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We present a covariant field-theoretical model of gravitation based on a structural analogy with
classical electrodynamics. The theory employs a four-potential formulation and introduces
dynamic gravitational fields, including a gravitomagnetic component analogous to the magnetic
field in Maxwell’s theory. The resulting equations of motion contain a Lorentz-type force term
and a velocity-dependent mass density.

While distinct from general relativity (GR) in its foundations, the theory reproduces all five
classical tests of GR: Mercury’s perihelion precession, gravitational redshift, the Shapiro time
delay, gravitational light deflection and relativistic time dilation as confirmed by the Hafele—
Keating experiment. These results emerge directly from the field equations and motion
dynamics, without invoking spacetime curvature.

The model is consistent with Newtonian gravity in the appropriate limit and maintains
compatibility with special relativity and conservation principles. It thus provides a logically
coherent and empirically consistent field-based description of gravity that aligns with known
physics while offering an alternative conceptual framework.

Keywords: Gravitational field theory; gravitoelectromagnetism; Lorentz invariance; grav-
itomagnetism; general relativity tests; field equations; Perihelion shift; Shapiro delay; light
deflection; relativistic time dilation.

1. Introduction

The classical theory of gravitation, as formulated by Newton, describes gravity as a
central, instantaneous force acting between point masses in an absolute Euclidean
space.’ Although remarkably successful for centuries, this description is incompatible
with the finite propagation speed of interactions as required by special relativity.
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Einstein’s general theory of relativity (GR) addressed this conflict by replacing
Newton’s action-at-a-distance with a geometric interpretation of gravitation in terms
of spacetime curvature.”? GR has proven to be highly successful in both theoretical
and experimental contexts, passing all major tests to date.’™

However, GR differs fundamentally in structure from the other fundamental
interactions, which are described by field theories based on local potentials and gauge
invariance. Electrodynamics, in particular, describes the electromagnetic interaction
via Maxwell’s equations, which are formulated in terms of a four-potential and lead
to well-defined local field strengths and force laws.® This has long motivated efforts to
develop an analogous field-theoretic description of gravitation — one that preserves
relativistic locality and resembles the Maxwell framework in structure.

The idea of describing gravity by analogy to electromagnetism dates back to
Maxwell” and was later revisited by Heaviside®® and others. More recently, the
framework known as gravitoelectromagnetism (GEM) has emerged from linearized
general relativity (GR), yielding field equations that resemble Maxwell’s equations in
weak-field, low-velocity approximations.'®*® Despite their success in capturing
certain aspects of relativistic gravity, GEM formulations have remained heuristic or
limited to perturbative contexts.

Recent studies have explored alternative formulations of gravity beyond the
standard spacetime-curvature paradigm. In particular, Capozziello et al'? and
Obukhov and Hehl'® have developed extended field-theoretic and gauge-based
approaches, offering complementary perspectives that situate this work within a
broader effort to reconsider the foundations of relativistic gravity.

In this work, we present a comnsistent, fully covariant field-theoretic model of
gravitation that adopts the structural features of classical electrodynamics. The theory
introduces a four-potential, from which both a gravitoelectric field and a grav-
itomagnetic field are derived. The motion of test particles is governed by an equation
structurally analogous to the Lorentz force law. A relativistically corrected mass
density acts as the field source and ensures compatibility with conservation laws.

Our approach does not rely on geometrizing spacetime but rather develops
gravity as a physical field propagating in flat Minkowski space. We emphasize that
the theory is not intended as a competing metaphysical paradigm to GR, but rather
as an alternative mathematical formulation that yields identical predictions for all
established experimental tests — most notably: the perihelion precession of Mer-
cury, gravitational redshift, the Shapiro time delay, light deflection and relativistic

. . . 45 3—1C
time dilation.*? 1619

2. Foundational Principles

The development of a consistent alternative to GR that is both mathematically well-
defined and empirically successful requires a clear articulation of its theoretical foun-
dations. The present theory is not constructed heuristically or phenomenologically,
but emerges from a systematic application of fundamental physical principles.
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These principles are outlined below and serve as the conceptual framework for all
subsequent derivations.

2.1. Field-based formulation

The theory postulates that gravitation, like electromagnetism, can be described in
terms of a covariant field theory based on local potentials. A four-potential ¢# is
introduced, from which both gravitoelectric and gravitomagnetic fields are derived.
This follows the logic of classical electrodynamics, where the electromagnetic field
tensor arises from the four-potential A# via antisymmetric differentiation.’”

