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Abstract10

We propose the Quo Vadis Effect (QVE), a velocity-dependent correction to11

Newtonian gravity arising from gravitational aberration. Unlike General Rel-12

ativity (GR), which explains Mercury’s perihelion precession via space-time13

curvature, the QVE operates within a Newtonian framework without modifying14

the geometry of space-time.15

The core mechanism of the QVE is that an orbiting body perceives gravitons16

arriving at an apparent velocity greater than c due to aberration. This results in17

two simultaneous effects: (1) an increased flux of gravitons and (2) an enhanced18

force per graviton, leading to a total gravitational force correction proportional19

to (1 + (rϕ̇/c)2). This correction modifies the gravitational potential energy,20

reproducing the standard GR prediction for Mercury’s perihelion precession.21

A similar velocity-dependent correction was previously explored by Wayne22

(2015), albeit without a clear physical derivation, speculating on possible friction-23

like effects. In contrast, the QVE provides a well-defined mechanism based on24

gravitational aberration.25

Beyond Mercury’s orbit, the QVE may have broader implications, including26

potential corrections to GPS satellite clocks and alternative explanations for27

galaxy rotation curves without invoking dark matter. Additionally, it may28

offer insights into cosmic acceleration if graviton propagation exhibits similar29

aberration effects at cosmological scales.30

Given the ongoing debate surrounding modified gravity theories, this work aims31

to contribute to the discussion by demonstrating that a Newtonian approach32

incorporating gravitational aberration can recover key relativistic results. The33
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QVE suggests a possible bridge between classical mechanics and quantum gravity,34

warranting further investigation.35

Keywords: Classical Mechanics, General Relativity Alternatives, Quo Vadis Effect36

(QVE), Mercury Orbital Precession, Gravitational Aberration, Quantum Gravity37

1 Introduction38

Newtonian gravity has successfully explained a wide range of gravitational phenomena,39

from planetary motion to tidal forces. However, deviations from its predictions have40

emerged at higher precision and larger scales. One of the most well-known cases is Mer-41

cury’s anomalous perihelion precession, which remained unexplained until Einstein’s42

General Relativity (GR) provided a correction.43

Despite its successes, GR faces several unresolved challenges. The observed anoma-44

lies in galaxy rotation curves [1] and the accelerated expansion of the universe [2]45

have led to the introduction of hypothetical components such as dark matter and46

dark energy. These elements account for 96% of the total mass-energy budget of the47

universe, yet their nature remains unknown. Furthermore, discrepancies in the mea-48

surements of the Hubble constant, known as the Hubble tension [3], suggest that our49

current understanding of gravity may be incomplete. As a result, various alternative50

models, including Modified Newtonian Dynamics (MOND) [4], Conformal Gravity51

[5], Quantum Gravity [6], and other modified gravity theories, have been proposed to52

address these issues.53

To explain Mercury’s perihelion precession without invoking spacetime curvature,54

Wayne [7] introduced a velocity-dependent correction to Newton’s law of gravitation.55

Although his model successfully reproduced the observed precession, its underlying56

physical principles remained unclear, leading him to speculate about possible friction-57

like effects. This gap in fundamental understanding motivates the need for a more58

physically grounded explanation.59

In this context, we introduce the Quo Vadis Effect (QVE), a novel framework that60

modifies gravitational interactions by incorporating velocity-dependent effects. Unlike61

GR, which describes gravity through spacetime curvature, the QVE remains within62

a Newtonian framework while introducing corrections that emerge at different scales.63

This approach is motivated by the fact that gravitational waves travel at the speed of64

light c, as confirmed by LIGO [8] and Virgo [9], suggesting that gravity may exhibit65

velocity-dependent effects that alter its classical behavior. Furthermore, if gravitons66

exist, they may exhibit quantum-like statistical behaviors that influence their effective67

propagation, leading to emergent gravitational phenomena.68

By applying the QVE, we demonstrate that it provides an alternative explanation69

for Mercury’s perihelion precession, offering a correction that aligns with observations70

without invoking spacetime curvature. Additionally, the QVE could naturally account71

for the observed rotation curves of galaxies and the universe’s accelerated expansion72
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without requiring dark matter or dark energy. This suggests that gravitational interac-73

