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Abstract: In the present work, we have derived the formula for the variation of the gravitational constant given by  
2 2' / 1 /G G v c= −  in very strong gravitational field of the compact bodies like super massive black holes and neutron stars 

applying special relativity and Newton’s law of gravitation for two bodies where v be the velocity of spinning compact bodies 

like black holes, neutron stars etc. and c be the velocity of light and calculated the variability of the gravitational constant (G) 

at different speed of the spinning of the black holes, neutron stars and quasars to show the speed is also factor governing the 

force of gravity addition to the mass. 
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1. Introduction 

Isaac Newton proposed Universal law of Gravitation in 

1687, which states that every particle in the universe exerts a 

force on every particle along the line joining their centres. 

The magnitude of the force is directly proportional to the 

product of the masses of the two particles and inversely 

proportional to the square of the distance between them 

(Newton, 1687). 

In 1798, Cavendish measured G implicitly; using a 

torsion balance invented by the geologist Rev. John Michell 

and calculated implies a value for G of 6.754 × 10
−11

 m
3
 kg

−1
 

s
-2

(Brush et al. 2001). 

In 1915, Albert Einstein demonstrated better theory of 

gravitation on the basis of general relativity, which has 

overcome the limitations of Newton’s law of universal 

gravitation (Bergmann, 1969). 

In November 2006, J. B. Fixler et al. measured the 

Newtonian constant of gravity, G, using a gravity 

gradiometer based on atom interferometry and reported a 

value of G = 6.693 × 10
–11

 m
3
 kg

−1
 s

-2
, with a standard error 

of the mean of ±0.027 × 10
–11

 and a systematic error of 

±0.021 × 10
–11

 m
3
 kg

−1
 s

-2
(Fixler, 2007). 

2. Theoretical Discussion 

The gravitational constant (G) is an empirical physical 

constant involved in the calculation of gravitational force 

between two bodies which appears in Sir Isaac Newton's law 

of universal gravitation given by in the vectorial notation 

(Newton, 1687). 

1 2

2

Gm m
F r

r

→ ∧
= −                    (1) 

where m1 and m2 are the mass of any two bodies, r be the 

distance between them and r
∧

 is the unit vector. The 

negative sign indicates that the nature of gravitational force 

is attractive. G denotes the gravitational constant and in 

Albert Einstein's theory of general relativity, given by 

(Einstein,1915). 

1/ 2( )ik ik ikR g R Tκ= = −                 (2) 

Where 48 /G cκ π=                 (3) 
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The constancy for G is experimentally confirmed in 

classical mechanics for the bodies where weak gravitational 

field is present, but theories that violate the strong 

equivalence principle by allowing for preferred locations 

may permit Newton’s constant G varies (Stairs, 2003). 

From equation (1), we have 

2

1 2/G Fr m m=                   (4) 

Obviously, the gravitational constant is defined as the 

force of attraction acting between two bodies of unit mass 

placed at unit distance. From Newton’s second law of 

motion, the force is closely related to the mass of the body as 

follow: 

F m a
→ →

=                           (5) 

where m is the mass of the body in classical mechanics. The 

variation of mass of a body due to change in velocity will 

affect the force. This affect should be associated with the 

gravitational constant G in the very strong gravitational field 

due to the compact bodies such as spinning black holes and 

neutron stars. According to the classical mechanics, the 

mass of body remains the same during either in motion or at 

the rest, but according to special theory of relativity, the 

mass of body varies with velocity as follows: 

(Bergmann,1969). 

0

2 21 /

m
m

v c
=

−
                     (6) 

Due to the variation of mass, the force acting on the body 

will also vary and the variation of force can be obtained by 

putting 
0

2 21 /

m

v c−
 instead of m and hence, we have 

0

2 2
'

1 /

m a
F

v c
=

−
                    (7) 

Dividing eq
n
 (7) by eq

n
 (5) and solving, we have 

0

2 2
'

1 /

mF
F

mv c

 =  
 −

                (8) 

For very low speed, v<<c or v/c<<1, (Bergmann, 1969) 

then from eq
n
 (6), we have 

0m m=                           (9) 

Putting the above value in equation (8), we have 

2 2
'

1 /

F
F

v c
=

−
                      (10) 

For two bodies of mass m1 and m2 placed at distance r in 

the strong gravitational field & weak gravitational field, the 

force of attraction is given respectively. 

