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“The increase of disorder or entropy is what distinguishes the past from the future, giving

a direction to time.”
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With the presence of electric charge and pressure anisotropy some anisotropic stellar
models have been developed. An algorithm presented by Herrera et al. (Phys. Rev. D
77, 027502 (2008)) to generate static spherically symmetric anisotropic solutions of Ein-
steins equations has been used to derive relativistic anisotropic charged fluid spheres. In
the absence of pressure anisotropy the fluid spheres reduce to some well-known General-
ized Tolman IV exact metrics. The astrophysical significance of the resulting equations of
state (EOS) for a particular case (Wyman-Leibovitz-Adler) for the anisotropic charged
matter distribution has been discussed. The interior matter pressure, energy-density,
and the adiabatic sound speed are expressed in terms of simple algebraic functions. The
constant parameters involved in the solution have been set so that certain physical cri-
teria are satisfied. Physical analysis shows that the relativistic stellar structure obtained
in this work may reasonably model an electrically charged compact star, whose energy-
density associated with the electric fields is of the same order of magnitude as the energy

density of fluid matter itself like electrically charged bare strange quark stars.
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Chapter 1

Introduction

The study of regular relativistic charged fluid spheres obtained from the analytic solu-
tions of Einstein-Maxwell gravitational field equations with certain geometry that satisfy
physical constraints have remained the subject of considerable interest to the researchers
[1-8]. Such solutions are also important in relativistic astrophysics because they enable
to study the highly concentrated distribution of matter, up to the order of 10%g cm ™3
in the interior of compact astrophysical stellar objects, to be modeled in terms of sim-
ple algebraic relations between the anisotropic pressure and its energy density. The
Reissner-Nordstrom solution at the pressure free interface is interesting to observe that
(present charge) the gravitational collapse of a spherical symmetric distribution of the
matter to a point singularity may be avoided if the matter distribution acquires large
amount of electric charge [9-11]. Any compact star is not composed of charged perfect
fluid but may be used to make a suitable model of compact object with charge matter
for the numerical study of the stellar structures [12, 13]. One of the two classes of known
analytic solutions of Einstein’s gravitational field equations describes self-bound stars
for which density at the surface where the pressure vanishes, is finite, about 2-3 times
the normal nuclear matter saturation density [14, 15]. The study of charged relativistic
fluid spheres attracts the interest of researchers of physics and astrophysics due to some

of the following reasons [16-20]:

e A spherical body can remain in equilibrium under its own gravity and electric
repulsion if the matter present in the sphere carries certain modest electric charge
density [9, 21]. The problem of the stability of a homogeneous distribution of
matter containing a net surface charge was considered by Stettner [22]. He showed
that a fluid sphere of uniform density with a modest surface charge has more
stability than the same system without charge. His solution is also stable towards

an increase in the net surface charge. The electric charge weakens gravity to the
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Chapter 1 Introduction 2

extent of turning it into a repulsive field, as happens in the vicinity of a Reissener-
Nordstrom singularity. Thus the gravitational collapse of a charged fluid sphere

to a point singularity may be avoided [23].

e Charged-dust (CD) models and electromagnetic mass models are expected to pro-

vide some clues about the structure of an electron [24-28)].

e Several static fluid spheres, which do not satisfy some or all the relevant physi-
cal conditions (e.g., monotone decrease in the subluminal adiabatic sound speed)
become relevant when they are charged (See Table 4 of [29], and Table 1 of [30]).

e Charged fluid sphere may be used to model electrically charged compact stars,
(e.g. electrically charged strange star). The electric charge distribution can have a
significant impact on the structure of quark stars. The energy density associated
with such huge electric fields (E & 10720 V /cm) is of the same order of magnitude
as the energy density of strange matter itself. This acts as an additional energy-
momentum source in relativistic gravity [7, 31-40].

e A compact, electrically charged object with density and mass comparable to those
of a neutron star can impart a redshift as great as quasars do. Therefore, if quasars
are dense, massive, and electrically charged objects, their large redshifts do not
imply that all quasars are extremely distant; thus, the luminosity of quasars and
their association with low-redshift galaxies can be understood. This interpreta-
tion does not conflict with big bang cosmology, because the electric redshifts are
negligible for normal stars, galaxies, and large-scale matter, which are not dense

and electrically charged [41].

