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There are no ends, limits, or walls that can bar us or ban us from the infinite multitude of things.
—Giordano Bruno, On the Infinite Universe and Worlds, 1584

When a population of organisms grows in a finite environment, sooner or later it will encounter a resource
limit. This phenomenon, described by ecologists as reaching the “carrying capacity” of the environment,
applies to bacteria on a culture dish, to fruit flies in a jar of agar, and to buffalo on a prairie. It must also apply
to man on this finite planet.
—John P. Holdren and Paul R. Ehrlich, Global Ecology, 1971
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Part 1:

The Challenge of Mars
The Earth is not the only world. There are billions of other potential homes for life.
And the first of these is now within reach.
The planet Mars is a world of towering mountains, vast deserts, polar ice fields,
dry river channels, and spectacular deep canyons. Possessing a surface area equal to all
the continents of the Earth put together, it orbits our sun at a distance about 50 percent
greater than that of the Earth. This makes Mars a cold world, but not impossibly so.
The average sunlight received at the Martian equator is about equal to that which
shines upon Norway or Alaska. During the day at low Martian latitudes, the
temperature frequently exceeds 50° F (10° C). At night, however, the thin Martian
atmosphere does a poor job of retaining heat, and temperatures drop to –130° F (–90°
C).
There is no liquid water on the surface of Mars today, but there was once, and our
satellite probes show us its handiwork in the form of large networks of dried up
riverbeds, dry lakes, and even the basin of a now-vacant northern Martian ocean. The
water, however, is there—its surface reserves frozen as ice and permafrost and covered
with dust, its deeper reservoirs still liquid, warmed by the planet’s remaining sources
of geothermal heat. There is as much water per square mile on Mars as there is on the
continents of our home world.
Water is the staff of life, and the presence of large quantities of water on Mars
marks it out as a potential home for a biosphere. On Earth, wherever we find liquid
water, we find life. The evidence from our orbital images shows that there was liquid
water on the surface of Mars for about a billion years of the planet’s early history, a
span roughly ten times as long as it took for life to appear in the Earth’s fossil record
after there was liquid water here. Thus if the conjecture is correct that life is a natural
development from chemistry wherever one has liquid water and a sufficient period of
time, then life should have appeared on Mars. Fossils recording its history may be
there for us to find.
Life may have lost its foothold on the planet’s surface, with the loss of the juvenile
Mars’s early thick carbon dioxide atmosphere and its associated greenhouse warming
capability. But our space probes show that liquid water has gushed out from the Red
Planet’s subsurface within the past few million years, and probably within the past
decade. In either case, effectively, the geologic present. This means that refuges for
retreating Martian life may still exist. If we go there and drill, we could find them, and
in finding them determine whether life as we know it on Earth is the pattern for all life
everywhere or whether we are just one example of a much vaster and more varied
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tapestry. Mars is thus the Rosetta Stone that will reveal to us the nature of life and its
place within the cosmic order.

The New World
But Mars is more than just an object of scientific inquiry. It is a world capable of
sustaining not only an ancient native microbial ecology, but a new immigrant branch
of human civilization. For the Red Planet’s resources go well beyond its possession of
water. It has carbon in abundance as well, present both in the carbon dioxide that
composes the majority of its atmosphere and in carbonates in its surface material. It
has nitrogen, too; nitrogen is the leading minority gas in Mars’s air and almost
certainly exists as nitrates in the soil as well. Thus between the water, carbon dioxide,
and nitrogen, we have all four of the primary elements of life (carbon, nitrogen,
oxygen, and hydrogen). Calcium, phosphorus, and sulfur—the key secondary elements
of life—are present in abundance as well. (In contrast, with the exception of oxides
bound in rock, or ultra-cold condensations found in permanently shadowed polar
craters, all of these are either rare or virtually absent on the Earth’s Moon.)
In addition, all the elements of industry, such as iron, titanium, nickel, zinc, silicon,
aluminum, and copper, are available on Mars, and the planet has had a complex
geological history involving volcanism and hydrological action that has allowed for
the concentration of geochemical rare elements into usable concentrated mineral ore.
Mars’s day-night cycle is 24.6 hours long, nearly the same as the Earth, which is not
only pleasant for humans, but more importantly, makes it fully suitable for growing
plants in outdoor greenhouses using natural sunlight. The planet’s geothermal heat,
which currently may sustain the habitats for scientifically fascinating native microbes,
can also be used to provide both plentiful liquid water and power for human Mars
settlements.
