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Abstract
In the present research paper, we have proposed a model for the relativistic radiation 

power using the Stephen-Boltzmann-Schwarzschild-Hawking radiation formula 
with the application of the variation of mass with velocity. We have 
concluded that the relativistic radiation power of spinning black 
hole decreases with the increase of the velocity and the mass of 

black hole is not only the function of radiation power of the spinning black holes, but 
also spinning velocity.
Keywords: Radiation power; Relativistic radiation power and Spinning velocity.

Introduction
As per the classical theory of black hole, nothing can emit from a black hole due to 

extreme gravitational pull [1]. Bekenstein showed that the black hole entropy is closely 
related to the surface area of black hole [2] and Hawking found that the black hole 
entropy is proportional to A/4, where A is the surface area of the black hole [3,4]. If the 
black holes have entropy, they must have temperature and hence they will radiate 
energy as explained by quantum theory [5]. Black hole is a thermodynamic system and 
the study of black hole thermodynamics in the quantum theory for curved space time 
leads to the thermal emission via Hawking radiation [6]. Brajesh et al. converted the 
Stephen-Boltzmann-Schwarzschild-Hawking radiation formula in 
terms of Chandrasekhar limit [Mch] and calculated their values for 
different test black holes existing in XRBs and AGN [7]. Mistry et al. gave a model for the 
Hawking radiation power for black holes in asymptotically flat, asymptotically Anti-de 
Sitter (AdS) and asymptotically de Sitter (dS) black holes which showed that at low 
frequency, this model for asymptotically flat black holes, corresponding to grey body 
factor depends on both the Hawking temperature as well as event horizon and also the 
same for both Schwarzschild AdS and Reissner–Nordström AdS solutions and only 
depends on the Hawking temperature at asymptotic frequency [8].

In the present paper, we have proposed a model for the relativistic radiation power 
using the Stephen Boltzmann-Schwarzschild-Hawking radiation formula   
to apply the variation of mass with velocity.

Theoretical Discussion
In terms of fundamental parameters the power radiated from a black hole of mass 

M is given by [9]:
6
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Where the terms G and  have their usual meaning.
Stephen-Boltzmann-Schwarzschild-Hawking radiation 

formula is given by the following equation [10]:

6

2 215360
cP
G Mπ

=


                                               
(2)

Both the equations (1) and (2) consist of the parameters 
of the same powers, but some numerical values in denominator 
differ.

Let us start our work with equation (2) and it can written 
as:
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There are some black holes having their spinning velocity 
from 50% to 99% of the velocity of light [11] and hence the 
mass of black holes do not remain constant, but the mass will 
vary with velocity as proposed by Albert Einstein’s special 
theory of relativity as [12].
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Where M0 is the rest mass and v be the spinning velocity 
of black holes.
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Since, v<c, hence

 and so on     (8)

Hence, it is clear that the terms of higher power of v/c in 
equation (7) can be neglected and finally, we have
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From equation (4), we have
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Putting the above value of equation (9) in the equation 
(4), we have
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where the term relP denotes the Relativistic Radiation 
Power of Spinning Black holes.

Again using binomial theorem to expand the above 
equation and solving to neglect higher power terms, finally 
we have:
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The above equation shows that the relativistic radiation 
power is less than to that of the non-relativistic radiation 
power of the spinning black holes.

For the spinning black holes having the velocity 50% of 
the velocity of light, the relativistic radiation power is given by 
the following equation:
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The above equation shows that the radiation power (ΔP) 
is decreased by 25% to that of the black holes due to non-
relativistic effect and rest radiation power is only 75% of the 
black holes due to non-relativistic effect. 

For the spinning black holes having the velocity 60% of 
the velocity of light, the relativistic radiation power is given by 
the following equation:
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The above equation shows that the radiation power (ΔP) 
is decreased by 36% to that of the black holes due to non-
relativistic effect and rest radiation power is only 64% of the 
black holes due to non-relativistic effect.



International Journal of Physics: Study and Research

Int J Phys Stud Res.
ISSN: 2639-0426

80Volume 3 • Issue 1 • 1000112

For the spinning black holes having the velocity 70% of 
the velocity of light, the relativistic radiation power is given by 
the following equation:
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The above equation shows that the radiation power (ΔP) 
is decreased by 49% to that of the black holes due to non-
relativistic effect and rest radiation power is only 51% of the 
black holes due to non-relativistic effect.

For the spinning black holes having the velocity 75% of 
the velocity of light, the relativistic radiation power is given by 
the following equation:
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The above equation shows that the radiation power (ΔP) 
is decreased by 56% to that of the black holes due to non-
relativistic effect and rest radiation power is only 44% of the 
black holes due to non-relativistic effect.

For the spinning black holes having the velocity 80% of 
the velocity of light, the relativistic radiation power of the 
spinning black hole is given by the following equation:
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The above equation shows that the radiation power (ΔP) 
is decreased by 64% to that of the black holes due to non-
relativistic effect and rest radiation power is only 36% of the 
black holes due to non-relativistic effect.

