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THE BIG PICTURE


Where are we?


Who are we?


Do our beliefs, hopes and dreams mean anything out there in the void?


Can human purpose and meaning ever fit into a scientific worldview?


Acclaimed award-winning author Sean Carroll brings his extraordinary intellect to bear on the realms of knowledge, the laws of nature and the most profound questions about life, death and our place in it all. In a dazzlingly unique presentation, Carroll takes us through the scientific revolution’s avalanche of discoveries, from Darwin and Einstein to the origins of life, consciousness and the universe itself. Delving into the way the world works at the quantum, cosmic and human levels, he reveals how human values relate to scientific reality.


An extraordinary synthesis of cosmos-sprawling science and profound thought, The Big Picture is Carroll’s quest to explain our world. Destined to sit alongside the works of our greatest thinkers, from Stephen Hawking and Carl Sagan to Daniel Dennett and E. O. Wilson, this book shows that while our lives may be forever dwarfed by the immensity of the universe, they can be redeemed by our capacity to comprehend it and give it meaning.





MORE PRAISE FOR THE BIG PICTURE



‘A nuanced inquiry into “how our desire to matter fits in with the nature of reality at its deepest levels,” in which Carroll offers an assuring dose of what he calls “existential therapy” reconciling the various and often seemingly contradictory dimensions of our experience.’


Maria Popova, Brain Pickings


‘True to the grand scope of its title…anyone who enjoys asking big questions will find a lot to consider.’


Booklist


‘A tour de force that offers a comprehensive snapshot of the human situation in our infinitely strange universe, and it does this with highly accessible language and engaging storytelling.’


Salon.com


‘Carroll is the perfect guide to this wondrous journey of discovery. A brilliantly lucid exposition of profound philosophical and scientific issues.’


Kirkus (starred review)


‘From the Big Bang to the meaning of human existence, The Big Picture is exactly that – a magisterial, yet deeply fascinating, grand tour through the issues that really matter. Blending science and philosophy, Sean Carroll gives us a humane perspective on the universe and our place in it. As gripping as it is important, The Big Picture can change the way you think about the world.’


Neil Shubin, author of Your Inner Fish


‘Until now you might have gotten away believing modern physics is about things either too small or too far away to care much about. But no more. Sean Carroll’s new book reveals how physicists’ quest to better understand the fundamental laws of nature has led to astonishing insights into life, the universe, and everything.’


Sabine Hossenfelder, Frankfurt Institute for Advanced Studies


‘Weaving the threads of astronomy, physics, chemistry, biology, and philosphy into a seamless narrative tapestry, Sean Carroll enthralls us with what we’ve figured out in the universe and humbles us with what we don’t yet understand. Yet in the end, it’s the meaning of it all that feeds your soul of curiosity.’


Neil deGrasse Tyson, host of Cosmos: A Spacetime Odyssey


‘Instead of feeling humbled and insignificant when gazing upward on a clear starry night, Carroll takes us by the hand and shows us how fantastic the inanimate physical universe is and how special each animate human can be. It is lucid, spirited, and penetrating.’


Michael Gazzaniga, author of Tales from Both Sides of the Brain
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Mrs. Eberhardt, Edwin Kelly, Edward Guinan, Jack Doody, Colleen Sheehan, Peter Knapp, George Field, Sidney Coleman, Nick Warner, Eddie Farhi, Alan Guth, and so many others. Thank you for challenging me.





Prologue


Only once in my life have I been truly close to dying.


My judgment was a bit off. It was dark, the traffic was heavy. An inattentive driver on the 405 freeway in Los Angeles veered in front of me to avoid an exit ramp, and I swerved to avoid him. The enormous eighteen-wheeler in the lane to my left wasn’t as far back as I thought. The very last inch of my back bumper caught the very front corner of the truck’s cab. That was enough. I lost all control of my car, which executed a slow and stately counterclockwise turn, ending with my driver’s side flush into the front of the truck, still speeding down the freeway. It was slow and stately from my perspective, anyway. I felt as if I were trapped in amber, watching helplessly as my car moved of its own volition, until it nestled against the truck’s grill, perpendicular to the direction of traffic, a blinding headlight shining in my face.


I was shaken but unhurt. The car was a bit rumpled, and needed some serious work in the body shop, but it was able to drive me home once all the police reports had been filled out. A few inches here, a change of speed there, a bit more panic on the part of the truck driver—things could have been different.


Many of us come close to dying, long before we do die. We confront the finitude of our lives.


In my professional capacity as a physicist I study the universe as a whole. It’s a big universe. Fourteen billion years after the Big Bang, the region of space we can directly see is populated by a few hundred billion galaxies, averaging a hundred billion stars each. We human beings, by contrast, are quite tiny—a recent arrival on an insignificant planet orbiting a nondescript star. Whatever the outcome of my freeway misadventure had been, my lifetime would be measured in decades, not in billions of years.


A person is a diminutive, ephemeral thing, standing smaller in comparison with the universe than a single atom stands in comparison with the Earth. Can any one individual existence really matter?


In some sense it obviously can. I live a fortunate life, with family and friends who care about me, and who would be extremely upset were I to die. I myself would be quite unhappy if I somehow knew ahead of time that my life was going to end. But from the perspective of a vast, seemingly indifferent cosmos, does it really matter all that much?


I like to think that our lives do matter, even if the universe would trundle along without us. But we have to respect the question, and work hard to understand how our desire to matter fits in with the nature of reality at its deepest levels.


A friend of mine, a neuroscientist and biologist, can make individual cells young again. Scientists have developed techniques for taking stem cells in the adult human body, which have aged and taken on some more mature characteristics, and reverse-aging them until they are just like newborn stem cells.


There is a long road from cells to complete organisms. So I asked her, half-jokingly, whether we would someday be able to reverse-age human beings, and potentially keep them young forever.


“You and I are going to die someday,” she mused. “But if either of us has grandchildren, I wouldn’t be so sure.”


That’s thinking like a biologist. As a physicist, I know it doesn’t violate any laws of nature to imagine living beings lasting for millions or even billions of years, so I have no objection there. But eventually all of the stars will have exhausted their nuclear fuel, their cold remnants will fall into black holes, and those black holes will gradually evaporate into a thin gruel of elementary particles in a dark and empty universe. We won’t really live forever, no matter how clever biologists get to be.


Everybody dies. Life is not a substance, like water or rock; it’s a process, like fire or a wave crashing on the shore. It’s a process that begins, lasts for a while, and ultimately ends. Long or short, our moments are brief against the expanse of eternity.


•


We have two goals in front of us. One is to explain the story of our universe and why we think it’s true, the big picture as we currently understand it. It’s a fantastic conception. We humans are blobs of organized mud, which through the impersonal workings of nature’s patterns have developed the capacity to contemplate and cherish and engage with the intimidating complexity of the world around us. To understand ourselves, we have to understand the stuff out of which we are made, which means we have to dig deeply into the realm of particles and forces and quantum phenomena, not to mention the spectacular variety of ways that those microscopic pieces can come together to form organized systems capable of feeling and thought.


The other goal is to offer a bit of existential therapy. I want to argue that, though we are part of a universe that runs according to impersonal underlying laws, we nevertheless matter. This isn’t a scientific question—there isn’t data we can collect by doing experiments that could possibly measure the extent to which a life matters. It’s at heart a philosophical problem, one that demands that we discard the way that we’ve been thinking about our lives and their meaning for thousands of years. By the old way of thinking, human life couldn’t possibly be meaningful if we are “just” collections of atoms moving around in accordance with the laws of physics. That’s exactly what we are, but it’s not the only way of thinking about what we are. We are collections of atoms, operating independently of any immaterial spirits or influences, and we are thinking and feeling people who bring meaning into existence by the way we live our lives.


We are small; the universe is big. It doesn’t come with an instruction manual. We have nevertheless figured out an amazing amount about how things actually work. It’s a different kind of challenge to accept the world for what it is, to face reality with a smile, and to make our lives into something valuable.


•


In the first section of the book, “Cosmos,” we examine some important aspects of the wider universe of which we are a small part. There are many ways to talk about the world, which leads us to the framework called poetic naturalism. “Naturalism” claims that there is just one world, the natural world; we’ll explore some of the indications that point us in that direction, including how the universe moves and evolves. “Poetic” reminds us that there is more than one way of talking about the world. We find it natural to use a vocabulary of “causes” and “reasons why” things happen, but those ideas aren’t part of how nature works at its deepest levels. They are emergent phenomena, part of how we describe our everyday world. The difference between the everyday and deeper descriptions arises from the arrow of time, the distinction between past and future that can ultimately be traced to the special state in which our universe began near the Big Bang.


