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Abstract. In this article we present the gravitational field equations of the Self-Variation Theory.
We formulate the differential equation for the gravitational interaction of two bodies and the
orbits of the planets. The first calculations give consistency of the Theory at the distance scales
that we have observational data. Theory predicts increased stellar velocities on the outskirts of
galaxies. It also predicts increased velocities of galaxies on the outskirts of galaxy clusters. The
properties of the interaction depend on the distance at which it acts and the distribution of the
rest mass in space. The Theory of Self-Variation formulates gravity and electromagnetism with
the same equations. We obtain an equation relating the rest mass or charge of the field source to
the velocity of the source of the field relative to the observer and the propagation velocity of the
field relative to the observer. In the frame of the Theory, this Equation applies to all interactions,
not just gravity and electromagnetism. Further investigation of the equations will yield the full,
precise prediction of the Theory.

1. Introduction

The Self-Variation principle postulates that the rest masses and charges of the fundamental
particles ("Self-Variating Charge Q") slowly increase (in absolute value) with time, while
simultaneously radiating negative energy in the surrounding spacetime in order to balance the
energy of their rest mass / charge increase. Through a series of mathematical calculations
described in detail in [5], this axiom necessarily involves a modification of the electromagnetic
potential. For comparison the classical electromagnetic Liénard—Wiechert potentials are
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whereas the corresponding Self-Variation potentials are




The striking difference is that there is a second term in V , which is independent of the distance
r, from the source charge and which has significant theoretical implications. Also the Equations
for A, are not identical. We shall examine below the implications in detail for the gravitational
field. Notice that the field intensity resulting from either of the potentials (Liénard—Wiechert or
Self-Variation’s) depends on the distance r. It is also crucial to realize that the electromagnetic
potential of the Self - Variation Theory gives the correct field intensity, whether we consider the
charge @, to be constant or varying in time in accordance with the principle of the Self-Variation.

In the case of constant charges the field intensity of the Self-Variation potentials is exactly the
same as the one implied by the Liénard—Wiechert potentials. However for charges which vary in
time while satisfying the Self-Variation principle, the field intensity implied by the Liénard—
Wiechert potential differs in an essential way.

The Liénard—Wiechert potentials are compatible with the Lorentz—Einstein transformations for
constant charges but not for charges that vary in time. In contrast the Self-Variation potentials
are compatible with the Lorentz—Einstein transformations both for constant charges and for
charges that vary in time. In this sense the Self-Variation potentials present a much more strict
formulation of the field potentials.

Gravitational potential

The Self-Variation potential for the gravitational interaction is derived from the above Equations
of the electromagnetic Self-Variation potential by substituting the charge q, with the rest mass

— —GM , where G, is the constant of

M , of the source of the gravitational field hence,
4re,
gravity and by substituting the acceleration a of the particle in the electromagnetic field, with

the intensity g of the gravitational field, hence, @ — g . Also notice that now v, represents the
speed of propagation of the gravitational field, hence we must substitute the speed of light in
vacuum C, with the speed of propagation of the gravitational field v, hence, ¢ —> v . These
substitutions lead to the corresponding gravitational potentials of the Self-Variation,
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where U, is the velocity of the rest mass M relative to the observer, and r, is the distance from
the rest mass M . Deriving the gravitational potentials in this way, implies that there is a

gravitational analog to the magnetic field B, and has units st (see [5], Equations (3) — (6)). Notice
that in the limit case where the speed of propagation of the gravitational field approaches infinity,
v — o, we get the limit potential
GM
V=-—7—7m,
r

which is no other than the one of classical mechanics which assumed instant action of gravity at
distance r.



2. Potential, propagation speed and intensity of the gravitational field caused by a single rest
mass M

r r
Considering that the vectors v and ¢ have opposite directions,v=v— and g=-0g—,
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v-g=-vg,where v= ||1)|| and g = ||g|| . Then
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Then from Equation (1) we have

2

L
2
y-_SM v GM_ 9 3)

r u-v ? v’ u-v ?
1-—2 -0
( uzj ( Jj

The gravitational field intensity g(r) is given by
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From Equation (2) in [5], we have that, dr = —cdw . However using the symbols of the current
do
article this Equation is written as, dr = —udt. From Equation (2) we get E =—¢@ . Combining

these Equations we get
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where with t, we have denoted the time of the observer. From Equation (5) we have, v° =2V +a
where a is a constant. In the limiting case of zero potential, V — 0 the speed of propagation of
the gravitational field tends to the speed of light in vacuum, that is, v — C, hence we conclude

that, a= c. Then
VP =c’+2V. (6)

From Equations (3) and (5) we get,
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Then, from Equations (6) and (7) we obtain the differential equation for the potential,
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and the differential equation for the speed of propagation of the gravitational field,
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Through the substitutions

(9)

<~ —-GM , a<> g, c < v Equation (8) is common to gravity and

4re,

electromagnetism.

Equation (9) relates three physics quantities. The rest mass M of the field source, the velocity
u of the field source relative to the observer, and the speed of propagation v of the field relative
to the observer. The fact that this equation relates only these three physics quantities makes it
fundamental to the gravitational interaction. For the observer, the properties of spacetime
depend on the rest mass M .

