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ABSTRACT

The surface gravity of a black hole depends on its mass, angular momentum and

charge, but mainly dependent on the mass and angular momentum. The present paper
provides a model for the surface gravity of spinning black holes due to relativistic
correction for maximum spin parameter and concludes that the relativistic surface
gravity attains the maximum values for the lower masses and vice-versa.
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1. INTRODUCTION

The surface gravity is a force at spatial infinity
pulling a massive point particle away from the
black hole (Poisson, 2004) and directly related to
the black hole temperature given as K =1/27
(Pfeifer and Schuster, 2021). The surface gravity
of non-spinning black hole is inversely
proportional to its own mass (Narayan, 2006).
The Kerr-Newman solution of surface gravity of
black hole depends on its mass, angular
momentum and charge (Newman & Janis 1965,
Bardeen, Carter and Hawking 1973). Mahto and
Kumari, gave a model for the surface gravity of

black holes in terms of mass and its spin
parameter (Kumari & Mahto, 2019). The
relativistic surface gravity of black holes of
quarter and three- quarter spin parameters in
XRBs has been studied to discuss that the
maximum values of the surface gravity is
obtained for the lower mass and vice - versa
(Chandan, 2023).

The present research paper provides a model the
surface gravity of spinning black holes due to
relativistic ~correction for maximum spin
parameter and discusses some test black holes of
maximum spin parameters in XRBs.
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2. THEORETICAL DISCUSSION

The surface gravity of spinning black holes in
terms of spin parameter (a*) is given by the
following equation (Kumari & Mahto, 2019).

1 a*
K=—-+o1- 1)
4M 2
The above equation can be written as:
o= Lo gy )
4 2

The spinning speed of black holes is ranging
from 50% to about 99.99% of the speed of light
(Reich, 2013). This limit of velocity is
comparable to the velocity of light and hence the
relativistic correction is possible. Apply the
variation of mass of special theory of relativity
(Bergmann, 1969).
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Using binomial theorem to solve the above
equation and neglecting higher power of terms,
we have
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Putting above value in the equation (2), we have

1 a** v
Krel = l - 1 - 2 |- (6)
am,\ 2 2c

The equation (6) gives a relativistic model for
the surface gravity of spinning black holes. The
spin parameters a* = +1 and -1 represent
maximum spin. The sign (+) and (-) are taken
into consideration for co-rotation and counter
rotation of spinning black holes. For either
rotation of the black holes, the net surface
gravity of black holes remains the same for the
particular test black holes due to the square of
the spin parameter (a*). The surface gravity of
some test black holes are calculated and listed in
the following tables.

%
Table 1: Calculation of term(l ——j Velocity of light (c) = 3.00x108m/s

2c

5. No. Velocity of black holes | ¥ ﬁ V_2 l—i

(x10°m/s) (v) 7 2 2
1. 1.50 0.50 0.2500 0.12500 0.87500
2. 1.65 0.55 0.3025 0.15125 0.84875
3. 1.80 0.60 0.3600 0.18000 0.82000
4. 1,95 0.65 0.4225 0.21125 0.78875
5. 2.10 0.70 0.4900 0.24500 0.75500
6. 2.25 0.75 0.5625 0.28125 0.71875
7. 2.40 0.80 0.6400 0.32000 0.68000
8. 2.55 0.85 0.7225 0.36125 0.63875
9. 2.70 0.90 0.8100 0.40500 0.59500
10. 2.85 0.95 0.9025 0.45125 0.54875
11. 2.97 0.99 0.9801 0.49005 0.50995
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Table 2: Relativistic surface gravity of spinning black holes of spin parameter (a* =+l ) in XRBs

1 v
K, =——o0I 1-— [x107
2 &M, 2c
S. k3]
N. | = 2 % Mo=5 M, M=10 Mo My=15 Mo My=20Mo
»: '% 2 ! =0.125x107" ! =0.0625x107" ! =0.0416x107" ! =0.0312x107"
= > = 8M, 0 0
1. | 50 1.50 109.375 54.687 36.400 27.300
2. |55 1.65 106.093 53.046 35.308 26.481
3. | 60 1.80 102.500 51.250 34.112 25.584
4. | 65 1.95 098.593 49.296 32.812 24.609
5. 170 2.10 094.375 47.187 31.408 23.556
6. |75 2.25 089.843 44,921 29.900 22.425
7. | 80 2.40 085.000 42.500 28.288 21.216
8. | 8 2.55 079.843 39.921 26.572 19.929
9. |90 2.70 074.375 37.187 24.752 18.564
10. | 95 2.85 068.593 34.296 22.828 17.121
11. | 99 2.97 063.743 31.871 21.213 15.910
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Figure 1: Relativistic surface gravity of black holes of spin parameter (a* ==l ) in XRBs

3. RESULT AND DISCUSSION

The present work discusses the relativistic
surface gravity of black holes in terms of mass,
spin parameter and velocity of light given by

1 a* Vv
Krel = 1__ 1__2
AM, 2 2¢

This model is obtained by using the equation (1)
for the surface gravity of the black holes and the
variation of mass with velocity.

In the present work, we have calculated the
relativistic surface gravity for different spin
parameters (a* = +1, -1) of different test black
holes of 5, 10, 15, 20 of solar mass in XRBs. For
the heavier masses, the relativistic surface
gravity decreases with increase of spinning
velocity of black holes. The same change also
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occurs for other test black holes having lower
masses, but the difference in amount of change
in the relativistic surface gravity are greater for
the lower masses and smaller for heavier
masses. The tables 2 as well as figuresl show
clearly that with increasing the velocity of black
holes, the surface gravity  decreases
approximately linearly for the same mass of the
black holes. The observations from our work
mentioned in the table 2, it is clear that the
relativistic surface gravity attains the maximum
values for the lower masses and minimum value
for higher masses. Hence we conclude that the
velocity of black holes is mainly responsible for
either increasing or decreasing the surface
gravity of black holes.

4. CONCLUSION

1. For the lower masses of black holes, the
relativistic gravity attains the maximum values
and vice-versa.

2. The spinning velocity of black holes is mainly
responsible to characterize the black holes in
addition to their mass, spin and charge.

3. Due to the effect of co-rotation and counter
rotation, there is no any change in the relativistic
surface gravity of black holes.

e 3 3 o e 3 o e O
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