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To Linda; My sister, and true lifelong friend





Henceforth I spread confident wings to space

I fear no barrier of crystal or of glass;

I cleave the heavens and soar to the infinite.

And while I rise from my own globe to others

And penetrate even further through the eternal field,

That which others saw from afar, I leave far behind me.

—Giordano Bruno

“On the Infinite Universe and Worlds,” 1584






PREFACE TO THE 25TH ANNIVERSARY EDITION

It has be twenty-five years since I penned the first edition of The Case for Mars. A lot has happened since then. A lot more is going to happen very soon.

When spaceflight began in the Sputnik era, the price to reach orbit was astronomical. Under pressure of the space race, the basic technology of expendable space launch was perfected so that by the time of the 1969 Moon landing, the cost of delivery to orbit had declined to $10,000 per kilogram—and there it stayed for the next forty years.

But then, ten years ago, things began to change. The entrepreneurial SpaceX company entered the game, reducing the cost of launch, first by introducing cheaper ways of doing business, and then, more profoundly, in December 2015, by starting to make its Falcon 9 medium-lift boosters reusable. Then, on February 6, 2018, the SpaceX Falcon Heavy took flight, demonstrating a capacity to lift 60 tons to low Earth orbit while playfully sending a Tesla Roadster on a trajectory that is taking it beyond the orbit of Mars. To add to the coup, two of the Falcon’s three booster stages flew back to land gracefully together at the Cape, while the third barely missed pulling off a recovery landing on a drone ship stationed downrange.

To understand how extraordinary this accomplishment was, let us recall that in 2009 the Obama administration’s blue-ribbon review committee headed by former Lockheed Martin CEO Norm Augustine declared that NASA’s Moon program had to be cancelled, because the development of the necessary heavy lift booster would take 12 years and 36 billion dollars.

Yet SpaceX did it, in half the time and at a thirtieth of the cost. And, to cap it all, the launch vehicle is three-quarters reusable.

In consequence, the cost of launch to orbit today is now $2,000 per kilogram, one-fifth of what it was a decade ago. Moreover SpaceX has not just introduced some new launch capabilities. They have proven the power of creative entrepreneurial approaches to spaceflight. As a result, dozens of other companies, developing not only launch vehicles but spacecraft, instruments, communications, power systems, and all sorts of other necessary technologies are now receiving investment and growing rapidly.

This is a revolution. Promethean fire has been unleashed. But it is only the beginning.

As I write these lines, a shipyard is rapidly expanding in Boca Chica, Texas, whose purpose is to build a fleet of interplanetary transports to support the exploration and settlement of Mars. In February 2020, my wife, Hope, and I travelled to there to meet with SpaceX CEO Elon Musk. While we talked inside the SpaceX onsite headquarters, a mariachi band played outside, providing entertainment for long lines of people queued up to apply for multiple categories of jobs building craft to take humans to Mars. Hundreds were already hired and at work in the complex. By the time you read this there will be thousands.


[image: Image]
The author and Elon Musk during their meeting at the Starship development facility in Boca Chica, Texas. (Photo Hope Zubrin)



Musk calls his design the “Starship.” It’s a methane-oxygen-driven, stainless steel, two-stage to orbit rocket with a payload capacity equal to the Saturn V booster that sent Apollo astronauts to the Moon. The Saturn V, however, was expendable, with each unit destroyed in the course of a single use. Starship will be fully reusable, like an airliner, and thus promises a radical reduction in payload delivery costs.

Furthermore, the Starship is being designed to be refueled in space, which means it won’t be limited to delivering payloads to low Earth orbit, but, after orbital refilling, will be able to fly all the way to the Red Planet. We can make methane-oxygen propellant out of local materials on Mars, so once it lands, a Starship will be able to refuel there for the return flight to Earth.

Prototypes of Starship have already flown on low-altitude hops, but orbital flight has yet to be demonstrated. Yet here was Musk, building not only the first experimental ship to prove the concept but also—as we witnessed touring the place the next day—a shipyard and a fleet. Is he mad? According to conventional aerospace industry thinking he certainly is. But there is a method to his madness.

Both the Mars Direct strategy I first set forth in this book and Musk’s Starship plan use direct flights from Earth orbit to the surface of Mars, with direct return from the surface to Earth using methane/oxygen propellant made on the Red Planet from local materials. Both shun any need for orbital infrastructure, orbital construction, interplanetary motherships, specialized small landing craft, or advanced propulsion. Both involve long-duration stays on Mars starting from the very first mission. For both, the central purpose of the mission is not flying to Mars but accomplishing something serious on Mars.

But there is a difference. Starship is about ten times more massive than the Earth Return Vehicle I proposed to use in Mars Direct. As a result, it will need about ten times as much propellant, making the Mars surface power and other base requirements needed to support Starship operations factor of ten higher than that needed to implement Mars Direct.

So a large base will need to be built in advance, by sending several Starships loaded with lots of base equipment one-way to Mars—ten football fields’ worth of solar panels and robots to set it all up—before the first crew-carrying Starship can arrive. This makes the system suboptimal for exploration. But exploration is not what Musk has in mind.

Mars Direct is designed to support an exploration program that could evolve toward base building and then settlement; Musk’s plan is like D-Day. He needs a fleet. So he’s creating a shipyard to build a fleet. But why build a fleet before you’ve even tested one ship? There are several reasons. The first is that he wants to be ready to take losses. By the time the first Starship is ready for its maiden test flight, he’ll have three or four more already built and on deck, ready to be modified to fix whatever caused the first to fail. Launch, crash, fix, repeat—until it works—then keep launching, improving payload and cutting turnaround time, advancing performance, flight by flight, ferociously.

But there is another reason to build a fleet. It’s to make Starships cheap. NASA built five Space Shuttles over a twelve-year period, each one costing several billion dollars. Musk is creating a shipyard designed to ultimately mass-produce Starships at a rate of fifty or more—he says hundreds—per year. As I write these lines, they are already rolling out prototypes at a rate of one per month.

So Starship is coming. But when?

Musk says they will reach orbit in 2021. That’s possible. But Musk is frequently optimistic in his schedule prediction. So maybe it won’t be until 2022, or even 2023. But surely Starships will be flying regularly to Earth orbit by 2024. That will create a very interesting situation.

Because while NASA and the other government space agencies may have gone adrift in the space-launch and human-spaceflight arenas since Apollo, they have delivered extraordinary results in the fields of space science. A string of incredibly successful NASA orbiters and rovers launched since the mid-1990s has revealed Mars to be a world rich in all the resources needed to support life and therefore future technological civilizations. A few years ago, methane—which can only exist on Mars as a product of life or of hydrothermal environments that can support life—was detected by the Curiosity rover. Then, in 2018, scientists using the MARSIS ground penetrating radar on the European Mars Express Orbiter announced the discovery of an underground lake of liquid salt water near the Martian South Pole. That same year the SHARAD ground penetrating radar team on NASA’s Mars Reconnaissance Orbiter announced the discovery of massive ranges of glaciers on Mars, covered by only a few meters of dust, extending down from the poles to latitudes as far as 38 North (the same latitude as San Francisco), and containing an amount of water equal to 10 percent of the fresh water supply of Earth. Then, in the fall of 2020, MARSIS scientists announced the discovery of three more underground salt-water lakes on Mars. On the basis of such data, it is becoming increasingly likely that we will discover not only the remains but even living survivors of ancient microbial life on the Red planet. As humble as such Martian microbes might be, the implications drawn from their existence are spectacular: the processes that lead to the origin of life are not peculiar to the Earth.

If we combine such a finding with the Kepler space telescope mission’s discovery that most stars have planets, and that virtually every star has a region surrounding it—near or far depending upon the brightness of the star—that can support the type of liquid-water environments that gave birth to life on Earth and Mars, the conclusion would have to be that a very large number of stars currently possess planets that have given rise to life.

But there is even more to it than that. We know from fossil evidence dating back at least 3.5 billion years that life appeared on Earth virtually as soon as it could. This means that either life evolves quickly and spontaneously from chemistry, or that life is being spread in microbial form across interstellar space and readily takes hold as soon as it finds a habitable environment. Either way, the conclusion is that life must be plentiful throughout the universe. In particular, since the thickly CO2-enshrouded early warm and wet Mars was very similar to the early Earth, it means the Red Planet almost certainly once had life. We need to go to Mars, drill, bring up samples of subsurface water, and see what is there.

The key question is not whether there is life on Mars, but what is its nature? At the biochemical level, all life on Earth is the same. Whether bacteria, mushrooms, grasshoppers, or people, we all use the same DNA/RNA genetic alphabet. That’s because we all share a common ancestor. But what about the Martians? If we both came from a common source, our alphabets will resemble each other, as the English alphabet does that of French. But if each biosphere originated locally, they could be as different as English and Chinese.

The necessary program of drilling, sample taking, culturing, biochemical analysis, and related observations is far beyond the ability of robotic rovers. It will require human explorers on the surface of Mars to carry out such a quest. But it will be worth the cost and risk involved, because it would not only once again astound the world with the daring creative genius of freedom, it would provide answers to fundamental questions about the prevalence and potential diversity of life in the universe that thinking men and women have wondered about for thousands of years.

In short, unlike NASA’s human spaceflight program current lunar venture, dubbed project Artemis, which frankly is being done simply to have something to do, sending human explorers to Mars would have a truly compelling purpose. Once Starship is flying to orbit, achieving that purpose will be clearly within reach—not as something to be done in twenty or thirty years, but before this decade is out, and at a cost well within current space program budgets.

In short, by making human missions to Mars practical, SpaceX is going is going to make such a program sellable.

That is where you come in.

What SpaceX is doing is great, and we can all celebrate it. But we need to do more. We can’t expect SpaceX the bear the full cost of a humans-to-Mars program. They are creating the transportation system, which is the single largest task. But there are numerous other technologies that need to be developed, including those for power generation, propellant making, spacesuits, surface vehicles, robots, greenhouse agriculture, construction equipment, and many others. SpaceX can develop Starship because it has many other commercial applications that will pay for it, ranging from satellite launch to rapid intercontinental travel on Earth. But many of these other technologies don’t offer that kind of short- to medium-term payback. They will need government support. Furthermore, some of them, such as surface nuclear power, would be very difficult for the private sector to develop regardless of cost, as they require access to controlled materials, such as highly enriched uranium.

