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Abstract

In this Letter, based on the idea of [Y.T. Gao, B. Tian, Comput. Phys. Commun. 133 (2001) 158], Jacobi elliptic function
expansion method is improved and, with symbolic computation, some new soliton-like solutions are obtained for KdV equation
with variable coefficient. Our method can also be used to solve other nonlinear partial differential equations.
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In recent years, more and more attention has the plasma-physics if13,14]by Tian and Gao. In the
been paid to the searching for solitonic solutions of present Letter, based on the work of Rgf, we im-
nonlinear equations of mathematical physids-7] prove the Jacobi elliptic function expansion method
that describe some important physical and dynamic proposed recently and consider the generalized KdV
processes. For example, a generalized hyperbolic equation with variable coefficiefit0]
function method if7], which is more powerful than
the typical tanh function methdd 6], is proposed by 2B 0u + [a(l) + ﬁmx]”"

Gao and Tian and applied to discussed the cylindri- ~ —3Ay (H)uuy + y (t)uxxx = 0. 1)

cal KdV equation to answer a couple of problems in  The importance of Eq(1) is well known and there
is a continuing high level of interest in the construction

of its solitary wave solutions. Whep(t) = —Ko(1),
* Corresponding author. A=-2,B(t)=h(t), a(t) = —4K1(t), Eq.(1) can be
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nonisospectral KdV equation studied[8] and[9]:

ur = Ko(t) (Uxxx + 6uny) +4K1(H)uy
—h(t)2u + xuy), (2)

and wheny(r) =1, A = -2, a(t) = co, EQ. (1) can
also be degenerated to the following variable coeffi-
cient KdV equation discussed jhl] and[12]:

Uyxyx + Ouuy + [(co + ,B(I)x)u]x + B()u+u, =0.
(3)
Considering homogeneous balance between
andu,y, in EQ. (1), we suppose that the solution of
Eq. (1) is of the form

u=f+g10(€) + g20%(€), 4

E=px+gq, (%)

<d—(p>2=ag04+bg03+cg02+d (6)
dg ’

wherea, b, ¢ and d are constants, ang = f(¢),
g1=2g1(t), g2 = g2(t), p = p(t) andq = q(t) are
functions ofz to be determined. Substituting)—(6)
into (1) and collecting coefficients op*p?), k =
0,1,2,3,1 =0,1, then setting each coefficients to
zero, we have the following set of over-determined
equations forf, g1, g2, p, ¢, a, b, c andd:

28f + f =0, (7)
2Bg1+81=0, (8)
2Bg2+8,=0, )
g1[cyp® = 3Ayfp+ (@ + Bx)p

+(p'x+4¢)]=0, (10)
3yg1p°b + 8ygap®c — 3Aygip — 6Ay fgap

+ 2(a + Bx)g2p + 2g2(p'x + ') =0, (1)
2yg1p®a +5yg2p®h — 3Ayg1g2p =0, (12)
4ygap®a — Aygsp =0. (13)

With symbolic computatiorj7,13—-15] we obtain
the following two cases.

Casel.
f — kle—zfﬂd[’ g1= kze—zfﬂdl’

Ak
g2=kse 2Pl pokeel Pl a= 22

4k

Ak Ak

b= —27 c= )
2k 4kzky

1
g= / 4—k3(12Ayk1k3k4e—3f Pt _ Aykskae™3/ P!

— dakgkee 3/ PA) ar,
wherek1 andk; are arbitrary constantkz # 0, k4 £ 0.
If Akz > 0,d =0, then[2]
cb secﬁ(%é)
b2 — ac(1— tanh(%<g))?

k A
- 2k secf(ﬁ At) .

4ks — k(1 — tanh(Ji2. [A£))?

From (4), (5), (14) andCase 1 we can obtain the
following soliton-like solutions for Eq(1)

()=

U= kle—zfﬁdl

2kpsech(42L [ A¢)

_— LU,
k2l [ A £))2
4k3—k3(1—tan|”(4|724‘ k_3$))

+ k3€ zfﬂdt[ ZkZSeCf(% 1%‘5) i|2
3
£))

k3 — kg(l— '[E;’lﬂf‘(%il| &
: 1
£=kae [Py 1 / K(12Ayk1k3k4e—3f pdt
3
— Ayk3kae 3/ P _ dakakge™ [P ) dt,

wherek; andkz are arbitrary constantsg # 0, k4 # O.

Case2.

f :klefzfﬂdf’ g1 =0, gzzksefzfﬂdt’
Ak

p=kaee [P, a="2 b=0,
4k

= f (3Aykikae 3/ P — qiqe [ B

— dyk3ee 3 Pdty gy,

whereks, k3 andc are arbitrary constantg, # 0.
If ¢ >0, Ak3 <0,d =0, then[2]

(&) = 2lka| —Aiks sect{v/c&). (15)
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