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For my favorite intelligence in the universe—Alex


“‘Now’ is never just a moment. The Long Now is the recognition that the precise moment you’re in grows out of the past and is a seed for the future.”

—Brian Eno


PREFACE

We are all time travelers.

So many things make human intelligence unique. Our use of language and tools. Our ability to transform knowledge and concepts into entire sciences or schools of thought. Our refined motor skills that allow us to grasp everything from a soap bubble to a sledgehammer. But of all these wondrous abilities, none is so uncanny as our ability to travel through time. It is perhaps our greatest gift, and in so many ways it makes us what we are: Homo tempus, the time-traveling species.

You may think I’m playing with words, because in the traditional sense, science assures us that time travel is impossible. In another, more mundane sense, everything moves along the arrow of time. Whether we’re talking about a rock, a rocking horse, or a rock star, all the universe passes through the seconds, minutes, and hours at the same metronomic pace. All of it consistently, in one unified direction, as we march to time’s unceasing beat.

But that is not what I mean at all, because we human beings are time travelers in the truest sense of the word, flitting from past to present to future and back again as effortlessly as a butterfly flutters from one flower to the next. This amazing capacity is a gift of our minds. With it, we are able to move from moment to moment with such ease and from such an early age that we rarely see this ability for what it truly is.

At times, it may seem as though our time-traveling skill is in charge of us rather than the other way around. Perhaps one moment we’re sitting in a monotonous business meeting, when suddenly we are transported to an event from our childhood decades before. Or maybe we’ll be walking down the street as we relive a conversation from earlier that morning. The conditions aren’t important; the result is. Our minds let us wander effortlessly through this timescape, transcending the physical laws of the universe, allowing us to visit any place, any moment our memory and imagination want to deliver to us.

It is an astounding ability, this time-travel power of ours. It allows us to anticipate what is to come and to continue to grow and learn from the moments that have long since passed. Perhaps most importantly, it makes it possible for us to endeavor to build a future—ideally our preferred future, where we hope to live one day.

Which brings us to the matter of this book about the future of intelligence, a book by and for time travelers. For this author, it is an opportunity to take a Big History view (which I’ll explain momentarily), to jump about millions, even billions of years in the course of telling this story, which is thrilling beyond words. Having time-traveled this way all of my life, here is a chance to share the journey, to revel with others in the majestic beauty of our emergent and increasingly intelligent universe.

But if that were the only reason for this approach, our story would be little more than a travelogue, which I earnestly hope it is not. Instead, this book affords an opportunity to take the broadest of perspectives on intelligence, exploring the concept from a vantage that spans the bounds of the cosmos from the earliest instant to the end of all time.

In order to develop this Big History time-traveling view, Future Minds is organized into three sections. “Deep Past” covers the beginning of the Big Bang through the twentieth century and looks at how the laws of the universe have enabled the development and evolution of complexity, life, and intelligence and what this may mean for our future. “Twenty-First Century” explores the existing and anticipated developments in artificial intelligence, augmented human intelligence, and many other related areas. Finally, “Deep Future” extrapolates these developments and trends to speculate on the remaining 100 trillion years or more until the end of the universe. (I didn’t want any epoch to feel left out!)

There will be those who take issue with some, perhaps many of the views that are presented here. Nevertheless, I believe we are at a stage in our evolution that necessitates we reinterpret and redefine that suitcase word1 intelligence. Long before René Descartes wrote his famous “cogito ergo sum,” people pondered the nature of thought and experience, trying to understand just what these things we call intelligence and consciousness are. While this book can hardly promise a resolution to millennia of study, introspection, and conjecture, it will hopefully be a stimulus for ongoing discussion.

Finally, I want to underscore that this is not just any journey but a most human journey. Regardless of how far back we determine that intelligence originated, those earliest precursors eventually led to us. Similarly, however this thing we call intelligence develops, at least in our little pocket of the universe, we will have had a role in helping it get there. And who knows? Perhaps we are destined to be part of whatever that future of intelligence becomes. But if so, we should probably ask ourselves: What does the future hold that could be greater than our mind’s extraordinary ability to journey effortlessly through all of time and space? Perhaps we might find the answer in these words attributed to the incomparable Albert Einstein: “Logic will get you from A to B. Imagination will take you everywhere.”2


DEEP PAST


CHAPTER 1

INTELLIGENCE IN THE UNIVERSE: OR, WHERE IS EVERYBODY?

“The number of technological civilizations should literally number in the millions in our galaxy alone.”

—Carl Sagan, cosmologist, astrophysicist, author

“But where is everybody?”

—Enrico Fermi, Nobel Prize–winning physicist

 

When I was a young boy, I would frequently journey deep into space, negotiating asteroid fields, solar prominences, and luminous nebula that would one day become the birthplace of countless new stars. Many years before the first astronauts set foot on the moon, I’d lift off from my bedroom at the north end of Seattle, late at night, after the rest of my family had gone to sleep. (Long before Microsoft and Amazon, this was the Seattle of lumber mills, commercial fishing vessels, and one lone industrial giant, Boeing.)

Launching from my bedroom, my ship would soar into the night sky, the stars filling my field of view as I rapidly left our world behind me. Whipping around our moon a few times for extra acceleration, I’d slingshot toward Jupiter or sometimes Saturn, seeking a similar though far greater gravity assist from one of those massive gas giants. Soon I was rocketing toward one of our nearest stellar neighbors, nearby Rigil Kentaurus (also known as Alpha Centauri), Tau Ceti, or perhaps the lyrically named Epsilon Eridani. The distances closed quickly as some exotic, now-forgotten mechanism allowed my ship’s dynadrive to accelerate to velocities far greater than the speed of light.

The cosmos was vast, beautiful, dazzling, even more picturesque than the many books I regularly checked out from the library so I could study and explore our extraterrestrial backyard from the comfort of my home world. I supplemented the books with the increasing number of grainy black-and-white telecasts NASA shared from their control rooms at Houston and Cape Canaveral, which had only recently been renamed Cape Kennedy for the most heartbreaking of reasons. Long before home VCRs, I’d make screen captures with my slender 126 Instamatic camera, its diminutive form the embodiment of miniaturization we’d come to associate with modern technological progress.

While my extraterrestrial travels didn’t take place every night, they were very frequent as I surveyed the ever stranger and more mysterious phenomena and formations I’d read about by day. Despite the vast distances involved (which I thought I grasped, though I’m now sure I didn’t), my exotic ship easily delivered me all the way to the edge of the universe before I could drift to sleep. (The CMB—the cosmic microwave background—was still years from entering our textbooks and library shelves, and the Big Bang wouldn’t be accepted over steady state theory for several more years, so fortunately my dynadrive didn’t have to contend with these rather significant revelations.)