So we are going to need a public-private partnership. We need to get the U.S. and allied governments to meet SpaceX and the other entrepreneurial space companies halfway.

History is not a spectator sport. Musk, his team, and others like them are doing their part. We need to do ours.

If you have the technical or business smarts to sign up with one of the entrepreneurial space teams or start one of your own, I urge you to do so. If you have political, organizational, artistic, or literary abilities, use your talent to spread the vision.

Victor Hugo once said that nothing can stop an idea whose time has come. That is true, provided the idea has messengers who can help it recruit to its banners the forces necessary for its victory. The poet Percy Shelley said, “poets are the legislators of mankind.” That is also true, because culture is upstream of politics.

Mars needs engineers. Mars needs messengers. Mars needs poets.

Mars needs you.

All of human history up to this point, from the trek out of our African birthplace to the settling of the continents and then the linking together of the disparate branches of humanity through first long-distance sailing ships, then telegraphs, telephones, radio, television, satellites, and the internet, has been a process of our rise from a local Kenyan Rift Valley biological curiosity to a full-fledged global civilization. That transition is now nearly complete, and we stand at the beginning of a new history—our rise to become an interplanetary species capable of measuring itself against the challenge of the stars.

I am convinced that someday humans will live on millions of worlds, scattered throughout this region of the galaxy. They will not remember the political, business, and geostrategic struggles that preoccupy most people today. But they will look back with wonder on the first human landing on Mars and those who made it happen.

Contrary to some prestigious commentators, we are not living at the end of history.

We are living at the beginning of history.

What a grand time to be alive.

Robert Zubrin

Golden, Colorado

October 2020





PREFACE TO THE 15TH ANNIVERSARY EDITION


Our doubts are traitors

And make us lose the good we oft might win

By fearing to attempt.

—William Shakespeare, Measure for Measure



A lot has happened in the fifteen years since The Case for Mars was first published. A string of robotic missions were launched to the Red Planet, including Mars Pathfinder and Mars Global Surveyor in late 1996; Mars Polar Lander and Mars Climate Orbiter in 1999; Mars Odyssey in 2001; Spirit, Opportunity, and Mars Express in 2003; Mars Reconnaissance Orbiter in 2005; and Phoenix in 2007. With the exception of the 1999 flights, all of these missions have been brilliantly successful. As a result, our knowledge of the planet has greatly increased.

We now know for certain that Mars was once a warm and wet planet, possessing not only ponds and streams but oceans of water on its surface, and continued to have an active hydrosphere for a period on the order of a billion years—a span five times as long as the time it took for life to appear on Earth after there was liquid water here. Thus, if the theory is correct that life is a natural phenomenon emerging from chemistry wherever there is liquid water, various minerals, and a sufficient period of time, then life must have appeared on Mars.

Furthermore, we know that much of that water remains on the planet today as ice or frozen mud, with the soil of continent-sized regions of the planet assessed as being more than 60 percent water by weight. Not only that, we have discovered that Mars has liquid water, not on the surface, but underground, where geothermal heating has warmed it to create environments capable of providing a home for life on Mars today. We have found places where water flowed out of the underground water table and down the slopes of craters within the past ten years. Indeed, we have detected methane emissions characteristic of subterranean microbial life emerging from vents in the Martian surface. These are either the signatures of Martian life or the proof of subsurface hydrothermal environments fully suitable for life. Either way, they identify exactly the places where astronauts could go, drill, and bring up water samples whose contents would reveal to us the truth about the nature, prevalence, and potential diversity of life in the universe.

Beyond that, we have mapped the mineral content and topography of the planet from orbit and photographed it in sufficient detail to be able to see and guide our small robotic rovers, as well as to identify ideal landing sites and travel routes for future human explorers.

So now we know why we should go, and where we should go. But are we on our way? Not yet. In startling contrast to the brilliant and continuing success of the robotic Mars exploration program, over the fifteen years since the first publication of this book, NASA’s human spaceflight program has made no progress whatsoever. The point requires emphasis. Aside from the information returned by the robots, NASA today is no better prepared to send humans to Mars than it was in 1996.

How can that be? The most frequent answer is lack of money. If only NASA had the kind of funding it did during the Apollo era, it is claimed, we would see great accomplishments in human spaceflight. This excuse, however, is completely false. The fact of the matter is that in today’s dollars the average NASA budget between 1961 (when President Kennedy gave his speech announcing the Apollo program) and 1973 (when the final Apollo-Skylab mission was flown) was $19 billion per year, nearly exactly the same as NASA’s budget is today, and has been in round numbers, since about 1990.

Nor is it the case that the Apollo-era NASA was able to accomplish more in the human spaceflight area because it did so at the expense of robotic exploration. In fact, during that period the unmanned exploration program was more active than it has been over the past fifteen years, with some forty lunar and planetary probes launched. In fact, if we extend our baseline to fifteen years, matching the 1961 to 1975 period against 1996 to 2010, we find that the earlier NASA launched ten Mars probes with eight successes, nearly identical (but slightly superior) in flight rate and batting average to the modern NASA’s track record of nine Mars probes with seven successes.

Yes, it is true that the NASA budget during the 1960s got a larger share of federal outlays, however that is not because NASA was richer but because the nation was smaller and poorer. During the 1960s, America’s population was 60 percent what it is today, and its GNP was 25 percent as great. These were hardly advantages for Apollo.

Furthermore, the technology available to America a half century ago was vastly inferior to that of today. The men who designed Apollo did their calculations on slide rules capable of performing, at most, one calculation per second, not on computers doing billions. Yet in eight years they solved all the problems necessary to take us from nearly zero human spaceflight capability to landing men on the moon and returning them to Earth.

As this book will show in detail, from a technological point of view, we are much better prepared to send humans to Mars today than they were to get men to the Moon in 1961. Yet they got there in eight years. We’ve gone nowhere in the past three and a half decades.

So, the question is, what did NASA have then that it doesn’t have now?

The answer is Resolution.

By resolution I mean that quality associated with being able to determine what it is you truly want to accomplish, committing to that objective, creating a plan to achieve it, and then doing what is necessary to actually implement that plan.

During the Apollo period, that is how America’s human spaceflight program operated. The objective was clear—get men to the moon and back by the end of the decade—and the commitment to it was absolute. Accordingly, a plan was devised to achieve that goal in accord with that schedule, vehicle designs were created to implement that plan, technologies were developed to enable those vehicles, then the vehicles were built and the missions were flown.

The robotic space program also operated in that manner at that time, and continues to do so today. That is why it continues to deliver ever greater achievements.

It is not the fact that the unmanned exploration program employs robots that has made it a success. Rather it owes its success to the fact that the people running it are using their brains.

In contrast, NASA’s human spaceflight program has abandoned this rational approach entirely. Instead of designing things to implement plans, it develops things and then tries to find some use for them. It created the space shuttle without any clear idea of what it would be for, and thus it has proved to be of very limited value for supporting human space exploration.

The International Space Station (ISS) was conceived of for the purpose of giving the Shuttle something to do, but requiring that the station be built by the shuttle has vastly increased the station program costs and risks, overcomplexified its design, and limited its size while burdening it with a nightmare twenty-year assembly launch sequence. In contrast, the simpler yet bigger Skylab was designed and built in four years, and launched in one day. Moreover, the ISS itself has no rational purpose commensurate with its cost, risk, or multidecadal preoccupation of the agency’s time. The fact that this dismal assessment of the Station’s value, while unacknowledged, is generally understood was made amply clear by the sequel to the February 1, 2003, Columbia disaster. Coming down harshly on the space agency, the accident review committee chairman Admiral Harold Gehman pronounced that “if we are to accept the costs and risks of human spaceflight, we need to have goals worthy of those costs and risks.” In response, the Bush administration did not even attempt to make the case that the ISS program met that standard. Instead it launched a new initiative to give NASA human spaceflight program something worthwhile to do, specifically a return to the Moon by 2020.

While it is true that flying to the Moon is certainly a more interesting activity than hanging out in a space station in low Earth orbit, creating urine and stool samples so that guinea pig scientists can catalog still more data on the progressive deterioration of human physiology in zero gravity (which is completely unnecessary, since any competent Mars mission designer would employ artificial gravity aboard his interplanetary spacecraft in order to avoid such effects—unless, of course, he was mutilating his design in order to provide justification for space station research), it still fails the test of rationality. We have, after all, been to the Moon six times. Over 300 kilograms of lunar material has been returned to Earth, and few people show any active interest in it. The big picture regarding the nature of lunar geology is already understood, with further work largely a matter of filling in details. Moreover, the whole subject is of limited interest anyway, trivial, in fact, in comparison with the questions of the origins and fundamental nature of life that would be addressed by the human exploration of Mars. And as to the matters of national brilliance and glory, self and world image, and reassertion of our will as a people to embrace and meet new challenges, one wonders what it says about America if the highest aspiration of our space program is to repeat a mission it accomplished a half-century before.

Notwithstanding the above, an even bigger problem with the Bush administration’s goal of returning to the Moon was that it was not a real goal at all. Rather it was an attempt to create sizzle without the steak, since, as proclaimed in 2004 for achievement by the year 2020, it did not actually require NASA to do anything toward its fulfillment during the administration’s time in office, even assuming a second term. Thus five more Bush years went by, without any Moon mission hardware being built, after which the putative program was handed off to the Obama administration, which had no stake in it.

