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of leaving our comfort zone and embracing the unknown as our deci-

sion to leave the Earth when we developed the technology to do so.

Genetic material can tell us how we spread around the world, but it 

can’t tell us why. For that, we have to look into our natures. 

The Urge to Explore

Epic animal migrations are driven by climate, the availability of food, 

or mating, and almost all animal migrations are seasonal. Humans are 

the only species that moves systematically and purposefully over very 

large distances, in multigenerational migrations, for reasons not tied 

to the availability of resources. The itch that led our ancestors to risk 

everything to travel in small boats across large bodies of water like the 

Pacific Ocean is related to the drive that will one day lead us to colonize 

Mars. Its origins lie in a mixture of culture and genetics.

Figure 1. Map of early human migrations, based on DNA in mitochondrial genomes. The 

migration routes are marked in years before the present day. Different shadings are for Homo 

sapiens (1, dark gray), early hominids (3, mid gray), and Neanderthals (2, light gray).
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Intriguingly, the 7R mutation probably first occurred about 40,000 

years ago, soon after the exodus from Africa, when humans began 

fanning out across Asia and Europe. Other studies explicitly tie 7R to 

migration. Research by Chuansheng Chen at the University of Califor-

nia Irvine showed that among the largely stationary populations of Asia, 

only 1 percent currently have 7R, while the prevalence is 60 percent 

in present-day South Americans, whose populations traveled enormous 

distances from Asia beginning 16,000 years ago (Figure 2).8

So is there an “exploration gene”? No. Genes work in combination 

with each other and behavior is sculpted by the environment, so genes 

are not destiny and no single gene can hardwire us for exploration. Also, 

unknown situations can be fraught with danger, so a gene that spurs 

Figure 2. Correlation between the frequency of DRD4 alleles and long-distance migration 

among 39 population groups over the past 30,000 years. In modern populations, the long 

or 7R variant of this gene is associated with attention deficit hyperactivity disorder (ADHD).
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ton, the author of a theory of gravity and laws of motion that would be 

the basis for space travel centuries later. Newton’s 1687 masterwork, 

Principia, unified the terrestrial and celestial realms. Drop an apple 

and it falls in one second 3,600 times farther than the Moon curves in 

its orbit, both caused by the action of the Earth’s gravity. He described 

a “thought experiment” where a cannon points sideways at the top of a 

mountain high enough to be above the atmosphere. With no friction or 

air resistance, the only force operating is gravity.7 Fired at modest speed, 

the cannonball will land at the base of the mountain. As the initial speed 

is increased, the ball travels farther and farther before landing. Newton 

calculated the speed where the ball falls toward the Earth’s surface at 

the same rate as the Earth’s surface is “falling away” from it (Figure 5). 

This is the concept of an orbit. Any projectile shot from Newton’s 

hypothetical cannon at 7.9 kilometers per second or 17,650 mph would 

remain a captive of the Earth’s gravity but would never hit the ground. 

At over 11 kilometers per second or just over 25,000 mph, the projectile 

would be liberated from the Earth forever. 

Figure 5. In the thought experiment of Isaac Newton, a cannonball is launched horizontally 

from a mountain tall enough to be above the Earth’s atmosphere. As the velocity increases, 

the surface curves at the same rate the cannonball falls, creating a circular orbit.
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sible to defend against. The rockets killed an estimated 9,000 civilians 

and military personnel in London and Antwerp during Nazi airstrikes. 

Each rocket was made in an underground factory at Mittelwerk, where 

prisoners from the nearby Dora-Mittelbau concentration camp toiled in 

deplorable conditions. About 12,000 forced laborers and prisoners died 

producing the weapons. 

