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Abstract
In this paper, we review historical Maxwell’s equation for gravity
and recent studies on the lack of curvature of linear dipole gravitational waves. The extended Newton’s gravity necessarily has
the continuity equation for the conservation of mass, and with the
Gauss’ equation associated to gravitational time depending field R,
bring about a new field W which resembles the magnetic field in
Electrodynamics. Although this field has not been found yet, its
existence comes from a strong mathematical statement, and it is
shown that linear dipole gravitational waves have their origin in
extended Newton theory of gravity. This is a direct mathematical consequence of Gauss’ law and the continuity equation for the
density of mass and current, and as a direct result of this, any accelerated mass will emit mainly dipole gravitational radiation. Then,
one concludes that dipole gravitational waves can have its origin on
the extended Newton’s gravity equations.

Lorem ipsum dolor sit amet, consectetuer
adipiscing elit. Ut purus elit, vestibulum ut,
placerat ac, adipiscing vitae, felis. Curabitur
dictum gravida mauris. Nam arcu libero,
nonummy eget, consectetuer id, vulputate a,
Gravitational Field, Maxwell’s Equations, Gravitational Waves,
magna. Donec vehicula augue eu neque. PelGravitational Radiation Reaction
lentesque habitant morbi tristique senectus et
netus et malesuada fames ac turpis egestas.
Mauris ut leo. Cras viverra metus rhoncus
sem. Nulla et lectus vestibulum urna fringilla
ultrices. Phasellus eu tellus sit amet tortor
gravida placerat. Integer sapien est, iaculis in,
pretium quis, viverra ac, nunc. Praesent eget Gravitational field is one of the most important fields created by Nasem vel leo ultrices bibendum. Aenean fau- ture which has (so far) pure attractive effect among anything with
cibus. Morbi dolor nulla, malesuada eu, pulvinar at, mollis ac, nulla. Curabitur auctor sem- mass or energy [1, 2], and its associated force between two objects is
per nulla. Donec varius orci eget risus. Duis radial, proportional to the product of the masses of the objects, and
nibh mi, congue eu, accumsan eleifend, sagit- inverse proportional to the square of the separation of the objects. In
tis quis, diam. Duis eget orci sit amet orci addition, this law does not change due to the presence of a third objecdignissim rutrum.
Nam dui ligula, fringilla a, euismod sodales, t [3]. This Newton’s finding brought about the concept of gravitational
sollicitudin vel, wisi. Morbi auctor lorem non field R, the Gauss’ law associated to it [4], ∇ · R = 4πρ being ρ the
justo. Nam lacus libero, pretium at, lobortis density of mass, and the potential theory for the solution of Poisson’s
vitae, ultricies et, tellus. Donec aliquet, torequation [5], ∇2 Φ = −4πρ with R = −∇Φ. One hundred years later
tor sed accumsan bibendum, erat ligula aliquet
magna, vitae ornare odio metus a mi. Morbi and after huge success of Maxwell’s equations in Electrodynamics [6],
ac orci et nisl hendrerit mollis. Suspendisse Heaviside [7–9] postulated, without any mathematical or experimenut massa. Cras nec ante. Pellentesque a nulla. Cum sociis natoque penatibus et magnis
dis parturient
montes, nascetur ridiculus
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Aliquam tincidunt urna. Nulla ullamcorper
vestibulum turpis. Pellentesque cursus luctus
mauris.
Nulla malesuada porttitor diam. Donec felis
erat, congue non, volutpat at, tincidunt tris-
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tal justification, a field h to force gravitational equations of the form
Maxwell’s equations. It was Einstein [10] who though about gravity in
different way, as a deformation of the space-time (manifolds) formed
by the presence of mass, and ripples on this manifold due to gravitational quadrupole waves, and its theory was called General Relativity
(GR). Since Heaviside’s approach lacks of mathematical justification
and was done for a very particular case (fluid), it can not be considered as a deduction of Maxwell’s equation for gravity. However, the
idea settled there was that Maxwell-like equations for gravity maybe
could be arisen without GR theory.
In general relativity, using perturbation theory [11, 12], or the decomposition of the Weyl and Maxwell tensors in electric and magnetic parts [13–20], the so called Gravito-Electromagnetism (GEM)
emerges, as a result of these approaches, which is the expression of
the equations to describe the gravitational field as a Maxwell-like type
of equations. In a similar axiomatic form, Yaroslav [21] has recently show the deduction of Maxwell-like equations for gravity without
GR, where perihelion of Mercury and bending of light by massive object are presented. It also worths to mention works based on Hodge
theory and differential forms [22], where a similarity with the electromagnetic permittivity and permeability was found. The idea of
having a magnetic-like gravitational field in GR was reinforced due
to Lense-Thirring effect [23, 24], where the angular momentum of a
rotating body can be interpreted as a gravitational magnetic field, at
large distances. Then, one could have the wrong conclusion that GR
is needed in order to see a gravitational field like GEM. On this paper, it is used the mathematical deduction made by López [25] of the
Maxwell’s equations for gravity on flat space-time, which arises as a
consequence of the continuity equation for the mass density and the
usual Gauss’ theorem, and it is pointed out that linear gravitational
waves have its origin in the extended Newton’s theory of gravity.