Thus orphaned, without political protection, without any valid or compelling reason for existence, and without any material progress to show for itself, the program was predictably cancelled. In its place, the Obama administration put first a “flexible path” concept without even a pretense of purpose. Then, when that was found too absurd for even Congress to bear, a pseudogoal of reaching a near-Earth asteroid by 2025 (i.e., beyond the time horizon requiring any action by the world of the present) was duly proclaimed and ignored. However, since there are, after all, twenty-seven swing electoral votes in Florida, the administration set forth a fanciful assortment of new projects, including spending several billion dollars to refurbish the shuttle launch pads after the shuttle stops flying, developing a high-power electric thruster without the very large space nuclear reactor required to drive it, building an orbiting refueling station to service interplanetary spaceships that do not exist, and creating a space capsule that can fly astronauts down from orbit but not up.

None of these strange projects serve any useful purpose, nor could any other alternative random set, not merely because they don’t fit together into any functional combination, but because, in the absence of a goal, there is no useful purpose for them to serve. Without question, they’ll all be cancelled when Obama leaves office, if not before, without producing anything useful. And after spending another 40 or 80 billion dollars and wasting another four to eight years, we’ll be back to square one once again.

Where there is no vision, the people perish.

The American people want and deserve a space program that really is going somewhere. But no goal can be sustained unless it can be backed up, and not by “rationales,” but by reasons.

There are real and vital reasons why we should venture to Mars. It is the key to unlocking the secret of life in the universe. It is the challenge to adventure that will inspire millions of young people to enter science and engineering, and whose acceptance will reaffirm the nature of our society as a nation of pioneers. It is the door to an open future, a new frontier on a new world, a planet that can be settled, the beginning of humanity’s career as a spacefaring species with no limits to its resources or aspirations as it continues to push outward into the infinite universe beyond.

For the science, for the challenge, for the future; that’s why we should go to Mars.

The only meaningful counterargument against launching a humans to Mars initiative is the assertion that we cannot do it. This claim, however, is completely false.

We would need a heavy lift launch vehicle (HLV), which we lack, say the opponents, and it would take vast sums and extended periods of time to create one—$36 billion and twelve years, according to the Obama administration’s blue-ribbon human spaceflight review panel. This is nonsense. We flew our first heavy lift vehicle, the Saturn V, in 1967, following a five-year development program during which we had to invent it as we went along. Today we know exactly what to do. As to cost, SpaceX company president Elon Musk testified directly to the panel that he would be willing to develop a 100 tonne to orbit class HLV for a fixed-price contract of $2.5 billion. This claim is very credible, since SpaceX recently developed and flew a 10 tonne to orbit medium lifter for a total program cost of $300 million. Indeed Lockheed Martin, the aerospace giant formerly led by panel chairman Norm Augustine, has designs for HLVs whose development it prices at $4 billion.

A human Mars lander would require a huge parachute, the opponents say, much bigger than anything we have used. A large parachute? Please, give me a break. If we could send men to the Moon, we can certainly make a large parachute. Or if we didn’t care to do so, we could just use a more modest-sized parachute system and complete the landing deceleration using rockets.

It takes too long to get to Mars, they say, so we have to delay launching the initiative until we can develop radically more advanced types of space propulsion capable of getting us there much faster. Wrong. Using existing chemical propulsion, we can go from Earth to Mars in six months, and in fact the Mars Odyssey spacecraft did exactly that in 2001. Trips of this duration are quite manageable by humans. In fact, it’s the standard tour that scores of astronauts and cosmonauts have already performed aboard Russian space station Mir and the ISS.

We would need a nuclear reactor to power our base on the Martian surface, they say, and we don’t have one. True. But we fielded our first practical nuclear reactor in this country, the one that powered the submarine Nautilus, in 1952, and the laws of physics haven’t changed much since. We had nuclear power before we had color TV, passenger jets, or push-button telephones. Nukes are 1940s technology. We can certainly build the little one needed to power a Mars base.

Cosmic rays, solar flares, zero-gravity health effects, psychological factors, dust storms, life support systems, excessive cost—the list of alleged showstoppers put forward by the naysayers goes on and on. They’re wrong on every point.

In this book I will prove that to you. I will lay out in detail a plan for a near-term human Mars exploration that negates or solves every single one of these difficulties, accomplished using technology that we possess today.

The human exploration of Mars is not a task for some future generation. It is a task for ours.

We hold it in our power to begin the world anew.

Let’s do it.

Golden, Colorado

March 9, 2011




FOREWORD BY ARTHUR C. CLARKE

The planet Mars is where the action will be in the next century. It is the only world in the solar system on which there is a strong probability of finding Life Past, and perhaps even Life Present. Also, we can reach it—and survive on it—with technologies which are available today, or which we can acquire in the very near future.

Robert Zubrin’s book—which is often very amusing and contains asides which will not endear him to NASA—is the most comprehensive account of the past and future of Mars that I have ever encountered. It explains why we should go there, how we may go there—and, perhaps most important of all, how we may “live on the land” when we get there.

Personally, I am delighted to think that—if Dr. Zubrin’s persuasive arguments are accepted—the first expedition to Mars may leave shortly before my ninetieth birthday. Meanwhile, if all goes well, the Russian Mars Lander will be leaving just before my seventy-eighth, carrying a message I have videoed for the colonists of the next century:

MESSAGE TO MARS

My name is Arthur Clarke, and I am speaking to you from the island of Sri Lanka, once known as Ceylon, in the Indian Ocean, Planet Earth. It is early spring in the year 1993, but this message is intended for the future. I am addressing men and women—perhaps some of you already born—who will listen to these words when they are living on Mars.

As we approach the new millennium, there is great interest in the planet which may be the first real home for mankind beyond the mother world. During my lifetime, I have been lucky enough to see our knowledge of Mars advance from almost complete ignorance—worse than that, misleading fantasy—to a real understanding of its geography and climate. Certainly we are still very ignorant in many areas, and lack knowledge which you take for granted. But now we have accurate maps of your wonderful world, and can imagine how it might be modified—terraformed—to make it nearer to the heart’s desire. Perhaps you are already engaged upon that centuries-long process.

There is a link between Mars and my present home, which I used in what will probably be my last novel, The Hammer of God. At the beginning of this century, an amateur astronomer named Percy Molesworth was living here in Ceylon. He spent much time observing Mars, and now there is a huge crater, 175 kilometers wide, named after him in your southern hemisphere. In my book I’ve imagined how a New Martian astronomer might one day look back at his ancestral world, to try and see the little island from which Molesworth—and I—often gazed up at your planet.

There was a time, soon after the first landing on the Moon in 1969, when we were optimistic enough to imagine that we might have reached Mars by the 1990s. In another of my stories, I described a survivor of the first ill-fated expedition, watching the Earth in transit across the face of the Sun on May 11—1984! Well, there was no one on Mars then to watch that event—but it will happen again on November 10, 2084. By that time I hope that many eyes will be looking back towards the Earth as it slowly crosses the solar disk, looking like a tiny, perfectly circular sunspot. And I’ve suggested that we should signal to you then with powerful lasers, so that you will see a star beaming a message to you from the very face of the sun.

I too salute to you across the gulfs of space—as I send my greetings and good wishes from the closing decade of the century in which mankind first became a space-faring species, and set forth on a journey that can never end, so long as the universe endures. Doubtless in many of its details, Dr. Zubrin’s book—like my own exercise in terraforming Mars, The Snows of Olympus—will be bypassed by future advances in technology. However, it demonstrates beyond all reasonable doubt that the first self-sustaining human colony beyond Mother Earth lies within the grasp of our children.

Will they seize the opportunity? It is almost fifty years since I ended my first book, Interplanetary Flight, with these words:


The choice, as Wells once said, is the Universe—or nothing.… The challenge of the great spaces between the worlds is a stupendous one; but if we fail to meet it, the story of our race will be drawing to its close. Humanity will have turned its back upon the still untrodden heights and will be descending again the long slope that stretches, across a thousand million years of time, down to the shores of the primeval sea.



Arthur C. Clarke

1 March 1996





PREFACE TO THE FIRST EDITION


We choose to go to the Moon! We choose to go to the Moon in this decade and do the other things, not because they are easy but because they are hard, because that goal will serve to organize and measure the best of our energies and skills, because that challenge is one that we are willing to accept, one we are unwilling to postpone, and one which we intend to win.… This is in some measure an act of faith and vision, for we do not know what benefits await us.… But space is there and we are going to climb it.

—John F. Kennedy, 1962



The time has come for America to set itself a bold new goal in space. The recent celebrations of the twenty-fifth anniversary of the Apollo Moon landings have reminded us of what we as a nation once accomplished, and by so doing have put the question to us: Are we still a nation of pioneers? Do we choose to make the efforts required to continue as the vanguard of human progress, a people of the future, or will we allow ourselves to be a people of the past, one whose accomplishments are celebrated only in museums? When the fiftieth anniversary arrives, will our posterity honor it as the touchstone of a frontier pushing tradition that they continue? Or will they look upon it much as a seventh century Roman may have once gazed upon the aqueducts and other magnificent feats of classical architecture still visible among the ruins, saying to himself in amazement, “We once built that?”

There can be no progress without a goal. The American space program, begun so brilliantly with Apollo and its associated programs, has spent most of the subsequent twenty years floundering without direction. We need a central overriding purpose to drive our space program forward. At this point in history, that focus can only be the human exploration and settlement of Mars.

Mars is the fourth planet from the Sun, about 50 percent farther out than Earth, making it a colder place than our home planet. While daytime temperatures on Mars sometimes get up to 17° centigrade (about 63° Fahrenheit), at night the thermometer drops to −90°C (−130°F). Because the average temperature on Mars is below the freezing point, there is no liquid water today on its surface. But this was not always the case. Photographs of dry riverbeds on the Martian surface taken from orbital spacecraft show that in its distant past Mars was much warmer and wetter than it is today. For this reason, Mars is the most important target for the search for extraterrestrial life, past or present, in our solar system. The Martian day is very similar to that of Earth—24 hours and 37 minutes—and the planet rotates on an axis with a 24° tilt virtually equal to that of Earth, and thus has four seasons of similar relative severity to our own. Because the Martian year is 669 Martian days (or 686 Earth days), however, each of these seasons is nearly twice as long as those on Earth. Mars is a big place; although its diameter is only half that of Earth, the fact that it is not covered with oceans gives the Red Planet a solid surface area equal to that of all of Earth’s continents combined. At its closest, Mars comes within 60 million kilometers of our world; at its farthest, about 400 million kilometers. Using present day space propulsion systems, a one-way voyage to Mars would take about six months—much longer than the three-day trip required by the Apollo missions to reach the Moon, but hardly beyond human experience. In the nineteenth century immigrants from Europe frequently took an equal time to sail to Australia. And, as we’ll see, the technology required for such a journey is well within our reach.

