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Abstract

This paper presents a novel theoretical framework positing that the ultimate trajectory
of human space exploration and civilization development is the achievement of com-
plete cosmic mobility through self-contained, navigable world-systems. By analyzing
historical patterns of human agency over movement and environment, we argue that
civilizational outcomes bifurcate into two possibilities: controlled cosmic mobility or
extinction. Integrating concepts from physics, evolutionary theory, and technological
development, we demonstrate that current space exploration models are transitional
phases. We introduce mobile world-systems as a reconceptualization of human cosmic
expansion, outlining key characteristics and technological prerequisites, such as fusion
energy and closed-loop ecosystems. By aligning research and policy initiatives with
this long-term vision, we can advance our understanding and capabilities as a cosmic

civilization.



The Asymptote of Civilization 2

Contents

1 Introduction 4

2 Historical Progression of Human Agency 5
2.1 Survival . ... 5)
2.2 Domination of the Local Environment . . . . ... ... ... ... ..... 5)
2.3  Expansion of Mobility . . . . .. .. ..o 5
2.4  Globalization and Total Earth Control . . . . . . ... .. ... ... .... 5
2.5 Orbital and Interplanetary Reach . . . . . ... ... .. .. ... ... ... 6

3 Bridging Section: Paradigm Shift to Mobile Civilization 6
3.1 Transition from Base-Centric to Mobile-Centric . . . . . . . . ... ... ..

3.2 Reframing Planets as World-Systems . . . . . . ... ... ... .. .....

4 Theoretical Framework: The Mobile World-System 8
4.1 Definition and Key Characteristics . . . . . . . . . . ... .. ... .. ... 8
4.2 Energy Requirements and Technological Prerequisites . . . . . . . ... ... 8
4.3 Societal Structures and Governance . . . . . . . .. ... 9

5 Quantifying Cosmic Agency 9
5.1 The Cosmic Agency Ratio . . . . . ... . ... ... ... ... ..., 9
5.2 Interpreting the Ratio . . . . .. .. .. .. ... ... ... .. 10
5.3 Vulnerability as a Function of Agency . . . . . . . . ... ... ... 10
5.4  An Asymptotic Approach to Full Agency . . . . . . ... ... .. .. .... 10

6 The Asymptotic Nature of Progress 11
6.1 Binary Outcomes . . . . . . . . ... 11
6.2 Logical Conclusion . . . . . . .. .. .. ... 12
6.3 Intermediate States . . . . . . .. .. 12

7 Implications for Current Space Development 13
7.1 Research Priorities . . . . . . . . . . . . ... 13
7.2 Policy and Strategic Recommendations . . . . . . .. .. ... ... ... .. 14
7.3 Objections and Rebuttals . . . . .. ... ... ... . L. 14

8 Future Research Directions 15



The Asymptote of Civilization 3

9 Conclusion 16
10 Falsification Check: Testing the Premise 18

A Appendix: From Passenger to Driver 20



The Asymptote of Civilization 4

Introduction

Humanity’s journey is marked by an unyielding drive to master our environment and shape
our destiny. From early struggles for survival in harsh landscapes to our current control
over global ecosystems, we have continuously expanded our agency over both movement
and environment. This relentless pursuit has carried us from the confines of Earth to the

threshold of the cosmos, where we now stand poised for our next monumental leap.

This paper explores humanity’s trajectory toward The Asymptote of Civilization—a point

where we approach complete cosmic agency, forever refining our control over our environment.

When viewed through the lens of increasing agency, the trajectory of human progress reveals
a clear pattern: we are inexorably moving toward full control over our cosmic mobility. This
paper proposes a theoretical framework that identifies the ultimate asymptote of human
civilization as the emergence of mobile world-systems—self-contained, navigable civilizations
capable of traversing the cosmos. This conclusion is not speculative but the logical extension

of our historical quest for autonomy and control.

Current models of space exploration, which focus on planetary colonization and probe-based
missions, are merely transitional steps. Their reliance on return trajectories, limited opera-
tional ranges, and the psychological challenges of being tethered to a fixed home underscore
inherent limitations. To truly inhabit the cosmos, humanity must evolve from being passive

passengers to becoming active stewards of our destiny.

The future of human space exploration lies in developing mobile world-systems powered by
advanced technologies such as fusion energy and closed-loop ecosystems. This paradigm
shift—from merely exploring space to dynamically inhabiting it—is not only a technological
challenge but also a philosophical one, embodying our innate drive for agency and self-

determination.

