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Preface:  

It was early 2020. I had finished my documental work on my latest patent 

(35TH) on D-G power and Solar Power parallel operation. The patent was filed and I 

was busy in designing and developing its power electronics part at my Green Circle 

laboratory with a help of an assistant. Simultaneously I had also finished the project 

of manufacturing Solar Modules in Amravati for my young students. After the 

commencement of its manufacturing, a pandemic of COVID-19 started without 

warning. There was a panic, total lock-down, no outside movement, no gathering, 

social distancing, face mask. It was a social, psychological shock treatment entering 

in a world of different dimension, we had never thought of. Communication with 

outside world was only through social media.  Manufacturing activities in factories 

either slowed down or came to grinding halt. As if we were in a black hole! Having no 

physical activity there was now plenty of time for thought process and time for 

looking out for pending work. It appears to be a blessing in disguise! 

It was in mid 2020. One morning during tea and breakfast, I just mentioned to my 

wife about of my problem, the vacuum. I will go mad if I don‟t find something for my 

mental faculties, She being a well qualified doctor, a professor in a medical college 

and having PhD in Medical sciences immediately understood my predicament. She 

smilingly suggested me to go through my old record and find out something which 

you could not lay your hands on so far. I scanned my past memory. I recalled my 

discussions with my friends during my school days when I used to discuss about big-

bang, black-hole and many astrophysics theories. I had read about the work of 

Hoyle-Naralikar theory about Universe in news theory ( early 60s). I also read about 

black-hole proposed by a great Indian scientist Subramanyam Chandrasekhar, 

Steffen Hockings. Frankly speaking at an age of 12-13 I did not understand head or 

tail however, the work by Indian scientists was very motivating. Relativity Theory 

always fascinated me but could not comprehend however, I had developed a simple 

geometrical solution for space dilation using Pythagoras Theorem way back in 1969. 

but I could not discuss with anyone or perhaps it was too premature or I lacked a 

confidence. At  at later dates however, it appeared to be somewhat right.  

After 1964 I was busy with my engineering studies and got too occupied with my 

profession. My favorite physics subject was left in a cold storage till 2020. Sadly 

though  COVID-19, put society on grinding halt, but  came as boon for me as I had 
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ample free time to look in to my favorite subject of theoretical physics. I started 

reading about black holes. Most of the literature is in the form of fantasy stories 

stating about crossing the vent horizon, worm-hole, death of the observer, loss of 

information and what not. Black Hole has become a world of fantastic imaginations 

foe many theoretical physicists. I referred to many scientific papers and literature on 

social media but to no avail. What one doesn‟t perceive something, starts imagining 

everything like a ghost in a closed premises!  What exactly has happens inside a  in 

a Black Hole is an enigma. Being a common science student, I could not understand 

the complex mathematical treatment. To understand modern physics one is 

supposed to know modern mathematics, Hamilton function, tensors, Riemannian 

geometry etc. It is pretty discouraging for a new comer.  

The foundation of school mathematics is based on Euclidean geometry 

encompassing algebra, vector algebra, Cartesian coordinates, Integral and 

Deferential calculus. Nevertheless I thought of studying Neutron Star and Black Hole 

and give them a simple mathematical treatment so school and college going 

students could understand. I decided to develop a simple mathematical model of 

Neutron star and Back hole using school mathematical tools. It was a challenging 

exercise to develop all these equation solitarily. This being a specialized area one 

would not find people having interest. I found it very difficult verify the correctness of 

my models. It is known that the Newtonian, Relativity, Schrödinger equations are 

straight forward although their derivation are complex.  This hidden beauty of such 

relations in equations encouraged me to venture in the unknown world of stars with 

densest stellar masses!  

 The following work is the outcome of my humble attempt to plunge in to the 

unknown water of modern physics and mathematics without any protective gear. 

Readers shall pardon me for my oversimplified approach. All the mathematical 

formulae, their associated derivations, are based on Newton‟s law, Classical 

Physics, Relativity and general relativity theory, and derived solitarily on my own 

however, I don‟t claim to be the first. If someone understands it and think something 

beyond would be my reward! 

During the present work, my wife, Indira, helped me directly or indirectly and never 

complained about me being lost in my study room for hours, days, months from 

morning till dinner! I dedicate this manuscript to her. 
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Introduction to Neutron Star and Black Hole  

 

Neutron Stars (NS) and Black Holes (BH) come in the category of densest 

stellar bodies. Their mass is generally mentioned in terms of multiple of solar mass 

(Msʘ). As per the available data mass of NS < 2.16 Msʘ whereas mass of BH > 3 

Msʘ 

 

A black hole (BH) is treated as a mystical stellar mass and has been inspiring 

the imagination of many including Nobel laureates. The existing theoretical solutions 

are complex and difficult to comprehend by common readers. One wonders whether 

in reality is Black Hole so weird?  Its gravity is so strong (?) that nothing—no 

particles (?) or even electromagnetic radiation such as light can escape from it and 

its existence can only be proved by the observation of its exterior space-time, spin 

and charged.  Plenty of literature is available giving various treatments to explore the 

inside of a black hole. Einstein‟s Relativity Theory (RT) and then General Relativity 

Theory (GRT) predicted space-time dilation. Based on GRT Karl Schwarzschild  

calculated a radius for dense star which would prohibit the escape of matter, wave 

from inside region.  The solution of general relativity that would characterize such 

radius of a black hole is named after him. Further it was postulated that a sufficiently 

compact mass can deform space-time due to its own gravity to form a black hole and 

may lead to a singularity at its centre.  In most of the treatments, in various 

literatures, is found to be in higher and complex mathematical domain which a 

common science learner may not comprehend. Neutron Star (NS) is a stellar mass, 

few times the mass of Sun. It can be noticed or observed as it emits radiation. Its 

interiors have not been fully analysed however, some data is available. Black Holes 

(BH) start forming when its mass becomes few times more than of NS.  

The objective of the present topic is to compare Black Hole with Neutron Star. 

The following analysis uses fundamental approach in Euclidian space and Cartesian 

co-ordinates. A simple mathematical treatment is given to various models as per 

Newton and Einstein theories. It is assumed that every stellar mass, like a Neutron 

Star and black Hole, i) where matter has gravity, ii) matter velocity cannot exceed 

velocity of light and iii) Gravity creates space-time dilation. For simplicity a non-

rotating, charge-less, cold Schwarzschild Black Hole with spherical symmetry is 

considered. 
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Radius, Density and Mass Relations of Stellar Bodies 

 

Radius of NS is in the range of 10 to 20 Km. whereas radius of black hole is decided 

by Schwarzschild formula as given below: 

 

𝑅𝑕 =
2 𝐺 𝑀

𝐶2
 

Where Rh is the outer radius of BH in metre (also known as Event Horizon), G is 

Universal Gravitational Constant. M is the mass of BH in Kg and C is the velocity of 

light in metre/sec in vacuum. 

From the study of various masses it has been found that the matter density is 

not uniform but goes on increasing from surface towards the centre. It is assumed 

that the matter density profile likely to follow certain mathematical pattern as given 

below. 

 

The relation of density and mass of a spherical stellar body is derived.  

 

 
  

 

A spherical Mass of radius R and Density-B 

Figure-1 

 

 Radial distance from the centre of the stellar mass is „r‟ is and outer radius is R 

(surface radius). The density of matter inside the mass may not be uniform and may 

vary as a function of the radius. It has been found that the density of matter is 

inversely proportional to radius.  
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The density at „r „can be expressed as: 

 

𝜌𝑟  = Density at radius r (Kg/m3) for 𝑟 ≤ 𝑅 

𝜌𝑟  = ρs  
R

r
 

n
        (1) 

 

 𝑅  Outer Radius 

 𝑟   Radial distance from centre for  r ≤ 𝑅 

 𝜌𝑠    Mass Density at  R 

 n  Mass Density profile index 

 𝜌𝑟     Mass Density at radius  

 

 

The equation is valid where n can assume any value  0 ≤ 𝑛 ≤ 3 

 

1. Average Mass Density profile n=0 

2. Hyperbolic Mass Density profile  n=1 

3. Parabolic Mass Density profile  n=2 

4. Exponential Mass Density profile n=3 

 

Mass (Mr) of the solid body at radius „r‟ can be expressed by: 

 

Mr =   𝜌𝑟  4π 𝑟2𝑅

0
𝑑𝑟   where 𝑟 ≤ 𝑅  

#1 for 𝜌𝑟  

Mr =  4π𝜌𝑠    
𝑅𝑛

𝑟𝑛
𝑟2𝑅

0
𝑑𝑟  

Mr = 4π𝜌𝑠𝑅
𝑛   𝑟(2−𝑛)𝑅

0
𝑑𝑟 

∴ Mr =4π𝜌𝑠𝑅
𝑛   

𝑟 (3−𝑛)

3−𝑛
    

or 

Mr = 
4π𝜌𝑠  𝑅

𝑛 𝑟3−𝑛

3−𝑛
  for n<3      (2) 
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For r=R      

M =  
4π𝜌𝑠  𝑅

3

3−𝑛
           (3) 

After manipulation of the terms for M in #2,3 we get 

𝑀𝑟 = 𝑀  
𝑟

𝑅
 

3−𝑛

 

And,  Mr = 4π𝜌𝑠𝑅
3 ln 𝑟   for n=3    (4) 

Surface Density  𝝆𝒔 

Since the mass M at R is known so the density 𝜌𝑠  for n<3 can be obtained from  # 3 , 

we get 

𝜌𝑠  =
𝑀(3−𝑛)

4πR3
   for n<3 ,     (5) 

Similarly 

𝜌𝑠  =  
𝑀

4πR3 ln R
   for n=3      (6) 
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Gravitational Force -Internal and External: 

 

We know from Newton‟s Law that 

 

Gravity „𝑔𝑖 ‟ at „r ‟  𝑔𝑖 = = 
𝐺𝑀𝑟

𝑟2
      (7) 

 

 G is universal gravitational constant 

 Mr is mass at distance „r‟ where r ≤ 𝑅 

 𝑔𝑖  is the gravity at „r‟  

 r is the distance from the centre. 

