, we
split (1) by respectively equating to zero the coefficients
of the terms with the highest power of the differential co-
efficients of g (x, y, z, t) and the coefficients of the w”
terms, i.e.,

qi g, [6 Aw W +w]=0, 3)
Gxyr—Gxxz t Gaxy = 0. “4)

Equation (3) is a fifth-order ordinary differential equa-
tion, the general solution of which has five constants of
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integration. Similarly, a partial differential equation, like
(4), might have its general solution with certain arbitrary
functions. Hereby, for simplicity and for the solitonic fea-
tures, we select the set of particular solutions of the x-
linear form

W[q(x’y’z")]=—%ln[q(x,y,z,,)], -
q(x,y,z,t)=1+e=¥0.z0) ©

where a #0is a constantand ¥ (y, z, ¢) is a differentiable
function. The set does not include constants of integra-
tion but one arbitrary function.

Again we substitute (5) and (6) back into (1) and
equate to zero the coefficients of like powers of
exp [a x+ ¥ (y, z, )], to get the couple of constraints

¥, =0, @)
a¥~(@+¥) ¥=0. 8)

Integrating (7) leads to its general solution
YO,z)=002+A1), )

which is then substituted back into (8) to get
a(¢+A) - ¢, (@+4)=0.

This way we obtain the family of soliton-like solutions
for (1)

(10

2a eax+¢(,v.z)+/1(z,x)

u(x,y, z,t)=B- 1 + =90 D+AEN

(1)

:F—a.tanh[ax+¢(yvz)+l(z,t):|
2 L )

where a, A(z,7) and ¢ (y,z) must satisfy the con-
straint (10), while F = B—a remains an arbitrary con-
stant.

The family is different from those in [4] but does ex-
ist, from which we present some examples:

Sample 1: Consider the assumptions
P(»2)=by+w(@andi(z,)=e""5(2), (12)

where b and «a are constants while @ (z) and 6 (z) are dif-
ferentiable functions. Equation (10) reduces to the set of
equations

{a6z—ba5=0, (13)

w,-ba’=0.
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Notes

Integration of them over y leads to

{5(Z)=ﬁehazla ,

w(Z)=ba*z+y, Ll

where f and yare constants. We thus obtain the result

u(x,y,z,t)= F—a-tanh 15)

'[ﬂea(’+b1/“)+ax+by+a2bz+y]

2

Sample 2: Solitary waves are a special case of the fam-
ily, since we are able to assume that

0, 2)+A(D=by+cz+pt+h, (16)
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The breaking soliton equations are a class of nonlinear evo-
lution equations of broad interest in physical and mathematical
sciences. In this paper, the application of the generalized tanh
method with symbolic computation leads to new exact solu-
tions for a generalized breaking soliton equation, of which the
previously-obtained solutions are the special cases.

Within a decade, a class of nonlinear evolution
equations, called the breaking soliton equations, has
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where b, ¢, p and h are constants. Constraint (10) then
leads to

u(x,y,z,t)= F—a-tanh a7
ax+by+cz+a(%—a2)t+h

2
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become a widely interesting subject in physical and
mathematical sciences, as seen, e.g., in [1-5]. In ad-
dition to the rich mathematical properties, those equa-
tions are found to include the self-dual Yang-Mills equa-
tion, and to be of value in describing the (2+1)-dimen-
sional interaction of the Riemann waves and long
waves. A generalized breaking soliton equation [1, 2]
reads as

(=4 Uy Uy=2 Uy Uy F Ury), = P Uyyy s (D)

where o7 is real. Two classes of exact solutions of €))
have been found, one of which is the solitary waves plus
arbitrary functions of ¢ [4], the other is linear with re-
spect to y but independent of o7 [5].

In this paper, we apply the computerized symbolic
computation and generalized tanh method [6] to (1), as-
suming that the exact solutions are of the form

N
u(x,yt)= ZOAm(y, 1) 2

-tanh" [ (y,1) x+O(y,1)],
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