1 2

2

'
'

G m m
F

r
=                      (11) 

1 2

2

Gm m
F

r
=                     (12) 

Applying the eq
n
 (11) and (12) into the eq

n
 (10), we have 

1 2 1 2

2 2 2 2
'

1 /

m m m m
G G

r r v c
=

−
            (13) 

Solving the above equation, we obtain 

2 2
'

1 /

G
G

v c
=

−
                  (14) 

The equation (14) shows the variability of gravitational 

constant in the strong gravitational field like the 

gravitational field of black holes, neutron stars and quasars, 

depending upon the spinning velocity. E.S. Reich has shown 

graphically in his paper that the spinning rate of the super 

massive black holes begin from about 50% of the speed of 

light to 99% of the speed of light and some super massive 

black holes spin at more than 90% of the speed of light, 

which suggest that they gained their mass through major 

galactic mergers (Reich, 2013). It is also clear from the 

graph that no super massive black holes spin at rate below 

than 40% of the speed of light. On the basis of data regarding 

the speed of super massive black holes from 10% to 98% of 

the speed of light, we calculated the variability of 

gravitational constant with the help eq
n
 (14) in the table 1. 

3. Data in support of variation of G 

There are so many constants of nature in which the 

gravitational constant G has a vital role in the study of 

gravitation. According to Newton’s law of gravitation, this 

G is constant throughout the universe. 

A relative distance between the Earth and Mars was 

accurately measured by taking thousands of range 

measurements between tracking stations of the Deep Space 

Network and Viking launders on Mars. From a least squares 

fit of the parameters of the solar system model to the data 

taken from various range measurements including those by 

Viking launders to Mars from July 1976 to July 1982, a 

bound on G
•

 is obtained:
12 1/ (2 4) 10G G yr

•
− −= ± ×  

(Hellings et al. 1983). 

From the analysis of the data from 1969 to 1990, a bound 

on  G
•

 is obtained: 
12 1/ (0.1 10.4) 10G G yr

•
− −= ± × , 

while from the data from 1970 to 1994, 
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12 1/ (1 8) 10G G yr
•

− −= ± × . Recent analysis using the 

data up April 2004 yields
13 1/ (4 9) 10G G yr

•
− −= ± × . 

The uncertainty for  /G G
•

 is improving rapidly since the 

sensitivity for the observations depends on the square of the 

time span (Chiba, 2011). 

From the timing of the binary pulsar PSR 1913+16, a 

bound on G
•

is obtained: 

11 1/ (1.0 2.3) 10G G yr
•

− −= ± ×  (Damour et al. 1988). 

When the effect of the variation in the gravitational binding 

energy induced by a change in G is taken into account, the 

above bound is somewhat weakened depending on the 

equation of state (Nordtvedt, 1990). 

Jin Wang studied the astrophysical bounds on the change 

of the gravitational constant with time and found that 

12 1/ 10G G yr
•

− −< is the condition that has to be satisfied 

in order not to cause a conflict with the observations (Wang, 

1991). In general, variation in G are expected to occur on the 

timescale of the age of the universe, such that 

10 1

0/ 0.7 10G G H yr
•

− −×∼ ∼ , where H0 is the Hubble 

constant and the strong equivalence principle violating 

time-variable G would be expected to alter the properties of 

neutron stars and white dwarfs and to affect binary 

orbits(Stairs, 2003). 

4. Table 

Variability of Newton’s constant in the strong gravitational field. 

Sl. No 

% speed of super 

massive black 

holes, Neutron 

stars, Quasars of 

the speed of light 

Speed of Super massive black 

holes, Neutron stars, Quasars 

(m/s) 

Newton’s constant G 

(m3Kg-1s-2). 

