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ABSTRACT 

In this research paper, we have used the formula for the change in entropy of Non-spinning black holes with respect to 
the change in the radius of event horizon (Mahto et al. 2012) and entropy of black holes (Hawking 1973 & Mahto et al. 
2012) to calculate their values in Active Galactic Nuclei (AGN) which shows that the variation of change in entropy of 
black holes with respect to the radius of the event horizon/entropy of black holes with increasing the values of the ra- 
dius of the event horizon of different test Non-spinning black holes are like a wave-pattern. 
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1. Introduction 

The important property of entropy is that the total change 
in entropy is zero in a reversible process. The entropy is 
an intrinsic property of a given system and is a function 
of the energy and the volume [1]. In 1971, Stephen 
Hawking showed under general conditions that the total 
area of the event horizon of any collection of classical 
black holes can never decrease, even if they collide and 
merge [2] which means that 0A   (second law of 
black hole mechanics). In 1973, Bekenstein suggested 
that a physical identification does hold between the laws 
of thermodynamics and the laws of black hole mechanics 
[3] and proposed that a black hole should have an en- 
tropy, and that it should be proportional to its horizon 
area [4] leading that 0S  . In 1973, Bekenstein and 
Hawking gave a formula  ³ 4S Akc Gћbh  for calcula- 
tion of entropy of a black hole, where A, G, ћ, k and c 
denoting Area of a black hole, Newton’s gravity constant, 
the Plank-Dirac constant  2πh , Boltzmann’s constant 
and the speed of light respectively [5]. The general for- 
mula for the entropy due to Bekenstein and Hawking 
provides a deep connection between quantum mechanics, 
general relativity and thermodynamics. In 1995, Strom- 
inger and Vafa showed that counting the microstates of a 
specific super symmetric black hole in string theory re- 
produced the Bekenstein-Hawking entropy [6]. Since 
then, similar results have been reported for different 
black holes both in string theory and in other approaches 
to quantum gravity like loop quantum gravity [7]. In 

2011, Dipo Mahto et al. derived two formulae for the 
change in entropy of Non-spinning black holes 
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applying first law of black hole mechanics to Einstein’s 
mass-energy equivalence relation , where   
is the surface gravity and other parameters have their 
usual meaning [8]. In 2012, Dipo Mahto et al. derived a 
formula for the change in entropy of Non-spinning black 
holes with respect to the radius of event horizon and ex- 
tended to derive the entropy of black holes in XRBs [9]. 

In the present research work, we have used the for- 
mula for change in entropy of Non-spinning black holes 
with respect to the change in the radius of event horizon 
[9] and entropy of black holes [9,10] to calculate their 
values in Active Galactic Nuclei (AGN) which shows 
that the variation of change in entropy of black holes 
with respect to the radius of the event horizon/entropy of 
black holes with increasing the values of the radius of the 
event horizon of different test Non-spinning black holes 
are like a wave-pattern. 

2. Discussion 

2.1. Black Hole 

A black hole is a solution of Einstein’s gravitational field 
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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 cannot es- 
cape from it [1]. Karl Schwarzschild had found a spheri- 
cally symmetric, static and exact solution of the full non- 
linear Einstein’s field equation without any presence of 
matter about few months after the publication of final 
form of Einstein’s field equation [11]. This solution had 
a peculiar behaviour at what is now called the Schwarz- 
schild radius, where it became singular meaning that 
some of the terms in the Einstein’s equation became infi- 
nite. The nature of this surface was not quite understood 
at time. Oppenheimer and his co-authors interpreted the 
singularity at the boundary of the Schwarzschild radius 
as indicating that this was the boundary of a bubble in 
which time is stopped. This is a valid point of view for 
external observers, but not for in falling observers. Be- 
cause of this property, the collapsed stars were called 
“Frozen stars”, and an outside observer would see the 
surface of the star frozen in time at the instant where its 
collapse takes it inside the Schwarzschild radius [12].  

2.2. Equation for Entropy and Entropy Change 

The change in entropy of the Non-spinning black holes 
with respect to the change in the radius of event horizon 
is given by the following equation [9]. 
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Assuming that a small black hole has zero entropy, the 
integration constant is zero. For the justification for the 
constant of integration in Equation (4), equal to almost 
zero, many reasons are mentioned in the research paper 
[9].  

Hence, 
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, for spherically symmetric and sta- 

tionary or Schwarzschild black hole. Equation (6) indi- 
cates that the entropy of black holes with units  

where A

    . 
The relation (6) is almost the same to the entropy of 

black holes as explained for the case of vacuum general 
relativity [8,13]. The term 4S Abh  represents the 
physical entropy of a black hole. The term A 4  in gen- 
eral relatively plays the mathematical role of entropy by 
identifying the quantum dynamical degrees of a black 
hole [8]. 

