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Abstract- This paper proposes a novel hypothesis for the 

origin of rotational motion in extended bodies passing near 

planetary gravitational fields. Unlike traditional 

explanations that attribute planetary rotation to angular 

momentum inherited during formation, this work explores 

the role of off axis gravitational gradients. When an object 

passes the side of a planet, gravitational forces act 

unevenly across its structure, producing torque that 

induces rotation. The mechanism is analogous to light 

refraction: light bends in a gradient medium, while rigid 

bodies rotate under gravitational stiffness. Analytical 

derivations and conceptual models suggest that this torque 

is significant for small bodies, spacecraft, and asteroids 

during close flybys, though negligible for planetary scale 

rotation. The framework provides a new lens for 

understanding spin changes in orbital dynamics and offers 

potential applications in spacecraft attitude control and 

asteroid flyby prediction. 
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I. INTRODUCTION 

 

A. Rotation of planets is traditionally explained by 

conservation of angular momentum during 

formation and subsequent collisions. 

B. However, direct correlations between revolution 

speed and rotation rate suggest additional 

mechanisms may contribute. 

C. This paper introduces a hypothesis: off-axis 

gravitational forces during revolution create torque 

that induces rotation, analogous to refraction of 

light in a medium. 

D. The goal is to formalize this mechanism, compare 

it with established theories, and identify domains 

where it is most effective. 

 

 

II. BACKGROUND AND RELATED WORK 

A. Planetary rotation origins: Angular momentum 

conservation, accretion impacts, tidal locking. 

B. Gravity-gradient torque: Established in satellite 

attitude dynamics; torque arises from uneven 

gravitational pull across extended bodies. 

C. Asteroid spin changes: Observed tumbling and 

rotation shifts during planetary encounters. 

D. Novelty: Existing literature does not frame this 

mechanism through a refraction analogy or 

emphasize revolution-rotation correlation. 

III. HYPOTHESIS AND CONCEPTUAL 

FRAMEWORK 

A. Hypothesis: When gravitational force acts at an 

angle (not 0° or 180° relative to motion), one half 

of the object experiences a different gravitational 

value than the other, creating torque. 

B. Analogy: 

a. Light bends in a refractive index gradient. 

b. A rigid body rotates in a gravitational gradient due 

to stiffness and mass distribution. 

C. Prediction: Objects with higher revolution speeds 

exhibit higher induced rotation rates, especially if 

asymmetric. 



© DEC 2025 | IRE Journals | Volume 9 Issue 6 | ISSN: 2456-8880 
DOI: https://doi.org/10.64388/IREV9I6-1712996 

IRE 1712996          ICONIC RESEARCH AND ENGINEERING JOURNALS 1434 

 

IV. THEORETICAL MODEL 

A. Torque equation: 

B. Gravity-gradient torque approximation: 

T ~ 3 GM/r3(Ib – Ia) sin(2α)                                                     (i) 

Conditions for rotation: 

A. Extended body (finite size). 

B. Off-axis gravitational pull (angle ≠ 0°, 180°). 

C. Asymmetric inertia distribution. 

V. METHODOLOGY 

A. Analytical derivation: Expand gravitational 

potential using multipole expansion. 

B. Numerical simulation: 

a. Model asteroid flybys with varying revolution 

speeds and approach angles. 

b. Track induced spin rates. 

C. Comparative analysis: Contrast predictions with 

planetary rotation data and spacecraft attitude 

dynamics. 

VI. RESULTS (PROPOSED) 

A. Simulation results expected to show: the 

gravity-gradient torque magnitude increases with 

inertia asymmetry and decreases with orbital 

radius cubed. 

B. Significant rotation induction for small bodies 

during close passes. 

C. Negligible torque for planetary-scale bodies. 

D. Revolution-rotation correlation holds for certain 

classes of objects. 

VII. DISCUSSION 
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A. Implications: 

a. Provides new framework for understanding 

asteroid spin changes. 

b. Offers predictive tool for spacecraft attitude 

control during flybys. 

B. Limitations: 

a. Not sufficient to explain planetary rotation origins. 



© DEC 2025 | IRE Journals | Volume 9 Issue 6 | ISSN: 2456-8880 
DOI: https://doi.org/10.64388/IREV9I6-1712996 

IRE 1712996          ICONIC RESEARCH AND ENGINEERING JOURNALS 1435 

b. Requires validation with observational data. 

C. Future work: 

D. Apply to asteroid missions (e.g., OSIRIS-REx). 

E. Extend analogy to other gradient-induced 

phenomena. 

VIII. CONCLUSION 

This paper introduces a refraction-analogy hypothesis 

for rotation induced by off-axis gravitational forces 

during planetary side passes. While not a replacement 

for formation-based planetary rotation theory, it 

provides a novel lens for small body dynamics and 

spacecraft flybys. The framework bridges intuitive 

analogy with rigorous mechanics, opening pathways 

for further research in orbital dynamics and applied 

aerospace engineering. 
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