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Abstract. In this article we present the gravitational field equations of the Self-Variation Theory. 
There is a characteristic value in the field action distance. Before and after this distance the field 
equations are completely different. We formulate the differential equation for the orbits of the 
planets. Self-Variation Theory predicts increased stellar velocities on the outskirts of galaxies. It 
also predicts increased velocities of galaxies on the outskirts of galaxy clusters. A constant of 
physics appears in the gravitational field Equations. The measurement of this constant from the 
available observational data will give the exact prediction of the Self-Variation Theory for 
gravitational field of the large structures of matter. Further investigation of the Equations of this 
article will give the complete, accurate prediction of the Theory for the gravitational interaction.  

1. Introduction  
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of the Theory of Self-Variation (see, [4]) we get the corresponding potential V  of the gravitational 
interaction,  
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In this Equation G  is the constant of gravity, M  the mass-source of the gravitational field, r  the 
distance from the mass M , u  the velocity with which M  moves, υ  the velocity with which the 
cause of the field moves and g  the intensity of the field.  

    The vector υ  is given by the equations c
r

υ
r

, where c  is the speed of light in vacuum (see 

[4], Fig. 1). The vectors υ  and g  may have either the same direction or opposite directions.  

2. The vectors υ and g  have opposite directions  

In the case that vectors υ  and g  have same opposite directions, g
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(1) we get,   
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and by symbolizing  
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we get the following equation,  
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From equations (4) and  
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we get  

GM dV
V

r dr
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and equivalently we obtain   

dV GM
V

dr r
   .                                                                                                                                       (6) 

    The potential given by Equation (6) is the same either we consider the mass M  to be constant 
or to vary strictly as predicted by the principle of self-variation. Thus we solve the differential 
Equation (6) for constant mass M  (see, [4]).  
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from Equation (6) we get  
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and with Equation (3) we get  
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    From Equation (9) we get  
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where k  is a constant.  

    From Equations (8) and (10) we get  
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From Equation (11) and transformation (7) we obtain the function  V V r  as given by the 

following equation,  
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    From Equations (12) and (5) we obtain the function  rg g  as given by the following 

equation,  
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    From Equations (13) and (7) we obtain the function  xg g  as given by the following 

equation,  
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From Equations (14) and (13) we obtain,  
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From the inequality     0g r r  g  and equation (15) we get,  
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    From Equations (3) and (4) we get,  
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Equation (17) relates the potential  V r  and the intensity    g r r g  of the gravitational 

field.  

    In equation (15) the Newtonian term 
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this case the gravitational field is completely different from the Newtonian. The physics quantity  
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 is a fundamental limit for the gravitational interaction.  

3. Spherical symmetry  

We apply the Gravitational Field Equations of section 2. In order to avoid complex calculations 
(which can be done in cases where it is essential) we present their simplest application. We 
present the case where a star moves in a circular orbit on the outskirts of a galaxy or a galaxy 
moves in a circular orbit on the outskirts of a galaxy cluster with velocity U . In this case the 
following equation applies,  
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We do the application for 
0 2

2GM
r r

c
  .  

    The mass M  of a sphere of radius r  and constant density   is 34

3
M r


 . Therefore, from 

Equations (3) and (7) we get 
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and  
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From Equations (15) and (21), (22) we get  
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and with Equation (19) we obtain,   
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    For the Newtonian velocity   is,  
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In Equation (24) is,    
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Thus, for 1n   we take the approach,  
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In this Equation it is U   if 2
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    From Equations (26), (19) and (25) we obtain, 
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The constant   can be measured from the already known observational data (see, [1] - [3] and 

[5] – [12]).  

4. Star velocities at the outskirts of galaxies  

The gravitational field on the outskirts of a galaxy depends on the distribution of its mass in space. 
We consider the case where the largest amount of the galaxy's mass M  is concentrated near its 
core. For a star located on the periphery of the galaxy, at a distance r  from its center, equation 
(15) applies,  
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In this Equation, the approach we made in section 3 applies. Thus we get   
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    From Equations (19) and (29) we obtain,  
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This Equation is valid as an approximation. For the exact theoretical calculation of velocity U  in a 
specific galaxy its mass distribution in space must be taken into account.  

