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PREFACE

Every night, when we fall into dreamless sleep, consciousness fades. With it fades everyone’s private universe—people and objects, colors and sounds, pleasures and pains, thoughts and feelings, even our own selves dissolve—until we awake, or until we dream.

What is consciousness, and what does it mean? How is it related to the world around us? What is it made of, and how is it generated inside the brain? Can science shed some light on it? Perhaps, but consciousness cannot just rest inside the shroud of science. Because consciousness is more than an object of science: it is its subject too.

What follows is a story where an old scientist, Galileo, goes through a journey in search of consciousness. In his time, Galileo removed the observer from nature and opened the way for the objectivity of science. Perhaps this is why Galileo is engaged to return the observer to nature, to make subjectivity a part of science. Or perhaps because Galileo was a master of thought experiments, of which this book makes much use.

During his journey, Galileo meets people from his and other times, learns many lessons, thinks many thoughts, and sometimes wonders, too, whether he is awake or dreaming. But each chapter makes some kind of statement, building on the previous ones, and Galileo’s understanding grows. So in the first part of the book, he learns the facts of consciousness and the brain—why certain parts of the brain are important but not others, or why consciousness fades with sleep. In the second part, he sees how these facts can be unified and understood through a scientific theory of consciousness—a theory that links consciousness to [image: ], the symbol of integrated information that gives the book its title. And finally, in the third part of the book, he realizes some of the theory’s implications, and sees that they concern us all, because consciousness is everything we have, and everything we are. Each experience, Galileo realizes, is a unique shape made of integrated information—a shape that is maximally irreducible—the shape of understanding. And it is the only shape that’s really real—the most real thing there is. The reader can judge whether the old man’s musings make any sense at all.

The notes at the end of each chapter attempt to clarify some ingredients of the main text and list credits when they could be identified. (Some pictures and quotes were liberally altered.) Those interested in a scientific exposition of a theory similar to the one presented in the main text can consult “Consciousness as Integrated Information,” Biological Bulletin (2008), and references therein. Several thoughts, images, and citations have appeared in previous work—it would seem that some people cannot help but write the same story all their life.


PROLOGUE


1

THE DREAM OF GALILEO

[image: ]

Midway upon the journey of his dream,
he found himself adrift inside the dark,
not knowing whence or wherefore he was there.

[image: ]

He looked and saw that all was black. His soul was rising fast, or it was falling—Galileo knew not which way was up. So his soul turned and saw the stars. He saw the galaxies, fixed in their distant ways, and saw the planets, revolving in the indifferent void. The earth was moving, too, but there was no sun.

Yet dawn was coming. The earth painted itself like a faint half-moon, one face toward sunrise and one toward sunset. It loomed closer and closer—he could see the soft light of the morning sweep the ridges of the highest mountains, the shadows recede over the valleys. Soon the top of the tallest trees stared into the light, and amid the woods the monastery of his youth appeared—his own small turf of earth had come to meet its guest at his own place.

[image: ]

Hovering in midair, he slid inside his erstwhile room—a soul floating above his bed—and the soul saw himself: his eyes were closed, his mouth half open—it was an old man’s face. And yet the soul was light, unfastened from the frame of his own body.

His b-o-d-y! He could see its letters,


               entering (stage right), then floating full,

               then heading off—so soon—

               how like a little kohl-rimmed moon

               o plots her course from b to d

               —as y, unanswered, knocks at the stage door.




[image: ]

He put his ear to his own chest and listened to the heart. How could the pulse go on, beat after beat, for all of life? No machine could run that long without a stumble. Ask not if the beating cranks are going to jam, he thought, but when.

He heard his breath flow in and out. So for a while he watched the bellows puff and wheeze, in and out, and wondered how many puffs were left in him. Ask not, he thought, for far too soon the steam is going to fizzle—every balloon leaks.

[image: ]

Then, suddenly, straining to blow inside his body, the air took Galileo with it. And he felt his soul being sucked inward, flowing through narrow nostrils inside the dark vault of the skull.