In a way that simply is not true of the Earth’s Moon, the asteroids, or any other
extraterrestrial destination in our solar system, Mars is the New World. If we can go
there and develop the craft that allows us to transform its native resources into usable
materials—transforming its carbon dioxide and water into fuel and oxygen, using its
water and soil and sunlight to grow plants, extracting geothermal power from its
subsurface, using its collection of solid resources to produce bricks, ceramics, glasses,
plastics, and metals, making our way up the ladder of craftsmanship to make wires,
tubes, clothes, tankage, and habitats—then we can create the technological
underpinnings for not only a new branch, but a new type of human society.
Because it is the closest world that can support settlement, Mars poses a critical
test for the human race. How well we handle it will determine whether we remain a
single planet–constrained species or become spacefarers with the whole universe open
before us.
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Part 2:

How It Can Be Done
Mars is the New World. Someday millions of people will live there. What language
will they speak? What values and traditions will they cherish, to spread from there as
humanity continues to move out into the solar system and beyond? When they look
back on our time, will any of our other actions compare in value to what we do today
to bring their society into being? Today, we have the opportunity to be the founders,
the parents and shapers of a new and dynamic branch of the human family, and by so
doing, put our stamp upon the future. It is a privilege not to be disdained lightly.
Many people believe that a human mission to Mars is a venture for the far future, a
task for “the next generation.” Such a point of view has no basis in fact.
On the contrary, the United States has in hand, today, all the technologies required
for undertaking an aggressive, continuing program of human Mars exploration, with
the first piloted mission reaching the Red Planet within a decade. We do not need to
build giant spaceships embodying futuristic technologies in order to go to Mars. We do
not need to build a lunar base, a grander space station, or seek any other way to mark
time for further decades. We can reach the Red Planet with relatively small spacecraft
launched directly to Mars by boosters embodying comparable technology as that
which carried astronauts to the Moon almost a half century ago. The key to success
comes from following a travel-light-and-live-off-the-land strategy that has served
explorers well over the previous centuries that humanity has wandered and searched
the globe. A plan that approaches human missions to the Red Planet in this way is
known as the Mars Direct approach. Here’s how it would work.

The Mission
At an early launch opportunity (for example, 2020), a single heavy lift booster with a
capability equal to that of the Saturn V used during the Apollo program is launched off
Cape Canaveral and uses its upper stage to throw a forty-metric ton (or “tonne”)
unmanned payload onto a trajectory to Mars. Arriving at Mars eight months later, it
uses friction between its aeroshield and Mars’s atmosphere to brake itself into orbit
around Mars, and then lands with the help of a parachute. This payload is the Earth
Return Vehicle (ERV), and it flies out to Mars with its two methane/oxygen-driven
rocket propulsion stages unfueled. It also has with it six tonnes of liquid hydrogen
cargo, a hundred-kilowatt nuclear reactor mounted in the back of a methane/oxygen-
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driven light truck, a small set of compressors and automated chemical processing unit,
and a few small scientific rovers.
As soon as landing is accomplished, the truck is telerobotically driven a few
hundred meters away from the site, and the reactor is deployed to provide power to the
compressors and chemical processing unit. The hydrogen brought from Earth can be
quickly reacted with the Martian atmosphere, which is 95 percent carbon dioxide gas
(CO2), to produce methane and water, and this eliminates the need for long-term
storage of cryogenic hydrogen on the planet’s surface.
The methane so produced is liquefied and stored, while the water is electrolyzed to
produce oxygen, which is stored, and hydrogen, which is recycled through the
methanator. Ultimately these two reactions (methanation and water electrolysis)
produce twenty-four tonnes of methane and forty-eight tonnes of oxygen. Since this is
not enough oxygen to burn the methane at its optimal mixture ratio, an additional
thirty-six tonnes of oxygen is produced via direct dissociation of Martian CO2. The
entire process takes ten months, at the conclusion of which a total of 108 tonnes of
methane/oxygen bipropellant will have been generated. This represents a leverage of
eighteen to one of Martian propellant produced compared to the hydrogen brought
from Earth needed to create it. Ninety-six tonnes of the bipropellant will be used to
fuel the ERV, while twelve tonnes are available to support the use of high-powered,
chemically fueled, long-range ground vehicles. Large additional stockpiles of oxygen
can also be produced, both for breathing and for turning into water by combination
with hydrogen brought from Earth. Since water is 89 percent oxygen (by weight), and
since the larger part of most foodstuffs is water, this greatly reduces the amount of lifesupport consumables that need to be hauled from Earth.
