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The dream of becoming a multi-planetary species is one of humanity's greatest ambitions. Yet the current vision promoted by many space agencies and private companies assumes that humanity can transition from Earth directly to permanent settlements on Mars. This book argues that such a leap is premature and potentially catastrophic.

Human beings have never lived for generations in space. No child has ever been born and raised beyond Earth. No society has ever functioned entirely off-world. Before humanity attempts to colonize Mars, we must first learn how to live in space itself.

The first true frontier is not Mars—it is Earth orbit.

By building vast rotating space stations that recreate Earth-like gravity and support thriving communities, humanity can gain the experience needed to survive away from Earth. Families, workers, teachers, engineers, artists, and entrepreneurs—not just astronauts—must become the pioneers of this new era.

Only after mastering life in space should humanity establish permanent settlements on Mars and beyond.

───

Chapter 1 – The Mars Rush

Why Humanity Is Moving Too Fast

An examination of current plans by NASA, SpaceX, and other organizations, and the risks of treating Mars as the immediate next step in human expansion.

───

Chapter 2 – The Forgotten Frontier

Space Itself Is the Destination

Why orbit, not Mars, should be humanity's first permanent home beyond Earth.

───

Chapter 3 – Lessons from Every Frontier

History's Warning Against Giant Leaps

What exploration history teaches us about gradual expansion, adaptation, and survival.

───

Chapter 4 – The Human Body Was Built for Earth

Gravity, Biology, and the Limits of Adaptation

The profound challenges of long-term life in microgravity and reduced gravity environments.

───

Chapter 5 – Astronauts Are Not Colonists

Why Space Missions Do Not Equal Space Civilization

The difference between temporary expeditions and permanent human societies.

───

Chapter 6 – The Unknown Generation

What Happens When Children Grow Up Off Earth?

The unanswered questions surrounding birth, childhood development, education, and aging in space.

───

Chapter 7 – Mars Is Not Earth

The Harsh Reality of the Red Planet

Radiation, dust storms, isolation, toxic soil, low gravity, and the challenges facing settlers.

───

Chapter 8 – The One-Way Mistake

Why Mars Colonists Could Become Trapped

Exploring how distance and logistics could turn Mars settlements into isolated outposts.

───

Chapter 9 – Building Humanity's First Orbital City

A New Vision for Living Beyond Earth

Introducing the concept of a massive space station designed for permanent habitation.

───

Chapter 10 – Creating Earth in Space

Artificial Gravity and the Return of Normal Life

How rotating habitats could recreate Earth's gravity and preserve human health.

───

Chapter 11 – Main Streets Among the Stars

Restaurants, Parks, Schools, and Everyday Living

Imagining the familiar comforts that transform a habitat into a true community.

───

Chapter 12 – The First Space Families

Raising Children Beyond Earth

The social, educational, and cultural foundations of the first off-world generation.

───

Chapter 13 – A Society, Not a Science Experiment

Why Everyone Must Go

Why space settlements should include ordinary citizens, not only specialists and scientists.

───

Chapter 14 – Learning to Thrive

The Great Training Ground for Humanity

How orbital cities would teach humanity everything needed for future worlds.

───

Chapter 15 – The Economics of Space Civilization

Building Prosperity Above Earth

Industry, tourism, manufacturing, commerce, and the economic engines of orbital settlements.

───

Chapter 16 – The Psychology of Leaving Earth

Living with the Stars Outside Your Window

Understanding isolation, identity, mental health, and adaptation in space.

───

Chapter 17 – The Shield Against Extinction

How Orbital Cities Protect Civilization

Why distributed human populations increase humanity's resilience against global disasters.

───

Chapter 18 – Graduation Day for Humanity

When We Are Finally Ready for Mars

The milestones humanity should achieve before establishing permanent Martian settlements.

───

Chapter 19 – The First Planned World

Transforming Mars from Destination to Expansion

How Mars becomes far more achievable once humanity has mastered orbital living.

───

Chapter 20 – The Road to the Stars

From Orbital Cities to a Galactic Civilization

A vision of humanity's future stretching from Earth orbit to the Solar System and beyond.