Unlike GR, which encodes gravitation in the curvature of spacetime, the present
framework treats gravity as a field on flat Minkowski space. The resulting
field equations are second-order partial differential equations resembling the inho-
mogeneous Maxwell equations, and the theory respects Lorentz invariance in its
fundamental structure.

2.2. Local causality and finite propagation speed

In contrast to Newtonian gravity, which implies instantaneous action at a distance,
this theory ensures local causality by embedding gravitational interactions within a
dynamical field framework with finite propagation speed c. Retarded potentials are
naturally incorporated in the wave-like formulation of the field equations, consistent
with both special relativity and field theory.?°

2.3. Structural analogy to electrodynamics

A central guiding principle is the deep formal analogy between gravitation and
electrodynamics. The gravitational field tensor is constructed in analogy to the
Faraday tensor I, and the resulting force law acting on a test mass has the form of
a Lorentz-type equation:

dp v =

—=m|g§+—xB

dt (g + c g >
whereg is the gravitoelectric field andB; is the gravitomagnetic field. The analogy is
more than formal: the field equations derived in this model exhibit the same gauge

structure, local conservation laws and symmetry principles as those of Maxwell’s
theory.?™2?

2.4. Priority of dynamics over geomeitry

In this theory, the dynamics of test particles are fundamental. Instead of deriving
trajectories from geodesics of a metric, the motion of masses is governed directly by
the gravitational field, akin to the electromagnetic force on a charged particle. The
metric structure of spacetime, if introduced at all, is emergent and not required
for the formulation of the core field dynamics. This choice reflects a return to
field-theoretic principles rather than geometrization.'¢
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2.4.1. Conceptual distinction between space and spacetime

In GR, gravitation is inseparable from the curvature of spacetime itself. In contrast,
the present formulation is defined on a fixed Minkowski background: Gravitation is
described as a physical field propagating in flat space rather than as geometry. This
distinction shows that our framework is not a different coordinate map of GR but a
conceptually independent formulation, where the metric structure, if introduced, is
emergent rather than fundamental.

2.5. Compatibility with conservation laws

The formulation respects energy—momentum conservation and is consistent with
Noether’s theorem. The existence of conserved quantities follows from symmetries of
the system under time and spatial translations, and the field equations are con-
structed to ensure local and global conservation laws.?*? In particular, total energy
and angular momentum are preserved in stationary central fields, as shown in later
sections.

2.6. Agreement with established limits

The theory is constructed to reduce, in appropriate limits, to Newtonian gravity and
to reproduce the predictions of GR in the weak-field, slow-motion regime. This
includes consistency with the post-Newtonian approximation and the reproduction

of all classical relativistic tests to leading order.?'%:2°

2.7. Empirical equivalence in the first order

A defining feature of the theory is that it reproduces all five classical tests of GR
without requiring spacetime curvature. These include the following;:

e The perihelion advance of Mercury,

o Gravitational redshift,

o Light deflection near massive bodies,

e Shapiro time delay,

o Relativistic time dilation (e.g., Hafele-Keating experiment).

The ability to recover these results from a flat-space field theory demonstrates that
curvature is n.

3. Theoretical Framework: Gravitational Analogues to Electrodynamics

The present theory formulates gravitation as a relativistic field on Minkowski space-
time, described by a four-potential ¢ = (¢°, (E ) from which both gravitoelectric and
gravitomagnetic fields are derived. This approach mirrors classical electrodynamics,
where the four-potential A* serves as the source of the electromagnetic field tensor.
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We begin by postulating a covariant wave equation for the gravitational four-
potential, structurally analogous to the inhomogeneous Maxwell equations in Lorenz
gauge:

B¢# = _K'prelu#
where [J = 00, denotes the d’Alembert operator in flat spacetime, x is a coupling
constant related to Newton’s gravitational constant G, p,, is the relativistic mass
density and u# is the four-velocity of the source distribution. The equation ensures
Lorentz covariance and finite propagation speed.
The relativistic mass density is defined by the following equation:

1
Prel = VP0» V= \/m

where py is the rest mass density and « the Lorentz factor. This ensures that moving
sources contribute correctly to the gravitational field strength, consistent with
relativistic mass—energy relations.?®

3.1. Gravitoelectromagnetic fields

Analogous to the electromagnetic case, the gravitoelectric field g and the grav-
itomagnetic field B, are defined in terms of the four-potential as follows:

06

—977 07_

g=-Vo¢ 5
B—’g)=V><<Z

These definitions ensure that the gravitational field tensor G&V = 0,6, — 0,0, is
antisymmetric, with its components corresponding to g and B, in the usual 3+1
decomposition.

