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Abstract This paper considers the stability of the solitary waves for the gener-
alized Zakharov system. By applying the abstract theory of Grillakis M. et al. and
detailed spectral analysis, we obtain the stability of the solitary waves.
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1. Introduction

In the interaction of laser-plasma the system of Zakharov equation plays an impor-
tant role [1, 2]. This system attracted many scientists’ wide interest and attention. The
formation, evolution and interaction of the Langmuir solutions differ from the solutions
of the KdV equation.

In this paper we consider the following generalized Zakharov system{
iεt + εxx − nε+ α|ε|pε+ β|ε|qε = 0

ntt − nxx = (|ε|2)xx

x ∈ R, (1.1)

where the real unknown function n(x, t) is the fluctuation in the ion density about
its equilibrium value, and the complex unknown function ε(x, t) is the slowly varying
envelope of highly oscillatory electron field. α, β, p > 0, and q > 0 are constants.

For the case α = 0 and β = 0 the equation (1.1) becomes the classical Zakharov
system. The global existence of solutions for the initial value problem of (1.1) is in-
vestigated in [3] by Galerkin Method. And in [4] by applying the abstract theory of
Grillakis M. et al. [5, 6], the orbital stability of solitary waves is obtained.
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For real constants α, β and 0 < p, q, by Galerkin method the local and global
existence of initial value problem for equations (1.1) can be obtained.

Theorem 1 Suppose n(x, 0) ∈ H6, nt(x, 0) ∈ H4, ε(x, 0) ∈ H8 and all of them
with periodic 2π, and when the problem (1.1) satisfies one of the following conditions

(1) if α ≤ 0, β ≤ 0, for all p, q > 0,
(2) if α ≤ 0, β > 0, for p > 0 and 0 < q < 4,
(3) if α > 0, β > 0 for 0 < p, q < 4,
(4) if α > 0, β ≤ 0, for q > 0 and 0 < p < 4,

the global classical solutions of initial value problem (1.1) exist.
In this article, we use the same method as in [4] to consider the orbital stability of

the solitary waves of Eq.(1.1) for the case p = 2 and q = 4.

2. The Existence of Solitary Waves

Consider the following generalized Zakharov system{
iεt + εxx − nε+ α|ε|2ε+ β|ε|4ε = 0

ntt − nxx = (|ε|2)xx

x ∈ R. (2.1)

Let

ε(x, t) = e−iωteiq(x−vt)a(x− vt), (2.2)

n(x, t) = n(x− vt) (2.3)

be the solitary waves of Eq.(2.1), where ω, q, v are real numbers, a(x−vt) and n(x−vt)
are real functions. Denote ξ = x− vt.

Put Eqs. (2.2), (2.3) into Eq. (2.1) then we obtain

(v2 − 1)n′′(ξ) = (a2(ξ))′′, (2.4)

a′′ + i(2q − v)a′ + (ω + vq − q2)a+
1

1− v2
a3 + αa3 + βa5 = 0. (2.5)

By Eq.(2.4), we have

n(ξ) =
−a2(ξ)
1− v2

. (2.6)

Eq. (2.5) implies
2q = v, (2.7)

a′′ + (ω + vq − q2)a+ (α+
1

1− v2
)a3 + βa5 = 0. (2.8)

Let a2(ξ) = ϕ(ξ), we have
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