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RELATIVISTIC FLUID SPHERES

R.R. Kine

Static spherically symmetric solutions of Einstein's field equations
for a perfect fluid have found application as relativistic models for stars

which are in mechanical and thermodynamical equilibrium.

In either Schwarzschild (canonical) or isotropic coordinate systems, a
spherically symmetric metric gives rise to three non-linear second order
differential equations. The standard problem is to find analytic forms for
the two potentials of the metric, subject to the usual physical
constraints: for a regular sphere, both the pressure and density must be
positive and monotonic decreasing, and there must follow a realistic
equation of state, preferably in simple closed form. Boundary conditions
are derived from the requirement that any solution join continuously to the

Schwarzschild solution for free space at the boundary of the sphere.

To guarantee a result which is physically valid, some authors have
assumed a subsidiary relationship, for example, an equation of state. An
ensuing difficulty is then, however, that such an assumption may not lead
necessarily to equations which can be solved. The more usual approach has
been to use the large body of theory of differential equations to introduce
mathematical simplifications and hope that a reasonable equation of state

will emerge.

This thesis demonstrates initially that often the same solutions keep
re-appearing in the literature without proper identification of previous
discoveries having been made. It then shows that the field equations can
be integrated, subject to the application of two different ansatz, provided
that, for each ansatz, a single integral of generalized form and involving
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two parameters, can be evaluated. In most solution schemes, two
integrations are required and their replacement by a single one, the
possibility (or otherwise) of which is immediately evident, constitutes an
improved solution process. Expressions for pressure and density follow
immediately, although there is not necessarily a simple closed relationship

between these quantities.

Several quadratures for the case of each ansatz have been completed.
For one of these, values of the parameters in the integral yield a solution
of physical relevance similar to, although more complex than, already known
ones. An equation of state can be obtained when limiting conditions apply,
and the predictions of the model for the mass, radius and central density

of a neutron star accord reasonably well with accepted values.
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