In the following sections, we will examine the historical progression of human agency, cri-
tique the limitations of current space exploration paradigms, and outline the theoretical
framework of mobile world-systems. We will also discuss the energy requirements and tech-
nological prerequisites for realizing this vision and explore the implications for current space
development strategies. Ultimately, this paper offers a fresh perspective on human progress,

guiding our future endeavors as we chart a course through the cosmos.
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Historical Progression of Human Agency

Human civilization’s evolution has consistently followed a path of expanding control over
our environment and movement. Driven by advances in energy mastery and technological
innovation, this progression can be divided into several key stages, each marking a qualitative

leap in our agency.

Survival

In our earliest days, survival was the primary concern. Early humans adapted to harsh
environments by developing basic tools and harnessing fire.” Fire provided the first controlled
energy source, offering warmth, protection, and the means to cook food, which improved
nutrition and fostered brain development. Early humans evolved physical and cognitive traits
essential for thriving in diverse and challenging environments. The creation of simple tools
enhanced hunting, gathering, and defense, laying the groundwork for future technological

progress.

Domination of the Local Environment

As societies emerged, so did our ability to control local environments. The domestication of
plants and animals ushered in the Agricultural Revolution, allowing us to harness biological
energy systems.* This development enabled the establishment of permanent settlements and
the rise of complex civilizations. Mastery of fire provided a reliable foundation for subse-
quent technological advancements, while agriculture ensured a stable food supply, supporting

population growth and societal complexity.

Expansion of Mobility

The domestication of animals and the invention of early vehicles marked humanity’s first
steps toward extended mobility. Maritime exploration and the creation of trade routes
further expanded our reach, promoting cultural exchange and economic growth. The har-
nessing of mechanical energy, beginning with steam power during the Industrial Revolution,
transformed transportation, manufacturing, and communication. Early transportation in-
novations, such as animal-powered transport and the invention of the wheel, significantly

enhanced human mobility and trade.?

Globalization and Total Earth Control

The Industrial Revolution further amplified our control over the planet.® By harnessing me-

chanical, and later atomic, energy, we reshaped entire regions. Powered flight, telecommuni-
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cations, and expansive energy infrastructures interconnected the globe, effectively shrinking
distances. The mastery of atomic energy introduced a powerful, albeit double-edged, source
of progress, while advances in telecommunications enabled instantaneous information ex-

change, integrating societies worldwide.

Orbital and Interplanetary Reach
The advent of the Space Age marked humanity’s first ventures beyond Earth. Early space

exploration, through orbital missions and lunar landings, paved the way for our cosmic
journey. The development of rocketry and spacecraft established the foundation for exploring

near-Earth space and beyond, setting the stage for future cosmic mobility.

Bridging Section: Paradigm Shift to Mobile Civilization

The prevailing paradigm of space exploration is based on operating from fixed bases—
whether on Earth or another celestial body. While this approach has laid the groundwork
for our initial forays into space, it is limited by its reliance on return trajectories, resource
constraints, and the psychological challenges of being tethered to a home base. To truly
inhabit the cosmos, humanity must shift from being passive occupants of a mobile world

(Earth) to active stewards of our own trajectory.

Transition from Base-Centric to Mobile-Centric

Although Earth is our home, it is itself a mobile world—traversing space along a path beyond
our control. This lack of influence over our cosmic journey is akin to being a passenger on a
ship without access to the helm. The proposed mobile-centric paradigm calls for developing
self-contained world-systems that we can steer and direct. Such a transition would enable

us to:

e Control Our Trajectory: Just as a pilot benefits from controlling a ship’s course,
commanding the movement of our world-system would provide us with greater adapt-

ability and resilience, allowing us to avoid or mitigate cosmic hazards.

o Achieve Self-Containment: By creating self-sustaining, navigable civilizations, we

can ensure long-term survival and expansion, independent of a fixed home base.

In contrast to traditional base expansion, which operates on a hub-and-spoke model, a mobile
world-system offers unparalleled efficiency and control. In the current paradigm, we establish
fixed bases—akin to a stationary hub—and then send out smaller exploratory missions, much

like dispatching boats from a ship we do not control. Imagine being on a ship where you
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have no influence over its trajectory; you can only send out small boats to explore, which
is inherently inefficient. Now, consider the alternative: if you could take control of the
entire ship, you’d have the power to steer directly toward your destination, eliminating the

inefficiencies of relying on auxiliary vessels.