2.3. Data in Support of Mass of BHs in AGN 

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 - 20 M for stellar- 
mass Black holes in X-ray binaries and M ~106 - 109.5 
M for super massive black holes in Active Galactic 
Nuclei [9,14]. The most viable scenario for modeling of 
active galactic nuclei includes a super massive black hole 
with the mass 106 - 109 M accreting the galaxian mat- 
ter from its vicinity [15]. Our understanding of the fun- 
damental processes operating in AGN is far from that in 
all cases, the ultimate source of power is accretion-via 
some form of an accretion disk-on to black holes with 
masses ranging from ~106 - 109 M [15]. At the dis- 
tance of the Virgo cluster, 15 Mpc, the sphere of influ- 
ence of a 73 10 M   super-massive black holes (SBH) 
would shrink to a projected radius of 0”.07, not only well 
beyond the reach of any ground based telescope, beyond 
even HST capabilities [16]. Using a simultaneous multi- 
orbital solution, Ghez, A. M. et al. derived a best fit cen- 
tral mass of   64.0 0.3 10 M  

16 34 10
. The implied central 

mass density of M Mpc

95 10

 , provides virtually in- 
controvertible evidence that the mass is indeed in the 
form of singularity [17]. Assuming an isotropic, spheri- 
cally symmetric system, Sargent et al. detected a central 
dark mass M 

71.5 10 .

  within the inner 110 pc of M87 
[18]. Assuming the disk is Keplerian, Greenhill and 
Gwinn estimated the mass enclosed within 0.65 pc to be 

M 

 1.7 0.3

  Although the NGC 1068 observations 
provide only partial evidence for the presence of a mas- 
sive black hole, they do give us perhaps the clearest pic- 
ture of the centre of an AGN [16]. 

Greenhill et al. used VLBA observations to resolve the 
maser clouds in to two distinct morphological and kin- 
ematical components. Some of the clouds trace warped 
accretion disk extending from 0.1 pc to 0.4 pc from the 
centre of this galaxy, with a peak rotational speed of 260 
km/s. A second population of clouds defines a wide-an- 
gle bipolar outflow up to 1 pc from the centre. The clouds 
belonging to the disk follow a Keplerian rotation curve 
rather closely implying a central mass of  

610
 

  3.2 0.9, corresponding to a mass density of M  
810

 
3M pc  [19]. A kinematical study of NGC4261 fol-  
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  81.0 104.9 Mlowed in 1996, claiming a     [20]. In 
NGC 4041, acquiescent Shc spiral, Marconi et al. (2003) 
remark that the systematic blue shift of the disk relative 
to systemic velocity might be evidence that the disk is 
kinematically decoupled. They conclude that only an 
upper limit, of 72 10 M 

2.6 1

, can be put on the central mass. 
Cappellari et al. (2002) conclude that non-gravitational 
motions might indeed be present in the case of IC 1459, 
for which the ionized gas shows no indication of rotation 
in the inner 1”. IC 1459 is the only galaxy for which a 
SBH mass estimate exists based both on gas and stellar 
kinematics. Three-integral models applied to the stellar 
kinematics produce, •   9.1 10M M   , while the 
gas kinematics produces estimates between a few × 108 
and 109 M, depending on the assumptions made re- 
garding nature of the gas velocity dispersion [16].  

The virial hypothesis has recently received strong ob- 
servational support from the work of Peterson and Wann- 
del (2002) and Onken and Peterson (2002). If the motion 
of the gas is gravitational, using the lags derived from 
different emission lines in the same AGN must lead to 
the same mass measurement. NGC 5548 was the first ga- 
laxy for which this was indeed verified. The highest ioni- 
zation lines are observed to have the shortest time lag, so 
that the virial product remains constant. The implied 
central mass is equal to 76 10 M

62 10 

 . The same has now 
been observed in three additional galaxies, NGC 7469, 
NGC 3783, and 3c390.3; in all cases, the time lag and 
measured line width obey a virial relationship [16]. 

With the important exception of the Balbus-Hawley 
(1998) instability, the major developments in recent 
years have been observational or at least strongly moti- 
vated by observations. Masses of “central dark object” 
have been estimated in about forty cases, using stellar 
dynamics, emission lines of orbiting gas and, most accu- 
rately, using water masers. They range from  
M to 93 10 M   and, in many cases, the compactness 
is sufficient to rule out star clusters with confidence [21]. 
Most detected SBHs are in the 8

•
91010 M M    range, 

there are no detections below 106 M (the “building 
block” range) or above 1010 M

710
 (the brightest quasar 

range), and even the 6
•10 M M   range is very 

poorly sampled [16].  
On the basis of the data mentioned above regarding the 

mass of black holes in AGN in terms of solar masses, we 
have calculated the change in entropy of black holes with 
respect to the change in radius of event horizon  
 Sbh Rbh  , using Equation (1) and entropy of black 
holes using Equation (5) for different test Non-spinning 
black holes listed in the Table 1. 