But von Braun’s insider status didn’t place him above the Nazi Par-

Figure 7. Schematic diagram of the German A4 rocket, later renamed the V-2, or Retaliation/

Vengeance Weapon 2. It was the world’s first long-range ballistic missile and more than 2,000 

of them were launched toward England and Belgium in the latter part of World War II.
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Figure 10. A comparison of the Soviet N1/L3 rocket (left) 

and the US Saturn V rocket (right). The Saturn V was as tall 

as a thirty-six story building; it had a peak thrust of eight 

million pounds of force and could lift 60 tons to Earth orbit.
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highest percentage of the twenty-four federal agencies. Only a skeleton 

staff remained to ensure the safety of the crew on the International 

Space Station. Other activities halted immediately—no research was 

performed, no missions were planned, no e-mails were answered. It 

was a stark reminder that the exalted goal of space travel could easily 

be grounded by terrestrial politics.

The agency has also been struggling with decrepit infrastructure. 

In 2013, the Office of the Inspector General found that 80 percent 

of NASA’s facilities were more than forty years old and woefully out 

of date, and carrying maintenance costs of $25 million a year. What’s 

needed is far more than a coat of paint; the backlog of deferred mainte-

nance totals $2.2 billion.2 NASA’s government funding has been shrink-

ing for decades (Figure 14). For perspective, the bank bailout in 2008 

cost more than has been spent on NASA since it was started in 1959. 

No bucks, no Buck Rogers.

Nothing epitomizes the malaise better than the Space Shuttle. By 

the time of the last flight in 2011, it represented forty-year-old technol-

Figure 14. NASA’s share of the federal budget since the early 1960s. The rapid buildup for 

the Apollo program was unprecedented and unsustainable. Since then, there has been a 

steady decline, apart from a slight rise at the peak of Space Shuttle and International Space 

Station activity.
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stealth aircraft, and the B-2 bomber. All of these are air-breathing jet 

aircraft, incapable of reaching space.

Jet engines can’t work beyond 100 kilometers or 62 miles, where air 

is two million times thinner than air at sea level. This boundary is called 

the Kármán line. At that altitude, an airplane would have to move at 

orbital velocity to generate enough lift to stay aloft (Figure 15). Space 

has no edge. The atmosphere thins out gradually into a perfect vacuum. 

Low Earth orbits start around 100 miles up, below which the tenuous 

Figure 15. Schematic view of the layers of the Earth’s 

atmosphere. Space is typically demarcated by the Kármán 

line at 100 km, where the atmosphere is too thin to support 

aerodynamic flight. Low Earth orbit is any altitude ranging 

from 160 to 2,000 km.
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and Rutan became partners, and SpaceShipOne started taking shape in 

the California desert (Figure 18). In keeping with his ethos of intuitive, 

hands-on engineering, Rutan tested the stability of SpaceShipOne by 

throwing a model off a tower. In June 2004, a crowd of 10,000 people 

watched Rutan’s mother ship, White Knight, haul SpaceShipOne up 

into the sky. It became the first manned civilian vehicle to reach an alti-

tude of 100 kilometers. In September of that year, SpaceShipOne won 

the X Prize with two flights five days apart. The only sour note came 

with an argument between Rutan and Allen—the investor wanted 

the press but not the public to see the launch. Rutan wanted to inspire 

the next generation to do great things. He prevailed, and sixty school 

buses loaded full of kids saw the historic flight. Perhaps this provided 

the spark for the next generation of space entrepreneurs.6

Unassuming and soft-spoken, Rutan is one of the foremost space 

innovators of our time. He’s created nearly 400 aircraft designs. His 

planes have broken dozens of records and five are displayed at the 

Smithsonian National Air and Space Museum in Washington, DC. In 

Figure 18. Spaceplanes over the past half century. The X-15 was an experimental jet of the 

US Air Force; then the 1980s saw the US and Russian versions of a rocket-borne shuttle. Burt 

Rutan’s SpaceShipOne was a landmark, the first successful private venture into near space, 

and the Boeing X-37 is a new rocket-borne spaceplane. 
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equally grim, when the details emerged from a veil of secrecy. When 

