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Abstract. We deal with a linear parabolic initial-boundary value problem and its hyper-
bolic perturbation with a small parameter ε > 0 in front of the 2nd order time derivative.
We derive bounds for the perturbation error of the orders O(ε) and O(

√
ε) in several

norms in dependence with smoothness of data (without a priori conditions on solutions)
but for non-smooth coefficients and keeping the free terms in equations as distributions.
They essentially complement or improve some previously known bounds. In addition, we
discuss regularizations of the initial time derivative.
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1. Introduction

We consider a linear parabolic initial-boundary value problem and its hyperbolic perturba-
tion with a small parameter ε > 0 in front of the 2nd order time derivative. We derive error
bounds between their weak solutions (i.e., for the perturbation error) of the orders O(ε) and
O(

√
ε) in several norms, including the parabolic and hyperbolic energy norms and a weaker

norm, in dependence with smoothness of the initial data and free terms in equations of the prob-
lems (without a priori conditions on solutions) but for non-smooth coefficients and keeping the
free terms as distributions. These error bounds essentially complement or improve previously
known ones from [5] given in a rather general statement but only in the parabolic energy norm
and without the distributional free terms and [8, 10] given under stronger a priori assumptions
on the solution to the parabolic problem.

We do not aspire to the most general statement of our results for more clarity and brevity
and confine ourselves by the equations without lower order terms and with time-independent
coefficients as well as by the homogeneous Dirichlet boundary condition. But we apply only
various versions of general energy techniques, and thus it is clear that the results could be
generalized to much more general situations.

We also consider possible implicit elliptic and explicit by averaging regularizations for the
initial time derivative to avoid the loss in regularity of the solution to the regularized problem.

Interest to perturbations of the discussed type has a long history that goes back to B.
Riemann and finds applications in heat conductivity and thermoelasticity [9]. Recently it
has resumed again and increased in connection with new approaches to numerical solution of
problems in gas- and hydrodynamics and filtration on high-performance computers [2]-[4], [13].

2. The parabolic initial-boundary value problem and its hyperbolic perturbation

We deal with the linear parabolic initial-boundary value problem

Pu := ρ∂tu− div(A∇u) = div f + f in Q := QT = Ω× (0, T ), u|ΓT
= 0, u|t=0 = u0 (1)
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