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UNIVERSITÉ DE REIMS

AND
UNIVERSITEIT VAN ANTWERPEN

CNRS UMR 6056
UNIVERSITÉ DE REIMS

Abstract. The Adomian decomposition method is applied to the Camassa-
Holm equation with smooth initial data, providing an explicit solution for
comparison with other existing procedures.
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1. The ADM for Camassa-Holm equation

The Camassa-Holm equation [5] for real u(x, t)
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is written as
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where Lt = ∂

∂t
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By decomposition Adomian [1], u0 = u(x, 0)− 1
4
uxx(x, 0), u =

∑

∞

n=0 un and the
nonlinear terms are written in terms of the An polynomials (see Adomian [1] for
details)
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where unxx = ∂
2
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Since the u =
∑

∞

n=0 un, we can write

(5) u1 = L−1
t Lx

(

−
3

2
A0{(u

2)x} +
1

8
A0{u

2
x} +

1

4
A0{uuxx}

)

+
1

4
u0xx

(6) u2 = L−1
t Lx

(

−
3

2
A1{(u

2)x} +
1

8
A1{u

2
x} +

1

4
A1{uuxx}

)

+
1

4
u1xx,

The author is a part-time ZAP at the faculteit TEW, Universiteit van Antwerpen, Belgium.
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and recursively we have that
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Once the An for u2
x, (u2)x and for uuxx are generated and u0 is specified, compo-

nents can be calculated to some m-term approximation

(8) φm[u] =
m−1
∑

n=0

un,

which converges to u (See [1] for more details).

When we consider a problem of determining the solution of the functional equa-
tion

(9) u − w = NL(u) + L(u),

where the unknown u belongs to some appropriate functional space S, w is a given
element of S, NL is a nonlinear operator from X onto itself, and L is a linear
operator from X into X . According to the ADM, we seek a solution of Eq. (9) in
the form u =

∑

∞

n=0 un, then we approximate the nonlinear operator F as

(10) NL(u) =

∞
∑

n=0

An.

The functions An are the so-called Adomian’s polynomials, and a general algorithms
for the An is given by
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where we write
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Note that u1 = u.

In our case w = 0, L = 1
4

∂
2

∂x2 and the algorithms for the An are given by
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can now calculate the un. The solution is u =
∑

∞

n=0 un which is approximated
by

(13) φm[u] =

m−1
∑

n=0

un,

in an m-term rapidly convergent series so that m is very small. This has been
investigated in numerous works (see [4], [2], [3] for more details.).

Remark 1.1. It straighforward to see that the preceded procedure will be applicable

to the following general equation:

(14) ut + a uxxt + b (u2)x + c (u2
x)x + d (uuxx)x = γ(x, t)

where a, b, c, d are reals and constants and the function γ is sufficiently smooth.
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