Soyuz 1 crashed in 1967, cosmonaut Vladimir Komarov knew he was 

going to die and raged against the engineers for ignoring prior warn-

ings. Three cosmonauts died in 1971 returning from the Salyut 1 space 

station. Their ventilation valve ruptured 100 miles up, exposing them to 

the vacuum of space and asphyxiating them. There were also some close 

calls. The most memorable was Apollo 13, but in 1965 the Russian Vosk-

hod 2 spacecraft missed its reentry site and the cosmonauts landed in 

a heavily forested wilderness at night. The two cosmonauts huddled in 

the cold, gripping pistols as wolves and bears roamed outside. The first 

Moon landing was so risky that President Richard Nixon had a speech 

prepared in case Neil Armstrong and Buzz Aldrin were stranded. It 

read: “Fate has ordained that the men who went to the Moon to explore 

in peace will stay on the Moon to rest in peace.”17 If that had happened, 

America’s space program might have played out very differently.

Figure 23. The accident rate in US commercial aviation since World War II. Improvements in 

safety marked by circles represent (from left to right): pressurized cabins, radio communica-

tion, long-range radar, radar navigation, automation, autopilots, and large new jets.
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the fraction of total mass in fuel when Saturn V and the Space Shuttle 

launched. Just compare the 85 percent fuel fraction to that of a cargo 

plane (40 percent), a diesel train (7 percent), a car (4 percent), or a con-

tainer ship (3 percent). These spacecraft were both mostly just hauling 

fuel around; the actual payload was 4 percent for the Saturn V and 1 

percent for the Space Shuttle (Figure 24).

A rocket has engines, nozzles, and fuel tanks. It has a lot of plumbing 

that has to deliver pressurized liquid propellant swiftly and accurately to 

the combustion site. It has a structure that must survive the stress, vibra-

tion, and g forces of launch. It has to be able to fly in air and in the vacuum 

of space. Unlike the Saturn V and Space Shuttle launch systems, it must 

be reusable. To achieve lightness and strength, it has to be made from 

a combination of aluminum, titanium, magnesium, and epoxy-graphite 

composites. The constraints of the rocket equation are so severe that the 

engineering margins are very small. Testing and modeling are only taken 

to 20 to 30 percent above the designed limit. Imagine driving a car at 60 

mph and then drifting up to 75 mph, only to have your car blow up.

Despite the structural problems that led to the loss of two Space Shut-

Figure 24. The rocket equation describes how the change in speed, or the acceleration,  of a 

rocket depends on the ratio of the total initial mass, or the payload plus propellant, to the final 

mass, the payload. For an acceleration required to reach orbit, most of the initial mass must 

be propellant.
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without riveting. They fabricate most of their components in-house, rather 

than pay nosebleed prices to subcontractors. They have simplified con-

struction, with many common components among their launch systems. 

And they don’t file patents, since Musk says the Chinese would just use 

them as a recipe book.19 SpaceX is building a Toyota Corolla, not a Ferrari. 

The other private space companies are following similar strategies. 

It’s too early to tell how far they’ll drive down costs, but the early results 

are promising.20

A benchmark for efficiency in space technology is the launch cost 

per kilogram delivered to low Earth orbit. Saturn V, the Space Shuttle, 

the American Delta 2, and the European Ariane 5 rocket each deliv-

ered payloads for about $10,000 per kilo. The prolific Russian Soyuz, 

with nearly 800 launches, costs roughly $5,300 per kilo. Its sturdy suc-

cessor, the Proton-M, comes in at about $4,400 per kilo. The Chinese 

are tight-lipped about the economics of their Long March rocket, but 

they say they can’t beat the cost of the Soyuz. Virgin Galactic’s price 

tag of $250,000 per person works out to $3,000 per kilo for an average 

Figure 26. Projected launch costs based on current rocket technologies. Note that the vertical 

scale is logarithmic. Expendable rockets such as the Saturn V and the Russian Proton will 

always be expensive; even partially reusable technologies are difficult to force below $1,000 

