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Abstract 

 

Taking into account the kinematics of the gravitating objects, gravitoelectromagnetism (GEM) is a 

consistent classical field theory about the gravitational phenomena in which context the principle 

of relativity and the principle of equivalence are valid.  In this article it is shown that, in the 

framework of GEM, Newton’s law of universal gravitation perfectly can be deduced and that it can 

be extended to the case of moving point masses.    
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1  INTRODUCTION TO GRAVITOELECTROMAGNETISM 

 

In gravito-electromagnetism[1],[2],[3] (GEM) we think about the force acting between two 

particles m1 and m2  in terms of  “gravitational fields”: 

       1. Particle m1 sets up a gravitational field in the space around itself; 

       2. That field acts on particle m2 , this shows up in the force that m2  experiences. 

 

Generalized: in GEM the gravitational field plays an intermediary role in the interaction 

between masses.  

 

       1. The gravitational field is set up by a given distribution of - whether or not moving - 

particles and it is - just as the electromagnetic field - described as a combination of  two three-

dimensional, time-dependent, intertwined vector fields:  the “g-field” gE
r

 and the “g-

induction” •  gB
r

.  These vector fields are, relative to an inertial reference frame O, functions 

of the space and time coordinates.  Just like the electromagnetic field  ( BE
rr

, ),  the gravitational  

field ( gg BE
rv

, ) is mathematically described by a set of four partial differential equations, the 

“GEM-equations” (or the “Maxwell-Heaviside equations”) that describe how gE
r

 and gB
r

 vary 

in space due to their sources - the masses and the mass flows - and how they are intertwined.    

At a point P of  a gravitational field - where Gρ  is the mass density  and GJ
r

 is the density of 

the mass flow - gE
r

 and  gB
r

 must obey the following equations[4]:  

                                                           
• also called: gravito-magnetic field 
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Neither these equations nor their solutions indicate an existence of causal links between the 

“g-field” gE
r

  and the “g-induction” gB
r

. Therefore, we must conclude that a gravitational field 

is a dual entity  having a “field” component and an “induction” component simultaneously 

created by their common sources: time-variable masses  and mass flows.  

 

       2. The gravitational interactions can be explained[4]  as the effect of the tendency of a 

material object to accelerate in order to become blind for the gravitational fields generated 

by other objects.   In the context of GEM, the action  of the gravitational field  on a particle  is 

described by the “force law of GEM”, a law analog to Lorentz force law:  

  

A particle,  that is moving - relative to an inertial reference frame O -  with velocity v
r

 in a 

gravitational  field ( gg BE
rr

, ),  will accelerate relative to its proper inertial reference frame• O’  

with an amount 'a
r

: 

)(' gg BvEa
rrrr ×+=  

 

We can interpret this by saying that the gravitational field exerts an action on a particle in 

that field.  We call that action the “gravitational force” GF
r

.  It is defined as: 

 

[ ])(.'. 00 ggG BvEmamF
rrrrr

×+==  

 

where m0 is the rest mass of the particle.  From this force law it follows[4] that the effect of 

the gravitational force on the state of movement of the particle can be expressed by: 

 

dt

pd
FG

r
r

=
 

                                                           
• a reference frame moving relative to O with velocity v

r
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vmp
rr

.=  is the linear momentum of the particle relative to the inertial reference frame O.  It 

is the product of its relativistic mass 

2

2
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=  with its velocity v
r

 in O.  The linear 

momentum of a moving particle is a measure for its inertia, for its ability to persist in its 

dynamic state. 

 

GEM can be considered as an upgrade of Newtonian gravity. Unlike Newton’s law of universal 

gravitation, GEM  takes the effect of the kinematics of the gravitating objects into account and 

it is based on the ideas of motion developed in the context of special relativity.  Because the 

equations of GEM are analogue to Maxwell's equations and because Maxwell's equations are 

invariant under a Lorentz transformation, the equations of GEM are invariant under a Lorentz 

transformation so that the Principle of Relativity is valid in the context of GEM.  From the 

postulate of the gravitational action, it follows that he same is true for the Principle of 

Equivalence.  

 

It is important to state that, in the context of GEM, the “field” is considered as a substantial 

element of nature and not as a purely mathematical construction.  We can the substance of 

the gravitational field identify as “g-information”[4].    

  

The starting point of GEM differs fundamentally from the starting point of GRT because, in the 

description by GEM of the gravitational phenomena and laws, space and time don’t play an 

active role.  It are elements of the description of nature that do not participate in the physical 

processes. 

 

It has been shown[7],[8] that certain concrete predictions made on the basis of the gravito-

electromagnetic description of gravity are perfectly in line with the results of cosmological 

observations. 