The propellant production having been successfully completed, in 2022 two more
boosters lift off the Cape and throw their forty-tonne payloads toward Mars. One of
the payloads is an unmanned fuel-factory/ERV just like the one launched in 2020; the
other is a habitation module containing a crew of four, a mixture of whole food and
dehydrated provisions sufficient for three years, and a pressurized methane/oxygendriven ground rover. On the way out to Mars, artificial gravity can be provided to the
crew by extending a tether between the habitat and the burnt-out booster upper stage
and spinning the assembly. Upon arrival, the manned craft drops the tether, aerobrakes, and then lands at the 2020 landing site where a fully fueled ERV and fully
characterized and beaconed landing site await it. With the help of such navigational
aids, the crew should be able to land right on the spot; but if the landing is off course
by tens or even hundreds of kilometers, the crew can still achieve the surface
rendezvous by driving over in their rover; if they are off by thousands of kilometers,
the second ERV provides a backup. However assuming the landing and rendezvous at
site number one is achieved as planned, the second ERV will land several hundred
kilometers away to start making propellant for the 2024 mission, which in turn will fly
out with an additional ERV to open up Mars landing site number three. Thus every
other year two heavy lift boosters are launched, one to land a crew, and the other to
prepare a site for the next mission, for an average launch rate of just one booster per
year to pursue a continuing program of Mars exploration. This is clearly affordable. In
effect, this pioneer approach removes the manned Mars mission from the realm of
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mega-fantasy and reduces it to practice as a task of comparable difficulty to that faced
in launching the Apollo missions to the Moon.

The Mars Direct surface base. The tuna can–shaped habitation module is on the left, and
the ERV is at right. (Painting by Robert Murray)

The crew will stay on the surface for 1.5 years, taking advantage of the mobility
afforded by the high-powered, chemically driven ground vehicles to accomplish a
great deal of surface exploration. With a twelve-tonne surface fuel stockpile, they have
the capability for over twenty-four thousand kilometers’ worth of traverse before they
leave, giving them the kind of mobility necessary to conduct a serious search for
evidence of past or present life on Mars—an investigation key to revealing whether
life is a phenomenon unique to Earth, or something that is happening throughout the
universe. Since no one has been left in orbit, the entire crew will have available to
them the natural gravity and protection against cosmic rays and solar radiation
afforded by the Martian environment, which data from the Curiosity rover has shown
to be no more hazardous from a radiological point of view than low Earth orbit. Thus
there will not be the strong driver for a quick return to Earth that plagues conventional
Mars mission plans based upon orbiting mother ships with small landing parties.
At the conclusion of their stay, the crew returns to Earth in a direct flight from the
Martian surface in the ERV. As the series of missions progress, a string of small bases
are left behind on the Martian surface, opening up broad stretches of territory to
human cognizance.
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Part 3:

Our Current Predicament
Such are the limitless possibilities potentially within our reach. Yet the reality is that
America’s human spaceflight program is now adrift. The Space Shuttle has made its
final flight, and the Obama administration has no coherent plan as to what to do next.
Instead, as matters stand, the United States will waste the next decade spending $100
billion to support a goalless, constituency-driven human spaceflight effort that goes
nowhere and accomplishes nothing.
Meanwhile, the robotic exploration program, which has achieved a string of
amazing successes over the past sixteen years leading up to the landing of the terrific
Curiosity rover in August 2012, is currently threatened with budget cuts that could
stop it dead in its tracks. This is very ironic, to say the least. The Curiosity landing
rightly thrilled the world, and the nation’s leaders were quick to take bows. “If anyone
has been harboring doubts about the status of US leadership in space,” the president’s
science adviser, John P. Holdren, said, “well, there’s a one-ton automobile-size piece
of American ingenuity. And it’s sitting on the surface of Mars right now.”
But alas, the Curiosity mission is a legacy of the Bush administration, begun by
one NASA administrator, Sean O’Keefe, and rammed through to completion over the
objections of vocal critics by his gutsy successor, Mike Griffin, who also initiated the
MAVEN Mars orbiter, scheduled for launching next year. The Obama administration,
however, has no plans to continue in like vein. Far from it. It has canceled NASA’s
plans for joint Mars missions with the Europeans in 2016 and 2018 and is proposing to
butcher the program budget.
The figures speak for themselves. The fiscal year 2012 NASA Mars exploration
budget was $587 million. The administration cut that to $360.8 million in fiscal year
2013, and is proposing $227.7 million in 2014 and $188.7 million in 2015. These
developments pose a grave crisis for any Mars program.
