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Abstract: This paper presents a revised gravitational field model incorporating internal pressure
components—including hydrostatic, rotational, and radiative pressures—in the computation of surface
gravitational acceleration. Using real data from planets, the Sun, neutron stars, and galaxies, the influ-
ence of internal pressure on gravitational acceleration is quantified and compared with classical values.
Results demonstrate that the modified model explains certain observed deviations in gravitational
measurements and may provide insights into dark matter effects on galactic scales.
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1. Introduction

Gravity is the dominant force shaping the structure and evolution of celestial bodies. Traditional
gravitational models consider only total mass and its distribution, often neglecting internal pressures
arising from complex physical conditions. However, in dense and massive bodies such as neutron
stars, or interiors of stars and planets, these pressures can significantly influence the local gravitational
field. This study investigates the role of internal pressure in modifying gravitational acceleration
across various astrophysical scales. This approach could improve understanding of phenomena such
as neutron star stability, planetary structure, and galactic dynamics influenced by dark matter.

2. Theoretical Framework and Methodology
2.1. Model Assumptions

*  Celestial bodies are approximated as uniform spheres.
* Internal pressures considered include hydrostatic, rotational, and radiative components.
*  Magnetic fields and nonlinear dynamic phenomena are excluded from this first-order model.

2.2. Model Equations

The classical surface gravity is given by:

_ GM
§= R
The pressure correction term is:
1
Ag=—) P
Thus, the modified gravitational acceleration is:
8model = § —Ag

where:
G = gravitational constant,
M = total mass,
R =radius,
p = average density,
P; = internal pressure components.
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3. Numerical Calculations and Comparison

Table 1. Internal Pressures, Densities, Radii, and Gravitational Accelerations of Various Celestial Bodies

BOdy ZPi (Pa) 4 (kg/ms) R (m) Ag (m/s2) dstandard (m/SZ) Smodel (m/SZ)
Earth 1.202 x 10° 5514 6.371 x 106 0.0342 9.82 9.7858
Sun 2.5 x 1013 1408 6.957 x 108 25.54 274 248.46
Mars 3.505 x 108 3933 3.39 x 100 0.0263 3.71 3.6837
Jupiter 7.531 x 101 1326 6.991 x 107 0.812 24.79 23.978

Neutron Star  1.055 x 1018 7.0 x 1017 12x10*  1.25x107* 9.27 x 10! ~9.27 x 101!
Galaxy Scale  1.0x 10711 1.0 x 1072} 5 x 102 20x10710  267x10710  ~67x107H

4. Discussion and Conclusions

The pressure-inclusive gravitational model reveals notable corrections in gravitational accel-
eration across different celestial scales. In extremely dense objects such as neutron stars, pressure
corrections are negligible, while in planets and stars they are significant. On a galactic scale, the
correction magnitude is comparable to the gravitational acceleration itself, suggesting a potential
connection with observed dark matter effects. This model offers a promising tool for deeper astro-
physical and gravitational studies, especially for phenomena unexplained by classical Newtonian or
relativistic frameworks.

5. Future Work

¢ Integrating strong magnetic fields and electromagnetic radiation effects.

¢ Investigating implications for planetary and galactic evolution.

¢ Applying the model to multi-body simulations and observational datasets.

¢ Expanding to general relativistic corrections and energy-momentum tensor formulations.
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