In the second section, “Understanding,” we consider how we should go about trying to understand the world. Or, at least, move closer and closer to the truth; we have to be willing to accept uncertainty and incomplete knowledge, and always be ready to update our beliefs as new evidence comes in. We will see how our best approach to describing the universe is not a single, unified story but an interconnected series of models appropriate at different levels. Each model has a domain in which it is applicable, and the ideas that appear as essential parts of each story have every right to be thought of as “real.” Our task is to assemble an interlocking set of descriptions, based on some fundamental ideas, that fit together to form a stable planet of belief.


We then turn to “Essence,” where we think about the world as it actually is: the fundamental laws of nature. We’ll discuss quantum field theory, the basic language in which modern physics is written. We will appreciate the triumph of the Core Theory, the enormously successful model of the particles and forces that make up you, me, the sun, the moon, the stars, and everything you have ever seen, touched, or tasted in all your life. There is much we don’t know about how the world works, but we have extremely good reason to think that the Core Theory is the correct description of nature in its domain of applicability. That domain is wide enough to immediately exclude a number of provocative phenomena: from telekinesis and astrology to survival of the soul after death.


With some laws of physics in hand, there is still much work to be done in connecting these deeper principles to the richness of the world around us. In the fourth section, “Complexity,” we begin to see how those connections come about. The emergence of complex structures isn’t a strange phenomenon in tension with the general tendency of the universe toward greater disorder; it is a natural consequence of that tendency. In the right circumstances, matter self-organizes into intricate configurations, capable of capturing and using information from their environments. The culmination of this process is life itself. The more we learn about the basic workings of life, the more we appreciate how they are in harmony with the fundamental physical principles governing the universe as a whole. Life is a process, not a substance, and it is necessarily temporary. We are not the reason for the existence of the universe, but our ability for self-awareness and reflection makes us special within it.


This brings us to one of the knottier problems faced by naturalism, the puzzle of consciousness. We confront this issue in “Thinking,” where we go beyond “naturalism” all the way to “physicalism.” Modern neuroscience has made tremendous strides in understanding how thought actually works inside our brains, and there is little question that our personal experiences have definite correlates in physical processes therein. We can even begin to see how this remarkable ability evolved over time, and what kinds of abilities are crucial to achieving consciousness. The most difficult problem is a philosophical one: how is it even possible that inner experience, the uniquely experiential aboutness of our lives inside our heads, can be reduced to mere matter in motion? Poetic naturalism suggests that we should think of “inner experiences” as part of a way of talking about what is happening in our brains. But ways of talking can be very real, even when it comes to our ability to make free choices as rational beings.


Finally, in “Caring” we confront the hardest problem of all, that of how to construct meaning and values in a cosmos without transcendent purpose. A common charge against naturalism is that such a task is simply impossible: without something beyond the physical world to guide us, there is no reason to live at all, and certainly no reason to live one way rather than another. Some naturalists respond by agreeing, and getting on with their lives; others react strongly the other way, by arguing that values can be determined scientifically just as much as the age of the universe can be. Poetic naturalism strikes a middle ground, accepting that values are human constructs, but denying that they are therefore illusory or meaningless. All of us have cares and desires, whether given to us by evolution, our upbringing, or our environment. The task before us is to reconcile those cares and desires within ourselves, and amongst one another. The meaning we find in life is not transcendent, but it’s no less meaningful for that.





PART ONE
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COSMOS





1
The Fundamental Nature of Reality


In the old Road Runner cartoons, Wile E. Coyote would frequently find himself running off the edge of a cliff. But he wouldn’t, as our experience with gravity might lead us to expect, start falling to the ground below, at least not right away. Instead, he would hover motionless, in puzzlement; it was only when he realized there was no longer any ground beneath him that he would suddenly crash downward.


We are all Wile E. Coyote. Since human beings began thinking about things, we have contemplated our place in the universe, the reason why we are all here. Many possible answers have been put forward, and partisans of one view or another have occasionally disagreed with each other. But for a long time, there has been a shared view that there is some meaning, out there somewhere, waiting to be discovered and acknowledged. There is a point to all this; things happen for a reason. This conviction has served as the ground beneath our feet, as the foundation on which we’ve constructed all the principles by which we live our lives.


Gradually, our confidence in this view has begun to erode. As we understand the world better, the idea that it has a transcendent purpose seems increasingly untenable. The old picture has been replaced by a wondrous new one—one that is breathtaking and exhilarating in many ways, challenging and vexing in others. It is a view in which the world stubbornly refuses to give us any direct answers about the bigger questions of purpose and meaning.


The problem is that we haven’t quite admitted to ourselves that this transition has taken place, nor fully accepted its far-reaching implications. The issues are well-known. Over the course of the last two centuries, Darwin has upended our view of life, Nietzsche’s madman bemoaned the death of God, existentialists have searched for authenticity in the face of absurdity, and modern atheists have been granted a seat at society’s table. And yet, many continue on as if nothing has changed; others revel in the new order, but placidly believe that adjusting our perspective is just a matter of replacing a few old homilies with a few new ones.


The truth is that the ground has disappeared beneath us, and we are just beginning to work up the courage to look down. Fortunately, not everything in the air immediately plummets to its death. Wile E. Coyote would have been fine if he had been equipped with one of those ACME-brand jet packs, so that he could fly around under his own volition. It’s time to get to work building our conceptual jet packs.


What is the fundamental nature of reality? Philosophers call this the question of ontology—the study of the basic structure of the world, the ingredients and relationships of which the universe is ultimately composed. It can be contrasted with epistemology, which is how we obtain knowledge about the world. Ontology is the branch of philosophy concerned with the nature of reality; we also talk about “an” ontology, referring to a specific idea about what that nature actually is.


The number of approaches to ontology alive in the world today is somewhat overwhelming. There is the basic question of whether reality exists at all. A realist says, “Of course it does”; but there are also idealists, who think that capital-M Mind is all that truly exists, and the so-called real world is just a series of thoughts inside that Mind. Among realists, we have monists, who think that the world is a single thing, and dualists, who believe in two distinct realms (such as “matter” and “spirit”). Even people who agree that there is only one type of thing might disagree about whether there are fundamentally different kinds of properties (such as mental properties and physical properties) that those things can have. And even people who agree that there is only one kind of thing, and that the world is purely physical, might diverge when it comes to asking which aspects of that world are “real” versus “illusory.” (Are colors real? Is consciousness? Is morality?)


Whether or not you believe in God—whether you are a theist or an atheist—is part of your ontology, but far from the whole story. “Religion” is a completely different kind of thing. It is associated with certain beliefs, often including belief in God, although the definition of “God” can differ substantially within religion’s broad scope. Religion can also be a cultural force, a set of institutions, a way of life, a historical legacy, a collection of practices and principles. It’s much more, and much messier, than a checklist of doctrines. A counterpart to religion would be humanism, a collection of beliefs and practices that is as varied and malleable as religion is.


The broader ontology typically associated with atheism is naturalism— there is only one world, the natural world, exhibiting patterns we call the “laws of nature,” and which is discoverable by the methods of science and empirical investigation. There is no separate realm of the supernatural, spiritual, or divine; nor is there any cosmic teleology or transcendent purpose inherent in the nature of the universe or in human life. “Life” and “consciousness” do not denote essences distinct from matter; they are ways of talking about phenomena that emerge from the interplay of extraordinarily complex systems. Purpose and meaning in life arise through fundamentally human acts of creation, rather than being derived from anything outside ourselves. Naturalism is a philosophy of unity and patterns, describing all of reality as a seamless web.


Naturalism has a long and distinguished pedigree. We find traces of it in Buddhism, in the atomists of ancient Greece and Rome, and in Confucianism. Hundreds of years after the death of Confucius, a Chinese thinker named Wang Chong was a vocal naturalist, campaigning against the belief in ghosts and spirits that had become popular in his day. But it is really only in the last few centuries that the evidence in favor of naturalism has become hard to resist.


•


All of these isms can feel a bit overwhelming. Fortunately we don’t need to be rigorous or comprehensive about listing the possibilities. But we do need to think hard about ontology. It’s at the heart of our Wile E. Coyote problem.