NASA’s robotic Mars exploration efforts have been brilliantly successful because,
since 1994, they have been approached as a campaign, with probes launched every
biennial opportunity, alternating between orbiters and landers. As a result, combined
operations have been possible, with orbiters providing communication links and
reconnaissance guidance for surface rovers, which in turn can conduct ground-truth
investigations of orbital observations. Thus, the great treks of the rovers Spirit and
Opportunity, launched in 2003, were supported from above by Mars Global Surveyor
(MGS, launched in 1996), Mars Odyssey (launched in 2001), and Mars
Reconnaissance Orbiter (MRO, launched in 2005). But after serving nine years in
orbit, MGS is now lost, and if we wait until the 2020s to resume Mars exploration, the
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rest of the orbiters will be gone as well. Moreover, so will be the experienced teams
that created them. Effectively, the whole program will be completely wrecked, and we
will have to start again from scratch.
Furthermore, if the administration’s cuts are allowed to prevail, we will not only
destroy America’s Mars exploration program, but derail that of our European allies as
well. The 2016 and 2018 missions were planned as a NASA/ESA joint project, with
the Europeans contributing over $1 billion to the effort. But if America betrays its
commitment, the European supporters of Mars explorations will be left high and dry,
and both the missions and the partnership will be lost.
There is no justification for the proposed cuts. The US federal government may be
going broke, but it’s not because of NASA. Since 2008, federal spending has increased
40 percent, but NASA spending has remained the same. Trillions of dollars of out-ofcontrol entitlement spending cannot be remedied by cuts in NASA, or even in the
entire discretionary budget, defense included. Rather, the financial bleeding needs to
be staunched where the hole is, and nowhere else.
The proposed cuts caused massive outrage, which was in no way calmed by NASA
Administrator Charles Bolden’s March 2012 testimony to congress in which he said
that the Mars program should be cut because “it had been successful.” Some
mollification was provided to the Mars scientific community by the August 2012
announcement that NASA’s open-for-competition Discovery program had chosen a
small Mars geophysical probe called InSight as its 2016 selection. In a further attempt
to brighten the picture, NASA Associate Administrator for Science John Grunsfeld
announced in December 2012 that NASA would send another Curiosity-model rover
to Mars in 2020. However as no increased funding came along with this message, and
as the 2020 target date was clearly chosen to avoid the need for the administration to
actually provide any serious cash, the reality of this commitment may be viewed with
considerable skepticism.
The Mars program is not being derailed to make funds available for future
missions to other planets. In fact, there is no money in the Obama OMB plan to fund
any of them, either.
In any case, cost is not the issue. With the Europeans putting up their share, a
matching $1 billion contribution from NASA spread over the next six years would be
sufficient to fund both the 2016 and 2018 missions at a level of a billion dollars each.
This would require less than 1 percent of NASA’s current budget. There is no excuse
for not doing this. Indeed, what is truly remarkable about the Obama administration’s
NASA management is that it has managed to wreck both the human spaceflight
program and the robotic planetary exploration effort without saving any money. In
2008, NASA spending was $17.4 billion; the 2013 budget is $17.7 billion. Yet in 2008,
NASA was running an active space shuttle program, preparing for the critical mission
to save the Hubble Space Telescope, developing systems for returning astronauts to the
Moon by 2019, building the Curiosity and MAVEN Mars probes, and planning an
orbiter for Jupiter’s moon Europa. Today the shuttles are gone, the Moon program is
gone, and this decade’s primary planned post-MAVEN Mars and Jupiter probes are
gone—all without saving a nickel. In terms of damage done per dollar cut, it may be a
world record. But it gets worse.
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Mars Sample Return the Hard Way
In response to the outrage over its cancelation of the 2016 and 2018 Mars missions, in
the summer of 2012, the administration ordered a major “rethink” of NASA’s plans for
continued robotic exploration of the Red Planet. Reporting back in October 2012, the
agency bureaucracy said that the mission of returning a small sample of material
(known as the Mars Sample Return, or MSR) from the Red Planet should be the
primary goal of the robotic Mars exploration program. That was not particularly
remarkable. What was remarkable, however, was the unprecedented and incredibly
unnecessary complexity of the plan proposed for achieving such an objective.
