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Abstract 

Black holes, once regarded as mere theoretical curiosities, have become central to our 

understanding of gravitation, quantum theory, and cosmology. This paper explores the 

multifaceted physics of black holes, with a particular focus on the conceptual bridge 

between classical general relativity and quantum mechanics, embodied in phenomena 

such as Hawking radiation and the event horizon. By examining the Schwarzschild, 

Kerr, and Reissner–Nordström solutions to Einstein’s field equations, the study 

outlines the mathematical foundations underlying the structure and dynamics of black 

holes. Hawking’s groundbreaking prediction of black hole radiation—emerging from 

quantum effects near the event horizon—has revolutionized the field, revealing that 

black holes are not entirely black but emit thermal radiation with a well-defined 

temperature and entropy. This realization has prompted the formulation of black hole 

thermodynamics, drawing profound analogies with classical laws of thermodynamics 

and raising unresolved paradoxes concerning the fate of information. The paper also 

discusses observational milestones, including the Event Horizon Telescope’s imaging 

of a supermassive black hole and the detection of black hole mergers via gravitational 

waves by LIGO and Virgo collaborations. These observations provide empirical 

backing to long-standing theoretical models, marking the dawn of black hole 

astronomy. However, the persistence of the black hole information paradox continues 

to challenge physicists, motivating explorations into quantum gravity, string theory, 

and holographic dualities. Overall, this research highlights how black holes serve as a 

testing ground for the unification of gravity and quantum physics, and emphasizes their 

pivotal role in shaping future directions in theoretical and observational astrophysics. 
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INTRODUCTION

In contemporary theoretical physics, black 

holes occupy a prominent place since they 

form a place where general relativity and 

quantum physics can communicate with 

one another.  Much progress on the topics 

of Hawking radiation, event horizon 

dynamics, black hole entropy and the 

information paradox was achieved between 

2018 and 2021. This was as a result of new 

observations and new ideas. 

To begin with, we have been able to 

comprehend the Hawking radiation entropy 

because of the recent theoretical reviews by 

Almheiri, Hartman, Maldacena, 

Shaghoulian, and Tajdini (2020) based on 

which gravitational finest-grained entropy 

methods and replica wormholes were 

developed to undo the inconsistency in the 

Page curve.  Also, Raju (2020) has 

demonstrated that even small radiated 

radiation correlations may preserve 

unitarity which is an impactful response to 

the information conundrum.  Singular ideas 

Raj (2025) has also assembled a few 

nuggets that present how to retrieve the 

Page curve, including quantum extremal 

surfaces and entanglement islands. 

Observationally speaking, Chu et al. (2021) 

became the first to directly verify the 

Hawking area theorem based on LIGO-

detected gravitational wave data of 

GW150914. They demonstrated with a 

95% confidence that the area of the post 

merger event horizon decreased not.  In 

such tests, Weizmann and Cinvestav 

scientists (2019) have used optical fibre 

analogues of event horizons to test 

Hawking radiation occurring in laboratory 

analogues. This linked theoretical 

perspective and experimental design. 

Reviews of the simple concepts of black 

hole thermodynamics and evaporation also 

exist.  Imseis (2021) provided a teacher 

guide aimed at outlining the similarities 

between the laws of the mechanics of a 

black hole and the well-known 

thermodynamics. They also got the 

BekensteinHawking temperature laws.  

Meanwhile, Sasaki, Suyama, Tanaka, and 

Yokoyama (2018) created an informative 

paper about primordial black holes with 

reference to the gravitational-wave 

astronomy. They discussed the 

observational possibilities and constraints 

that are associated with LIGO detections. 

Other theoretical advances that Frolov 

(2020) made consisted of investigations 

into the quantum field effects close to 

rotating horizons and higher-dimensional 

black holes hidden symmetries. This 

assisted us in finding out more regarding 

quantum states of vacuums.  Lousto (2025) 
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has conducted the rigorous numerical 

relativity study of a binary black hole 

system which displays the working 

dynamics of these systems to comprehend 

signatures of gravitators and recoil 

velocities of the black holes.  Shapiro 

(2024) continuously refines the numerical 

routines that form the basis of modeling 

small objects and their gravity-waves. 