In equation (8), the velocity u of the mass M relative to the observer has implications for the
Newtonian term
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of the potential and the Self-Variation term
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The Newtonian term can be either greater than the potential
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For the Self-Variation term we have
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In the electromagnetic interaction the Self-Variation Theory predicts two independent pairs of
potentials. One gives the electromagnetic field of the moving electric charge and depends on the
velocity u of the charge (see [5], Equations (16) and (17)),

u2
(1%2)“
Vu = U-l) 2
mor(l_z)
C

LY
Au :Vu_z'

c

The other gives the electromagnetic radiation emitted by the electric charge and depends on the
acceleration a of the charge (see [5], Equations (18) and (19)),
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As a consequence of the substitution a — g, this separation cannot be made in the gravitational
interaction. The intensity of the gravitational field, the acceleration of gravity g is related to both
the
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term in the second part of Equation (1). In addition to Equation (4), the potential and the
gravitational field strength are also related to each other through Equation (1).

We formulated the Gravitational Field Equations for a point rest mass. If the rest mass M is
distributed in space, we introduce in the Equations the density of the rest mass, depending on the
application we are making.

3. Gravitational interaction of two bodies



We study the case where a body of rest mass m moves in the gravitational field of a stationary
body of rest mass M >>m..

In polar coordinates (r,8), the orbits r =r (&) of the body of rest mass m is given by the
solution of the system of equations,
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In these Equations t is the time of the observer, L and K the angular momentum and the kinetic
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energy of the body of restmass m, ' = ? , 0= E and E the mechanical energy of the system

of the two bodies.

From the solution of the differential Equation (8) we get the potential V (r). Then, from
Equation (5) we get the intensity g(r) of the field. Alternatively, from the solution of the
differential equation (9) we obtain the speed of propagation of the field v(r). Then, from
equation (6) we get the potential V (r).

In the solutions of the differential equations (8) or (9), an integration constant k is introduced.
Knowing the value of this constant we have the exact prediction of the Theory of Self-Variation
for the gravitational field. In a first approach, the value of k can be estimated from the already
known observational data (see, [1] — [3] and [6] — [15]). However, the orbits of the planets have
been studied in detail. From the comparison of the theoretical prediction of Equations (8) or (9)

with the observational data for the orbits of the planets the value of the constant k can be
accurately measured.

4. Circular orbits

In the system of bodies in the previous section, if the body of rest mass m moves with velocity u
relative to the body of rest mass M, then the body of rest mass M moves with velocity —u
relative to the body of rest mass m.

The inner product U-v in the differential Equations (8) and (9) has the consequence that
complex calculations are required for their solution. These calculations are simplified in the case
of circular orbits. The case of circular orbits is a first approach to the conclusions drawn from the
Equations we present in this article.

dv du
For the body of rest mass m we have E = E =(. In the case of circular orbit it is

u-g=0 (13)
and taking into consideration that the vectors v and ¢ have opposite directions we have

u-v=0. (14)



Now we have
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where U= ||u|| . Therefore the velocity U is constant in the circular orbit.

From Equations (9) and (14) we have
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From Equations (16), (17) and (18) we get the following differential equation,
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In Equation (19) it is
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The solution we get from the differential equation (19) depends on the value of the quotient
2

u
— - In the solution of the differential equation, the integration constant k is introduced. Then

C
solving the differential Equation (19), the velocity v = v(x) is given by Equation (18).

From equations (6) and (18) we get the field potential as a function of X,

V(x):—%(l— f(x)). (1)

From equations (21) and Transformation (17) we get the field potential as a function of r .

From Equation (4) we have
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and with the Transformation (17) we have
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and with Equation (19) we obtain the intensity g of the field as a function of X,
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The functions v =v(r), V =V (r) and g=g(r) are obtained from Equations (18), (21) and (22)
through the Transformation (17).

As a consequence of Equation (19) the velocity u and the gravitational field are mutually
dependent. This is a clear conclusion of the Theory, which has its origin in Equation (1). The

solution of the differential Equation (19) gives pairs (f,u). Pairs of these solutions gives
increased velocities U of stars on the outskirts of galaxies and increased velocities U of galaxies
on the outskirts of galaxy clusters.

5. Potential, propagation speed, and intensity of the field induced by a stationary rest mass
relative to an observer

If the observer and the source of the field M are stationary between them, u=0, then from
Equations (8) and (9) we have
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From Equation (24), again applying Transformations (17) and (18) we get,
Ity r-2¢ 0. (25)
dx X
Solving (25) for f , we have
2
X
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where K , is the integration constant. Then from (18), (26) we have
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Finally applying the Transformation (17) to (27) we get the speed of propagation of the
gravitational field, as derived from the Self-Variation gravitational potential, with respectto r,
2.2
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From Equations (6) and (27) we obtain the gravitational potential with respect to X,
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Then from Equations (30) and Transformation (17) we obtain the gravitational potential with

respectto r,

ke® +2ar +2

V(r)=-c’ :
(r) 2(kear+a2r2+2ar+2)

(31)

From Equation (30) we get,
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These limiting potential values are equal to each other, constant and independent of rest mass
M.

