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ABSTRACT

The present work discusses the derivation of the formula for the change in energy of non-spinning black holes with res-

pect to the change in mass (dE/ dM ) , which gives a constant quantity equal to 8.9998x10'° Joule/kg in both catego-
ries of X-ray binaries (XRBs) and Active Galactic Nuclei (AGN). This formula can be used to justify the life time of
black hole given by I'= 2.098(M / Mo)3 x10%7 years as proposed by Stephen Hawking, where M and M, are the

mass of the black hole and the sun respectively. The authors also calculate the change in energy and mass of
non-spinning black holes with respect to the change in the radius of event horizon as well as (dE/ dM ) for different

test non-spinning black holes in X-ray binaries (XRBs) and Active Galactic Nuclei (AGN).
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1. Introduction

When stars are born, they form from existing gas dust.
This is called interstellar matter. When cloud of inter-
stellar matter crosses the spiral arm of a galaxy, it begins
to form clumps. The gravitational forces within the
clumps cause them to contract, forming protostar. The
centre of a protostar may reach a temperature of a several
million of degree Celsius. At this high temperature, a
fusion reaction begins. The energy released by this reac-
tion prevents the protostar to contract. Thus, a star has
been formed. There are so many stages of a star from its
birth to death. The black hole is the final stage of dying
star having masses 5M_ —20M_ found in X-ray bina-
ries (XRBs) and 10°M_—10""M_ found in Active
Galactic Nuclei (AGN) where M stands for the mass
of the sun [1]. Like a living creature, the star takes birth
and finally dies. The living creatures are very short-lived
than that of the stellar bodies.

Classically, the black holes are perfect absorbers but
do not emit anything; their temperature is absolute zero
[2]. But in 1974, Stephan Hawking showed that quantum
theory predicts that the black hole should radiate energy
like a black body with a temperature proportional to the
surface gravity of the black hole [3] and sometimes also
after the physicists, Jacob Bekenstein who predicted that
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black holes should have a finite, non-zero temperature
and entropy [4].

In 2010, Kanak Kumari et al derived an expression for
the energy of non-spinning black holes in terms of the
radius of event horizon (Eg, =Kz R) where Kgy is
the Black hole constant for non-spinning black holes
having value equal to 6.0711x10J-m™ [5].

In 2011, Dipo Mahto et al derived an expression for
the energy of spinning black holes in terms of the radius
of event horizon (Eg, =Ky R) where Ky, is the
black hole constant for spinning black holes having value
equal to 1214x10%J-m™" [6]. In the same year Dipo
Mahto et al derived the formula for both the changes in
energy (SE) and entropy (JS) and calculated their
values for different test non-spinning black holes in
XRBs and AGN [7].

In the present research work, we have derived the
formula for the change in energy of non-spinning black
holes with respect to the change in mass (dE/dM),
which gives a constant quantity equal to 8.9998x10'
Joule/kg in both categories of X-ray binaries (XRBs) and
Active Galactic Nuclei (AGN), where M and M are
the mass of the black hole and the sun respectively. This
formula can be used to justify the life time of black hole
given by l":2.098(M/|\/I®)3 x10%7 years as proposed
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by Stephen Hawking. We have also calculated the
change in energy and mass of non-spinning black holes
with respect to the change in the radius of event horizon
as well as (dE/dM) for different test non-spinning
black holes in X-ray binaries (XRBs) and Active Galac-
tic Nuclei (AGN).

2. Discussion
2.1. Black Hole

A black hole is a solution of Einstein’s gravitational field
equations in the absence of matter that describes the
space time around a gravitationally collapsed star. Its
gravitational pull is so strong that even light can not es-
cape from it [8].

Hawking radiation is a thermal radiation with a black
body spectrum predicted to be emitted by black holes due
to quantum effects. The Hawking radiation process re-
duces the mass and energy of the black hole and there-
fore also known as black hole evaporation. The black
holes that lose more matter than they gain through other
means are expected to dissipate, shrink, and ultimately
vanish. Smaller micro black holes are predicted to be
larger net emitters of radiation than larger black holes,
they tend to shrink and dissipate faster [3].

2.2. Expression for dE/dM

To discuss the loss in mass and energy of black holes,
Einstein mass-energy equivalence relation can be applied
with the first law of black hole mechanics. The Einstein
mass-energy equivalence relation is given by [9].

E = Mc? (1)

The change in energy of black holes taking place the
change in their mass as

dE=dM -¢ ©)

The change in energy of the black holes(dE) can be
calculated when the change in mass of the black holes
(dM) are known. For this the first law of black hole is
applied such as.

The first law of black hole mechanics is mass, M, an-
gular momentum, J, and horizon area, A, of a stationary
black hole when it is perturbed. To first order, the varia-
tions of these quantities in the vacuum case always sa-
tisfy [2].

dM :inA+ QdJ 3)
8n

In the case of non-spinning black holes, J = 0, and
hence dJ=0[1,7].
The Equation (3) takes its form as
|

dM =—xdA 4
8n
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For the spherically, symmetric and stationary, or Sch-
warzschild black hole’s mass M, the horizon’s radius is
R, =2GM / ¢’ and its area is naturally given by the
following relation [7,10,12].