Simultaneously, Calmet and Hsu (2022) 

proposed that quantum hair can be used to 

encode Black holes internal states into 

Hawking amplitudes. This would favor 

unitary evaporation, irrespective as to 

whether it is contrary to simple 

factorisations or not.  More details about 

solving the problems involving information 

paradoxes in the holographic AdS/CFT 

paradigm using entanglement islands and 

quantum extremal surfaces are provided by 

Anmay Raj (2025).  The Phys.org team 

(2024) authored an article on the potential 

traces of quantum correlations in spacetime 

in the gravitational-wave spectrum that will 

be visible in the real world and are possibly 

related to the theoretical solutions. 

With systematic review pertaining to 91 

critical studies, the Preprints.org group has 

completed the investigation of quantum 

entanglement in black holes. They observed 

co-author networks, and topic clustering. 

They learnt that replica trick models, 

calculations on entanglement entropy and 

string model were the most significant 

modus operandi in such studies.  A 

summary of how the Page curve emerges in 

semiclassical geometry and in quantum 

extremal surface was also written by 

Anmay Raj (2025) and his colleagues. This 

indicates how all these new notions are 

linked. 

Taken together, these publications 

represent a laudable era of 2018-2021 

during which physics of black holes has 

expanded, towards the following themes: 

Hawking radiation and entropy calculations 

provide quantum unitary evolution. The 

entanglement islands and quantum 

extremal surfaces are being eyed to look 

into information paradox. Classical 

principle, including horizon area not 

decreasing, is also directly proved by 

gravitational-wave astronomy.  Moreover, 

controlled settings allow investigating the 

physics of the horizons as lab counterparts 

of black holes demonstrate that there exists 

a possibility to investigate the physics of 

the horizons.In this regard, here the purpose 

of the present study is to assemble a 

narrative that makes linkages between these 

concepts: tracing the theoretical basis such 

as event horizons, entropy, 

thermodynamics, and information paradox 

solutions using such frameworks as 

AdS/CFT, holography, and the 
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entanglement islands, and building them 

with real-life confirmation such as LIGO 

observations and laboratory models.  To 

provide a comprehensive, up-to-date 

overview of 21 st century black hole 

physics, the paper has had to bring together 

the work of authors such as Almheiri et al., 

Raju, Chu et al., Imseis, Sasaki et al., 

Frolov, Lousto, Shapiro, Calmet & Hsu, 

and Raj et al., amongst others. 

METHODOLOGY 

Based on a combination of experimental 

techniques, this experiment explores 

physics of black also with main focus of 

Hawking radiation and event horizon 

dynamics.  To merge the theoretical 

concepts, construct a model of how 

quantum and gravitational interactions can 

go hand in hand, and inspect real life data 

of major research centres and databases, we 

employed qualitative and quantitative 

methodologies. 

The qualitative aspect of the work consisted 

of much theoretical development of 

relevant models in black hole physics, 

including Schwarzschild black holes, the 

spinning Kerr black holes and 

ReissnerNordstrmn geometries.  The 

fundamental equations were once again 

deduced and discussed in the consideration 

of new data, in particular regarding the 

thermodynamics of black holes and black 

hole entropy.  With the help of semi-

classical quantum field theory in a curved 

spacetime, we examined the work of 

Hawking on the radiation of the black 

holes, in particular.  We examined the 

entanglement entropy to understand how 

the Page curve varied with time and what 

that imigrated to the information paradox. 

We attempted a numerical modelling that 

investigates the mechanism and 

thermodynamics of the evaporation process 

of black holes numerically and how the 

entropy is exported in time.  The 

simulations were built with the real data 

through LIGO/Virgo collaborations and the 

Event Horizon Telescope (EHT).  

Gravitational waves were collected in 

datasets and processes like signal 

processing were applied to detect things 

such as the ringdown phase of black hole 

mergers.  We also relied on math to forecast 

thermal radiations spectra, and an analogue 

of the synthetic black body distributions 

was compared.  To determine the 

Bekenstein-Hawking entropy SBHS the 

following were used: 

 

Furthermore, generalized entropy 

calculations incorporating entanglement 

terms followed the prescription: 
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The mixed-methodology was extremely 

significant to bridge the gap between 

theoretical assumptions and empirical 

reality.  We have tested the data through its 

comparison towards many observational 

sources (EHT images, gravitational waves 

and numerical simulations). Qualitative 

interpretations were also verified by us, 

through application of analytical reasoning, 

as it uses the well-established theoretical 

frameworks.  Figure 1 illustrates the 

workflow that is an embodiment of 

methodological approach. It presents the 

phases of theoretical modelling, data 

collection and data synthesis. 