The last five hundred or so years of human intellectual progress have completely upended how we think about the world at a fundamental level. Our everyday experience suggests that there are large numbers of truly different kinds of stuff out there. People, spiders, rocks, oceans, tables, fire, air, stars—these all seem dramatically different from one another, deserving of independent entries in our list of basic ingredients of reality. Our “folk ontology” is pluralistic, full of myriad distinct categories. And that’s not even counting notions that seem more abstract but are arguably equally “real,” from numbers to our goals and dreams to our principles of right and wrong.


As our knowledge grows, we have moved by fits and starts in the direction of a simpler, more unified ontology. It’s an ancient impulse. In the sixth century BCE, the Greek philosopher Thales of Miletus suggested that water is a primary principle from which all else is derived, while across the world, Hindu philosophers put forward Brahman as the single ultimate reality. The development of science has accelerated and codified the trend.


Galileo observed that Jupiter has moons, implying that it is a gravitating body just like the Earth. Isaac Newton showed that the force of gravity is universal, underlying both the motion of the planets and the way that apples fall from trees. John Dalton demonstrated how different chemical compounds could be thought of as combinations of basic building blocks called atoms. Charles Darwin established the unity of life from common ancestors. James Clerk Maxwell and other physicists brought together such disparate phenomena as lightning, radiation, and magnets under the single rubric of “electromagnetism.” Close analysis of starlight revealed that stars are made of the same kinds of atoms as we find here on Earth, with Cecilia Payne-Gaposchkin eventually proving that they are mostly hydrogen and helium. Albert Einstein unified space and time, joining together matter and energy along the way. Particle physics has taught us that every atom in the periodic table of the elements is an arrangement of just three basic particles: protons, neutrons, and electrons. Every object you have ever seen or bumped into in your life is made of just those three particles.


We’re left with a very different view of reality from where we started. At a fundamental level, there aren’t separate “living things” and “nonliving things,” “things here on Earth” and “things up in the sky,” “matter” and “spirit.” There is just the basic stuff of reality, appearing to us in many different forms.


How far will this process of unification and simplification go? It’s impossible to say for sure. But we have a reasonable guess, based on our progress thus far: it will go all the way. We will ultimately understand the world as a single, unified reality, not caused or sustained or influenced by anything outside itself. That’s a big deal.


•


Naturalism presents a hugely grandiose claim, and we have every right to be skeptical. When we look into the eyes of another person, it doesn’t seem like what we’re seeing is simply a collection of atoms, some sort of immensely complicated chemical reaction. We often feel connected to the universe in some way that transcends the merely physical, whether it’s a sense of awe when we contemplate the sea or sky, a trancelike reverie during meditation or prayer, or the feeling of love when we’re close to someone we care about. The difference between a living being and an inanimate object seems much more profound than the way certain molecules are arranged. Just looking around, the idea that everything we see and feel can somehow be explained by impersonal laws governing the motion of matter and energy seems preposterous.


It’s a bit of a leap, in the face of all of our commonsense experience, to think that life can simply start up out of non-life, or that our experience of consciousness needs no more ingredients than atoms obeying the laws of physics. Of equal importance, appeals to transcendent purpose or a higher power seem to provide answers to questions to some of the pressing “Why?” questions we humans like to ask: Why this universe? Why am I here? Why anything at all? Naturalism, by contrast, simply says: those aren’t the right questions to ask. It’s a lot to swallow, and not a view that anyone should accept unquestioningly.


Naturalism isn’t an obvious, default way to think about the world. The case in its favor has built up gradually over the years, a consequence of our relentless quest to improve our understanding of how things work at a deep level, but there is still work to be done. We don’t know how the universe began, or if it’s the only universe. We don’t know the ultimate, complete laws of physics. We don’t know how life began, or how consciousness arose. And we certainly haven’t agreed on the best way to live in the world as good human beings.


The naturalist needs to make the case that, even without actually having these answers yet, their worldview is still by far the most likely framework in which we will eventually find them. That’s what we’re here to do.


•


The pressing, human questions we have about our lives depend directly on our attitudes toward the universe at a deeper level. For many people, those attitudes are adopted rather informally from the surrounding culture, rather than arising out of rigorous personal reflection. Each new generation of people doesn’t invent the rules of living from scratch; we inherit ideas and values that have evolved over vast stretches of time. At the moment, the dominant image of the world remains one in which human life is cosmically special and significant, something more than mere matter in motion. We need to do better at reconciling how we talk about life’s meaning with what we know about the scientific image of our universe.


Among people who acknowledge the scientific basis of reality, there is often a conviction—usually left implicit—that all of that philosophical stuff like freedom, morality, and purpose should ultimately be pretty easy to figure out. We’re collections of atoms, and we should be nice to one another. How hard can it really be?


It can be really hard. Being nice to one another is a good start, but it doesn’t get us very far. What happens when different people have incompatible conceptions of niceness? Giving peace a chance sounds like a swell idea, but in the real world, there are different actors with different interests, and conflicts will inevitably arise. The absence of a supernatural guiding force doesn’t mean we can’t meaningfully talk about right and wrong, but it doesn’t mean we instantly know one from the other, either.


Meaning in life can’t be reduced to simplistic mottos. In some number of years I will be dead; some memory of my time here on Earth may linger, but I won’t be around to savor it. With that in mind, what kind of life is worth living? How should we balance family and career, fortune and pleasure, action and contemplation? The universe is large, and I am a tiny part of it, constructed of the same particles and forces as everything else: by itself, that tells us precisely nothing about how to answer such questions. We’re going to have to be both smart and courageous as we work to get this right.





2
Poetic Naturalism


One thing Star Trek never really got clear on was how transporter machines are supposed to work. Do they disassemble you one atom at a time, zip those atoms elsewhere, and then reassemble them? Or do they send only a blueprint of you, the information contained in your arrangement of atoms, and then reconstruct you from existing matter in the environment to which you are traveling? Most often the ship’s crew talks as if your actual atoms travel through space, but then how do we explain “The Enemy Within”? That’s the episode, you’ll remember, in which a transporter malfunction causes two copies of Captain Kirk to be beamed aboard the Enterprise. It’s hard to see how two copies of a person could be made out of one person-sized collection of atoms.


Fortunately for viewers of the show, the two copies of Kirk weren’t precisely identical. One copy was the normal (good) Kirk, and the other was evil. Even better, the evil one quickly got scratched on the face by Yeoman Rand, so it wasn’t hard to tell the two apart.


But what if they had been identical? We would then be faced with a puzzle about the nature of personal identity, popularized by philosopher Derek Parfit. Imagine a transporter machine that could disassemble a single individual and reconstruct multiple exact copies of them out of different atoms. Which one, if any, would be the “real” one? If there were just a single copy, most of us would have no trouble accepting them as the original person. (Using different atoms doesn’t really matter; in actual human bodies, our atoms are lost and replaced all the time.) Or what if one copy were made of new atoms, while the original you remained intact—but the original suffered a tragic death a few seconds after the duplicate was made. Would the duplicate count as the same person?


All good philosophical fun and games of course, but without much relevance to the real world, at least not at our current level of technology. Or maybe not. There’s an older thought experiment called the Ship of Theseus that raises some of the same issues. Theseus, the legendary founder of Athens, had an impressive ship in which he had fought numerous battles. To honor him, the citizens of Athens preserved his ship in their port. Occasionally a plank or part of the mast would decay beyond repair, and at some point that piece would have to be replaced to keep the ship in good order. Once again we have a question of identity: is it the same ship after we’ve replaced one of the planks? If you think it is, what about after we’ve replaced all of the planks, one by one? And (as Thomas Hobbes went on to ask), what if we then took all the old planks and built a ship out of them? Would that one then suddenly become the Ship of Theseus?


Narrowly speaking, these are all questions about identity. When is one thing “the same thing” as some other thing? But more broadly, they’re questions about ontology, our basic view of what exists in the world. What kinds of things are there at all?


When we ask about the identity of the “real” Captain Kirk or Ship of Theseus, a whole bundle of unstated assumptions come along for the ride. We are assuming that there are things called “persons,” and things called “ships,” and that these things have some persistence over time. And everything goes swimmingly, until we come up against a puzzle, such as these duplication scenarios, that puts a strain on how we define these kinds of objects.