The field equations are as follows:

V-§=—47Gp, V-B,=0

OB 198G  4nG
Vxj+2=0 VxBg——-2=_2T27
Xg+ ot ) X Dy 02 ot 2 Jrels

where j.q = pray 1S the relativistic mass current density. These equations are for-

mally identical to the Maxwell equations, with the roles of electric charge and current

replaced by mass and mass current.!%!%2!

3.2. Equation of motion

The force acting on a test particle of relativistic mass m and velocity ¥ in the presence
of a gravitational field is given by the following equation:

ap L7 =
dtm<g+c><Bg>
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This equation mirrors the Lorentz force law and shows that gravitational dynamics
in this framework include both direct acceleration (from §) and rotational or gyro-
scopic effects (from B,). The gravitomagnetic contribution becomes relevant in
rotating or moving mass configurations, such as the Lense-Thirring effect.?27-2%

The theory maintains consistency with relativistic energy—momentum relations
and allows for a Lagrangian formulation based on the coupling of ¢ to u#, analogous
to the minimal coupling scheme in electromagnetism.>

3.3. Static limit and newtonian correspondence

In the static limit where $ = 0 and sources are stationary; the theory reduces to the
Newtonian gravitational potential:

GM
) ==
7l
yielding the classical gravitational acceleration § = —V¢". This ensures full com-

patibility with Newton’s law of universal gravitation in the appropriate limit, while
the full dynamical theory generalizes this result to moving sources and relativistic
test particles.

4. Energy and Momentum Conservation in Gravitational Fields

In any field-theoretic framework, conservation laws reflect underlying symmetries. In
the present theory, energy and momentum conservation follow from time-translation
and spatial-translation invariance of the gravitational Lagrangian density, in ac-
cordance with Noether’s theorem.?*>* We now demonstrate that, under appropriate
assumptions, the theory conserves total energy and angular momentum for particles
moving in gravitational fields, and that it reproduces the observed gravitational
redshift and time dilation effects.

4.1. Total energy in stationary gravitational fields

Consider a test particle of invariant mass m moving in a stationary gravitational
potential ¢%(7). In the absence of explicit time dependence, the total energy of the
particle is conserved. The relativistic total energy is expressed as follows:

By, = yme® + m¢’

where v = (1 — v2/c2)~1/? and ¢ is the scalar component of the gravitational four-
potential. This expression includes both kinetic energy and potential energy con-
tributions. The time independence of ¢ ensures dE,./dt = 0 along the particle
trajectory.?%

For photons, the relativistic energy is ' = Aw. In a stationary gravitational field,
the conservation of total energy implies the following:

50 /2
— —¢Y/c
ﬁwobs - hweme /
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which leads to a frequency shift of the form:
Wobs — e_A(/;/c?
wem
where Agp = ¢2(rg1s) — ¢°(rem ). For weak fields, this reduces to the standard gravi-
tational redshift:
Aw  Ag
w
This result is in full agreement with the prediction from GR and has been confirmed
by experiments such as the Pound—Rebka experiment.'®

4.2. Angular momentum conservation

For motion in a central, time-independent gravitational field, the angular momen-
tum of a test mass is conserved. Using the generalized momentum derived from the
field-coupled Lagrangian, the total angular momentum is as follows:

L=7Xx§=7xymo
The absence of torques in the field equations and the symmetry of the central po-
tential ensure that the following equation is obtained:
L
dt
As in classical mechanics, angular momentum conservation reflects rotational sym-
metry of the system, in accordance with Noether’s theorem.?*?° For photons,

angular momentum conservation implies preservation of the impact parameter in
gravitational lensing phenomena.