The possibility that 3-flavored strange quark matter (SQM, for short), made up of
roughly equal numbers of unconfined up (u), down (d), and strange (s) quarks, may
be the absolute ground state of the strong interaction is known as Bodmer-Witten hy-
pothesis or the strange quark matter hypothesis [42]. There is still no sound scientific
basis, both theoretical and experimental, on which one could either confirm or reject the
hypothesis so that it remains a serious possibility of fundamental significance for physics
and astrophysics [39, 43-45].

One very striking consequence of the hypothesis is the prediction of the existence of a
new class of compact stars called strange (quark) stars [46]. The massive members of
this hypothetical family of compact stars have masses and radii almost similar to those
of neutron stars, however, strange stars would form a distinct and disconnected branch
of compact stars and are not part of the continuum of equilibrium configurations that
include white dwarfs and neutron stars [45, 47]. Compact objects like neutron stars or

strange stars may be classified on the basis of mass-radius relation [48]. Apart from
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the internal constituents, another most striking distinction between a strange star and
a conventional normal matter neutron star is the surface electric field associated with
the former one [45]. Since strange matter is, by the above hypothesis, absolutely stable,
it must be so even at the surface, where the pressure P = 0, and this raises the exciting
possibility that the surface of stars may, in fact, be exposed quark matter. Such a bare
quark surface is expected to have most unusual properties: the density drops abruptly
from the SQM density to zero and the thickness of the quark surface would be ~ 1 fm,
the range of strong interactions. These types of stars are known as bare strange star
(BSS for short). A bare strange star have own ultra-strong electric fields on their surface
which is around 10'® V/cm [49] and for color superconducting strange matter is 1020
V/cm.

First models of quark star, built exclusively of quark matter and possessing the surface
density 2.28 x 10'* gecm ™3, were considered by Brecher and Caporaso [50]. Using the
simplest SQM equation of state (EOS) of massless non-interacting quarks (strange quark
mass ms = 0, and strong interaction (QCD) coupling constant a. = 0), they obtained
Mmax = 2.8 M , much higher than for the EOSs of baryon matter available at that time.
Their bag constant was about half of the today standard value, which easily explains
why they obtained such a large M.y for their quark stars.

Eight years later, in 1984, the topic of quark stars was reconsidered by Witten [51], who
also used the simplest model (in the limit m; — 0, a, — 0) of the three-flavor quark
matter with the EOS of the form

P= %(p—4B)

in his approximate calculation of strange star mass-radius relation. He showed that
for the bag constant Bi = 145 MeV (B = 57.5 MeV fm~3), the parameters of the
maximum-mass configuration for strange stars are similar to those for realistic stars
built of baryonic matter (Myax = 2My , Rmax = 11.1 km). The first detailed models
of strange stars, based on a more realistic EOS of strange quark matter, taking into
account strange quark mass and the lowest order QCD interactions, were constructed
by Haensel et al. [46] , who considered also specific features of accretion on strange stars.
Similar results were presented somewhat later by Alcock et al. [49] , who additionally
proposed scenarios of the formation of strange stars and analyzed strange stars with the
normal crust. These papers summarized the basic properties of strange stars and their
astrophysical manifestations. For review see (44, 46, 48, 49, 52-55].

A recent calculation for cold and dense QCD strange quark matter indicates that massive
compact stars with mass > 2Mg up to maximal masses ~ 2.75M would be interpreted
as possible candidates for strange quark stars and that compact stars with observed

masses up to = 2M would be identified with hybrid stars, neutron stars with a central