All this matters, not because we’re on the verge of building a working transporter, but because our attempts to make sense of the big picture inevitably involve different kinds of overlapping ways of talking about the world. We have atoms, and we have biological cells, and we have human beings. Is the notion of “this particular human being” an important one to how we think about the world? Should categories like “persons” and “ships” be part of our fundamental ontology at all? We can’t decide whether an individual human life actually matters if we don’t know what we mean by “human being.”


•


As knowledge generally, and science in particular, have progressed over the centuries, our corresponding ontologies have evolved from quite rich to relatively sparse. To the ancients, it was reasonable to believe that there were all kinds of fundamentally different things in the world; in modern thought, we try to do more with less.


We would now say that Theseus’s ship is made of atoms, all of which are made of protons, neutrons, and electrons—exactly the same kinds of particles that make up every other ship, or for that matter make up you and me. There isn’t some primordial “shipness” of which Theseus’s is one particular example; there are simply arrangements of atoms, gradually changing over time.


That doesn’t mean we can’t talk about ships just because we understand that they are collections of atoms. It would be horrendously inconvenient if, anytime someone asked us a question about something happening in the world, we limited our allowable responses to a listing of a huge set of atoms and how they were arranged. If you listed about one atom per second, it would take more than a trillion times the current age of the universe to describe a ship like Theseus’s. Not really practical.


It just means that the notion of a ship is a derived category in our ontology, not a fundamental one. It is a useful way of talking about certain subsets of the basic stuff of the universe. We invent the concept of a ship because it is useful to us, not because it’s already there at the deepest level of reality. Is it the same ship after we’ve gradually replaced every plank? I don’t know. It’s up to us to decide. The very notion of “ship” is something we created for our own convenience.


That’s okay. The deepest level of reality is very important; but all the different ways we have of talking about that level are important too.


•


What we’re seeing is the difference between a rich ontology and a sparse one. A rich ontology comes with a large number of different fundamental categories, where by “fundamental” we mean “playing an essential role in our deepest, most comprehensive picture of reality.”


In a sparse ontology, there are a small number of fundamental categories (maybe only one) describing the world. But there will be very many ways of talking about the world. The notion of a “way of talking” isn’t mere decoration—it’s an absolutely crucial part of how we apprehend reality.
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Two different kinds of ontologies, rich and sparse. Boxes are fundamental concepts, while circles are derived or emergent concepts—ways of talking about the world.


One benefit of a rich ontology is that it’s easy to say what is “real”—every category describes something real. In a sparse ontology, that’s not so clear. Should we count only the underlying stuff of the world as real, and all the different ways we have of dividing it up and talking about it as merely illusions? That’s the most hard-core attitude we could take to reality, sometimes called eliminativism, since its adherents like nothing better than to go around eliminating this or that concept from our list of what is real. For an eliminativist, the question “Which Captain Kirk is the real one?” gets answered by “Who cares? People are illusions. They’re just fictitious stories we tell about the one true real world.”


I’m going to argue for a different view: our fundamental ontology, the best way we have of talking about the world at the deepest level, is extremely sparse. But many concepts that are part of non-fundamental ways we have of talking about the world—useful ideas describing higher-level, macroscopic reality—deserve to be called “real.”


The key word there is “useful.” There are certainly non-useful ways of talking about the world. In scientific contexts, we refer to such non-useful ways as “wrong” or “false.” A way of talking isn’t just a list of concepts; it will generally include a set of rules for using them, and relationships among them. Every scientific theory is a way of talking about the world, according to which we can say things like “There are things called planets, and something called the sun, all of which move through something called space, and planets do something called orbiting the sun, and those orbits describe a particular shape in space called an ellipse.” That’s basically Johannes Kepler’s theory of planetary motion, developed after Copernicus argued for the sun being at the center of the solar system but before Isaac Newton explained it all in terms of the force of gravity. Today, we would say that Kepler’s theory is fairly useful in certain circumstances, but it’s not as useful as Newton’s, which in turn isn’t as broadly useful as Einstein’s general theory of relativity.


•


The strategy I’m advocating here can be called poetic naturalism. The poet Muriel Rukeyser once wrote, “The universe is made of stories, not of atoms.” The world is what exists and what happens, but we gain enormous insight by talking about it—telling its story—in different ways.


Naturalism comes down to three things:


1. There is only one world, the natural world.


2. The world evolves according to unbroken patterns, the laws of nature.


3. The only reliable way of learning about the world is by observing it.


Essentially, naturalism is the idea that the world revealed to us by scientific investigation is the one true world. The poetic aspect comes to the fore when we start talking about that world. It can also be summarized in three points:


1. There are many ways of talking about the world.


2. All good ways of talking must be consistent with one another and with the world.


3. Our purposes in the moment determine the best way of talking.


A poetic naturalist will agree that both Captain Kirk and the Ship of Theseus are simply ways of talking about certain collections of atoms stretching through space and time. The difference is that an eliminativist will say “and therefore they are just illusions,” while the poetic naturalist says “but they are no less real for all of that.”


Philosopher Wilfrid Sellars coined the term manifest image to refer to the folk ontology suggested by our everyday experience, and scientific image for the new, unified view of the world established by science. The manifest image and the scientific image use different concepts and vocabularies, but ultimately they should fit together as compatible ways of talking about the world. Poetic naturalism accepts the usefulness of each way of talking in its appropriate circumstances, and works to show how they can be reconciled with one another.


Within poetic naturalism we can distinguish among three different kinds of stories we can tell about the world. There is the deepest, most fundamental description we can imagine—the whole universe, exactly described in every microscopic detail. Modern science doesn’t know what that description actually is right now, but we presume that there at least is such an underlying reality. Then there are “emergent” or “effective” descriptions, valid within some limited domain. That’s where we talk about ships and people, macroscopic collections of stuff that we group into individual entities as part of this higher-level vocabulary. Finally, there are values: concepts of right and wrong, purpose and duty, or beauty and ugliness. Unlike higher-level scientific descriptions, these are not determined by the scientific goal of fitting the data. We have other goals: we want to be good people, get along with others, and find meaning in our lives. Figuring out the best way to talk about the world is an important part of working toward those goals.


Poetic naturalism is a philosophy of freedom and responsibility. The raw materials of life are given to us by the natural world, and we must work to understand them and accept the consequences. The move from description to prescription, from saying what happens to passing judgment on what should happen, is a creative one, a fundamentally human act. The world is just the world, unfolding according to the patterns of nature, free of any judgmental attributes. The world exists; beauty and goodness are things that we bring to it.


•


Poetic naturalism may seem like an appealing idea—or it may seem like an absurd bunch of hooey—but it certainly leaves us with a lot of questions. Most obviously, what is the unified natural world that underlies everything? We’ve been bandying about words like “atoms” and “particles,” but we know from discussions of quantum mechanics that the truth is a bit more slippery than that. And we certainly don’t claim to know the ultimate final Theory of Everything—so how much do we actually know? And what makes us think that it’s enough to justify the dreams of naturalism?


There are equally many, if not more, questions about connecting that underlying physical world to our everyday reality. There are “Why?” questions: Why this particular universe, with these particular laws of nature? Why does the universe exist at all? There are also “Are you sure?” questions: Are we sure that a unified physical reality could naturally give rise to life as we know it? Are we sure it is sufficient to describe consciousness, perhaps the most perplexing aspect of our manifest world? And then there are the “How?” questions: How do we decide what ways of talking are the best? How do we agree on judgmental questions about right and wrong? How do we find meaning and purpose in a world that is purely natural? Above all, how do we know any of this?


Our task is to put together a rich, nuanced picture that reconciles all the different aspects of our experience. To put ourselves in the right frame of mind, in the next few chapters we’ll survey some of the ideas that helped set humanity on the road to naturalism.





3
The World Moves by Itself


In 1971, viewers watching live TV got to see Apollo 15 astronaut David Scott perform a fun demonstration. Near the end of an extravehicular moon walk, Scott held up a hammer and a feather, then proceeded to let go of them simultaneously. Both objects, under the gentle pull of the moon’s gravity, fell to the ground, landing at precisely the same time.


That’s not what would have happened here on Earth, unless you were practicing your spacesuit drills in one of NASA’s giant vacuum chambers. Under ordinary circumstances, air resistance would greatly slow the fall of the feather, while the hammer would be largely unaffected. But in the vacuum on the moon’s surface, their trajectories were indistinguishable.