2. Maxwell’s Equation for Gravity
In reference [25], it is shown that due to Gauss’ theorem for the gravitational field R, ∇·R = 4πρ, and the continuity equation for the mass
density, ρ, and density current J, ∂ρ/∂t + ∇ · J = 0, for explicitly time
depending variables, there must exist an additional gravitational field
W such that the Maxwell’s equation appears naturally for gravity
∇ · R = 4πGρ
1 ∂W
∇×R=−
λ ∂t
∇·W =0
4πG
1 ∂R
∇×W =
J+
,
λ
λ ∂t

(1)
(2)
(3)
(4)

where λ is the speed of gravity propagation, and J is the density of
current (G ≈ 6.674 × 10−11 m3 /Kg · s2 is the gravitational constant).
Now, given ρ and J, the resulting decoupled equations for R and W
are the inhomogeneous wave equations
∇2 R −

1 ∂2R
4πG ∂J
= 4πG(∇ρ) + 2
2
2
λ ∂t
λ ∂t

(5)

1 ∂2W
4πG
=−
∇ × J,
λ2 ∂t2
λ

(6)

and
∇2 W −
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where one can see the λ is effectively the speed of gravity propagation.
As in ordinary Maxwell’s equation for electrodynamics, the fields R
and W can be written in terms of an scalar potential Φ and vector
potential A as
W = ∇ × A,

R = −∇Φ −

and

1 ∂A
,
λ ∂t

(7)

and with the usual Lorentz’ norm ( ∇ · A + ∂Φ/∂λt=0), one gets that
Φ and A satisfy inhomogeneous wave equations
∇2 Φ −

1 ∂2Φ
= −4πGρ,
λ2 ∂t2

and ∇2 A −

1 ∂2A
4πG
=−
J,
λ2 ∂t2
λ

(8)

emphasizing the wave characteristics of gravity. The Poyting vector S
and the density of gravitational energy ug are well defined quantities
given by



1
λ
2
2
R×W ,
and
ug =
|R| + |W| ,
S=
(9)
4πG
8πG
satisfying the continuity equation
∇·S+

∂ug
= 0.
∂t

(10)

This implies that the gravitational energy velocity is
vg =

S
R×W
,
= 2λ
ug
|R|2 + |W|2

(11)

and the power emitted by gravitational field int he direction n̂ is
Pg =


1
R × W · n̂,
4πGλ

(12)

where n̂ = x/|x| is the vector pointing out of the surface of an sphere
centered on the particle position and having a radius r = |x|.