One thing that was very evident from my “travels” was the apparent absence of other forms of intelligent life in the universe. Most serious astronomy and cosmology books at the time seemed to be all but sterilized of the concept, as though the photos and information had undergone decontamination procedures as they reentered Earth’s atmosphere. The publishers were making it very evident they were dealing with hard science and that any speculation about life existing elsewhere should be left to comic books, pulp science fiction shelves, and Star Trek.

Star Trek,1 of course, was the other major space influence on me from that era of the mid-1960s. It acknowledged a universe rich with life of every possible variety . . . that is, until you peeked under the deflector shields and realized that nearly every alien was a bipedal humanoid who more often than not spoke perfect English with a Midwest or occasionally even a London accent. This despite any sign of a universal translator being near at hand. It was as if they were surreptitiously telling us that we were the one and only intelligence we could count on finding in this cold, vast universe as we began to take our first baby steps beyond Planet Earth. So, while my nightly sojourns might occasionally find me imagining a conversation with a tall, graceful Tau Cetian, I was far more likely to cross a dark, lifeless void. No living being came in range of my sensors.

As the space race picked up speed, it also became rapidly evident that there were no extraterrestrials hiding out from us on the dark side of the moon—neither as invaders lying in wait nor as members of some great galactic welcome wagon waiting to leap out with a universally translated shout of “Surprise!” as they received us into their vast and decreasingly exclusive cosmic club.

More time passed. From radio silence to moon rocks to Mars soil, the absence of any life-confirming discoveries only added to the sense that perhaps Enrico Fermi had been correct. The Italian American physicist originally achieved fame for developing the first nuclear reactor, for which he later won the Nobel Prize in Physics in 1938. More than a decade later, as the story goes, Fermi was working at Los Alamos having lunch with some of his esteemed colleagues (Edward Teller, Emil Konopinski, and Herbert York) when the conversation turned to alien life. The news had recently contained several stories and cartoons about UFOs, leading to speculation about the numerical likelihood of space aliens. Following a long pause, Fermi reputedly responded, “But where is everybody?”2

Though his question was received humorously, it succinctly addressed a contradiction that has henceforth been known as the Fermi paradox. If, as Fermi and others calculated, the universe should be teeming with non-Earth life, why had we still not been contacted or otherwise detected evidence of its existence?

Such calculations would later be famously formalized by astronomer and astrophysicist Frank Drake in 1961, in his eponymous Drake equation3:
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where:

N = the number of detectable civilizations in our galaxy

and:

R* = the average rate of star formation per year

fp = the fraction of those stars that have planets

ne = the average number of planets that can potentially support life per star that has planets

fl = the fraction of these that go on to develop life at some point

fi = the fraction of these that go on to develop intelligent life

fc = the fraction of civilizations that develop technology that releases detectable signs of their existence into space

L = the length of time for which such civilizations release those detectable signals

Based on these and other researchers’ calculations, many people believed there should be millions of civilizations in our galaxy alone, more than justifying Fermi’s response. So indeed, where was everyone? Had these hypothetical civilizations unfailingly destroyed themselves upon reaching a certain level of technological sophistication? Then again, maybe they didn’t feel we were ready to meet them yet, that we weren’t yet mature enough as a civilization. Or perhaps they were intentionally hiding in order to elude detection by something we were still too dumb to know we needed to avoid. Or was it possible that some as yet unknown law of physics prevented communication or travel over such vast distances?

No matter the cause, it was becoming very evident that if intelligent life did exist beyond our planet, it must be far rarer or more taciturn than many of us had hoped. Yes, the scale of even our immediate cosmic neighborhood is stiflingly vast; certainly far more so than I had ever conceived as a young boy. But shouldn’t we be able to catch at least some glimpse, some hint that we aren’t an absolute anomaly? That we aren’t alone? By accepting our existence as so exceptional, aren’t we directly refuting the mediocrity principle4 that all but guarantees life beyond this one planet from a statistical standpoint? How ironic would it be to only now discover that after all of this time, we actually do reside at the center of the universe, singularly aware and singularly alone?

Ironic though that might be, it also remains highly unlikely. Especially given that at this stage, we’ve barely so much as peered beyond our own cosmological back porch. In light of the tremendous vastness of the cosmos, the discovery of extraterrestrial life may well remain a considerable challenge for a very, very long time to come.

Given all of the truly extraordinary circumstances that would be required for humankind to stand alone and make this claim to our “universal exceptionalism,” perhaps what we need to do in the face of so much contradictory evidence is apply Occam’s razor. We need to ask ourselves what might be a more reasonable explanation. More importantly, perhaps we need to reconsider the question entirely.

We are rapidly approaching the point when we will see the development of many types of new intelligence here on Earth. Some will be biological. Others may be silicon-based. Some will be a blend of the two, and others will be of origins we have yet to imagine. While this will no doubt lead to many changes, one major outcome will almost certainly be a growth in our understanding of our own place and purpose in the cosmos. Though many of us have believed life and intelligence would be prevalent throughout the universe, we have yet to prove it so. Indeed, if this view is wrong, the revelation will no doubt lead to significant introspection about what our place should be in the great scheme of things.

However, it may also be that we haven’t been looking in the right place or in the right way. It may be that what we are seeking is hidden right before our eyes and we don’t know that we’re looking straight at it. Perhaps we need to consider the matter afresh in order to find what we seek in the vast, deeply woven fabric of the universe.

In order to realign our view of intelligence here on Earth and throughout the cosmos as a whole, perhaps we need to consider the possibility that we’ve been thinking about intelligence in entirely the wrong way. We’ve generally assumed alien life will be very different from ourselves, but so many of our assumptions to date appear to be based on a technological world built by beings not all so very different from ourselves, with similar evolutionary origins, technical histories, emotional motivations, and sensoriums (sense organs and related cognitive processing). But this is such a narrow definition; it doesn’t even do all that good a job of describing variations among diverse groups of human beings. Using one limited example, were we to orbit an alien world, how likely would we be to discover a species of highly empathic, socially advanced, non–tool wielding transparent jellyfish-like creatures? While these inhabitants might be highly intelligent by a number of different measures, several factors would limit their being discovered even by an orbiting space probe, much less a remote sensor halfway across the galaxy.

Another example might be a globally connected nodal root system that gives rise to a cognitively active advanced intelligence, only this network operates on significantly slower timescales than our own brains. While it would be easy to call this network a plant or fungus given our own evolutionary history, that would be a misrepresentation of its extremely different genetic background. Such an intelligence might maintain some types of globe-spanning memories stretching back thousands, perhaps even millions of years, but be virtually without external motivation, localized perspective, or ego. (Idea inspired by author Ursula K. Le Guin.)

On the other hand, if we look to machines as our next exposure to a new intelligence, we may find them not so anthropomorphic as we expected. Yes, they may communicate with voices that seem human, and they may eventually wear faces indistinguishable from our own. Nevertheless, in time their inner worlds, their motivations, their priorities may become vastly different from those of human beings.