Scott had confirmed an important insight put forward by Galileo Galilei back in the late sixteenth century: the natural motion of all objects is to fall in the same way under the influence of gravity, and it is only friction caused by air that makes heavier objects seem to fall faster than lighter ones in our everyday experience. And a good thing too. As mission controller Joe Allen put it, this experimental result was “predicted by well-established theory, but a result nonetheless reassuring considering both the number of viewers that witnessed the experiment, and the fact that the homeward journey was based critically on the validity of the particular theory being tested.”


The story is told that Galileo performed a version of the experiment himself, dropping balls of different weights (but comparable air resistance) from the top of the Leaning Tower of Pisa. Galileo doesn’t seem to have claimed that he did this, but it was later asserted by his pupil Vincenzo Viviani in a biography of his master.
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The Leaning Tower of Pisa. (Courtesy of W. Lloyd MacKenzie)


The experiment we know Galileo actually performed was an easier one to construct and control: he rolled balls of different masses down inclined planes. He was able to show that the balls accelerated in a uniform fashion, by an amount that depended on the angle of the plane but not on the masses of the balls. He then suggested that if we could trust this result all the way to planes that were inclined absolutely perpendicular to the floor, that would be exactly like dropping objects straight down, without a plane there at all. Therefore, he concluded, all masses would fall in a uniform way under the force of gravity, if it weren’t for the influence of air resistance.


More important than this specific finding is the underlying message it conveys: we can learn about the natural motion of objects by imagining we can get rid of various nuisance effects, such as friction and air resistance, and then perhaps recovering more realistic kinds of motion by putting those effects back in later.


That is no small insight. It is arguably the biggest idea in the history of physics.


Physics is, by far, the simplest science. It doesn’t seem that way, because we know so much about it, and the required knowledge often seems esoteric and technical. But it is blessed by this amazing feature: we can very often make ludicrous simplifications—frictionless surfaces, perfectly spherical bodies—ignoring all manner of ancillary effects, and nevertheless get results that are unreasonably good. For most interesting problems in other sciences, from biology to psychology to economics, if you modeled one tiny aspect of a system while pretending all the others didn’t exist, you would just end up getting nonsense. (Which doesn’t stop people from trying.)


This enormous, paradigm-shifting idea—in idealized situations where friction and dissipation can be ignored, physics becomes simple—was in large part responsible for helping to establish an equally influential, arguably more world-shattering concept: conservation of momentum. It might not sound like a principle of such dramatic import, but momentum is at the very heart of a shift in how we view the world, from an ancient cosmos of causes and purposes to a modern one of patterns and laws.


•


Before Galileo and others revolutionized the study of motion in the sixteenth and seventeenth centuries, Aristotle had long reigned as the leading thinker on the subject. Aristotle’s view of physics was resolutely teleological: he thought of objects as having a natural state of being, and processes as being directed toward a goal. Famously, he suggested that we could distinguish between four different kinds of “causes,” although “kinds of explanation” might be a better translation of what he had in mind. The four kinds were material cause, the stuff of which an object is made; formal cause, the essential property that makes an object what it is; efficient cause, the thing that brings the object about (closest to our informal notion of “cause”); and final cause, the purpose for which an object exists. Understanding why things change and move and behave the way they do comes down to putting them in the context of these causes.


For Aristotle, the nature of an object determines how it moves. Of the four classical elements, earth and water tend to fall to lower elevations, whereas air and fire tend to rise. An object can be in its natural state of rest or motion, where it will tend to remain until a “violent motion” causes it to change, after which it will return.


Consider a coffee cup sitting at rest on a table. It is in its natural state, in this case at rest. (Unless we were to pull the table out from beneath it, in which case it would naturally fall, but let’s not do that.) Now imagine we exert a violent motion, pushing the cup across the table. As we push it, it moves; when we stop, it returns to its natural state of rest. In order to keep it moving, we would have to keep pushing on it. As Aristotle says, “Everything that is in motion must be moved by something.”


This is manifestly how coffee cups do behave in the real world. The difference between Galileo and Aristotle wasn’t that one was saying true things and the other was saying false things; it’s that the things Galileo chose to focus on turned out to be a useful basis for a more rigorous and complete understanding of phenomena beyond the original set of examples, in a way that Aristotle’s did not.


In the sixth century, John Philoponus, a philosopher and theologian living in Egypt, began the journey from Aristotle to our present understanding of motion. He suggested that we should think of a motive power or “impetus,” which was imparted to a body by the initial act of pushing, and kept the body in motion until all of the impetus had dissipated. It was a small step forward, but one that opened up a new vista on how to think about the nature of motion. Rather than talking about causes, the focus shifted to quantities and properties of matter itself.
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Ibn Sina (Avicenna), Persian philosopher and polymath, d. 1037.


Another crucial contribution was made by the Persian thinker Ibn Sina (sometimes Romanized as Avicenna), one of the leading lights of the Islamic Golden Age, around the year 1000. He elaborated on Philoponus’s idea of impetus, calling it “inclination” (mayl). It was Ibn Sina who proposed that inclination didn’t disperse on its own, but only due to air resistance or other external influences. And in a vacuum, he points out, there is no such resistance: an undisturbed projectile would keep moving at a constant rate, forever.


This brings us remarkably close to the modern idea of inertia—the concept that bodies will move uniformly unless acted upon. In the fourteenth century, Jean Buridan, a French cleric who was probably influenced by Ibn Sina, came up with a quantitative formula equating the impetus with the weight of an object times its velocity. At the time, however, the distinction between mass and weight was not understood. Galileo, influenced in turn by Buridan, coined the term “momentum” and said it would remain constant in a body that was not being acted on by any forces, but he didn’t clearly differentiate between momentum and velocity. It was René Descartes who equated momentum with mass times speed, but even he (despite being the inventor of analytic geometry) didn’t appreciate that momentum has a direction as well as a magnitude; that was left to Dutch scientist Christiaan Huygens in the seventeenth century. Then, it was Isaac Newton who put the notion to brilliant use in his systematic reinvention of the science of motion, which we still teach in high schools and colleges today.


•


Why is conservation of momentum such a big deal? We’re not here to study Newtonian mechanics, as rewarding as that would be. There will be no exercises involving pulleys or inclined planes. We’re here to think about the fundamental nature of reality.


For Aristotle, physics was a story of natures and causes. Whenever there was motion of any sort, there had to be a mover: an efficient cause that led to that motion. Aristotle had a more expansive definition of “motion” than we use today, one that is really closer to “transformation.” It would include, for example, an object changing its color, or possibilities becoming actualities. But the same principles apply; Aristotle’s conviction was that all of these transformations implied the existence of a transforming cause. There’s nothing absurd about such an idea. In our everyday experience, things don’t “just happen”—something works to cause them, to bring them about. Aristotle, without any of the benefit of modern scientific knowledge, was trying to codify what he knew about the way the world works into some kind of systematic framework.


So Aristotle observes a world populated by countless changing things, and infers a cause in each case. A is caused to move by B, which in turn is caused to move by C, and so on. It’s reasonable to ask: What started it all? To what can we trace back this chain of motions and causes? He quickly rejects the possibilities that any motions are self-caused, or that the chain of causes goes back infinitely far. It needs to terminate somewhere, in something that causes motion but does not itself move: an unmoved mover.


Aristotle’s theory of motion was largely set forth in his book Physics, but the details of the unmoved mover were left to a later one, Metaphysics. There, despite being nominally a pagan, he identifies the unmoved mover with God: not just an abstract principle but a being, immortal and benevolent. It’s not a bad argument for God’s existence, although it’s easy to poke holes in it by denying the underlying assumptions. Maybe some motions do cause themselves, or maybe infinite regresses are perfectly okay. But this “cosmological argument” was extremely influential, picked up and elaborated on by Thomas Aquinas and others.


Most important for our purposes, the whole structure of Aristotle’s argument for an unmoved mover rests on his idea that motions require causes. Once we know about conservation of momentum, that idea loses its steam. We can quibble over the details—I have no doubt Aristotle would have been able to come up with an ingenious way of accounting for objects on frictionless surfaces moving at constant velocity. What matters is that the new physics of Galileo and his friends implied an entirely new ontology, a deep shift in how we thought about the nature of reality. “Causes” didn’t have the central role that they once did. The universe doesn’t need a push; it can just keep going.