 

Gravity 𝑔𝑖 inside the mass at distance r for „n‟ 

 

Substituting Mr # 2 in # 6, we get 

 

𝑔𝑖 =
 G 4π𝜌𝑠  𝑅

𝑛  𝑟(3−𝑛)

(3−𝑛)𝑟2  

   or 

𝑔𝑖 =  
G 4π𝜌𝑠  𝑅

𝑛  𝑟(1−𝑛 )

(3−𝑛)
  

Or 

𝑔𝑖 =  
𝐺 𝑀

𝑅3−𝑛
 𝑟1−𝑛    (8) 

 

And surface Gravity at R 

 

 𝑔𝑠 = = 
𝐺𝑀

𝑅2          (9) 

  

Force of Gravity outside the mass is given at distance r is given by 

 

Gravity „g‟ at „r‟   𝑔𝑜= 
𝐺𝑀

𝑟2
   where r> 𝑅    (10) 
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 𝑔𝑜   is gravity outside the mass 

 M is the total mass 

 

 
 
 

Escape Velocity: 

 
We know Escape Velocity Ve at „r‟ is given by 

 

Ve =  2 𝑔𝑖  𝑟         (11) 

 
Or 

Substitute 𝑔𝑖 # 8 in # 11, we get 
 

Ve =     
8Gπ𝜌𝑟  𝑅

𝑛 𝑟2−𝑛

(3−𝑛)
   for 𝑟 ≤ 𝑅 𝑎𝑛𝑑 𝑛 < 3   (12) 

 
Or 

𝑉𝑒 =    
2𝐺 𝑀

𝑅3−𝑛
 𝑟2−𝑛  

 
We know Space-Time dilation for unit value is given by 

 

𝐿𝑑  = 𝑇𝑑 =
1

 1−
𝑉𝑒 2

𝐶2

         (13) 

 

 Ve is escape velocity at r 

 C is velocity of light. 

 Ld is unit space dilation 

 Td is unit time dilation 
 

Relative Velocity Vr 
 

𝑉𝑟2 = 𝐶2 − 𝑉𝑒2        (14) 
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Black Hole Inside Structures: 
 

Depending upon the internal structure of matter and their distribution envisaged, 

different  models are considered for comparison: 

 

1. Mass is concentrated at a single point at the centre of BH known as central 

point singularity and the space between the centre and Rh is empty of matter. 

 

 

 

 

Mass with centre singularity 

 

Figure 2 

 

 

Where R1 (Rh) is outer radius known as event horizon of mass M,  D is a region 

known as central singularity (𝑅4 → 0) where mass M is concentrated at a single 

point. Region between R1 and R4 is empty of matter. Region A is outside space 

beyond event horizon.  

For R4 = 0 𝑉𝑒 =   
2𝐺𝑀𝑏

0
  = ∞ and mass density =  ∞. This model does not fit in 

relativity theory ( GRT) hence, cannot be explained, however attempts have been 

made to explain it by using quantum physics (which is out of scope of present 

discussion). 

2. Mass is concentrated up to a radius Rb  
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Mass with Radius < Rh 

Figure- 3 

 

Where R1 (Rh) is radius known as event horizon of mass M,  C is a region having 

radius R2 (0 < 𝑅2 < 𝑅1) where mass M is concentrated. Region between R1 and 

R2 is empty of matter. Region A is outside space beyond event horizon.  

For analysis we shall consider a black hole of mass (Mb)  ten times the mass of Sun 

Mb=10 Msʘ. 

R2 =0.5 Rh is considered. Gravity at different „r‟ for n=1 and n=2 is shown in Figure -

8 

 

 

Radius to Gravity relation 

Graph-1 
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For n=1 gravity is constant from centre to R2 whereas for n=2 gravity increases 

asymptotically from R2 towards the centre. Gravity however remains same outside  

R2 for both profiles.  

 

Escape velocity at different „r‟ for n=1 and n=2 is shown in Figure -9 

 

 

  

Radius to Escape Velocity Relation 

 

Graph-2 

 

For n=0 and n=1 Ve increases up to R2 and then decreases whereas for n=2 Ve is 

constant up to R2. Ve decreases concurrently for all values of „ n „ up to Rh. It is 

further observed that  Ve = C at Rh for n= 0, 1, and 2. Interestingly Ve is higher than 

velocity of light „C‟ up to Rh whereas for n=0,1 after certain radius (Ri) it exceeds C 

and remains higher up to Rh.  

Ri is called Inner Event Horizon (IEH). 
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Radius to Space Dilation Relation 

Graph- 3 

From the analysis it appears that when the radius Rb of BH is assumed to be 

less than Rh then this model prevents the growth of black hole. If a matter enter the 

event horizon and has certain velocity (v), it immediately encounter extreme space 

dilation from Rh to Rb and would require higher escape velocity. Under such 

condition it would take infinite time to reach Rb. Further the matter velocity shall be 

forced to increase further which it cannot due to velocity limitation (𝑣 ≠ ∁ ) and higher 

space dilation (𝐿𝑑 → ∞) irrespective of density profile. Further an inner event horizon 

occurs at radius Ri. It means in this the model the matter would be close to Rh and 

further in.   So from the above discussion for a rational that for a growing BH  

Rb should be equal to Rh for any value of n.  

3. Mass is distributed in region „C‟ up to R1 = Rh (similar to a neutron star). 
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Mass radius = Rh 

Figure- 4 

Where R1 (Rh) is radius known as event horizon of mass M. C is a region occupied 

by matter of mass M. Region A is outside space beyond event horizon. 

Following graphs show the relation between distance Ratio „X=r/Rh‟ of density (ρ)  

 

 

Radius to  Matter density Relation 

Graph- 4 

It shows that the density for n=2 and n=3 increases exponentially near the centre 

whereas for n=1 it is within limits. N=0 shows the average density, 
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Radius to Escape velocity Relation 

 

Graph- 5 

 

It shows that the escape velocity for n2 and 3 is equal and  more than C 

respectively whereas for n=1  it decreases towards the centre. It means the tidal 

force is upwards for n=1.  

 

It further shows that the gravity for n between 2 and 3 increases exponentially 

towards the centre whereas for n=1 it is constant. Further for n=1, gravity is constant 

throughout means no tidal force thus ensuring free movement of mass within. This 

would justify the growth of BH !  

 

 

 

Radius (Distance) to Gravity Relation  

Graph- 6 

 

 

From the above analysis it appears that the density profile index „n‟ should be 

1 for existing black holes for their growth. 
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Comparison of Mass and Physical Parameters: 

 

Following table shows the parameters of BH wrt to its mass 

 

Ms ʘ 5 10 100 1000 1.E+06 1.E+09 1.E+12 

Mb 1.00E+31 2.00E+31 2.00E+32 2.00E+33 2.00E+36 2.00E+39 2.00E+42 

Rh 1.48E+04 2.97E+04 2.97E+05 2.97E+06 2.97E+09 2.97E+12 2.97E+15 

SURFACE 2.76E+09 1.11E+10 1.11E+12 1.11E+14 1.11E+20 1.11E+26 1.11E+32 

VOLUME 1.37E+13 1.09E+14 1.09E+17 1.09E+20 1.09E+29 1.09E+38 1.09E+47 

GRAVITY 3.03E+12 1.52E+12 1.52E+11 1.52E+10 1.52E+07 1.52E+04 1.52E+01 

AVERAGE 

DENSITY 
9.76E+17 2.44E+17 2.44E+15 2.44E+13 2.44E+07 2.44E+01 2.44E-05 

  

Chart-1 

1. Rh increases linearly with the mass 

2. Surface area increases as a square of the mass 

3. Volume increases as a cube of the mass  

4. Surface gravity decreases as inversely proportional to mass 

5. Average density decreases as inversely proportional to the square of mass. 

 

The above chart shows that the so the called extremely high gravity on Rh is also 

far fetch though for smaller BH is it true. 

It you see BH having mass of  trillion solar mass has g less than Jupitor and matter 

density near Rh less than Earth‟s atmosphere! 

The above comparison shows that smallest BH has highest gravity, and very 

highest average density.  Most of the literatures on BH however, start with a 

statement “extremely high gravity and extremely dense matter” whereas, the results 

are quite a different! 
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Black Hole –Matter Density Profile 

It is known that in a closed gas, the pressure is uniform throughout and the 
density of gas is same. Uniform pressure is maintained due to random motion of 
molecules within the volume.  
 
 
 

 
 

Mass is distributed in region ‘C’ up to R1 = Rh (similar to a Neutron Star). 
 

Figure- 5 
 
Where R1 (Rh) is radius known as event horizon of mass M. C is a region occupied 
by matter of mass M. Region A is outside space beyond event horizon. 
 
Following graphs show the relation between distance Ratio „X=r/Rh‟ of density (ρ)  

 

 
 
Radius to Density Relation at Different ‘n’ 
Graph- 7 
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It shows that the density for n=2 and n=3 increases exponentially near the 
centre whereas for n=1 it is within limits. N=0 shows the average density, 
 

 
 

Radius to Escape Velocity Relations at Different ‘n’ 
Graph- 8 

It shows that the escape velocity for n2 and 3 is equal and  more than 
C respectively whereas for n=1  it decreases towards the centre. It means the 
tidal force is upwards for n=1.  
 

It shows that the gravity for n between 2 and 3 increases exponentially 
towards the centre whereas for n=1 it is constant. Further for n=1, gravity is 
constant throughout means no tidal force thus ensuring free movement of 
mass within. This would justify the growth of BH !  
 

 
 

Radius (Distance) to Gravity relation at Different ‘n’ 
 
Graph- 9 
 

0.00
0.10
0.20
0.30
0.40
0.50
0.60
0.70
0.80
0.90
1.00
1.10
1.20
1.30
1.40
1.50

0.00 0.50 1.00 1.50 2.00

ES
C

A
P

E 
V

EL
O

C
IT

Y
  V

e
sc

/C

X

ESCAPE VELOCITY 

n = 0

n = 1

n = 2

n = 3

0.00E+00

5.00E+11

1.00E+12

1.50E+12

2.00E+12

2.50E+12

3.00E+12

3.50E+12

4.00E+12

4.50E+12

5.00E+12

0.00 0.50 1.00 1.50 2.00 2.50

G
R

A
V

IT
Y

 (
N

/S
EC

2
)

X

GRAVITY  Mb=10Ms ʘ

n = 0

n = 1

n = 2

n = 3



21 
 

 

Neutron Star and Black Hole Similarity 
 

 
Comparison of Neutron Star (NS) and Black Hole (BH) parameters 
 

SN CRITERIA NS BH 

1 MASS (SOLAR Ms ʘ) <2.5 >4 

2 RADIUS CHANDRA LIMIT SCHWARZSCHILD  

3 SPHERICAL SHAPE YES YES 

4 ESCAPE VELOCITY < C = C 

5 MATTER DENSITY  INDEX ' n' 0 < n <1.66 ? 

6 SINGULARITY AT SURFACE (EH) NO YES* 

7 GROWTH YES YES 

8 EVAPORATION YES NO (?) 

9 MERGING, ACCRETION YES YES 

10 SURFACE MATTER DENSITY Kg/M3 ≈10^16 >10^16 

11 CRUST MATTER DENSITY  Kg/M3 ≈10^19 ? ? 

12 ROTATION YES YES 

13 CHARGE YES YES 

14 TEMPERATURE ? ? 

15 SINGULARITY INSIDE SURFACE ? ? 

16  MAX. PRESSURE Pa Kg/M2 10^34 ? ? 

17 CRUST MATTER DENSITY ? ? 

18 SINGULARITY AT CENTRE ? ? 

19 ** HAWKING RADIATION  NA ? 
 