5. The differential equation for the orbits of the planets  

Applying equation (29) for a planet of mass m  we obtain in polar coordinates  ,r   the 

differential equation,  
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    In this equation we denote M  the mass of the sun, 2
tL cmr onstan

d

dt


   the angular 

momentum of the planet and  
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1
Y

r



 . The solution of the differential Equation (31) gives 

the orbits  r r   of the planets. This Equation has an additional term,  
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,  

from the corresponding Newtonian Equation. It is very possible that the solution of the differential 

equation (31) will give the value of the constant 2
k   .  

6. The vectors υ and g  have same direction  

In the case that vectors υ  and g  have same direction, g
c




gυ
 from Equation (1) we get,   
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    If u 0 , from Equation (32) we get  
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 This equation is the corresponding of (17).  

    From Equation (32), repeating the proof procedure of section 2 we get the following equations.  
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where K  is a constant. The equations for velocity U  are analogous to those in sections 3 and 4.  

References  

[1] Corbelli, Edvige, and Paolo Salucci. "The extended rotation curve and the dark matter halo of 
M33." Monthly Notices of the Royal Astronomical Society 311.2 (2000): 441-447.  

[2] Green Anne M., and Bradley J. Kavanagh. "Primordial Black Holes as a dark matter candidate." 
Journal of Physics G: Nuclear and Particle Physics 48.4 (2021): 043001.  

[3] Hong Sungwook E., Donghui Jeong, Ho Seong Hwang, et al. "Revealing the local cosmic web 
from galaxies by deep learning." The Astrophysical Journal 913.1 (2021): 76.  

[4] Manousos, Emmanuil. "The replacement of the potentials as a consequence of the limitations 
set by the law of selfvariations on the physical laws." IJEIT 3.10 (2014): 181-185.  

https://www.ijeit.com/Vol%203/Issue%2010/IJEIT1412201404_36.pdf  

[5] Najita, Joan R., Glenn P. Tiede, and John S. Carr. "From stars to superplanets: The low-mass 
initial mass function in the young cluster IC 348." The Astrophysical Journal 541.2 (2000): 977. 

[6] Natarajan, Priyamvada, Chadayammuri Urmila, Jauzac Mathlde, et al. "Mapping substructure 
in the HST Frontier Fields cluster lenses and in cosmological simulations." Monthly Notices of the 
Royal Astronomical Society 468.2 (2017): 1962-1980.  

[7] Peacock John A., Shaun Cole, Peter Norberg, et al. "A measurement of the cosmological mass 
density from clustering in the 2dF Galaxy Redshift Survey." Nature 410.6825 (2001): 169-173. 

https://www.ijeit.com/Vol%203/Issue%2010/IJEIT1412201404_36.pdf


8 
 

[8] Roberts, Morton S., and Robert N. Whitehurst. "The rotation curve and geometry of M31 at 
large galactocentric distances." Astrophysical Journal, Vol. 201, p. 327-346 201 (1975): 327-346.  

[9] Rubin, Vera C., and W. Kent Ford Jr. "Rotation of the Andromeda nebula from a spectroscopic 
survey of emission regions." Astrophysical Journal, vol. 159, p. 379 159 (1970): 379.  

[10] Taylor A. N., Dye S., Broadhurst T. J., et al. "Gravitational lens magnification and the mass of 
abell 1689." The Astrophysical Journal 501.2 (1998): 539.  

[11] Wu, Xiang-Ping, et al. "A comparison of different cluster mass estimates: consistency or 
discrepancy?." Monthly Notices of the Royal Astronomical Society 301.3 (1998): 861-871.  

[12] Zwicky, Fritz. "Die rotverschiebung von extragalaktischen nebeln." Helvetica Physica Acta, 
Vol. 6, p. 110-127 6 (1933): 110-127.  

 

 

 