It may well be asked whether a sample return would be the best way to pursue the
robotic scientific exploration of Mars within the budget of the Mars exploration
program run by NASA’s planetary exploration directorate. That is an issue over which
reasonable people may, and do, differ. It is certainly possible to propose alternative
robotic mission sets consisting of assortments of orbiters, rovers, aircraft, or surface
networks that might produce a greater science return than the MSR mission much
sooner, especially in view of the fact that human explorers could return hundreds of
times the amount of samples, selected far more wisely, from thousands of times the
candidate rocks, than an MSR mission. However, that said, if the scientific community
really believes that a robotic Mars sample is so valuable that it is worth sacrificing all
the other kinds of science they could do with their cash, then it is imperative that
NASA develop the most efficient MSR plan, to allow the sample to be obtained as
quickly as possible and with the least possible expenditure of funds that could be used
for other types of Mars exploration missions.
Unfortunately, however, rather than propose the most cost-effective plan for an
MSR mission, NASA has set forth the most convoluted, riskiest, costliest approach
ever conceived. The Curiosity mission demonstrated a system that can soft-land nine
hundred kilograms on the Martian surface. With a nine-hundred-kilogram payload, it
is possible to land a complete two-stage Mars ascent vehicle capable of flying a
capsule with a one-kilogram sample directly back to Earth, as well as a Spirit-class
rover to gather the samples for it. But instead of proposing such a straightforward plan,
NASA baselined a mission conducted in eight parts, including: a) pre-landing a very
large rover to collect and cache samples, b) dispatching a Mars ascent vehicle to Mars
and performing a surface rendezvous with the rover or its cache, c) flying the Mars
ascent vehicle to Mars’s orbit to rendezvous with a solar electric propulsion (SEP)
spacecraft, d) flying the SEP spacecraft back to near-Earth interplanetary space, e)
building a human-tended space station at Lagrange point L2, just above the far side of
the Moon, f) flying astronauts to the Lagrange point space station, g) dispatching
astronauts from the Lagrange point space station to take the sample from the SEP
spacecraft and return to the Lagrange point space station, and h) conducting extended
studies of the sample in the Lagrange point space station.
The kindest thing that can be said about this quintuple-rendezvous plan is that it is
probably the unplanned product of the pathology of bureaucracy rather than the willful
madness of any one individual.
For a fifth of its cost, NASA could fly five simple direct return MSR missions,
each of which would have (at least) five times its chance of mission success. So it’s
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hard to imagine any sane person inventing the proposed plan on purpose.
Clearly, though, the group that drifted into it was attempting to force the MSR
mission to provide an apparent excuse for the existence of an assortment of other
NASA hobbyhorses. For example, we note that it makes use of an L2 space station and
electric propulsion, neither of which is necessary or advantageous for use as part of the
MSR mission. So how did these two weird ideas get into the plan?
The idea of building a Lagrange point space station was conceived by NASA’s
human spaceflight directorate during the summer of 2012 as a pseudo-objective to
give their program something to do other than endlessly and pointlessly flying
astronauts up and down to the low Earth orbiting International Space Station for the
next twenty years. The problem, however, is that an L2 space station would serve no
useful purpose whatsoever. We don’t need an L2 space station to go back to the Moon.
We don’t need an L2 space station to go to near-Earth asteroids. We don’t need an L2
space station to go to Mars. We don’t need an L2 space station for anything. So
lacking any other purpose, it was given a role in the MSR mission. But this does not
help the MSR mission, which could much more simply just return the samples to
Earth, where far better lab facilities are available than could ever be installed at L2.
Rather, by imposing the L2 station on MSR as a necessary element of the mission
plan, the NASA bureaucrats are inserting a tollbooth blocking the way to the
accomplishment of the sample return, while radically increasing mission and program
cost, schedule, and risk, and decreasing science return.
The same can be said for forcing the use of electric propulsion on the mission, but
as this is part of an even bigger boondoggle barring the way to human Mars
exploration, it merits a discussion all of its own.

The VASIMR Hoax
In 2010, President Obama canceled the Bush administration’s initiative to return
astronauts to the Moon by 2019. Instead, said the president, traveling to near-Earth
asteroids and then Mars should be our goal. However, the president said in his speech
announcing the new vision at Kennedy Space Center on April 15, 2010, that “critical
to deep space exploration will be the development of breakthrough propulsion
systems,” so we can’t actually get ready to go anywhere. But don’t worry, said the
space administration spokesmen, who claimed that NASA is developing a new
breakthrough propulsion system, known as VASIMR, which uniquely will make it
possible for astronauts to travel safely and quickly to Mars. We can’t go to Mars until
we have the revolutionary VASIMR, they said, but just wait, it’s on the way, and once
it arrives, all things will be possible.
Washington is a city known for its smoke and mirrors, but rarely has such total
falsehood been touted as a basis for science policy.
VASIMR, or the Variable Specific Impulse Magnetoplasma Rocket, is not new.
