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ABSTRACT
In this work, as the growth of the universe was treated as a discrete step evolution of a
black hole. The speed of the evolution of the universe was found to be increased exponentially
with the number of the step of the evolution. This result shows a good agreement with the
observational evidence of the accelerated universe.
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INTRODUCTION

The surprised discovery of cosmic acceleration (Riess et al., 1998)
(Perlmutter et al., 1999), gives rise to a big challenge to theorists and cosmologists. So, many
suggestions have been given to explain it. Most of these suggestions are based on the idea of
the existence of repulsive gravity that could arise from some kind of vacuum energy with a
negative gravitational pressure. Such energy is dark, and, may be, related to the cosmological
constant, which added by Einstein to the field equations to stop the time evolution of the
universe. The arguments for and recent progress made towards understanding the nature of
dark energy was discussed in details (Copeland et al., 2006). Another suggestions are that the
acceleration of the universe is due to a new long-range forces, the smallness of neutrino
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masses, it may signal that general relativity breaks down on cosmological scales and must
be replaced (Frieman et al., 2008 ), and the acceleration is caused by quintessence in the form
of a scalar field slowly evolving down a potential (Linder, 2007). An alternative approaches to
the problem of accelerated universe use the particle creation process due to the expenses of the
gravitational field or the creation of dark matter particle at the expenses of A-decay
(de Campos, 2007)

This work suggests an explanation based, firstly, on the assumption that the universe is a
black hole, and secondly, on previous results (Alobayde,1995) obtained from treating the
particle creation by strong gravitational field, as a transformation of virtual particle described
with ( yz; ) to real particles described with (zga; > 4 )-

Particle creation and the time evolution of the universe

To investigate the question: Is the universe itself a black hole ?, (Pathria, 1972) assumed,
in addition of the internal observer, an outside observer to get two views of the universe. For
the inside observer the geometry of the space-time 1is governed by the Robertson-Walker
metric, and, because the expansion of the universe is isotropic, the space-time, as observed
from outside the universe, i1s governed by a static Schwarzschild metric. From equating the
scalar curvature R(t) of the interior observer with Schwarzschild radius R of the exterior
observer at condition of closed universe k=+1, and the presence of the cosmological constant
in Einstein field equation, Pathria found that the universe is indeed a black hole. Accordingly,
we can suggest that the present universe started its evolution from singularity surrounded by
vacuum and stays like that. In quantum field theory in curved space-time, the vacuum state in
flat space-time, is defined with the annihilation operator (a) as ( a /0> =0), and the creation
operation 1is a direct result of the variation of the definition of the annihilation operator in
different spaces. Consequently, the vacuum of the flat space time, should not be a vacuum in
curved space-time, which means that the particle creation is caused by the gravitational field, or
by the curvature of the space-time. So, in his pioneer work (Hawking, 1975) Hawking showed
that quantum mechanical effects cause black holes to create and emit particles, as if they are
hot bodies, and the creation rate depends on the mass of the black hole.

Pathria’s and Hawking’s results make it possible to treat the universe evolution, from the
first singularity at t, which has the gravitational radius (Ry), as a growth of a black hole
surrounded by a quantum vacuum .

In previous work (Alobayde, 1995) wused the Schwarzschild metric to describe the
spherical symmetric gravitational field, the dependence of the gravitational red shift on the time
component of the metric, and the assumption that the vacuum is fill with virtual particles
defined as ( A, <3 ) to prove that the strong gravitational field whose gravitational red shift

(z=1) transform the virtual particles to real particles defined as ( ygp; - #) at

R< 4?5 .................... )
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Then using this result to suggest a description of the growth of a non-rotating
uncharged black hole (Altaie and Aziz, 1998), and to derive a relation for calculating the
velocity of expansion of the universe (Aziz, 1999) as fllows:

The gravitational radius of the universe at its beginning at (t,) is (Ro) defined with

2GM,

Ro=—n® )
C

M, is the initial energy —mass of the universe.
The created particles increase (Mg) to (M) ,and so increases (Rg) to (R;) such that

4
R, = 3 R, 3)
In Eq(3) we just use the equality of (1)
From (3) and (2) we get
4
M 1 = g M 0 seesesesesenens (4)
For N- successive creation operations we can get the general relations
4 n
Rn = (gj RO ............. (5)
M, = Gj M, 6)