Likewise, a mobile world-system—a base over which we have complete control—allows us to
determine its path, adapt dynamically to cosmic challenges, and optimize resource utiliza-
tion. This shift from a passive, fixed-base strategy to an actively navigated system represents
not just a technological leap, but a fundamental rethinking of how we engage with the cos-

mos.

Reframing Planets as World-Systems

While Earth and other planets function as natural world-systems, their trajectories are
governed by external cosmic forces. In contrast, mobile world-systems would be engineered
to grant us direct control over our environment and movement. This reimagining offers

several advantages:

o Optimized Resource Utilization and Hazard Avoidance: With control over a
mobile world-system, we can dynamically manage resources and navigate away from

cosmic threats, enhancing our overall agency and self-determination.

o A Technological and Philosophical Revolution: Transitioning from passive habi-
tation to active stewardship is not merely a technical upgrade—it reflects our fun-
damental drive for autonomy and control, reshaping what it means to be a cosmic

civilization.

Ultimately, the shift toward mobile world-systems transforms us from passive subjects of
our cosmic journey into its active architects, perfectly mirroring the historical progression of

human agency.
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Theoretical Framework: The Mobile World-System

This paper argues that the natural progression of human agency will culminate in the cre-
ation of mobile world-systems—complete, self-sufficient civilizations capable of controlled
movement through space. Rather than merely exploring space from fixed outposts, our

ultimate evolution lies in actively inhabiting and steering our cosmic destiny.

Definition and Key Characteristics
Mobile world-systems are self-contained, navigable civilizations designed for sustained habi-
tation and exploration beyond any single celestial body. They represent the pinnacle of

human control over both movement and environment. Key characteristics include:

o Complete Self-Containment: The system must support all aspects of human civilization—
from food production and waste management to energy generation—without reliance

on external resources.

o Controlled Navigation: These systems need the ability to adjust their trajectories
intentionally, enabling us to avoid cosmic hazards and chart a desired course through

space.

« Generational Sustainability: Designed for long-term viability, mobile world-systems
must be capable of supporting life across multiple generations, adapting to changing

conditions over time.

o Scalable Resource Utilization: Efficient recycling and repurposing of materials are
crucial, ensuring that resource use remains sustainable even in a closed-loop environ-

ment.

Energy Requirements and Technological Prerequisites

Realizing mobile world-systems will require breakthroughs in energy generation and techno-

logical control at stellar scales. Key prerequisites include:

e Advanced Propulsion Technologies: To move these massive, self-contained habi-
tats, we must develop propulsion systems—such as nuclear fusion—that provide high

energy density and sustained thrust.

« Sustainable Energy Generation: Reliable, high-output energy sources are essential
to power life support and propulsion systems continuously. Fusion energy, along with

emerging technologies, will be central to these efforts.
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o Environmental Control Systems: Maintaining a habitable interior environment
requires sophisticated life support technologies, including precise atmospheric regula-

tion, temperature control, and radiation shielding.

« Efficient Resource Processing: Robust systems for extracting, processing, and
recycling resources—from celestial bodies like asteroids and comets—are vital for sus-

taining life in a closed-loop system.

Societal Structures and Governance

The transition to mobile world-systems also demands the development of new societal and
governance models. These frameworks must support long-term planning, cooperation, and

continuous innovation to ensure the well-being of inhabitants:

« Adaptive Governance: Governance structures need to be flexible and responsive to

the unique challenges of managing a mobile, self-contained civilization.

e Innovation and Research: Continuous investment in research and development is
essential to address the technological and social challenges inherent in maintaining a

mobile world-system.

o Education and Cultural Evolution: Cultivating a culture of exploration, adapt-
ability, and stewardship will be critical. Education systems must evolve to equip future

generations with the skills necessary for thriving in a dynamic cosmic environment.

Quantifying Cosmic Agency
To further clarify our thesis, we propose a simple mathematical model to quantify the degree
of control—or agency—that humanity exerts over its environment. This model captures the

essence of our journey from vulnerability to resilience.

The Cosmic Agency Ratio
We define the Cosmic Agency Ratio, R, as follows:

C
k=%

where:

o C represents the number (or magnitude) of environmental events or phenomena that

humanity can control or mitigate.
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o FE represents the total number (or magnitude) of events or phenomena affecting our

environment.
By this definition, R ranges between 0 and 1:

e When R is near 0, as was the case for early humans, our control over environmental

events is minimal, leaving us highly vulnerable.

o As R increases toward 1, it signifies that a larger proportion of environmental phe-
nomena can be managed, thereby enhancing our resilience and autonomy over our

destiny.