It’s hard to overemphasize the importance of this shift. Of course, even today, we talk about causes and effects all the time. But if you open the contemporary equivalent of Aristotle’s Physics—a textbook on quantum field theory, for example—words like that are nowhere to be found. We still, with good reason, talk about causes in everyday speech, but they’re no longer part of our best fundamental ontology.


What we’re seeing is a manifestation of the layered nature of our descriptions of reality. At the deepest level we currently know about, the basic notions are things like “spacetime,” “quantum fields,” “equations of motion,” and “interactions.” No causes, whether material, formal, efficient, or final. But there are levels on top of that, where the vocabulary changes. Indeed, it’s possible to recover pieces of Aristotle’s physics quantitatively, as limits of Newtonian mechanics in an appropriate regime, where dissipation and friction are central. (Coffee cups do come to a stop, after all.) In the same way, it’s possible to understand why it’s so useful to refer to causes and effects in our everyday experience, even if they’re not present in the underlying equations. There are many different useful stories we have to tell about reality to get along in the world.





4
What Determines What Will Happen?


Isaac Newton, the most influential scientist of all time, was a very religious man. His views were undoubtedly heterodox by the standards of his childhood Anglican faith; he rejected the Trinity, and wrote numerous works on prophesy and biblical interpretation, with chapter titles such as “Of the power of the eleventh horn of Daniel’s fourth Beast, to change times and laws.” He couldn’t rely on an argument for God’s existence along the lines of Aristotle’s unmoved mover. His own work seemed to depict a universe moving perfectly well under its own power, but as he pointed out in the “General Scholium” (an essay appended to later editions of his masterwork, Principia Mathematica), someone had to set it all up:


 


    This most excellently contrived System of the Sun, and Planets, and Comets, could not have its Origin from any other than from the wise Conduct and Dominion of an intelligent and powerful Being.


Elsewhere, Newton seemed to imply that the mutual perturbations of the planets on one another would gradually cause the system to get out of whack, at which point God would intervene to set things back in order.


Pierre-Simon Laplace, a French physicist and mathematician born a century after Newton, thought differently. Scholars debate over his true religious views, which seem to have vacillated between deism (God created the world, but did not subsequently intervene in its operation) and outright atheism. Laplace is the one who, when asked by Emperor Napoleón why God didn’t appear in his book on celestial mechanics, purportedly replied, “I had no need of that hypothesis.” Whatever his ultimate beliefs, it seems that Laplace held steadfastly against the idea of a Creator who would ever directly interfere in the motions of the world.
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Pierre-Simon Marquis de Laplace, 1749–1827.


Laplace was one of the first thinkers to truly understand classical (Newtonian) mechanics, deep in his bones—better than Newton himself. Someone was bound to do it. Science progresses, and we learn more and more about our best theories; there are many physicists today who understand relativity better than Einstein, or quantum mechanics better than Schrödinger or Heisenberg. Laplace tackled problems from the stability of the solar system to the foundations of probability, routinely inventing the required new mathematics along the way. He suggested that Newtonian gravity could be thought of as a field theory, positing a “gravitational potential field” that filled all of space, thereby resolving Newton’s puzzlement about actions at a distance between faraway bodies.


Perhaps Laplace’s greatest contribution to our understanding of mechanics was not a technical or mathematical advance, but a philosophical one. He realized that there was a simple answer to the question “What determines what will happen next?” And the answer is “The state of the universe right now.”


There’s a worry that this result threatens the existence of human agency, our ability to make choices about what to do next. As we’ll see, that’s not really an issue of physics, but one of description: What is the best way we have to talk about human beings? When we talk about simple Newtonian systems, like the planets moving through the solar system, determinism is part of the picture. When we talk about enormously more complex things like people, there’s no way for us to have enough information to make ironclad predictions. Our best theories of people, presented on their own terms and without reference to underlying particles and forces, leave plenty of room for human choice.


•


The world, according to classical physics, is not fundamentally teleological. What happens next is not influenced by any future goals or final causes toward which it might be working. Nor is it fundamentally historical; to know the future—in principle—requires only precise knowledge of the present moment, not any additional knowledge of the past. Indeed, the entirety of both the past and future history are utterly determined by the present. The universe is resolutely focused on the current moment; it marches forward, instant to instant, under the grip of unbreakable physical laws, with no heed paid to its glorious accomplishments or to its hopeful prospects. Much later, the biologist Ernst Haeckel would dub this viewpoint dysteleology, though the term is so ungainly that it never really caught on.


In modern parlance, Laplace was pointing out that the universe is something like a computer. You enter an input (the state of the universe right now), it does a calculation (the laws of physics) and gives you an output (the state of the universe one moment later). Similar ideas had previously been suggested by Gottfried Wilhelm Leibniz and Roger Boscovich, and were prefigured over two millennia earlier by Ajivika, a heterodox school of ancient Indian philosophy. Since computers hadn’t been invented yet, Laplace imagined a “vast intellect” that knew the positions and velocities of all the particles in the universe, and understood all the forces they were subject to, and had sufficient computational power to apply Newton’s laws of motion. In that case, as he put it, “for such an intellect nothing would be uncertain, and the future just like the past would be present before its eyes.” His contemporaries immediately judged “vast intellect” to be too boring, and renamed it Laplace’s Demon.


It’s convenient to say “one moment later,” but for Newton and Laplace, and to the best of our current understanding in theoretical physics, the flow of time is continuous rather than discrete. That’s no problem at all; this is a job for calculus, which Newton and Leibniz invented for just this reason. By the “state” of the universe, or any subsystem thereof, we mean the position and the velocity of every particle within it. The velocity is just the rate of change (the derivative) of the position as time passes; the laws of physics provide us with the acceleration, which is the rate of change of the velocity. Together, you give me the state of the universe at one time, and I can use the laws of physics to integrate forward (or backward) and get the state of the universe at any other time.


We’re using the language of classical mechanics—particles, forces—but the idea is much more powerful and general. Laplace introduced the idea of “fields” as a centrally important concept in physics, and the notion became entrenched with the work of Michael Faraday and James Clerk Maxwell on electricity and magnetism in the nineteenth century. Unlike a particle, which has a position in space, a field has a value at every single point in space—that’s just what a field is. But we can treat that field value like a “position,” and its rate of change as a “velocity,” and the whole Laplacian thought experiment goes through undisturbed. The same is true for Einstein’s general theory of relativity, or Schrödinger’s equation in quantum mechanics, or modern speculations such as superstring theory. Since the days of Laplace, every serious attempt at understanding the behavior of the universe at a deep level has included the feature that the past and future are determined by the present state of the system. (One possible exception is the collapse of the wave function in quantum mechanics, which we’ll discuss at greater length in chapter 20.)


This principle goes by a simple, if potentially misleading, name: conservation of information. Just as conservation of momentum implies that the universe can just keep on moving, without any unmoved mover behind the scenes, conservation of information implies that each moment contains precisely the right amount of information to determine every other moment.


The term “information” here requires caution, because scientists use the same word to mean different things in different contexts. Sometimes “information” refers to the knowledge you actually have about a state of affairs. Other times, it means the information that is readily accessible, embodied in what the system macroscopically looks like (whether you are looking at it and have the information or not). We are using a third possible definition, what we might call the “microscopic” information: the complete specification of the state of the system, everything you could possibly know about it. When speaking of information being conserved, we mean literally all of it.


These two conservation laws, of momentum and information, imply a sea change in our best fundamental ontology. The old Aristotelian view was comfortable and, in a sense, personal. When things moved, there were movers; when things happened, there were causes. The Laplacian view—one that continues to hold in science to this day—is based on patterns, not on natures and purposes. If this certain thing happens, we know this other thing will necessarily follow thereafter, with the sequence described by the laws of physics. Why is it that way? Because that’s the pattern we observe.


•


Laplace’s Demon is a thought experiment, not one we’re going to reproduce in the lab. Realistically, there never will be and never can be an intelligence vast and knowledgeable enough to predict the future of the universe from its present state. If you sit down and think about what such a computer would have to be like, you eventually realize it would essentially need to be as big and powerful as the universe itself. To simulate the entire universe with good accuracy, you basically have to be the universe. So our concern here isn’t one of practical engineering; it’s not going to happen.


Our interest is a matter of principle: the fact that the current state of the universe determines its future, not that we can imagine taking advantage of that fact to make predictions. This feature, determinism, rubs some people the wrong way. It’s worth taking a careful look at its limitations and prospects.


