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ASYMPTOTIC PROPERTIES FOR SECOND-ORDER

EVOLUTION PROBLEMS WITH FRACTIONAL POWERS

——————————————————

Abstract. In this work we study the asymptotic behavior of solutions for the second-order
evolution differential equations in time with fractional Laplace operators in Rn

vtt(t, x) + (−∆)δvtt(t, x) + (−∆)αv(t, x) + (−∆)θvt(t, x) = 0 (1)

with initial conditions

v(0, x) = v0(x) and vt(0, x) = v1(x) , (2)

where t ∈ R+, x ∈ Rn, δ ∈ [0, 1], α ∈ [0, 2] and θ ∈ [0, α].
If θ < δ, we observe that the decay structure of (1) is of regularity-loss type which

is characterized by the structure of the eigenvalues associated to the problem. The
regularity-loss property ceases to occur in the case when θ = δ. Due to that special
structure, to get decay estimates in the high frequency region in the Fourier space it is
necessary to impose additional regularity on the initial data to obtain the same decay
estimates as in the low frequency region. If δ ≤ θ this effect does not appear, since the
solution decays exponentially in the high frequency zone of the Fourier space.

In some previous works, Sugitani-Kawashima [5] and D’Abbico-Reissig [3] used the
explicit solution and root characteristics equivalency to find optimal rates for the dis-
sipative plates equation with rotacional inertia (if δ = 1, α = 2, θ = 0) and for the
fractional dissipation wave equation (δ = 0, α = 1), respectively. Charão-da Luz-Ikehata
[1] worked with the plate equation under effects of rotational inertia and a fractional
damping (δ = 1, α = 2). Using the energy method in the Fourier space along with
Haraux-Komornik Lemma, they find almost optimal decay rates requiring less regularity
on inicial data when compared with the results found in [5]. In [4] they extended these
results to an abstract problem of second order differential equation.

The main objective of this work is to improve the results obtained in [4]. We obtain
optimal rates of decay for ‖∂γ1x v(t)‖, ‖∂γ2x vt(t)‖ and the corresponding regularity of the
initial data. To obtain the desired decay rates, we study low and high frequency regions
separately. To low frequency, we use the ideas presented in [3] and [5], i.e., we consider the
explicit solution of the problem and estimate the eigenvalues. We study the problem in
high frequency zone through a redesign of the energy method in Fourier space introduced
by Charão-da Luz-Ikehata in [1,2].

Some important applications are presented, finding optimal decay rates for the norm
of solution and for the terms of the energy associated with the wave equation with
fractional damping and a Boussinesq equation with fractional damping.
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