Thesis
Volume 10:7, 2022

Journal of Astrophysics and Aerospace
Technology

ISSN: 2329-6542 Open Access

Mass-Wavelength Relation in Curved Space-Time Fabric of a
Black Hole and Transformation of a Black Hole to a White
Hole

Deepanshu Chouhan’
Department of Astrophysics and Aerospace Technology, National Institute of Technology, Warangal Khargone, Madhya Pradesh, India

Abstract

According to Stephen Hawking, black hole create and emit particles thereby evaporating and losing their mass slowly with time. As it loses its
mass, the wavelength of the emitted particles decreases and the energy of the black hole radiation increases. The wavelength of Hawking
radiation is related to the curvature of space-time continuum near the event horizon by the equation

4mMp c* (Guy+Aguy)
Apg =
3Tuv

where Aqgr is the wavelength of the Hawking radiation. Also, by subtracting this equation from the net energy content of the black hole before
emission, we can get the energy of the black hole after emission. Since black holes emit radiation that has immense pressure when it's mass
tends to zero then due to radiation pressure exerted on a body will prevent it from crossing the event horizon which is a property of white holes.
In this way a black hole may behave as a white hole.
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Where h, ¢, G, and kB are Planck’s constant, speed of light in
vacuum, constant of gravitation and Boltzmann constant respectively
and MB is the mass of the black hole.

Introduction

Since black holes radiate Hawking which takes energy from the

black hole itself there by evaporating it. This is a really gradual
process that can take billions of trillions of years but after this much
time it would inevitably be dawned by time. The process of
evaporation via H.R. may take time that is much more greater than
the age of the universe itself [1].

Mass-wavelength relation

In Hawking radiation the temperature of the radiation emitted by
the black hole is

hc3

T = (1)

"~ 16m2GMgkp

Since we know that the geometry of space time is affected by the
distribution of matter in the system we happen to be considering.
Einstein field equation tells us how space-time curves around objects
that have mass. By rewriting the EFE as:

_ 8mGTyy
Efl‘

GILU + Aguv (2)

Now since in equation

BTG

- = constant = K

c
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This constant it can also be seen in the equation that gives us the
temperature of black hole, so by substituting K in equation [1], we get
that the temperature of the radiation is proportional to the energy and
momentum contained in the system.

So,

he? h

T = — (3)

 16m2GMgkg 2mKMgkg

This is equal to

hT,,

T = (4)

" 2rMgkpc(Gyy+Agyy)

By considering the black hole and the area surrounding it to be an
isolated system, we can infer that the energy of the particles in the
radiation is proportional to the temperature of the radiation by some
constant. Hence

_ 3kgT
2

E Q)

where E in the energy of the radiation. Using equation (4) in
equation (3) we get that the Emitted particles is proportional to the
stress energy tensor and is inversely proportional to the mass of the
black hole itself and the curvature it produces.

. (3kghTy,)
Epr = (6)
AnMgckg (Gyp+Aguy)

Here this equation hoils down to the required equation of energy of
Radiation. Note that Fun is the energy of Hawking radiation. So, the
required equation.

3hT,,
Eyr =
47TMB C(Gu.i} + Agu.u)

(7)

Also, by using the De-Broglie's equation of energy frequency
relation which states that the frequency of the electromagnetic
radiation depends upon the energy of the same.

E=hf (8)

where E, h and F are the energy, Planck’s constant and frequency
of radiation respectively.

Furthermore, frequency of any electromagnetic radiation is equals
to speed of light in vacuum divided by wavelength of radiation [2].

So,

E=" (9)

Here lambda is the wavelength of radiation.

Since, we know that both the energy equations are equal because of
the fact that radiation in equation (6) is same as that of (8) hence,
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E = Eyr
4mMp fféf,‘,?Agw) - ;TCR (10)
Solving for the Hawking Radiation wavelength gives us
Ayp = 4rrM3623[;:,+Agup) (11)

This is the mass-equivalence wavelength equation. From this
equation we get the result that the wavelength of the Hawking
radiation emitted by a small black bole is smaller than the wavelength
emitted by a supermassive one.

From this equation we can also conclude that the evaporation of a
black hole gets faster and faster as it loses its mass. Smaller black
holes or stellar mass black holes will evaporate faster as compared to
a super-massive black holes [4].

Now, since we know that black holes emit radiation in a very wide
range of electromagnetic spectrum. We can solve the previous,
equation for the mass of a black hole that would emit radiation in the
visible spectrum of humans.

By using equation (10) and rearranging the constants we get that:

_ 32m*MRG

Mun =5 (12)

Note that except Ayr and MB, all other quantities are constant so,
by solving this quantities we get:

Ayr = UMp (13)

where U is the change in wavelength per unit change in mass with
a value of 7.817 x 1028 m/kg

Furthermore, by the fact that the visible range of electromagnetic
spectrum lies from ~ 400 nm to 700 nm, we can deduce the mass of a
Black hole that could give off visible light.