Interpreting the Ratio

In practical terms:

o Early Humans (R ~ 0): Early human societies had little control over natural events.
Almost all occurrences—whether weather, natural disasters, or other environmental

factors—remained beyond human influence. This resulted in high vulnerability.

« Advanced Civilizations (R — 1): As technological and societal capabilities evolve,
the fraction C'/E grows. For instance, innovations in agriculture, infrastructure, and
later, space technology, enable us to mitigate many risks and shape our environment.
Ultimately, a high R implies that our ability to influence and control critical aspects

of our existence is approaching its theoretical maximum.

Vulnerability as a Function of Agency

We can also define vulnerability, V', as the complement of agency:

V=1-R

Thus, as R increases (i.e., as we gain more control over our environment), V' decreases,

reflecting reduced vulnerability and a stronger capacity to direct our cosmic trajectory.

An Asymptotic Approach to Full Agency

In this model, complete mastery (i.e., R = 1) is an asymptotic limit—a goal we continually
strive toward but may never fully attain. This mirrors the idea that while our control over our
destiny can be vastly improved, absolute mastery is an ever-receding horizon. Nonetheless,

the closer R approaches 1, the more resilient and self-determining our civilization becomes,
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aligning with the broader theoretical framework of mobile world-systems.

This mathematical framework serves as a heuristic tool to illustrate the central thesis: as
humanity’s capacity to control its environment increases, our vulnerability decreases, ulti-

mately steering us toward the development of mobile world-systems and full cosmic agency.

The Asymptotic Nature of Progress

This framework posits that human civilization’s progress asymptotically approaches complete
cosmic agency. Borrowing the concept of an asymptote from mathematics—a line a curve
approaches but never fully reaches—we can view our relentless pursuit of control over our
destiny as an ongoing journey toward absolute mastery that remains perpetually unfinished

until we take the final leap.

Binary Outcomes

When examined through the lens of increasing agency, human progress appears to bifur-
cate into two stark outcomes: the achievement of controlled cosmic mobility or extinction.
This binary nature arises from the inherent instability of intermediate states over cosmic

timescales.

o Achievement of Controlled Cosmic Mobility: This represents the ultimate ex-
pression of human agency. It entails a transition from passive existence to active
stewardship of our cosmic trajectory—a state where we fully direct our movement,
mitigate hazards, and secure our long-term survival. In this scenario, our drive for
self-determination and adaptability culminates in a civilization capable of navigating

the cosmos.

« Extinction: Conversely, failure to overcome intermediate vulnerabilities could lead to
extinction. Factors such as cosmic events, environmental degradation, or self-inflicted
catastrophes may prevent us from reaching full agency. The instability inherent in

partial control leaves us exposed to existential threats.

This dichotomy parallels the concept of the Great Filter in astrobiology, which suggests
that advanced civilizations may face a threshold so formidable that only those that achieve
complete control over their destiny survive, while others perish. In both cases, intermediate
states are unsustainable over long timescales, forcing a split between radical success and

total collapse.
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Logical Conclusion

The observed patterns in human technological and social development logically point toward
the pursuit of full cosmic agency. This conclusion is not speculative but rather the inevitable

extension of a historical arc defined by our quest for autonomy and control.

Just as a mathematical function approaches its asymptote without ever fully reaching it,
our continuous striving for greater control reflects an unending pursuit—each step bringing
us closer to, yet never entirely achieving, complete mastery. Over cosmic timescales, the
inherent instability of intermediate states implies that humanity will ultimately confront
one of two outcomes: we will either attain full cosmic agency or succumb to extinction.
The pressure exerted by these unstable intermediates drives us toward one of these extreme

endpoints.

Intermediate States

Intermediate states, such as partial control over our environment or limited space expan-
sion, are inherently unstable. These transitional phases are marked by vulnerabilities and

dependencies that make them unsustainable over the long term.

Partial control exposes us to unpredictable cosmic events and environmental shifts that
lie beyond our influence. This instability necessitates a push toward more comprehensive
control. Moving from these unstable intermediate states to full cosmic agency will require
significant technological advancements, societal adaptations, and a fundamental philosophi-

cal shift toward embracing our role as active stewards of our destiny.