Within he saw another sky: the black sky of his skull—there were no stars in it. But his soul turned again and saw another earth. Floating over its vast continents, he saw its mountains and soared above its valleys. Another dawn was rising: the ridges and the valleys were lined with forests, perhaps they were the trees of youth, the shady valley where he had once learned what nature was and what the soul was not. The smell of youth wafting through the air, the rounded mountains were breathing, too, beating slowly and softly with his pulse. And he saw then what it was, the expanse below his soul: it was the brain, the brain that shone with light as if it held its sun inside.

[image: ]

Then he landed and dived into the brain, amongst its trees, under the canopy, and deep inside the brain he saw his monastery again, and the long row of cells; once more he saw his room, of when he was a boy, and saw himself in bed—next to his bed the lute, and it began to play: he knew its sound and song. The brain was wider than the sky.

[image: ]

But then he thought: Inside that boy, too, was a brain, a brain that would contain another universe, the green expanding universe of his youth, and within that universe were other boys, and other brains, each with its lute and with its rising sun. The sky contained a billion brains, he thought, every living brain was like a burning star.

[image: ]

And yet each brain was just a trifle in the vast furniture of the world—a quivering jelly fitting inside a cup of bone, a tiny loaf covered by a hat, a poor sponge soaked with just a glass of wine—a fist enough to break it. How could a brain contain the sky?

[image: ]

The brain painted the world with color, he once had thought, made it alive with sound, and gave it taste and smell, but now he felt the brain did more than paint: the brain dreamed up and forged all things that were—lutes, rooms, mountains planets and stars.

My brain gives birth to what is real, he thought, to the bloom of the bulrush, the flakes of the pinecone, to the berry of the juniper. It gives birth to the drone bee, the sea grass, to every object large and small, to the meadow nearby, and to the distant peaks. It burns, it glitters. And it has no name. It has no name but I.

He thought: What is, is what can be perceived. Reality is only made of pure experience. The brain can hold the sky because it can beget the soul, and when a soul is born, a universe is delivered.

But then he knew nothing was gained—for how could the brain generate the soul? A woman can beget a child, and that was wondrous enough. But the child’s brain was the true father of the soul, the one who could engender consciousness, giving birth to it every time it woke, or every time it dreamed. Flesh could give rise to flesh, an earthly embrace could grow new seeds, it was a marvel, but it was not a miracle. How could mere matter generate mind? It was a mystery, stranger than an immaculate conception, an impossibility that defied belief. Perhaps there was a special part of the brain, an inner sanctum where consciousness’s conception was celebrated. Perhaps there was a pivot point where transubstantiation could transpire, not from bread to body, but from brain to soul.

Perhaps, but Galileo’s thoughts lost wind and stalled in midflight: for his was an old brain now, gray like his hair. What would befall his world when his brain was put to rest? When the light was off inside his head, would darkness take along his friends, his house and country? Would his memories be lost forever—would everyone and everything vanish—would all be lost? If all was born and buried somewhere in the brain, then when the brain would die, the universe would vanish too.

[image: ]

Galileo’s spirit had sunk, but then he heard a distant choir, and in the dream it seemed to speak to him:


“Dull is the brain, its center thin, and shadows only come together there; but the soul, the soul wants more than just a place to dwell—the soul is not a point at all.”



So Galileo took breeze again. Perhaps the choir was right, perhaps the soul is just a guest in the dark palace of the brain, a guest who only spends a few nights there, a wanderer who does not wish to settle, but like a gypsy roams without constraint, free soul with a free will, not subject to the mechanism of matter.

And then he heard a voice. “Only what is unhinged is free,” said the voice. “You hope to find freedom’s lost keys among the chains and locks that lie entangled in the brain? You hope you can distill an insubstantial soul from the foul sewage that rots inside the skull?”

[image: ]

The voice came from a wooden chair that hung from a gigantic scale. Who was the man in the chair, holding a thermometer and a pendulum in his hands? And then it occurred to Galileo: it was Sanctorius, the doctor who spent his life on the scale, thinking all could be weighed, and all should be; Sanctorius, who had borrowed Galileo’s instruments to measure, not the sky and its celestial bodies, but the human body and all its earthly fluids; Sanctorius, who, weighing all that goes into a man and all that leaves him, discovered that something was missing from the balance—the warm vapors of the body, which unaccounted, silently, unknown to us, steam out of the pores of the skin, and leave the body dry. Perhaps Sanctorius had discovered the soul, thought Galileo.