 * From a short distance 

 ** Experimentally not verified 

 
 CHART-3 

 

Neutron star being observable has been studied to a great extent whereas 

inside of BH, except for outer periphery, cannot be studied. Numbers of theories 

have been proposed however, those are all are postulations. From chart 3, many 

similarities between NS and BH are noticed. We shall now study NS based on the 

above derivations and formulae and compare mass distribution, gravity, escape 

velocity and other parameters for different value of mass density profile „n‟. Then 

similar lines, as both being stellar masses, we shall find the parameters of BH and 

shall propose the mass distribution index and inside structure based on the 

similarities. 
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NS of mass 1.6 Msʘ and BH of mass 10 Msʘ are considered for comparison. 

It is assumed that the mass is distributed up to outer radius R as shown in figure- 2 

 

 
 
Figure-6 
 
 
Mass distribution of NS =1.6 Ms ʘ for different „n‟ 
 

 

 
 

 
Radius to Mass Relation at Different ‘n’ for Neutron Star 
Graph- 10 
 
N=0, 1, and 2 mass is distribution appears to be normal however, for n=3 most of the 

mass is concentrated near the centre. 

 
1. Density Profile of NS 1.6 Ms for different n 
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Radius to Mass Relation at Different ‘n’ for Neutron Star 
Graph- 11 
 
 

The maximum density for n=2 and 3 is in the density near the centre exceed 

1020 Kg/m3, however, for n=1 it is around 1019 Kg/m3.   

It is very important to note that for n=1 the maximum density is in the range of 1019 

Kg/m3 and minimum density is in the range of 5 x 1017 Kg/m3, which are within the 

estimated density of known Neutron Star.. 

 
2. Gravity Profile of NS 1.6 Ms for different n 

 
 

 
Radius to Mass Relation at Different ‘n’ for Neutron Star 
Graph- 11 
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For n=0, gravity goes on decreasing towards the centre however, for n=1, it 

remains constant throughout,  For n=2 and 3 it goes on increasing towards the 

centre.  

 

n 
DENSITY NEAR 

CENTRE 
MASS 

DISTRIBUTION 
GRAVITY 
PROFILE 

COMMENTS* 

1 NORMAL NORMAL CONSTANT NORMAL 

2 HIGH HIGH 
HIGHER AT 

CENTRE 
NOT NORMAL 

3 VERY HIGH 
VERY HIGH AT 

CENTRE 
VERY HIGH AT 

CENTRE 
NOT NORMAL 

 
*Comments based on the available data on NS. 
 
Chart-4 
  

From the comparison it appears that 𝑛 ≅ 1   
 
For the comparison NS of 1.6 Ms ʘ and BH of 10 Ms ʘ Ms having density index n = 

1 are considered.  

NS Mass 1.6 Ms & Radius Rn = 11.9 Km 

BH Mass 1.6 Ms & Radius  Rh = 29.6 Km 

Rn/Rh = 0,4 and  

X = r/Rh 
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Radius to Mass Relation of Neutron Star and Black Hole 
Graph- 12 

 

The comparison shows that the mass distribution inside both stellar objects is 

overlapping and identical. up to X=0.412  

 
 

 
 
Radius to Density Relation of Neutron Star and Black Hole 
Graph- 13 

The comparison of the density at every distance inside both stellar objects is 

identical. It is further observed that the density profile of the neutron star almost  

matches with the postulated data of a known neutron star. 

 
 

 
 
Radius (Distance) to Gravity Relation of Neutron Star and Black Hole 
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Graph- 14 
 

The comparison gravity profile shows that the gravity inside both stellar 

objects is identical up to. up to X=0.4  

 

 
 
Radius to Escape velocity Relation of Neutron Star and Black Hole 
Graph- 15 
 

The comparison of escape velocity shows that they are identical up to X=0.4. 

Further for NS Ve< C whereas for BH Ve=C at their respective outer radii. 

 

 
 
Radius to Red Shift Relation of Neutron Star and Black Hole 
Graph- 16 
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Radius to Mass-Gravity Internal Pressure Relation of Neutron Star and Black Hole 
Graph- 17 
 
Internal force exerted by Mass is by BH is few times higher than NS towards centre.  
 

The parameters of NS and BH as shown in figure- 7, 8, 9,10 and 11 are compared 

and tabulated  in chart-4. 

 
Comparison of NS and BH for n=1  
 

DENSITY 
NEAR 

CENTRE 

MASS 
DISTRIBUTION 

GRAVITY 
PROFILE 

ESCAPE 
VELOCITY 

FORCE AT 
CENTRE 

COMMENTS* 

MATCHES MATCHES MATCHES MATCHES SIMILAR 
INTERNALLY 

SIMILAR 

 
* up to NS radius 

CHART-5 
 

It therefore can be inferred that: 

1. Internal structure of the black hole is similar to the neutron star  

2. Surface radius of black hole is equal to Rh (Schwarzschild Radius).  

3. Since all parameters are matching within their respective radius, the density profile 

should hyperbolic (n=1), 

 

4. It further shows that a NS star may grow to BH with proportionate variation in its 

internal parameters consistently. 

5. The event horizon region of BH is so minuscule that it is in the range of 10-7 % of Rh, 

For example for a BH of 10 Ms, Rh is 30 Km where beyond ±3 metre wide region 
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time dilation is less than 100 and it decreases exponentially  whereas rest the 

region behaves like a normal NS. 

6. These comparisons do not throw any light on singularity at the centre however if at 

all it were to exist, it would would exist in both NS also and NS.  So the hypothesis of 

point mass and singularity at the centre does not occur in the present comparison. 

 

Putting these findings of various parameters together, it can be inferred in 

summary that BH, except being larger and having escape velocity more (equal to C) 

than a neutron star, there is no other major difference. Though the present analysis 

does not through any light on the effect of high matter density occurring at the centre 

it does indicate that at the centre both NS and BH have similarity.  

 

The main differences between a neutron star (NS) and black hole (BH) are that the 

BH is more massive and escape velocity (Ve) is equal to velocity of light (C) whereas 

in NS Ve<C. The radius of NS is decided by its mass and density profile whereas the 

radius of BH is decided by Schwarzschild radius (Rh) given by: 

 
 
The mass, surface escape velocity and radius can be expressed by: 
 

𝑅 =
2𝐺𝑀

𝑉𝑒 2     

 

𝑉𝑒 =   
2𝐺𝑀

𝑅
          (11) 

 
where Ve (Mtr/Sec) is escape velocity, G is Universal Gravitational constant, R 

(Mtr)is surface radius and M (Kg) is the mass. 

 

A general Schwarzschild radius (Rh) is given by       

  

For  Ve = C (velocity of light in Vacuum), # (11) becomes 

 

𝑅𝑕 =
2𝐺𝑀

𝐶2
             (12) 

where  Rh is known as Schwarzschild radius. 
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where escape velocity equal velocity of light (C). It implies that nothing from BH can 

cross that radius having velocity less or equal to C and no matter, even light can 

have velocity more to C.   

 
GRT relativity equations is given below: 
 

𝑉𝑟 = 𝑐 1 −
𝑣2

𝐶2        (13), 

 
where Vr is relative velocity for an observer. 
 
For our further analysis for v=Ve, the relative velocity Vr is expressed in the form: 

𝑉𝑟 = 𝑐 1 −
𝑉𝑒 2

𝐶2
       (14) 

 
Unit Time dilation 
 

𝑡𝑑  =
1

 1−
𝑉𝑒 2

𝐶2

         (15) 

 
Unit Space dilation (Ld) 
 

𝐿𝑑  =
1

 1−
𝑉𝑒 2

𝐶2

     

        (16) 
Escape velocity 
 

𝑉𝑒 = 𝐶 1 −
1

𝐿𝑑2        (17) 
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INTERNAL PRESSURE AND FORCE 

FORCE = GRAVITY X MASS,  𝐹 = 𝑔 𝑀 

Mass over a radius r in a spherical mass 

𝑀 = 𝑀𝑟2  − 𝑀𝑟1  r2 > r1 

We know 

𝑀𝑟  =  
4𝜋 𝐽𝑠 𝑅𝑕𝑛   𝑟3−𝑛

3 − 𝑛
 

PRESSURE: 

𝑃 = 𝑀𝑎𝑠𝑠/𝐴𝑟𝑒𝑎 

𝑃 =
4𝜋 𝐽𝑠 𝑅𝑕𝑛   𝑟3−𝑛

 3 − 𝑛  4 𝜋 𝑟2
 

𝑃 =
 𝐽𝑠 𝑅𝑕𝑛   𝑟1−𝑛

 3 − 𝑛  
 

∴ 𝑃𝑟 =  
𝐽𝑠 𝑅𝑕𝑛   

3 − 𝑛
  𝑟1−𝑛  𝑑𝑟

𝑅𝑕

𝑟

 

𝑃𝑟 =  
𝐽𝑠 𝑅𝑕𝑛   

3 − 𝑛
  

𝑟2−𝑛

2 − 𝑛
  

𝑃𝑟 =  
𝐽𝑠 𝑅𝑕𝑛   

(3 − 𝑛) 2 − 𝑛 
  𝑅𝑕2−𝑛 − 𝑟2−𝑛  

 

Radius to Mass- Internal Pressure Relation of Neutron Star and Black Hole 
Graph- 18 
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FORCE (Newton) 

𝐹𝑜𝑟𝑐𝑒 = 𝐺𝑟𝑎𝑣𝑖𝑡𝑦 𝑥 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 

𝐹𝑟 =
𝑔 4𝜋 𝐽𝑠 𝑅𝑕𝑛   𝑟3−𝑛

 3 − 𝑛  4 𝜋 𝑟2
 

But 

𝑔 =
𝐺𝑀𝑟

𝑟2
 

∴ 𝐹𝑟 =
𝐺 𝑀𝑟 4𝜋 𝐽𝑠 𝑅𝑕𝑛   𝑟3−𝑛

𝑟2 3 − 𝑛  4 𝜋 𝑟2
 

Or 

𝐹𝑟 =
𝐺 𝑀𝑟4𝜋 𝐽𝑠 𝑅𝑕𝑛   𝑟3−𝑛

𝑟2 3 − 𝑛  4 𝜋 𝑟2
 

𝐹𝑟 =  
4𝜋 𝐽𝑠  𝑅𝑕𝑛    𝑟3−𝑛

3−𝑛
 𝑥 

𝐺 4𝜋 𝐽𝑠  𝑅𝑕𝑛    𝑟3−𝑛

𝑟2 3−𝑛  4 𝜋 𝑟2   

𝐹𝑟 = 4𝜋𝐺  
𝐽𝑠 𝑅𝑕𝑛   

3 − 𝑛
 

2

𝑟2−2𝑛  

𝑑𝐹 = 4𝜋𝐺  
𝐽𝑠 𝑅𝑕𝑛   

3 − 𝑛
 

2

𝑟2−2𝑛  𝑑𝑟 

∴ 𝐹 = 4𝜋𝐺  
𝐽𝑠 𝑅𝑕𝑛   

3 − 𝑛
 

2

 𝑟2−2𝑛  𝑑𝑟
𝑅𝑕

𝑟

 

𝐹 = 4𝜋𝐺  
𝐽𝑠  𝑅𝑕𝑛    

3−𝑛
 

2

 
𝑟3−2𝑛

3−2𝑛
   

𝐹 =
4𝜋𝐺

3 − 2𝑛
 
𝐽𝑠 𝑅𝑕𝑛   

3 − 𝑛
 

2

 𝑅𝑕3−2𝑛 − 𝑟3−2𝑛  
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Radius to Internal Mass Pressure Relation of Neutron Star and Black Hole 
Graph- 18 
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SINGULARITY AT THE CENTRE 

It therefore can be inferred that: 

1. Internal structure of the black hole is similar to the neutron star  

2. Surface radius of black hole is equal to Rh (Schwarzschild Radius).  

3. Since all parameters are matching within their respective radius, the density profile 

should hyperbolic (n=1), 

 

4. It further shows that a NS star may grow to BH with proportionate variation in its 

internal parameters consistently. 