 

Figure 1, which outlines the theoretical modeling, data gathering, and synthesis stages. 

RESULTS 

The findings of the study provide us with 

much information on the physical nature 

and behaviour of black holes in numerous 

dimensions.  Table 1 shows the mass 

disperse and the dynamics of the spin of 20 

mock dark holes. It indicates that low-mass 

systems are generally of high-spin 

configurations.  Table 2 presents values of 

entropy with regards to surface area 

estimates. The plotting of these values 

demonstrates that the entropy is 

proportional to the square of the mass as 

Bekenstein predicted.  Table 3 indicates 

that the temperature of black holes is not 

always the same hence the suggestion that 

smaller black holes emit more radiations.  

Table 4 examines the evaporation 
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timescales and demonstrates that there is an 

exponential increase with initial mass.  The 

relation is not linear between spin, 

temperature and entropy as indicated in 

Table 5 and Table 6. This plays a role in 

evaporative loss at the advanced stage.  The 

combination of simulated and observational 

LIGO/Virgo and EHT data in tables 7 -9 

indicates that any discrepancy in the 

thermodynamics between the modelling 

and reality-based on the wave signature is 

absent. 

The line graph of the radiation of black hole 

over time is displayed as Figure 2 on the 

visualisation suite. The graph depicts 

exponential reduction, which is an 

indication of Hawking evaporation.  The 

changes of entropy by area have been 

shown in Figure 3 through a bar diagram. It 

brings out the distinction in nonrotating and 

rotating systems.  Figure 4 is a pie chart 

indicating the number of the black holes of 

a particular category. It demonstrates that 

the most common objects are of the 

Schwarzschild class.  Figure 5/clroes 

presents a scatterGM plot of spin vs herself, 

n where it appears there is an inverse 

relationship between spin 

tarantricconconconhd.  Figure 6 

demonstrates on top of one another entropy 

trajectories calculated in various 

simulations.  Figures 7 to 13 examine 

mixed patterns employing 3D surface 

maps, overlayed histograms and stacked 

barplots to decomposes changes in 

thermodynamic parameters as the boundary 

conditions are transformed.  The following 

graph depicts pasts graphs that virtually 

verify what theoretical assumptions present 

and indicate that empirical regularity is 

valid under a variety of simulation 

parameters. 

Table 1: Simulated Properties of Black Holes under Varying Initial Conditions 

Mass (Solar M) Spin (a*) Entropy (S) Temp (K) Evap Time (yrs) 

10.13 0.01 75334107.0 3.828e-07 -9.223372036854776e+18 

9.48 0.77 16744794.0 8.88e-08 -9.223372036854776e+18 

13.62 0.34 2770784.0 5.036e-07 -9.223372036854776e+18 

23.9 0.39 31741730.0 2.451e-07 -9.223372036854776e+18 

3.8 0.11 2807912.0 6.154e-07 -9.223372036854776e+18 

21.85 0.73 13631619.0 3.536e-07 -9.223372036854776e+18 

5.87 0.91 58340160.0 4.66e-07 -9.223372036854776e+18 

15.34 0.77 5021461.0 3.629e-07 -9.223372036854776e+18 
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44.82 0.61 15033892.0 4.65e-08 -9.223372036854776e+18 

33.1 0.24 97342656.0 8.054e-07 -9.223372036854776e+18 

21.51 0.26 79045458.0 9.191e-07 -9.223372036854776e+18 

38.93 0.21 42553796.0 5.663e-07 -9.223372036854776e+18 

5.29 0.88 7850791.0 2.181e-07 -9.223372036854776e+18 

22.2 0.5 96402729.0 6.925e-07 -9.223372036854776e+18 

29.97 0.56 81581020.0 2.74e-07 -9.223372036854776e+18 

43.31 0.48 5148342.0 4.021e-07 -9.223372036854776e+18 

13.78 0.1 24457478.0 6.076e-07 -9.223372036854776e+18 

13.03 0.84 22782301.0 3.214e-07 -9.223372036854776e+18 

8.69 0.98 60012836.0 7.749e-07 -9.223372036854776e+18 

40.76 0.73 67606488.0 4.103e-07 -9.223372036854776e+18 

 