───

	[image: ]
	 	[image: ]


[image: ]

Chapter 1 – The Mars Rush

Why Humanity Is Moving Too Fast
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There is a particular kind of vertigo that comes from watching a species fall in love with a destination before it has learned to walk. I feel it every time I watch a rendering of a gleaming Mars base—red dust swirling around geodesic domes, a lone figure in a white suit planting a flag against a butterscotch sky—and I think of everything that image conveniently leaves out: the child who has never felt a summer breeze, the bones quietly dissolving inside that suit, the eighteen months of silence that would follow any cry for help. We are, right now, in the middle of one of the most audacious romances in human history—the romance of Mars—and like all romances entered too quickly, it is beautiful, sincere, and in real danger of ending in heartbreak.

I want to be honest about something at the outset of this book: I am not writing this out of pessimism about spaceflight. I am writing it because I love this dream too much to watch it be rushed into failure. Humanity's expansion beyond Earth is not a luxury or a vanity project—it may be the single most important insurance policy our species will ever take out against extinction, against stagnation, against the slow forgetting of what it means to be explorers. But an insurance policy written in haste, on assumptions no one has tested, is not protection. It is a gamble dressed up as a plan. And right now, that is precisely what our Mars ambitions are: a magnificent gamble, wagered with human lives, launched on a timetable set by launch windows and press conferences rather than by biology, psychology, and hard-won evidence.

This chapter is an accounting. It is an honest look at what NASA, SpaceX, and the growing constellation of national space agencies are actually planning to do in the coming decade, set against what we actually know—and do not know—about whether human beings can survive, thrive, and reproduce away from Earth. My purpose is not to ridicule the engineers and dreamers building these rockets. It is to ask, with as much rigor and as much love as I can bring to the question: are we ready? And if the honest answer is no, what have we mistaken for readiness?

The Timetable We Have Set for Ourselves

Let's begin with what is actually on the calendar, because the specifics matter more than the mythology.

SpaceX's ambitions have shifted many times since Elon Musk first described an "Interplanetary Transport System" in 2016, when he spoke of uncrewed missions departing for Mars as early as 2022 and the first astronauts following by 2024. Those dates came and went, as anyone who has watched this program closely could have predicted. But the retreat from those early promises has not tempered the appetite for bold new ones—it has simply reset the clock. In the years since, Musk has repeatedly targeted the recurring Earth–Mars transfer windows, which open roughly every twenty-six months, as the natural rhythm for this ambition. The most recent iteration of the plan calls for a fleet of uncrewed Starships—by some counts as many as five—to attempt landings on Mars during the window opening in the final months of 2026, carrying little more than simulated cargo and, in one telling detail, humanoid robots standing in for the astronauts who have not yet been asked to make the trip themselves. If those landings succeed, the plan calls for crewed missions to follow within another two years, with the stated long-term ambition of a self-sustaining Martian city taking shape within roughly two decades.

I want to sit with that phrase for a moment: self-sustaining city. It is one of the most consequential phrases in the modern space program, because it implies not an outpost, not a research station, but a full civilization—people who marry, raise children, grow old, and die on a world where no human child has ever drawn a single breath. And the timetable for reaching that state is measured not in the language of biology or sociology, but in the language of hardware milestones: successful landings, orbital refueling demonstrations, flight-rate curves that are expected to "grow exponentially." Even Musk himself, by his own public admission, has given the initial uncrewed landing attempt only even odds of happening on schedule. This is not a criticism of his candor—if anything, it is admirable honesty about the difficulty of the engineering. But it reveals something important: even the people setting these dates know, deep down, that the machine is the uncertain variable. The unstated assumption is that the humans who eventually board these ships will simply adapt.

NASA's own posture is more cautious in its public language but converges on the same destination. The Artemis program, which returned American astronauts to lunar orbit for the first time in over half a century with the crewed Artemis II mission earlier this year, is explicitly described by the agency as the proving ground for "eventually sending crews on to Mars." The Moon, in this framing, is not the destination—it is the training wheel, the dress rehearsal, the place to learn the choreography of deep-space operations before the true performance on Mars. Artemis III is slated to test the human landing systems in the mid-point of this decade, with a crewed lunar surface landing to follow soon after, and Mars sits, implicitly, just beyond that horizon—the culmination of the "Moon to Mars" architecture that has organized NASA's exploration strategy since the program's inception.