5. The event horizon region of BH is so minuscule that it is in the range of 10-7 % of Rh, 

For example for a BH of 10 Ms, Rh is 30 Km where beyond ±3 metre wide region 

time dilation is less than 100 and it decreases exponentially  whereas rest the 

region behaves like a normal NS. 

6. These comparisons do not throw any light on singularity at the centre however if at 

all it were to exist, it would would exist in both NS also and NS.  So the hypothesis of 

point mass and singularity at the centre does not occur in the present comparison. 

 

Putting these findings of various parameters together, it can be inferred in 

summary that BH, except being larger and having escape velocity more (equal to C) 

than a neutron star, there is no other major difference. Though the present analysis 

does not through any light on the effect of high matter density occurring at the centre 

it does indicate that at the centre both NS and BH have similarity.  
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GROWTH OF A BLACK HOLE 

The growth of black hole, once it is formed, is tricky business to understand! 

On the surface BH the escape velocity is C and as per GRT any free matter 

approaching radially towards BH from an infinite distance shall attain the velocity 

equal to surface escape velocity! It means while falling its velocity shall be equal to 

velocity of light.  As per GRT, other than light no matter X where ( < ∞)  and having 

zero initial velocity, its velocity shall be less than C and cross the EV!  

𝑣2 = 2𝐺𝑀𝑏  
1

𝑅𝑕
−

1

𝑋
   where x is a finite number. 

It shows matter can enter BH from nearby space however, for an observer in 

different time frame shall never see it due to space dilation near EV! He may see it 

simply disappearing in to nothing! In another case when falling matter approaches 

EV and velocity approaches „C‟ it shall form an accretion disc around BH. However, 

for lower velocities of  matter once I is able to fall through EH, it shall experience 

graviton force and further accelerates which leads to increase in its velocity and shall 

experience extreme space dilation as velocity approaching „C‟. Refer to Figure-18. It 

shows that for n>1, gravity increases towards the BH centre and Ve approaches „C‟ 

so with such profile matter cannot reach the centre however it may remain near the 

EH in suspended animation! For n=1, gravity is constant and matter shall accelerate 

towards the centre and perhaps cross the centre and oscillate diametrically within 

EV! So if BH has to grow then n=1 or less. In case say n>1, there is denser matter 

towards the centre, escape velocity approaches „C‟, more time-space dilation ( ref 

Figure-19)  and matter shall remain in outer region, more mass on outer side and „n‟ 

shall tend to approach from 2 to 1, though appears to be imaginary but logical. So for 

an internally stable and growing BH  „n‟ should be one similar to a NS.  

One should remember that the gravity at Rh is critically balanced. Any variation, may 

be due to external disturbances or any nearby mass (every mass is associated with 

its gravity, how minuscule it may be!) close by is likely to decrease its gravity 

potential. Any slight decrease in gravity shall decrease the escape velocity and thus 

make the entry of matter possible. This shows how the BH shall grow by absorption 

ofcourse with attached condition. There is one added condition is that the escape 

velocity inside the BH must less than C. There is an accretion ring around BH formed 

by those matter which does not follow the said equation. Even the light not travelling 
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radially fails to enter BH and forms a photon circle (though very unstable) at radius of 

1.5 Rh. 

 

Free Falling Distance to Particle Velocity from a Distance < ∞ 

Graph-19 

<When density profile index increases the particle velocity increases there increasing 

space -time dilation inside the BH. It may be noted that velocity approaches C near 

the EH. 
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Comparison of BH parameters for various values of ‘n’: 
 

At the centre of mass radius is zero so many parameters are indeterminate 

hence parameters are calculated at 5%  R. The sample calculations are carried out 

for BH of 10 Msʘ mass. 

 

1. Mass distribution if 50 % of mass is within 2.5 % radius, abnormal else OK 

2. If density ρ≤ 1019 Kg/𝑚3 then OK else High 

3. If Escape Velocity Ve/C <1 then OK else Singularity 

4. Inner Gravity to Surface gravity ratio ≤ 1 then OK else High 

5. If velocity of any particle  Vp/C < 1, then uniform growth is possible else 

Singularity 

6. If mass pressure < 1024  Kg/𝑚3 𝑜𝑟 𝑀𝑎𝑠𝑠 𝑓𝑜𝑟𝑐𝑒 <  1036  N then Ok else High 

 

BH M=10 
   

1.5 Rh 

n DENS Ve/C g/gs Pa Vp/C 
0.50 1.53E+18 0.03 0.45 3.58E+25 1.00 

1.00 1.22E+19 0.10 1.00 5.32E+25 1.15 

1.50 9.16E+19 0.32 2.24 9.66E+25 1.46 

2.00 4.24E+20 0.79 4.26 1.98E+26 2.01 

2.50 3.05E+21 3.16 11.18 9.66E+26 4.28 

3.00 3.85E+21 7.94 21.28 3.70E+27 8.33 

 
Chart-5 
Density for n between 0.5 and 1.5 is normal. 

Ve/C near 1 and Vp/C near 1 assists in the growth due to absorption of outside 

matter beyond EH so n<1.5. 

 

When a photon strays from photosphere and fall in to a BH, its frequency increases 

or wave-length (λ) decreases. The graph shows the decrease in λ up to centre of 

BH. 
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Red-Blue Shift 
Graph- 20 
 

gi/gs more than 1 means gravity increases towards the centre so the increase 

in escape velocity and space dilation whereas gi/gs near 1 or less reduces the 

gravity towards the centre and space dilation thereby assisting a faster growth so 

n<1.5. 

As per the data max  Pa=3x1024 however the analysis shows that Pa is in the region 

of 5x1025 even for Neutron star. The pressure approaches the maximum for a 

relativistically degenerate ideal Fermion gas of P≃ 3×1024 Pa. The calculated Pa limit 

is 10 times higher than the limit and NS has not been observed in that state. It 

therefore appears that the estimated limit of Fermion gas to be revisited! 

 
NEUTRON STAR 
 

NS M=1.6 
    n DENS Ve/C g/gs Pa Vp/C 

0.50 2.41E+18 0.04 0.16 1.43E+25 0.63 

1.00 1.22E+19 0.10 1.00 2.09E+25 0.73 

1.50 5.80E+19 0.25 6.24 3.62E+25 0.92 

 
Chart- 6 
 
Density for n between 0.5 and 1.5 is normal. 

Gi/gs more than 1 means gravity increases towards the centre so the increase in 

escape velocity and space dilation whereas gi/gs near 1 or less reduces the gravity 

towards the centre and space dilation thereby assisting a faster growth so n<1.5. 
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As per the data max  Pa=3x1024 however the analysis shows that Pa is in the region 

of 5x1025. The pressure approaches the maximum for a relativistically degenerate 

ideal Fermion gas of P≃ 3×1024 Pa. The calculated Pa limit is 10 times higher than 

the limit still no NS has not been observed in that state. Although near the surface of 

NS the pressure Pa is in the region of 1024.  It therefore appears that the estimated 

limit of Fermion gas to be revisited! 

 
The density profile index (n) should be between 0.5 to 1.5 
 

BH & NS RATIO 
  n DENS Ve/C g/gs 

0.50 0.63 0.80 2.79 

1.00 1.00 1.00 1.00 

1.50 1.58 1.26 0.36 

Chart- 7 
 
It is visible from the ratios of various parameters of BH and NS that at n=1 all 

parameters are matching. Thus it can be inferred that the matter density profile index 

n should be equal to 1 for all practical purposes. It can further be inferred that BH 

is a larger NS with identical inner structure. 

 

 
 
When mass radius is less than Rh 
 

n=1 Mbh=10 3.00E+08 
    R/Rh DENS Ve/C g/gs Pa Vp/C Rih/Rh 

0.05 4.89E+21 2.00 25.00 8.59E+26 6.26 0.0025 

0.50 4.89E+19 1.00 4.00 1.05E+26 1.82 0.2500 

1.00 1.22E+19 0.10 1.00 5.32E+25 1.15 1.0000 

 
Chart- 7 
 
 
Density for R/Rh =1 is normal however, for  0.05 and 0.5 they are on higher side. 

Ve/C for R/Rh =1 is normal however, for  0.05 and 0.5 they are on higher side. 

Further such lower mass radius creates inner singularity at Rih/Rh which does not 

assist in the growth of BH.  

Gi/gs more than 1 means gravity increases towards the centre so the increase in 

escape velocity and space dilation whereas gi/gs near 1 or less reduces the gravity 

towards the centre and space dilation thereby assisting its growth. 
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The pressure at the centre for R/Rh<1 is very very high. 

It therefore can be inferred that the mass radius of black hole should be equal 

to Rh and not less thus having a singularity at centre ks not plausible as 

postulated. 

EVAPORATION: 

Black holes are astrophysical objects has sufficient gravitational force at its 

boundary. A black hole occurs when more than a certain amount of matter is 

encompassed within a smaller space than normal bodies. When a mass in enclosed 

in a smaller radius it leads to higher escape velocity like Neutron Star however, if the 

radius of mass becomes still smaller, the escape velocity exceeds the velocity of 

light. In such scenario even light is not able to escape and for outside world it looks 

black, hence called black hole, unlike normal twinkling stars. The boundary of such 

astrophysical region is known as the event horizon of the black hole. This region is 

the black hole's boundary. 

It is observed that Neutron star emits radiation however, no radiation has been 

observed from a black hole. Known physicist Hawkins predicted that black holes do 

radiate and thereby evaporate however, the rate of evaporation is extremely slow. 

Attempts have been made to detect Hawkins Radiation but in vein so far. 