Rather, it has been researched at considerable government expense by its inventor, Dr.
Franklin Chang-Díaz, a close friend and former Shuttle crewmate of NASA
administrator Charles Bolden, for three decades. More importantly, it is neither
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revolutionary nor particularly promising. Rather, it is just another addition to the
family of electric thrusters, which convert electric power to jet thrust, but markedly
inferior to the ones we already have.
Existing ion thrusters routinely achieve 70 percent efficiency and have operated
successfully both on the test stand and in space for thousands of hours. In contrast,
after thirty years of research, the VASIMR has only obtained about 50 percent
efficiency in test stand burns of a few seconds’ duration, and that is only at high
exhaust velocity. When the exhaust velocity is reduced, the efficiency drops in direct
proportion. This means that the VASIMR’s much-chanted (but always doubtful) claim
that it could offer significant mission benefit by trading exhaust velocity for thrust is
simply false. In contrast, this capability has been demonstrated by the ion-drive
propelled Dawn spacecraft currently on its way to an asteroid. Finally, if it is to be
used in space, VASIMR will require practical high-temperature superconducting
magnets, which do not exist.
But wait, there’s more. To achieve his much-repeated claim that VASIMR could
enable a thirty-nine-day one-way transit to Mars, Dr. Chang-Díaz posits a nuclear
reactor system with a power of two hundred thousand kilowatts and a power-to-mass
ratio of one thousand watts per kilogram. In fact, the largest space nuclear reactor ever
built, the Soviet TOPAZ, had a power of ten kilowatts and a power-to-mass ratio of ten
watts per kilogram. There is thus no basis whatsoever for believing in the feasibility of
Dr. Chang-Díaz’s fantasy power system.
Space nuclear reactors with powers in the range of fifty to one hundred kilowatts
and power-to-mass ratios of twenty to thirty watts per kilogram are feasible, and
would be of considerable value in enabling ion-propelled high–data rate probes to the
outer solar system, as well as serving as a reliable source of surface power for a Mars
base. However, rather than spend its research dollars on such an actually useful
technology, the administration has chosen to fund VASIMR.
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How to never get to Mars: NASA concept for giant nuclear electric spaceship. (Art
courtesy of NASA)

No electric propulsion system—neither the inferior VASIMR nor its superior ion-drive
competitors—can achieve a quick transit to Mars, because the thrust-to-weight ratio of
any realistic power system (even without a payload) is much too low. If generous but
potentially realistic (someday) numbers are assumed (like, say, fifty watts per
kilogram), Dr. Chang-Díaz’s hypothetical two hundred thousand–kilowatt nuclear
electric spaceship would have a launch mass of 7,700 metric tons, including four
thousand tons of very expensive and very radioactive high-technology reactor system
hardware requiring maintenance support from a virtual parallel universe of futuristic
orbital infrastructure. Yet it would still get to Mars no quicker than the six-month
transit executed by the Mars Odyssey spacecraft using chemical propulsion in 2001,
and which could be readily accomplished by a human crew launched directly to Mars
by a heavy-lift booster no more advanced than the (140-ton-to-orbit) Saturn V
employed to send astronauts to the Moon in the 1960s.
That said, the fact that the administration is not making an effort to develop a
space nuclear reactor of any kind, let alone the gigantic super-advanced one needed for
the VASIMR hyper drive, demonstrates that the program is being conducted on false
premises.
So far from enabling a human mission to Mars, VASIMR is primarily useful as a
smoke screen for those who wish to avoid embracing such a program. Yet their entire
case is disingenuous, because in reality there is no need to develop any faster
propulsion system before humans venture to the Red Planet. As noted, the current oneway transit time is six months, exactly the same as a standard crew rotation on the
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space station. The six-month transit trajectory is actually the best one to use for a
human crew, because it provides for a free return orbit, an important safety feature that
a faster trajectory would lack. Thus even if we had a truly superior and practical
propulsion technology, such as nuclear thermal rockets (which the government is also
not developing), we would use its capability to increase the mission payload rather
than shorten the transit.
The argument that we must go much faster to avoid cosmic rays is demonstrably
false, as proven not only by standard radiation risk analysis (about 1 percent risk of
fatal cancer for the fifty-rem, extended-duration, round-trip dose entailed), but by the
fact that about a dozen astronauts and cosmonauts have already received such a
cumulative cosmic ray dose during repeated flights on the ISS or Mir and, as expected,
none of them have evidenced any radiological health effects. (Cosmic ray dose rates
on the ISS are fully half of those in interplanetary space, because the Earth blocks out
half the sky. The Earth’s magnetic field does not shield effectively against cosmic rays.
