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ABSTRACT The present paper reviews the change in mass of spinning black holes w.r.t. the
angular momentum in AGN as proposed by Mahto, D. & Kumari, A. to show
that the change in mass of spinning black holes due to change in the angular
momentum decreases with increasing their masses for both categories of spin
a*=1/2 & a*=1 in the same manner provided that the change in mass of spinning
black holes w.r.t. the angular momentum for a*=1/2 is lesser than to that of
spinning black holes of the same mass for a*=1.
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INTRODUCTION

Quantum mechanically, there is a possibility that one of a particle production pair in a black hole is
able to tunnel the gravitational barrier and escapes the black hole’s horizon and hence, it can radiate
or evaporate particles [1]. This emission of radiation is known as Hawking radiation. The mass, area
and surface gravity of the black hole mechanics are analogous quantities to the energy, entropy and
temperature in the ordinary laws of thermodynamics respectively[2]. In 2006, Aschenbach has shown
that the orbital velocity of a test particle is no longer a monotonic function of the orbit radius when
the spin of the black hole is greater than 0.9953 , but displays a local minimum-maximum structure
for radii smaller than 1.8 gravitational radii [3]. In 2009, Richard B Larson suggested that in all cases,
gravitational interactions with other stars or mass concentrations in a forming system play an impor-
tant role in redistributing angular momentum and thereby enabling the formation of a compact object
[4]. In 2018, Mahto and Kumari gave the comparative study for the change in mass of the spinning
black holes due to corresponding change in the angular momentum for half spin and maximum spin
of the black holes [5]. In the present paper, we have reviewed the above work to show the change in
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mass of spinning black holes w.r.t. the angular momentum decreases with increasing their masses for
both categories of spin a*=1/2 & a*=1 in the same manner provided that the change in mass of spin-
ning black holes w.r.t. the angular momentum for a*=1/2 is lesser than to that of spinning black holes
of the same mass for a*=1.

THEORETICAL MODEL

For spinning black holes having maximum spin, spin parameter a * =1 [5,6].

SM 1

57 oM @

For half spin parameter (a*=1/2), the equation (1) becomes [5,7]

oM _ 1
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The equation (1) & (2) show the change in mass of the spinning black holes due to corresponding
change in the angular momentum for maximum and half spinning rate of black holes respectively.

DATA IN THE SUPPORT FOR MASS OF BLACK HOLES AND SUN

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 - 20Mp for stellar - mass Black holes in X-ray bina-
ries and M ~10¢ - 10°5Mo for super massive black holes in Active Galactic Nuclei[8]. Mass of sun (Mo)
=1.99 x 100 kg|[8].

On the basis of the data mentioned in the section 3, the change in mass of different test spinning black
holes due to corresponding change in angular momentum are calculated in AGN to plot the graphs
with the help of equation(1) & (2) as shown in figure.1.

Table 1: Change in mass of spinning black holes due to corresponding change in angular momentum
in AGN for a*=1.

S. No. Mass of BH (M) | Massof BH_ oM oM

in solar mass (M) in solar oJ oJ

mass

1 1 x10° Mg 0.1x107 5.000 x10-37 50.000 x10-38
2 2 x 106 Mg 0.2 x107 2.500 x1037 25.000 x10-38
3 3 x 106 Mg 0.3 x107 1.666x10-%7 16.660 x10-38
4 4 x 106 Mg 0.4 x107 1.250 x10-%7 12.500 x10-38
5 5 x 100 Mg 0.5 x107 1.000 x10-37 10.000 x10-38
6 6 x 106 Mg 0.6 x107 0.833 x10-%7 8.330 x10-38
7 7 x 10 Mg 0.7 x107 0.714 x10%7 7.140 x10-38
8 8 x 106 Mg 0.8 x107 0.625 x10%7 6.250 x10-38
9 9 x 100 Mg 0.9 x107 0.555 x10-37 5.555 x10-38
10 1x 107 Mg 1 x107 5.000 x10-38 5.000 x10-38
11 2 x 107 Mg 2 x107 2.500 x10-38 2.500 x10-38
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12 3 x10” Mg 3 x107 1.666x10-8 1.666 x10-38
13 4 x 107 Mg 4 x107 1.250 x10-38 1.125 x10-38
14 5x10” Mg 5 x107 1.000 x10-38 1.000 x10-38
15 6 x 10" Mg 6 x107 0.833 x10-38 0.833 x10-38
16 7 x10” Mg 7 x107 0.714 x10-38 0.714 x10-3%
17 8x 107 Mg 8 x107 0.625 x10-38 0.625 x10-38
18 9x10” Mg 9 x107 0.555 x10-38 0.555 x10-38
19 1x108 Mg 10 x107 5.000 x10-39 0.500 x10-38
20 2 x 108 Mg 20 x107 2.500 x10-3%? 0.250 x10-38
21 3x108 Mg 30 x107 1.666x10-%° 0.166 x10-38
22 4 x 108 Mg 40 x107 1.250 x10-%° 0.125 x10-3%8
23 5x108 Mg 50 x107 1.000 x10-%° 0.100 x10-38
24 6 x 108 Mg 60 x107 0.833 x10-% 0.083 x10-38
25 7 x108 Mg 70 x107 0.714 x10-% 0.071 x10-38
26 8 x 108 Mg 80 x107 0.625 x10-% 0.062 x10-38
27 9x10% Mg 90 x107 0.555 x10-% 0.053 x10-38
28 1x10° Mg 100 x107 5.000 x10-40 0.050 x10-38
29 2 x10° Mg 200 x107 2.500 x10-40 0.025 x10-38
30 3 x10° Mg 300 x107 1.666x10-40 0.016 x10-38

Table 2: Change in mass of spinning black holes due to corresponding change in angular momentum

in AGN for a*=1/2.