3. Newtonian Gravitational Waves
It is known that the particular solution of the equations in (8) are
given by the convolution of the inhomogeneity with the fundamental
solution of the wave equations [26],
Φ(x, t) = −4πG(E ? ρ),

A(x, t) = −

4πG
(E ? J),
λ

(13)

where E is the fundamental solution,
E(x, t) = −

1 δ(t − |x|/λ)
.
4π
|x|

This brings about the known retarded potentials
Z
ρ(x0 , t0 )δ(t − t0 − |x − x0 |/λ) 3 0 0
Φ(x, t) = G
d x dt
|x − x0 |
Ω×<

(14)

(15)

and
G
A(x, t) =
λ
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Z
Ω×<

J(x0 , t0 )δ(t − t0 − |x − x0 |/λ) 3 0 0
d x dt ,
|x − x0 |

(16)
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where Ω ⊂ <3 is the domain where ρ and J are defined. For a point
object of mass m which is moving arbitrarily, having the
(t)
 position0 xm
0 0
0
0
0
and velocity vm (t), with
ρ(x
,
t
)
=
mδ
x
−
x
(t
)
and
J(x
,
t
)
=
m

mvm (t0 )δ x0 − xm (t0 ) , a Liénard-Wiechert potentials are gotten, and
the resulting gravitational fields are of the form
R = Rβ + Rβ̇ ,

W = r̂ × R,

(17)

where r = x − x0 is the vector going from the object position x0 ,
to the observer position x , r̂ = r/|r| is the unitary vector, and the
gravitational fields Rβ and Rβ̇ are
Rβ =
and

~
Gm(r̂ − β)(1
− β2)
~ 3
r2 (1 − r̂ · β)



~ × β~˙
Gm r̂ × (r̂ − β)
Rβ̇ =
~ 3
λ
r(1 − r̂ · β)

(18a)
t0 =t−r/λ

,

(18b)

t0 =t−r/λ

being β~ = vm (t)/λ the normalized velocity of the object, and t0 is the
retarded time. The gravitational power emitted by the accelerated
object per solid angle is (Figure 1)
dPg
~ 2 (S · r̂),
= (1 − r̂ · β)r
dΩ

(19)

and using (12), (17), and (18b), one gets

~ × β~˙
(Gm)2 r̂ × (r̂ − β)
dPg
=
~ 5
dΩ
4πλ
(1 − r̂ · β)

2

(20)

Thus, any object of mass m which is accelerated will emit gravitational radiation. Of course, the object must have a huge mass in order
for this radiation to be observed, and any periodic motion of a body of
mass m will emit gravitational periodic waves. This result contrast a
lot with the given by General Relativity since in this theory the object
must have a quadrupole configuration in order to emits gravitational
energy [27–29], and the gravitational waves emitted are of quadrupole
type waves.

Figure 1. Gravitational field of a body of mass “m” with an arbitrary
motion.
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If one has an accelerated charged particle of mass m, this particle
will emits electromagnetic [30] and gravitational (20) energy such that
the ratio of electromagnetic to gravitational energy emitted is
(dP/dΩ)E
=
(dPg /dΩ)



q
4π0 Gm

2
.

(21)

where 0 = 8, 854×10−12 F/m is the constant dielectric of the vacuum.
For the electron, |qe | = 1.6 × 10−19 C, this ratio is of the order of 1039 ,
regardless of its acceleration, that is, the electromagnetic radiation
totally dominate the gravitational radiation. In order for a object of
mass m and charge q to emits the same gravitational energy as the
electromagnetic energy emission, it would require that its mass would
be m ≈ q/4π0 G.

4. Conclusion and Comments
Within the above approach, it was shown that Maxwell’s equations
for gravitational field appear without having any relation at all with
General Relativity or space-time curved. This is just due to Gauss’
theorem and the continuity equation for density of mass and current
which allowed to have the existence of a new gravitational field W,
with similar properties properties to the magnetic field in Electrodynamics. However, experimental verification of the existence of this new
gravitational field is required, although its mathematical existence is
out of question. Thus, it is absolutely astonishing the existing closely
relation between post Newtonian gravity theory and Electrodynamics theory, indicating that a space-time curved is not needed for the
description of linear dipole gravitational waves. Of course, non-linear
and some linear (mainly of quadrupole type) gravitational waves are
described by general relativity. In addition, one needs to point out
that the energy associated to gravitational field or gravitational waves
is a well defined concept, and dipole linear gravitational waves appears
from this extended Newtonian gravity theory. In summary, gravitational waves radiation appear for any accelerated object of mass m,
and dipole type of radiation is always expected. Finally, with respect
the resent claimed gravitational waves detections [31–33], maybe it is
possible to see the dipole linear gravitational waves here. However,
this statement would require a deep careful experimental analysis.
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