3. Result and Discussion 

In present work, we have used the formula for the change 

in entropy of Non-spinning black holes with respect to  

the change in radius of event horizon 2πbh
bh

bh
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R

R
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and entropy of black holes  2π or 4S R S A 

 R

0S

bh bh bh  to 
calculate their values for different Non-spinning black 
holes existing in Active Galactic Nuclei (AGN) and the 
graphs have been plotted between: 

1) the radius of event horizon bh  of different BHs 
and their corresponding values of change in entropy w.r.t. 
change in radius of event of horizon in AGN using loga- 
rithmic scale (Figure 1). 

2) the radius of event horizon of different BHs and 
their corresponding entropy in AGN using logarithmic 
scale (Figure 2).  

When logarithmic scale is used to plot the graph in the 
case of Active galactic nuclei (AGN), a peculiar nature 
of graph is obtained for each case of 1) and 2). The na- 
ture of graph is neither in straight line nor in a complete 
curved line. The nature of the graph is approximately 
similar to the transverse wave showing that the variation 
in change of entropy of black holes with respect to the 
radius of the event horizon/entropy of black holes with 
increasing the values of the radius of the event horizon of 
different test Non-spinning black holes are almost the 
same to a wave-pattern in Active Galactic Nuclei (AGN). 

From the observation of the Figures 1 and 2, it is clear 
that when the some points for the mass of black holes 
like (106, 107, 108, 109 & 109.5), (2 × 106, 2 × 107, 2 × 108, 
2 × 109 & 2 × 109.5), (3 × 106, 3 × 107, 3 × 108, 3 × 109 & 
3 × 109.5) and so on with their corresponding radius of 
event horizon are joined separately in both graphs, then 
straight line can be obtained for each sets of black holes 
mentioned above. Thus these sets give will give parallel 
lines. Hence the black holes existing on the same line 
should have the same character. 

From the observation of the Table 1, it is clear that the 
entropy change/entropy of the non-spinning increases 
with increasing the radius of the event horizon of the dif- 
ferent test black holes showing that    (second law 
of thermodynamics). 

4. Conclusions 

In the study of present research work, we can draw the 
following conclusions: 

1) The graphs in Figures 1 and 2 shows that the varia- 
tion of change in entropy of black holes with respect to 
the radius of the event horizon/entropy of black holes 
with increasing the values of the radius of the event ho- 
rizon is almost the same to wave pattern in AGN. 

2) The change in entropy of black holes with respect to 
the radius of the event horizon/entropy of black holes 
with increasing the values of the radius of the event ho- 
riz n of different test black holes is non-uniform in AGN.  o 
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2

bh

  
Table 1. Change in entropy w.r.t. change in radius of event horizon and entropy of BHs in AGN. 

Sl. No. 
Mass of BHs  

(M) 
(Rbh = 2950 M/Mʘ) 

(in metre) 
log (Rbh)  

(in metre) 
(δSbh/δRbh = 2лRbh) log (δSbh/δRbh) (Sbh = лR ) log (Sbh) 

