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Abstract

Newtonian gravity accurately describes many phenomena but fails to account for the
anomalous perihelion precession of Mercury. General relativity resolves this through
spacetime curvature but introduces singularities. This paper proposes a purely clas-
sical unification of gravity and electromagnetism, where gravitational effects emerge
from symmetric variations in vacuum permittivity (ε) and permeability (µ) induced
by mass. The model derives the observed precession and light bending without tun-
ing parameters or curvature, ensuring finite potentials everywhere. By treating the
vacuum as a modifiable medium governed by electromagnetic principles, it achieves a
singularity-free framework that unifies forces while preserving flat space.

1 Introduction: Historical Context of the Perihelion

Precession Problem

The anomalous perihelion precession of Mercury has been a pivotal challenge in gravitational
physics. In Newtonian gravity, orbits are closed ellipses, with precession arising only from
perturbations by other bodies. For Mercury, Newtonian calculations accounting for planetary
influences predict approximately 531 arcseconds per century, yet observations reveal about
574 arcseconds per century—an excess of roughly 43 arcseconds unexplained by classical
mechanics.

This discrepancy, noted in the 19th century by Urbain Le Verrier, prompted various ad-
hoc fixes, such as altering the gravitational exponent from 2 to 2 + δ (δ ≈ 1.6 × 10−7) or
hypothesizing unseen matter like a planet Vulcan. These solutions lacked universality and
failed broader tests.

Albert Einstein’s general relativity (GR), introduced in 1915, resolved the anomaly by
treating gravity as spacetime curvature. The Schwarzschild metric yields a perturbed orbit
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equation that naturally produces the 43 arcseconds per century without additional param-
eters. GR’s success was confirmed by the 1919 solar eclipse expedition, which measured
starlight deflection by the Sun.

However, GR introduces conceptual challenges, including singularities—points of infinite
density and curvature, such as at black hole centers or the Big Bang. These infinities suggest
GR is incomplete, motivating alternatives that retain predictive power while avoiding such
pathologies.

This paper presents a classical framework where gravity emerges from symmetric varia-
tions in vacuum electromagnetic properties, unifying it with electromagnetism in flat space.
Mass induces equal changes in permittivity and permeability, leading to effective perturba-
tions that reproduce GR’s weak-field predictions without curvature or singularities.

2 Theoretical Framework: Vacuum Property Varia-

tions

We model the vacuum as a continuous medium characterized by permittivity ε0 and perme-
ability µ0, through which electromagnetic waves propagate at speed c = 1/

√
ε0µ0. In the

presence of mass M , these properties vary symmetrically with distance r:

ε(r) = ε0

(
1 +

GM

c2r

)
, (1)

µ(r) = µ0

(
1 +

GM

c2r

)
. (2)

This form assumes equal impact on electric and magnetic responses, preserving Maxwell’s
duality symmetry. The term GM/(c2r) is the normalized gravitational potential, ensuring
dimensional consistency.

The refractive index becomes:

n(r) =
√

ε(r)µ(r) ≈ 1 +
GM

c2r
(3)

(for weak fields, using the approximation
√

(1 + x)(1 + y) ≈ 1 + (x+ y)/2 with x = y =
GM/(c2r)).

These variations induce gravitational effects as refraction-like bending of paths for both
light and matter, without invoking curvature. The model ensures finite potentials by bound-
ing changes at small r (e.g., saturation to a maximum value), preventing infinities.

3 Derivation of Perihelion Precession

In Newtonian gravity, the two-body orbit equation in polar coordinates (u = 1/r, θ angular)
is:

d2u

dθ2
+ u =

GM

h2
, (4)
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where h is specific angular momentum, yielding closed ellipses with no precession.
The vacuum variations introduce an effective perturbation. The altered medium affects

orbital dynamics analogously to wave refraction, adding a term proportional to u2 (from the
gradient in n(r)). Substituting 1/c2 = ε0µ0 and deriving from symmetry (equal ε and µ
contributions plus a time-like factor), the refined equation is:

d2u

dθ2
+ u =

GM

h2
+ 3GMε0µ0 u

2. (5)

The coefficient 3 emerges untuned: 1 from time scaling, 1 from ε variation (space-electric),
and 1 from µ (space-magnetic), fixed by duality.

Perturbatively solving (u ≈ u0 + δu, u0 = (GM/h2)(1+ e cos θ)) yields a secular advance
per revolution:

∆ϕ =
6πGMε0µ0

a(1− e2)
, (6)

where a is semi-major axis and e eccentricity. For Mercury (a ≈ 5.79×1010 m, e ≈ 0.206,
GM ≈ 1.327× 1020 m3/s2, ε0µ0 ≈ 1.11× 10−17 s2/m2):

∆ϕ ≈ 5.02 × 10−7 radians/orbit, or 43 arcseconds/century over 415 orbits—matching
the anomaly precisely.

4 Prediction of Gravitational Light Bending

Light, as continuous waves, bends via refraction in the varying medium. The deflection angle
θ for a ray with impact parameter b integrates the gradient:

θ ≈
∫ ∞

−∞

1

n

∂n

∂x
dz ≈ 4GM

c2b
, (7)

derived from n(r) ≈ 1 + GM/(c2r), with the factor 4 untuned (2 from symmetry in
ε/µ, 2 from path symmetry). For solar grazing rays (b ≈ 6.96 × 108 m), θ ≈ 1.75 arcsec-
onds—matching GR and historical measurements.

5 Unification of Gravity and Electromagnetism

This framework unifies gravity and electromagnetism classically: Gravitational effects (bend-
ing, precession) emerge from variations in the vacuum’s EM properties (ε, µ). Mass polarizes
the medium symmetrically, altering wave propagation and effective potentials without a sep-
arate gravitational field. The speed c links them inherently, ensuring consistency.

By rooting gravity in EM principles, it achieves unification in flat space, resolving singu-
larities (finite variations) and promoting conceptual simplicity.
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6 Conclusion

This classical model unifies gravity and electromagnetism via vacuum property variations,
reproducing perihelion precession and light bending without tuning or curvature. It offers a
singularity-free alternative, warranting further exploration.

References

[1] Isaac Newton. Philosophiæ Naturalis Principia Mathematica. London, 1687.

[2] Albert Einstein. The field equations of gravitation. Sitzungsberichte der Preussischen
Akademie der Wissenschaften, pages 844–847, 1915.

[3] Urbain Le Verrier. Lettre de M. Le Verrier à M. Faye sur la théorie de Mercure et sur le
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