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Preface

So you’ve made the decision to break the surly bounds of Earth and head on out to the Martian frontier. Good move! Mars is where the future is. Its wide-open spaces are waiting for folks like you with guts and gumption to go out and make your mark. It’s a new world, ready for a young civilization to be born, and rife with history raring to be made. Now that you have signed up, you can be one of those on the make.

Yet you mustn’t kid yourself. Mars is a great place, but it’s no picnic. Many people have gone to Mars with high hopes and dreams of making it big, only to fall flat on their faces. The Red Planet can be very harsh to those who come unprepared. You’ve sold your house and liquidated all your savings for a one-way ticket; do you really want to risk ending up dead broke, forced to accept a seven-year contract cleaning sewage recyclers, spending your nights hot-bunking with two other guys who stink as bad as—or God forbid, even worse than—you do? No? I thought not.

And that’s the least that can happen to you. With an unbreathable atmosphere less than 1 percent as thick as Earth’s, and nighttime temperatures that fall to –90°C, Mars is loaded with perils for the careless or unwary. Make one slip on Mars and you can wind up very, very, very dead.

Fortunately, there’s no reason to worry. Because now, thanks to many contributions from the smartest and most battle-tested Mars pioneers from every walk of life (including yours truly, a person who has been working on Mars for so long that people sometimes confuse me with my twentieth-century namesake), a treasury of priceless experience has been compiled to offer you everything you need to know not only to survive, but to thrive—indeed, to succeed beyond your wildest dreams in everything you do on the Red Planet.

Look no further; this book has all the answers. All you have to do is study and absorb its kernels of wisdom. After reading How to Live on Mars, you will prevail over any obstacle that Mars presents you.

In this invaluable compendium, you will learn every trick of the successful Martian pioneer, including:


• How to get to Mars.

• How to choose a hab. (Remember three things: location, location, location.)

• How to choose a life-support system. Which is the right recycling system for you? (Bioregenerative or physical-chemical? Going green may be stylish, but the smell is not for everyone.)

• How to choose your first ground rover, including tips on how to spot a lemon. (Hint: Don’t buy anything developed for the Moon program.)

• How to choose a spacesuit. Not all spacesuits are alike! You need a suit that not only works well but feels good, looks smart, and won’t go out of style. The old Earth saying goes: “Clothes make the man.” The same is true on Mars. Your spacesuit doesn’t just keep you alive, it also defines your image!

• How to stay alive in the desert. Everyone gets stranded sooner or later, but only the prepared survive. There’s much more to rocks, sand, and dust than meets the eye!

• The cheapest way to provide radiation protection for your home. Yes, good shielding is important, but that’s no reason to be taken for a ride by some snobbish salesman pushing designer brands. You can make do for less.

• How to snag your first job, including priceless advice on which jobs to seek and which to avoid.

• What ventures to invest your savings in, including a list of the ten best high-tech start-ups and real-estate deals on Mars.

• Which plants to grow in your greenhouse, and the best techniques for producing crops that are actually edible. (Hint: Don’t use your greenhouse for human waste recycling.)

• How to save money by making your own rocket fuel and blasting explosives at home.

• How to make synthetic alcohol for fun and profit.

• How to make your own steel, glass, plastic—or anything else that you want—out of nothing but dirt and air.

• The best places to shop for gear, including tips on where to find the top bargains, as well as the key scams to avoid.

• How to choose a prospecting partner or an exploration team.

• How to make discoveries that will make you rich and famous.

• How to profit from the terraforming program. Make global warming your friend!

• The best places to go for meeting members of the opposite sex, and the most effective pickup lines to use. This is important. Mars is not Earth—things are done differently here. This section alone is worth many times the price of the book.

• The best places on Mars to have some real fun. Don’t miss out!

• How to choose a spouse.

• How to choose the best school for your kids.

• How to avoid space-agency import fees, tariffs, taxes, utility charges, and other unnecessary expenses.

• How to instantly spot NASA or ESA inspectors, regulators, revenuers, and shrinks.

• How to wage a successful legal defense against bureaucratic persecution, regardless of the evidence.

• How to win elections. Public office can be profitable too!

• And a thousand other priceless tips.



So now the book is in your hands, and with it, the key to your future. You can put it down and end up an indentured sump cleaner, or you can make the wise choice, become informed, and rapidly rise to riches and universal esteem as one of the ranking citizens of our great new civilization. The choice is yours!