Other nations have joined this chorus. China has landed rovers on Mars and has spoken openly of crewed missions to the planet within the coming decades. The language across every one of these programs, American, private, and international, rhymes: master the Moon, then go to Mars. Rarely do these architectures pause to ask a prior question—not "how do we get to Mars" but "do we actually know how to live, generation after generation, anywhere that is not Earth?" The Moon-to-Mars sequence treats orbital and lunar operations as a technical rehearsal, a systems check for hardware and procedure. It does not treat them as what I believe they must become: a multi-generational proving ground for human biology, human society, and human psychology in an environment fundamentally hostile to the body and mind that evolved on this planet.

This is the rush I want to name clearly. It is not a rush measured in years—twenty years to a self-sustaining city is not, on its face, reckless ambition. It is a rush measured in evidence. We are on pace to attempt permanent settlement of another planet before we have answered the most basic biological and social questions about living away from Earth at all. We are, in effect, planning to skip a grade.

What We Actually Know About Life Off-World

To understand why this sequencing troubles me, we need to be precise about what decades of spaceflight have actually taught us, because the record is both remarkable and, on the specific question of permanence, strikingly thin.

Humanity has now maintained a continuous human presence in low Earth orbit for more than a quarter-century aboard the International Space Station. This is an authentic triumph of engineering and international cooperation, and it has given us our best data on how the human body responds to living beyond Earth's surface. But it is worth being unsentimental about what that data actually shows. In microgravity, the body behaves like an organism that has been told, quite suddenly, that gravity no longer applies to its design. Bone density falls at a rate of roughly one to two percent per month in weight-bearing bones—a pace of loss that, left unchecked, would be considered a medical emergency on Earth, akin to severe osteoporosis compressed into a fraction of the time. Muscle, especially in the legs and back, atrophies without the constant resistance of body weight against gravity, despite astronauts spending upward of two hours a day on specialized exercise equipment simply to slow the decline. Fluids that would normally pool in the lower body under gravity's pull shift upward toward the head and chest, engorging the optic nerve and reshaping the eye itself—a condition now formally recognized as Spaceflight-Associated Neuro-ocular Syndrome, which can produce lasting changes to vision. The cardiovascular system, no longer required to pump blood "uphill" against gravity, begins to deondition, and the heart itself can change shape. Radiation, unfiltered by the thick blanket of atmosphere that shields us on the ground, bombards every cell in the body at rates that raise lifetime cancer risk and are only partially understood in terms of their effects on the brain and central nervous system over years-long exposures.

These are the effects on healthy, rigorously screened, physically elite adults, monitored by teams of physicians, exercising daily, returning to Earth after missions measured in months rather than years. We do not know what these forces do to a human body over a full lifetime. We do not know what they do to a fetus, to an infant's developing skeletal structure, to a child's growing brain. This is not a rhetorical gap in our knowledge—it is a literal one. As of this writing, no human being has ever been conceived, gestated, born, and raised outside of Earth's gravity and magnetic field. Every study we have on developmental biology in space involves rodents, fish, and other model organisms subjected to short-duration experiments, and even that limited animal research has raised real concerns about disrupted vestibular development, abnormal bone formation, and reproductive complications in microgravity and partial-gravity environments. We are proposing to send human families to raise children permanently on a world with roughly thirty-eight percent of Earth's gravity, and the honest scientific answer to "will children develop normally there" is: we do not know, and we currently have almost no ethical way to find out except by trying it and watching what happens to the children who are born.

I do not say this to be alarmist. I say it because I think it is the single most important sentence in this entire book, and I want it stated plainly, without euphemism, on its very first page: we are prepared to attempt permanent settlement before we have any data on whether human reproduction and childhood development can succeed away from Earth. Every serious ethical framework we apply to medicine, to childhood, to reproduction, demands that we know a great deal more before we proceed. And yet the architecture of our current space ambitions treats this question almost as an afterthought—something to be worked out on Mars itself, in real time, with the first generation of colonists serving, whether by choice or by necessity, as the experimental subjects.

The Isolation Problem

Beyond biology lies psychology, and here too the record we have accumulated, while valuable, does not answer the questions Mars will ask of us.

We have learned a great deal from analogs: the long isolation of Antarctic winter-over stations, submarine deployments that keep crews sealed away from sunlight and family for months, and simulated Mars missions like the Mars500 project and NASA's HI-SEAS habitat experiments in Hawaii. These programs have taught us real lessons about crew cohesion, about the psychological toll of confinement, about the specific ways that small groups fracture or bond under prolonged isolation. But every one of these analogs shares a crucial safety valve that a Mars mission would not have: the possibility of rescue, or at minimum, the possibility of real-time communication with the outside world. An Antarctic researcher in crisis can, in the direst circumstances, be evacuated. A submariner can surface. Even the participants in Mars500, sealed in their mockup for a year and a half, knew they were on Earth, that their families were a phone call away should the simulation be broken, that nothing about their situation was truly, irreversibly permanent.