In fact, as this book goes to press, NASA scientists have announced a startling discovery revealing strong circumstantial evidence of past microbial life within Antarctic rock samples that had previously been ejected from Mars by meteoric impact. The evidence includes complex organic molecules, magnetite, and other typical bacterial mineralogical residues, and ovoid structures consistent with bacterial forms. NASA calls this evidence compelling but not conclusive. If it is the remains of life, it may well be evidence of only the most modest representatives of an ancient Martian biosphere, whose more interesting and complex manifestations are still preserved in fossil beds on Mars. To find them though, it will take more than robotic eyes and remote control. To find them, we’ll need human hands and human eyes roving the Red Planet.

WHY MARS?

The question of taking on Mars as an interplanetary goal is not simply one of aerospace accomplishment, but one of reaffirming the pioneering character of our society. Unique among the extraterrestrial bodies of our solar system, Mars is endowed with all the resources needed to support not only life but the actual development of a technological civilization. In contrast to the comparative desert of the Earth’s moon, Mars possesses veritable oceans of water frozen into its soil as permafrost, as well as vast quantities of carbon, nitrogen, hydrogen, and oxygen, all in forms readily accessible to those inventive enough to use them. These four elements are not only the basis of food and water, but of plastics, wood, paper, clothing, and—most importantly—rocket fuel. Additionally, Mars has experienced the same sorts of volcanic and hydrologic processes that produced a multitude of mineral ores on Earth. Virtually every element of significant interest to industry is known to exist on the Red Planet. While no liquid water exists on the surface, below ground is a different matter, and there is every reason to believe that geothermal heat sources could be maintaining hot liquid reservoirs beneath the Martian surface today. Such hydrothermal reservoirs may be refuges in which microbial survivors of ancient Martian life continue to persist; they would also represent oases providing abundant water supplies and geothermal power to future human pioneers. With its twenty-four-hour day-night cycle and an atmosphere thick enough to shield its surface against solar flares, Mars is the only extraterrestrial planet that will accommodate large-scale greenhouses lit by natural sunlight. Even at this early date in its exploration, Mars is already known to possess a vital resource that could someday represent a commercial export. Deuterium, the heavy isotope of hydrogen currently valued at $10,000 per kilogram, is five times more common on Mars than it is on Earth.

Mars can be settled. For our generation and many that will follow, Mars is the New World.

GOING NATIVE: THE FAST TRACK TO MARS

Down through history, it has generally been the case that those explorers and settlers who took the trouble to study, learn, and adopt the survival and travel methods of wilderness natives succeeded where others did not. The foreigner sees wilderness where the native sees home—it is no surprise that indigenous peoples possess the best knowledge of how to recognize and use resources present in the wilderness environment.

To the eye of the urban dweller, an Arctic landscape is desolate, resourceless, and impassable. Yet, to the Eskimo it is rich. Thus, during the nineteenth century, the British Navy sent flotillas of steam-powered warships, at great expense, to explore the Canadian Arctic for the Northwest Passage. Loaded with coal and supplies, these expeditions would battle forward against the ice packs for several years at a time, until shortages would force an about-face or even cause the entire crew to perish.

At the same time, however, small teams of explorers working for fur trapping interests were traveling freely over the Arctic by dog sled. Adopting the methods of the natives, they fed themselves and their dog teams on local game and traveled light. At insignificant expense they accomplished far more in the way of exploration than did the naval fleets.

There is a lesson in all of this for space exploration. There are no Martians, yet. But if there are to be, let us ask ourselves some questions. How will they travel? Will they important their rocket fuel from Earth? How about their oxygen? Where will their water come from, their food? How will they survive? There can only be one answer: When on Mars, do as the Martians will do.

TO MARS VIA DOGSLED

Many of the concepts advanced for piloted Mars missions have been analogous to the ponderous Royal Navy approach to the Arctic cited above. According to these plans, grand ships are required to haul out to Mars all the supplies and propellant required for the entire mission. Because such ships are too large to be launched in one piece, construction on orbit is required, as is long-term orbital storage of supercold (or cryogenic) propellant. Large orbiting facilities are required to enable both of these operations. The cost of such a project soon goes out of sight. One such plan, known as the “90-Day Report,” developed in response to President Bush’s 1989 call for a Space Exploration Initiative, resulted in a cost estimate of $450 billion. The resulting sticker shock in Congress doomed Bush’s program and has deterred most people from seriously considering a humans-to-Mars program ever since.

However, as in the case of Arctic exploration, there is a different way a Mars mission can be approached—a dogsled way, if you will. By making intelligent use of the resources available in the environment to be explored, this approach allows the logistical requirements for launching the mission to be reduced to the point where the endeavor becomes practical.

This is the spirit of Mars Direct, a new approach to Mars exploration that I introduced in 1990 while a senior engineer for the Martin Marietta Astronautics company, working as one of its leaders in development of advanced concepts for interplanetary missions. This plan employs no immense interplanetary spaceships, and thus requires neither orbiting space bases nor storage facilities. Instead, a crew and their habitat are sent directly to Mars by the upper stage of the same booster rocket that lifts them to Earth orbit, in just the same way as the Apollo missions and all unmanned interplanetary probes launched to date have flown. Flying the mission this way radically simplifies and scales down the required hardware, and eliminates the need for decades of development and hundreds of billions of dollars of expenditure on orbital assembly infrastructure. The key to this plan is the mission’s ability to use Mars-native resources to make its return propellant and much of its consumables on the surface of the planet itself.

It is the richness of Mars that makes the Red Planet not only desirable, but attainable.

A piloted Mars mission is not about building enormous interplanetary cruisers—it’s about moving a payload capable of supporting a small crew of astronauts from the surface of Earth to the surface of Mars, and then moving that or a similar payload back again to return the crew. Provided we take full advantage of the leverage afforded by the use of local resources to reduce mission logistics to a manageable level, such a task is not at all beyond our technical or fiscal means. Travel light and live off the land—that’s the ticket to Mars.

THE GROWTH OF A NEW IDEA

The Mars Direct plan, including its development and mission philosophy, its hardware components and overall architecture, its key operations and logistics requirements, backup plans and abort options, and, finally, its evolutionary potential will be described in this book. In 1990, when I and my key collaborator in its development, David Baker, first put the plan forward, it was viewed as too radical for many in NASA to consider seriously. Some did, however, and over time, through a process of patient explaining and refutation of the alternatives, I managed to gain a significant base of support. Many other people started to pitch in, and with their help the concept moved steadily up the decision-maker ladder. In 1992, I was invited to brief then-NASA associate administrator for exploration Dr. Mike Griffin, who immediately decided to lend his considerable support. Griffin then briefed incoming NASA administrator Dan Goldin, who also became an advocate, going so far as to discuss the plan at several of the “town meetings” NASA held as part of its public outreach during 1992 and 1993.

With the support of Griffin and Goldin, I was able to return to NASA’s Johnson Space Center and convince the group in charge of designing human Mars missions to take a good hard look at the plan. They produced a detailed study of a Design Reference Mission based on Mars Direct, but scaled up by nearly a factor of two in expedition size compared to the original concept. They then produced a cost estimate for a Mars exploration program based upon this expanded version of Mars Direct. Their estimate: $50 billion for all the required hardware development and flying three complete missions to Mars. The same costing group had assigned a $450 billion price tag to the traditional cumbersome approach to human Mars exploration embodied in NASA’s “90-Day Report.” In my opinion, if the JSC Design Reference Mission had been disciplined through the elimination of excess hardware and crew, the cost would have been cut in half—to something in the $20 to $30 billion range.

The Johnson Space Center team also gave Martin Marietta a small amount of money—$47,000 to be exact—to demonstrate what I had claimed was a simple chemical engineering technology for transforming the Martian atmosphere into rocket propellant. We did so, building in the course of three months a full-scale unit that operated at 94 percent efficiency. The demonstration was all the more convincing given that neither I, the project’s lead engineer, nor anyone else on the team was actually a chemical engineer by training. If we could build such a machine, then it couldn’t be that hard.

WE CAN DO IT

Twenty to thirty billion dollars is not cheap, but it’s roughly in the same range as a single major military procurement for a new weapons system; it’s in the same range as the money the United States government gave to Mexico in one afternoon in the summer of 1995. Spread over twenty years, with the first ten years developing hardware and the next ten years flying missions, it would represent between 8 percent and 12 percent of the existing NASA budget. For the sake of opening a new world to human civilization, it’s a sum that this country can easily afford.

Exploring Mars requires no miraculous new technologies, no orbiting spaceports, no anti-matter propulsion systems or gigantic interplanetary cruisers. We can establish our first outpost on Mars within a decade, using well-demosntrated techniques of brass-tacks engineering backed up by our pioneer forebears’ common sense.

How we can do it, and why we should do it, is the dual subject of this book.

ABOUT THIS BOOK

This book presents a condensation, in layman’s terms, of many years of technical work devoted to the development of practical plans for the human exploration of Mars. Although, as might be imagined, the details of human Mars mission plans are highly technical in nature, the core issues which determine the fundamental feasibility of such ventures really are not. Rather, they are questions of strategy that can be fully understood by anyone willing to do some clear thinking and who is equipped with some good basic information.

Unfortunately, such information has not been readily available to the public to date. The existing general interest science literature on piloted Mars missions is mostly rather nebulous or naive, while the technical literature is confused, obscure, and frequently distorted by the bias of various technical organizations using the medium of technical publications to argue for their own self-interest. For the educated layman, there really hasn’t been a satisfactory book on the subject. In part, The Case for Mars is an effort to correct this problem.