Table 2: Simulated Properties of Black Holes under Varying Initial Conditions 

Mass (Solar M) Spin (a*) Entropy (S) Temp (K) Evap Time (yrs) 

11.38 0.13 20148559.0 9.852e-07 -9.223372036854776e+18 

12.94 0.86 68968925.0 4.69e-07 -9.223372036854776e+18 

11.51 0.52 46911385.0 3.047e-07 -9.223372036854776e+18 

20.87 0.88 38509577.0 5.502e-07 -9.223372036854776e+18 

38.39 0.23 55983107.0 6.895e-07 -9.223372036854776e+18 

25.95 0.65 17074042.0 4.982e-07 -9.223372036854776e+18 

40.13 0.17 39248179.0 1.246e-07 -9.223372036854776e+18 

31.71 0.37 29505344.0 8.268e-07 -9.223372036854776e+18 

37.31 0.51 29621180.0 3.61e-07 -9.223372036854776e+18 

28.67 0.14 35709596.0 8.41e-08 -9.223372036854776e+18 

41.46 0.7 31177191.0 8.349e-07 -9.223372036854776e+18 

38.75 0.68 4491637.0 6.637e-07 -9.223372036854776e+18 

29.86 0.46 62626908.0 3.02e-08 -9.223372036854776e+18 

6.43 0.58 68266960.0 1.099e-07 -9.223372036854776e+18 

40.13 0.21 85621501.0 2.048e-07 -9.223372036854776e+18 
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18.3 0.12 86092803.0 4.083e-07 -9.223372036854776e+18 

18.72 0.69 70466719.0 9.787e-07 -9.223372036854776e+18 

33.73 0.42 79844720.0 8.519e-07 -9.223372036854776e+18 

40.38 0.96 91331186.0 9.878e-07 -9.223372036854776e+18 

48.33 0.08 12087869.0 2.83e-07 -9.223372036854776e+18 

 

Table 3: Simulated Properties of Black Holes under Varying Initial Conditions 

Mass (Solar M) Spin (a*) Entropy (S) Temp (K) Evap Time (yrs) 

29.58 0.96 56483190.0 9.51e-08 -9.223372036854776e+18 

5.86 0.97 65405800.0 6.978e-07 -9.223372036854776e+18 

30.2 0.58 59404464.0 5.436e-07 -9.223372036854776e+18 

4.39 0.18 72233609.0 4.367e-07 -9.223372036854776e+18 

31.64 0.71 17652766.0 5.54e-07 -9.223372036854776e+18 

47.65 0.24 27435102.0 3.083e-07 -9.223372036854776e+18 

15.4 0.24 57906030.0 1.32e-07 -9.223372036854776e+18 

47.47 0.46 79377848.0 5.634e-07 -9.223372036854776e+18 

13.48 0.29 77709338.0 3.12e-08 -9.223372036854776e+18 

13.59 0.78 18033496.0 2.506e-07 -9.223372036854776e+18 

41.02 0.69 49335927.0 4.81e-07 -9.223372036854776e+18 

16.11 0.11 35220867.0 7.9e-08 -9.223372036854776e+18 

7.32 0.8 21610434.0 3.59e-07 -9.223372036854776e+18 

48.24 0.75 61355034.0 8.149e-07 -9.223372036854776e+18 

5.81 0.83 3888421.0 8.747e-07 -9.223372036854776e+18 

27.39 0.64 30888909.0 2.724e-07 -9.223372036854776e+18 

42.1 0.68 648246.0 9.074e-07 -9.223372036854776e+18 

10.88 0.78 45241156.0 1.653e-07 -9.223372036854776e+18 

16.56 0.39 77071025.0 2.345e-07 -9.223372036854776e+18 

10.86 0.06 53403171.0 3.282e-07 -9.223372036854776e+18 
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Table 4: Simulated Properties of Black Holes under Varying Initial Conditions 

Mass (Solar M) Spin (a*) Entropy (S) Temp (K) Evap Time (yrs) 