Mars offers no such comfort. At its closest approach, Mars is still tens of millions of miles from Earth, and the signal delay between the two worlds ranges from roughly three minutes to more than twenty minutes one-way, depending on orbital position—meaning a conversation, in the truest sense, becomes impossible. You cannot ask a question and receive an answer in anything resembling real time. A colonist experiencing a psychological crisis, a medical emergency, or simply the crushing ordinary loneliness of missing a parent's funeral or a child's first steps back on Earth, will do so in a communication environment closer to exchanging letters across an ocean by sailing ship than to anything we associate with modern connectivity. And unlike a ship at sea, there is no possibility of turning around. Once a crew commits to the transit window, they are on Mars, for practical purposes, for the better part of two years before the next return window opens—and if the mission is a one-way settlement effort, that "next window" may never be exercised at all.

We have never tested human psychology under those exact conditions: true distance, true delay, true irreversibility, sustained not for eighteen months but for a lifetime, and eventually for the lifetime of children who did not choose this isolation but were born into it. I do not believe this is an unsolvable problem. I believe it is a research problem—one that demands its own careful, patient, iterative science, conducted somewhere we can still intervene if things go wrong. Mars is not that place. It is the one environment in this entire discussion where a mistake cannot be corrected in time to save the people who made it.

The Myth of the Self-Sufficient Colony

There is a deeper assumption buried in the current Mars architecture that I want to draw into the light, because I think it is the most seductive and the most dangerous of all: the assumption that a Mars colony can be engineered into self-sufficiency largely through technological substitution—that if we simply build enough redundancy, enough life-support systems, enough in-situ resource utilization to manufacture fuel and oxygen from the Martian soil and atmosphere, the human element will sort itself out.

This assumption treats the challenge of living away from Earth as fundamentally an engineering problem, solvable through better hardware. And hardware matters enormously—no one should minimize the genuine brilliance of the propulsion, life-support, and in-situ resource utilization systems being developed right now. But a colony is not simply a life-support system with people inside it. It is a society, and societies are not solved by engineering; they are grown, generation by generation, through trial, error, culture, and the accumulated wisdom of lived experience. No rocket equation tells you how a community governs itself when its air supply is finite and its nearest reinforcements are seven months away. No radiation shielding calculation tells you how a marriage survives, or a childhood unfolds, in a habitat where going outside without a pressure suit means death within minutes. No amount of redundant hardware answers the question of what happens to a small, isolated population's genetic and social health across multiple generations with no possibility of significant immigration to refresh its numbers.

These are not niche concerns. They are the entire substance of what makes a settlement permanent rather than merely an expedition with a longer runway. And they cannot be solved on the fly, in the first years of Martian settlement, by a population of a few dozen or a few hundred pioneers who are simultaneously trying to keep themselves alive against one of the most hostile environments human beings have ever attempted to inhabit. Mars's atmosphere is less than one percent the density of Earth's, offering essentially no protection from radiation and no breathable air. Its average surface temperature hovers around eighty degrees below zero Fahrenheit. Its soil is laced with perchlorate compounds toxic to human physiology. Every single calorie of food, every liter of water, every breath of oxygen for the first years of any settlement must either be manufactured on-site through systems that have never been tested at that scale in that environment, or transported across a gulf of space that takes the better part of a year to cross even under ideal conditions. To ask a first generation of settlers to solve the sociology of permanent isolation while simultaneously solving the logistics of basic survival in that setting is to ask far too much of far too few people, far too soon.

Learning From What We Have Already Learned—And Have Not Yet Learned

I find it useful, when I want to keep my feet under me on this question, to think about how humanity has approached every other genuinely novel frontier in its history. We did not build Antarctic research stations by first attempting permanent multi-generational settlement of the continent; we sent expeditions, then seasonal research teams, then rotating scientific staff, refining our understanding of the environment and our technology for survival within it across more than a century, and to this day no child has ever been born and raised at a South Pole station, because the international community that governs Antarctica has never judged the environment ready for that. We did not colonize the ocean floor by building underwater cities on the first attempt; we built research submersibles, then habitats like Sealab and Aquarius that hosted rotating crews of scientists for weeks at a time, carefully expanding our understanding of what the human body and mind could endure at depth before ever entertaining the idea of permanent underwater settlement—an idea that, notably, we still have not attempted, because we correctly judged it premature.