4.3. Effective potential and bound orbits

By combining energy and angular momentum conservation, an effective potential
description emerges for central gravitational fields. The total energy per unit mass
can be written as follows:

1/, I .
E:Q(r +m27"2>+¢ (T)

where 7 is the radial velocity. This leads to an effective potential:
LZ
_ 40
V;ff(r) - (ZS (’I") + 2m2r2

This potential exhibits the characteristic behavior necessary to explain bound
elliptical orbits and perihelion precession. A full treatment, including relativistic
corrections, is given in Sec. 6.
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5. Classical Tests of Relativity in Gravitodynamic Theory

One of the strongest justifications for any theory of gravitation lies in its ability to
reproduce the five classical empirical tests traditionally associated with GR: Gravi-
tational redshift, light deflection by massive bodies, the perihelion precession of
Mercury, the Shapiro time delay and the gravitational time dilation confirmed by
Hafele and Keating. In the present gravitodynamic field theory, all five tests follow
naturally from the covariant field structure and motion dynamics derived in previous
sections. This section presents each case in turn, with explicit derivations based on
the field equations and the Lorentz-type gravitational force.

5.1. Light deflection by the sun

In Newtonian gravity, light can be treated as a massless particle following a
hyperbolic orbit near a massive body. In 1801, von Soldner predicted a deflection
angle of the following equation:

2GM
"Re?
where M is the solar mass and R is the distance of closest approach.'®3°

In the present framework, the motion of a photon is influenced by both the
gravitoelectric and gravitomagnetic fields. The transverse acceleration leads to a
total deflection angle:

6]\[:

4GM
Re?’

which matches the full GR prediction for light bending in the weak-field approxi-
16,

mation. %3 This factor of two enhancement over the Newtonian result arises from

the additional contribution of the time-varying field and the dynamic nature of
mass—energy in the field equations.

5.2. Perihelion precession of mercury

The trajectory of a test mass in a central gravitational field governed results in an
effective potential that slightly deviates from the inverse-square form. The following
standard perturbative methods applied to the relativistic orbit equation®®:

& GM _GM |,

where u = 1/rand L is the specific angular momentum, one obtains a perihelion shift
per revolution of the following equation:

6rGM
Ag = a(l—e?)c?’

with a as the semi-major axis and e as the eccentricity. This matches the value
observed for Mercury’s orbit and is identical to the GR prediction to first order.
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5.3. Shapiro time delay

The delay of light signals passing near a massive body was first predicted by Shapiro
in 1964.* In the present theory, the gravitational field affects the local coordinate
speed of light via the energy-dependent propagation path:

2GM)

rc?

Uphoton(r) ~ C(l -

Integrating this delay along the photon path from transmitter to receiver yields the

round-trip delay time:
4GM 4T1T2
At = = In ( 72 ) ,

where r; and r, are the distances from source and receiver to the mass, and b is the
impact parameter. This expression reproduces the Shapiro delay to leading order,
consistent with GR and confirmed by spacecraft tracking and radar echoes.?"*?

5.4. Gravitational timed dilation and the Hafele-Keating experiment

In 1971, Hafele and Keating flew atomic clocks aboard aircraft and compared their
tick rates with ground-based reference clocks. GR explains the result via gravita-
tional potential differences and special relativistic velocity effects.
In gravitodynamic theory, the proper period T of a clock moving in a gravitational

field is affected by the local field energy. The result is as follows:

z ~1+ LQ — ¢70

T 2¢2 2
where 7|, is the reference period in flat spacetime. This includes both time dilation
from motion and gravitational redshift effects, and the result agrees quantitatively
with the GR prediction in first-order approximation.’

5.5. Summary

Each of the five classical relativistic tests is accounted for within the present grav-
itodynamic framework, relying only on the field equations and the Lorentz-like force
law. This demonstrates that the fundamental structure of relativistic gravity may be
formulated in terms of a field theory on flat spacetime without invoking curvature, at
least to leading post-Newtonian order.

6. Comparison with General Relativity and Discussion of Differences

The gravitodynamic field theory developed in this work reproduces the empirical
predictions of GR to first post-Newtonian (1PN) order while maintaining a formu-
lation based entirely on field dynamics in flat spacetime. In this section, we compare
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the present theory with GR in terms of structure, symmetry, predictive power and
conceptual interpretation.

6.1. Structural and conceptual comparison

In GR, gravitation is interpreted geometrically: massive bodies curve spacetime, and
free-falling objects follow geodesics determined by the spacetime metric g,,. The
Einstein field equations relate the curvature (via the Einstein tensor G, ) to the
energy—momentum tensor 7,

_ 8nG

ct

G T

j1% 0%

This approach elegantly unifies gravitation and geometry but departs from the
flat-spacetime, gauge-theoretic language used in other fundamental interactions.