tions at cosmic scales may emerge from underlying quantum-statistical effects rather74

than modifications of spacetime geometry.75

These findings suggest that the QVE framework could provide an alternative per-76

spective on gravitational physics, offering insights into topics ranging from planetary77

dynamics to cosmology. This work aims to contribute to the ongoing discussion on78

possible extensions or modifications to gravitational theory while remaining consistent79

with observational data.80

We structure this paper as follows: In Section 2, we review the classical explanation81

of Mercury’s perihelion precession. Section 3 outlines the General Relativity solution82

to this problem. In Section 4, we introduce the QVE framework and apply it to83

gravity. We explore other potential applications in Section 5. Finally, in Section 6, we84

summarize our findings and discuss their implications in the context of gravitational85

theory and astrophysical phenomena.86

2 Perihelion Precession of Mercury87

In Newtonian mechanics, a two-body system follows elliptical orbits, with one focus88

at the system’s center of mass, as dictated by Newton’s Law of Universal Gravitation89

[10]. The gravitational force between two masses is given by:90

F =
Gm1m2

r2
(1)

where F represents the gravitational force, m1 and m2 are the masses of the two91

objects, G is the gravitational constant, and r is the distance between their centers of92

mass.93

When one mass is significantly greater than the other, we can approximate the94

center of the heavier mass to be at one of the foci of the elliptical orbit of the lighter95

object. We denote these masses as M (heavier) and m (lighter). If no external forces96

act on the system, the elliptical shape of the orbit remains unchanged, and both the97

total energy (E) and the angular momentum (L) are conserved [10].98

E = T + U (2)

where T and U are the kinetic and potential energies, respectively. The angular99

momentum in polar coordinates is given by:100

L = µr2ϕ̇ (3)

where ϕ is the angular coordinate (azimuth), r is the radial distance between m101

and M , and µ is the reduced mass, defined as µ = mM/(m+M). Notice that when102

m ≪ M , we can approximate µ ≈ m.103

Since the kinetic energy is given by:104

T =
1

2
µv2 =

1

2
µ

(
ṙ2 +

(
rϕ̇
)2)

, (4)

where v2 = ṙ2 +
(
rϕ̇
)2

(see Figure 1), and the gravitational potential energy is:105
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Fig. 1 Mercury’s velocity relative to the Sun. Here, r is Mercury’s distance from the Sun, ϕ is the
angular position, v is its velocity, and vr = ṙr̂ and vϕ = rϕ̇ϕ̂ are the radial and azimuthal components
of v in cylindrical coordinates. The Sun is at the origin, and Mercury’s orbit lies in the z = 0 plane.

U = −GmM

r
, (5)

the total energy equation becomes:106

E =
1

2
µṙ2 +

L2

2µr2
− GmM

r
. (6)

From Equation (3), we obtain rϕ̇ = L/µr. Substituting this into (6), we derive the107

equation for the orbital shape [10]:108

r(ϕ) =
L2

µGmM (1− e cosϕ)
(7)

which describes an elliptical orbit with eccentricity e, where:109

e =

√
1 +

2EL2

µ (GmM)
2 . (8)

However, in the Solar System, gravitational perturbations from other planets cause110

a slow precession (rotation) of planetary orbits. Mercury’s orbit exhibits such an effect111

(see Figure 2), where the perihelion (the point of closest approach to the Sun) shifts112

slightly each revolution by an angle ∆α. In 1859, the French astronomer Urbain Le113

Verrier observed that, beyond the precession caused by planetary perturbations, Mer-114

cury’s perihelion exhibited an additional precession of approximately 38 arcseconds115

per century [11], later refined to about 43 arcseconds per century [12], which Newto-116

nian mechanics could not fully explain. Several hypotheses were proposed, including117

the existence of an undiscovered planet, Vulcan, orbiting closer to the Sun [13], but118

no such planet was ever found.119

The only successful explanation to date comes from General Relativity, which120

describes gravity as the curvature of spacetime.121

3 General Relativity Solution122

Newton recognized that small perturbations in the gravitational force (and hence the123

potential energy) could account for orbital precession [10, 14]. In GR, this idea is124

extended through the energy equation derived from the Lagrangian of the geodesic125
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Fig. 2 The precession of Mercury’s perihelion, where ∆α represents the shift in the perihelion
position after each orbit. This effect, exaggerated for clarity, corresponds to the precession described
by Equation (11).