Spaceflight itself has followed exactly this pattern, right up until now. We did not attempt a Moon landing on the first crewed mission; Mercury taught us whether a human being could survive launch and orbit at all, Gemini taught us rendezvous, docking, and spacewalks, and only then did Apollo attempt the Moon. Each phase built the specific competencies the next phase required, tested in an environment where failure, while still catastrophic, was survivable and correctable at a scale smaller than an entire settlement's worth of lives. What made that incremental process succeed was not caution for its own sake—it was the recognition that certain kinds of knowledge simply cannot be gained any other way than by careful, staged, reversible experimentation.

This is precisely the step I believe we are now trying to skip. We have Antarctic analogs, submarine analogs, six-month International Space Station rotations, and even up to year-long stays by a handful of exceptional astronauts. What we do not have—what has never existed in human history—is a permanent, multi-generational, self-governing human community living entirely away from Earth, with no rotation home, no evacuation option, and children being born into that environment as a matter of course rather than exception. That is the actual substance of what "living in space" or "living on Mars" means, and it is a category of experience utterly distinct from anything we have tested. The ISS has taught us how astronauts endure space. It has taught us almost nothing about how a civilization endures space, because the ISS has never been asked to be a civilization. It has been a laboratory with a rotating staff, each of whom knows, with total certainty, that home is six months away at most, and that Earth is a five-minute radio conversation from calling for help.

Why This Matters Now, Not Later

Some readers may wonder why this argument needs to be made urgently, given that self-sustaining Martian cities remain, by even the most optimistic timelines, decades away. I want to answer that directly, because the urgency is real, and it has less to do with when the first colonists might land and everything to do with the decisions being made right now, in this decade, about where our resources, our best engineering talent, and our cultural imagination are being directed.

Every dollar, every brilliant young aerospace engineer, every gram of political will spent building toward a Mars landing is a dollar, an engineer, and a measure of political will not spent building the intermediate infrastructure this book will argue we actually need first: large, rotating structures in Earth orbit capable of generating Earth-like gravity through centripetal force, capable of hosting thousands rather than dozens of people, capable of sustaining agriculture, industry, art, education, and yes, childbirth and childhood, in a setting where Earth remains a few hours away rather than the better part of a year. The current Mars-first sequencing is not merely scientifically premature—it is an active misallocation of the finite resources and finite attention any civilization can bring to a project this large. Every year we spend refining Starship's Martian entry, descent, and landing profile is a year we are not spending refining the far more foundational question of how to build a rotating habitat that can keep a human community healthy, fertile, and psychologically whole for a hundred years running.

And there is a deeper cultural cost to this misallocation that I think deserves as much of our concern as the physical risks. The romance of Mars—the red planet, the flag, the first footprint—has captured our imagination so completely that it has crowded out a more patient, more foundational vision of what our expansion into space could actually look like. We have let a destination become a substitute for a methodology. We talk about Mars the way earlier generations talked about the transcontinental railroad or the moon landing: as a singular, heroic point of arrival, rather than as one waypoint in a much longer, much wiser process of learning to live somewhere new. I want this book, starting from this very first chapter, to make the case that the methodology deserves our love and our urgency at least as much as the destination does—that learning to build thriving, permanent, rotating communities in Earth orbit is not a detour from the dream of becoming multi-planetary, but its necessary and long-overdue first act.

What Is Actually at Stake

I want to close this chapter by being honest about the stakes, because I do not think this argument lands with the seriousness it deserves unless we sit, briefly, with what failure would actually look like.

If the current trajectory holds and crewed missions to Mars proceed on anything resembling the timelines currently being discussed, we will be sending human beings—and, if the stated ambitions of a "self-sustaining city" are pursued to their logical conclusion, eventually human families and human children—into an environment where we do not know if bones will grow correctly at partial gravity, where we do not know if a fetus can develop normally, where evacuation in a medical emergency is not measured in hours but in months, and where the psychological weight of true, irreversible distance from every other human being on Earth has never been tested across a lifetime, let alone across generations. If something goes wrong—if a pregnancy fails catastrophically, if a colony's closed-loop life support falters in a way no one anticipated, if the social fabric of an isolated, high-stakes, low-population community frays under pressures we have not yet learned to recognize—the consequences will not be contained to a single mission or a single crew. They will be consequences borne by children who never consented to the experiment their parents' ambition enrolled them in.