In contrast, the present theory preserves the Minkowski metric 7, as the back-
ground structure and describes gravitation through a covariant four-potential ¢*,
giving rise to field strengths gand B,. The field equations are structurally similar to
Maxwell’s equations, and the motion of particles is governed by a Lorentz-type force:

dp v =

—=m|(g§+—xB

dt (g c Y >
This formulation aligns conceptually with classical field theory, treating gravity as a
force mediated by a dynamical field rather than a geometric effect.

6.2. First-order agreement

In the weak-field, slow-motion limit, the predictions of the present theory coincide
with those of GR to 1PN order. As shown in Sec. 5, the theory reproduces the
following list:

e The gravitational redshift,

e The deflection of light by gravity,

o The perihelion shift of planetary orbits,

e The Shapiro time delay,

o Time dilation effects (e.g., Hafele-Keating).

This agreement arises from the formal structure of the field equations, which reduce
to the same leading-order terms as the linearized Einstein equations.®?

6.3. Differences in nonlinear regimes

Beyond first order, differences may emerge. GR is inherently nonlinear due to the
self-interaction of the gravitational field encoded in spacetime curvature. In the
present theory, nonlinearities can be introduced via the relativistic mass density
Preal = VP and potentially via higher-order corrections to the field equations.
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However, unlike GR, the present theory does not predict gravitational waves as
fluctuations of spacetime curvature but as dynamical disturbances in the gravita-
tional field ¢* propagating in flat spacetime. The exact wave behavior and its po-
larization properties may thus differ from GR, though the leading-order propagation
speed and quadrupole radiation structure can be preserved.?’

A precise comparison in the strong-field regime (e.g., near black holes) is left for
future work. It remains to be seen whether the present theory can accommodate
phenomena such as event horizons, singularity theorems, or frame-dragging beyond
linear approximations.

6.4. Gauge symmetry and invariance structure

General relativity is diffeomorphism invariant, meaning physical observables are
coordinate-independent. In the present theory, gauge invariance enters in analogy to
electrodynamics: The field equations are invariant under the following transformation:

P — ¢+ 0",

for any scalar function A, provided the Lorenz condition d,¢* = 0 is maintained. This
local symmetry ensures the consistency of the theory and the redundancy of unphysical
degrees of freedom.

While gauge symmetry here is mathematically distinct from diffeomorphism in-
variance, both serve to constrain the dynamics and enforce conservation laws
through Noether’s theorem.?*

6.5. Interpretation and physical equivalence

Although the ontological status of spacetime differs in the two theories — curved
manifold versus flat background with fields — the observable predictions in tested
regimes are identical to within experimental accuracy. This suggests that GR and the
present theory are empirically equivalent to leading order, despite their
divergent formalisms.

The present formulation provides a conceptually distinct viewpoint: gravitation
emerges as a local field interaction, similar in structure and spirit to electrodynamics.
This perspective may offer advantages in unifying gravity with the standard model

or in constructing quantizable versions of gravitational dynamics.>' 6

6.6. Unique predictions and relation to dark matter

Beyond reproducing the classical GR tests, this framework leads to potentially
testable deviations. Gravitational waves arise as disturbances of the gravitational
four-potential in flat space rather than as spacetime curvature oscillations, sug-
gesting possible differences in polarization or interaction with matter. Strong-field
dynamics may also diverge from GR predictions, for instance, in compact-object
properties. Moreover, nonlinear field interactions could mimic effective mass
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distributions at galactic scales, opening the possibility of addressing rotation-curve
anomalies without invoking additional dark matter. These avenues remain speculative
but provide concrete opportunities for future observational distinction.

7. Conclusions and Outlook

We have developed a covariant field-theoretic formulation of gravitation that
reproduces all classical tests of GR to 1PN order.

The theory is based on a four-potential ¢#, from which gravitoelectric and grav-
itomagnetic fields are derived, and it yields a Lorentz-type force law governing the
motion of test particles. This structure is directly analogous to classical electrody-
namics, and the resulting field equations share the symmetries and conservation
principles of Maxwell’s theory.

Unlike GR, which describes gravitation in terms of spacetime curvature, the
present theory formulates gravity as a local interaction propagating in flat
Minkowski spacetime. While conceptually distinct, the two theories yield identical
predictions in the weak-field, slow-motion regime. Notably, the present theory
accounts for the following:

o the perihelion precession of Mercury,

o gravitational redshift,

o the Shapiro time delay,

o the deflection of light near the Sun,

o and the Hafele-Keating time dilation experiment.