As per the present discussion a solitary black hole is inert however, but under the 

gravitation influence nearby heavy bodies its event horizon gets affected thereby 

reducing the escape velocity lesser than light and it may radiate so far the influence 

exists. In case such bodies are attracted by each other tremendous gravitation pull, 

may result in merger or accretion. During this process it shall throw some matter and 

radiation in the surrounding space. 
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Growth by Absorbtion 

(Radially Free Faling Mass Velocity of a Particle at the Surface  

and at the Centre of the Mass) 

When a particle approches a mass, there are two regions which it encounters. Out 

side the mass where gravity force goes on increasing towards its surface and 

second region is inside the mass where the gravity force goes on decreasing 

towards its centre. Inside the mass the the gravity is a function of the density profile 

of the mass from the surface to the centre. 

As per Newtons law 

𝑣𝑒
2 =  𝑢2 + 2𝑔𝑟  where r ≤ 𝑅𝑕 𝑎𝑛𝑑 𝑢 𝑖𝑠 𝑡𝑕𝑒 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑎𝑡 𝑡𝑕𝑒 𝑠𝑢𝑟𝑓𝑎𝑐𝑒   

𝐹1 =
𝐺𝑀𝑟

𝑟2  where G is universal gravity constant and Mr is the mass ar radial dustance r 

We know 

𝑀𝑟 = 𝑀  
𝑟

𝑅𝑕
 

 3−𝑛 

  

where M is total mass, Rh is the radius,r≤ 𝑅𝑕 ,  n is the density profile index for n<3  

∴ 𝐹1 =
𝐺𝑀

𝑟2  
𝑟

𝑅𝑕
 

 3−𝑛 

 for unit mass, 

𝐹1 =
𝐺𝑀

𝑅𝑕3−𝑛
𝑟1−𝑛  

 

Work done 

𝑊1 =
𝐺𝑀

𝑅𝑕3−𝑛
  𝑟1−𝑛  𝑑𝑟

𝑟

𝑅𝑕

  

𝑊1 =
𝐺𝑀

𝑅𝑕3−𝑛
 
𝑟2−𝑛

2 − 𝑛
  

𝑊1 =
𝐺𝑀

 2 − 𝑛 𝑅𝑕3−𝑛
 𝑅𝑕2−𝑛 − 𝑟2−𝑛  
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𝑊1 =
𝐺𝑀

 2 − 𝑛 𝑅𝑕
 1 −  

𝑟

𝑅𝑕
 

2−𝑛

  

For a partical approching from a distance Rx 

𝐹2 =
𝐺𝑀

𝑟2
  

Work done 

𝑊2 = 𝐺𝑀  
1

𝑟2

𝑅𝑥

𝑅𝑕
 𝑑𝑟   Rx ≥ r ≥ 𝑅𝑕 and Rx≤ ∞ 

𝑊2 = 𝐺𝑀  
1

𝑟
  

𝑊2 = 𝐺𝑀    
1

𝑅𝑕
−  

1

𝑅𝑥
  

Kinetic energy for unit mass 

𝐾𝑒 =
𝑉𝑒2

2
 

We know 

Ke=W1+W2 

∴
𝑉𝑒2

2
= 𝑊1 =

𝐺𝑀

 2 − 𝑛 𝑅𝑕
 1 −  

𝑟

𝑅𝑕
 

2−𝑛

 + 𝐺𝑀    
1

𝑅𝑕
−  

1

𝑅𝑥
  

𝑉𝑒 =  2𝐺𝑀  
1

 2 − 𝑛 𝑅𝑕
 1 −  

𝑟

𝑅𝑕
 

2−𝑛

 +    
1

𝑅𝑕
−  

1

𝑅𝑥
   

 

 

Matter falling freely radially towards the centre from a distance is shown by the 

graph: 
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Graph- 21 

Rh=1 and for growth Vm/C < 1. Matter falling from a distance <50Rh can cross Ev 

but enters up to 0.8 Rh and not further in. 

 

The growth of NS and BH is shown in the graph: 

 

Graph-22 

For growth Vp/C < 1. NS can grow naturally 

Imp: 

The Vm approaches C at the surface when n=2, which appears to be the 

ultimate density profile of BH while growing.  
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GROWTH BY MERGER AND ACCRETION  

  We are considering a Schwarzschild BH which is non-rotating, charge less, 

cold. A solitary Black hole is stable without any external influences however, no 

matter is solitary in the universe, and is always influenced by other masses. 

Remember gravity does decreases with distance square but never becomes zero 

and thus influences other masses. Normally the gravitational force at the 

Schwarzschild radius (Rsh) is so strong enough not allowing even light to escape. 

The radius of curvature of the space near the Rsh is asymptotic as shown in figure. 

 

Graph-23 

It should be noted that at distance from mass centre is equal to R, the space 

dilation is asymptotic for  𝑅 ≅ 𝑅𝑕 1 ± 10−10   and the space dilation approaches 

∞ and wave length approaces ∞.  It is equally true for any object falling into the BH 

would get trap at event horizon (EH) unless its velocity is within limits (<C) or its 

gravity is sufficiently strong enough to reduce BH the gravity at Rsh.  

Let us consider two black holes, BH1 & BH2, are interacting with each other radially 

from a distance.  

The Schwarzschild radius is given by: 
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Rh1 = 
𝐺 𝑀𝑏𝑕1

𝐶2
      

Similarly 

Rh2= 
𝐺 𝑀𝑏𝑕2

𝐶2
      

Force of Gravity (g1) of Mb1 at radial distance r1 is given by: 

 

g1 = 
𝐺 𝑀𝑏1

𝑟12
 where r ≥Rh1 

where G is universal Gravitational constant 

 

 

Figure-20 

Let assume that a two black holes Mbh1 and Mbh2 are radially approaching each other 

and the distance between their centres is W metres.  

 

Similarly force of Gravity (g2) of Mb2 at a distance r2 is given by: 

g2 = 
𝐺 𝑀𝑏𝑕2

𝑟22   

Let r2 be the distance between centre of Mb2 and Rh1 and B be a multiplying factor 

greater than 1, 

r2 = B*Rh2  
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g2 = 
𝐺 𝑀𝑏2

(𝐵𝑅𝑕2)2
 

g2 = 
𝐺 𝑀𝑏𝑕2

𝑅𝑠𝑕22𝐵2 

similarly gravity g1 of Mb1 at Rh1 is given by 

g1 = 
𝐺 𝑀𝑏1

𝑅𝑕12
 

Now let us calculate the gravitational interaction of Mb2 at Rh1 from a distance W. 

W is centre to centre distance between Mb1 and Mb2. Then 

W = B*Rh2 + Rh1  

Since the gravity is pulling in opposite direction, the net gravity at Rh1 is  

g1-g2  = 
𝐺 𝑀𝑏1

𝑅𝑕12 −
𝐺 𝑀𝑏2

𝑅𝑕22𝐵2     (1) 

=
𝐺 𝑀𝑏1

𝑅𝑕12  1 −
 
𝑀𝑏 2

𝑀𝑏 1

 
𝑅𝑕2

𝑅𝑕1
 

2
𝐵2

  

We know  
𝑀𝑏2

𝑀𝑏1
 = 

𝑅𝑕2

𝑅𝑕1
 =A 

„A‟ being the ratio of BH masses. 

g1-g2=
𝐺 𝑀𝑏1

𝑅𝑕12  1 −
 𝐴

𝐴2𝐵2  

= 
𝐺 𝑀𝑏1

𝑅𝑕12  1 −
 1

𝐴 𝐵2     (2) 

Escape velocity (Vesc) of BH1 at Rh1 is given by 

Vesc =   2 𝑔 𝑅𝑕1  

Now due to influence of BH1 

Vesc =   2 (𝑔1 − 𝑔2) 𝑅𝑠𝑕1  

=  
2𝐺 𝑀𝑏1

𝑅𝑕12  1 −
 1

𝐴 𝐵2 𝑅𝑕1 

We know 

 𝐶2=
2𝐺 𝑀𝑏𝑕1

𝑅𝑠𝑕1
 

Substituting C  we get 

Vesc = C  1 −
 1

𝐴 𝐵2    
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𝑉𝑒𝑠𝑐

𝐶
=   1 −

 1

𝐴 𝐵2
  

We know 

𝑉𝑒𝑠𝑐

𝐶
=   1 −

 1

𝐿𝑑2
   

From the symmetry of the equations, we get 

𝐿𝑑2=𝐴𝐵2 =
𝑀𝑏2

𝑀𝑏1
 𝐵2= 

𝑅𝑕2

𝑅𝑕1
 𝐵2 

Space dilation Ld for unit length is given by 

𝐿𝑑 =  𝐵 𝐴  = 𝐵 
𝑀𝑏2

𝑀𝑏1
  

So the multiplying factor  

B =Ld/ 𝐴 

𝐵 = 𝐿𝑑 
𝑅𝑕2

𝑅𝑕1
  or 

We know 

Y = B Rsh2 

Assuming space dilation Ld = 3*10^8 mtr (assumed) 

then 𝑉𝑒 =  𝐶2 − 1 which is less than velocity of light 

𝑌 = 𝐿𝑑 
𝑅𝑕1

𝑅𝑕2
 𝑅𝑕2 

𝑌 = 𝐿𝑑  𝑅𝑕1 𝑅𝑕2    

𝐿𝑑 =
𝑌

 𝑅𝑕1 𝑅𝑕2
   (1) 

When maximum Ld ≅ 3𝑥108  mtrs (equivalent to time dilation of the same order) 

The critical distance ‘Dc’ is the minimum distance at which Vesc is slightly less than C 

thereby allowing the flow of light and matter across to commence. 

   

𝑉𝑒 = 𝐶 1 −
1

𝐿𝑑2
    (2)  
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When Ve < C the merger begins. 

and distance between the centres of the black holes is 

W= Dc + Rh1     (3) 

It shows that the critical distance is proportional to root of the product of Schwarzschild 

Radii of the black holes.  

Force of attraction between Mb1 & Mb2 is given by 

𝐹 =  
𝐺 𝑀𝑏1 𝑀𝑏2

𝑊2       (4) 

 

W c-c 4.45E+11 4.69E+07 1.48E+07 4.70E+06 1.50E+06 4.84E+05 1.63E+05 6.17E+04 2.97E+04 

Vesc 3.00E+08 3.00E+08 3.00E+08 3.00E+08 3.00E+08 3.00E+08 2.98E+08 2.85E+08 0 

W/Rh 30000001 3163 1001 317 101 33 11 4 2 

Ld 10000 3162 1000 316 100 32 10 3 1 

 

Chart- 

 

Let us try to understand by taking an example of 2 BH of 5 Ms are at distance 

greater than 1012 metre where they would not have much effect on each other. When 

the BH approach each other the gravity at their Rh starts reducing and escape 

velocity reduces to less than C thereby BH event horizon. The singularity no more 

exist at that point and they can no more hold matter. Matter starts towards each 

other and the complex process of emitting or absorbing matter ensues.  Following 

table shows the centre to centre distance (W) and the escape velocity (Ve) at Rh and 

Wc-c/ Rh ratio. The process of elementary merger starts Wc-c is about 108 times Rh. 