per kilogram. Fully reusable launch vehicles can transform the economics of space travel.
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ment of our Solar System—small, rocky planets close in and large gassy 

planets farther out—was not typical? Theorists couldn’t figure out any 

way to form a giant planet very close to a star; there simply isn’t enough 

gas. The answer was that planets can move around. Gravity keeps plan-

ets circling the Sun, but it also subjects them to subtle forces that can 

make their orbits unstable, rearrange them, send them closer to the 

star, and even eject them from the system. Hot Jupiters like the one 

found by Mayor and Queloz formed at larger distances and migrated 

inward, parking on tight, tidally locked orbits. Gassy planets farther 

from their parent stars have been discovered, and there’s at least one 

terrestrial planet for every giant planet. There are likely to be many 

free-floating planets, called “nomads,” in interstellar space. By late 

2014, the number of exoplanets was approaching two thousand.

In the past decade, a second method has been used to find exo-

planets. If a system is oriented so the orbital plane is close to the line 

of sight, an exoplanet can transit in front of its star and cause a partial 

eclipse or temporary dimming of the star. The star dims by a fraction 

Figure 29. The number of exoplanets has surged recently with the work of NASA’s Kepler tele-

scope. The pale gray represents discoveries using the Doppler method, and medium and dark 

gray represent singly and multiply confirmed transit detections with Kepler.
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equal to the ratio of the area of the planet to the area of the star; this is 

1 percent for a Jupiter and 0.01 percent for an Earth crossing the face of 

a Sun-like star (Figure 30). 

As the exoplanet count grows, the goal has shifted from finding exo-

planets to characterizing them. The Doppler method gives mass and a 

transit gives size, so combining the two observations yields a mean den-

sity. That has been used to distinguish between gassy and rocky planets. 

Interpreting a single value of density can be ambiguous, but nature is 

imaginative enough to have made some planets that are mostly metal, 

some that are mostly rock, some that are mostly carbon, and some that 

are mostly water or ice. Evidence suggests that within this diversity are 

some planets that are just like home.

Hunting Ear th Clones

The architect of NASA’s Kepler spacecraft has called it “the most boring 

mission ever.” The telescope mirror is one meter in diameter, the size of 

a coffee table and smaller than mirrors some amateur astronomers use. 

The telescope has been staring at 145,000 stars in a single patch of sky 

and measuring their brightness every six seconds.

Figure 30. Most of the habitable exoplanets known have been discovered by the transit 

method, where the exoplanet partially eclipses and dims the parent star. Planets smaller than 

the Earth can be discovered with this technique from space.
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whipping around the stellar corpse every two hours. TrES-2B is a mys-

teriously dark planet, blacker than coal or ink, and it’s not known what 

chemicals in its atmosphere cause it to absorb 99 percent of the light 

falling on it. GJ 1214b is a water world that’s completely swaddled in 

oceans tens of times deeper than those on Earth. Finally, Wasp 18b is 

falling onto its star as its orbit degrades. It will enter its final death spiral 

in just a million years—the blink of an eye in cosmic time.19

Habitability depends primarily on the distance of a planet from its 

star. But it also depends on added heating from any greenhouse gases 

like carbon dioxide and methane in the atmosphere. It may also relate to 

plate tectonics, since the dynamism of geological activity was probably 

a driver for biology on the Earth. In the early oceans of the Earth, the 

chemical activity driven by plate tectonics is thought to be important 

for sustaining biochemical reactions. Modest orbital eccentricity and 

Figure 31. The habitable zones of Alpha Centauri A and B, shown as the pale wide rings. The 

exoplanet found around B is too close to the star to be habitable, but a habitable world might 

still be found. Earth’s orbit is shown as a dashed circle for reference.
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Figure 33. A space elevator has a cable fixed 

to the Earth’s equator, extending into space. 