These results demonstrate that curvature of spacetime is not strictly necessary to
explain these gravitational phenomena; instead, they may arise from field-theoretic
dynamics in flat space. This insight aligns gravity more closely with the framework of
other fundamental interactions and may offer advantages for future attempts at
unification or quantization.

At the same time, this formulation raises new questions. The behavior of the
theory in strong-field regimes, such as near black holes or in gravitational radiation
processes, remains to be explored. Whether this framework can account for nonlinear
phenomena, cosmological expansion, or the full tensorial structure of gravitational
waves is a subject for further investigation.

We emphasize that this theory is not intended as a refutation of GR, but as an
alternative representation of gravitational interaction — grounded in the same
empirical observations but founded on different structural assumptions. In doing so,
it reopens the question of whether gravitation must be geometrical in nature or
whether a field-theoretic perspective might ultimately prove more fruitful.

7.1. Cosmological and strong-field implications

Although this paper has emphasized the weak-field regime, the field-theoretic for-
mulation can, in principle, extend to cosmology and compact objects. In a
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homogeneous and isotropic matter distribution, the large-scale field equations may
reproduce Friedmann-like dynamics, with the Big Bang corresponding to a singular
state of the gravitational potential rather than of spacetime curvature. Likewise,
black holes can be described as extreme field configurations, potentially leading to
different horizons or interior structures than in GR. These aspects remain open for

future study.

ORCID
Borros Arneth @ https://orcid.org/0000-0002-9793-0970

References
1. I. Newton, Philosophiae Naturalis Principia Mathematica (Royal Society, London, 1687).
2. A. Einstein, Die Grundlage der allgemeinen Relativitétstheorie, Ann. Phys. (Berlin)
49 (1916) 769-822.
3. C. M. Will, Theory and Ezperiment in Gravitational Physics (Cambridge University
Press, 1993).
4. 1. 1. Shapiro, Fourth test of general relativity, Phys. Rev. Lett. 13 (1964) 789-791,
https://doi.org/10.1103/PhysRevLett.13.789.
5. J. C. Hafele and R. E. Keating, Around-the-world atomic clocks: Predicted relativistic
time gains, Science 177 (1972) 166-168.
6. J. D. Jackson, Classical Electrodynamics, 3rd edn. (Wiley, New York, 1999).
7. J. C. Maxwell, A dynamical theory of the electromagnetic field, Phil. Trans. R. Soc.
Lond. 155 (1865) 459-512.
8. O. Heaviside, A gravitational and electromagnetic analogy, The Electrician 31 (1893)
281-282.
9. O. Heaviside, A gravitational and electromagnetic analogy (continued), The Electrician
31 (1893) 359.
10. I Ciufolini and J. A. Wheeler, Gravitation and Inertia (Princeton University Press, 1995).
11. B. Mashhoon, Gravitoelectromagnetism: A brief review, Class. Quantum Grav. 17 (2000)
2399-2410.
12. M. L. Ruggiero and A. Tartaglia, Gravitomagnetic effects, Nuovo Cim. B 117 (2002)
743-768.
13. M. Costa and C. Herdeiro, A gravito-electromagnetic interpretation of the Lense—
Thirring precession, Phys. Rev. D 78 (2008) 024021.
14. S. Capozziello, V. Jovanovi¢ and Y. N. Obukhov, Extended theories of gravity and their
observational tests, Int. J. Geom. Meth. Mod. Phys. 21 (2024) 2450003.
15. Y. N. Obukhov and F. W. Hehl, Alternative formulations of gravitation: Gauge and field
perspectives, Int. J. Geom. Meth. Mod. Phys. 22 (2025) 2550010.
16. C. W. Misner, K. S. Thorne and J. A. Wheeler, Gravitation (W. H. Freeman, San
Francisco, 1973).
17. A. Malcherek, A new theory on gravitation without singularities passing all the tests of
general relativity including Hubble’s law, preprint (2018), ResearchGate.
18. R. V. Pound and G. A. Rebka, Apparent weight of photons, Phys. Rev. Lett. 4 (1960)
337-341.
19. W. Rindler, Relativity: Special, General, and Cosmological, 2nd edn. (Oxford University

Press, 2006).