All intelligences needn’t mimic human intelligence to be considered of a high or perhaps even “higher” order. Depending on a range of factors, an intelligence could be lacking in many qualities we consider essential to human intellects and still be vastly superior to ourselves in other areas. Under such circumstances, which is the greater intellect? According to whose perspective and criteria? More importantly, is this even a valid comparison to make as we move into an era of rapidly developing new intelligences?

Ultimately, the purpose of this speculation is to set the stage for exploring the nature and future of intelligence. At times, it may be that what we find will be very recognizable to us as intelligence. On the other hand, it may be that time and again we run up against something we wouldn’t ordinarily categorize as intelligence at all, despite its being vastly superior to humans, taken from some different perspective. Which is exactly why we should be challenging our assumptions about intelligence in the first place.

There may well be many means for addressing and categorizing such differences; methods that transcend culture, species, or even morphology. In this initial section, we will explore the physical laws, conditions, and stimuli from which intelligence arises, in order to identify those factors that are universal to its development, regardless of what form it may eventually take. Ideally, this will help us to better understand and recognize intelligence in all its potential forms, be it terrestrial or alien, biological, technological, or of origins we have yet to encounter or even imagine.

As we begin what’s likely to be a long and winding journey, let’s start by asking ourselves one very essential question.

What Is Intelligence?

Are you more intelligent than an ant? I would wager that most people answering seriously would immediately say “Yes.” Now consider the question “Based on what criteria?” and things get a tad more interesting. Many of us will point to our use of tools and accomplishments as a species. Others may hold up our mastery of syntactic language and our ability to compose sonnets and arias. The list would go on for a long time.

Now consider yourself an ant. Forgive my anthropomorphizing, but you are asked the same questions about those great hairless apes you occasionally see lumbering about, mindlessly destroying your hard-built structures. These are your sonnets and arias, these underground palaces with their labyrinthine passages and chambers. Your mandibles and your many-sectioned legs are your tools, ready whenever you need them. Moreover, it is evident by their clumsy diggings that these apes have no understanding of the pheromonal and low-resonance language you use to share information with the rest of your kind. Besides, ants have been here for over a hundred million years. By comparison, these dumb brutes only arrived yesterday.

Obviously, this example is asking a lot of these industrious insects, but what about if we turn the scenario around? You’re a human being again—an astronaut—and you’re asked to assess a set of stones located on a small, lifeless planetoid in the distant reaches of a nearby star system. To the untrained eye, these stones look much like common basalt and display nothing immediately unusual except for their isolated location. They seem to be nothing more than dumb rocks.

However, after following the appropriate protocols for removing samples to your ship, it quickly becomes evident you’ve made a very bad mistake. Orbiting at the far reaches of its solar system, the planetoid is virtually without an atmosphere and therefore its ambient temperature is approximately 40° above absolute zero. But on removal to the storage bins where samples are stored on the outside of the ship, at a sweltering minus 100°C (173° above absolute zero), the stones begin to glow and pulse rapidly. Before your crew can react, the stones go critical, releasing so much energy in a fraction of a second that it wipes out the entire solar system, including your ship and crew along with it.

The stones weren’t dumb rocks, but were in fact pure computronium, a hypothetical form of programmable smart matter designed to maximize the computational capability of every one of its atoms. The gravitational flux of a mini black hole at the center of each stone acted as a power source that had already lasted a billion years. Waste heat was mostly limited by the process of reversible computing, which negated the supernova-scale temperatures generated by the vast computing power of the stones. The remaining residual heat was radiated away by the carefully balanced environment of their seemingly lifeless world.

And what were the stones computing? Only the lives and realities of more than a trillion virtual residents who had established the stones there, a billion years before. To suggest these virtual lives weren’t real would only be an indication of how primitive we still are in our thinking about intelligence. This had been one of the earliest civilizations in the universe. When it established its virtual society, there were no signs of other life or intelligence within their light cone (anywhere within their observable universe), and so at the time the risks of locating the civilization-bearing computronium were deemed minimal—threatened only by the rare possibility of colliding with an asteroid. Perhaps, had the human explorers taken note of other anomalies, such as the historic deflection paths of all asteroids and meteors in that part of the system, they would have realized intelligence had long been at work there with a purpose. Instead, they wiped out themselves and more than a trillion citizens of a billion-year-old civilization.

 

What is intelligence? It seems a basic enough question, doesn’t it? Intelligence is our ability to think—broadly, deeply, inquisitively. It is what allows us to make decisions, the tool that helps us to solve problems.

Yet there are so many aspects of intelligence that have nothing to do with any of these. Our ability to appreciate a crimson rose or to be repulsed by a fetid odor. To be moved by a sunset or a piece of music. To find joy in the burble of a baby. Intelligence allows us to distinguish right from wrong, to create works of art, to contemplate the wonders of the universe.

Intelligence allows us to ponder the nature of intelligence. Yet, as broad as all of these descriptions are, they barely begin to scratch the surface. In many ways, they may be leaving far too many forms and processes that should qualify as intelligence unrecognized.

Increasingly, these days, we find various groups who are willing to extend the label of intelligence to include minds beyond our own. For instance, many biologists and cognitive scientists believe certain animals have the capacity to experience phenomena in the world much as we do and therefore are deemed to have some degree of intelligence, if not also consciousness. On the other end of the continuum, a large number of technology researchers and experts think computers that implement certain types of artificial intelligence may come to share at least some of these traits with us over time.

Consider Thomas Nagel’s 1974 philosophical treatise, “What Is It Like to Be a Bat?”5 While the paper’s primary focus is on the irreducibility of consciousness, it also makes a strong case for the impossibility of accurately conveying and sharing subjective phenomena in general. By this reasoning, the inner world of any entity, but especially of another species, is all but unknowable to us. Because so many aspects of our intelligence are deeply entwined with our subjective world of consciousness, this could create a barrier not just to understanding but to recognition as well.

The reality is that even within our limited microcosm of Earth, there may be a gamut of intelligences we will never fully appreciate or perhaps even recognize. The reason for this may lie in how we think about it. In looking at attempts to formally define intelligence in the general literature, we find most focus on reasoning, abstract thought, and other “higher” cognitive functions. For instance, considering a typical definition of intelligence from an encyclopedia, we find:


The general mental ability involved in calculating, reasoning, perceiving relationships and analogies, learning quickly, storing and retrieving information, using language fluently, classifying, generalizing, and adjusting to new situations (Columbia Encyclopedia, 6th edition).