I have attempted to walk a fine line between technical detail and simple narrative description in this book. It is simple enough to declare one mission design superior to another, but it is also slightly disingenuous, as it is in the technical details that the reader will find the strongest arguments for or against any mission plan or technology. Some chapters are more technical than others (chapter 4, which describes Mars Direct in detail, and chapter 5, which exposes various arguments against piloted Mars missions for the hobgoblin myths they are, come to mind), but all should be understandable by both novice and expert alike. If for whatever reason you tend to pale before the nitty-gritty of numbers, just read on—you’ll get the drift well enough.

I’m an astronautical engineer, but earlier in my career I was a science teacher, and I strive to write and explain technical material in a clear, concise manner. I hold it as a fundamental tenet that (contrary to the witticism popular among some of my scientific colleagues) Clarity is not the enemy of Truth, but her most vital ally. Moreover, I feel very strongly that something as exciting and vital to the human future as the real issues involved in opening a new planet to humanity should not be the property of a technical elite, but must be open to consideration by everybody. Therefore, in writing this book I decided to enlist as a supporting author my long-time friend Richard Wagner, who as former editor of Ad Astra, the general interest space exploration magazine published by the National Space Society, has had years of experience bringing scientific arguments to the public at large. With his help, and that of Mitch Horowitz, our capable editor at The Free Press, I believe The Case for Mars may well prove successful in finally making the real issues of human Mars exploration comprehensible for the general reader.

Because ultimately it’s your understanding that’s going to get us to Mars.




1: MARS DIRECT

The planet Mars is a world of breathtaking scenery, with spectacular mountains three times as tall as Mount Everest, canyons three times as deep and five times as long as the Grand Canyon, vast ice fields, and thousands of kilometers of mysterious dry riverbeds. Its unexplored surface may hold unimagined riches and resources for future humanity, as well as answers to some of the deepest philosophical questions that thinking men and women have pondered for millennia. Moreover, Mars may someday provide a home for a dynamic new branch of human civilization, a new frontier, whose settlement and growth will provide an engine of progress for all of humanity for generations to come. But all that Mars holds will forever remain beyond our grasp unless and until men and women walk its rugged landscapes.

Some have said that a human mission to Mars is a venture for the far future, a task for the “next generation.” On the contrary, we have in hand all the technologies required for undertaking within a decade an aggressive, continuing program of human Mars exploration. We can reach the Red Planet with relatively small spacecraft launched directly to Mars by boosters embodying the same technology that carried astronauts to the Moon more than forty years ago.

How can this be? Looking at almost any plan for a human mission to Mars, be it from the 1950s or the 1990s, we see enormous spaceships hauling to Mars all the supplies and propellant required for a mission. The size of the spacecraft demands that they be assembled in Earth orbit—they’re simply too large to launch from the Earth’s surface in one piece. This requires that a virtual parallel universe of gigantic orbiting “dry docks,” hangars, cryogenic fuel depots, power stations, checkout points, and construction crew habitation shacks be placed in orbit to enable assembly of the spaceships and storage of the vast quantities of propellant. Based upon such concepts, it has been endlessly repeated that a mission to Mars would have to cost hundreds of billions of dollars and incorporate technologies that won’t be available for another thirty years.

Yet landing humans on Mars requires neither miraculous new technologies nor the expenditure of vast sums of money. We don’t need to build Battlestar Galactica–like futuristic spaceships to go to Mars. Rather, we simply need to use some common sense and employ technologies we have at hand now to travel light and live off the land, just as was done by nearly every successful program of terrestrial exploration undertaken in the past. Living off the land—intelligent use of local resources—is not just the way the West was won; it’s the way the Earth was won, and it’s also the way Mars can be won. The conventional Mars mission plans are impossibly huge and expensive because they attempt to take all the materials needed for a two- to three-year round-trip Mars mission with them from Earth. But if these consumables can be produced on Mars instead, the story changes, radically.

Starting in the spring of 1990, I led a team of engineers and researchers at Martin Marietta Astronautics in Denver in developing a plan to pioneer Mars in this way. The name of the plan is “Mars Direct,” and it represents the quickest, safest, most practical, and least expensive way to undertake the exploration and settlement of Mars.

Mars Direct says what it means. The plan discards unnecessary, expensive, and time-consuming detours: no need for assembly of spaceships in low Earth orbit; no need to refuel in space; no need for spaceship hangars at an enlarged Space Station, and no requirement for drawn-out development of lunar bases as a prelude to Mars exploration. Avoiding these detours brings the first landing on Mars perhaps twenty years earlier than would otherwise happen, and avoids the ballooning administrative costs that tend to afflict extended government programs.

A rough cost estimate for Mars Direct would be about $30 billion to develop all the required hardware, with each individual Mars mission costing about $3 billion once the ships and equipment were in production. While certainly a great sum, spent over a period of ten years it would only represent about 7 percent of the existing combined military and civilian space budgets. Furthermore, this money could drive our economy forward in just the same way as the spending of $100 billion (in today’s terms) on science and technology in the Apollo program contributed to the high rates of economic growth of America during the 1960s.

Conventional wisdom might deem Mars Direct attractive because of its simplicity, but it would also deem it infeasible—the mass of the propellant and supplies needed for a human mission to Mars is much too large to be launched directly from Earth to Mars. Conventional wisdom would be right except for one thing: The required propellant and supplies needed for a Mars mission do not have to come from Earth. They can be found on Mars.

From a vantage point of the present, here’s how the Mars Direct plan would work:

FEBRUARY 2029

A new, multistage rocket fashioned from currently existing parts rests on the launch pad at Cape Canaveral, its thin metal skin steaming in the morning sunlight. The booster reminds some of the old Saturn V’s, the rockets that carried men to the shores of the Sea of Tranquility. The new Ares booster has about the same heavy lift capacity as the Apollo-era Saturn V’s, but at its heart are the workhorses of the past several decades, four Space Shuttle main engines and two shuttle solid rocket boosters. The engines ignite. Flame and smoke describe the signature of a new space age as the Ares hurtles skyward. High above Earth’s atmosphere, the Ares upper stage separates from the spent booster, fires its single hydrogen-and-oxygen-burning engine, and hurls an unmanned 45-tonne (45-metric-ton) payload to Mars: the Earth return vehicle. (NB: 1 tonne=2204.6 lb.)

The ERV’s name says it all. The vehicle is designed to carry a crew of astronauts back from the surface of Mars direct to a splashdown in Earth’s waters. On its journey to Mars the ERV carries a small nuclear reactor mounted atop a light truck, an automated chemical processing unit along with a set of compressors, and a few scientific rovers. The ERV’s crew cabin stores a life-support system, food, and other necessities to sustain a four-member crew on an eight-month journey back to Earth. Though its two propulsion stages will consume some 96 tonnes of methane/oxygen bipropellant on the return flight, the ERV arrives at Mars with its fuel tanks essentially empty, carrying just 6 tonnes of liquid hydrogen propellant production feedstock.

AUGUST 2029

Traveling across space at an average speed of about 27 kilometers per second, the ERV reaches Mars after a six-month trip. Upon arrival the ERV uses its aeroshell—a blunt, mushroom-shaped shield—to plow through the upper reaches of Mars’ thin atmosphere. The craft’s speed drops, allowing it to brake into orbit. A few days are spent in orbit to allow the flight controllers to perform a final system checkout. Then upon arrival of a clear dawn with low winds and well-defined shadows at the chosen landing site, the craft is targeted back into the atmosphere for final entry. Using its aeroshell again, the ERV decelerates to subsonic speeds until a parachute can pop open and start the spacecraft on a gentle descent toward the surface of Mars. A few hundred meters above the surface, the parachute drops away and small rockets fire up to take the ERV carefully through the last moments before touchdown.

Once settled on the rust-colored soils of Mars, the ERV gets down to the business at hand, making fuel for the return flight home out of thin air—in this case, Martian air. A door pops open on the side of the squat ERV landing stage and a light truck carrying a small nuclear reactor trundles out. Using a small TV camera on board as their eyes, mission controllers in Houston slowly drive the truck a few hundred meters away from the landing site. As the truck wheels along, a power cable snakes off its windlass, keeping the ERV’s chemical plant connected to the small reactor. Once the controllers maneuver the truck to an appropriate spot, a winch lifts the reactor from the truck’s bed and lowers it into a small crater or other natural depression in the landscape. The reactor kicks in and begins to energize the chemical processing unit with 100 kilowatts of electricity (kWe). Now the chemical plant goes to work, producing rocket propellant by sucking in the Martian air with a set of pumps and reacting it with the hydrogen hauled from Earth aboard the ERV. Martian air is 95 percent carbon dioxide gas (CO2). The chemical plant combines the carbon dioxide with the hydrogen (H2), producing methane (CH4), which the ship will store for later use as rocket fuel, and water (H2O). This methanation reaction is a simple, straightforward chemical process that has been practiced in industry since the 1890s. As the methanation reaction proceeds, it rids us of a potential problem, that of storing super-cold liquid hydrogen on the Martian surface. The chemical plant continues its work, splitting the water produced by the methanation process into its constituents, hydrogen and oxygen. The oxygen is stored as rocket propellant, while the hydrogen is recycled back into the chemical plant to make more methane and water. Additional oxygen is produced by a third unit which takes Martian carbon dioxide and splits it into oxygen, which is stored, and carbon monoxide, which it vents as waste. At the end of six months of operation, the chemical plant has turned the initial supply of 6 tonnes of liquid hydrogen brought from Earth into 108 tonnes of methane and oxygen—enough for the ERV plus 12 tonnes extra to support the use of combustion powered ground vehicles on the Martian surface. Using Mars’ most freely available resource, its air, we have leveraged the portion of our return propellant hauled from Earth eighteen times over.