In summary, the asymptotic nature of progress reveals that, over time, only two outcomes are
viable: either we evolve into a civilization capable of controlled cosmic mobility, or we face
extinction. This binary outcome, reminiscent of the Great Filter hypothesis, underscores
the urgency of advancing our technologies and strategies to ensure a resilient, agency-driven

future. >
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Implications for Current Space Development

The theoretical framework of mobile world-systems carries profound implications for our
present approach to space development. Recognizing that our ultimate goal is to achieve full
cosmic agency allows us to better align research, technological development, and policy ini-
tiatives with a long-term vision that addresses our vulnerabilities. Recent events underscore

the urgency of this paradigm shift.

In February 2025, NASA’s JPL Sentry System identified a near-Earth object designated
2024 YR4.1%9 This asteroid, estimated to be about 60 meters (196 feet) in diameter and
currently 27 million miles away, has a non-zero chance of impacting Earth in December
2032. Depending on its composition, such an impact could result in either a significant
atmospheric airburst or the formation of an impact crater—potentially inflicting damage

similar to past events like the Tunguska explosion.

This example starkly illustrates our vulnerability: although current deflection strategies
exist, they rely on altering the trajectory of an uncontrollable planet. Our inability to
directly steer Earth in the face of cosmic hazards highlights the limitations of a fixed, base-

centric approach and underscores the necessity of developing mobile world-systems.

Research Priorities

To realize the vision of mobile world-systems and address our cosmic vulnerabilities, several

key research areas must be prioritized:

e Fusion Energy Research: Developing sustainable, high-energy-density propulsion
systems is crucial. Fusion energy holds promise for powering mobile world-systems and

enabling long-duration space travel.!

o Closed-System Ecological Technologies: Advancements in closed-loop ecosystems
are essential for sustaining life in self-contained environments.® This includes improving

agricultural methods, waste management, and resource recycling.

o Self-Sustaining Colonies: Investigating the design and feasibility of self-sustaining
colonies will inform the creation of mobile world-systems. Research should focus on

building resilient habitats capable of supporting human life over multiple generations.

o Integration of Propulsion and Habitat Design: Propulsion systems must be
seamlessly integrated with habitat engineering, ensuring efficient, sustainable mobility

while maintaining a livable environment.
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Policy and Strategic Recommendations

To support the development of mobile world-systems, policymakers and space agencies should

consider the following strategic initiatives:

e Long-Term Funding and Support: Secure sustained funding for research and de-
velopment initiatives targeting mobile world-systems, engaging both public and private

sectors.

o International Collaboration: Foster global partnerships to pool resources, share

expertise, and coordinate efforts toward achieving full cosmic agency.

e Education and Workforce Development: Invest in education and training pro-
grams across relevant fields—engineering, physics, biology, and social sciences—to cul-

tivate the talent necessary for advancing mobile world-systems.

e Regulatory Frameworks: Develop ethical and responsible regulatory frameworks
that govern resource utilization, environmental protection, and the equitable distribu-

tion of benefits associated with mobile world-systems.

Objections and Rebuttals

While the vision of mobile world-systems is ambitious, several objections must be addressed:

« Feasibility Concerns: Critics may argue that the technological and logistical chal-
lenges are insurmountable. However, history shows that human ingenuity has repeat-
edly overcome formidable obstacles. The challenges in advanced propulsion, closed-
loop ecosystems, and integrated habitat design are technical hurdles—mnot physical
impossibilities. With sustained innovation, there is no inherent physical reason why

humanity cannot eventually control its cosmic trajectory.

e Resource Allocation: Some may question dedicating resources to such a long-term
goal. Yet, investments in mobile world-systems are likely to drive broad technological

and scientific advancements with far-reaching benefits.

o Ethical Considerations: The development of mobile world-systems raises important
ethical questions regarding the equitable distribution of resources and the well-being
of all inhabitants. These issues must be addressed through careful policy-making and

robust governance frameworks.
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Future Research Directions

While this paper establishes a theoretical foundation for mobile world-systems, further re-
search is essential to translate this vision into reality. Key areas warranting focused investi-

gation include:

Experimental Closed-Loop Habitats: Testing fully self-sustaining ecosystems in space
is crucial. Initiatives like long-duration habitats on the Moon or Mars can refine life-support

technologies necessary for cosmic mobility.