As a result, over the next ten years, ISS crews will receive the same number of personrems of cosmic radiation as would have been received by five crews of equal size
flying to Mars and back over the same period.) As for avoiding zero-gravity
deconditioning, the practical answer is to simply prevent it entirely by rotating the
spacecraft to provide artificial gravity, rather than waste decades and vast sums in a
futile effort to develop warp drive.

Through extended stays onboard the ISS and Mir, a number of astronauts and
cosmonauts have already received cosmic ray doses comparable to a trip to Mars. All
survived. (Doses in rems.)

NASA has spent a lot on VASIMR, but its real cost is not the tens of millions spent
on the thruster, but the tens of billions that will be wasted as the human spaceflight
program is kept mired in Earth orbit for the indefinite future, accomplishing nothing
while waiting for the false vision to materialize. And now the constituency created and
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funded within NASA around the conceit that electric propulsion is on the critical path
to human Mars exploration has imposed itself as a tollbooth blocking the path to
sample return as well. But far from rejecting this imposition out of hand, those at the
top at NASA headquarters have welcomed it, because by including electric propulsion
in the sample return they can pretend that they are using MSR to demonstrate a critical
technology for human exploration of Mars, and thus taking an important step toward
landing humans on the Red Planet, when in fact they are doing nothing of the kind.
NASA is facing an oncoming fiscal tsunami. There could never be a worse time
for the agency to seek to inflate the cost, stretch the schedule, and minimize the return
of its missions. The space program is under the gun, and it needs to deliver the goods.
Now, more than ever, if we actually want to get a sample from Mars, we need to
employ a plan that does so in the simplest, cheapest, fastest, and most direct fashion
possible. Now, more than ever, if the human spaceflight program is to survive, it needs
to propose a strategy that achieves real and important goals as quickly and cheaply as
possible. Under no circumstances should the agency’s leadership be turning its
missions into Christmas trees on which to hang all the ornaments in the bureaucracy’s
narcissistic wish box of useless and costly multidecade delays. Yet that is precisely
what they are doing. The question is: Why?

Why NASA Is Failing
If we are to understand NASA’s current dementia and prescribe a cure, it is necessary
to examine the agency’s thought processes.
Over the course of its history, NASA has employed two distinct modes of
operation. The first prevailed during the period from 1961 to 1973 and may be called
the Apollo Mode. The second has prevailed since 1974 and may be called the Shuttle
Mode.
In the Apollo Mode, business is (or was) conducted as follows: First, a destination
for human spaceflight is chosen. Then a plan is developed to achieve this objective.
Following this, technologies and designs are developed to implement that plan. These
designs are then built and the missions are flown.
The Shuttle Mode operates entirely differently. In this mode, technologies and
hardware elements are developed in accord with the wishes of various technical
communities. These projects are then justified by arguments that they might prove
useful at some time in the future when grand flight projects are initiated.
Contrasting these two approaches, we see that the Apollo Mode is destinationdriven, while the Shuttle Mode pretends to be technology-driven, but is actually
constituency-driven.
In the Apollo Mode, technology development is done for mission-directed reasons.
In the Shuttle Mode, projects are undertaken on behalf of various pressure groups
pushing their own favorite technologies and then defended using rationales.
In the Apollo Mode, the space agency’s efforts are focused and directed. In the
Shuttle Mode, NASA’s efforts are random and entropic.
To make this distinction completely clear, a metaphor may be useful. Imagine two
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couples, each planning to build their own house. The first couple decides what kind of
house they want, hires an architect to design it in detail, and then acquires the
appropriate materials to build it. That is the Apollo Mode.
The second couple polls their neighbors each month for different spare house-parts
they would like to sell, and buys them all, hoping eventually to accumulate enough
stuff to build a house. When their relatives inquire as to why they are accumulating so
much junk, they hire an architect to compose a house design that employs all the
knickknacks they have purchased. The house is never built, but an excuse is generated
to justify each purchase, thereby avoiding embarrassment. That is the Shuttle Mode.
In today’s dollars, NASA’s average budget from 1961 to 1973 was about $20
billion per year—only 10 percent higher than NASA’s current budget. To assess the
comparative productivity of the Apollo Mode with the Shuttle Mode, it is therefore
useful to compare NASA’s accomplishments during the years 1961–1973 and 2000–
2012, as the space agency’s total expenditures over these two periods are roughly the
same.
