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ABSTRACT

Starting from Schwarzschild exterior solution singularity has attracted researchers. There are conjectures (like
cosmic censorship conjecture) which suggest that the singularities are to be covered by event horizon. However these are
examples of naked singularities, thus it is always interesting to discuss singularities in this context.

Spacetime singularities are classified as shell-crossing and shell-focusing also; in this paper we consider spherically
symmetric spacetimes filled with dust and perfect fluid. We find that in these cases both type singularities occur

simultaneously.
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INTRODUCTION

The Einstein's theory of relativity
prophecies that the end fate of collapsing matter
which exhausted its threadbare nuclear fuel. If
star is more massive than few solar masses it
could undergo an endless gravitational collapse
without earning any stable stage. When the star
wiped out it’s inter nuclear fuel which provided
outward pressure against inward pull of
gravitation filed

The key point of this analysis is to find
out the behavior of spacetime singularity of
collapsing matter cloud in which the radius of
star converse to a small positive value. The
result form gravitational collapse is highly dense
region with strong gravity and physical quantity
such as density and Kretschmann curvature
scalar could blow-up. If the event horizon starts
developing before such a collapse, the collapsing
matter gets hidden within a horizon. As result of
collapse black hole created. If the developments
of event horizon gets late during the collapse
then the final result is the naked singularity,
which can send out information to observer from
strong gravity region. The cosmic censorship
conjecture showed that trapped surface gives
spacetime singularity; such a singularity must
always hide behind event horizon of gravity.

The gravitational collapse of massive
cloud could it be inspected using Einstein field
equations. Here the main point in the theory of
collapsing matter cloud is that the creation of
shell-crossing and shell-focusing singularities.
The shell of matter implode in such a way that
fast moving outer shell of matter overtake the
inner shells and producing a weak singularity
this is called shell-crossing singularity where
density and curvature scalar K = RMKR,, .
blow-up.

On the other hand shell-focusing
singularity occurring at center of spherically
symmetric collapsing matter, this is genuine
curvature  singularity where  Kretschmann
curvature scalar assume unboundedly large
value. Many times singularity is observed due to
bad choice of coordinate. To examine a
singularity due to coordinates is done by
checking the Kretschmann curvature scalar. We
consider shell-crossing as a weak singularity
because the volume element along to geodesics
are non-zero, we can remove shell-crossing
singularity with suitable extension of spacetime.

Spherically Symmetric Spacetime

The final stage of gravitational
collapsing matter we consider here idealization,
spherically symmetry. The advantage is that it
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can solve analytically to get exact solution. The
first studies examining the dynamical collapsing
matter cloud by Oppenheimer and Snyder [3],
and Datt [9]. The naked nature of gravitational
collapse of inhomogeneous dust cloud (zero
pressure) has been studies in details by Datt [9].
Here we need investigating only the
gravitational collapse with two real orthogonal
eigenvectors of spherically symmetric metric.
We take the matter field with weak energy
condition. The energy density as measured by
any observer is positive for any timelike vector
Vi,
T,;VV/i >0 1)

Shell-Crossing and Shell-Focusing
Singularity

Here we consider perfect matter fluid,
the idealized condition and in order to determine
field equation and analyze shell-crossing and
shell-focusing singularity. Such matter field, can
be given as

=(p +pV;V; —pgij 2)

For a spherically symmetric matter distribution,
choose the co-ordinates t,r, 8, ¢, the metric is
written as,

ds? = —e2Vdt? + e?¥dr? + R2d0?, (3)

where dQ? = d6? + sinf d¢? and v,y and R
are function of t and r and the stress energy
tensor TUas given by equation (2) has only
diagonal component in co-moving coordinate
system

Tee =—p,Trr =Tgg =Typp =D, 4)
Tij=0' fOT' l;t]

Here p is density and p is pressure which are
eigenvalues of TU. Here the energy density as
measured by any observer must be positive. The
weak energy condition holds for matter with two
eigenvectors provided,

p=20,p+p=0 ()
The Einstein field equations for metric (3) gives,

e (-(v-¥)(R-RY) + R + Rw)]( |

p= RZ —e ?((R"+ Rv)(v' —9") + R+Rv)
1 —e 2YR'(R" + 2RV') + e ?V(e?" + R? ] @)
R? —2RRv + 2R)

= —[e72/(R™ — 2RR")’ + 2RR")

+e72(e7? + R? — 2RRY)] ®)
0 = —2[YR +RV' —R'] ©9)
Now,
= 2z le7?V (R — 2RR')’ + 2RR")

+e~?(e”?® + R% — 2RRy)]

Using, —2[y)R' + Rv' — R'] = 0,

e‘w(R’z + 2RR"Y" — RR")

+e % <R2 +57(=RRV' + RRR')) +1

p= 72
(10)
Or,
1 [ R'{1+ e 2YR? — e 2¥R"?}
P T RPR | +R{2e " R(R'R'R" — Rv') + 2¢ "2V R'2y')
(11)
_—F (12)
p= RZR/
_F
P~ ReR (13)
2R' = 2R — ¢ L
G H (14)
P
v —
ptp (15)
F=R(1-G+H) (16)

Functions H and G are defined as,
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H = e—2v(r,t)R'2
G = e—ZIl)(r,t)RIZ

Here the prime and dot denote partial derivative
with respect to the parameters r and t
respectively. F = F(r,t) the Misner-Sharp mass
function with F = 0. In above non-linear system
we have five equation and six unknowns that is
to say R,F,G,H and p and p. Here p is the
positive density; p is pressure which is uniform
throughout collapse. We are only affiliated with
the gravitational collapse of perfect fluid. For
the collapse condition,

R(t, 1) <0

In general, R" may not be positive. The inner
shells are more weak then outer shells.

For spherically symmetric continual collapse
energy-mass density is given by.

F/
P=Reg
This condition trivially leads to shell-crossing
and shell-focusing, generally this shell-crossing
as weak singularity with dust ball and perfect
fluid. The volume elements along the geodesics
are converse to non-zero so this is weak surface
singularity.
The shell-crossing singularities were studied by
Szekeres [4] and Lun [4] who investigated
Newtonian spherically symmetric dust ball
solution. In Tolman dust ball solution Hellaby
[2] and lake [2](1995) define necessary and
sufficient condition for shell-crossing.

CONCLUSION

The study of spherically symmetric
collapse out here reveals that non-removable
shell-crossing singularity occurs. Also, the
singularity here is genuine shell-focusing
curvature singularity. Here we considered
perfect fluid as material content of spherical
body. Our results match with the dust situation

considered in Datt [9]. We hope that this method
can be applied in more general situation.
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