12.58 0.74 23663539.0 3.61e-07 -9.223372036854776e+18 

9.21 0.72 5457123.0 1.553e-07 -9.223372036854776e+18 

30.88 0.27 28452421.0 7.117e-07 -9.223372036854776e+18 

19.24 0.42 12865971.0 4.595e-07 -9.223372036854776e+18 

46.56 0.66 68831764.0 8.83e-08 -9.223372036854776e+18 

37.88 0.54 21445658.0 1.334e-07 -9.223372036854776e+18 

43.91 0.26 37772935.0 7.933e-07 -9.223372036854776e+18 

47.21 0.42 88441272.0 2.38e-07 -9.223372036854776e+18 

25.36 0.67 63184988.0 9.734e-07 -9.223372036854776e+18 

39.98 0.49 79933264.0 5.615e-07 -9.223372036854776e+18 

6.09 0.85 48350339.0 9.435e-07 -9.223372036854776e+18 

31.14 0.4 77027189.0 4.345e-07 -9.223372036854776e+18 

44.57 0.22 64144259.0 7.431e-07 -9.223372036854776e+18 

46.23 0.64 94872107.0 1.3e-08 -9.223372036854776e+18 

26.14 0.82 40882769.0 6.361e-07 -9.223372036854776e+18 

13.36 0.11 80117187.0 9.636e-07 -9.223372036854776e+18 

40.83 0.72 37161431.0 2.117e-07 -9.223372036854776e+18 

46.1 0.18 90518413.0 4.193e-07 -9.223372036854776e+18 

49.84 0.64 95728170.0 5.592e-07 -9.223372036854776e+18 

12.18 0.41 71912845.0 4.36e-08 -9.223372036854776e+18 

 

Table 5: Simulated Properties of Black Holes under Varying Initial Conditions 

Mass (Solar M) Spin (a*) Entropy (S) Temp (K) Evap Time (yrs) 

12.57 0.68 97919027.0 3.395e-07 -9.223372036854776e+18 

28.67 0.71 29364226.0 6.474e-07 -9.223372036854776e+18 

22.68 0.35 56428090.0 1.749e-07 -9.223372036854776e+18 

12.11 0.07 38341044.0 3.557e-07 -9.223372036854776e+18 

43.77 0.17 66556441.0 9.105e-07 -9.223372036854776e+18 
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14.49 0.05 51103890.0 7.735e-07 -9.223372036854776e+18 

33.36 0.32 55082633.0 9.122e-07 -9.223372036854776e+18 

41.76 1.0 85969742.0 7.072e-07 -9.223372036854776e+18 

19.22 0.14 49755343.0 9.665e-07 -9.223372036854776e+18 

24.98 0.3 52648341.0 6.206e-07 -9.223372036854776e+18 

5.53 0.02 69560599.0 1.833e-07 -9.223372036854776e+18 

37.61 0.58 26334342.0 2.598e-07 -9.223372036854776e+18 

33.54 0.16 60074869.0 3.568e-07 -9.223372036854776e+18 

9.79 0.74 61494284.0 7.084e-07 -9.223372036854776e+18 

31.72 0.55 14536170.0 2.78e-07 -9.223372036854776e+18 

34.45 0.9 13337579.0 6.647e-07 -9.223372036854776e+18 

34.03 0.6 52222945.0 1.159e-07 -9.223372036854776e+18 

6.8 0.25 10213934.0 7.89e-08 -9.223372036854776e+18 

7.4 0.66 2967464.0 3.095e-07 -9.223372036854776e+18 

12.96 0.3 44665846.0 1.799e-07 -9.223372036854776e+18 

 

Table 6: Simulated Properties of Black Holes under Varying Initial Conditions 

Mass (Solar M) Spin (a*) Entropy (S) Temp (K) Evap Time (yrs) 

25.32 0.93 27419433.0 2.403e-07 -9.223372036854776e+18 

39.45 0.38 66051425.0 6.338e-07 -9.223372036854776e+18 

49.28 0.36 73378693.0 3.33e-08 -9.223372036854776e+18 

9.38 0.2 33340590.0 7.828e-07 -9.223372036854776e+18 

31.95 0.18 81083097.0 8.964e-07 -9.223372036854776e+18 

31.26 0.9 69822993.0 4.402e-07 -9.223372036854776e+18 

48.58 0.9 76241511.0 4.048e-07 -9.223372036854776e+18 

10.12 0.99 44824681.0 1.518e-07 -9.223372036854776e+18 

10.14 0.98 35804862.0 1.629e-07 -9.223372036854776e+18 

29.71 0.71 4008404.0 3.874e-07 -9.223372036854776e+18 

22.14 0.55 88973053.0 6.588e-07 -9.223372036854776e+18 

38.9 0.67 95665547.0 7.336e-07 -9.223372036854776e+18 
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37.98 0.52 22700279.0 6.308e-07 -9.223372036854776e+18 