Between 1961 and 1973, NASA flew the Mercury, Gemini, Apollo, Skylab,
Ranger, Surveyor, and Mariner missions, and did all the development for the Pioneer,
Viking, and Voyager missions as well. In addition, the space agency developed
hydrogen-oxygen rocket engines, multistage heavy-lift launch vehicles, nuclear rocket
engines, space nuclear reactors, radioisotope power generators, spacesuits, in-space
life-support systems, orbital rendezvous techniques, soft-landing rocket technologies,
interplanetary navigation technology, deep space data transmission techniques, reentry
technology, and more.
In addition, such valuable institutional infrastructure as the Cape Canaveral launch
complex, the Deep Space tracking network, and the Johnson Space Center were all
created in more or less their current form. In contrast, during the period from 2000 to
2012, NASA flew forty shuttle missions, allowing it to twice repair the Hubble Space
Telescope and repeatedly visit and add several additions to the International Space
Station.
About a dozen interplanetary probes were launched (compared to over forty lunar
and planetary probes between 1961 and 1973). Despite innumerable “technology
development” programs, no new technologies of any significance were actually
developed, and no major operational infrastructure was created.
Comparing these two records, it is difficult to avoid the conclusion that NASA’s
productivity—both in terms of missions accomplished and technology developed—
was vastly greater during its Apollo Mode than during its Shuttle Mode. The Shuttle
Mode is hopelessly inefficient because it involves the expenditure of large sums of
money without a clear strategic purpose. It is remarkable that the leader of any
technical organization would tolerate such a senile mode of operation, but NASA
administrators have come to accept it. In fact, during his first two years in office, Sean
O’Keefe (the NASA administrator from 2001 until early 2005) explicitly endorsed this
state of affairs, repeatedly rebutting critics by saying that “NASA should not be
destination-driven.” The current administrator, Charles Bolden, has reiterated this,
claiming that his current objective-free program actually represents the ideal “flexible
path.”
Yet ultimately, the blame for this multidecade program of waste cannot be placed
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solely on NASA’s leaders, some of whom, such as former administrator Mike Griffin,
have attempted to rectify the situation. Rather, the political class must also accept
major responsibility for failing to provide any coherent direction for America’s space
program—and for demanding more than their share of random projects that do not fit
together and do not lead anywhere.
It is this pathology that has crippled the human spaceflight program for the past
forty years, and which now threatens to paralyze the robotic exploration program as
well.
Advocates of the Shuttle Mode claim that by avoiding the selection of a
destination they are developing the technologies that will allow us to go anywhere,
anytime. That claim has proven to be untrue. The Shuttle Mode has not gotten us
anywhere, and can never get us anywhere. The Apollo Mode got us to the Moon, and
it can get us back, or take us to Mars. But leadership is required—and for the last four
decades, there has been almost none.

The Advent of SpaceX
There is, however, a bright spot on the horizon in the form of a wave of
entrepreneurial activity, most particularly that of the SpaceX company. Founded by
PayPal semibillionaire Elon Musk, the advent of this company is living proof of the
potential for ideas to drive history.
I first met Elon Musk when he came to a fund-raiser for the Mars Society, a Mars
exploration advocacy group that I lead, in San Jose in 2001. It was a $500-per-plate
event; Musk gave $5,000. He then took the trouble to travel to Denver a few weeks
later to visit me at my company, Pioneer Astronautics, after which he gave $100,000, a
donation that allowed us to launch the Mars Desert Research Station in southern Utah.
But Musk made clear that, while he supported our efforts, he was a person who acted
on his own, not through others, and now that he had made his fortune, the question of
what he would do next was open. He wanted to do something that would really matter
for the future, and as he saw it, the two chief possibilities were opening the way to
Mars or commercializing solar energy. I urged him to devote himself to space. Solar
energy might be important, but its commercial potential is obvious, and as soon as its
technology advances to the point when it becomes competitive, the Invisible Hand of
the free market will mobilize the resources to make it happen. Understanding the
significance of making humanity into a multiplanet species, on the other hand, requires
a person of vision. Solar energy would happen with him or without him; the founding
of a new branch of human civilization on Mars might not.
In the end, he decided to do both (and start an electric car company, too) and
proceeded to create SpaceX, a truly remarkable firm. Musk was by no means the first
zillionaire to launch a hopefully revolutionary space company. There are at least half a
dozen others that I could name. But unlike the other would-be space magnates, Musk
did not simply throw an expendable chunk of his fortune into the game; he put the full
force of his talent and passion into it. When I met Musk in 2001, he had a good grasp
of scientific principles, but knew nothing about rocket engines. When I visited him at
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