 

To the frontier the American intellect owes its striking characteristics. That coarseness of strength combined with acuteness and inquisitiveness; that practical, inventive turn of mind, quick to find expedients; that masterful grasp of material things, lacking in the artistic but powerful to effect great ends; that restless nervous energy; that dominant individualism, working for good and evil, and withal that buoyancy and exuberance that comes from freedom—these are the traits of the frontier, or traits called out elsewhere because of the existence of the frontier.… At the frontier, the bonds of custom are broken, and unrestraint is triumphant.

—Frederick Jackson Turner, The Significance
of the Frontier in American History, 1893

When a place gets crowded enough to require IDs, social collapse is not far away. It is time to go elsewhere. The best thing about space travel is that it made it possible to go elsewhere.

—Robert A. Heinlein

Hell, there are no rules here—we’re trying to accomplish something.

—Thomas A. Edison



The Basics of Survival
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[1]
How to Get to Mars

Anyone can get to Mars. The key thing, however, is to get there alive and without losing your shirt. I take it we are in agreement on this point. In that case, I have advice for you: Don’t take a cycler. Don’t even think about it.

Cycling Spacecraft

Yes, I know what you’ve heard about those wonderful cycling space stations—“castles in the sky,” with accommodations far roomier than any one-shot spaceship could ever hope to offer, orbiting eternally back and forth between Mars and Earth. Well, that’s just the problem. These stations have been orbiting forever—or ever since 2042, anyway—back and forth, back and forth, and consequently they are now so full of green and brown microbial slime that the stench is almost enough to kill you long before the space-mutated microbes that infest their broken-down water recycling systems even have a chance to turn your insides into bloody mush. I’m sure these stations must have sounded like a great idea back at the beginning of the century: “Build them big, launch them once, and reuse them forever.”

[image: ]

The Russian space station Mir, which had to be abandoned and destroyed in 2000 after fourteen years of orbital use filled her with green slime. The cyclers have been in space much longer. (List of Illustrations 1.1)

But the reality is that these fabled flying castles are nothing but ancient, unsanitary, filth-filled bilge cans, designed by a bunch of overpaid, underworked government clowns who most likely were born when George Bush was president, and whose engineering competence reflects that fact.

Perhaps you feel I exaggerate? Well, then, ask yourself this question: Have you ever met anyone who took a cycler to Mars and also chose to take one back? No? I didn’t think so.

And, in case you are thinking, “But it’s worth living in a flying latrine for eight months in order to save a bundle on the interplanetary transfer,” think again. Yes, it’s true that a berth on a cycler can be had for a song, but they take you to the cleaners for your seat in the taxi capsule that shoots you out from Low Earth orbit to perform Hyperbolic Rendezvous (HR) in interplanetary space with the cycler as it whizzes by Earth. And that’s just the beginning. Because you’ll also need to buy HR insurance to cover the sky-high cost of capsule rations if your taxi misses the cycler—which it does half the time—and you are forced to live on synthetic pemmican and recycled metabolic products for two years until your sardine-can (which is on a trans-Mars trajectory, after all) cycles back to Earth and you can try again—assuming you are still alive, which you probably won’t be, because the taxi capsules lack proper solar-flare storm shelters and in the course of two years you are bound to get zapped.

But even if you successfully make it to the cycler, it’s just not worth it when you consider the fact that you’ll be stuck for the duration of your trip with a bunch of other Joes who are cool with the idea of cesspool-economy spaceflight. In fact, you’ll be stuck with them for a lot longer than that, because no Martian who still has his, or especially, her, sense of smell will be caught dead hanging out with cycler scum. Think about it. You are going to Mars to begin a new life. Do you really want to start out, and stay, at the bottom of the barrel? Do you hope to meet your soul mate, or just find some action? Either way, if you are dumb enough to go to Mars by cycler, the polar caps will melt before you ever get a date.

Nuclear-Electric Propulsion

Now that we have ruled out the cyclers, how should you go? If you are rich but not terribly astute, you are probably already thinking that splurging a few million shekels for a ticket on a fast nuclear-electric ion-drive spaceship might be a better choice. That’s certainly the choice that NASA would prefer you take, because they’re still trying to justify their latest boondoggle. I’m sure you’ve seen their vids: “Nuclear-Electric: modern propulsion, taking you anywhere, anytime.”