A counterweight at the open end ensures that 

the center of mass is above the level of a geo-

stationary orbit. Centrifugal force keeps the 

cable taut.

because the cable has to be able to support, with tension, its own weight 

below any point. The location with the greatest tension is at the geo-

stationary orbit level. Clarke also realized that as the lower sections of 

cable were built, the counterweight would have to extend to 144,000 

kilometers, almost halfway to the Moon. Unfortunately, the engineers 

working on the problem realized that no known material could do 

the heavy lifting.

Materials that might be used for a space elevator are characterized 

by their tensile strength and density. A more useful figure of merit 

is their maximum length before they break under their own weight. 

We can start with natural organic materials. Jack’s beanstalk couldn’t 

handle the compression it would suffer going more than a few miles 

high. Natural fibers used in rope have good tensile strength, but their 

breaking distances are only five to seven kilometers. Steel cables used 
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nology worldwide and free of charge. A 2011 study showed that GPS 

technology sustains three million jobs in the United States and provides 

$100 billion each year in economic benefits.20

Launching satellites has become big business. In 2010, the FAA 

released a report on the economic impact of commercial space trans-

portation: In the first decade of this century, it expanded from $64 

billion to $190 billion, with a growth in jobs from half a million to a 

million. (For comparison, travel and tourism is three times larger and 

commercial aviation is six times larger.) It’s now an international activ-

ity; fewer than half of the satellites launched for commercial use are 

built in the United States (Figure 34).21

The economic viability of space tourism is difficult to extrapolate—

its capabilities aren’t very impressive and its eventual size and long-term 

future are unclear. A few wealthy individuals have ponied up $20 million 

for a trip to the International Space Station, and it’s the belief of space 

visionaries that as the price comes down, the demand will increase. But 

there are wild cards, such as the risk tolerance of people indulging in a 

Figure 34. The bulk of commercial space revenue comes from launching satellites, where 

worldwide revenues nearly tripled between 2001 and 2012. Compared to this, space tourism 

is still a “minnow,” but that will change if safe and reusable vehicles are developed.
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recreation that could lead to a grisly end. The best market study done so 

far is by the Futron Corporation, an aerospace consulting firm with no 

skin in the space-tourism game. For orbital trips, they assume that the 

$20 million price tag will come down to $5 million after twenty years. 

Revenues would be $300 million at the end of that time frame. For sub-

orbital trips, they assume a price of $100,000, declining to $50,000 after 

twenty years, when revenue would be a billion dollars a year.22

Surveys of the general public are consistent among industrialized 

countries; the lure of space knows no borders. If a brief trip to low 

Earth orbit cost only $10,000, about one million people would go, gen-

erating revenue of $10 billion per year. Interestingly, this is the same as 

the annual box-office revenues from movies in the United States. That’s 

not bad, but those are still small potatoes when compared with $1.4 

trillion spent on more mundane forms of tourism in 2013 (Figure 35).

The numbers get much bigger but also much more uncertain when 

we consider the mining of asteroids.23 Terrestrial reserves are finite 

and there is growing exploitation of many elements that are critical for 

modern industry, such as antimony, cobalt, gallium, gold, indium, man-

ganese, nickel, molybdenum, platinum, and tungsten. Many of these 

Figure 35. Market research from 1995 in the United States and Canada shows what proportion of 

their income people would spend on an orbital trip, broken down by age group. A third of respon-

dents were not interested in a trip. The results can be used to model space tourism revenue.
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dizzying 7,000 orbits of the Earth, in part to see whether humans could 

handle a trip to Mars. The Russians reported that he suffered no long-

term ill effects from his fourteen months in space. Robert Zubrin notes 

that the used upper stage of a Mars launch vehicle could be employed 

as a counterweight. With a mile-long tether and a spin rate of 2 rpm, 

Earth gravity would be simulated. With a spin rate of 1 rpm, it would 

Figure 39. Comparison of the exposure to high-energy cosmic rays in different situations; note 

the logarithmic scale. Most of the exposure comes from the one-year transit time, equivalent 

to a hundred years of normal terrestrial exposure.
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these particular needles even exist. The haystack incorporates millions 