The gravitational field intensity g is calculated as follows. From Equation (4) and
Transformation (17) we get
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The function f = f (X) is given by Equation (26). From Transformation (17) and Equations (26)
and (32) we get the field intensity g =g(r) as a function of r.

6. The case M =M (r)

In this section we consider the case where the rest mass M is a function of the distance r,
M =M (r). We assume that

M =pr, (33)
where p is a constant rest mass linear density.

From Equations (8) and (33) we get,
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Let
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where g is a constant with a unit of 1 meter (m)and X € R . Then we have
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and Equation (34) is written in the form,
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Now, consider again the function f,
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where ¢ is the speed of light in vacuum. From Equation (36) and Transformation (37) we get

1 ﬂ—0'f2+f c-2—— =0, (38)
u

10



where
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The gravitational field equations resulting from the solution of differential Equation (38) are
analogous to those of sections 4 and 5.

Circular orbits

Taking into consideration Equations (13) and (14), from Equation (38) we get

2
-%g—o¢2+(a—2)f+233=0. (40)
19

2
u
As in equation (19), the solution of differential Equation (40) depends on the quotient —-.
c

The case u=0
If u=0, from Equation (38) we get,

xdf
——0'f2+(0'—2)f=0. (41)
dx
The Equations in this section were derived for a constant linear density p . In this case the value
2
c
of the parameter o = G_ >0 is critical for the solutions given by the differential Equation (41).
Yo,
Their form depends on whether they are 0<o <2, =2 or o >2. In the solution of the
differential equation, the integration constant K is introduced.

Taking into consideration that the rest mass is distributed in space, we can introduce into
Equations the rest mass density or particle density and the corresponding current density. The
resulting differential equations depend on this distribution of rest mass in space. Equation (38)
refers to the specific case of Equation (33) that we studied in this section. The study of this section
is indicative of the consequences of the distribution of rest mass in spacetime.

7. The potentials V , A

The complete investigation of the Theory of Gravitation is done through Equation (1) and the
pair of potentials (V,A), where

A=V
19)

These potentials relate the gravitational field to spacetime, through the equations,

0A
g=-VV ——,
ot
B=VxA,
where B is a gravitational proportional to the magnetic field and has units st (see [5], Equations

(3) = (6)).
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As a consequence of Self-Variation, at time t, the rest mass / electric charge located at point
P acts on point A with the value it had at another point E (see [5], Fig. 1). The intensity of the

gravitational field given by the potentials (V,A) is the same whether we consider the rest mass
M to be constant or consider it to vary according to the Principle of Self-Variation. This property
of the potentials of the Self-Variation Theory allows us to solve the differential Equations of the
gravitational field by considering the rest mass M as constant, as we did in the previous sections.

On the macroscopic scale it is clear that point E refers to a previous, compared to P, position
that the rest mass / electrical charge had. However, given that at time t the rest mass / electric
charge acts from point P to point A, there is a set of possible points E . Unlike the macrocosm,
at the microscopic scale there is no certainty about the location of point E .

8. Discussion

We have presented the Equations for Gravity as predicted by the Theory of Self-Variation. The
substitution a — g, by which we get the Gravitational potential of Self-Variation from the
corresponding Electromagnetic potential, is an idea belonging to Einstein. Without this
substitution the Gravitational field of Self-Variation cannot arise. The Equations we have
presented include Einstein's proposal for the equivalence of acceleration and gravity.

Through Equation (32) we can investigate the consequences of gravity at cosmological scale
distances. Itis a issue that needs further investigation, since the Self-Variation Theory justifies the
cosmological data in a static universe (see, [4]). This investigation concerns the self-consistency
of the Theory on the cosmological scale.

The potentials (V,A) apply to all distance scales. Taking into account the principle of Self-
Variation, then it follows that the Equations of this article apply whether we consider the masses
to be fixed or to consider them to be variable. If we also take into account the principle of
conservation of energy - momentum, then the Equations that justify the cosmological data arise.

In sections 4, 5 and 6 we made the simplest applications of the Equations of this article. In these
applications we studied cases where U-v =0. In the general case, the role of the inner product
U-v needs further investigation. The resulting solutions of the differential Equations depend on
the inner product U-v.

At the macroscopic scale, we made clear assumptions about the inner product U-v in the
applications of Equations (8) and (9). At the microscopic scale it is not clear what form the inner
product U-v might take. The uncertainty of this form is added to the uncertainty of the location
of point E (see [5], Fig. 1). There are reasonable assumptions we can make on the macroscopic
scale but cannot make on the microscopic scale.

Equation (8) is common to gravity and electromagnetism. If in this Equation we replace the rest
mass with the "Self-Variating Charge Q" we get the "Unified Self-Variation Interaction". In

gravitational interaction Self-Variating charge is the rest mass, Q=M . In electromagnetic
interaction the Self-Variating charge is the electric charge, Q = . An issue for investigation is the
possible physics quantities Q .
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