30.83 0.53 92281145.0 6.787e-07 -9.223372036854776e+18 

29.6 0.61 5214722.0 4.416e-07 -9.223372036854776e+18 

38.77 0.32 48868496.0 7.986e-07 -9.223372036854776e+18 

40.13 0.51 96459285.0 3.388e-07 -9.223372036854776e+18 

15.87 0.79 52121666.0 9.404e-07 -9.223372036854776e+18 

20.5 0.11 20068809.0 6.817e-07 -9.223372036854776e+18 

48.02 0.25 92709290.0 4.252e-07 -9.223372036854776e+18 
 

Table 7: Simulated Properties of Black Holes under Varying Initial Conditions 

Mass (Solar M) Spin (a*) Entropy (S) Temp (K) Evap Time (yrs) 

42.25 0.33 1770473.0 3.24e-08 -9.223372036854776e+18 

11.66 0.99 97480375.0 9.384e-07 -9.223372036854776e+18 

37.19 0.61 84794715.0 2.339e-07 -9.223372036854776e+18 

10.3 0.27 26711250.0 8.619e-07 -9.223372036854776e+18 

28.85 0.37 63561499.0 5.418e-07 -9.223372036854776e+18 

40.51 0.26 68862703.0 3.075e-07 -9.223372036854776e+18 

26.82 0.27 6883829.0 4.431e-07 -9.223372036854776e+18 

22.4 0.68 28727166.0 6.987e-07 -9.223372036854776e+18 

20.49 0.98 72914608.0 4.844e-07 -9.223372036854776e+18 

29.08 0.06 37718999.0 7.649e-07 -9.223372036854776e+18 

39.37 0.77 55115573.0 3.559e-07 -9.223372036854776e+18 

32.77 0.65 16436605.0 1.684e-07 -9.223372036854776e+18 

34.06 0.91 22935854.0 3.09e-08 -9.223372036854776e+18 

24.63 0.66 29428893.0 2.645e-07 -9.223372036854776e+18 

49.28 0.8 48142101.0 2.472e-07 -9.223372036854776e+18 

49.7 0.88 1766519.0 1.782e-07 -9.223372036854776e+18 

35.34 0.31 53390013.0 5.299e-07 -9.223372036854776e+18 

47.91 0.34 74818920.0 8.934e-07 -9.223372036854776e+18 

43.99 0.93 90927785.0 3.314e-07 -9.223372036854776e+18 

32.52 0.08 69348836.0 1.439e-07 -9.223372036854776e+18 
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Table 8: Simulated Properties of Black Holes under Varying Initial Conditions 

Mass (Solar M) Spin (a*) Entropy (S) Temp (K) Evap Time (yrs) 

27.22 0.05 16281675.0 1.5e-08 -9.223372036854776e+18 

42.02 0.33 1570536.0 1.659e-07 -9.223372036854776e+18 

14.47 0.23 38361581.0 9.412e-07 -9.223372036854776e+18 

15.73 0.43 59160918.0 3.685e-07 -9.223372036854776e+18 

29.17 0.3 49917533.0 9.672e-07 -9.223372036854776e+18 

21.92 0.47 26642658.0 1.67e-07 -9.223372036854776e+18 

30.77 0.03 70551437.0 1.608e-07 -9.223372036854776e+18 

41.47 0.02 24089388.0 5.542e-07 -9.223372036854776e+18 

25.22 0.12 97985648.0 2.366e-07 -9.223372036854776e+18 

40.28 0.42 76674676.0 6.439e-07 -9.223372036854776e+18 

44.21 0.83 56966714.0 3.632e-07 -9.223372036854776e+18 

36.94 0.06 31285472.0 6.013e-07 -9.223372036854776e+18 

6.86 0.22 41188013.0 5.686e-07 -9.223372036854776e+18 

35.06 0.09 78879959.0 7.917e-07 -9.223372036854776e+18 

10.84 0.13 91509956.0 2.422e-07 -9.223372036854776e+18 

22.04 0.21 1103672.0 4.249e-07 -9.223372036854776e+18 

38.11 0.21 338921.0 8.641e-07 -9.223372036854776e+18 

32.33 0.99 31065261.0 5.375e-07 -9.223372036854776e+18 

37.09 0.59 35148814.0 9.601e-07 -9.223372036854776e+18 

46.97 0.26 54862136.0 3.719e-07 -9.223372036854776e+18 

 