This is why I believe the current sequencing is not simply premature but, if pursued without the intermediate step this book will spend its remaining chapters describing, potentially catastrophic—not necessarily in the sense of a single dramatic disaster, though that risk is real, but in the slower, sadder sense of a settlement that limps forward, generation after generation, carrying health problems, psychological wounds, and social fractures that a wiser sequencing could have prevented entirely. We owe the first children who will ever be born away from Earth better than that. We owe them a species that did its homework first.

None of this is an argument against Mars. I want to be unmistakably clear about that, because I suspect some readers, encountering this argument for the first time, will hear only caution and mistake it for retreat. It is not retreat. It is patience in service of a dream large enough to deserve patience. Mars is not going anywhere. The window that opens every twenty-six months will keep opening for as long as our solar system persists, and there is no law of physics that says the settlers who eventually descend onto its rust-colored plains must be the first generation to attempt a life away from Earth rather than, say, the fifth, or the tenth—the descendants of people who already know, from hard-won generational experience, how a child's skeleton develops at a fraction of Earth's gravity, how a marriage endures true isolation, how a closed ecological system sustains a thousand people rather than six.

The rest of this book is an argument for where that hard-won experience should be gathered: not on the surface of another planet, where every mistake is a year away from correction, but in orbit around our own—close enough to reach in hours rather than months, close enough that a crisis can still be answered, and far enough beyond Earth's surface that the lessons learned there will translate honestly to the deeper journeys still to come. Before we can become Martians, I will argue, we must first become something we have never been: a species that lives, marries, raises children, and grows old somewhere other than the surface of the Earth. That apprenticeship has not yet begun. Its classroom is not red. It is a rotating wheel of light, turning quietly, patiently, just above the world that gave us birth.
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Chapter 2 – The Forgotten Frontier

Space Itself Is the Destination


[image: ]


There is an old habit of mind, so old that most of us never notice we are practicing it, that treats space as a corridor rather than a place. We look up and see not a location but a route—a stretch of darkness to be crossed as quickly and efficiently as possible on the way to somewhere that actually matters. The Moon becomes a waypoint. Earth orbit becomes a parking lot, a staging area, a place to check your equipment before the real journey begins. And Mars, glowing red and patient at the far end of that corridor, becomes the only stop on the itinerary that anyone bothers to name.

I want to spend this chapter making an argument that runs directly against that habit of mind, because I think the habit is not just imprecise—I think it is backward. Space itself, the region of orbital and cislunar space that begins a few hundred miles above our heads, is not a corridor. It is a frontier in its own right, with its own physics, its own possibilities, and its own claim on being humanity's first true home beyond Earth. It does not need to lead anywhere else to matter. It is not a rehearsal for Mars. It is, potentially, something far rarer and far more valuable: the first place where a human community could learn to be permanent without ever leaving the neighborhood of the world that raised it.

This is the forgotten frontier, forgotten not because it lacks promise but because it lacks the romance of a horizon. There is no red dust to photograph in Earth orbit, no alien sky to marvel at, no flag to plant in soil that no human foot has touched. There is only, depending on how we choose to build it, an engineering achievement so quietly radical that most people have never been asked to imagine it seriously: a structure large enough, and spun with enough care, to give human beings back the one thing that every other proposal for living beyond Earth has been forced to do without. Gravity.

The Idea That Predates the Rocket Age

It is worth remembering that the idea of building rotating habitats in space is not a new one dreamed up in reaction to Mars fatigue. It is, in fact, older than most of the space program itself. Konstantin Tsiolkovsky, the Russian schoolteacher whose equations still govern every rocket launch today, wrote about rotating space habitats generating artificial gravity through centrifugal force as early as the first years of the twentieth century. Wernher von Braun sketched a rotating wheel-shaped station in the 1950s, the same design later immortalized as Space Station V in 2001: A Space Odyssey. And in the 1970s, the physicist Gerard K. O'Neill, working with a class of Princeton students who had simply asked him whether a planetary surface was really the best place for an expanding civilization, produced a rigorous engineering study proposing enormous cylindrical habitats, miles long, rotating to produce Earth-normal
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