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Abstract

Two concomitant Whitehead’s models are used to describe the
gravitational interaction of two point-like particles. If the two masses
are different, and they are at rest, Newton’s laws are slightly modi-
fied and for some particular values of the two masses and the distance
separating them the force is a repulsion. This suggests a nice inter-
pretation of the so-called horizon of the single particle model as the
surface where gravitation becomes a repulsive force.

1 Two particles Whitehead-like model of Sch-

warzschild solution

I consider two point-like particles.One has mass m, the other has mass m̂.
The first is located at some point of Minkowsky’s space xi, the second is at
at the same time located at some point x̂i.

The Whitehead-like model that I am using describes the gravitational
field having as source these two point-like particles by two metric potentials.
The first ones whose source is hatm are:

gµν = ηµν +
2m̂

(lρuρ)3
lµlν (1)

with uρ being the future pointing arrow of time (from now on: u4 = 1, ui =
0, i = 1, 2, 3), and where ηµν is Minkowsky’s metric with η44 = −1 and
where:

li = xi − x̂i, i, j = 1, 2, 3, r ≡ l4 =
√
l21 + l22 + l23, (2)
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x̂i the space location of the point source, and m̂ is its passive mass. Therefore:

ηµνl
µlν = 0 (3)

where xi is the space point where the field is evaluated. And,with G = c = 1,:

g44 = −1 + 2m̂
r

g31 =
2m̂l3l1
r3

(4)

g11 = 1 +
2m̂l21
r3

g14 =
2m̂l1
r2

(5)

g22 = 1 +
2m̂l22
r3

g24 =
2m̂l2
r2

(6)

g33 = 1 +
2m̂l23
r3

g34 =
2m̂l3
r2

(7)

g12 = 2m̂l1l2
r3

g23 =
2m̂l2l3
r3

(8)

(9)

The second concomitant Whitehead-like model that I use, ĝµν , is:

ĝµν = ηµν +
2m

(lσuσ)3
l̂µl̂ν (10)

that follows from the preceding gµν by the following substitutions:

m,xi ⇀↽ m̂, x̂i (11)

2 Equations of motion

Let us start from the simplest case, the one particle problem, where a particle
with neglectful mass is orbiting an object of mass m̂ that is located at a point
with coordinates x̂i = 0. Using t as parameter. The geodesic principle tells
us that the orbit of the test particle will be a solution of the system of
differential equations:

d2xi

dt2
+ Γi44 + 2Γi4jv

j + Γijkv
jvk = bvi (12)

b = Γ4
44 + 2Γ4

4jv
j + Γ4

jkv
jvk (13)
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where vi = dxi/dt and where the Christoffel symbols corresponding to White-
head’s model are:

Γiii =
2m̂2l3i−2m̂r3li+3m̂rl3i

r6
(14)

Γijj =
−2m̂2lil

2
j+2m̂r3li−3m̂rlil

2
j

r6
(15)

Γijk = (2m̂+3r)m̂lilj lk
r6

(16)

Γiij =
(2m̂+3r)m̂l2i lj

r6
, Γi4i = −2l2i m̂

2

r5
(17)

Γi4j = −2liljm̂
2

r5
, Γi44 =

(−2m̂+ r)m̂li
r4

(18)

Γ4
ii =

2m̂(m̂l2i−r
3+2rl2i )

r5
, Γ4

ij =
2(m̂+ 2r)m̂lilj

r5
(19)

Γ4
i4 = (2m̂+r)m̂li

r4
, Γ4

4,4 =
2m̂2

r3
(20)

In these formulas i, j, k run from 1 to 3 but i 6= j, i 6= k and j 6= k

3 Two bodies geodesic equations

In this paper I consider an important generalization by considering two point
objects with non negligible masses m and m̂ describing orbits xi(t) and x̂i(t)
as functions of a common time parameter t. This idea can be very simply
implemented rewriting the Whitehead model as a two body coupled bi-metric
model using both:

The resulting coupled system of differential equations to be considered is
then the following:

d2xi

dt2
+ Γi44 + 2Γi4jv

j + Γijkv
jvk = bvi (21)

d2x̂i

dt2
+ Γ̂i44 + 2Γ̂i4j v̂

j + Γ̂ijkv̂
j v̂k = b̂v̂i (22)

(23)

with:

b = Γ4
44 + 2Γ4

4jv
j + Γ4

jkv
jvk (24)

b̂ = Γ̂4
44 + 2Γ̂4

4j v̂
j + Γ̂4

jkv̂
j v̂k (25)
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4 Reconsideration of Newton’s laws

Let us consider two point-like bodies with masses m and m̂ at rest at a
distance r apart. At this moment the forces acting on them derived from the
geodesic equations above with vi = 0, ŵi = 0 will be

f i =

(
d2x̂i

dt2

)
0

= −mm̂(xi − x̂i)
r3

(
1− 2m̂

r

)
(26)

f̂ i =

(
d2xi

dt2

)
0

= −m̂m(x̂i − xi)
r3

(
1− 2m

r

)
(27)

therefore:

f i + f̂ i = 2
mm̂

r4
(xi − x̂i)(m̂−m) (28)

therefore if m is not equal to m̂ the third law of Newton is not satisfied. But
still more spectacular is that the force becomes repulsive for those values of
r, m and m̂ for which:

g44 = −1 +
2m

r
< 0 or ĝ44 = −1 +

2m̂

r
< 0 (29)

These conclusion partially subsist if one of the bodies is not a point like
object but, for example, a spherical object of radius R and constant density
ρ, in which case the force acting on the point-like object of mass m located
at a distance r from the center of the sphere would be:

f̂ i =
d2xi

dt2
= −m̂mx

i

r3

(
1− 8π

3r
ρR3

)
(30)

In particular f i would be zero for r = R if:

ρ =
3

8πR2
(31)
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