1 1 × 106 Mʘ 2.950 × 109 9.4698 1.8526 × 1010 10.2678 2.7340 × 1019 19.43680 

2 2 × 106 Mʘ 5.950 × 109 9.7709 3.7052 × 1010 10.5688 1.0936 × 1020 20.03886 

3 3 × 106 Mʘ 8.850 × 109 9.9469 5.5578 × 1010 10.7449 2.4606 × 1020 20.39104 

4 4 × 106 Mʘ 1.180 × 1010 10.0719 7.4104 × 1010 10.8698 4.3744 × 1020 20.64092 

5 5 × 106 Mʘ 1.475 × 1010 10.1688 9.2630 × 1010 10.9667 6.8349 × 1020 20.83473 

6 6 × 106 Mʘ 1.770 × 1010 10.2480 1.1116 × 1011 11.0459 9.8423 × 1020 20.99310 

7 7 × 106 Mʘ 2.065 × 1010 10.3149 1.2968 × 1011 11.1129 1.3396 × 1021 21.12698 

8 8 × 106 Mʘ 2.360 × 1010 10.3729 1.4821 × 1011 11.1709 1.7497 × 1021 21.24296 

9 9 × 106 Mʘ 2.655 × 1010 10.4241 1.6673 × 1011 11.2220 2.2145 × 1021 21.34528 

10 1 × 107 Mʘ 2.950 × 1010 10.4698 1.8526 × 1011 11.2678 2.7340 × 1021 21.43680 

11 2 × 107 Mʘ 5.950 × 1010 10.7709 3.7052 × 1011 11.5688 1.0936 × 1022 22.03886 

12 3 × 107 Mʘ 8.850 × 1010 10.9469 5.5578 × 1011 11.7449 2.4606 × 1022 22.39104 

13 4 × 107 Mʘ 1.180 × 1011 11.0719 7.4104 × 1011 11.8698 4.3744 × 1022 22.64092 

14 5 × 107 Mʘ 1.475 × 1011 11.1688 9.2630 × 1011 11.9667 6.8349 × 1022 22.83473 

15 6 × 107 Mʘ 1.770 × 1011 11.2480 1.1116 × 1012 12.0459 9.8423 × 1022 22.99310 

16 7 × 107 Mʘ 2.065 × 1011 11.3149 1.2968 × 1012 12.1129 1.3396 × 1023 23.12698 

17 8 × 107 Mʘ 2.360 × 1011 11.3729 1.4821 × 1012 12.1709 1.7497 × 1023 23.24296 

18 9 × 107 Mʘ 2.655 × 1011 11.4241 1.6673 × 1012 12.2220 2.2145 × 1023 23.34528 

19 1 × 108 Mʘ 2.950 × 1011 11.4698 1.8526 × 1012 12.2678 2.7340 × 1023 23.43680 

20 2 × 108 Mʘ 5.950 × 1011 11.7709 3.7052 × 1012 12.5688 1.0936 × 1024 24.03886 

21 3 × 108 Mʘ 8.850 × 1011 11.9469 5.5578 × 1012 12.7449 2.4606 × 1024 24.39104 

22 4 × 108 Mʘ 1.180 × 1012 12.0719 7.4104 × 1012 12.8698 4.3744 × 1024 24.64092 

23 5 × 108 Mʘ 1.475 × 1012 12.1688 9.2630 × 1012 12.9667 6.8349 × 1024 24.83473 

24 6 × 108 Mʘ 1.770 × 1012 12.2480 1.1116 × 1013 13.0459 9.8423 × 1024 24.99310 

25 7 × 108 Mʘ 2.065 × 1012 12.3149 1.2968 × 1013 13.1129 1.3396 × 1025 25.12698 

26 8 × 108 Mʘ 2.360 × 1012 12.3729 1.4821 × 1013 13.1709 1.7497 × 1025 25.24296 

27 9 × 108 Mʘ 2.655 × 1012 12.4241 1.6673 × 1013 13.2220 2.2145 × 1025 25.34528 

28 1 × 109 Mʘ 2.950 × 1012 12.4698 1.8526 × 1013 13.2678 2.7340 × 1025 25.43680 

29 2 × 109 Mʘ 5.950 × 1012 12.7709 3.7052 × 1013 13.5688 1.0936 × 1026 26.03886 

30 3 × 109 Mʘ 8.850 × 1012 12.9469 5.5578 × 1013 13.7449 2.4606 × 1026 26.39104 

31 4 × 109 Mʘ 1.180 × 1013 13.0719 7.4104 × 1013 13.8698 4.3744 × 1026 26.64092 

32 5 × 109 Mʘ 1.475 × 1013 13.1688 9.2630 × 1013 13.9667 6.8349 × 1026 26.83473 

33 6 × 109 Mʘ 1.770 × 1013 13.2480 1.1116 × 1014 14.0459 9.8423 × 1026 26.99310 

34 7 × 109 Mʘ 2.065 × 1013 13.3149 1.2968 × 1014 14.1129 1.3396 × 1027 27.12698 

35 8 × 109 Mʘ 2.360 × 1013 13.3729 1.4821 × 1014 14.1709 1.7497 × 1027 27.24296 

36 9 × 109 Mʘ 2.655 × 1013 13.4241 1.6673 × 1014 14.2220 2.2145 × 1027 27.34528 

37 1 × 1010 Mʘ 2.950 × 1013 13.4698 1.8526 × 1014 14.2678 2.7340 × 1027 27.43680 



D. MAHTO  ET  AL. 325

 

Figure 1. The graph plotted the radius of event horizon (Rbh) of different BHs and their corresponding values of change in 
entropy w.r.t. change in Rbh in AGN using logarithmic scale. 
 

 

Figure 2. The graph plotted the radius of event horizon of different BHs and their corresponding entropy in AGN using loga- 
rithmic scale. 
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3) The calculated values of change in entropy showing 

that    for each black hole candidates either exist- 
ing in AGN. This result agrees with the second law of 
Thermodynamics.  

4) The Non-spinning black holes having mass of the 
same order should have the same character in AGN. 
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