 

2 2
'

1 /

G
G

v c
=

−

(m3Kg-1s-2). 

1 3 0.9x x107 6.67384x10-11 6.6708 x10-11 

2 4 1.2x x107 6.67384x10-11 6.6782 x10-11 

3 5 1.5x107 6.67384x10-11 6.682 x10-11 

4 10 3.0x107 6.67384x10-11 6.696x10-11 

5 15 4.5x107 6.67384x10-11 6.750x10-11 

6 20 6.0x107 6.67384x10-11 6.810 x10-11 

7 25 7.5x107 6.67384x10-11 6.894x10-11 

8 30 9.0x107 6.67384x10-11 7.007 x10-11 

9 35 1.05x108 6.67384x10-11 7.125x10-11 

10 40 1.20x108 6.67384x10-11 7.280 x10-11 

11 45 1.35x108 6.67384x10-11 7.473 x10-11 

12 50 1.50 x108 6.67384x10-11 7.706 x10-11 

13 55 1.65 x108 6.67384x10-11 7.992 x10-11 

14 60 1.80 x108 6.67384x10-11 8.342 x10-11 

15 65 1.95 x108 6.67384x10-11 8.785 x10-11 

16 70 2.10 x108 6.67384x10-11 9.345 x10-11 

17 75 2.25 x108 6.67384x10-11 10.091 x10-11 

18 80 2.40 x108 6.67384x10-11 11.120 x10-11 

19 85 2.55 x108 6.67384x10-11 12.671x10-11 

20 90 2.70 x108 6.67384x10-11 15.356 x10-11 

21 95 2.85 x108 6.67384x10-11 22.816 x10-11 

22 98 2.94 x108 6.67384x10-11 47.109 x10-11 
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5. Graph 

 

Figure 1: The graph plotted between variability of gravitational field 'G  and % speed of super massive black holes, neutron stars and quasars of speed of 

light. 

6. Results and Discussion 

In the present work, we have derived the formula for the 

variation of the gravitational constant given by  

2 2
' / 1 /G G v c= −  in very strong gravitational field of the 

compact bodies like black holes and neutron stars applying 

special relativity and Newton’s law of gravitation for two 

bodies where v be the velocity of spinning compact bodies 

like black holes, neutron stars etc. and c be the velocity of 

light. In the present work, we have also calculated the 

variability of the gravitational constant (G) at different speed 

of the spinning of the black holes, neutron stars and quasars. 

It has been observed from the table and graph that the 

variability of the gravitational constant (G) increases 

gradually with the increase of the speed of the black holes, 

neutron stars and quasars up to 80% of the speed of light and 

after 85%, the variability of the gravitational constant (G) 

increases rapidly up to 100%. This shows that for the super 

massive black holes, neutron stars and quasars spinning 

almost equal to the speed of light gain maximum gravity.  

 

This means that the speed is also factor governing the 

force of gravity addition to the mass, because new theory of 

gravitation is dependent on the speed of bodies which states 

that the factor joining the whole Solar system and galaxies 

all in one piece would have to have higher speed than the 

velocity of light. At present, no higher speed is known than 

the velocity of light, thus the phenomenon ascribed to 

gravitation must have other form than that know currently as 

the phenomenon of gravitational pull (Borowski, 2012). 

7. Conclusion 

 In course of the present research work, we can draw the 

following conclusions such as: 

(i) The super massive black holes, neutron stars and 

quasars spinning with almost equal to the speed of light gain 

maximum gravity than that of the gravity of super massive 

black holes, neutron stars and quasars spinning with almost 

up to 80% of the speed of light. 

(ii) The speed is also factor governing the force of gravity 

in addition to the mass 

(iii) The formula 2 2' / 1 /G G v c= − holds good for the 

gravity of super massive black holes, neutron stars and 

quasars spinning with the speed comparable to the speed of 

light. 
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