equation, as detailed in Cheng [15] and Eigenchris [16]. The GR-corrected energy126

equation is:127

E =
1

2
µṙ2 +

L2

2µr2
− GmM

r
− GML2

mc2r3
, (9)

where the additional term −GML2/mc2r3 represents the relativistic correction,128

modifying the orbit’s angular frequency and leading to the observed precession of129

Mercury’s perihelion.130

Applying the same methodology as in the Newtonian case [10], but incorporating131

the relativistic term, the modified orbit equation becomes:132

r(ϕ) =
L2

µGmM (1− e cos((1− η)ϕ))
, (10)

where η = 3 (MGm/cL)
2
introduces the relativistic shift. The cumulative advance133

of the perihelion per orbital revolution is:134

∆ϕ =
6πMG

ac2 (1− e2)
, (11)

which successfully explains the observed ∼ 43′′ per century shift in Mercury’s per-135

ihelion. This derivation follows from detailed treatments in Cheng [15] and Eigenchris136

[16].137

4 Methodology138

The Quo Vadis Effect (QVE) modifies Newtonian gravity by incorporating relativistic139

effects of gravitational aberration. However, unlike General Relativity (GR), the QVE140
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operates in a Newtonian space-time framework, where absolute space and time exist.141

In this framework, the speed of gravity remains constant relative to the emitting142

source. Still, the relative velocities between observers and the propagation fronts can143

differ from c. Importantly, this approach does not rely on space-time curvature or144

relativistic geodesics, reinforcing its purely Newtonian nature.145

4.1 Aberration and the apparent velocity of gravitons146

To understand this effect, we use an analogy with rain. Figure 3 illustrates how a run-147

ner perceives falling rain at an apparent angle due to her motion. Likewise, if gravity148

is mediated by gravitons traveling at a finite speed rather than acting instantaneously,149

an orbiting planet would not perceive gravitons arriving directly from their source150

(e.g., the Sun) but rather from an apparent shifted source due to aberration. This151

effect is analogous to the aberration of light described by Bradley [17].152

Fig. 3 Aberration of rain: (a) A stationary observer sees the rain falling vertically, while a moving
runner (magenta) passes through it. (b) From the runner’s perspective, the rain appears to arrive at
an angle, requiring her to tilt the umbrella

Fig. 4 Aberration of gravitons: (a) A stationary observer sees gravitons departing from the Sun at
speed c, while Mercury moves transversally at vϕ. (b) From Mercury’s frame of reference, gravitons
appear to originate from an apparent shifted position (Sun ′) and arrive at an increased speed v′g =√

c2 + (rϕ̇)2 due to aberration.
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As illustrated in Figure 4(a), a stationary observer perceives gravitons departing153

from the Sun at vg = c, while Mercury moves transversally at vϕ = rϕ̇, where ϕ̇ is Mer-154

cury’s angular velocity. However, from Mercury’s perspective, Figure 4(b), gravitons155

appear to arrive from an apparent source (Sun ′) at a velocity:156

v′
g = vg − vϕ (12)

The magnitude of v′
g is:157

|v′
g| =

√
|vg|2 + |vϕ|2 =

√
c2 + (rϕ̇)2 = c

√
1 + (rϕ̇/c)2 (13)

Thus, from the moving observer’s frame, gravitons appear to arrive at an increased158

velocity due to aberration.159

4.2 Increase in the flux of gravitons160

Since gravitons arrive faster from the observer’s perspective, the number of gravitons161

detected per unit time increases. We define the graviton flux N as the number of gravi-162

tons reaching the observer per unit time in a stationary frame. Due to the increased163

arrival speed, the flux perceived by a moving observer N ′ is given by:164

N ′ = N

√
1 +

r2ϕ̇2

c2
(14)

4.3 Increase in the force per graviton165

Each graviton also carries more momentum due to its increased velocity. Since force166

is the rate of momentum transfer, the force exerted by a single graviton is denoted as167

Fsingle, and its modified version in the moving frame is:168

F ′
single = Fsingle

√
1 +

r2ϕ̇2

c2
(15)