Well, it’s your money, and if you’re willing to burn it, that’s your business. But before you do, there’s something you ought to know: Nukey ships are for the birds. Yes, it’s true that in theory they can really work themselves up to incredible velocities, but they take over a year to do so. So you actually get to Mars quicker on a cycler (to say nothing of doing it by a six-month Type 1 ballistic transfer, as the first explorers did, way back when). And while those fancy techno-wonders certainly look majestic with their vast glowing arrays of radiators, power conditioners, ion thrusters, and the rest, all that gear is vulnerable to breaking down. If it chooses to do so after the ship has gotten up to speed but before she can slow herself down, you’ll find yourself bound for a random destination somewhere well beyond the Oort Cloud—a predicament that gives new meaning to the NASA slogan “Taking you anywhere, anytime.” Of course, the skippers of such Flying Dutchmen don’t fancy such an outcome any more than you do, which is why they have all that ultrafine print in your transit contract that allows them to order you to do a little extravehicular activity (i.e., “go EVA”) for in-flight propulsion-system repairs near the ship’s reactor.

Please don’t get me wrong. You’re coming to Mars, so naturally you’re going to pick up a few dozen Rems here or there. That’s OK. A little bit of radiation never hurt anyone. It’s a lot of radiation that you have to worry about. And unfortunately, those nukeys are as hot as pistols. That’s why they have that 200-meter-long boom between the reactor and the crew habitat—it drops the dose rate by the square of the distance. But the power generation and conditioning gear your loving ship’s officers will send you out to fix is all within 5 or 10 meters of the core. Yes, it’s behind the reactor’s shadow shield, but don’t let them fool you. Most of the hab’s shielding actually comes from the row of propellant tanks strung out along the boom, and you’ll be going forward of all that stuff. Furthermore, not only will you be exposed to at least a ten-thousandfold increase in dose rate from the reactor, you will be working directly on equipment that has absorbed a lot of neutrons over time, and so will be medium-level radioactive itself. Are you starting to get the picture?
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A nukey ship. She looks cool, but note that her engines are firing the wrong way to slow down for Mars arrival. Farewell, voyagers. (List of Illustrations 1.2)

So, if the two mainstream choices of a cheapo stinky cycler or a wildly overpriced nukey ride to glory are both unappealing, what is the answer? How can you get to Mars alive, unstunk, undosed, and unbroke? Believe it or not, there is a way.

The secret is to ride the freight. That’s right, take the freight. Of course, not just any freight will do. If you want to get to Mars with your lungs still pumping, you need to ride aboard freight that includes life support. What freight is that? It’s the new hab modules being shipped out for use on the Martian surface.

Cargo Flights

This is one of the best-kept secrets in the whole Mars program. NASA doesn’t want you to know about it, because they want you to shell out your cash to buy a berth in one of their nukey ships, or at least spring for a ticket on a decrepit cycler. But there is no point to doing either. Every year, dozens of brand-new, spiffy-clean surface habs are fired off to Mars to provide housing for the more successful members of the colony’s growing population. There’s no reason you can’t get to Mars aboard one of those. It’s the best deal in the solar system. You can ride to Mars for free, or, if you have the right references, skills, and attitude, you can even get paid by the hab’s buyers to house-sit their prospective property for them during the outbound flight. Why should the new owners pay you to ride to Mars in their house? Simple: Nobody wants to buy a lemon, and your surviving the trip provides them with an unfakable proof of product quality.

Don’t worry. Those NASA Safety Office “Don’t Be a Guinea Pig” vids warning people against riding hab freight are nothing but pure bull. Think about it. If you arrive dead, the hab sellers don’t get paid, so you can bet your bottom dollar that they will do everything they can to make sure you get there in the pink. Ask for first-class rations—you’ll get them! Insist upon a good old-fashioned, quick, Type 1 flight plan—they’ll agree! You can even demand they add a tether and spin the thing around its spent trans-Mars injection stage to give you artificial gravity. They’ll do it! That’s right, they’ll do it for you because they care about you making it to Mars alive and healthy.

And there’s another bonus to flying by private freight—you can take along some choice cargo of your own. There’s plenty of little special items in very high demand on Mars that the well-meaning NASA nannies somehow just can’t bring themselves to include in the official supply manifest. You can help solve this problem and do well by doing good. What items should you include in your off-the-manifest stash? That depends. I suggest you consult with the hab’s buyers. Trust me, they didn’t get rich on Mars by being dumb. Let them be your teachers. Work with them. Be a team player. Show the smart set that you’re the sort who can help create some action, and don’t worry, they’ll make sure you get your piece. That’s the Martian way.


Technical Note (WARNING: High Science Content) Interplanetary Orbits



If you want to travel from Earth to Mars, you need to choose an appropriate orbital path.