This shortchanges a number of aspects of our own intelligence that aren’t directly tied to those processes involved in abstract and analytical thought. Such definitions would also exclude nearly all nonhuman animals, a situation that many animal cognition researchers would certainly take issue with. As Nagel points out, it would be very presumptuous of us to try to explicitly define what bat intelligence is like. All we can do is broaden our definition in a way that allows at least some, if not all, animals to be included. While animals cannot perform calculus, much less invent it, there are any number of ways many species can use their intellects to solve problems, to use tools, to experience the world.

Just as with bats navigating by echolocation, there are many ways in which different animals are intellectually superior to humans in their own right. Therefore, the following declaration may be considerably closer to what we are looking for. Formally known as the “Cambridge Declaration on Consciousness,” it was made by a prominent international group of cognitive neuroscientists, pharmacologists, neurophysiologists, neuroanatomists, and computational neuroscientists gathered at the University of Cambridge in 2012.


The absence of a neocortex does not appear to preclude an organism from experiencing affective states. Convergent evidence indicates that non-human animals have the neuroanatomical, neurochemical, and neurophysiological substrates of conscious states along with the capacity to exhibit intentional behaviors. Consequently, the weight of evidence indicates that humans are not unique in possessing the neurological substrates that generate consciousness. Non-human animals, including all mammals and birds, and many other creatures, including octopuses, also possess these neurological substrates.



Though we are discussing intelligence as opposed to consciousness, it seems reasonable to say that should something be capable of experiencing consciousness, it must therefore have some significant degree of intelligence as well. If we consider consciousness as an internal response to events and experiences, both internal and external, then even by the more restrictive definitions, this should still count as a form of intelligence.

The reverse is not necessarily true, however. There is nothing apparently inherent in consciousness that should make it a requisite of intelligence. Indeed, we may find that there are many members, or even branches, of the animal kingdom that don’t meet any of our definitions of consciousness but that nonetheless exhibit certain degrees of intelligence. Therefore, it would seem that our definition needs to broaden further, allowing for nonhuman and even nonconscious intelligence.

Which brings us to nonbiological intelligences. While we may yet determine that nonbiological systems cannot achieve consciousness or experience affective sensations in any true sense, this hardly precludes them from exhibiting intelligent behavior. A few definitions from some notable artificial intelligence researchers attempt to broaden our views on intelligence.


“Intelligence is the ability to use optimally limited resources—including time—to achieve goals.” (Ray Kurzweil, inventor, director of engineering, Google)

“Any system . . . that generates adaptive behaviour to meet goals in a range of environments can be said to be intelligent.” (David Fogel, AI engineer, Lockheed Martin)

“Intelligence may be defined as the ability to achieve complex goals in complex environments using limited resources.” (Ben Goertzel, AI researcher, chief scientist, Hanson Robotics)



Goertzel goes on to point out that by his definition, “an awful lot of things not naturally considered intelligent may be viewed as intelligent to a limited degree.” Here, we’re getting closer to a fully inclusive definition, but it feels like we’re still approaching the question in binary terms when it’s becoming increasingly evident from this survey that most aspects of intelligence may in fact exist on a spectrum.

In building an exhaustive list of intelligence definitions, AI researchers Shane Legg and Marcus Hutter sought out as many distinct voices as possible.6 (Their document is often cited as the most thorough list of such definitions.) Nevertheless, they found these characterizations coming up short and so included their own broad definition of intelligence. They did this with an eye to developing a universal intelligence test in order to better identify and measure intelligence, regardless of where it is encountered or what form it might take.


“Intelligence measures an agent’s ability to achieve goals in a wide range of environments.” (Shane Legg, machine learning researcher; Marcus Hutter, AI computer scientist)



Here, Legg and Hutter use the term agent to specify an entity that may be biological, technological, alien, or otherwise. They and other researchers have focused in recent years on designing methods for measuring any form of intelligence, regardless of level, type, or substrate (the underlying structural basis on which something is built: proteins, neurons, silicon microchips, etc.). Ideally, a universal intelligence test would be able to adapt to any agent, presenting challenges that are appropriate not only to the level of intelligence, but also to the agent’s form, structure, substrate, and capabilities.7 Such an approach recognizes that while machines may not yet be at the stage of true intelligence, that day is rapidly approaching. Being able to measure and assess intelligence levels and milestones throughout the process will provide considerable benefit and data.

Nevertheless, Legg and Hutter’s definition of intelligence, while certainly broadened, still continues to make assumptions that are very human in nature. “Achieving goals” can be broadly interpreted, but still carries specifically human undertones.

Famed physicist Stephen Hawking takes a still more general stance.


“Intelligence is the ability to adapt to change.” (Stephen Hawking, theoretical physicist, cosmologist)



This feels like we’re making progress toward eliminating human-centric biases and expectations of value and behavior. There’s a single key condition that would unify a very broad range of intelligences. But is this too broad a definition? Have we opened the door too far? After all, a mercury thermometer adapts to changes in temperature, yet we can hardly think of it as having intelligence.

Before we begin closing this newly opened door, however, let us consider some recent trends in Big History, which may provide a different way of looking at things. Big History is an academic discipline that sets humanity’s story within the story of the universe, framing history within vast timescales, often beginning with the Big Bang, in order to explore and discover universal patterns. According to the founder of the Big History Project, David Christian, “What Big History can do is show us the nature of our complexity and fragility and the dangers that face us, but it can also show us our power with collective learning.” The perspective afforded by Big History can offer not only new insights into the world and universe we live in but also, as we will see, hints at potential solutions for many of the challenges we face.

Based on some ideas in this multidisciplinary school of thought, many of nature’s processes may be far more intricately connected than we’ve traditionally considered. Cosmological and stellar evolution may share features, relationships, and possibly even underlying processes with planetary development and the origins and evolution of life, along with human, social, and technological development. Moreover, a trend toward increasing organization and complexity appears to exist that belies assumptions about the uncaring nature of the universe.

Why should such different scales of the cosmos organize themselves in such interconnected ways? Perhaps more importantly, why should it organize itself at all? What don’t we understand about nature that would allow it to progress steadily in a direction that seemingly flouts the second law of thermodynamics, which states that the total entropy of an isolated system can never decrease over time?

Of course, none of this truly defies thermodynamics. But given the nature of entropy—the tendency for everything to run down and lose structure over time—it seems like something is working against this process. It is almost as if a leaf were drifting on a flowing river, except that through a series of random movements it continually, consistently moved upstream toward the headwaters. Needless to say, this is far from the behavior we would expect to see.

We’ll discuss entropy in the coming chapters, but for the moment suffice to say it is the inescapable inclination for all things, including the universe itself, to run down and become more disordered. This decline will occur in all isolated systems that receive no additional energy from external sources. This inevitability of nature is formalized as the second law of thermodynamics and is why perpetual motion machines are impossible, regardless of how clever and convincing the design.