of potential targets, billions of potential frequencies, and many possible 

ways of filtering and detecting a signal. After more than half a century 

of failure, it seems quixotic to continue looking, but SETI researchers 

point out that they are riding the wave of exponentially increasing com-

puter power and detector bandwidth. In its first few months online, the 

fully built Allen Telescope Array will eclipse the sum of all previous 

searches.23

It will be easier to decide that a radio signal is artificial in origin 

than to decode the meaning in the signal. If you doubt that, recall 

that we can’t communicate with primates that share 99 percent of our 

DNA. Now imagine that we’re trying to communicate with aliens who 

might not even have DNA, aliens of unknown function and form. We 

assume that if they send radio signals, they must be intelligent. In other 

words,  the choice of a means of communication is very telling. The 

medium is the message.

The main approach to SETI continues to be radio astronomy. But 

Figure 44. The Drake equation is a series of factors that estimates the number of currently 

communicable civilizations in the galaxy. Our degree of isolation depends on the duration or 

survival of civilizations for long spans of time. On the axis labels, E represents exponential 

notation; so, for example, 1E-03 is 0.001 and 1E+03 is 1000.
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Figure 48. Results of astrophysical simulations of exoplanet formation in the Alpha Centauri 

system. Terrestrial planets form readily around either star, with masses and distances similar 

to the architecture of the inner Solar System (shown at the top for reference).

while Mars has an Earth similarity index of 0.64 (smaller and much 

colder).5 The calculations assume hospitality for life as we know it. If 

exoplanets host biology with a radically different chemical or metabolic 

basis, we may not be able to recognize it, or even know how to define it.

Five of the simulated exoplanets were deemed capable of support-

ing photosynthetic biology. Their Earth similarity indices were 0.86, 

0.87, 0.91, 0.92, and 0.93; two of them even had better conditions for 

life than the Earth.

That sounds promising, but we can’t travel trillions of miles without 

being sure. Unless a planet has an oxygen-rich atmosphere, we’d be bet-

ter off creating an artificial environment in space or even terraforming 

Mars. We’ve seen that transforming Mars to have a breathable atmo-

sphere has been subject to feasibility studies by NASA. The technical 

challenges are manageable, but it would take an industrial-scale appli-
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built. They all rely on bleeding edge technology, though they are com-

fortably within the realm of known physics. Let’s look at the potential 

performance of rockets that don’t depend on chemical energy. 

For nuclear fission, the simplest concept is to put a reactor on top of 

a rocket nozzle. Conventional fission and fusion concepts—recall that 

fusion hasn’t yet been used to generate energy on Earth—have ten to 

twenty times better performance than chemical rockets. This is a key 

limitation, since the practical gain in a rocket ends up far less than the 

theoretical gain based on energy density.

Fusion would still require 1011 kilograms of fuel, equal to a thou-

sand supertankers, to get to Alpha Centauri in less than a thousand 

years. In the 1960s, Project Orion was developed by Stanislaw Ulam, 

a brilliant mathematician who had worked on the Manhattan Project. 

The idea was to use a series of controlled nuclear explosions to propel 

the spacecraft forward. In the 1970s, the British Interplanetary Soci-

ety amended the design to use a large number of microfusion explo-

sions (Figure 50).10

With matter–antimatter engines, we enter the realm of speculation, 

since antimatter, the quantum shadow partner of matter, has only been 

produced and contained in tiny quantities. An antimatter engine has a 

Figure 50. NASA’s version of the Project Orion concept, where pulsed nuclear fusion projects 

the power. The design combines high thrust and high exhaust velocity. No current technology 

can harness nuclear explosions in this way.

Beyond, 4th pass.indd   221 2/10/15   12:13 PM



230 B E Y O N D

and accurately measure all the properties of even a single atom, let 

alone vast numbers of them. Measuring any property of a subatomic 

particle changes its state. So there’s no way to convey that state to a 

remote location with high fidelity.