The classic choice for an interplanetary travel orbit is known as the Hohmann Transfer, named after a German mathematician who discovered it in 1925. The Hohmann transfer is an ellipse, one of whose foci is at the sun, and whose perimeter is tangent to the orbit of Earth on the short side of its major axis (the position closest to the sun or “perihelion”) and tangent to the orbit of Mars on the other (the position farthest from the sun, or “aphelion”). So if you take a Hohmann transfer, you will travel 180 degrees around the sun, leaving Earth in, for example, the six-o’clock position to arrive at Mars in the opposite twelve-o’clock position. The Hohmann transfer is thus the longest direct route between Earth and Mars, but despite that, it is preferred by many mission planners because it has the smallest propulsion requirements. For this reason, the Hohmann transfer is also known as the minimum-energy orbit. It may not be the fastest, but it is the cheapest and easiest path between planets. When employed between Earth and Mars, it dictates a one-way trip time of eight and a half months.

The Hohmann transfer is a special case of a general type known as conjunction-class orbits. Ancient astrologers, with their geocentric worldview, deemed Mars to be in “opposition” to the sun when the two were on opposite sides of Earth, and in “conjunction” with the sun when the Red Planet was on the same side. This latter condition occurs when Mars is behind the sun as seen from Earth, which is the case with the targeted position of Mars at the moment of launch of a Hohmann transfer. Twentieth-century spaceflight engineers at NASA’s Jet Propulsion Laboratory, apparently deeply steeped in astrological lore, chose to call the Hohmann transfer and similar orbits “conjunction,” and the name has stuck.

As implied above, the Hohmann transfer is not the only conjunction orbit. If you pour on some extra departure propulsion, the transfer orbit can be enlarged so that its aphelion is beyond the orbit of Mars. In this case, the transfer orbit will not be tangent to that of Mars, but rather intersect it in two positions, one on the outbound and the other on the return. So, for example, if you leave Earth at the six-o’clock position relative to the sun, you will now be able to reach Mars, not at the twelve-o’clock position, but at either the one-o’clock or eleven-o’clock positions. If your point of view is such that the planets and the spacecraft are all traveling counterclockwise, then the trip from six o’clock directly to one o’clock will be shorter than the Hohmann transfer; while the trip from six o’clock out past Mars to hit the Red Planet on the way back at eleven o’clock will take longer. Both of these routes are still considered conjunction orbits, but the first, quicker path, is known as a Type 1 conjunction, while the second is Type 2.

Compared to a Hohmann Transfer, a Type 1 conjunction has the disadvantage of requiring somewhat more fuel, but it offers the benefit of a shorter trip time, say six months one-way instead of eight and a half. It is thus the preferred choice for human interplanetary travel. The Type 2 conjunction, on the other hand, also requires more propellant than the Hohmann Transfer, but actually lengthens the trip, perhaps to eleven months.

So, here’s a hint: If you’re short on cash, take the Hohmann Transfer. It’s the cheapest way to fly. If you’ve got some extra krill to spend, or are working for someone who does, go Type 1. But don’t let yourself get stuck on a Type 2, as you will end up paying more for a longer trip. Sometimes ships have to go Type 2 when their launch schedule requires it, but this is something that you should really seek to avoid.

This returns us to the issue of the cyclers. A long time ago, somebody had the bright idea that it would make sense to launch one or more large space stations in permanent transfer orbits between Earth and Mars. Once established, such large habitable structures would not have to be launched again, and people could make the trip just by catching the cyclers in small, fast “taxi” capsules fired out from either Earth or Mars orbit as the cycler passed by. Aside from the risk of missing the connection (you only get one shot), the idea sounds good, but it introduces many complications. For example, the one-way Hohmann transfer travel time is eight and a half months, so its round trip time is seventeen months. This does not synchronize with the twelve-month orbital period of Earth. Thus, if a spacecraft were to depart Earth on a Hohmann transfer and allowed to orbit back again, when it returned the Earth would not be there to meet it. For this reason, cyclers cannot use Hohmann transfers. A cycler could make use of a higher-energy orbit that goes out beyond Mars to return to Earth twenty-four months after departure, and thus effect a rendezvous with the home planet. In such a case, however, the cycler’s itinerary between Earth and Mars would involve a short Type 1 leg as well as a long Type 2 leg. These could be assigned to either the outbound or inbound routes, according to preference, but passengers going one way or the other would always end up getting stuck with the slow boat. Furthermore, while a cycler with a two-year period could be counted upon to rendezvous with Earth every orbit, it would not be synchronous with Mars, whose orbital period is twenty-three months. Thus, in order to make such a transportation system effective, there would have to be a number of cyclers, each one returning to the Earth’s orbit at a different point and only being used for Earth-Mars transportation once every six or seven years.

While all orbits
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