Classical mechanics, the system of equations studied by Newton and Laplace, isn’t perfectly deterministic. There are examples of cases where a unique outcome cannot be predicted from the current state of the system. This doesn’t bother most people, since cases like this are extremely rare—they are essentially infinitely unlikely among the set of all possible things a system could be doing. They are artificial and fun to think about, but not of great import to what happens in the messy world around us.


A more popular objection to determinism is the phenomenon of chaos. The ominous name obscures its simple nature: in many kinds of systems, very tiny amounts of imprecision in our knowledge of the initial state of that system can lead to very large variations in where it eventually ends up. As far as determinism is concerned, however, the existence of chaos could not possibly be more irrelevant. Laplace’s point was always that perfect information leads to perfect prediction. Chaos theory says that slightly imperfect information leads to very imperfect prediction. True, and it doesn’t change the picture the slightest bit. Nobody in their right mind was ever under the impression that we would be able to use Laplace’s reasoning to build a useful prediction-making device; the thought experiment was always a matter of principle, not one of practice.


The real issue with classical mechanics is that it’s not how the world works. These days we know better: quantum mechanics, which came along in the early twentieth century, is an entirely different ontology. There are no “positions” and “velocities” in quantum mechanics; there is only “the quantum state,” also known as “the wave function,” which we can use to calculate the outcomes of experiments that observe the system.


Quantum mechanics has supplanted classical mechanics as the best way we know to talk about the universe at a deep level. Unfortunately, and to the chagrin of physicists everywhere, we don’t fully understand what the theory actually is. We know that the quantum state of a system, left alone, evolves in a perfectly deterministic fashion, free even of the rare but annoying examples of non-determinism that we can find in classical mechanics. But when we observe a system, it seems to behave randomly, rather than deterministically. The wave function “collapses,” and we can state with very high precision the relative probability of observing different outcomes, but never know precisely which one it will be.


There are several competing approaches as to how to best understand the measurement problem in quantum mechanics. Some involve true randomness, while others (such as my favorite, the Everett or Many-Worlds formulation) retain complete determinism. We’ll talk about the alternatives in chapter 21. All of the popular versions of quantum mechanics, however, maintain the underlying philosophy of Laplace’s analysis, even if they do away with perfect predictability: what matters, in predicting what will happen next, is the current state of the universe. Not a goal in the future, nor any memory of where the system has been. As far as our best current physics is concerned, each moment in the progression of time follows from the previous moment according to clear, impersonal, quantitative rules.


•


There is a bit of a mismatch between Laplace’s notion of determinism and what most people think of when they hear “the future is determined.” The latter phrase conjures up images of destiny or fate—the idea that what will eventually happen has “already been decided,” with the implication that it’s been decided by someone, or something.


The physical notion of determinism is different from destiny or fate in a subtle but crucial way: because Laplace’s Demon doesn’t actually exist, the future may be determined by the present, but literally nobody knows what it will be. When we think of destiny, we think of something like the Three Fates of Greek mythology or the Weird Sisters of Shakespeare’s Macbeth, wizened oracles who will use riddles to indicate our future path, which we will try to escape from and fail. The real universe is nothing like that. It’s more like an annoying child who likes to approach people and say, “I know what’s going to happen to you next!” Then, when you ask what will happen, the child says, “I can’t tell you.” And after it happens, they say, “See? I knew that was going to happen!” That’s the universe for you.


The momentary or Laplacian nature of physical evolution doesn’t have much relevance for the choices we face in our everyday lives. For poetic naturalism, the situation is clear. There is one way of talking about the universe that describes it as elementary particles or quantum states, in which Laplace holds sway and what happens next depends only on the state of the system right now. There is also another way of talking about it, where we zoom out a bit and introduce categories like “people” and “choices.” Unlike our best theory of planets or pendulums, our best theories of human behavior are not deterministic. We don’t know any way to predict what a person will do based on what we can readily observe about their current state. Whether we think of human behavior as determined depends on what we know.





5
Reasons Why


In November 2003, Dutch pediatric nurse Lucia de Berk was sentenced to life imprisonment without parole, for the murder of four children under her care and the attempted murder of three others. Her case became a media sensation for an unusual reason: it involved the misuse of statistical reasoning.


Some direct evidence was brought against de Berk, but it was flimsy. In one case, for example, the victim (“baby Amber”) was alleged to have been poisoned by the drug digoxin, but doctors pointed out that similar chemical signals could have arisen naturally. The crucial part of the case against de Berk wasn’t any incontrovertible evidence of individual murders, but rather the supposed statistical unlikelihood of so many deaths occurring while a single nurse was on duty. One expert testified that there was less than 1 chance in 342 million of such a coincidence. The prosecution argued, successfully, that the improbability implied by this calculation meant that a lower burden of proof should be used when evaluating the deaths as a group than would be appropriate when investigating only a single incident.


The problem was that the calculation was entirely bogus. It was plagued by elementary mistakes, from multiplying probabilities that weren’t independent to “fishing” for seeming coincidences in large numbers of events. After the conviction, other experts put forward alternative calculations, ranging from 1 in 1 million to 1 in 25, depending on precisely how the questions were asked. Further investigation showed that the infant mortality rate at the hospital had been higher in the years before de Berk had been hired than it became once she started working there, not really the effect one would expect the presence of a serial killer to have. Ultimately, doubts about both the statistical arguments and the direct evidence led to a retrial. In 2010, de Berk was fully acquitted of all charges.


But math mistakes alone are not sufficient to account for Lucia de Berk’s wrongful conviction. What started the ball rolling was a psychological conviction: the idea that something as horrible as these infant deaths couldn’t just be random; someone must be to blame. There must be a reason why it happened. As horrible as the death of a child necessarily is, it becomes more sensible to us if it can somehow be explained as the result of someone’s actions, rather than simply random chance.


Looking for causes and reasons is a deeply ingrained human impulse. We are pattern-recognizing creatures, quick to see faces in craters on Mars or connections between the location of Venus in the sky and the state of our love life. Not only do we seek order and causation, but we favor fairness as well. In the 1960s, psychologist Melvin Lerner proposed the “Just World Fallacy” after noticing people’s tendency to blame victims of misfortune when something went wrong. To test his idea, he and his collaborator Carolyn Simmons conducted experiments in which subjects were shown other people apparently suffering the effects of electrical shocks. Afterward, many of the subjects—who knew nothing about the people supposedly being shocked—passed harsh judgments against them, berating their character. The more violent the shocks appeared to be, the harder the subjects were on the victims.


•


Searching for reasons why things happen is by no means an irrational pursuit. In many familiar contexts, things don’t “just happen.” If you are sitting in your living room and a baseball suddenly crashes through your window, it makes sense to look outside and expect to see some kids at play. Giant whales do not spontaneously come into existence several miles in the air. Our familiar intuitions concerning cause and effect have developed over evolutionary time because they provide useful guides for understanding how the world really works.


The mistake is to elevate this expectation to an unbreakable principle. We see things happen, and we attribute reasons to them. Not only with events at home and people’s personal fates but all the way down to the basics of ontology. If the world consists of certain things and behaves in certain ways, we think, there must be a reason why it is so.


This mistake has a name: the Principle of Sufficient Reason. The term was coined by German philosopher and mathematician Gottfried Leibniz, but the essential idea had been anticipated by many earlier thinkers, most notably by Baruch Spinoza in the seventeenth century. One way of stating it would be:


 


Principle of Sufficient Reason:


For any true fact, there is a reason why it is so, and why something else is not so instead.


Leibniz once formulated it simply as “Nothing happens without a reason,” which is remarkably close to the maxim “Everything happens for a reason,” which you can buy on T-shirts and bumper stickers today. (Alternatively, designer and cancer survivor Emily McDowell sells empathy cards reading “Please let me be the first to punch the next person who tells you everything happens for a reason.”) Leibniz did grant that sometimes the reasons would be knowable only by God.


Why would anybody believe not only that we can usually attribute reasons to things that happen but that every single fact about the universe is associated with a particular reason? There is an obvious alternative, after all: that some facts have reasons behind them, but that there are also “brute” facts—things that are simply true, with no further explanation possible. How are we to judge whether brute facts are part of the basic ontology of the world?