   

 

2  NEWTONS UNIVERSAL LAW OF GRAVITATION 

 

The phenomenon of the gravitational interaction between two particles at  rest is described 

by “Newton’s universal law of gravitation”[5]: 

 

The force between any two particles having masses m1 and m2  separated by a distance R is an 

attraction acting along the line joining the particles and has the magnitude 

2
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where   

04

1

πη
=G    is a universal constant having the same value for all pairs of particles.  

 

We will show that this law perfectly can be deduced in the framework of GEM.   
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In fig 1 we consider two particles with rest masses m1 and m2 anchored at the points P1 and 

P2 of an inertial reference frame.    

 

1. m1  creates and maintains a gravitational field that at P2 is defined by the g-field:   

                                                                  122
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Indeed.  The first GEM-equation - that can be interpreted as the mathematical expression of 

the conservation of g-information[4] – is equivalent to the statement that the flux of the 

gravitational field through an arbitrary closed surface S  is determined by the enclosed mass 

min according to the law:  

0

.
η

in
g

m
dSE −=

r
         (1) 

Let us apply this equation to an hypothetical sphere  S  with radius R centered on P1.  

  

      -  Because of the symmetry,  gE
r

 is at every point of  that sphere  perpendicular to its 

         surface and has the same magnitude.  So, at an arbitrary point P of the sphere, gE
r

 

         can be expressed as  

rgrg eEE
vr

.=  

         where re
r

 and grE  respectively are  the unit vector and the component (with constant 

         magnitude) of  gE
r

 in  the direction of PP1 .   

         Further, at every point of the surface of the sphere:  redSdS .= . 

 

 

         With this information we calculate dSE
S

.
r

: 
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      - The enclosed mass  is m1, so  
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1mmin =            (3) 

 

Taking into account (2) and (3), (1) becomes: 
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We conclude: at a point P at a distance R from P1 the gravitational field is pointing to P1 and 

determined by:  

rrgrg e
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In particular at the point P2: 
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2. If m2 was free,  according to the postulate of the gravitational interaction  it  would 

accelerate with an amount a
r

: 

2gEa
rr =

 
So the gravitational field of   m1  exerts a “gravitational force” on m2: 
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In a similar manner we find 21F
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3  THE INTERACTION BETWEEN TWO MOVING POINT MASSES 
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Two particles  with rest masses m1 and m2 (fig 2) are anchored in the inertial frame O’ that is 

moving relative to the inertial frame O with constant velocity zevv
rr

.= .  The distance  between 

the particles is R. 

 

Relative to O’ the particles are at rest.  According to Newton’s law of universal gravitation, 

they exert on each other equal but opposite forces: 
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Relative to O  both particles are moving with constant speed v  in the direction of the Z-axis.   

From the transformation equations between an inertial frame O and another inertial frame 

O’, in which a particle experiencing a force F’ is instantaneously at rest, we can immediately 

deduce the force  F  that the point masses exert on each other in O[6] is: 

 

22
2112 1'.)(1'. β−=−=== F

c

v
FFFF  

 

We will show that also this form of Newton’s law of universal gravitation perfectly can 

be deduced in the framework of GEM.   
 

 

 

1. 
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At a point P whose position is determined by the time dependent position vector r
r

 (fig 3) - 

the gravitational field ( gg BE
rr

, ) of a particle with rest mass m0 that is moving with constant 

velocity zevv .=r  along the Z-axis of the inertial reference frame O  (fig 3) is determined by[4]: 
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with 
c

v=β , the dimensionless speed of m0.  One can verify that these expressions satisfy the 

laws of GEM•. 

 

2.  In the inertial frame O of fig 2, the particles m1 and m2 are moving in the direction of the Z-

axis with speed v .  m2  moves through the gravitational field generated by m1,  and m1  moves 

through that generated by m2. 

 

According the above formulas, the magnitude of the GEM field created and maintained by m1  

at the position of m2 is determined by: 
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And according to the force law [ ])(.0 ggG BvEmF
rrrr

×+= ,  12F , the magnitude of the force 

exerted by the gravitational field ( 22 , gg BE
rr

) on m2  - this is the attraction force of m1 on m2 - 

is:         
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In the same way we find:  2'
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We conclude that the moving masses attract each other with a force:  

 

2
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This result  perfectly agrees with that based on S.R.T. 

 

 

4  CONCLUSION 

 

From the above we can conclude that it’s easy to mathematically deduce all aspects of 

Newton’s law from the laws of GEM.  The sign of the result indicates that the gravitational 

interaction between masses is always attractive. 

 

 

 

 

                                                           

•  Note that gE
r

 is pointing  to the actual position of the particle and not to its light-speed delayed position. 
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