The gravity force between them brings them further close and about 100 times Rh 

when space dilation is about 100, the process may accelerate further. In the process 

of attraction the distance between them goes on decreasing and so the space 

dilation. From Ld =10 to Ld=1 the must be dance of fire. At Ld = 2, the Rhs of BHs 

are touching each other (Chart-2).  At this distance the merging into each other 

starts. It further shows that for equal BH mass, gravitation force present for same 

space dilation are equal. During this process G force also increase. It means the final 

merger ought to be spontaneous and awful. The matter flows, the radius increases 

and after completion of the process a new BH emerges having larger Rh, larger 

volume than the sum of the individuals, and lesser average matter density.  
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INNER EVENT HORIZON 

Inner event horizon is created at certain radius (r < Rh) within the mass if it 

assumed that the mass radius (R < Rh) is lesser than Schwarzschild radius (Rh) or 

the matter density index n ≥ 2. 

Let the mass of BH = Mb and  

Schwarzschild radius = 𝑅𝑕 =
2 𝐺 𝑀𝑏𝑕

𝐶2
 

Let radius of BH = R2 = Rbh ≤ Rh 

Mass (Mr) of BH below Rbh (Rbh ≤ Rh) is given by: 

𝑀𝑟 =  𝑀𝑏 (
𝑟

𝑅𝑏𝑕
)(3−𝑛)   

 

 

 

Figure-11 

R4 INNER EVENT HORIZON 

R2= Rbh = Outer Radius of BH where R2 ≤ Rh 

Rsh = Schwarzschild upper radius  

n = Density profile index 

𝜌𝑟 = 𝜌𝑠  
𝑟

𝑅𝑏𝑕
 

𝑛
   0 ≤ n <3 

𝜌𝑠 = Matter density at Rbh ≤ Rh 

Gravity Force (g) at a radius R is given by: 

𝑔𝑟  = 
𝐺 𝑀𝑟

𝑅2    
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Where G is the universal gravitational constant 

𝑔𝑟  = 
𝐺Mbh  (

𝑅

𝑅𝑏 𝑕
)(3−𝑛 ) 

𝑅2  

𝑔𝑟  = 
𝐺Mbh  (𝑅)(1−𝑛) 

𝑅𝑏𝑕(3−𝑛)
 

Escape velocity Vesc  at r is given by: 

Vesc =  2 𝑔 𝑟  

Vesc =  
2𝐺Mbh  (𝑅)(2−𝑛) 

𝑅𝑏𝑕 (3−𝑛 )   

For event horizon Resc = C where Ri is the radius of inner event horizon 

 

Figure-12 

C =  
2𝐺Mbh  (𝑅𝑖)(2−𝑛) 

𝑅𝑏𝑕(3−𝑛 )  

C2 = 
2𝐺Mbh  (𝑅𝑖)(2−𝑛) 

𝑅𝑚𝑎𝑥 (3−𝑛)   

 (𝑅𝑖)(2−𝑛) = 
    𝐶2𝑅𝑏𝑕(3−𝑛)  

2𝐺Mbh
 

𝑅𝑖 =  
    𝐶2𝑅𝑏𝑕 3−𝑛   

2𝐺Mbh
 

1

(2−𝑛)
   

In a BH  actual radius and matter density profile leads to a inner event horizon. 
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Figure-13 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40

Ld

R/Rsh

INNER EVENT HORIZON and SPACE DILATION

Rbh=Rsh Rbh=0.8 Rsh



51 
 

 

Photon Sphere of a Schwarzschild Black Hole 

A photon sphere is a region around a black hole where scattered photons are 

trapped due to gravity and space dilation. Though this region is not very stable and 

can be disturbed resulting in the escape of photon outside the region. A simple 

solution for the radius of photon sphere is presented in Cartesian space.   

Let us assume that radius to be Rp. 

The escape velocity at Rp at gravity force of g 

Vesc =  2 ∗ 𝑔 ∗ 𝑅𝑝 

g = 
𝐺 𝑀𝑏𝑕

𝑅𝑝2
 

Vesc =  2 ∗ 
𝐺 𝑀𝑏𝑕

𝑅𝑝2 ∗ 𝑅𝑝 

Vesc =   
2 𝐺 𝑀𝑏𝑕

 𝑅𝑝
 

Rsh = 
2 𝐺 𝑀𝑏𝑕

𝐶2   

 2 G Mb  =  𝑅𝑠𝑕 𝐶2 

Vesc =   
𝐶2  𝑅𝑠𝑕

 𝑅𝑝
  

Let relative velocity of photon at Rp be Vr 

Vr = C 1 −
𝑉𝑒𝑠𝑐 2

𝐶2    

Vr = C 1 −
𝑅𝑠𝑕 𝐶2

𝐶2  𝑅𝑝
   

Vr = C 1 −
𝑅𝑠𝑕 

𝑅𝑝
   

Space dilation Ld at Rp 

Ld = 
𝐶

𝑉𝑟
 

Ld = 
1

 1−
𝑅𝑠𝑕  

𝑅𝑝

  

A propagating photon tangentially to BH shall experience gravity and centrifugal 

force where they will balance each other. 
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Gravitational force on unit mass Fg = 
𝐺 𝑀𝑏𝑕

𝑅𝑝2
  

Centrifugal force on unit mass   

Fc = 
𝑉𝑝2

𝑅𝑝
 

Equating 

𝐺 𝑀𝑏𝑕

𝑅𝑝2
 = 

𝑉𝑝2

𝑅𝑝
 

𝐺 𝑀𝑏𝑕 = 𝑉𝑝2 Rp 

Multiplying both side by 2 and dividing by 𝐶2 we get 

2 𝐺 𝑀𝑏𝑕

𝐶2  = 
2 𝑅𝑝 𝑉𝑝2

𝐶2  = 
𝑉𝑝2

𝐶2  2 𝑅𝑝  

But 

 Rsh =
2 𝐺 𝑀𝑏𝑕

𝐶2    and     
𝑉𝑝2

𝐶2  =(1 −
𝑅𝑠𝑕 

𝑅𝑝
 ) 

Rsh = 2 Rp (1 −
𝑅𝑠𝑕 

𝑅𝑝
) 

Reducing for Rp ( photon sphere radius ) we get 

Rp = 
3 𝑅𝑠𝑕

2
   = 1.5 Rsh 
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PRESSURE AND FORCE 

Inside a matter any spherical body, especially astrophysical, the upper crust 

pressurizes the lower layers due to is mass. The pressure on the layer close to 

surface has minimum pressure whereas in the deeper layers the mass above 

increases and so the pressure. The force extorted depends on the gravity so there is 

what is called mass pressure and weight or force pressure per unit area. 

FORCE = GRAVITY X MASS,  𝐹 = 𝑔 𝑀 

Mass over a radius r in a spherical mass 

𝑀 = 𝑀𝑟2  − 𝑀𝑟1  r2 > r1 

We know 

𝑀𝑟  =  
4𝜋 𝐽𝑠 𝑅𝑕𝑛   𝑟3−𝑛

3 − 𝑛
 

PRESSURE: 

𝑃 = 𝑀𝑎𝑠𝑠/𝐴𝑟𝑒𝑎 

𝑃 =
4𝜋 𝐽𝑠 𝑅𝑕𝑛   𝑟3−𝑛

 3 − 𝑛  4 𝜋 𝑟2
 

𝑃 =
 𝐽𝑠 𝑅𝑕𝑛   𝑟1−𝑛

 3 − 𝑛  
 

∴ 𝑃𝑟 =  
𝐽𝑠 𝑅𝑕𝑛   

3 − 𝑛
  𝑟1−𝑛  𝑑𝑟

𝑅𝑕

𝑟

 

𝑃𝑟 =  
𝐽𝑠 𝑅𝑕𝑛   

3 − 𝑛
  

𝑟2−𝑛

2 − 𝑛
  

𝑃𝑟 =  
𝐽𝑠 𝑅𝑕𝑛   

(3 − 𝑛) 2 − 𝑛 
  𝑅𝑕2−𝑛 − 𝑟2−𝑛  
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FORCE 

𝐹𝑜𝑟𝑐𝑒 = 𝐺𝑟𝑎𝑣𝑖𝑡𝑦 𝑥 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 

𝐹𝑟 =
𝑔 4𝜋 𝐽𝑠 𝑅𝑕𝑛   𝑟3−𝑛

 3 − 𝑛  4 𝜋 𝑟2
 

But 

𝑔 =
𝐺𝑀𝑟

𝑟2
 

∴ 𝐹𝑟 =
𝐺 𝑀𝑟 4𝜋 𝐽𝑠 𝑅𝑕𝑛   𝑟3−𝑛

𝑟2 3 − 𝑛  4 𝜋 𝑟2
 

Or 

𝐹𝑟 =
𝐺 𝑀𝑟4𝜋 𝐽𝑠 𝑅𝑕𝑛   𝑟3−𝑛

𝑟2 3 − 𝑛  4 𝜋 𝑟2
 

𝐹𝑟 =  
4𝜋 𝐽𝑠  𝑅𝑕𝑛    𝑟3−𝑛

3−𝑛
 𝑥 

𝐺 4𝜋 𝐽𝑠  𝑅𝑕𝑛    𝑟3−𝑛

𝑟2 3−𝑛  4 𝜋 𝑟2
  

𝐹𝑟 = 4𝜋𝐺  
𝐽𝑠 𝑅𝑕𝑛   

3 − 𝑛
 

2

𝑟2−2𝑛  

𝑑𝐹 = 4𝜋𝐺  
𝐽𝑠 𝑅𝑕𝑛   

3 − 𝑛
 

2

𝑟2−2𝑛  𝑑𝑟 

∴ 𝐹 = 4𝜋𝐺  
𝐽𝑠 𝑅𝑕𝑛   

3 − 𝑛
 

2

 𝑟2−2𝑛  𝑑𝑟
𝑅𝑕

𝑟
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𝐹 = 4𝜋𝐺  
𝐽𝑠  𝑅𝑕𝑛    

3−𝑛
 

2

 
𝑟3−2𝑛

3−2𝑛
   

𝐹 =
4𝜋𝐺

3 − 2𝑛
 
𝐽𝑠 𝑅𝑕𝑛   

3 − 𝑛
 

2

 𝑅𝑕3−2𝑛 − 𝑟3−2𝑛  
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Black Hole and Postulations: 
 

 Many narratives are portrayed about black hole: 

Worm Hole and entering into new universe 

1. Going in to future and past 

2. Gravitational Crunch and Singularity 

3. High Gravity  

4. High Density 

5. Spaghettification  

6. Micro Black Hole 

1. Wormhole: 

It is an exotic science story about black hole and white hole having no event horizon. 

If further needs exotic matter having different properties than the normal matter 

having negative mass! Since no such matter has been found so it remains a 

mathematical fantasy model and nothing more.  