2550026-13


https://orcid.org/0000-0002-9793-0970
https://orcid.org/0000-0002-9793-0970

Rep. Adv. Pnys. xCl. 2025.09. Downioaded frrom www.worlascientitic.com

by PHILIPPS-UNIVERSITAET MARBURG on 07/27/26. Re-use and distribution is strictly not permitted, except for Open Access articles.

B. Arneth

20.
21.
22.
23.

24.
25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

T. Padmanabhan, Gravitation: Foundations and Frontiers (Cambridge University Press,
2010).

L. Torio, Advances in gravitoelectromagnetism, Int. J. Mod. Phys. D 24 (2015) 1530015.
R. J. Adler, B. Casey and O. C. Jacob, Vacuum catastrophe, Am. J. Phys. 63 (1995) 620-626.
E. Noether, Invariante Variationsprobleme, Nachr. Konig. Gesellsch. Wiss. Géttingen
1918 (1918) 235-257.

P. Kosmann-Schwarzbach, The Noether Theorems (Springer, Berlin, 2011).

R. J. Riegert, Post-Newtonian gravitational field of a rotating body, Phys. Rev. D 22
(1980) 1190-1201.

L. D. Landau and E. M. Lifshitz, The Classical Theory of Fields, 4th edn. (Pergamon,
Oxford, 1975).

C. W. F. Everitt et al., Gravity probe B: Final results, Phys. Rev. Lett. 106 (2011)
221101.

R. J. Adler, M. Bazin and M. Schiffer, Introduction to General Relativity, 2nd edn.
(McGraw-Hill, 1975).

S. Weinberg, Gravitation and Cosmology (Wiley, New York, 1972).

J. G. von Soldner, On the deflection of a light ray from its rectilinear motion, by the
attraction of a celestial body at which it nearly passes by, Ann. Phys. (Leipzig) 65 (1801)
593-604.

B. Bertotti, L. Iess and P. Tortora, A test of general relativity using radio links with the
Cassini spacecraft, Nature 425 (2003) 374-376.

J. D. Anderson et al., Tests of gravitational physics with planetary radiometric data,
Phys. Rev. D 65 (2002) 082004.

B. Mashhoon, Gravitational wave detection and gravitoelectromagnetism, Phys. Lett. A
173 (1993) 347-354.

F. W. Hehl and Y. N. Obukhov, How does the electromagnetic field couple to gravity, in
particular to metric, nonmetricity, torsion, and curvature?, Ann. Phys. (Berlin) 17 (2008)
691-704.

S. Capozziello and M. De Laurentis, Extended theories of gravity, Phys. Rep. 509 (2011)
167-321.

T. Ortin, Gravity and Strings, 2nd edn. (Cambridge University Press, 2015).

2550026-14



	A Field-Theoretic Gravitodynamic Framework Consistent with General Relativity
	1. Introduction
	2. Foundational Principles
	2.1. Field-based formulation
	2.2. Local causality and finite propagation speed
	2.3. Structural analogy to electrodynamics
	2.4. Priority of dynamics over geometry
	2.4.1. Conceptual distinction between space and spacetime

	2.5. Compatibility with conservation laws
	2.6. Agreement with established limits
	2.7. Empirical equivalence in the first order

	3. Theoretical Framework: Gravitational Analogues to Electrodynamics
	3.1. Gravitoelectromagnetic fields
	3.2. Equation of motion
	3.3. Static limit and newtonian correspondence

	4. Energy and Momentum Conservation in Gravitational Fields
	4.1. Total energy in stationary gravitational fields
	4.2. Angular momentum conservation
	4.3. Effective potential and bound orbits

	5. Classical Tests of Relativity in Gravitodynamic Theory
	5.1. Light deflection by the sun
	5.2. Perihelion precession of mercury
	5.3. Shapiro time delay
	5.4. Gravitational timed dilation and the Hafele&ndash;Keating experiment
	5.5. Summary

	6. Comparison with General Relativity and Discussion of Differences
	6.1. Structural and conceptual comparison
	6.2. First-order agreement
	6.3. Differences in nonlinear regimes
	6.4. Gauge symmetry and invariance structure
	6.5. Interpretation and physical equivalence
	6.6. Unique predictions and relation to dark matter

	7. Conclusions and Outlook
	7.1. Cosmological and strong-field implications

	ORCID
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 900
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