This chemical synthesis sequence may appear to some to be rather involved, but it’s actually all Gaslight Era technology, utterly trivial by comparison with practically every other significant operation required for a successful interplanetary mission of any kind. Moreover, it is this concept of living off the land that makes Mars Direct possible. If we attempted to haul up to Mars all the propellant required, we indeed would need massive spacecraft requiring multiple launches and on-orbit assembly. The cost of the mission would shoot out of sight. It should come as no surprise that local resources make such a difference in developing a mission to Mars, or anywhere else for that matter. Consider what would have happened if Lewis and Clark had decided to bring all the food, water, and fodder needed for their transcontinental journey. Hundreds of wagons would have been required to carry the supplies. Those supply wagons would have needed hundreds of horses and drivers, who in turn would have required further supplies. A logistics nightmare would have been created that would have sent the costs of the expedition beyond the resources of the America of Jefferson’s time. Is it any wonder that Mars mission plans that don’t make use of local resources manage to ring up $450 billion price tags?

MARCH 2030

Thirteen months following launch, a fully fueled spacecraft—the ERV—sits on the surface of Mars, awaiting the arrival of a human crew. Engineers at NASA’s Johnson Space Center have monitored every step of the chemical production process, and, certifying its successful completion, give the go-ahead for the next step in the Mars Direct mission to proceed. The ERV deploys small robots to examine and photograph the terrain in its immediate vicinity. The crew of the first human expedition, skilled and vitally interested in landing site selection, takes an active role in exploring the ERV’s neighborhood via these distant explorers. After several months of robotic exploration, an ideal landing spot is identified. One of the ERV robots ambles across the rough Martian terrain and places a radar transponder at the landing site to help guide the crew to a safe touchdown.


APRIL 2031

The Ares 3 launch vehicle, carrying a spacecraft called the “Beagle” after the ship of exploration that carried Charles Darwin on his historic voyage, towers majestically over the flatlands of the Cape, moments away from opening a new era of human history. Just a few weeks ago a similar booster, Ares 2, climbed into the skies over Florida. Identical to the first Ares booster and carrying a similar ERV payload, Ares 2 hurtles toward Mars even as crowds gather to watch the launch of the Beagle, the ship that will carry the first four humans to Mars.

The primary component of the Beagle is a habitation module that looks a bit like a huge drum. The module stands about 5 meters high and measures about 8 meters in diameter. With two decks each with 2.5 meters (about 8 feet) of headroom and a floor area of 100 square meters (about 1,000 square feet), it is large enough to comfortably accommodate its crew of four. The “hab,” as everybody calls it, has a closed-loop life-support system capable of recycling oxygen and water, whole food for three years plus a large supply of dehydrated emergency rations, and a pressurized ground car powered by a methane/oxygen internal combustion engine. (See Figure 1.1.)


FIGURE 1.1

The Mars Direct hab and Earth return vehicles (ERV) within their aerobrakes.
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The four crew members are true renaissance men and women. Given the nature of their mission—exploration far from home—all are cross-trained in several disciplines. At heart, though, they are a crew of two field scientists and two mechanics. A biogeochemist and a geologist will complement a pilot who is also a competent flight engineer. The last crew member, a jack-of-all-trades, is primarily a flight engineer, but can also provide common forms of medical treatment and understands the broad means and objectives of the scientific investigations. This person backs up all the specialists in their functions, and provides one more—he or she will be the mission commander.

On board the Beagle, four men and women prepare themselves for a journey that will take them to another world and return them home in the span of about two and one half years—about the same amount of time it took explorers centuries before to circumnavigate the globe. Miles distant from their small ship, more than a million people camped around Cape Canaveral gaze in anticipation as the countdown clock approaches zero. The lower-stage engines of the booster erupt, pouring out a sea of flame. A cheer louder than any this country has heard in years sweeps the crowd as the Ares 3 lifts off the pad. The rocket accelerates, propelling the upper stage and its payload through the atmosphere. The upper stage fires its own engines and breaks away, driving the hab to trans-Mars cruise velocity. Four humans are on their way to Mars.

The pilot of the hab directs it to pull away from the burnt-out upper stage of the booster, releasing it on a tether 330 meters long as it goes. A small rocket engine on the hab fires, causing the tethered combination of hab and upper stage to now revolve at 2 revolutions per minute. This generates enough centrifugal force to provide the astronauts in the hab with artificial gravity en route to Mars equal to that found naturally on the Red Planet.

OCTOBER 2031

On the 180th day of flight, the hab arrives at Mars. The vehicle drops the tether and upper stage, and then aerobrakes into orbit. The crew intends to set the Beagle down at the landing site hard by the ERV that flew out to Mars in 2029. A radio beacon in the Ares 1 ERV, detailed photos and maps of the landing site, a landing pad radar transponder, and the crew’s expert handling of the ship virtually guarantee a precision landing. In the unlikely event that the Beagle misses the landing site, the crew has three backup options available. In the first place, they have on board the hab a fueled pressurized rover boasting a one-way range of nearly 1,000 kilometers. So long as they’re within that distance of the landing site, the crew can still get to their ERV by driving overland. If some disaster causes the Beagle to miss the mark by more than a thousand kilometers, the second backup can be brought into play. This is the ERV launched by Ares 2, which, since it was launched on a slower trajectory than the Beagle, is now following the crew to Mars. Even if the crew lands the hab on the wrong side of the planet, this second ERV can be maneuvered to land near them. Finally, as a third-level backup, the crew arrives at Mars with sufficient supplies for three years—if worse came to worst, the four could just tough it out on Mars until additional supplies and another ERV could be sent out in 2033.

The landing, however, is right on target. Though they have studied the landing site in detail, seen it from images captured by rovers and relayed to Earth, nothing can prepare the crew for the sight of the Martian landscape stretching before them. The soils are rust colored, littered with sharp-edged rocks, large and small. In the distance are small hills and dunes. The landscape is akin to the deserts of America’s southwest, save for the skies, which are a ruddy, salmon color. There’s an immense amount to be done just after touchdown, but they take the moment to gaze out at Mars, to savor the fact that no creature with eyes to see has ever gazed out on this vista in the four-billion-year history of Mars and Earth.

With the Beagle safely down at the landing site, the Ares 2 ERV lands some 800 kilometers away, where it begins the process of filling itself with propellant. It will be used as the ERV for the second human expedition, which will arrive at its site in Hab 2 in 2033, along with another ERV that will open up Mars landing site number three. As the missions proceed, a network of exploratory bases will eventually be established, turning large areas of Mars into human territory.

The crew of the Beagle will spend five hundred days on the Martian surface. Unlike conventional Mars mission plans based upon orbiting mother ships with small landing parties, Mars Direct places all the crew on the surface of Mars where they can explore and learn how to live in the Martian environment. No one has been left in orbit, vulnerable to the hazards of cosmic rays and zero-gravity living. Instead, the entire crew will have available to them the natural gravity and protection against cosmic rays and solar radiation afforded by the Martian environment, so there is no strong motive for a quick departure. For a crew left in orbit during a conventional mission, there’s little to do but soak up cosmic rays, and that tends to create a strong incentive to limit the time allowed for surface exploration, generally to thirty days or so. This leads to spectacularly inefficient missions. After all, if it takes a year and a half for a round trip to Mars, a stay of only thirty days is rather unrewarding. Worse yet, the rush to get back home forces conventional missions to follow trajectories that require far more propellant. But that extra propellant alone won’t get a spacecraft back to Earth directly. Because Earth and Mars are constantly changing their positions relative to one another, “quick return” flight plan trajectories have to get a gravitational boost by swinging past Venus—where the Sun’s radiation is twice that at Earth.

Even with such a substantial amount of surface time, the crew’s days will be filled with projects that will vastly expand our knowledge of the planet and pave the way toward future exploration and, eventually, human facilities and settlements. There will be the geologic characterization of Mars, which will begin to tell us the story of Mars’ past climatic history, how and when it lost its warm and wet climate, key clues to reviving Mars and perhaps saving the Earth. Geologic investigations will also include searches for useful mineral and other resources. Above all, astronauts will seek out easily extractable deposits of water ice or, better yet, subsurface bodies of geothermally heated water. Ice or water is key, because once water is found, it will free future Mars missions from the need to import hydrogen from Earth for rocket propellant production, and will enable large-scale greenhouse agriculture to occur once a permanent Mars base is established. Experimentation with agriculture is another item high on the priority list, and an inflatable greenhouse will be brought along for this purpose. The area of exploration that will seize the attention of the people of Earth, though, will be the astronauts’ search for Martian life.

Images of Mars taken from orbit show dry riverbeds, indicating that Mars once had flowing liquid water on its surface—in other words, that it was once a place potentially friendly to life. The best geologic evidence indicates that this warm and wet period of Mars’ history lasted through the first billion years of its existence as a planet, a period considerably longer than it took life to appear on Earth. Current theories of life hold that the evolution of life from nonliving matter is a lawful, natural process occurring with high probability whenever and wherever conditions are favorable. If this is true, if the theories are indeed correct, then chances are life should have evolved on Mars. It may still lurk somewhere on the planet, or it may be extinct. Either way, the discovery of Martian life, living or fossilized, would virtually prove that life abounds in the universe, and that the billions of stars scintillating in a clear, dark night sky mark the home solar systems of living worlds too numerous to count, harboring species and civilizations too diverse to catalogue. On the other hand, if we find that Mars never produced any life, despite its once clement climate, it would mean that the evolution of life is a process dependent upon freak chance. We could be virtually alone in the universe.

Given the importance of the question, the search for life past or present will be intensive, for there are many different places to look. There are dry riverbeds and dry lake beds that may have been the last redoubts of the retreating Martian biosphere, and thus promising places to look for fossils. Ice sheets covering the planet’s poles may hold well-preserved frozen remains of actual organisms, if there were any. There is a high probability that subsurface ground water, geologically heated, may exist on Mars. In such environments living organisms may yet survive. What a find such organisms would be, for they may well be very different from anything that has evolved on Earth. In studying them, we would discover what is incidental to Earth life, and what is fundamental to the very nature of life itself. The results could lead to breakthroughs in medicine, genetic engineering, and all the biological and biochemical sciences.