But from his hanging chair Sanctorius laughed. “You wish to know what the soul truly is? Only by measuring can it be known,” he said, “and I have measured all my life. So I will tell you what I found.” Sanctorius laughed again. “Three men and women I weighed with my scale, just before death and after the soul expired. But no, their weight did not diminish, not by the least amount—nothing ever left the body, not even a ghost of vapor. There is no room for the soul in any place on earth. There is no soul, Galileo—there is only the body—and the body is an old greasy machine.”

From nowhere, the choir resounded again:


“Light is the soul, and hard to find, hides in the brain as if it were a Naught; ah, the soul, the soul must be the weight of God—the soul is just no weight at all.”





NOTES


There is no report of this confused dream in Galileo’s papers—most likely it was made up by the author. That would explain the quote from James Merrill’s “b o d y” a couple of references to Emily Dickinson’s much-abused “The Brain,” and one to Gabriele D’Annunzio’s “Meriggio.” Regardless, like most dreams this one is a mixture of past and present, of the familiar and the uncanny; the scene shifts suddenly, thought follows loose associations, and people and voices (Sanctorius and the choir) appear seemingly out of nowhere. The feeling of flying or floating is common in dreams, though Galileo’s account at times seems like a near-death experience: the out-of-body aspects and the sense of entering a region of utter darkness are telling signs. Perhaps Galileo had a brief cardiac arrest: both flying dreams and out-of-body experiences are due to insufficient blood to a region of the brain underneath the temple.

The main preoccupation underlying Galileo’s dream is clear enough: Does consciousness (which is to say the soul, since dreams make no fine distinctions) spring out of the matter of the brain, and how? Just as clearly, Galileo has no clue. In a famous passage of The Assayer, he had written: “Concerning sensation and the things that pertain to it I claim to understand but little,…therefore I leave it unsaid.” Having recognized his ignorance of subjective properties, Galileo wisely chose to study the objective properties of bodies. That is why Galileo is often credited with having eliminated subjectivity from the study of nature, replacing it with mathematics and measurement. In the dream, however, he seems of two minds: Is consciousness generated by the brain (and how on earth can the brain do it), or does it exist as a disembodied soul? In The Assayer, Galileo had drawn a famous distinction between objective and subjective properties of bodies: “If ears, tongues, and noses were removed, I am of the opinion that shape, quantity, and motion would remain, but there would be an end of smells, tastes, and sounds.” But in the dream Galileo, like Berkeley and Kant after him, begins to wonder whether the so-called objective qualities—the entire universe, indeed—aren’t also a product of consciousness. Not surprisingly, he seems to be of two minds on this issue, too.

As for the pictures, Comet Hale-Bopp was seen from the Space Shuttle Columbia. The 1999 total solar eclipse in France was photographed by Luc Viatour (www.Lucnix.be). The view of the abbey at Vallombrosa, where Galileo studied and played the lute (The Lute Player by Caravaggio is at the Hermitage, St. Petersburg), is by Louis Gauffier (Musée Fabre, Montpellier). The Soul Hovering over the Body is by William Blake (Tate Collection, London). The chest and nostrils are of Mantegna’s Dead Christ. The vanitas still life (with a subtle change) is by Pieter Boel (Musée des Beaux-Arts, Lille). The cupola of the Sagrestia Vecchia in Florence is attributed to Pesello. The portrait of Galileo as an old man is by Justus Sustermans (Palazzo Pitti, Florence). Sanctorius Sanctorius taught theoretical medicine at Padua, where he met Galileo. He adapted the pendulum to measure pulse rate and invented the clinical thermometer. Living on his scale for many years, he did discover perspiratio insensibilis—the evaporation of water from the skin. The illustration of Sanctorius in his steelyard chair, about to weigh himself, is from his De statica medicina (1614). In the early 1900s an American doctor, Duncan MacDougall, weighed six dying patients on a scale not unlike Sanctorius’s, just before and after the moment of death. He claimed to have proven scientifically that the soul exists and is measurable. He repeated his observations in dying dogs and found that their weight, by contrast, did not change.