However, there is an outgrowth of this law that at first glance seems counterintuitive: the localized trend toward increased complexity. According to a concept known as causal entropic forcing, the development of emergent phenomena can be driven by thermodynamics and can lead to pockets of greater complexity. This process results in a corresponding reduction of local entropy, while increasing overall universal entropy. It should be emphasized that by definition these pockets of emergent organization are not isolated and use external sources of energy. Therefore, the laws of thermodynamics remain unbroken.

Physicist and mathematician Alexander Wissner-Gross has developed a number of mathematical computer simulations that demonstrate the idea of causal entropic forcing8 applied to evolving computer simulations. These suggest a view of nature that is very different from our more classical interpretations. Based on this work, Wissner-Gross has developed an equation for intelligence: F = T ∇ Sτ. Stating his equation succinctly in lay-speak, Wissner-Gross defines intelligence as:


“Intelligence acts so as to maximize future freedom of action.” (Alexander Wissner-Gross, physicist, mathematician)



“Future freedom of action” is a daunting phrase, not least because of another consequence of thermodynamics and entropy. Time travel is for all practical purposes a one-way trip, making actual travel into the past an impossibility, at least based on our current understanding of physics. Therefore, knowledge of whether something increases “future freedom of action” should be impossible to obtain. However, if a number of variations should attempt to occupy a particular opportunity space, we could find, in retrospect, that one was the best fit for maximizing future freedom of action—without needing to travel back in time to deliver the news. At one level, it is analogous (or perhaps even related) to the concept of evolution, which incrementally but blindly takes us from one structure or species to another without deliberate intent.

All of the definitions given in this chapter serve a purpose in their own right, whether exceedingly broad or highly restrictive. But in the case of this last definition, we suddenly find ourselves occupying a universe filled with all manner of potential intelligences. Perhaps more accurately, time and again, the universe has seen different features and aspects optimizing in this way, leading to new states of increased complexity. Here in our humble corner of the universe, 13.8 billion years from when it all began, cognition and consciousness have been the resulting outcome, but after this, who knows what form such optimizations might take?

Though it should be unnecessary, let me state unequivocally that protons, stars, and RNA, in and of themselves, do not think. But perhaps in trying to define intelligence, we have been focused on the wrong thing; not seeing the forest for the trees, as it were. If we shift our perspective and instead view intelligence not solely as cognition but as a manifestation of much larger optimization phenomena, we may end up seeing the universe in a far different light.

From this perspective, different forces, processes, life-forms, and intelligences will manifest at various stages of transformation, given a sufficiently open environment or domain. In a domain in a state of high entropy, with enough time and energy differentials to drive a vast number of informal experiments, one or more new forms (of energy, matter, life, intelligence) may have the opportunity to manifest and be perpetuated. Such a process could explain how the universe established the perfect conditions for the existence of life, eventually giving rise to intelligence, consciousness, and whatever states of increased complexity and maximized freedom of action may manifest in the future.

The processes that gave rise to life and intelligence connect us, in a very direct way, all the way back to the origins of the universe. But to consider this idea more thoroughly, we’ll need to go back to where it all began. Fortunately for us, the spaceship of my youth has undergone significant upgrades in recent decades, allowing us to journey all the way back to the earliest moments of our universe.


CHAPTER 2

THE ORIGIN OF EVERYTHING

“Nothing can create something all the time due to the laws of quantum mechanics, and it’s fascinatingly interesting.”

—Lawrence M. Krauss, theoretical physicist, cosmologist, author

 

It seems reasonable to suggest that any exploration of the origins of intelligence must begin from the very beginning. The Alpha moment. When the laws of the universe were first and firmly established by the cosmos, leading to all the forces and interactions that would eventually give rise to the universe we know and see today. While all of this may seem a long way from our traditional concepts about intelligence, these initial chapters explore certain basic processes of the universe that appear to ensure localized trends toward ever increasing complexity that eventually emerges as intelligence.

This is why we find ourselves in the deep past, 13.799 billion years ago, nestled in the trusty spaceship of my youth (significantly upgraded since its early days), suspended at the very beginning of time (at least as this universe knows it), on the cusp between space and not-space, between nothingness and all the energy and matter that are and ever will be.

It’s zero hour and the universe doesn’t truly exist yet. For that matter, we don’t really know how everything gets started. It may be that this is a time/place/instant of near infinite heat and density, its origin a mystery.

Or at least that’s one possible version. Once it was discovered in the early twentieth century that the universe is expanding, the implication was that if you trace that expansion back far enough in time, you reach a beginning when it would have been infinitely dense and infinitely hot. But if this was so, then where did this superhot, supermassive singularity come from?

Though this gravitational singularity would have had some similarities to those other singularities known as black holes, it is difficult to say just how similar. For instance, each may have been nearly infinitely dense, creating conditions so extreme it challenges our understanding of many of the laws of physics. But whereas a black hole exists in space, for the singularity of the Big Bang, space didn’t really exist at all. There was no outside as we understand it, and so there are no reference points. Therefore, while we can theorize, we can’t say with certainty how this infinitely dense point might have come about.

Another, more recent theory about the origin of the Big Bang is that it all began from nothing. While this can be a challenging idea to accept, growing evidence suggests this may actually be what happened. When most of us think of nothing, we think of an absence of everything. But physicists will tell you that nothing is actually far more complex and interesting than we give it credit for.1 Because of general relativity and quantum mechanics, including the effects of Heisenberg’s uncertainty principle, something truly can arise from nothing.2

Physicists talk about nothing in a number of ways, including the idea of a metastable false vacuum.3 This refers to empty space where virtual quantum particles continually pop in and out of existence, faster than we can measure. This sounds bizarre, yet it is completely acceptable within the laws of quantum physics. The thinking is that at some point, some of these virtual particles extended the false vacuum beyond a certain critical threshold, leading to a runaway expansion. With that, our universe was born.

However the Big Bang got started, this marks the beginning of the Planck epoch, the earliest stage of the universe when random quantum forces dominated over every other fundamental force, including gravity. Yet despite its enlarging to many times its original size during this period, we can see no evidence of this from our ship, which for the moment still exists apart from the singularity universe described in this scenario. This is because there is nothing for the universe to expand into. There is no external frame of reference, and so it is impossible to gauge its growth or any other changes. Therefore, to realign our point of reference, we’ll rescale our ship in time and space, teleporting from not-space to inside this miniscule but rapidly expanding cauldron, so we can better observe the changes that are taking place. Given how incredibly tiny the universe is at this moment, our ship has been reduced to only a fraction of a Planck length, or 10–35 meters.

For those unfamiliar with that notation, there will be frequent use of exponents in this chapter to prevent the pages from being filled with lots and lots of zeroes. For example, a Plank length of 10–35 meters can also be represented as 1/100,000,000,000,000,000,000,000,000,000,000,000th of a meter. (The negative sign transforms the number into its reciprocal.) The estimated temperature of 1032 kelvins at the end of the Planck epoch can also be written as 100,000,000,000,000,000,000,000,000,000,000 K. (For comparison, the surface of our own sun is about 5,778 K and its center is approximately 15,700,000 K.)