A= 4nR;, )

where R, stands for Schwarzschild radius of horizon
area of a black hole. Differentiating Equation (5), we
have

dA=87R,dR,, ©6)

Putting the above value in Equation (4) and solving,
we have

dM =«xR,dR,, (7
or
dM/dR,, = xR, (®)

In Equation (8), the term x is the surface gravity of
black holes. For the Schwarzschild case, the surface
gravity (k) ofablack hole is given by [11,12].

1
K=—
4M

The term M stands for the mass of black holes.

From Equation (9), it is clear that the surface gravity
of black hole is inversely proportional to its mass and the
different black holes will have different surface gravity.
Greater the mass of the black holes, smaller the surface
gravity and vice-versa.

The surface gravity («) has the same role in the
black hole mechanics as the temperature in the ordinary
laws of thermodynamics. The zeroth law of classical
black hole mechanics states that the surface gravity (K')
of a black hole is constant on horizon. The surface gravi-
ty tends to zero when the magnitude of charge of a black
holes becomes equal to the mass of black holes [11,12]
and the surface gravity (x) can be thought of roughly
as the acceleration at horizon of black hole [8]. Putting
the value of dM in Equation (2), we have

dE = kR, dR,C’ (10)

)

dE/dR,, = kR, C (11)

Equation (11) can be used to calculate the change in
energy of black holes with respect to the radius of event
horizon.

Using the Equation (9), the Equations (8) and (11) can
be written as

dM/dRoh = Roh/4M (12)

dE/dR,, = Ry’ /4M (13)
The Equations (12) and (13) can be used to determine
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the change in mass and energy with respect to change in
radius of event horizon of different test non-spinning
black holes respectively. Now the Equation (13) is di-
vided by Equation (12), we get
4E _&
dm
The Equation (14) shows the change in energy of dif-
ferent test non-spinning black holes with respect to the
change in mass and has vital role to justify life time of

black holes I'=2.098(M /M, )3 x10°" years given by
Stephan Hawking.

(14)

2.3. Datain Support of Mass of BHs

There are two categories of Black holes classified on the
basis of their masses clearly very distinct from each other,
with very different masses M ~5-20M, for stel-
lar—mass Black holes in X-ray binariesand M ~10° - 10°°

M, in Active Galactic Nuclei [1,11].

Here we have calculated the change in mass and en-
ergy with respect to the radius of event horizon using
Equations (10) and (11) respectively as well as (dE/dM )
for different test Non-spinning black holes in X-ray bina-
ries (XRBs) and Active Galactic Nuclei (AGN) listed in

Table 1.

3. Result and Discussion

In the present work, we have derived the formula for the
change in energy of non-spinning black holes with re-
spect to the change in mass (dE/dM ) giving a constant
quantity, which can be used to justify the life time of
black hole in both categories X-ray binaries (XRBs) and
Active Galactic Nuclei (AGN). We have calculated the
change in mass (dM) and energy (dE) with respect
to change in the radius of event horizon as well as
(dE/dM) for different test non-spinning black holes in

Tablel. M, =2x 10¥kg. Changein energy with respect to change in mass of non-spinning black holes.

Radius of event horizon

Change in mass

of Change in energy of

Change in energy

Sl No Mass of of BHs (R, ~2950M /M ) non-spinning black holes ~ non-spinning black holes ~ w.r.t. change in mass
. . h ™ [0}
BHs (M) (in metro) dM =R (in kg) E=Ro ¢ (ntoule)  E_¢ (in/ke)
4M 4M dM
1 SM, 14750 3.6875x107* 3.3187x10™" 8.9998x10'
2 6M, 17700 3.6875x107 3.3187x107" 8.9998x10'"
3 ™, 20650 3.6875x107* 3.3187x10™" 8.9998x10'
4 &M, 23600 3.6875x107* 3.3187x10™" 8.9998x10'
5 M, 26550 3.6875x10* 3.3187x10™" 8.9998x10'
6 10M 29500 3.6875x107* 3.3187x107" 8.9998x10'"
7 1M 32450 3.6875x107 3.3187x107" 8.9998x10'"
8 12M, 35400 3.6875x107 3.3187x107" 8.9998x10'"
XRBs
9 13M 38350 3.6875x107* 3.3187x10™" 8.9998x10'
10 14M 41300 3.6875x107* 3.3187x10™" 8.9998x10'
11 15M 44250 3.6875x107* 3.3187x10™" 8.9998x10'
12 16M 47200 3.6875x107* 3.3187x10™" 8.9998x10'
13 17M 50150 3.6875x107 3.3187x107" 8.9998x10'"
14 18M 53100 3.6875x107 3.3187x107" 8.9998x10'"
15 19M 56050 3.6875x107* 3.3187x10™" 8.9998x10'
16 20M 59000 3.6875x10* 3.3187x10™" 8.9998x10'
17 10°M 2.95x10° 3.6875x107* 3.3187x10™" 8.9998x10'°
18 107|\/|O 2.95%10" 3.6875x107* 3.3187x107" 8.9998x10'"
19 10°M 2.95x10" 3.6875x10°7* 3.3187x107" 8.9998x10' AGN
20 10°M, 2.95%10" 3.6875x107* 3.3187x107" 8.9998x10'"
21 10 M, 2.95%10" 3.6875x107 3.3187x10™" 8.9998x10"
Copyright © 2013 SciRes. 1JAA
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X-ray binaries (XRBs) and Active Galactic Nuclei (AGN)
and the graphs have been plotted between:

1) the radius of event horizon(R,,) of different test
black holes and their corresponding values of change in

ET AL

mass in XRBs (Figure 1);

2) the radius of event horizon (R, ) of different test
black holes and their corresponding values of change in
mass in AGN (Figure 2);
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Figure 1. The graph plotted between the radius of event horizon (R,,) of different BHs and their corresponding values of

changein massin XRBs.
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Figure 2. The graph plotted between the radius of event horizon (Rbh) of different BHs and their corresponding values of

changein massin AGN.
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3) the radius of event horizon of different test black
holes and their corresponding values in the change in
energy in XRBs (Figure 3);

4) the radius of event horizon of different test black
holes and their corresponding values in the change in
energy in AGN (Figure 4);

5) the radius of event horizon of different test black
holes and their corresponding values of (dE/dM) in

XRBs (Figure5);

6) the radius of event horizon of different test black
holes and their corresponding values of (dE/dM) in
AGN (Figure6).

The Figures 1 and 2 shows that the change in mass of
non-spinning black holes remain the same with the in-
crease the radius of event horizon of the different test
non-spinning black holes in both XRBs and AGN
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Figure 3. The graph plotted between the radius of event horizon (R, ) of different BHs and their corresponding values of

changein massin XRBs.
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respectively. The slope of the graph in Figures 1 and 2

M =0 or dM =0 or IszIO or
h

shows that

M = constant .

Hence the systems like black holes obey the principle
of conservation of mass.

The calculated data for the change in the mass of

Copyright © 2013 SciRes.

non-spinning black holes in each case existing either in
XRBs or AGN is the same, showing the principle of
conservation of mass, which is experimental fact.

The Figures 3 and 4 show that the change in energy of
non-spinning black holes remain the same with the in-
crease the radius of event horizon of the different test
non-spinning black holes in both XRBs and AGN re-
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spectively. The slope of the graph in Figures 3 and 4

show that =0 or E=constant.

h

Hence the systems like black holes obey the principle
of conservation of energy.

Similarly the calculated data for the change in the en-
ergy of non-spinning black holes in each case existing
either in XRBs or AGN is the same showing the princi-
ple of conservation of energy, which is also experimental
fact.

The Figures 5 and 6 show that the change in energy
with respect to the change in mass of non-spinning black
holes remains the same with the increase the radius of
event horizon of the different test non-spinning black
holes in both XRBs and AGN respectively. The slope of

the graph in Figures 5 and 6 show that (f—l\'i:o or

dE=0 or _[dEsz or E =constant .

Hence the systems like black holes obey the principle
of conservation of energy. Similarly the calculated data
for the change in the energy of non-spinning black holes
in each case existing either in XRBs or AGN is the same
showing the principle of conservation of energy, which is
also experimental fact.

4. Justification of Life Time of BHs

The formula for life time of the black holes as proposed
by Stephen Hawking is given by

I'=2.098(M/M_) x10° years. The equation for life
time of black holes shows that the life time will be longer
for heavier black holes than that of lighter black holes. In
the present research work, we have shown that the rate of
emission of energy with respect to mass (dE/dM) is
constant for all black holes either existing in XRBs or
AGN. This means that heavier and lighter black holes
radiate energy in the same amount. The loss in energy of
non-spinning black holes due to radiation of energy will
reduce the mass of black holes according to Einstein
mass-energy equivalence relation (E =mc’ ) . This re-
sults that the heavier black holes will take longer time to
reduce their masses completely into energy radiated than
that of the lighter black holes. Hence the heavier black
holes will have longer life time than that of lighter. This
result is good agreement with the formula for life time of
black holes I'=2.098(M/M, )3 x10%7 years given by
Stephan Hawking. This justifies the life time of black
holes.

5. Conclusions

In the present study of present research work, we can
draw the following conclusion:
1) The change in mass calculated for each case

Copyright © 2013 SciRes.

non-spinning black hole gives the constant values equal
to 3.6875x10°kg in the both categories of black
holes existing in XRBs and AGN leading the principle of
conservation of mass;

2) The change in energy calculated for each case
non-spinning black hole gives the constant values equal
to 3.3187x10" joule in the both categories of black
holes existing in XRBs and AGN leading the principle of
conservation of energy;

3) The change in energy with respect to change in
mass (dE/dM) calculated for each case non-spinning
black hole gives the constant values equal to
8.9998x10' joule per kg in the both categories of black
holes either existing in X-ray binary (XRBs) or Active
Galactic Nuclie (AGN) justifying the life time of black
holes that the heavier black holes will have longer life
time than that of lighter. This result is good agreement
with the formula T =2.098(M/M_ )’ x10°" years.
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