


We would also expect that:
This universe may undergo multiple bounces between which it
expands and contracts (Hypothesis II).
This behavior is determined by quantum particle production
which affects the dynamics of the universe. After a bounce,
the universe expands and its temperature decreases. If the
universe does not have enough mass to reach a size at which
the vacuum energy can expand it to infinity, it eventually stops
expanding and reaches a crunch. The universe then contracts
until it reaches another bounce, after which it expands again.
Because of particle production near a bounce, the size of the
universe factor at a given bounce is larger than that at the
preceding bounce. The size of the universe at a given crunch
is larger than that at the preceding crunch. When the uni-
verse produces sufficient amounts of mass, it reaches the size
at which the repulsive vacuum energy becomes a dominant
form of energy in the universe. The universe then begins to
accelerate and expands indefinitely [8].

In addition, we would expect that:
Increasing the production rate decreases the number of
bounces in the dynamics of a universe in a black hole (Hy-
pothesis III).
A smaller production rate would require more bounces (each
of which produces matter from particle production) for such
a universe to reach the size at which it can expand to infini-
ty. A larger production rate would require fewer bounces. A
sufficiently high production rate would result in one bounce.

Our Universe may thus have been formed in a black hole
existing in another universe. The last bounce, called the Big
Bounce, would correspond to the Big Bang. We would then
expect that:
The scalar spectral index ns obtained from mathematical anal-
ysis of our hypothesis is consistent with the observed value
ns = 0:965�0:006 obtained from the CMB data [9] (Hypoth-
esis IV).
This quantity describes the quantum fluctuations in the early
universe and how these fluctuations were amplified through
the rapid inflation of the universe into the density perturba-
tions which seed the large-scale (extragalactic) structure of
the universe. Its values consistent with observations would
substantiate BHC.

3. Methodology

In order to operationalize and test BHC, the research was di-
vided into two parts. The first part involved writing a computer
program in the Fortran programming language to numerically
solve a system of two coupled, ordinary, first-order differential
equations that describe the dynamics of a closed universe in a
black hole. They were solved using forward Euler integration.
These equations are the Friedmann equations (Einstein-Cartan
equations for a homogeneous and isotropic universe) modi-
fied by quantum particle production from the vacuum in the

presence of strong gravitational fields near a bounce [8]:
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where k = 1, ẽ is the effective energy density in the universe,
b is a dimensionless particle production coefficient, and dot
denotes the derivative with respect to the cosmic time t. These
equations give the scale factor (size) a and temperature T of
the universe as functions of t. The other quantities in these
equations are constants related to the gravitational constant,
speed of light, and the numbers of particle species.

Since the negative term on the right-hand side of Equation
(1) scales with T faster (� T 6) than the positive term (� T 4),
ȧ reaches zero and a reaches a local minimum at a positive
value. Near this instant, repulsion from torsion is stronger than
gravitational attraction. Such a minimum scale factor defines
a bounce.

To avoid an infinitely long exponential expansion of the
universe, the value of the particle production coefficient must
be smaller than a critical value cr:
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For standard-model particles, bcr � 1=929.

The second part of this research involved evaluating
whether or not the results generated by the computer pro-
gram match the CMB data. Since the rapid recoil after the
bounce could be the cause of an exponential expansion of the
early universe, its characteristics should match the observed
universes size and mass as functions of time, its geometry,
and several variables which describe the fluctuations in the
CMB temperature. The calculations derived from a graphical
representation of the data should match the observed value of
the scalar spectral index ns.

4. Results

First, one of the goals of the numerical analysis was to calcu-
late the size of a universe in a black hole with respect to time.
Figure 1 shows a sample scale factor a(t) of such a universe
from the time at which a black hole forms. Several bounces
occur, validating Hypothesis II.



Figure 1: A sample scale factor of a universe in a black hole as a
function of time.

Figure 2 shows the logarithm of the scale factor as a func-
tion of the logarithm of time for b=bcr = 0:988. The graphical
representation of this dynamics indicates that the matter in a
black hole does not collapses to a point and the universe has
always a finite size, validating Hypothesis I. This universe
has two nonsingular (finite-size) bounces, which also validates
Hypothesis I.

Figure 2: The common logarithm of the scale factor (in m) as a
function of the common logarithm of time (in s) for b=bcr = 0:988.
The initial scale factor is 10 km. The universe has two nonsingular
bounces. The second bounce is the Big Bounce.
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