As mentioned, our ship has rescaled time for us as well. This is critical, because so much is about to happen in such an infinitesimal span of time. A tremendous amount of the universe’s future will be established in the barest fraction of the first second. It is estimated that the Planck epoch lasted until 10–43 seconds after the initial moment of expansion. (For comparison, the fastest laser pulse ever created in a lab is about 2x10-21 seconds, so that earliest epoch occurred about a billion trillion times faster than that.)

We have now reached the point when the singularity had grown to exactly one Planck length. Until this moment, it is assumed that quantum gravitational effects dominated throughout the then infinitesimally tiny universe. There remains some disagreement on this early history, however, because in modeling the earliest moments, general relativity breaks down, making it impossible to do much more than speculate on the initial properties of the universe. As we’ll see, as the universe expands and cools, the fundamental forces and physics of the classical world will begin to emerge.

Not surprisingly, the end of the Planck epoch marked the beginning of that transition. It’s generally assumed that the Planck epoch ended with gravity breaking away from the electronuclear force (the strong, weak, and electromagnetic forces remaining unified in that force). The subsequent grand unification epoch would last until 10–36 seconds, when the electronuclear force separated into the strong and the electroweak forces. This led to the universe being filled with a quark-gluon plasma that would in short time give rise to all of the subatomic particles and fields of our present-day universe. As the universe cooled to a mere 1028 kelvins, the electroweak epoch began, lasting until 10–32 seconds as the weak force and electromagnetism finally separated into the two remaining classical fundamental forces. Gravity, the strong force, the weak force, and the electromagnetic force would now exist for the lifetime of the universe.

Because there remains considerable speculation about the earliest stages and processes of the Big Bang, we may never completely understand the origin of our universe, not even its size and temperature in those earliest instants. But what is all but definite is that throughout the early epochs that set the stage for the universe as we know it, many important and extremely powerful transformations took place—transformations critical to the eventual development of life, intelligence, and nearly everything else.

During those first moments, numerous phase transitions occurred as the universe expanded and subsequently cooled. This may or may not have included a period known as the inflationary epoch. While the Big Bang theory explains much of our early universe extremely well, and many predictions about it have been proven beyond a reasonable doubt, inflation theory, while promising, is somewhat more hypothetical. According to the theory of cosmic inflation, a force called an inflaton field caused the universe to grow far faster than the speed of light, expanding to become 1026 times larger (perhaps even more) in a fraction of an instant.4 From its initial state when the universe was less than one Planck length across (10–35 meters), it swelled to perhaps the size of a grain of sand. As a comparison, this is about the same relationship we would see if we suddenly lengthened a centimeter-long piece of string so that it instantaneously could reach the edge of the modern-day universe.

But wait! you may be thinking. Nothing is supposed to be able to exceed the speed of light. While this is true for matter and energy in the universe, this is a special case because these changes were occurring to space itself. It feels like a cheat, but it actually makes sense, since special relativity is about actions and measurements taking place between objects within a common reference frame of space-time. But relativity doesn’t prohibit space from expanding far faster than light speed.

The inflationary epoch would have been essential to everything that came after because of how it altered our universe. Starting off from a highly curved geometry, the shape of the universe would have been flattened out by inflation. Additionally, as the inflaton field caused the cosmos to rapidly expand, minor differences of density from quantum fluctuations led to slight variations in the distribution of matter everywhere. These “seeds” allowed gravity to concentrate more and more matter, eventually leading to the formation of the galaxies and stars hundreds of millions of years later. But before that could happen, the cosmos would have to cool and change again and again.

Many transformations occurred in the seconds, minutes, and millennia that followed. About ten seconds after the Big Bang, the universe had cooled to a mere billion degrees, the temperature at which atomic nuclei could form. For the next seventeen minutes, a process known as the Big Bang nucleosynthesis formed all of the stable hydrogen and helium nuclei in the universe. (A relatively small amount of lithium was also created.) Then, as the universe cooled to approximately ten million kelvins, the fusion process shut down. Still, it was far too hot for the nuclei to bind to free electrons in order to form neutral atoms. It would be hundreds of thousands of years before these could form.

Directing our ship to leap forward in time past most of the photon epoch, the era when the universe was filled with a plasma of photons, hydrogen, and helium nuclei and electrons, we find ourselves nearly four thousand centuries after the Big Bang. Since the first fractions of an instant following the birth of the cosmos, the universe has been expanding. As it has done so, its density has diminished and its temperature has cooled. Starting from a singularity with temperatures estimated to be well over 1032 kelvins (that’s 100,000,000,000,000,000,000,000,000,000,000 K), 379,000 years later the universe has expanded to approximately forty-two million light-years across, with a temperature in the vicinity of 4,000 K. (One light year is just a little less than six trillion miles.) At this point, the epoch known as recombination begins. The universe has cooled sufficiently so that photons have become much less energetic, allowing free negatively charged electrons to be captured by the ionized nuclei, binding to the positively charged protons. Throughout the universe, these subatomic particles combine to form stable neutral atoms, the hydrogen and helium atoms we interact with today.

Up until this time, the universe was filled with a plasma of ionized hydrogen and helium, free electrons and photons, which continually interfered with the movement of photons. This interference resulted in a very short mean free path for all the photons in the universe, so that it would have been impossible for electromagnetic radiation to travel in a straight line for any significant distance. The forming of stable neutral atoms has the added effect of “decoupling” the photons from matter, allowing them to travel freely through the cosmos. By the end of this decoupling stage, nearly all of the photons making up all the electromagnetic radiation in the cosmos, including visible light, could move about freely. The universe, which has up to now been opaque, quickly becomes transparent.

The end of the recombination epoch is as far back as we can directly observe the physical universe because of this critical phase state change, a shift in the universe’s physical properties. The transition is demarcated by a barrier of ionization that we now refer to as the cosmic microwave background, or CMB. At the time it originated, it could have actually been observed as visible light and infrared radiation. From our ship, situated when the universe was only 379,000 years old, we see the CMB as an orange glow. However, in our present day, the light has traveled 13.799 billion years to reach us, and it has done it through rapidly expanding space. Because of this, the ancient light of the CMB has been “redshifted,”5 or stretched, as described by special relativity, so that now, in the twenty-first century, we don’t see it as visible light at all. Instead, our telescopes receive it as radio waves—microwaves, to be more specific.

What does all of this have to do with intelligence? Physicists have observed for decades that if the many laws and properties of the universe had differed by even a miniscule amount, the stars, the planets, and life in the cosmos would not have been possible. How did we get so lucky that the universe formed in exactly the right way for us to be here?