The search for life and resources will necessarily involve a bit more than ambling a few meters along the Martian landscape and drilling a hole or two. The first explorers to Mars will have to range across the Martian landscape, beyond the horizon of their small base. The pressurized ground rover, which provides a shirtsleeve environment for astronauts, will allow the astronauts to explore far and wide on week-long sorties from their base. The rover burns methane/oxygen fuel, the same as the ERV. Ten percent of the stockpile of the methane/oxygen fuel produced by the ERV chemical plant will be allocated to support ground exploration. With this much fuel to run their car, the astronauts will be able to explore a vast area around their base, racking up over 24,000 kilometers on the vehicle odometer before the end of the first mission. As the rover crew travels, they will leave behind them small remote-controlled robots which will allow the base crew, and those of us on Earth, to continue to explore a multitude of sites via television.

The enormous amount of exploring the astronauts will undertake will necessarily result in a staggering amount of information, all of it new, undoubtedly unique, and certainly more than any one crew member could digest. Each astronaut will confer regularly with panels of the world’s top experts in his or her assigned fields, creating a massive flow of information between Earth and Mars. Of course, crew members will also send and receive personal messages, but because there is a time lag in the transmission of radio waves between Mars and Earth, they will have to put up with delays of up to forty minutes before they get their answer. That will be troublesome for people accustomed to telephone conversations, but no problem at all for those who still know how to write a decent letter.

MARCH 2033

At the end of a year and a half on the Martian surface, the astronauts clamber aboard the ERV and blast off to receive a heroes’ welcome on Earth some six months later. They leave behind Mars Base 1, with the Beagle hab, a rover, a greenhouse, power and chemical plants, a stockpile of methane/oxygen fuel, and nearly all of their scientific instruments. In November 2033, shortly after the first crew reaches Earth, a second crew arrives at Mars in Hab 2 and lands at Mars Base 2. The crew of the second mission will spend most of their time exploring the territory around their own site, but they will probably drive over at some point and revisit the old Beagle at Mars Base 1, not just for sentimental reasons, but to continue necessary scientific investigations in that region.

Thus every two years, as shown in Figure 1.2, two Ares boosters will blast off the Cape, one delivering a hab to a previously prepared site, the other an Earth return vehicle to open up a new region of the Red Planet to a visit by the next mission. Two boosters every two years: That’s an average launch rate of just one launch per year—12 percent of our heavy-lift launch capability—to support a continuing and expanding program of human Mars exploration. This is certainly affordable and thus sustainable. As an added bonus, the same Ares launch vehicles, habs, and Earth return vehicles (fitted with only one propulsion stage) used in the Mars Direct plan can also be used to build and sustain lunar bases. While Moon bases are most emphatically not needed to support Mars exploration, they are of considerable value in themselves, most notably as sites for superb astronomical observatories. By using common transportation hardware for both lunar and Mars exploration, the Mars Direct approach will save tens of billions of dollars in development costs.

Mars Direct is not without risk. The consequences of extended exposure to Mars’ gravity—38 percent that of Earth—are unknown. However, experience with the more severe deconditioning of astronauts in orbiting zero-gravity facilities indicates that most of the ill effects are temporary. Then there is space radiation, which on the six-month transit trajectories necessitated by current or near-term propulsion technology will give the astronauts doses sufficient to cause an additional 0.5 to 1 percent probability of a fatal cancer at some point later in life. This is nothing to scoff at, but those of us who stay home all face a 20 percent risk of fatal cancer anyway.

The Martian environment itself may hold some surprises, yet both the 1970s vintage Viking landers, and the more recent Mars Exploration Rovers Spirit and Opportunity, none of which were designed for ninety days of operation, all functioned without hindrance on the Martian surface for years, unaffected by cold, wind, or dust. The biggest mission risk arises from possible failures in critical mechanical or electrical systems. Multiple backups for all important systems can minimize the risk, as can the presence of two ace mechanics during the mission. Any way you slice it, though, going to Mars the first time will involve a certain level of risk. This will be true whether we make the attempt with Mars Direct in 2031 or leave it for another generation to try. Nothing great has ever been accomplished without risk. Nothing great has ever been accomplished without courage.


FIGURE 1.2

The Mars Direct mission sequence. The sequence begins with the launch of an unmanned Earth return vehicle (ERV) to Mars, where it will fuel itself with methane and oxygen manufactured on Mars. Thereafter, every two years, two boosters are launched. One sends an ERV to open up a new site, while the other sends a piloted hab to rendezvous with an ERV at a previously prepared site.
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Over time, many new exploration bases will be added, but eventually it will have to be determined which of the base regions is the best location to build an actual Mars settlement. Ideally this will be situated above a geothermally heated subsurface reservoir, which will afford the base a copious supply of hot water and electric power. Once that happens, new landings will not go to new sites. Rather, each additional hab will land at the same site. In time, a set of structures resembling a small town will slowly take form. The high cost of transportation between Earth and Mars will create a strong financial incentive to find astronauts willing to extend their surface stay beyond the basic one and a half year tour of duty. As experience is gained in living on Mars, growing food, and producing useful materials of all sorts, astronauts will extend their stay times to four years, six years, and more. As the years go by, the transportation costs to Mars will steadily decrease, driven down by new technologies and competitive bids from contractors offering to deliver cargo to support the base. Photovoltaic panels and windmills manufactured on site and new geothermal wells will add to the power supply, and locally produced inflatable plastic structures will multiply the town’s pressurized living space. As more people steadily arrive and stay longer before they leave, the population of the town will grow. In the course of things children will be born, and families raised on Mars—the first true colonists of a new branch of human civilization.


FIGURE 1.3

Linking Mars Direct habs to establish the beginnings of a Mars base. (Artwork by Carter Emmart)
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It is possible that someday millions of people will live on Mars, and call it their home. Ultimately, we can employ human technologies to alter the current frigid, arid climate of Mars and return the planet to the warm, wet climate of its distant past. This feat, the transformation of Mars from a lifeless or near lifeless planet to a living, breathing world supporting multitudes of diverse and novel ecologies and life forms, will be one of the noblest and greatest enterprises of the human spirit. No one will be able to contemplate it and not feel prouder to be human.

That is for the future. Yet we today have a chance to pioneer the way. We can land four men and women on Mars within a decade, and begin the exploration and settlement of the Red Planet. We, and not some distant future generation, can have the eternal honor of opening this new world to humanity. All it takes is present-day technology mixed with some nineteenth-century chemical engineering, a dose of common sense, and a little bit of moxie.

FOCUS SECTION—LIVING OFF THE LAND: AMUNDSEN, FRANKLIN, AND THE NORTHWEST PASSAGE

History has shown time and time again that a small group of people operating on a shoestring budget can succeed brilliantly in carrying out a program of exploration where others with vastly greater backing have repeatedly failed, provided that the small group makes intelligent use of local resources. It is a lesson that explorers of the past have ignored at their peril.

At midnight on June 16, 1903, Roald Amundsen and his crew of six sailed out under the rain-lashed skies of Christiania, Norway, bound for the Canadian Arctic and the Northwest Passage. The Passage hung before Arctic explorers as an elusive prize—nearly three centuries of effort by literally hundreds of expeditions had failed to conquer the fickle ice packs, channels, and waters of the far north.

Amundsen chased the ghost of a boyhood hero, Sir John Franklin, one of the great and ultimately tragic names of Arctic exploration. Franklin had sailed in search of the Passage nearly sixty years earlier. But whereas Amundsen sailed in a thirty-year-old sealing boat bought with money borrowed from his brother and with creditors nipping at his heels, Franklin had set off with the backing of the British Admiralty. He commanded two ships, the Erebus and Terror, both displacing well over 300 tonnes, crewed by a complement of 127 men. In the words of historian Pierre Breton, the ships carried “… mountains of provisions and fuel and all the accouterments of nineteenth-century naval travel: fine china and cut glass, heavy Victorian silver, testaments and prayer books, copies of Punch, dress uniforms with brass buttons and button polishers to keep them shiny…”1 In a word, Franklin carried all that he needed, save for what he would need to survive.

The Erebus and Terror set sail on the 19th of May 1845, their commander expecting to discover the Northwest Passage and that feat’s attendant glory, but finding only oblivion in the end. Whalers out of Greenland spotted the Franklin expedition’s ships tethered to an iceberg on June 25. That was the last any European ever saw of the expedition. Franklin and his ships, his men, all his supplies, sailed into the Arctic wilderness and vanished.

Between 1848 and 1859 more than fifty expeditions set out to discover what befell the expedition. From what could be pieced together in the years that followed—from two brief messages left behind; from the frozen, twisted remains of some of the crew; from bits and pieces of European civilization native Eskimos picked up from the ice or looted from the ships—it became apparent that the expedition ended in disaster because, as one contemporary put it, Franklin had carried his environment to the Arctic.

Trapped in ice near King William Island in the autumn of 1846, Franklin and his men attempted to survive on their provisions of salted meat. The expedition carried meat aplenty, but none was fresh, and salt meat could not protect men from scurvy. Previous explorers had noted the anti-scurvy qualities of fresh meat, but Franklin paid no heed. He was no hunter—the expedition carried shotguns, good for partridge in the British heath perhaps, but not very useful on the Arctic ice—and chose to rely instead on rations of lemon juice. One by one the members of the expedition weakened and died, Franklin apparently on board ship in June 1847. Others, hoping to find a rescue party to the south, abandoned the ships, but literally dropped in their tracks as they dragged heavy iron and oak sledges across the Arctic wastes. All hands died.

Amundsen would follow in Franklin’s footsteps, but he would not follow him to his grave. Instead of importing his home environment, he embraced the local environment and adopted a live off the land strategy. He learned about the anti-scurvy qualities of caribou entrails and uncooked blubber. He learned the Eskimo way of Arctic travel, dog sled, which gave him the mobility required to hunt big game. He learned the Eskimo way of building shelters out of ice and chose the deerskin clothing of the Eskimo over the woolens that the British insisted upon.