Thus, each graviton contributes a slightly stronger force due to the increase in169

velocity.170

4.4 Total force correction due to QVE171

The total gravitational force F ′ experienced by the moving observer is determined by172

the combined effect of (i) a greater number of gravitons arriving per unit time, and173

(ii) each graviton exerting a stronger force. Since the total force is given by the sum174

of individual forces:175

F ′ = N ′F ′
single (16)

Substituting Equations (14) and (15):176

F ′ = (N

√
1 +

r2ϕ̇2

c2
)× (Fsingle

√
1 +

r2ϕ̇2

c2
) (17)
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Since Fsingle = F/N in the stationary frame, we obtain:177

F ′ = F

(
1 +

r2ϕ̇2

c2

)
(18)

where F = GmM
r2 is the standard Newtonian gravitational force experienced in the178

absence of motion-induced corrections.179

4.5 Energy Equation Correction180

The corresponding gravitational potential energy can be obtained by integrating the181

force [18]:182

U ′ = −
∫

F ′dr (19)

Substituting F ′ from Eq. (18):183

U ′ = −
∫

GmM

r2

(
1 +

r2ϕ̇2

c2

)
dr (20)

Splitting the integral:184

U ′ = −GmM

∫
1

r2
dr − GmM

c2

∫
r2ϕ̇2

r2
dr (21)

Evaluating the integrals:185

U ′ = −GmM

r
− GmM

c2
ϕ̇2r (22)

Factoring out the common term:186

U ′ = −GmM

r

(
1 +

r2ϕ̇2

c2

)
(23)

From this, the total energy equation follows:187

E =
1

2
µṙ2 +

L2

2µr2
− GmM

r

(
1 +

r2ϕ̇2

c2

)
(24)

Since the angular momentum is defined as:188

L = µr2ϕ̇ (25)

we can express r2ϕ̇2 in terms of L:189

r2ϕ̇2 =
L2

µ2r2
(26)

Substituting Equation (26) into Equation (24):190

E =
1

2
µṙ2 +

L2

2µr2
− GmM

r

(
1 +

L2

µ2r2c2

)
(27)
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Expanding the terms:191

E =
1

2
µṙ2 +

L2

2µr2
− GmM

r
− GmM

r

L2

µ2r2c2
(28)

Since µ → m when m ≪ M , we simplify:192

E =
1

2
µṙ2 +

L2

2µr2
− GmM

r
− GML2

mc2r3
(29)

Since Eq. (29) matches the weak-field energy equation of GR, the standard deriva-193

tion of orbital precession in GR applies [15, 16]. Specifically, using the effective194

potential approach, the additional term−GML2

mc2r3 leads to the well-known first-order cor-195

rection to the orbital motion, resulting in the classical GR prediction for the perihelion196

shift:197

∆ϕ =
6πGM

ac2(1− e2)
(30)

4.6 Applicability to Both Ballistic and Wave Interpretations198

The methodology presented here applies equally to both ballistic and wave-like inter-199

pretations of gravitons, as long as the radial velocity remains negligible. The key aspect200

of the QVE is the observer’s relative motion with respect to the source, leading to an201

increased arrival rate of gravitons and an effective enhancement of the gravitational202

interaction.203

In the ballistic interpretation, this effect manifests through the increased arrival204

of gravitons, each contributing more gravitational pull. In the wave interpretation, it205

results in a frequency shift that effectively amplifies the gravitational potential. Despite206

their conceptual differences, both perspectives yield the same velocity-dependent207

correction to the Newtonian energy equation, leading to the same precession result.208

This suggests that the QVE is a fundamental consequence of gravity’s propagation,209

independent of the specific nature of the graviton. Whether gravity is mediated by210

discrete particles (ballistic view) or continuous waves, the aberration-induced velocity211

correction remains unchanged, reinforcing the effect’s robustness.212

However, the graviton’s true nature could be determined in scenarios where the213

radial velocity component becomes significant. In such cases, potential deviations214

between the ballistic and wave interpretations may arise, offering a means to distin-215

guish between them. Exploring these high-velocity regimes (such as in binary pulsars,216

gravitational wave propagation, or extreme astrophysical environments) could provide217

valuable insight into the fundamental nature of gravity.218

4.7 Comparison with Previous Work219

A similar velocity-dependent correction was explored by Wayne [7], but it lacked a220

clear physical derivation, speculating on possible friction-like effects in gravitational221

interactions. In contrast, the QVE provides a direct mechanism based on gravitational222

aberration, offering a well-defined interpretation of the velocity-dependent correction.223

