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Abstract

Large Number Hypothesis (LNH) was proposed by Paul Dirac. This coincidence of number
was also recognized by Arthur Eddington who related the above ratios to N, which the estimated
number of charged particles in the universe. This hypothesis shows some physical parameters
depends on the age of the universe. For example, it shows the strength of gravity as represented by
the gravitational constant is inversely proportional to the age of the universe. By applying this
hypothesis to a black hole, it can be shown that the entropy of the black hole depends on the age of
the universe and the thermal radiation from the black hole increases with time.
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1. Introduction

The Dirac large numbers hypothesis (LNH) is an observation made by Paul Dirac in 1937
relating ratios of size scales in the Universe to that of force scales. The ratios constitute very large,
dimensionless numbers: some 40 orders of magnitude in the present cosmological epoch.
According to Dirac's hypothesis, the apparent similarity of these ratios might not be a mere
coincidence but instead could imply a cosmology with these unusual features:

From this hypotheses, the following features were obtained.

The strength of gravity as represented by the gravitational constant is inversely proportional
to the age of the universe. The mass of the universe is proportional to the square of the universe’s
age, and physical constants are actually not constant. Their value depends on the age of the
universe.

This coincidence was primary found by Arthur Eddington who related the above ratios to N,
which the estimated number of charged particles in the universe (Eddington, 1931):

This can be shown as t/(r,/c) ~10*, where t is the age of the universe, C is the light speed

and I, is the classical electron radius.

By applying LNH to the entropy of the black hole, some features of the black hole can be
obtained.
We abbreviate the Large Number Hypothesis as LNH hereafter;

* Corresponding author
E-mail addresses: takaaki.mushya@gmail.com (T. Musha)

3



http://www.ejournal28.com/

Russian Journal of Astrophysical Research. Series A, 2020, 6(1)

2 LNH and the black hole
The ratio of the Coulomb force and the gravity, we have

fo /£, ~10%, (1)

where f is a Coulomb force and f; is a gravity given by
2
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In these equations, € is a charge of an electron, G is a gravitational constant, m is a mass

of a proton and m, is a mass of an electron.

If we let t/(r,/c) = 7, which is a time scale of the universe, we have a following equation from
LNH as
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Then we can write
e2
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From which, it is seen that G varies with time.

A black hole is a region of spacetime exhibiting gravitational acceleration so strong that
nothing—no particles or even electromagnetic radiation such as light—can escape from it.

The theory of general relativity predicts that a sufficiently compact mass can deform spacetime to
form a black hole.

The area of its event horizon, A, can be described as (Imaeda, Imaeda, 1982)
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where M is a mass of the black hole and J is its angular momentum.
From Eq.(3), we have the following equation for non-rotating black hole;
MZ%* 1
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Starting from theorems proved by Stephen Hawking, Bekenstein conjectured that the black
hole entropy was proportional to the area of its event horizon divided by the Planck constant
(Majumdar, 1999). Then the formula for the Bekenstein entropy of the black hole can be shown as
ks [ AC® kM?* 1
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The radiation temperature from the black hole can be also obtained as (Imaeda, Imaeda,
1982)
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Some features derived from LNH for a black hole

From equations described above, we obtain the following results.

(D The area of the event horizon of the black hole decreases with time, contrary to the
black hole area theorem states that surface area of a black hole does not decrease with time.

(2) The entropy of the black hole decreases with time.

(3) The temperature of the black hole increases with time given by
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T ~6.024x10* xz/M

Quantum field theory in curved spacetime predicts that event horizons emit Hawking
radiation, with the same spectrum as a different from the Hawking radiation black body of a
temperature inversely proportional to its mass (Hawking, 1988). Then black holes are expected to
shrink and evaporate over time as they lose mass by the emission of photons and other particles.
LNH also predicts that the black hole radiates energy and shrinks with time, which is the same as
the Hawking radiation, but the amount of radiation increases with time.

This means that the black hole radiates energy from the vacuum because the mass of the
black hole maintains constant, which contradicts the second law of thermodynamics.

On 10 April 2019 an image was released of a black hole, which is seen in magnified fashion
because the light paths near the event horizon are highly bent. The dark shadow in the middle
results from light paths absorbed by the black hole (Lutz, 2019). The image is in false color, as the
detected light halo in this image is not in the visible spectrum, but radio waves as shown in
Figure 1. The black hole is 500 million trillion km away and was photographed by a network of
eight telescopes across the world.

Fig. 1. The photo of a black hole

There is an idea of elementary particles being tiny black holes, yet even within the canonical
model of particle physics elementary particles like electrons and quarks are taken to have mass yet
occupy zero-dimension. In fact, because of the self-energy of a point-particle, leptons have infinite
bare mass and infinite bare charge — vacuum fluctuations are needed to shield these infinite values.
Such a point-particle is a singularity, or in more common parlance a black hole (Holzhey, 1991).
However, if elementary particles are black holes, they evaporate and the universe is filled with

thermal radiation at the present time according to the equation T = 6.024x10°/M obtained from
the LNH.

If a black hole does exist in the universe as observed, LNH, which was suggested by Paul
Dirac in 193 7, is considered to be false.

3. Conclusion

LNH predicts that black hole radiates energy by shrinking its area of the event horizon.

The black hole does not lose its mass, but it emits thermal radiation with time. However, this
result contradicts to the second law of thermo dynamics. If LNH is true, we can create a thermal
engine with perpetual motion by using the micro black hole. But this result leads to the conclusion
that there is no black holes in the universe.
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