2. Past, Present and Future:  

We know the past; we experience the present but don‟t know the future. What is 

future? The things we would see after some time about which presently we don‟t 

know. Past, present or future is notionally perceived in terms of Time like Yesterday, 

Today, and Tomorrow. Such time notion creates difficulty in comprehending the 

future. Time is independent variable hence a dimension. A single time dimension 

has no meaning unless associated with space. Space has three dimensions (X, Y, & 

Z) and with time is the fourth dimension. For example when we say,” I shall reach the 

hill in 1 hour.” Remove „hill” and 1 hour becomes meaningless. Interestingly remove 

„1 Hour‟ then the hill is a mere information, a space. Thus past, present or future is a 

4th dimensional event in Space-Time. 

Past: What had been seen in space-time. 

Present: What is being seen in space-time. 

Future: What would be seen in space-time. 

In order to understand the terms still better, let us read the following story. 
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A, B, and C are three friends having their own vehicle. We shall call each vehicle as 

its own reference frame. They decide to go on some place. They know the place but 

are not fully aware of the path. At some place vehicle A breaks down and they have 

to stop. A & B stop but C decides to go ahead on his own at velocity of 10 km/hr. 

Now let us analyze the situation. 

For C, he is in the present in his frame of reference (his vehicle). For A & B they are 

in the present in their frame of reference. 

C‟s point of view A & B are in the past, because he had seen the space-time of A & 

B before.  

A & B‟s point of view C is in the future, because whatever C is seeing in his present 

space-time A & B shall be seeing in course of journey in their space-time. 

Suddenly A & B realize that route map (information!) is with C. So B decides to catch 

C and get back the map. What should be speed of B: 10 Km/hr or to be more or to 

be less? Mathematically it should be more than 10 km/hr. Moral of the story is if you 

want to catch the future your speed must be more than the speed of future. Though 

speed of future is C we shall assume it to be 10 km/hr! When B moves, he in his 

present, A is in the past and C is in future. If B wants to catch the future his speed 

must be more than 10 km/hr. Unfortunately General Relativity Theory (GRT) puts a 

cap on maximum speed! Let us assume that cap speed is 30 km/hr. So far C is 

moving at 10 km/hr, B can catch him and even cross C and go in future wrt C but 

suppose C is moving at 30 km/hr, B will never be able to catch C due speed cap. 

This a situation known as information loss! 

3. Mass Crunch and Singularity:  

It is postulated that the mass can be compressed in to very small volume either dure 

implosion to Supernova or gravity.  

This phenomenon is attributed to gravity wherein the gravity of the matter pulls itself 

down towards the mass centre. Eventually it becomes a point mass. In simple term, 

its radius goes on decreasing till it reaches zero. This point is known as point 

singularity where space-time mergers in to zero. As per shell theory, in a 

symmetrical body, gravity of upper layer does not influence the lower layer. This is 

applicable from the surface to the mass centre, whereas lower layer does pull down 

the upper layer due to gravity and tidal force. This is a cumulative process and upper 
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mass moves inwards and accumulates at the center. This involves the movement of 

mass may be in the form of mass or wave or quanta. 

The arguments against this phenomenon are as under: 

a) The density of matter, Gravity, and Escape velocity shall be infinity. No 

classical physics theory can prove this rationally however, attempts have 

been made to explain it by Quantum Mechanics. 

b) What might stop the singularity: 

When the mass volume of BH decreases the density increases and so the 

gravity. The pressure and force on the mass at any radius is a function of total 

mass above. It is like the pressure on the bottom layer of water in a sea. It 

depends upon the height of the water column above! It has been calculated 

for a smaller BH such pressure is of the order of 1025 kg/m2 and force is of the 

order of 1036 Newton. This is close to Neutron degenerative pressure. It is 

postulated that due to crunch all matter would flow to centre of BH and get 

concentrated there and form a point singularity. What does it mean? The 

density, gravity would be infinity and escape velocity would be many many 

times the light! For such crunch to occur the matter above has to physically or 

in quantum state has to resist the force. Further during this process it has to 

move, displace or travel at velocity higher than light to the single centre point! 

It has not been observed and appears to be a mere mathematical model. It 

has been calculated that the NS and BH have many similarity except BH has 

EH and NS doesn‟t. Neutron Star is observable and does not have centre 

singularity hence the postulation of BH having a centre singularity does not 

appear to be plausible. 

 

5. Very High Gravity: 

This might be a myth. It is true for the smallest BH where the gravity can be in terms 

of billions of metre/sec2 however for BH of a billion of solar mass it would lesser than 

planet Jupiter. 

6.  Very High Density: 

 This might be a myth. It is true for the smallest BH where maximum density can be 

in terms of 1019 kg/m3 and at it‟s surface the density could be the order of 1017 
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Kg/m3 however, for BH of a billion of solar mass it‟s surface the density would be 

even less than of our Earth! 

7. Event Horizon and Spaghettification: 

This phenomenon is generally expressed a suicidal journey of human being in 

BH. The event horizon of BH is boundary radius of no escape for the inner contents 

which may be in the form of matter or wave however, external matter or wave has no 

restriction. The matter shall not even sense it except for increase in its velocity as 

usual and increase in frequency for waves; it is analogous to a semiconductor diode!   

It should be made clear that for any human falling in a BH, of course from nearby 

and not from very large distance, shall feel little elongation in his height and increase 

in his velocity and he shall be able to see the upper layers of BH however,  the 

information he had sent shall not be able to cross EH. A total information black out! 

When his velocity approaches C he shall enter in a dilated space and said 

Spaghettification phenomenon shall ensue however, he may not be live that far to 

experience it.  If one falls in BH from an infinite distance he shall experience it on EV 

itself.  

8 Micro Black Hole: 

A Micro Black Hole of mass 2.27x10-8 Kg shall have density of 1036 kg/m3 which 

is extremely large. From the present knowledge of matter it is improbable. In the light 

of classical physics it is a mere theoretical exercise however, mathematical quantum 

model has been proposed. Since nothing of that sort has been observed or 

observable or created, it shall remain a conjecture till then!  

 

9 Hawking’s Radiation and Evaporation of BH: 

 

If the theory is correct ( though experimentally not verified!). As per the theory 

smaller BH shall evaporate faster than larger BH. It means every BH shall turn in to 

Neutron star as per Chandra limit.  

 

NS is not a point mass (centre singularity) hence there does not appear to be 

a point singularity at the centre of BH.   
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CONCLUSION 

A Rational Black Hole  
 

 
For a given mass when product of surface area and matter density exceeds 

certain limit (2.02 x 1027) a black hole is formed. 

A non-rotating, charge-less and cold Black Hole (BH) is like a neutron star 

having higher mass. The form the matter in BH is like a NS however its exact form is 

not known.  

The major difference lies in the escape velocity ( Ve ) on the surface of both 

masses which depends on ones radius. Ve is order of 106 m/sec for NS whereas 

3x108 m/sec for BH. In case of BH at this Ve nothing can escape, even light as the 

escape velocity on its surface is equal to velocity of light and known as Event 

Horizon (EH).  Since light cannot escape from within, this mass looks black hence it 

is termed as black hole. This surface is known as Event Horizon having a radius (Rh) 

given by Schwarzschild formula. The major difference between BH and NS lie only 

on the surface Ve wherein for BH it is equal to C and NS it is less than C. Since 

Ve<C  for NS hence it also has an EH but for all matters having velocity less than 

106 mtr/sec! it can grow or evaporate. Interestingly the region of EH (Ve = C ) for BH 

is less than 10−3 % of  its Rh which is extremely small.   Nevertheless despite the 

difference in Ve ( below this small region of BH and below the radius of  NS) both 

have similar properties.  A solitary BH can grow by absorbing outside matter and 

may also evaporate. However, it has been postulated that under certain conditions it 

can evaporate. It means both NS and BH can grow by absorbing outside matter and 

merge with other neutron star and black holes. When a solitary BH comes under the 

influence of other massive star, there is radial gravitation interaction.  This radial 

gravitational force reduces the surface gravity in certain region of EH of BH which in 

tern reduces its Ve and the BH opens up for merging with  outside matter, stars, NS 

and BH. Any matter which falls below the EV, even with zero initial velocity, shall 

reach the centre at a velocity of C. 

The region inside event horizon (Rh) is completely and continuously occupied 

by matter (neutrons) from centre to Rh meaning thereby that there is no empty space 

exists within. The density profile is hyperbolic means density of matter at Rh is 

lowest and goes on increasing towards the centre. The gravity inside is constant at 

all inner radii hence there is no tidal force within. This perhaps helps in free 
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movement of matter within and from outside. The escape velocity inside region is 

always less than the velocity of light. 

 

Further there does not appear to be a point singularity at the centre however; at 

centre the density is highest but may not exceed maximum possible density of neutron.  

Though the gravity is very high for smaller BH, it is even less than Jupiter’s gravity for 

very large BH.  Though the average matter density is very high for smaller BH, it is even 

less than Earth’s atmosphere density for very large BH.   
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Summery and Deduction 

Mass Density: 

The density of BH varies from surface to centre. It varies inversely 

proportional to radius. From the study of masses from solid planets and stellar 

bodies, it has been found that the density at the surface is the lowest and highest at 

the centre.  

A mathematical model of density (ρ) at various radius has been developed and the 

variation is assumed to be a function of matter density index, denoted by symbol „n‟ 

and density at any radius „r‟ is given by te following equation: 

𝜌𝑠  =
𝑀(3−𝑛)

4πR3
   for n<3 ,     (5) 

and 

𝜌𝑠  =  
𝑀

4πR3 ln R
   for n=3   

The equation is valid where n can assume any value  0 ≤ 𝑛 ≤ 3 

 

5. Average Mass Density profile n=0 

6. Hyperbolic Mass Density profile  n=1 

7. Parabolic Mass Density profile  n=2 

8. Exponential Mass Density profile  n=3 

It has been found that the density index affects the mass distribution, gravity, 

escape velocity, time dilation, red shift, pressure, matter mass force, tidal force. 

After comparing the values for the above, for the highest possible density, mass 

distribution, growth etc, it is deduced that „n‟ should lie in the region of 1. However, 

the density at the centre is indeterminate hence could not be determined. 

It has been found that the density is highest for the smallest BH and lowest for the 

largest BH and for larger BH it may be even less than the density of air on Earth! 

 

Gravity and Escape Velocity: 

 

It has been found that the gravity profile depends on „n‟.  For n≤ 1 it 

decreases and for higher values of „n‟ it increases with radius at a very high rate and 
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so the escape velocity. For n=1 gravity remains constant throughout whereas for n=2 

, escape velocity is „C‟ and remains constant.  It has been found that the gravity is 

highest at Rh the smallest BH and lowest for the largest BH and for larger BH it may 

be even less than the gravity of Jupiter!  

