
Geophysical Research Abstracts, Vol. 7, 04829, 2005
SRef-ID: 1607-7962/gra/EGU05-A-04829
© European Geosciences Union 2005

Polarization of plane waves in viscoelastic anisotropic
media
V. Cerveny (1) andI. Psencik (2)
(1) Charles University, Praha, Czech Republic, (2) Academy of Sciences of the CR, Praha,
Czech Republic (vcerveny@seis.karlov.mff.cuni.cz, ip@ig.cas.cz)

1 Introduction

Plane waves propagating in viscoelastic anisotropic media are studied as functions of
two mutually perpendicular unit vectorsn andm, and a scalar inhomogeneity param-
eterD ε (−∞,∞). These parameters specify the complex-valued slowness vectorp
of a studied plane wave:

pk = σnk + iDmk . (1)

The vectorn is parallel to the wave propagation directionN (or it is opposite toN).
The vectorsn andm specify the propagation attenuation plane, in which the slowness
vector (1) is situated. The plane wave is called homogeneous ifD = 0. In such a
case, the propagation and attenuation directions are parallel. The plane wave is called
inhomogeneous ifD 6= 0. In such a case, the attenuation direction differs from the
propagation direction but the resulting slowness vector is confined to the propagation-
attenuation plane. Thus the inhomogeneity parameterD is a measure of inhomogene-
ity of the plane wave. The complex-valued parameterσ in (1) must be determined so
that the slowness vector (1) satisfies elastodynamic equation.



2 Polarization

Both homogeneous and inhomogeneous plane waves propagating in viscoelastic
anisotropic media are, in general, elliptically polarized. Exceptions are theSH plane
waves propagating in planes of symmetry of viscoelastic anisotropic media, andP
and S waves propagating along some specific directions. The polarization ellipses
vary considerably with the direction of propagationN, with variation of the inhomo-
geneity parameterD, and with the choice of the propagation attenuation plane. Not
only the directions of the axes of the polarization ellipse, but also their eccentricity
depends strongly onn, m andD. For small values ofD and weak attenuation, the po-
larization is usually nearly linear, i.e., the polarization ellipses are strongly eccentric.
With increasing value of inhomogeneity parameterD, the polarization becomes close
to circular (small eccentricity). ForD large, it becomes more and more difficult (even
impossible) to distinguishP andS waves according to their polarization. In such a
case, phase velocities of the above waves are getting closer to each other too. Smooth-
ing of anomalous polarization effects known from vicinities of singular directions in
perfectly elastic anisotropic media can be observed in vicinities of these directions in
viscoelastic anisotropic media.

Two most useful normalization conditions for the polarization vectorU areUi ·Ui = 1
andUi · U∗

i = 1. HereUi are the components of the polarization vectorU, and the
superscript∗ denotes complex conjugacy. The above normalization conditions have
no effect on the shape of the polarization ellipses but lead to mutual phase shifts be-
tween differently normalized polarizations. The explanation of the phase shift effect is
given. The choice of the normalization condition has influence on the solution of the
reflection/transmission problem of plane waves at a plane interface separating two vis-
coelastic anisotropic media. The normalization conditionUi ·Ui = 1 seems to be more
suitable for solution of various wave propagation problems in viscoelastic anisotropic
media.

3 Algorithm

For the specification of the slowness vector in the form (1), the so-called mixed speci-
fication, the elastodynamic equation for viscoelastic anisotropic media yields a system
of linear equations for the componentsUi of the polarization vectorU:

aijkl(σnj + iDmj)(σnl + iDml)Uk = Ui , i = 1, 2, 3 . (2)

The polarization vectorU in (2) should satisfy one of the above-mentioned normal-
ization conditions. The complex-valued parameterσ is a solution of the algebaric
equation of the sixth degree,

det[aijkl(σnj + iDmj)(σnl + iDml)− δik] = 0 . (3)

Hereaijkl are complex-valued density-normalized viscoelastic moduli. Eq.(3) yields
six roots corresponding to three wave modes,P , S1 andS2, propagating along and
againstN. For certain types of higher-symmetry anisotropy, particularly in planes of
symmetry, the algebraic equation of the sixth degree (3) can be factorized and reduces
to an algebraic equation of the fourth and the second degree.



4 Numerical examples

Numerical examples are presented, which exhibit clearly the polarization properties of
homogeneous and inhomogeneous plane waves propagating in viscoelastic anisotropic
media.