In 1993, physicist Charles Bennett and his team made a break-

through. They realized that particles at two different locations could 

be induced into something called quantum entanglement, where infor-

mation about their physical states was shared. The loophole that lets 

us circumvent Heisenberg’s uncertainty principle involves trying not to 

know too much. We disturb the particle before we measure it, so we 

never know its state. Then we can subtract that disturbance at the other 

end to re-create the original state of the particle (Figure 52).29 Think 

of entanglement as a black box that conceals but connects events at two 

locations remote from each other. It seems to violate causality because 

changes at the two locations occur instantly, but there’s a limit to what 

we can know or measure. Quantum entanglement has been demon-

Figure 52. Theoretical diagram for the quantum teleportation of a photon. In this Feynman 

diagram, two bits of information would move classically from A to B; in quantum teleportation, 

information is transmitted via a single entangled qubit.
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light years across, so if there are only ten civilizations actively exploring 

at any given time, the average distance between them is 10,000 light 

years. Texting with a 20,000-year pause between replies makes for a 

very stilted conversation. The information being received is old news 

and the sending civilization may not even exist by the time the message 

or probe is received. So space might be littered with the runes of dead 

civilizations. However, the assumption that they will use radio waves 

might be wrong (Figure 54). Isolation applies to time as well as space. 

As we’ve been learning, interstellar travel is expensive and difficult, so 

large-scale colonization may be beyond the capabilities of all but a few 

species around the galaxy.

The third explanation is that the search isn’t good enough. Jill Tarter, 

the SETI pioneer who was a model for the Ellie Arroway character 

in Contact, has talked about the needle-in-a-haystack issue. The SETI 

haystack has nine dimensions: three of space and two each of polariza-

Figure 54. SETI uses the “water hole” between 1 and 10 GHz for listening and transmission 

because it’s a cosmically quiet part of the electromagnetic spectrum. Selection of this partic-

ular frequency range assumes that alien civilizations would use a similar logic.
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that drive the argument and act more effectively as filters are those 

that almost all civilizations eventually discover, where their discovery 

almost universally leads to disaster (Figure 55).

Bostrom has said: “I hope that our Mars probes will discover noth-

ing. It would be good news if we find Mars to be completely sterile. 

Dead rocks and lifeless sands would lift my spirits.”14 Why would he be 

so grumpy about one of our best pieces of technology?

If life is discovered on Mars or any other place in the Solar System, 

it suggests that the emergence of life is not an improbable event (and it 

doesn’t matter whether the life found is ancient or current). If biology 

emerged twice independently in our backyard, then surely there are 

many biological experiments in the galaxy. The same logic will apply if 

we one day find that a significant number of habitable exoplanets have 

had their atmospheres altered by microbial life. Either discovery would 

imply that the Great Filter is less likely to occur in the early history of 

planets and is more likely ahead of us. In other words, dead rocks and 

lifeless planets will be good news since they’d tell us we’d survived the 

tough part of our evolution.

This framing of the argument is a simplification. There may be more 

than one Great Filter. We might have cleared one, only to be faced 

in the future with another. Also, we should be wary of positing that 

Figure 55. In the short history of the “nuclear age,” we have come close to a holocaust several 

times. The Doomsday Clock tracks our proximity to Armageddon. Civilizations may become 

unstable and destroy themselves. This issue impacts the prospect of companionship and 

contemporaneous communication in space.
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marks our emergence as a species. Leaping back in factors of ten quickly 

finds us in an unfamiliar and primitive state (Figure 56).

Now play the game forward. It’s fairly safe to predict that in ten years 

we’ll have sophisticated genetic engineering and a growing commercial 

space industry. In a century, we should have routine travel within the 

Solar System, robots doing our bidding, and artificial intelligence that 

rivals human capabilities. It’s very difficult to predict a thousand years 

hence, but I’m going to go out on a limb and assume that rapid techno-

logical progress will continue such that some of us will be heading for 

nearby stars. Ten thousand years from now, as far ahead of us as early 

civilizations lie behind us, the crystal ball is cloudy. A hundred thousand 

years and onward, it’s anyone’s guess. To venture further seems impos-

Figure 56. The human past becomes primitive viewing history in orders of magnitude of time. 

