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Abstract

The interstellar object 3I/ATLAS has presented significant challenges to orbital mechanics due to its

measurable, non-gravitational acceleration. This document proposes that the anomaly is a natural

validation of Anisotropic Outgassing, providing an astrophysical model analogous to a "spinning,

vented object" for propulsion. The mechanism involves the rotational exposure of the nucleus to solar

radiation, causing patchy sublimation of various ices (CO₂, H₂O, etc.) and resultant gas jetting. This

process creates low-magnitude, long-duration thrust vectors that collectively cause substantial orbital

deviation, effectively acting as an unintentional, natural propulsion system. Analysis of observed color

and compositional variability in the coma directly supports this model, validating the principle of

directional venting for trajectory control in deep space.

I. Introduction: The Anomalous Motion of 3I/ATLAS

3I/ATLAS (officially C/2019 Y4) is a key interstellar object whose trajectory has deviated measurably

from predictions based solely on Newtonian gravity. This deviation, known as non-gravitational

acceleration, confirms that the comet nucleus is actively propelling itself through physical processes.

The magnitude of this orbital shift—calculated to be up to 100 kilometers over deep space distances—

demonstrates that even subtle, continuous forces, amplified by the long duration of interstellar flight,

lead to major trajectory changes. This behavior provides a crucial, real-world proof-of-concept for

Anisotropic Thrust used as a course-correction mechanism.

II. The Core Mechanism: Anisotropic Outgassing and Thrust

The core phenomenon observed in 3I/ATLAS is officially termed Non-gravitational acceleration from

anisotropic outgassing. This highly formal term translates directly to the intuitive concept of a

"spinning ball with holes that vents air and curves its path."

A. The "Vented Ball" Analogy

The physics driving 3I/ATLAS can be conceptualized by translating mechanical principles into material

physics:

Intuitive Engineering

Model

Formal Astrophysical Phenomenon Effect
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A spinning ball with

holes/vents

A rotating comet nucleus with porous ice

and cracks/fissures.

Creates exit points for material

sublimation.

Air escaping through

the holes

Sunlight causing volatile ices (CO₂, H₂O) to

sublimate into gas jets.

Generates thrust according to

Newton's Third Law.

The ball curves from

its path

The jet thrust is anisotropic (uneven) and

causes course deviation.

Produces the measurable non-

gravitational acceleration.

B. The Role of Rotation as an Amplifier

The nucleus of 3I/ATLAS rotates approximately once every 16 hours. This rotation is the critical

amplifier of the anisotropic thrust.

1. Non-Constant Direction: If the comet were not spinning, the outgassing jets would push in one

direction constantly, leading to a steady acceleration.

2. Sweeping Thrust Vector: Because of the rotation, the sunlit side—which experiences the most

sublimation—sweeps the jet direction around , much like a sprinkler.

3. Cumulative Effect: The result is not one strong, constant push, but a series of tiny pushes in

rotating directions sustained over months. This continuous, low-force application over vast

astronomical distances is what accumulates into the observed large trajectory change.

III. Observed Evidence: Coma Composition and Color Variability

Observations, particularly by the James Webb Space Telescope (JWST), confirm the necessary

ingredients for this model: the presence of multiple volatile gases and evidence of a complex, uneven

release mechanism.

A. Gas Composition and Sublimation

Observations of the coma (the gaseous cloud surrounding the nucleus) confirmed the presence of a

mix of volatile ices, including:

Carbon Dioxide ( )

Water Ice ( )

Carbon Monoxide ( )

Other volatile compounds (e.g., OCS, dust)

Each of these compounds sublimates (turns from solid to gas) at different temperatures. This diverse

chemistry ensures that outgassing is non-uniform, as different patches of the nucleus turn "on" and

"off" depending on their immediate exposure to solar heating.

B. The Color Variability Signature

The changing colors of the coma and tail provide direct evidence that gas is being released non-

uniformly from multiple, distinct sources on the rotating nucleus.
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Different gases glow (fluoresce) differently when exposed to solar radiation or UV light:

Volatile Gas / Element Dominant Color Fluorescence Implication for Jetting

 Gas White–Blue Indication of deep ice sublimation.

CN (Cyanide) Radicals Turquoise Common trace element in comet volatiles.

Sodium and Dust Yellow/Orange Suggests the release of heavier, non-ice materials.

Mechanism of Color Change: As 3I/ATLAS rotates, it exposes different volatile pockets—with unique

chemical compositions, ice depths, and temperature sensitivities—to the Sun. The rapid change in

color bands, gradients, or patchiness around the nucleus is the visual manifestation of:

This color variability is strong observational evidence consistent with the "spinning ball, different holes"

model, proving that the jet structure is not uniform.

IV. The Comet as a Natural Thruster System

The physical features of the comet effectively combine to form an unintended, self-operating

propulsion system guided by orbital dynamics and solar energy:

Component Feature Functional Effect Principle

Pits, Cracks, Porosity Vents that act as micro-nozzles for gas release. Controlled exit points.

Solar Heating Energy source that triggers sublimation (venting). Energy Input.

Outgassing Pressure The force from escaping gas jets. Thrust (Newton’s 3rd Law).

Nucleus Rotation Sweeps the direction of the thrust vector. Steering/Vector Control.

The thrust created by the escaping gas pressure causes a momentum imbalance. This momentum

imbalance is what is observed as the non-gravitational course deviation, demonstrating that gas

pressure is functionally equivalent to a low-level steering system.

V. Conclusion: Validation of Anisotropic Thrust for Propulsion

The anomalous trajectory of 3I/ATLAS, coupled with the complex compositional and color evidence

observed in its coma, confirms that directional thrust from anisotropic venting is a highly effective

mechanism for altering deep-space trajectories.

This natural phenomenon provides a powerful analog for advanced spacecraft design. If a natural body

—acting as an accidental "comet drive"—can achieve large-scale orbital changes, the same principle

CO ​2

Rotation × Non-Uniform Chemistry = Anisotropic Gas Release
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can be intentionally harnessed. The principles derived from the 3I/ATLAS observation validate the

fundamental engineering concept of using controlled, distributed, and asymmetric thrust mechanisms

(whether through controlled mass-energy release, as proposed for the CST–Warp Engine, or simply

through material venting) to achieve precise and non-gravitational navigation.
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