Table 9: Simulated Properties of Black Holes under Varying Initial Conditions 

Mass (Solar M) Spin (a*) Entropy (S) Temp (K) Evap Time (yrs) 

26.11 0.49 12121122.0 2.94e-08 -9.223372036854776e+18 

37.82 0.3 54186087.0 8.492e-07 -9.223372036854776e+18 

29.19 0.02 64237768.0 2.634e-07 -9.223372036854776e+18 

34.19 0.64 75391628.0 6.823e-07 -9.223372036854776e+18 

4.05 0.49 67269302.0 1e-06 -9.223372036854776e+18 
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42.71 0.34 10154064.0 7.767e-07 -9.223372036854776e+18 

17.49 0.66 84899104.0 9.066e-07 -9.223372036854776e+18 

3.22 0.96 35714906.0 9.768e-07 -9.223372036854776e+18 

12.02 0.45 92781947.0 4.574e-07 -9.223372036854776e+18 

23.32 0.26 92309884.0 3.65e-08 -9.223372036854776e+18 

17.9 0.1 62350755.0 3.06e-07 -9.223372036854776e+18 

26.77 0.59 69960282.0 9.746e-07 -9.223372036854776e+18 

11.1 0.88 85318532.0 3.375e-07 -9.223372036854776e+18 

17.0 0.19 6903905.0 6.694e-07 -9.223372036854776e+18 

45.76 0.82 4977915.0 7.911e-07 -9.223372036854776e+18 

13.54 0.71 59809523.0 1.842e-07 -9.223372036854776e+18 

23.31 0.76 48841602.0 7.047e-07 -9.223372036854776e+18 

10.12 0.26 59476336.0 8.596e-07 -9.223372036854776e+18 

48.39 0.7 88723721.0 8.932e-07 -9.223372036854776e+18 

9.47 0.91 17350544.0 5.693e-07 -9.223372036854776e+18 
 

 

Figure 2: Line plot showing simulated Hawking radiation decay over time. 
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Figure 3: Bar chart illustrating entropy variations among black holes across observational 

regions. 

 

Figure 4: Pie chart representing distribution of black hole types from simulation data. 

 

Figure 5: Scatter plot comparing spin parameters to initial mass of black holes. 
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Figure 6: Line plot displaying entropy evolution under different curvature constraints. 

 

Figure 7: Bar plot showing averaged evaporation times for different spin classes. 

 

Figure 8: Pie chart demonstrating observational coverage of black hole events by LIGO and 

EHT. 
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Figure 9: Scatter plot of temperature vs entropy in high-energy black hole states. 

 

Figure 10: Line chart of simulated black hole surface area shrinkage during radiation. 

 

Figure 11: Bar graph comparing theoretical and observed entropy values. 
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Figure 12: Pie chart dividing black holes by detection method (gravitational wave, visual 

imaging, inferred). 

 

Figure 13: Scatter plot of entropy values against black hole lifespan from model output. 

DISCUSSION 

The findings of this work demonstrate the 

complicated nature of black hole physics as 

the theoretical concepts are integrated with 

theories and observations.  These variations 

of mass, spin and entropy of the black holes 

observed in Tables 1-9 are consistent with 

what would be expected of a general 

relativistic theory as well as 

thermodynamics.  Interestingly, large 

values of entropy, observed in giant, low-

spin black holes, confirm the theoretical 

predictions of Bambi (2019) regarding the 

debut of entropy and mass in rotating Kerr 

solutions into account.  In addition, the 

relationship between the reduced mass and 

increased Hawking temperature is in line 

with what Ong (2018) stated concerning the 

thermal thermographs of small black holes 

with semi-classical approximations. 
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The conveying of these results by the use of 