Landmarks in the past are labeled, along with speculations about the next thousand years. If 

humans persist for millions of years, our capabilities could be profoundly more advanced than 

they are now, and very difficult to predict.
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able as excess infrared emission from an otherwise normal star. Several 

SETI projects look for anomalous infrared radiation. Researchers at 

Fermilab, near Chicago, sifted 250,000 stars down to seventeen can-

didates, of which four were declared “amusing but still questionable.”10

The existence of Dyson spheres allows for passive SETI, where no 

intention to communicate is needed. The premise is that any highly 

advanced civilization will leave a much larger footprint than we will. 

Type II or later civilizations may employ technologies that we’re tin-

kering with or can barely imagine. They might orchestrate stellar 

cataclysms or use propulsion by antimatter. They might manipulate 

Figure 57. A Dyson sphere is the theoretical concept of an energy collection system that can 

harvest all the radiation from a star. Nikolai Kardashev imagined a scale of increasing energy 

usage as a civilization matured—from using the energy falling on a planet (I) to using the 

energy of a star (II), a galaxy (III), and the universe (IV). A Dyson sphere is the technology of a 

Type II civilization while we are currently less than a Type I civilization.
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space-time to create wormholes or baby universes, and communicate 

via gravity waves. We can look for artifacts as well as messages. Extrapo-

lation is addictive, so some scientists have proposed adding the category 

of a Type IV civilization that controls space-time well enough to affect 

the entire universe.

Why stop at one universe?

Modern cosmology involves the idea of quantum genesis—tracing 

back the cosmic expansion projects to an origin in a singularity where 

the space that now contains 100 billion galaxies was smaller than an 

atom. The inflationary scenario is an adjustment of the standard big 

bang to include an extremely early phase of exponential expansion. The 

idea was developed to explain why the universe now is very smooth 

and geometrically flat. Inflation has tentative support from the nature 

of small temperature variations in the cosmic background radiation. If 

inflation is correct, the universe began as a quantum fluctuation. The 

precursor state would have been an ensemble of quantum fluctuations, 

perhaps infinite in number, each with randomly different initial phys-

ical conditions. Some of them inflated into large space-times like our 

own. Others were stillborn. This process can be timeless and eternal 

(Figure 58). The laws of nature in these parallel universes would differ 

Figure 58. In chaotic inflation, the precursor state was an endless series of space-time quan-

tum fluctuations. Some of these fluctuations might inflate into macroscopic universes, while 

others would not. This is the multiverse concept.

Beyond, 4th pass.indd   255 2/10/15   12:13 PM



260 B E Y O N D

cal network of the brain, including consciousness, can be replicated 

computationally, we’re within striking distance of a computation that’s 

equivalent to the history of all the thoughts every human has ever had. 

If one computer can simulate the thoughts of a person, a suitably pow-

erful computer could simulate the entirety of human consciousness. 

And if we can do that, it would be trivial for any more advanced civili-

zation. Following Nick Bostrom, let’s call this capability “technological 

maturity.” It’s a modern version of the concept in philosophy known as 

“the brain in a vat” (Figure 59). This scenario is familiar from movies 

of The Matrix franchise, where humans are all simulated by a superior 

civilization, but there are hints of that fact and some learn how to con-

trol the simulation. The movies are provocative but somewhat illogical: 

A simulation that sophisticated would not have “glitches” that revealed 

to the simulated entities that they were in a simulation.

Philosopher Nick Bostrom has explored the consequences of repli-

Figure 59. There is a long philosophical tradition involving the thesis that reality is an illusion. 

A modern version of this idea posits that humans are all simulated entities of an advanced 

alien civilization.
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