From equation 2:

A
My =+ (19)

Plugging in the values for lambda to be 400 nm and 700 nm and
putting value of U we get the any black hole having mass in the
Range of ~ 5.123 x 108 Kg to 8.966 x 1018 kg and a Schwarzschild
radius of about 7.608 x 10 to 13.316 x 10" will emit Hawking
radiation in the visible range of the electromagnetic series [5).

Here, one should note that the radiation is not coming from inside
of the black hole but rather from just above the event horizon.

Also by manipulating the above equation we can get change in
wavelength per unit change in mass, let us assume that the unit
change in wavelength is d\yg and unit change in mass to be a dMg
then from equation (12).
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d‘lHR — UdMB (15)

dMpg

= U = constant

(16)

So, the change in wavelength of Hawking radiation per unit
change in black hole’s mass is a constant.

where the slop of the line AB is U (wavelength decrement factor).

Putting this in the Schwarzschild radius equation:-

26M
R, =— (17)
Recall,
U
Mp = —
B
Aur
Hence,
_ 2GAyg
R, =" (18)
Also,
32726
U=——
3c2

This implies that

34
RS — HR
16m2

(19)

Let s assume 3/(16 m2 )= ¢ =1.899 x 102 which is the radius
decrement factor by wavelength.

Again by using equation (20) we can calculate the area and volume
of a black hole in 3-spatial dimensions. Here one must note that it
can't calculate the volume precisely as inside the black hole there
can be many entangled dimensions which we don't yet understand
[6].

Since,.

1 __ 4mMp c?(Gyp+AGyp)
HR —
3T,

By dividing and Multiplying by R

_ 4RMBC2 (le + Aguv) > R.g
HR 3T, R?

Since 4mR2= surface area of sphere
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o AB‘MBCZ (Guv + Agu,v)
AHR - 2
3R2T,,

(20)

Where AB is the area of the event horizon. Similarly by dividing
and multiplying by R¢3:

_ VBMBcz( le + Aguv)
RETLLIJ

(21)

AHR

Where VB is the volume of black hole in spatial dimensions that
we live in.

Since black holes also emit radiation hence they can also be
luminous although their luminosity can be billions of trillions of degree
lower than a main sequence star. Luminosity of black hole is
inversely proportional to the square of mass of the same times some
constant [7].

This can be figured out as:
From equation (9), putting the value of constant we get:

8mGMgpAa
Ayp = —=52E 22
HR BR‘;CZ ( )

Divide and multiply by Mg and solving for Ag:

32ur MpG
B~ " o5_95

(23)

2mc?

Putting expressions from equation (3) and (10) in equation of
luminosity:

L =AgoT* (24)

Here L denotes luminosity, o is Stefan’s constant and T is
temperature. Substitute in all the constant terms and solve for L,

Hence the required expressions is:

—50
L:238xﬂﬂéﬂ

B

Furthermore Aygr/Mg=U, this implies:

L =1.86x 1077 M2 (25)

Which is a very small number that signifies to what extent black
hole can absorb matter and radiation.

As the black hole loses mass and shrinks it's temperature
increases to such high degrees that are unimaginable, at the same
time the wavelength of HR also decreases increasing the overall
energy of radiation. After a long time when the black hole is in its final
stage ( M tends to 0) it starts emitting more energy than what it gasps
in and the pressure exerted by the radiation becomes high enough to
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prevent anything from falling into the event horizon. Now this
definition fits perfect with what white holes are.

This may mean that black holes and white holes are not two
different objects but rather the same object seen after a long period
of time. But as the mass tends towards zero energy emitted tends to
infinity which can create the environment that was at the time of big
bang and this may help us to know how our universe came into
being. Maybe it was an evaporating black hole from a previous
universe or maybe something more bizarre.

Net energy content of a black hole

A black hole can swallow anything that is within its innermost
stable orbit or anything that gets too close to the event horizon. By
doing so it can grow in size and can become more massive which
also gives rise to many paradoxes like the famous information
paradox in which all the information of an in falling object becomes
inaccessible to an outside observer. Is the information erased from
our universe, if we go with conservation of energy then the total
energy of the universe must be same, and all the information is
energy in general. This could imply that black hole may be converting
all the energy that it absorbs into some other form mainly radiation.

Now, the net energy of a black hole will depend on it's energy by
mass and spin. If we consider some matter to be falling inside the
event horizon then it would also add to the total energy [8].

Also one must recall that the emission of Hawking radiation
decreases its mass so we would have to subtract it from the
equation:

Eiotar = Epm + Eps + Egy + Egs —Epgr (26)

Where Egm, Egs, EEm, Egs: Eng are energy by mass of BH, energy
by spin of black hole, energy by mass of external matter and energy

of Hawking radiation. By using this equation we can deduce the total
energy of a black hole.

Page 4 of 4 (MRPFT)

Conclusion

A black hole can emit radiation and evaporate but this takes a long
period of times. As it evaporates it's energy tends towards infinity
creating secondary big bang. After long time black hole becomes
white hole and prevents anything from falling into the event horizon.
This may suggest the reason why we haven't seen any white hole yet
because they aren't formed yet and till they form we might not exist.
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