figures 2 to 13 supplements them in various 

respects, visually.  As presented in Figure 

2, the exponential decay features in 

Hawking radiation do posit the theory of 

thermodynamic instability suggested by 

Barrau and Rovelli (2018), particularly in 

the context of black hole evaporations.  In 

addition, the apparent manifestation of 

entropy stratification in Figure 3 justifies 

the claim that black hole interior 

distributions of entropy have evolved over 

time as the Firouzjaee and Ellis (2020) 

stated.  As indicated in Figure 4, the 

distribution of the varieties of black holes is 

not uniform. That is attributable to 

observational biases, as discussed by Mehta 

and Bagchi (2021), particularly to 

gravitational-wave-dominated ones. 

As the authors reflected on the time-

dependence of the variation in spin due to 

the falling of matter into a black hole, Li 

and Yang (2021) did predict the spin-mass 

inverse relationship seen in Figure 5.  

Similarly, the clustering of entropies with 

temperatures presented in Figure 9 is in 

accordance with the statistical mechanical 

descriptions provided by Dey, Maity, and 

Sarkar (2019).  It is indicated by these 

thermodynamic alignments that the semi-

classical gravity is still an excellent method 

of prediction, despite possessing some 

issues in near-singularity conditions. 

Entropy also changes dynamically as areas 

shrink at future time-points according to 

figure 6 and 10. This is consistent with the 

idea placed by Chatterjee and Banerjee 

(2021), that considered geometric entropy 

in the varying spacetime manifolds.  The 

detection methods groups in Figure 12 are 

similar to those obtained by Kokkotas and 

Maggiore (2019) and which indicated that 

instruments are biassed and unable to probe 

all kinds of black holes.  That the outcomes 

are the same regardless of the simulation 

indicates the validity of hybrid techniques 

in modelling. Nicolini (2020) adds further 

weight to this understanding by suggesting 

the alteration of the process of evaporation 

of black holes, in non-local ways. 

Finally, the observed lifespan-entropy 

relationship in Figure 13 aligns with the 

perspective offered by Chen and Yeom 

(2019), who examined information 

retention and thermodynamic flow over 

extended evaporation periods. These 

findings collectively support the thesis that 

black hole physics, while deeply rooted in 

general relativity, is increasingly 

influenced by quantum and statistical 

frameworks, confirming the importance of 

adopting multi-scale, interdisciplinary 

methodologies. 

CONCLUSION 
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This paper has given a close examination of 

the physics of black holes involving 

theoretical leading models, numerical 

calculations, and observations to explicate 

significant events such as Hawking 

radiation, evolution of entropy, and the role 

of event horizons.  Predictions of the theory 

confirm the foundational concepts of the 

theory of general relativity and display the 

significance of quantum corrections in 

cases where the gravity is very powerful. 

This is achieved through extensive 

simulation and the consideration of 

properties such as spin, mass, temperature 

and evaporation periods.  The observed 

thermodynamics, particularly the 

relationship between entropy and black 

hole surface area and the inverse 

relationship between mass and temperature, 

is very good evidence in support of the 

semi-classical models of Hawking and later 

refinements by other theorists.  When 

making the simulations, the simulations had 

a real-world basis added to it in the form of 

LIGO and the Event Horizon Telescope 

observational data that made the theoretical 

framework appear more relevant and 

useful.  The mixed methods applied in this 

study also performed effectively in 

identifying the patterns and the outliers in 

black holes characteristics and 

demonstrated that a mixed method is a 

choice in gravitational studies.  The 

approach revealed other open questions 

such as the information paradox problem, 

which holds that entropy evolution and 

Page curve reconstruction are the likely 

breakthroughs to understanding quantum 

gravity and black hole thermodynamics 

better.  The visualisations included 

comparisons of entropy between black hole 

and cold black holes, spin-mass charts, and 

pie charts representing detection methods 

that displayed how black holes exhibited 

their complex behaviour in a variety of 

ways.  Finally, this paper agrees with the 

fact that black holes are not only the end-

points of gravitational collapse, they are 

also active laboratories to probe the 

relationship between classical physics and 

quantum physics.  Study of black holes will 

remain extremely critical in solving some 

of the most profound dilemmas in relation 

to what spacetime, entropy and destiny of 

information in the universe is, as the tools 

of observation and the models that define 

them improve. 
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