 

Mass outer radius and Schwarzschild radius (Rh): 

 

It has been found that the mass radius of the BH is equal to Rh. If the mass 

radius is assumed to be less than Rh, the escape velocity exceed the velocity of light 

(C) which is not plausible as per General Theory of Relativity (GTR). It further 

prevents the growth of BH which has been predicted. 

 

Black Hole and Neutron Star: 

 

From the comparison of various parameters associated with dense stars like 

BH and NS, it has been found that they are similar. The only difference lies due to 

singularity at surface as the escape velocity it is equal to „C‟ for BH. In a typical NS 

the escape velocity at its surface is one hundredth that of the BH. So it can be 

deduced that the BH is a larger version of NS except EH! Other differences are 

unlike BH, NS does not have accretion disc, photon sphere. NS emits radiation 

whereas BH does not. NS is detectable by present means whereas  BH cannot be 

directly observed however: its presence can be guessed from the surrounding 

space. 

 

The Growth of BH: 

 

All stellar masses attract other masses and grow however; in case of BH the 

situation is different because of Event Horizon (EH). It has been found that if a mass 

is freely falling towards a larger stellar mass, its velocity increases continuously and 

at the surface it is equal to its escape velocity. In case of BH it would be equal to „C‟ 

at EH, so the falling matter shall never fall within the BH and may remain within the 

accretion disc or sphere just outside EV. It has been calculated that if a mass is 

falling from a shorter distance it crosses EV and travels towards the centre if not 
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obstructed by some unknown frictional or nuclear force. The speed of gowth 

depends on the gravity and space dilation within. 

 

Merger, Accretion of Dense Stars: 

 

There can be a merger or accretion, under certain condition, of Bh- BH, BH- 

NS and NS - NS. From Newton‟s Theory of Gravity, gravitation force is inversely 

proportional to the square of distance and becomes zero only at an infinite distance. 

It means any mass in the entire is influenced by all masses however the degree of 

influence depends on their distances. Same thing applies to BH. By virtue of velocity 

of light and the gravity at the Rh, the EH periphery is always delicately balanced. In 

case of a solitary BH (though it is not possible) may remain stable but it may be the 

case if two BH or NH nearby. Though it has not been detected so far, but BH should 

emit some radiation under the influence of other masses, even under strong 

gravitation wave or disturbance. The merger process is due to the gravitations 

attraction between the masses and the reduction in the escape velocity at EH. 

The gravity of larger BH is much less than the smaller BH hence larger BH are are 

more unstable due to the influence of smaller BH. Larger BH shall start merging at 

relatively more distance between their EH and otherwise.  

 

So it can be deduced that BH is nothing but a larger NS except for EV, 

having mass distribution up to Rh and having no centre singularity. 
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Relativity Made Easy: 

The following derivations were done by the author during his college studies 

in VRCE, Nagpur, way back in 1969. 

Fundamental assumption of relativity theory is the velocity of light observed 

from any frame of reference remains unchanged however; the observed frequency 

or wave length of light shall differ on the relative velocity of reference frame. We get 

confused because we are taught that elative velocity is the difference between the 

velocity of the moving object and velocity of the observer. 

No mass can reach the velocity of light: It requires little more explanation: 

In case of light, when it is emitted from a source, it spontaneously acquires the 

velocity of light ( C ), where in case of mass it has to accelerate in order to increase 

its velocity and acceleration requires force and effective weight increase (F=ma). In 

this process its momentum (mv) and also kinetic energy (mv2/2) increases. For 

example a Kg of mass moving at a velocity of light (?) shall have E = C2/2 Joules 

(9x1016 J). This amount energy is possible then WHY is the velocity of mass limited 

to C? This is the fundamental difference between Newtonian and Einstein theories. 

Newtonian theory is valid for v<C and assumes linear motion means space is fixed, 

undistorted whereas in Einstein theory as v approaching C, space for observer gets 

distorted and becomes curved. Why? Because it is the fundamental assumption and 

so far nobody could challenge its validity. 

Let us try to understand it by using simple trigonometry. Relativity equations were 

proposed by Einstein in 1905. The absolute velocity of light does not change 

irrespective of the velocity of the source was the fundamental assumption. It was 

very difficult then to understand its meaning. 
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There is a simpler way to develop the same using a right angle triangle ABC as 

shown in figure. Where AB is the base, BC is the vertical side and AC is the 

hypotenuous. The angle between AB and AC is „a’. The unit of Ac is constant and 

angle a can change. Then 

AB = AC Cos(a) and BC = AC sin (a), further 

As per Pythagoras equation 

AC2 = AB2 + BC2  

The side AC represents the velocity of light (C) and side BC represents the 

observers velocity (Ve) and side AB represents the relative velocity (Vr), then 

𝐶2 =  𝑉𝑟2 +  𝑉𝑒2 

𝑉𝑟2 =  𝐶2 − 𝑉𝑒2  

𝑉𝑟2 =  𝐶2 (1 −
𝑉𝑒 2

𝐶2  ) and  

𝑉𝑟 =  𝐶 1 −
𝑉𝑒 2

𝐶2     

Now 

Space length is L and time is t 

Then  

AC = L = C*t  

t = AC/C and relative time observed  

AB = Vr/t‟ 

𝑉𝑟

𝑡 ′ =
𝐶

𝑡
 1 −

𝑉𝑒 2

𝐶2   or 

𝑡′ =  
𝑡

 1−
𝑉𝑒 2

𝐶2

  , and similarly  

AB = Vr/𝐿𝑑  
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𝐿𝑑 =  
𝐿

 1−
𝑉𝑒 2

𝐶2

  

Where Ld is the relative length (space) observed by an observer moving with a 

velocity Ve. When the observer velocity Ve is closed to C then Ld approaches ∞ . 

Momentum p = m v, is always conserved hence m= p/v 

𝑚′ =  
𝑚

 1 −
𝑉𝑒2

𝐶2

 

Where m is the mass, m‟ is relative mass and Ve is the velocity. 

 

 

Let us take a day to day example of a moving car on a slope. The relative velocity 

can be understood by following example. 

 

Let AC be a rope inclined at an angle „a‟ to base AB. Let „z‟ be a vehicle moving on a 

rope AC at a velocity of Vc. Let it be an afternoon when the sun is overhead. When 

the vehicle z is at point „p‟ its shadow shall fall at point “p‟ on line AB. The velocity of 

the shadow (Vr) shall be slower than Vc as a function of cosine of „a‟ angle. The 

velocity of the vehicle is constant Vc irrespective of the slope of line AC and  in case 

the angle becomes 900, Vr shall become zero and the shadow will be stationery. 



68 
 

 

This means, though vehicle velocity is constant, the relative velocity shall be zero, 

when observer velocity approaches Vc. 

(ps: The example is over simplified. Further I am still a learner and English is my 

second language!)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

INNER CORE PRESSURE AND FORCE  

Derivation of core pressure and force inside a spherical solid mass: 
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Mass over a radius r in a spherical mass 

𝑀 = 𝑀𝑟2  − 𝑀𝑟1  r2 > r1 

We know 

𝑀𝑟  =  
4𝜋 𝐽𝑠 𝑅𝑕𝑛   𝑟3−𝑛

3 − 𝑛
 

PRESSURE: 

𝑃 = 𝑀𝑎𝑠𝑠/𝐴𝑟𝑒𝑎 

𝑃 =
4𝜋 𝐽𝑠  𝑅𝑕𝑛    𝑟3−𝑛

 3−𝑛  
 x

1

  4 𝜋 𝑟2 

𝑃 =
4𝜋 𝐽𝑠 𝑅𝑕𝑛   𝑟3−𝑛

 3 − 𝑛  4 𝜋 𝑟2
 

𝑃 =
 𝐽𝑠 𝑅𝑕𝑛   𝑟1−𝑛

 3 − 𝑛  
 

∴ 𝑃𝑟 =  
𝐽𝑠 𝑅𝑕𝑛   

3 − 𝑛
  𝑟1−𝑛  𝑑𝑟

𝑅𝑕

𝑟

 

𝑃𝑟 =  
𝐽𝑠 𝑅𝑕𝑛   

3 − 𝑛
  

𝑟2−𝑛

2 − 𝑛
  

𝑃𝑟 =  
𝐽𝑠 𝑅𝑕𝑛   

(3 − 𝑛) 2 − 𝑛 
  𝑅𝑕2−𝑛 − 𝑟2−𝑛  
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FORCE 

Force = Gravity X Mass,  𝐹 = 𝑔 𝑀 Newton 

Force at distance of radius „r‟ 

𝐹𝑟 =
4𝜋 𝐽𝑠  𝑅𝑕𝑛    𝑟3−𝑛

 3−𝑛  
 x 

 4𝜋 𝐽𝑠  𝑅𝑕𝑛    𝑟3−𝑛

 3−𝑛  
 𝑥 

1

 4 𝜋 𝑟2 

𝐹𝑟 =
𝑔 4𝜋 𝐽𝑠 𝑅𝑕𝑛   𝑟3−𝑛

 3 − 𝑛  4 𝜋 𝑟2
 

But 

𝑔 =
𝐺𝑀𝑟

𝑟2
 

∴ 𝐹𝑟 =
𝐺 𝑀𝑟 4𝜋 𝐽𝑠 𝑅𝑕𝑛   𝑟3−𝑛

𝑟2 3 − 𝑛  4 𝜋 𝑟2
 

Or 

𝐹𝑟 =
𝐺 𝑀𝑟4𝜋 𝐽𝑠 𝑅𝑕𝑛   𝑟3−𝑛

𝑟2 3 − 𝑛  4 𝜋 𝑟2
 

𝐹𝑟 =  
4𝜋 𝐽𝑠  𝑅𝑕𝑛    𝑟3−𝑛

3−𝑛
 𝑥 

𝐺 4𝜋 𝐽𝑠  𝑅𝑕𝑛    𝑟3−𝑛

𝑟2 3−𝑛  4 𝜋 𝑟2   

𝐹𝑟 = 4𝜋𝐺  
𝐽𝑠 𝑅𝑕𝑛   

3 − 𝑛
 

2

𝑟2−2𝑛  

𝑑𝐹 = 4𝜋𝐺  
𝐽𝑠 𝑅𝑕𝑛   

3 − 𝑛
 

2

𝑟2−2𝑛  𝑑𝑟 

∴ 𝐹 = 4𝜋𝐺  
𝐽𝑠 𝑅𝑕𝑛   

3 − 𝑛
 

2

 𝑟2−2𝑛  𝑑𝑟
𝑅𝑕

𝑟

 

𝐹 = 4𝜋𝐺  
𝐽𝑠  𝑅𝑕𝑛    

3−𝑛
 

2

 
𝑟3−2𝑛

3−2𝑛
   

𝐹 =
4𝜋𝐺

3 − 2𝑛
 
𝐽𝑠 𝑅𝑕𝑛   

3 − 𝑛
 

2

 𝑅𝑕3−2𝑛 − 𝑟3−2𝑛  
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When density profile index „n‟ varies, both the parameters change as shown in figure 

for BH =10 Ms 
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