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Abstract

The estimation for the solution of the Cauchy problem at large values of
time is obtained for internal gravitational waves equation.

Introduction. While studying non rotating stratified fluid, it is obtained in [1]
(p.34) that velocity of particles of fluid satisfies the equation

∂2

∂t2
[∆2u (x, t)− u (x, t)] + ux1x1 = 0,

where ∆2 is a Laplace operator with respect to x = (x1, x2). This equation is
said to be an equation of internal gravitational waves.The Cauchy problem in one-
dimensional case, a mixed problem in two-dimensional channel and behavior of their
solutions as t → +∞ are studied in [1] (pp. 220-242). In n + m - dimensional
Euchidean space Rn+m, consider a more general equation

∂2

∂t2
[
σ2∆n+mu (x, t)− β2u (x, t)

]
+ ω2∆nu (x, t) = 0, (1)

where ∆n+m is a Laplace operator in variable x =
(
x, x

)
∈ Rn+m, x = (x1, ..., xn) ,

x = (xn+1, ..., xn+m), ∆n is a Laplace operator with respect to x;σ, β, ω are the
constants having physical sense. For n = 1, β = 0, σ = 1, the Cauchy problem, the
first and second boundary value problem in the quadrant

R++
m =

{
t > 0, xm > 0, (x1, x2, ..., xm−1) = x′ ∈ Rm−1

}
for equation (1), that is a Sobolev equation is stidied in [2].

In the present paper, asymptotic behavior as t → +∞ of the solution of the
Cauchy problem for equation (1) is studied. It is obtained that the decreasing order
of the Cauchy problem solution for equation (1) depends on dimension of space Rn
and on smoothness of initial functions.

1. Representation of the Cauchy problem solution

Consider in Rn+m×(0,∞) the Cauchy problem for equation (1) with initial data

u (x, 0) = ϕ0 (x) , u′t (x, 0) = ϕ1 (x) , (2)

where ϕ0 (x) , ϕ1 (x) are the given functions whose conditions are determined below.

Introduce a class of functions W
(γ)
1,l (Rn+m). f (x) ∈W (γ)

1,l (Rn+m) if∥∥∥f (x) ,W
(γ)
1,l (Rn+m)

∥∥∥ =
∑
|α|≤γ

∥∥∥(1 + |x|l
)
, L1 (Rn+m)

∥∥∥ < +∞.