As in the previous works, in this suggestion, we suppose that the created particles by the
strong gravitational field of the initial state of the universe, which is black hole, added to the
black hole and causes an increase in its Schwarzschild radius (R;). The variation of the radius
(ARy ) is proportional to the added mass (AM). Then another particle creation takes place with
the new gravitational radius and the created mass is added to the black hole and causes an
increase in (R;), and so on. The time interval (A,t) between any two successive radius (R;,R;+1)
i1s governed by the energy-time uncertainty. The event horizons, which correspond to each
successive Schwarzschild radius considered as a constant time hyper surfaces (CTH’s) labeled
by its own time (t,, t,+;). Consequently, the time evolution of the universe takes place as a
successive of such process. This means that the universe expansion is a successive particle
creation processes appears as a successive (CTH’s) as shown in Fig (1). So, the expansion of
the universe 1s a discrete time evolution.
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fn+1

Fig. 1: successive constant time hypersurfaces

It is clear from equations (5) and (6) that the successive creation operations do not change
the components (gyy) and (g;;) of Schwarzschild metric, which mean that the relation between
the proper and the local time doesn’t change in the successive creation operations. The rate of
expansion of the universe can be calculated at any time interval from the ratio of the change in

. .. R..—-R
(Ry), of two successive (CTH’s), to the time interval between them(—""——"").

n+l1 n
The time duration (At) of any physical quantum process involving a change in the energy (AE)
governed by Heisenberg principle of uncertainty. So the time duration (At) between two
successive CTH, is
At=_ T
AMc?
Where (AM) is the mass difference between two successive states.
Let us take two successive black hole states (n, n+1), and consider A,t as the time duration from
state (n) to the state (n+1). Then, according to (5), the growth from (R, to R,:;) gives the
variation (A,R) as

4\"(R,
AnR = Rn+l - Rn = (gj (?j ................ (8)

And from (7) this variation takes the time

At = m _ (gj(%}l (Cﬁz] .............. )
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The equations (8) and (9) show that the value of the increase in the Schwarzschild
radius, for successive states, is not constant but proportional to the serial number (n). And the
time interval between successive CTHs varies inversely with (n). So, the speed of transition
from any Schwarzschild radius R, to the next one R,,;; during the time (A,t) is

v, = AA"HT _ GT(%)(%]I .................. (10)

And by means of the initial energy is

4" (E,R,
vV, Z[gj (?J ................... (IOa)

From equations (2) and (10) we can write

v, - GT( 22 ](%} ................... (1)

Or

v - @2”(2'\"902 J(%j ................... (12)

It is clear from equations (11) and (12) that the speed of transition of the Schwarzschild
radius is proportional to power (2n), and its value depends on the assumed initial mass and its
corresponding Schwarzschild radius.

RESULTS AND DISCUSSION

The spatial evolution of the universe is discrete, appears as steps, with different spatial
separations. As equations (8) and (9) show, these steps are separated by time intervals which
are discrete and not unique for different steps. So every transition has its own speed, which is
increasing as in equation (10). The energy-mass of the universe is increasing as in equation (6).
Consequently, the universe started as a small black hole and grow as a black hole. The event
horizon of every black hole is a CTH.

In agreement with the recent observational result of the expanding universe, comparing
between the speeds of expansions at different time intervals, one can see that the expansion of
the universe is accelerating.

As in the case of the energy difference between quantum energy levels in its relation with
the quantum number (n), the time intervals decrease with the serial number (n), and the speed
of expansion increases rapidly with the power (2n). So, the discrete growth of the universe
should appear as it continues for large (n).

It is clear from the above results that the rate of expansion of the universe depends on its
initial state, mass and radius. So, according to (Hawking, 1975), the initial mass of the universe
should not be very small, because it should evaporate before starting its growth. The variation
of the time intervals between successive steps of evolution certify that the Hubble’s constant is
time dependent.
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Knowing the initial and the present mass or radius of the universe can give the number
(n) and so the age of the universe.

In spite of the agreement of eq. (10) with the recent observation of the accelerated
universe, the suggested evolution faced difficult questions about the very fast expansion, and
the observed structure of the universe in the interior of the black hole. The possible answers
are that we live inside a universe enclosed with a very strong gravitational spherical shell
seems like black hole to the exterior observer, and it is a close Robertson-Walker expanding
universe for the interior observer. Consequently, if we take in consideration that both, the
interior and exterior observers, are in approximately flat space-time then the very fast
expansion resulted from the high gravitational red shift of the signals, that come from regions
near the shell, is observed by the inside and outside observers.
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