9



4.8 Summary of the QVE Mechanism224

The Quo Vadis Effect (QVE) introduces a velocity-dependent correction to Newtonian225

gravity by incorporating a finite propagation speed for gravity, leading to gravitational226

aberration. Unlike Newtonian gravity, where gravitational effects are instantaneous,227

the QVE assumes that gravitons—if they exist—propagate at a finite speed, similar228

to light. This results in two key effects:229

1. Gravitational aberration: The finite speed of gravitons causes an apparent shift230

in their source position as seen by a moving observer. For an orbiting body, this231

shift leads to an increase in the perceived speed of gravitons:232

v′g = c

√
1 + (rϕ̇/c)2. (31)

2. Modification of the gravitational interaction: Due to this increased velocity,233

both the number of gravitons reaching the observer per unit time and the force234

exerted by each graviton are enhanced, leading to a total force correction of235

F ′ = F

(
1 +

r2ϕ̇2

c2

)
. (32)

This effect depends on the observer’s motion. In the case of an orbiting body,236

where the motion is primarily transverse, the apparent velocity of gravitons increases.237

A similar increase occurs for an observer in free fall towards the source. However,238

for an observer moving radially away, the opposite effect takes place: the apparent239

velocity of gravitons decreases, leading to a reduction in the effective gravitational240

force. Investigating these cases in more general gravitational scenarios could provide241

further insights into the nature of gravitational propagation.242

The velocity-dependent correction derived from the QVE leads to an energy243

equation that is mathematically identical to the weak-field approximation of General244

Relativity, thereby offering a Newtonian-based explanation for Mercury’s perihelion245

precession without requiring spacetime curvature.246

Beyond planetary motion, the increased graviton flux predicted by the QVE sug-247

gests a potential connection between gravity and quantum mechanics. This could imply248

that gravitational interactions are mediated by discrete quanta (gravitons) whose effec-249

tive density and momentum transfer are influenced by motion-related effects. While250

speculative, this perspective opens new possibilities for understanding gravity beyond251

Newtonian and relativistic frameworks.252

5 Other Potential Applications of the QVE253

If the Quo Vadis Effect (QVE) is a fundamental property of gravity, its implications254

could extend beyond Mercury’s perihelion precession. In this section, we explore two255

concrete applications where the QVE may play a significant role: corrections to the256
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clocks of the Global Positioning System (GPS) and the rotation of galaxies. Addi-257

tionally, we briefly discuss its potential relation to the accelerated expansion of the258

universe.259

5.1 Correction of GPS Clocks Using the QVE260

The Global Positioning System (GPS) relies on precise time corrections due to both261

gravitational time dilation and motion-induced effects. In standard relativistic treat-262

ments, these corrections arise from the Schwarzschild metric, leading to a frequency263

shift of approximately 5.3×10−10, which translates into a daily adjustment of 45.8 µs264

for GPS satellite clocks [19].265

Within the QVE framework, a similar gravitational correction emerges due to the266

velocity-dependent modification of the gravitational potential. This effect leads to an267

effective frequency shift that closely aligns with standard relativistic predictions. While268

this suggests that the QVE could provide an alternative formulation for satellite-based269

timekeeping, a more detailed analysis (including second-order velocity-dependent cor-270

rections) would be necessary to fully assess its implications for practical applications271

in global navigation systems.272

5.2 Galaxy Rotation and Velocity Curves273

Another phenomenon where the QVE could have significant implications is the rota-274

tion of galaxies. Traditionally, galaxy rotation curves have been one of the primary275

arguments for the existence of dark matter [1]. However, preliminary analysis suggests276

that incorporating the correct Newtonian velocity profile, without invoking dark mat-277

ter, may already provide a more accurate fit to observed galactic rotation curves. A278

detailed presentation of these results is currently in preparation for a future article.279

The QVE introduces a slight increase in the velocities of stars within a galaxy280

due to gravitational aberration. While this effect is small compared to the standard281