Amundsen and his crew of six aboard the Gjoa were also frozen in, and as a result spent two winters in a small harbor on the southeast corner of King William Island, not far from where Franklin’s expedition met disaster, but they did not starve. Making good use of their dog-sled-given mobility they traveled hundreds of kilometers over land to hunt and explore, in the process not only surviving but also making the important geophysical discovery that the Earth’s magnetic poles move. The crew of the Gjoa thrived in the same environment that destroyed Franklin’s expedition. Finally breaking free of the ice in August 1905, the Gjoa set sail from King William and within weeks had forced the Northwest Passage. It took another four months of travel for Amundsen to reach an outpost where he could telegraph news of his success to his main backer in Norway, which he did, charges reversed. Six years later Amundsen would use what he had learned on King William to become the first to reach the South Pole.






2: FROM KEPLER TO THE SPACE AGE


Ships and sails proper for the heavenly air should be fashioned. Then there will also be people, who do not shrink from the dreary vastness of space.

—Johannes Kepler to Galileo Galilei, 1609



We’ve been to Mars before. On the morning of July 20, 1976, an American spacecraft, Viking 1, settled down onto the Chryse Planitia—the Plains of Gold on the Red Planet Mars. At the moment of touchdown, though, with Viking resting on the surface of a planet nearly 330 million kilometers distant, no one at NASA’s Jet Propulsion Laboratory in Pasadena, California, knew if the unmanned spacecraft had arrived safely or burrowed into the ground. The audience at JPL could do little more than nurse early morning cups of coffee for nearly twenty minutes before learning if Viking had safely landed.

Almost immediately after landing, Viking set to work. A preprogrammed sequence of commands instructed the lander to take a high resolution picture of the area adjacent to one of its footpads just twenty-five seconds after landing. Viking relayed the picture in real time. Imaging data raced toward Earth at the speed of light as the engineers and scientists of the Viking program counted down the minutes to the distant radio signals’ arrival. And then, with excitement, glee, and undoubtedly some astonishment they watched as, line by line, a photograph of the Martian surface slowly appeared before their eyes.

Granted, the image of a foot pad may seem a bit anticlimactic, but that first photograph delivered an immense amount of important information to the crowd at JPL. It told all that the lander had survived, and that its imaging system was working and working well. The image was clear; small rocks sharply delineated against the Martian soil, the rivets on Viking’s foot pad as clear as the buttons on an engineer’s conservative white shirt. After the first image, the next preprogrammed image Viking would capture was a scan of the horizon, a snapshot of the neighborhood. This image will probably reside forever with those who watched as the Martian surface revealed itself. Viking gazed out on a barren landscape littered with sharp edged rocks of all sizes. There appeared to be sand dunes in the distance, and small, undulating hills. It was an empty world, familiar, yet utterly alien.

For centuries humans had observed Mars and theorized about the planet. Their study and flights of imagination had opened enormous intellectual vistas for scholars, and revealed to all that the human mind could explore the cosmos and comprehend the complexity of the universe. Now human eyes gazed on a landscape knowing that humanity’s grasp of the universe had been extended once again, from the intellectual to the physical. It had been a long journey, one that started not in the late twentieth century, but centuries before, and one that was not without its sacrifices.

OUT OF THE DARKNESS

On the morning of Saturday, February 19, 1600, the great Italian Renaissance humanist Giordano Bruno was taken from his cell and stripped of his clothes. Naked, gagged, bound to a stake, Bruno was led through the streets of Rome, a mocking chorus of chanting Inquisitors following behind. The procession arrived at the Square of Flowers before the Theater of Pompey, the place of execution. Torch in hand, one of Bruno’s killers held a portrait of Jesus Christ in front of the condemned and demanded repentance. Bruno angrily turned his face away. The pyre was lit, and one of the most profound minds in human history was burned alive.

Bruno was murdered for having alleged in debate and in writing that the universe was infinite, that the stars were suns like our own, with other planets comprising inhabited worlds like the Earth orbiting around them. Thus, observers on those other worlds would look up and see our Sun with the Earth circling it in their sky, their heavens, and therefore, “We are in heaven.”

This insight was a shock to the medieval mind, but why was it necessary to kill to try to stop it? Why was Bruno’s younger contemporary Galileo threatened with death and then held under house arrest for decades? Why was astronomy, a science which concerns matters of apparently little practical value, such a torturous subject during the Renaissance? Why, in short, were the stakes so high?

The stakes were so very high because the science of astronomy placed the entire intellectual framework of Western civilization, of knowledge and therefore power, at risk. From the time of Babylon through Bruno’s day, the heavens, with their innumerable stars and five wandering planets, were considered divine and unknowable by all save a select few: astrologers and priests in Babylonian times, the Church in Bruno’s times. Listen to the second century A.D. librarian of Alexandria Claudius Ptolemy as he defended an astronomy that placed Earth at the center of the universe with the Sun and five known planets traveling along epicycles, small circular orbits whose centers move at a constant rate along the path of a greater circle centered around the Earth. Answering objections to the irrational nature of the epicycle scheme (additional epicycles were continually being added to the model to make it match observation), Ptolemy replied, “It is impermissible to consider our human conditions equal to those of the immortal gods and to treat sacred things from the standpoint of others that are entirely dissimilar to them.… Thus we must form our judgment about celestial events not on the basis of occurrences on Earth, but rather on the basis of their own inner essence and the immutable course of all heavenly motions.” For Ptolemy, the laws of the heavens were completely different from those governing the Earth. The universe was unknowable, unchangeable, and uncontrollable by man. With the divine plan something beyond comprehension, only a ruling priesthood, with its unique access to the mystical and supernatural, could tell the people what was right and what to do.

So it stood for centuries, until the time came when a few thinkers challenged the notion that the universe would forever lie beyond humanity’s intellectual grasp. The action started with the work of Nicholas Copernicus, who between 1510 and 1514 redeveloped a long-forgotten heliocentric (Sun-centered) theory of the universe first posited by the third century B.C. Greek thinker Aristarchus of Samos. Under the heliocentric system, the planets traveled about the Sun in circular orbits. This concept was revolutionary, heretical even, and could not precisely match the observed planetary motions, yet some scholars of the time saw beauty in the fundamental simplicity of Copernicus’ system. Chief among them was Johannes Kepler.

Born in 1571, Kepler grew to be a devout Lutheran, yet also a diehard Platonist with a passion for seeking the true nature of the universe in the rational laws of geometry. He would write, “Geometry is one and eternal, a reflection out of the mind of God. That mankind shares in it is one of the reasons to call man an image of God.”

This quote is the key to the whole affair. If the human mind can understand the universe, it means that the human mind is fundamentally of the same order as the divine mind. If the human mind is of the same order as the divine mind, then everything that appeared rational to God as he constructed the universe, its “geometry,” can also be made to appear rational to the human understanding, and so if we search and think hard enough, we can find a rational explanation and underpinning for everything. This is the fundamental proposition of science. It is this proposition that Bruno died for. It is this proposition that Kepler set out to prove, and by so doing, to lift the darkness off the soul of Western civilization. And that he did, with a significant piece of help from the planet Mars.

In February 1600, the same month as Bruno’s execution, Kepler went to work for Tycho Brahe, without question the greatest observational astronomer of his time. Brahe had his own theory of the universe, and entrusted the twenty-eight-year-old Kepler with the task of determining Mars’ orbit, all for the glory of Brahe’s own theories, of course. When Brahe died in October 1601, the Holy Roman Emperor Rudolph II ordered that Kepler be put in charge of the treasure trove of Brahe’s observations and that he succeed Brahe as Imperial Mathematician. Kepler now had the ammunition needed to undertake his assault on Mars in earnest.

Since the time of Aristotle, astronomers had simply assumed that the planets moved in uniform circular orbits because, as Aristotle himself argued, the circle was a perfect form, and only circular motions could come back on themselves and ensure an eternal motion. Try as he might, though, Kepler simply could not get any sort of circular orbit to match Brahe’s observations. True, he could have invoked epicycles, but this Kepler refused to do. Ad-hoc systems of epicycles were irrational—and there had to be a rational answer. But if not circular orbits, what could they be? It took eight years of intense intellectual effort for Kepler to discover what Tycho’s observations of Mars revealed: Mars traveled in an elliptical orbit, with the Sun as one focus of the ellipse. We now know that Mars’ orbit is the most elliptical of all the planets, except Pluto, which was not discovered till the twentieth century, and therefore presented the acid test for any astronomical theory. Indeed, if Mars’ orbit had been circular, the Aristarchus/Copernicus theory would probably have passed muster without anyone looking much deeper.

Kepler published the results of his labors in 1609 in a work entitled, in full, A New Astronomy Based on Causations or a Celestial Physics Derived from Investigations of the Motions of Mars Founded on the Observations of the Noble Tycho Brahe. Unlike many previous astronomers and philosophers, Kepler declared that this new astronomy was not simply a mathematical construct that reproduced the motions of the heavens. It was, instead, a treatise on the “true reality” of the heavens, an epic work that overthrew two thousand years of dogma and replaced it with an astronomy based on causes. In it he laid out what are now known as Kepler’s first two Laws of Planetary Motion; that the planets move in elliptical orbits with the Sun at one focus, and that the radius vector from the Sun to the planet sweeps out equal areas in equal times. These laws are correct and are found today in all textbooks on astrodynamics. Equally important, however, was what strictly speaking can be called Kepler’s incorrect hypothesis: that the planets were pulled by a “magnetic” force emanating from the Sun, spreading out from it “in the manner of sunlight.” When his opponents accused him of mixing physics with astronomy, Kepler replied, “I believe that both sciences are so closely bound that neither can achieve perfection without the other.” In other words, Kepler did not describe a model of the universe whose geometry was merely appealing—he was investigating a universe whose causal relationships could be understood in terms of nature knowable to man. In so doing, Kepler catapulted the status of humanity in the universe. Though no longer residing at the center of the cosmos, humanity, Kepler showed, could comprehend it. Therefore, as Kepler wrote to Galileo in the quote that leads this chapter, not only was the universe within man’s intellectual reach, it was, in principle, within physical reach as well.
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