Fusion Propulsion and High-Energy Systems: Research into sustained nuclear fusion
for propulsion and power generation is vital. Early-stage experimental reactors, such as
those developed by ITER and private startups, must be adapted for large-scale interstellar

applications.

Modular and Scalable Space Structures: Developing modular, expandable habitats
capable of adapting to different environments is essential for stepwise progress toward navi-
gable world-systems. Investigating self-repairing materials and Al-driven maintenance could

ensure long-term viability.

Simulating Social and Governance Structures: Studies on psychological, economic,
and governance models suited for multi-generational, mobile societies are necessary. Sim-
ulations, virtual societies, or small-scale test communities in extreme environments could

provide insights into long-term adaptability.

Asteroid Resource Utilization and In-Situ Manufacturing: Research into mining
and resource extraction from asteroids and planetary bodies is crucial for sustainability.
3D printing and autonomous manufacturing in microgravity could enable large-scale space

infrastructure development.

These research pathways are necessary steps toward advancing mobile world-systems. While
many of these technologies are in their infancy, steady progress will determine how soon

humanity transitions from passive passengers to active cosmic navigators.
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Conclusion

The progression toward mobile world-systems is not a speculative sci-fi fantasy but the logical
culmination of humanity’s historical pursuit of agency over its environment and destiny.
This paper has presented a theoretical framework positing that the ultimate asymptote of
human civilization is the achievement of full cosmic agency through self-contained, navigable
civilizations. This vision is grounded in the observable evolution of human control—from
the earliest days of survival to our current mastery over global ecosystems—and it emerges

naturally from our relentless drive for autonomy.

At its core, this paper argues that human progress is defined by our increasing ability to
control our environment and shape our future. Our journey, marked by successive leaps
in energy mastery and technological innovation, inevitably leads us to the development
of mobile world-systems. These systems will empower us to transition from being mere
passengers on a drifting planet to becoming active stewards of our cosmic trajectory. This is
not a flight of fancy involving Dyson spheres or other megastructures—it is the logical next

step in our ongoing evolution.

The significance of this framework lies in its ability to reframe current space exploration
efforts. We have long operated under the illusion of a static home, yet as we read these words,
Earth is hurtling through space at approximately 30 km/second. Our current condition,
where we are forced to live on a planet whose motion we do not control, is inherently
precarious. A mobile world-system, in contrast, represents a home where we determine the
trajectory, offering far greater resilience against cosmic hazards and a more secure future for

humanity.

Though the idea of actively controlling a home that is permanently moving through the
cosmos may initially seem uncomfortable, this discomfort arises from the illusion that our
current home is static. In reality, Earth is already in constant motion, and our survival
depends on whether we continue as passive passengers or take the helm. As we stand on
the threshold of the cosmos, the choice is clear: embrace the vision of full cosmic agency,
transforming our journey from one of drift to one of deliberate navigation. This is not only
a technological challenge but also a philosophical imperative—a call to secure our destiny

by turning our innate drive for autonomy into the active steering of our cosmic voyage.

Ad astra per scientiam.
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Key Takeaways

Humanity’s Trajectory: Human progress is characterized by an increasing pursuit
of agency over movement and environment, culminating in the quest for full cosmic

mobility.

Mobile World-Systems: The ultimate expression of human agency is the devel-
opment of mobile world-systems—self-contained, navigable civilizations capable of

traversing the cosmos.

Paradigm Shift: Transitioning from a base-centric to a mobile-centric paradigm is
essential for achieving full control over our cosmic trajectory, enhancing resilience, and

ensuring long-term survival.

Technological Prerequisites: Achieving mobile world-systems requires advance-
ments in fusion energy, closed-loop ecosystems, and propulsion technologies, along

with innovative governance structures.

Asymptotic Progress: Human civilization’s progress asymptotically approaches
complete cosmic agency, with intermediate states being inherently unstable over cos-

mic timescales.

Logical Extrapolation: This framework is not speculative science fiction—it is the

logical conclusion of our historical trajectory toward greater control and resilience.

Implications for Space Development: Current space development efforts should
prioritize research and policy initiatives that align with the long-term vision of mobile

world-systems.
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Falsification Check: Testing the Premise

To refute the central thesis of this paper—that human civilization’s relentless pursuit of
agency inevitably leads to the development of mobile world-systems, thereby ensuring our
long-term cosmic survival-—critics must convincingly demonstrate at least one of the follow-

ing:

1. No Empirical Trend Toward Increasing Agency: If historical and empirical
analyses fail to show a clear trend of increasing human control over movement and
environment, then the foundational premise of this framework is undermined. To

refute the argument, one must demonstrate that:

e The technological and social advancements in human history do not correlate

with increased control over our environment.

o Early human societies, despite limited technology, did not significantly differ in

resilience or adaptive capacity compared to modern societies.