A set of philosophical considerations known as the anthropic principles states that the universe has to be compatible with the conscious life that exists in and observes it. While this may seem self-evident, the anthropic principles could potentially act as a selection mechanism, instead of an astronomically unlikely roll of the dice. Assuming the concept of a multiverse is valid—that countless universes exist beyond our own—then we exist and are able to observe the universe because it is one of probably many universes in which the conditions are just right for our existence. In a way, our “Goldilocks” universe is the outcome of a process by which a population of universes maximized future options. While the multiverse concept is very speculative, many leading physicists are proponents of it, including Max Tegmark, Alan Guth, Brian Greene, Andrei Linde, Michio Kaku, and Neil deGrasse Tyson. While this concept may or may not ever be falsifiable (the potential in principle to prove something false, a hallmark of scientific inquiry), that doesn’t mean it isn’t possible, only that it may not be provable.

This brief recap of the Big Bang barely scratches the surface of everything that occurred in establishing the early universe. But despite our having skimmed over many major events that followed the Big Bang, the stage is now set for the next crucial juncture that will eventually make intelligence in the universe possible.

Creating Chemistry

From the safety of our ship, it is evident there is not much to see in the nascent cosmos just yet. So far everything that’s transpired has been at the subatomic scale, if not far smaller than that. It’s approximately 150 million years after the Big Bang, and the expanding universe has cooled to a chill 60 K. If nitrogen existed, which it doesn’t yet, it would be frozen solid. Nearly everything in the universe has dropped to this temperature, so of course we should probably discuss those parts that haven’t.

One long-term effect of the inflationary epoch was to take what had been a nearly uniform canvas of space and exaggerate the very minor variances left over by the quantum fluctuations of the early universe. This allowed pockets of matter to begin to accumulate, creating regions of gravity in the relatively empty vacuum of space. Without this, it’s unlikely there would have been enough substantial differences in density to have been able to slowly, incrementally draw enough material together to produce stars.

But there was, and they did, and here we are. Nearly every aspect of the universe plays a role in the evolution of matter, life, and intelligence. But it is the stars, the solar furnaces, that were critical to every other process that would follow, because this is where all of nature’s elements were created.

The famed astrophysicist Carl Sagan perhaps expressed it best when he said: “The nitrogen in our DNA, the calcium in our teeth, the iron in our blood, the carbon in our apple pies were made in the interiors of collapsed stars. We are made of star stuff.”

So, when gravity began drawing material together, it would become a very big deal, both figuratively and literally. Little by little, the minute gravitational forces between those atoms drew them together into thin filaments of gas, filaments that would eventually aggregate into vast clouds of hydrogen and helium, virtually the only elements to exist at that time.6 Over hundreds of millions of years, these gravitationally bound structures would merge to become proto-galaxies, then galaxies, and eventually galaxy clusters. As this happened, the coalescing of the gas incrementally raised its density, leading to increased activity between the molecules, which in turn raised its temperature in those regions where it was most concentrated. Then the hydrogen atoms merged to create hydrogen molecules, which cooled the hot, dense gas, reducing its internal pressure and allowing it to collapse still further.

In addition, the modest movement of the incoming gas slowly caused each region of increasing density to spin around its gravitational center. As gravity continued to draw it inward, the law of conservation of angular momentum dictated that this material would spin faster, for exactly the same reason a spinning ice skater turns faster as she draws her limbs close to her body. As more cosmic material was drawn in and it spun still faster, this gas flattened into an accretion disk and its center incrementally became more compact. Once there was enough material, the center of the gas disk collapsed under its own mass in a runaway reaction, the gas ball growing so dense at its center that it began to fuse the atoms in its inner core. This center was destined to become a new star, and the rest of the accretion disk became the planets, the moons, and the asteroids of that new solar system.

The comparatively warmer conditions of the early universe meant that far more gas had to accumulate before it acquired sufficient mass to collapse and form a star. As a result, many of these first-generation stars were 500 to 1,000 times more massive than our own sun. Such a massive star may have had a surface temperature in the range of 100,000 K, nearly eighteen times that of the sun. As a result, most of the massive star’s energy would have been radiated in the ultraviolet range (though there still would have been plenty of energy remaining in the visible part of the spectrum—a human could have seen it). It was in that moment of first stellar fusion that the cosmos experienced light as it never had before, as it witnessed the birth of its very first star.

We don’t know anything about that first star—not its size, temperature, or life span. It is long gone and unlikely to ever be identified. What we do know is that it was not unique. It was soon followed by thousands, then millions, and later billions of stars. Once the right conditions were in place, there was no stopping the process.

The stars in this first generation—often called Population III stars—were very different from those that would follow. They were formed entirely from the primordial hydrogen and helium that was generated in the Big Bang nucleosynthesis that took place in the first minutes after the universe was born. While later generations of stars would contain a range of elements, during this earliest era, there were no other atoms to gather and fuse other than hydrogen and helium. (An estimated 1 percent of primordial matter in the universe may have been lithium, the third element.)

Because of their tremendous size, these first-generation stars quickly used up their fuel, incrementally fusing hydrogen and helium into metals like lithium, beryllium, carbon, nitrogen, oxygen, and so on up through iron. This set the stage for the chemical needs of the universe to come.

This process of stellar nucleosynthesis is related to but extremely different from the Big Bang nucleosynthesis that took place in the first minutes of the universe. That first event formed nearly all of the hydrogen and helium nuclei in the universe. These charged nuclei later combined with electrons to form neutral hydrogen and helium atoms during the recombination.

However, stellar nucleosynthesis is very different, in that those hydrogen and helium atoms now undergo fusion, producing heavier elements as well as releasing a substantial amount of energy in the process. In the fields of astronomy and cosmology, all of the elements other than hydrogen and helium are referred to as metals. Metallicity refers to how rich or poor a star is in these metals (and, since they probably formed from the same accretion disk, any planets surrounding that star as well).

Though there are many ways a star’s life can end, usually based on its size and metallicity, one of the universe’s most powerful cataclysmic events occurs when a star explodes in a supernova. Because of their size, this should have been far more common in those earliest, massive stars. A supernova generates a combination of enormous pressures and high temperatures not found anywhere else in the modern universe and is responsible for the formation of those elements in our universe that are heavier than iron. A supernova can also leave behind a core that could collapse into a neutron star or a black hole. Perhaps most importantly, while the mass and makeup of each star determines how it will die and what elements it will produce, nearly all stars contribute to altering the chemical makeup of the universe.

Today we see a cosmos filled with older, metal-poor Population II stars and younger, metal-rich Population I stars. This latter group probably offers the best possible conditions in which life can potentially form. Could life and intelligence have evolved around an early Population III–star solar system? It seems unlikely, given how little time was available for life to take hold. But far more importantly, the absence of heavier elements would have made all but the most basic chemical reactions impossible.