For the spinning black holes having the velocity 85% of 
the velocity of light, the relativistic radiation power is given by 
the following equation:
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The above equation shows that the radiation power (ΔP) 
is decreased by 72% to that of the black holes due to non 

relativistic effect and rest radiation power is only 28% of the 
black holes due to non-relativistic effect.

For the spinning black holes having the velocity 90% of 
the velocity of light, the relativistic radiation power is given by 
the following equation:
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The above equation shows that the radiation power (ΔP) 
is decreased by 81% to that of the black holes due to non-
relativistic effect and rest radiation power is only 19% of the 
black holes due to non-relativistic effect.

For the spinning black holes having the velocity 95% of 
the velocity of light, the relativistic radiation power is given by 
the following equation:
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The above equation shows that the radiation power (ΔP) 
is decreased by 90% to that of the black holes due to non-
relativistic effect and rest radiation power is only10% of the 
black holes due to non-relativistic effect.

For the spinning black holes having the velocity 99% of 
the velocity of light, the relativistic radiation power is given by 
the following equation.
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The above equation shows that the radiation power (ΔP) 
is decreased by about 98% to that of the black holes due to 
non-relativistic effect and rest radiation power is only 02% of 
the black holes due to non-relativistic effect.

For the spinning black holes having the velocity equal to 
the velocity of light, the relativistic radiation power of the 
spinning black hole is given by the following equation.
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0relP =               (34)

The above equation shows that the radiation power is 
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decreased by 100% to that of the black holes due to non-
relativistic effect. This shows that the relativistic radiation 
power becomes zero for the spinning black holes having 
velocity equal to the velocity of light.

Results and Discussion
In the present work, we have applied the variation of 

mass with velocity to the formula for radiation power of black 
holes to give a model of radiation power of black holes due to 
relativistic effects.

From the study of the relativistic radiation power of 
spinning black holes from equation (16) to (34), it is clear that 
the relativistic radiation power of spinning black holes 
decreases with the increase of the velocity of the different test 
black holes as per the third column of the table 1. The 
relativistic radiation power tends to zero for the velocity of 
spinning black holes approximately equal to the velocity of 
light as clear from the equation (34). This also means that the 
amount of radiation power of spinning black holes decreased 
due to relativistic effect increases to that the amount of 
radiation power due to non-relativistic effect as clear from the 
fourth column of the table 1.

Table 1. Relativistic radiation power of spinning black holes.

S.No.

The ratio of 
velocity of 
spinning 

black holes 
and the 

velocity of 
light (v/c in 

%)

Relativistic 
radiation power 

of spinning 
black holes (

relP in %)

Amount of radiation 
power of spinning 

black holes 
decreased due to 

relativistic effect to 
that of Non-

relativistic effect (ΔP 
in %)

1 50 75 25
2 60 64 36
3 70 51 49
4 75 44 56
5 80 36 64
6 85 28 72
7 90 19 81
8 95 10 90
9 99 02 98
10 100 00 100

From the graph in the figure 1, it is also clear that the 
relativistic radiation power of spinning black holes decreases 
approximately linearly and the amount of radiation power of 
spinning black holes decreased due to relativistic effect to 
that of Non-relativistic effect decreases approximately linearly 
with increasing the velocity of spinning black holes and 
intersecting at 78% of the velocity of light. This shows that the 
relativistic radiation power of spinning black holes and the 
amount of radiation power of spinning black holes decreased 
due to relativistic effect to that of Non-relativistic effect are 
the same at this velocity.
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Figure 1. The figure shows the graph plotted between the ratio of 
velocity of spinning black holes and the velocity of light (v/c in %) 
against the relativistic radiation power of spinning black holes (in 

relP %) & the amount of radiation power of spinning black holes 
decreased due to relativistic effect to that of Non-relativistic effect 

(ΔP in %).

As per the equation (1) & (2), it is clear that the magnitude 
of radiation power of black holes only depends on the mass 
of black holes, but when we apply the relativistic effect, it also 
depends on the velocity of the spinning black holes.

Finally, from our result, it is concluded that the radiation 
power decreases with increase in the velocity of spinning 
black holes due to relativistic effect to that of the non-
relativistic effect.

Conclusion
During the study of present research work, we can draw 

the following conclusions:

(i) The radiation power of black holes decreases with the 
increase of the mass so that heavier masses have lower 
radiation power and vice-versa.

(ii) The relativistic radiation power of spinning black holes 
decreases with the increase of the velocity of the different test 
black holes.

(iii) The mass of the black hole is not only the function of 
radiation power, but also the spinning velocity.

(iv) The relativistic radiation power of spinning black holes 
and the amount of radiation power of spinning black holes 
decreased due to relativistic effect to that of Non-relativistic 
effect are the same at velocity about the 78% of the velocity 
of light.
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