2. Stability and Sufficiency of Intermediate States: The framework assumes that
intermediate states—such as fixed, base-centric planetary systems—are inherently un-
stable over cosmic timescales and insufficient for long-term survival. To falsify the

thesis, critics must show that:

« (ivilizations can sustainably thrive in intermediate states without progressing to

full cosmic agency.

o Fixed planetary systems, when coupled with advanced defensive and resource
management strategies, provide adequate resilience against cosmic hazards (e.g.,

asteroid impacts).

3. Viability of Base-Centric Paradigms: If it can be demonstrated that base-centric
space exploration and colonization (i.e., remaining tied to static celestial bodies like
Earth or Mars) can ultimately achieve and maintain full cosmic agency and resilience,
then the need for mobile world-systems is negated. To refute the proposed framework,

one must provide evidence that:

o Advances in planetary engineering or defense systems can grant us complete con-

trol over our environment, even without mobile platforms.

o Base-centric paradigms can evolve to a point where the inherent vulnerabilities
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of a fixed home are effectively mitigated.

4. Technical or Economic Impossibility of Mobile World-Systems: The pursuit
of mobile world-systems hinges on overcoming substantial technical and economic chal-

lenges. If research conclusively shows that:

e The energy, material, or logistical demands for developing self-contained, naviga-

ble civilizations are insurmountable or prohibitively expensive.

o Advanced propulsion technologies (e.g., nuclear fusion) or closed-loop ecological

systems required for mobile world-systems are fundamentally unachievable.

then the transition to full cosmic agency via mobile world-systems would be rendered

impractical.

Conclusion: Unless one or more of these falsification criteria can be demonstrated, the
logical conclusion remains: humanity’s trajectory—characterized by a continual increase in
agency—is inevitably leading us toward a future where we control our cosmic destiny. Mobile
world-systems are not speculative science fiction; they are the natural extrapolation of our
historical progress. Without such a transition, we remain at the mercy of an uncontrollable

environment, facing the instability of intermediate states or even extinction.
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Appendix: From Passenger to Driver

Imagine for a moment that you’re in an Uber. As you settle into your seat, you quickly
realize that you have no control over the route, the speed, or the destination—everything is
determined by your driver and the GPS of the car. Now, picture that Uber not as a typical
ride, but as our planet, Earth, hurtling through space under the inexorable pull of gravity.
We're essentially riding on a cosmic Uber, where gravity is the silent driver and the laws of

physics dictate our route.

In this scenario, Earth is our vehicle—a massive ship moving through the cosmos at approx-
imately 30 km/second. As passengers, we might try to complain about the route or peer out
the window, but we remain entirely at the mercy of forces we can neither choose nor control.
This is the current state of humanity: a passive role, confined to a planet whose trajectory

is predetermined by cosmic forces beyond our direct influence.

The analogy sharpens when we consider our progress in space exploration. Up until now, our
efforts have been akin to sending small probes out from the back seat of this Uber. We’ve
been exploring the cosmos from a fixed base without the ability to alter our course—merely

observing and reacting to the journey.

Now, imagine if we could take control of the wheel. Transitioning from being mere passengers
to becoming active navigators would be as revolutionary as the moment early humans learned
to build ships and set their own course across uncharted waters. This shift represents the
essence of developing mobile world-systems: instead of relying on Earth’s uncontrollable,
cosmic autopilot, we would design self-contained habitats capable of being steered through
space. This is not about fanciful megastructures like Dyson spheres—it is a natural, logical

extension of our drive for agency and control.

Just as obtaining a driver’s license transforms you from a passive rider into someone who
charts their own route, achieving mobile world-systems would enable us to control our destiny.
It means mastering the enormous energy scales needed to maneuver a planetary-scale system
or constructing worldships that we can direct, rather than remaining at the mercy of an

indifferent cosmos.

This analogy underscores the central message: our current existence as passive occupants of
a moving Earth is an illusion of stability. In reality, we are constantly on the move. The
logical next step in our evolution is to seize control of that movement—shifting from cosmic

passengers to cosmic pilots.
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