However, in the generations of stars that would follow, this wasn’t the case. Over time, an expanding, cooling universe and the increasing prevalence of heavier metals made extremely massive stars far less common. This led to stars and solar systems with much longer lifetimes. Along with this, more and more heavy elements were being fused with each new generation of solar furnaces, either as products of the fusion performed throughout their lives or in the cataclysm of their death throes.

Both of these conditions would vastly increase the likelihood of generating biological life and intelligence. Based on our experience on Earth, the ten-million-year life span of the first stars was a drop in the evolutionary bucket. (It is barely the amount of time that separates Homo sapiens from the last common ancestor we share with chimpanzees.) But if a star is of a more moderate size and therefore survives something on the order of ten billion years, there is obviously more than enough time for simple and complex life to take hold (our own sun being 4.6 billion years old).

As we’ve seen throughout the early life of the expanding universe, a wide range of events took place as the cosmos cooled, often leading to phase state changes that altered the universe dramatically. Many of these occurred at quantum scales and energy levels that we are still far from fully understanding: the separating of the fundamental forces; the imbalance in the quantities of particles and antiparticles; the decoupling—the deionization of the universe. But one event we understand reasonably well is how variations in the distribution of matter and energy would produce even greater variations as the universe expanded, leading to differences in energy potential between regions. This had an enormous impact on the universe nearly from its beginning and will continue to do so until its very end.

Whether those initial variations came about because of minute variations from quantum fluctuations that were later amplified during the inflationary epoch and the hyper relativistic expansion of the universe, or because of some other cause, the point is it happened, and it happened in a very particular way. A very basic process used energy—defined as differences in potentials for work between entities or regions—to increase complexity throughout the universe. From a nearly uniform plasma, minor differences created a foamlike structure of filaments and voids that would in time become unimaginably massive. Without the gravitational differences this led to between these different regions, the stars would never have formed. In which case the cosmos would’ve been a dark, permanently empty place.

This is a theme that will be repeated throughout this book. As we see time and again, during the development and evolution of life, as well as in the rise of intelligence and culture, a similar pattern occurs. The universe organizes at every scale in ways that seem to lead to local organizations of greater complexity while increasing entropy for the universe overall. This trend continues on a trajectory of escalating complexity, resulting in systems that at some point acquire sufficient volition that we begin to call it intelligence. Recall our last definition from chapter 1: “Intelligence acts so as to maximize future freedom of action.”

If such actions occur again and again, a pattern emerges. Is it a different way of looking at intelligence? Or viewed from a different perspective, is what we’ve traditionally called “intelligence” merely a point or a region on a far larger spectrum, one describing systems that attempt to optimize in order to better perpetuate themselves in the universe?

We will be exploring such moments of fundamental transition throughout this book. With each step, be it gravitational, chemical, biological, cultural, or technological, something new occurs. Each of these transitions establishes a change, after which nothing will ever be the same again. We can point at different explanations, but the best and simplest commonality is one of emergence and complexity. By its nature, emergence is both unpredictable and a game changer. As we will see, emergence materializes out of complexity, transcending the sum of its parts in ways that are both synergistic and unexpected. We can’t anticipate how, or usually even when, something will arise in this sense, but when it does, it will be like nothing that’s come before it.

The universe is full of these moments, and in better understanding these transitions, these inflection points, we may be better preparing ourselves to weather future moments of such transformational change.

In looking back along such a spectrum, if we find ourselves questioning the labeling of certain processes and agents as intelligent, that may be our bias showing. However, if we look ahead at the next major milestones according to this definition, at systems of far greater complexity and having emergent properties we don’t fully understand, will we recognize those as intelligence either? Perhaps it is time we looked this question from a somewhat different perspective.


CHAPTER 3

ENDURING ENTROPY

“Entropy drives both the increase and decay of complexity.”

—Matt O’Dowd, astrophysicist, professor, host of PBS Space Time

 

It is a hundred million years after the Big Bang, and a tenuous thread of hydrogen molecules drifts effortlessly through the cosmic vacuum, stretching out across the light-years. It moves almost imperceptibly in a vaguely general direction, beckoned by an unseen summoner. Millennia pass, and after covering vast distances, the molecules now move with a little more haste. The pattern continues until the tendrils of gas slowly converge on a nexus, a meeting point that has been incrementally accumulating material from every direction. Drawing together slowly, though considerably more rapidly than before, the gas gradually accretes into a boundless cloud, an anomaly in this vast near-nothingness. Though far less concentrated than the air we breathe, it is already becoming the densest structure in the universe. Time and more molecules will lead to still greater densities, new structures, and the beginning of processes the universe has never seen before. And this is only the beginning. In time this assemblage will become a solar nursery from which the first stars will be born. It’s all a matter of time, gravity, and entropy.

Slowly, imperceptibly at first, this aggregation of gas, this vast cloud begins to spin.

The universe is vast beyond imagination. At the same time, its power is just as incomprehensibly immense, a colossus of potential driven by its tremendous scale and structure. We’ve talked a little about how this came about, but perhaps even more importantly we should ask: Why did any of this happen at all? Why do the immense celestial objects we call stars, galaxies, nebulae, and black holes even exist?

In the earliest moments of the Big Bang, the universe was nearly uniform. As we saw in the previous chapter, quantum fluctuations, of the same type that possibly set off the Big Bang in the first place, also prevented the universe from being completely smooth. During the universe’s expansion, particularly during the inflationary epoch, these variations in density grew far more pronounced, resulting in areas of greater and lesser density. This allowed gravity to be stronger in some regions than in others, making it possible to draw material together, further concentrating hydrogen, helium, and lithium atoms into pockets of space that would eventually become the first stars.

These initial variations in density were critical, because in time they led to still greater variations in the extreme. It is estimated that in our present-day universe, the typical vacuum of space has roughly one atom per four cubic meters. Yet our own sun has a density that is roughly 3×1030 times greater than that, and a neutron star is 4×1014 times greater still. (A typical neutron star has around 12×1044 atoms per cubic meter. A teaspoon of this material would weigh around ten million tons!) This is a degree of difference that should give us pause, even as it astounds us. Because differences in energy, be they gravitational, electromagnetic, or chemical, are what make the universe go around, so to speak.

Whenever there is a difference between two systems, there is the potential for change, or “work,” as defined by thermodynamics. This work is the energy transferred by a system to its surroundings, accounting for all forces exerted by the system. We see this all the time in our everyday world. The ocean tides occur because of differences in gravity caused by the moon, the sun, and variations in Earth’s surface. Lightning is the result of a buildup of positively and negatively charged particles in clouds. When this differential exceeds a certain threshold, the particles discharge, either within the cloud or between the cloud and the ground, equalizing the system. A hot cup of coffee cools because of the imbalance between its temperature and that of its surroundings. But why do these systems change at all, transforming themselves from one state into a less energetic one? Why don’t they simply remain as they are?
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