Newtonian profile, it contributes to a differential precession of stellar orbits. Over282

cosmological timescales, this phenomenon could influence the formation and stability283

of spiral arms in galaxies such as the Milky Way. Further analysis is required to284

determine whether this mechanism could account for observed rotation curves without285

additional dark mater.286

5.3 Expansion of the Universe287

Finally, the Quo Vadis Effect (QVE) may offer new insights into the accelerated expan-288

sion of the universe. In standard cosmological models, this acceleration is attributed289

to dark energy [2]. However, if gravitons propagate at a finite speed and experience290

an analogous aberration effect on cosmological scales, this could lead to modifications291

in large-scale gravitational interactions.292

The key aspect of the QVE is that the apparent velocity of gravitons depends293

on the observer’s motion relative to the source. In most local gravitational systems,294

this results in an enhancement of the gravitational interaction. However, for objects295
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receding from each other (such as distant galaxies following the Hubble flow) the oppo-296

site effect could occur: the apparent velocity of gravitons would decrease, effectively297

weakening gravitational attraction over large distances.298

This suggests a possible connection between the QVE and cosmic acceleration.299

If gravitational interactions become weaker at cosmological scales due to aberration300

effects, this could mimic the repulsive influence attributed to dark energy. While301

this idea remains speculative, future observations of large-scale structure formation,302

gravitational wave propagation across cosmological distances, or precise measure-303

ments of cosmic expansion could help determine whether the QVE contributes to this304

phenomenon.305

6 Discussion and Summary306

In this paper, we have proposed an alternative explanation for Mercury’s anomalous307

perihelion precession, a phenomenon traditionally explained only by General Relativity308

(GR). Our approach is based on the Quo Vadis Effect (QVE), which introduces a309

finite speed for gravitational interactions, leading to gravitational aberration while310

remaining within a Newtonian framework, without invoking space-time curvature.311

Unlike Newtonian gravity, where gravitational effects are instantaneous, the QVE312

assumes that gravity propagates through discrete gravitons at a finite speed, analogous313

to light. This leads to an important consequence: the apparent velocity of gravitons314

depends on the motion of the observer.315

In the specific case of an orbiting body with a dominant transverse velocity, gravi-316

tons appear to arrive at a speed greater than c. This results in two simultaneous317

effects:318

• Increased graviton flux: Due to the relative motion between the source and319

observer, the number of gravitons reaching Mercury per unit time increases by a320

factor of
√

1 + (rϕ̇/c)2.321

• Enhanced force per graviton: Since gravitons arrive with a higher velocity, they322

transfer more momentum, strengthening the gravitational interaction by the same323

factor.324

As a result, the total gravitational force is modified by a factor of (1 + (rϕ̇/c)2),325

leading to a correction in the gravitational potential energy. Remarkably, this correc-326

tion exactly reproduces the GR prediction for Mercury’s perihelion precession, yet it327

emerges entirely within a Newtonian framework. This suggests that certain relativistic328

effects may be explained not through space-time curvature but rather as a consequence329

of gravitational aberration, potentially hinting at a deeper connection with quantum330

gravity.331

A similar velocity-dependent correction was previously explored by Wayne [7], but332

it lacked a clear physical derivation and speculated on possible friction-like effects.333

In contrast, the QVE provides a direct mechanism based on gravitational aberration,334

offering a well-defined interpretation of the effect.335

Beyond Mercury’s perihelion precession, we briefly explored broader astrophysical336

implications of the QVE. In particular, we discussed its potential relevance to galaxy337
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rotation curves, which are often cited as evidence for dark matter [1]. While a detailed338

analysis is beyond the scope of this paper, preliminary results suggest that a corrected339

Newtonian velocity profile (without invoking dark matter) may already provide a340

better fit to observations. A more comprehensive study of this effect will be presented341

in future work.342

In summary, the QVE offers a classical yet powerful explanation for Mercury’s343

perihelion precession and other astrophysical phenomena, remaining fully within a344

Newtonian perspective while naturally reproducing key relativistic results. Unlike GR,345

it does not rely on space-time curvature, instead suggesting that apparent relativistic346

corrections emerge due to the finite propagation speed of gravity. This perspective may347

serve as a step toward a more complete understanding of gravity, potentially bridging348

classical and quantum descriptions.349
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