•


Whenever we are confronted with questions about belief, we can employ the technique called abduction, or “inference to the best explanation.” Abduction is a type of reasoning that can be contrasted with deduction and induction. With deduction, we start with some axioms whose truth we do not question, and derive rigorously necessary conclusions from them. With induction, we start with some examples we know about, and generalize to a wider context—rigorously, if we have some reason for believing that such a generalization is always correct, but often we don’t quite have that guarantee. With abduction, by contrast, we take all of our background knowledge about how the world works, and perhaps some preference for simple explanations over complex ones (Occam’s razor), and decide what possible explanation provides the best account of all the facts we have. In chapters 9 and 10 we will explore this method of inference more fully under the topic of Bayesian reasoning.


In the case of the Principle of Sufficient Reason (PSR), for simplicity let’s divide the possibilities into two competing claims: that every fact has a reason that explains it (the PSR is true), or that some facts do not (the PSR is false). To each claim we assign some prior credence—the degree of belief we start out with. Then we gather evidence, by looking at how the world works, and update our credences appropriately.


The usual strategy of defenders of the Principle of Sufficient Reason is not to gather evidence but to proclaim that what we have is a “bedrock metaphysical principle.” That is to say, it’s the kind of thing we can’t even imagine not being true. Accordingly, they assign a prior credence of unity to every fact having a reason, and a prior credence of zero to the existence of brute facts. Given that choice, no evidence is going to have any effect on your credences thereafter; you will always believe that every fact is associated with a sufficient reason.


Our standards for promoting a commonsensical observation to a “metaphysical principle” should be very high indeed. As Scottish philosopher David Hume—who, if anyone, deserves to be called the father of poetic naturalism, perhaps with his Roman predecessor Lucretius as the grandfather—pointed out, the Principle of Sufficient Reason doesn’t seem to rise to that level. Hume noted that conceiving of effects without causes might seem unusual, but it does not lead to any inherent contradiction or logical impossibility.


When pressed as to why we can’t live without the Principle of Sufficient Reason, its defenders generally fall back on one of two angles. They may try to defend it by appealing to some other bedrock metaphysical principle. Leibniz, for example, had something he called the Principle of the Best, according to which God always acts in the best possible way, including in the creation of the world. This is only a persuasive argument if we accept the new principle as truly inescapable, which is rarely the case for people who were skeptical of the Principle of Sufficient Reason in the first place.


The other possible angle is to claim that something like the Principle of Sufficient Reason is inherent in the very act of logical thinking itself, that rationality is implicitly committed to it. Imagine, for example, that you went to take a shower one day, only to find that there was an accordion sitting in your bathtub. It would be hard for you not to think that there must be some reason why the accordion was there. It probably didn’t just happen. Similarly, so this line of thought goes, for every fact we notice about the universe: as soon as we apprehend it, we think there must be a reason behind it.


This isn’t an argument that the Principle of Sufficient Reason is logically incontrovertible; it only implies that we often act as if something like it were true. If we’re honest, it’s an empirical, evidence-based argument, not an a priori one. We’re not used to seeing accordions appear without good reason, as a matter of empirical fact; but we could certainly imagine a world in which they did so.


Metaphysical principles are tempting shortcuts but not reliable guides. There are good reasons why things often seem to happen for reasons—and also reasons why that’s not a bedrock principle.


•


It may seem strange to suggest, on the one hand, that we live in a Laplacian universe where one moment follows directly from the next in accordance with unbreakable laws of physics, and on the other hand that there are facts that don’t have any reasons to explain them. Can’t we always give a reason for what happens, namely “the laws of physics and the prior configuration of the universe”?


That depends on what we mean by a “reason.” It’s important to first distinguish between two kinds of “facts” we might want to explain. There are things that happen—that is, states of the universe (or parts thereof) at specific moments in time. And then there are features of the universe, such as the laws of physics themselves. The kinds of reasons that would suffice to explain one have a different character from the other.


When it comes to “things that happen,” what we mean by a “reason” is essentially the same as what we mean when we refer to the “cause” of an event. And yes, we are free to say that events are explained or caused by “the laws of physics and the prior configuration of the universe.” That’s true even in quantum mechanics, which is itself sometimes erroneously offered up as an example of things (like the decay of an atomic nucleus) happening without reasons. If that’s what one is looking for in a reason, the laws of physics do indeed provide it. Not as some metaphysical principle but as an observed pattern in our universe.


However, that isn’t really what people have in mind when they’re searching for reasons. If someone asks “Why did that tragic shooting occur?” or “Why is the average temperature of the Earth’s atmosphere rising so rapidly?” answering with “Because of the laws of physics and the prior configuration of the universe” isn’t going to be satisfying. What we are really after is some identifiable aspect of the configuration of the universe without which the event in question would not have occurred.


The laws themselves, as we’ve discussed, make no reference to “reasons” or “causes.” They are simply patterns that connect what happens at different places and times. Nevertheless, the concept of a “reason why” something is true is a very useful one in our daily lives. Any sensible poetic naturalist would judge it to be a helpful part of an accurate way of talking about a certain part of the universe. Indeed, we talked that way in the very first paragraph of this chapter.


What we might want to ask is: “What is the reason why it makes sense to talk about ‘reasons why’?” And there’s a good answer, namely: because of the arrow of time.


The observable universe around us isn’t just an arbitrary collection of stuff obeying the laws of physics—it’s stuff that starts out in a very particular kind of arrangement, and obeys the laws of physics thereafter. By “starts out” we are referring to conditions near the Big Bang, a moment about 14 billion years ago. We don’t know whether the Big Bang was the actual beginning of time, but it was a moment in time beyond which we can’t see any further into the past, so it’s the beginning of our observable part of the cosmos. The particular kind of arrangement the universe was in at that time is one with a very low entropy—the scientific way of measuring disorderliness or randomness of a system. Entropy used to be very low, and has been growing ever since—which is to say our observable universe used to be in a specific, orderly arrangement, and has been becoming more disorderly for 14 billion years.


It’s that tendency for entropy to increase that is responsible for the existence of time’s arrow. It’s easy to break eggs, and hard to unbreak them; cream and coffee mix together, but don’t unmix; we were all born young, and gradually grow older; we remember what happened yesterday, but we don’t remember what will happen tomorrow. Most of all, what causes an event must precede the event, not come afterward.


Just as there is no reference to “causes” in the fundamental laws of physics, there isn’t an arrow of time, either. The laws treat the past and future on an equal footing. But the usefulness of our everyday language of explanation and causation is intimately tied to time’s arrow. Without it, those terms wouldn’t be a useful way of talking about the universe at all.


We’ll see how our convictions that things happen for reasons, and effects follow causes, are not bedrock principles. They arise because of a contingent feature of how matter is evolving in our local universe. There is a close connection between cosmology, on the one hand, and knowledge, on the other. Understanding our universe helps us perceive why we are so convinced that things happen for reasons.


The “reasons” and “causes” why things happen, in other words, aren’t fundamental; they are emergent. We need to dig in to the actual history of the universe to see why these concepts have emerged.


•


An obvious place where it’s tempting to look for reasons why is the question of why various features of the universe take the form that they do. Why was the entropy low near the Big Bang? Why are there three dimensions of space? Why is the proton almost 2,000 times heavier than the electron? Why does the universe exist at all?


These are very different questions from “Why is there an accordion in my bathtub?” We’re no longer asking about occurrences, so “Because of the laws of physics and the prior configuration of the universe” isn’t a good answer. Now we’re trying to figure out why the fundamental fabric of reality is one way rather than some other way.


The secret here is to accept that such questions may or may not have answers. We have every right to ask them, but we have no right at all to demand an answer that will satisfy us. We have to be open to the possibility that they are brute facts, and that’s just how things are.


These kinds of “Why?” questions don’t exist in a vacuum. They make sense in some particular kind of context. If we ask “Why is there an accordion in my bathtub?” and someone answers “Because space is three-dimensional,” we aren’t going to be happy—even if it’s arguably true that the accordion wouldn’t have been in there if space were only two-dimensional. We ask the question in the context of a world where there are things called accordions, which tend to appear in some places and not others, and that there is something called your bathtub, in which certain things regularly appear and others do not. Part of that context might be that you have a roommate who had some friends over last night, and they had too much to drink, and one of them brought along an accordion, and she wouldn’t stop playing it, and ultimately the decision was made to hide it from her. It’s only within that kind of context that we can hope for answers to such “Why?” questions.
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