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ABSTRACT

The properties of the second order linear eigenvalue problem describing the adia-
batic non-radial oscillations of stars are discussed analytically. Cases with disconti-
nuities in density are also considered. The distribution of amplitudes is studied using
a simplified model which allows the interpretation of numerical results obtained for
physical models.

1. Introduction

The mathematical properties of the eigenvalue problem describing
the adiabatic non-radial oscillations of stars are still poorly known and
our information rests only on numerical integrations.

Even when the problem is simplified neglecting the Eulerian pertur-
bation of the potential a rigorous analysis of the eigenvalue problem
is still lacking. As early as 1941 Cowling (1941) introduced the distinction
between p and g spectra on the basis of an asymptotic discussion of the
problem. Owen (1957) was unable to find the f-mode and the first p-
and g-modes for polytropes of high central condensation. Robe (1968)
showed that these modes still exist but that they acquire extra modes.
Scuflaire (1974) and Osaki (1975) showed that a regularity can be found
in all cases provided the nodes are counted in an appropriate way. We
give here a rigorous discussion of the properties of the eigenvalue problem
when the Eulerian perturbation of the potential is neglected. The discus-
sion is also extended to cases where discontinuities in density are present
in the star. For incompressible fluids, it is known that in such situations
as many new modes, called discontinuity modes, as density discontinu-
ities appear. We show that it is not always so in stars.
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The results of this mathematical discussion are summarized in
section 2.4.

When a density discontinuity is present in the star, there can never-
theless exist one or several modes having their largest amplitudes in the
vicinity of one of the discontinuities. This problem is discussed using
a simplified model whose predictions allow the interpretation of numerical
results obtained from physical models (section 4).

2. Oscillatory Properties of Non-radial Oscillations

2.1. Equations and boundary conditions.

Neglecting the Eulerian perturbation of the gravitational potential
(Cowling’s approximation) the equation for non-radial oscillations are

do
_d__; = aw, (1)
dw
— bv, (2)
with » = fyr?rand w = f,p'/e,
1 dlnp
fi= eXP(O '—1:1-—(-1;—(1 ), (3)
= dlng 1 dlnp
fz—;exp(ofAdr), 4 =— T @ (4)
oy r* f P
o-(E)G g o -n i
1 J
b :?(02—%2)—27 (6)

where ¢ is the velocity of sound, n = ¥ —Ag is the Brunt-Vaiséld frequency,

o, = VI(l+1)/r? ¢ is the critical sound frequency, ! is the degree of surface
spherical harmonie.

Equations (1) and (2) are those given in Ledoux and Walraven (1958)
modified to take the non-constancy of I'; into account.

Equation (3) shows that f, is continuous throughout the star even
when discontinuities in density are present. In such cases A must be
considered as a distribution to maintain the validity of Eq. (4), f, is dis-