S. No. Mass of BH_ (M) Mass of BH (M) 5_M 5_M
in solar masses in solar mass oJ oJ
1 1 x 106 Mg 0.1x107 2.500 x1037 25.000 x10-38
2 2 x 106 Mg 0.2 x107 1.250 x10-%7 12.500 x10-38
3 3 x 106 Mg 0.3 x107 0.833x1037 8.330 x10-38
4 4 x 106 Mg 0.4 x107 0.625 x1037 6.250 x10-38
5 5 x 100 Mg 0.5 x107 0.500 x1037 5.000 x10-38
6 6 x 10° Mg 0.6 x107 0.416 x10%7 4.160 x10-8
7 7 x 106 Mg 0.7 x107 0.357 x10-%7 3.570 x10-38
8 8 x 106 Mg 0.8 x107 0.312 x10%7 3.120 x10-38
9 9 x 106 Mg 0.9 x107 0.277 x10%7 2.777 x10-38
10 1x107” Mg 1 x107 2.500 x10-38 2.500 x10-38
11 2 x 107 Mg 2 x107 1.250 x10-38 1.250 x10-38
12 3 x 107 Mg 3 x107 0.833x10-38 0.833 x10-38
13 4 x 107" Mo 4 x107 0.625 x10-38 0.625 x10-38
14 5 x 107 Mg 5 x107 0.500 x10-38 0.500 x10-38
15 6 x 107 Mg 6 x107 0.416 x10-38 0.416 x10-38
16 7 x 107 Mg 7 x107 0.357 x10-38 0.357 x10-38
17 8x 107 Mg 8 x107 0.312 x10-38 0.312 x10-38
18 9 x 107 Mg 9 x107 0.277 x10-38 0.277 x10-38
19 1 x 108 Mg 10 x107 2.500 x10-%? 0.250 x10-38
20 2 x 108 Mg 20 x107 1.250 x10-3° 0.125 x10-38
21 3 x 108 Mg 30 x107 0.833x1039 0.083 x10-38
22 4 x 108 Mo 40 x107 0.625 x10-% 0.062 x10-38
23 5 x 108 Mg 50 x107 0.500 x10-%° 0.050 x10-38
24 6 x 108 Mg 60 x107 0.416 x10-% 0.041 x10-38
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25 7 x 108 Mg 70 x107 0.357 x10-39 0.035 x10-38
26 8 x 108 Mg 80 x107 0.312 x10-39 0.031 x10-38
27 9 x10%8 My 90 x107 0.277 x10-39 0.027 x10-38
28 1x10° Mg 100 x107 2.500 x10-40 0.025 x10-38
29 2x10° Mg 200 x107 1.250 x10-40 0.012 x10-38
30 3 x10° Mg 300 x107 0.833x10-40 0.008 x10-38
1005
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Figure 1: The graph plotted between the mass of spinning black holes and corresponding change in
their angular momentum in AGN with spin parameter a*=1/2 and 1.

RESULTS AND DISCUSSION

The work is started with use of equations (1) and (2) to calculate the change in mass of the spinning
black holes due to corresponding change in the angular momentum for maximum spinning rate of
black holes (a*=1) given by the following equation

SM_ 1
oJ 2M

and the change in mass of the spinning black holes due to corresponding change in the angular mo-
mentum for maximum spinning rate of black holes (a*=1/2) given by the following equation.

oM _ 1
oJ 4M

We have plotted the graph between the change in mass of the spinning black holes w.r.t. the change
in the angular momentum for maximum spinning rate of black holes (a*=1) and spinning parameter

(@12 (M 1))

and corresponding value of the mass of black holes ( M) and we have shown
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that the change in mass of the spinning black holes due to corresponding change in the angular mo-
mentum for maximum spinning rate of black holes (a*=1) is greater than to that of the spinning black
holes having spinning parameter (a*=1/2). This fact is also clear from the comparative study of table
(1) & (2) and nature of the graph plotted in the figurel for both cases.

The figure 1 shows the joint graph plotted the graph between the change in mass of the spinning
black holes w.r.t. the change in the angular momentum for maximum spinning rate of black holes

(6M /6J) and corresponding value of the mass of black holes ( M) for (a*=1) and spinning para-
meter (a*=1/2). This shows that the change in mass of the spinning black holes w.r.t. the change in the
angular momentum for maximum spinning rate of black holes (a*=1) is twice times to that of spin-
ning of black holes with spinning parameter (a*=1/2) for the same mass.

From the graph in the figure 1, it is clear that the change in mass of the spinning black holes w.r.t. the
change in the angular momentum for spinning rate of black holes (a*=1& a*=1/2) decreases with in-
creasing the value of the mass of the different spinning black holes.

CONCLUSION

The change in mass of the spinning black holes w.r.t. the change in the angular momentum for max-
imum spinning rate of black holes (a*=1) is similar manner to that of the spinning black holes with
spin parameter (a*=1/2), provided that the change in mass of the spinning black holes due to corres-
ponding change in the angular momentum for maximum spinning rate of black holes (a*=1) is greater
than to that of the spinning black holes having spinning parameter (a*=1/2).
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