PART I
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{EVIDENCE}

Experiments of Nature




2

INTRODUCTION

Displacements

[image: ]

Knowledge and wisdom begin at the sickbed, Sanctorius had said. A small crack in the body’s frame will shake the soul’s backbone, a trumpet blaring what we stand to lose.

A man was sitting at Galileo’s bedside, tall and dressed in a maroon jacket—his long eyebrows stood out straight as he spoke. Then he introduced himself—his name was Frick—and began telling Galileo what was to come. He would read books of many kinds, encounter people of many ages, and there was much for him to study—about the world, about man, and about the soul. Along the way, he would learn a story filled with revelations—more plentiful and astonishing than in the Bible. Unlike the Bible, this story did not fancy a special place for us—not for our world, not for our race, and not for our soul. It was a story that promised no retributions, good or bad, a story for grown men, not a consoling tale for children, or so Frick said.


[image: ]

The first great revelation was one for which Galileo had been the prophet—it was about the earth’s place in the universe.

Galileo and his telescope had been right—the earth is a small planet orbiting around a common star. Powerful lenses had revealed more, and worse: that our star is one out of billions within our galaxy; that our galaxy itself is a modest one, one out of billions of other galaxies; and that all of them were born to be cast off in a giant universe, perhaps one out of many, one that had been growing for billions of years, and after billions more would die. Even the prophet should feel dizzy at the immense magnitude of the earth’s insignificance, Frick had said.

“There are innumerable suns, and an infinite number of earths revolve around those suns,” Bruno had claimed before burning at the stake. Perhaps he had been prescient in his madness, thought Galileo.

Though man had risen high and landed on other planets, he had no hope ever to visit the center of his universe, if there was one, Frick had said. The prophet was but a forlorn curate in a remote village of a great empire, one who would never, not in a million lives, travel as far as Rome—if indeed there was a Rome—or even glimpse at the great capital from remote distances. And news, if it ever made it to his obscure corner, would be thousands of years old when it would reach him.

Science had grown and prospered, though whether it was all for the best remained to be seen, Frick also had said. Man had mastered many of the laws that govern nature; some Galileo had surmised, others he could not begin to imagine. Science had given us great power, power to move fast, to generate vast amounts of heat, to create new crystals and new metals, and to send words and images over the earth in little time. But there was no escaping what these discoveries told us: that we are confined forever in a faraway province of the universe; and to that universe our lives are rounded with an instant, drowned inside a point.

Galileo shivered, as he thought of himself watching the night sky on his terrace—young and eager, and did not know whether he felt proud or humbled.

[image: ]

The second revelation dealt with the place of the human race.

That place, too, was in no way special, Frick had said. For we had learned that man descends, through a long lineage of species, from the simplest forms of life—so small and primitive that the first ones came together spontaneously, out of molecules of the earth. And over millions of years, most of the species that had touched the face of the earth had died off, never to return. Others survived for a while by changing and adapting to the harsh ways of the world. Closest to us among the survivors were hairy brothers living among the trees, but even snails and flies were not-too-distant relatives.

Perhaps a poet had said it long ago, thought Galileo: “The earth created many monsters then, which came out with extraordinary faces and bodies: creatures with no hands or feet, mutes without mouths, blind beings with nothing to look with, and some with arms and legs stuck to their bodies so, that nothing could they do nor go anywhere. But all is to be right for species to last and reproduce—and many have died out. Wherever you see a creature that survived, it was craft or strength or speed that saved it.”

The body of man was not the masterpiece of an all-seeing engineer, but had developed by blind trial and error, over millions of cruel and wasteful years. The instructions to build that body, revised many times by chance and fate, were stored in simple molecules, threaded together in long, twisted strands. Atoms make up molecules, molecules make up cells, and cells make up the skin, the muscles, the heart, and yes, the brain. Nothing but atoms and the void.

[image: ]

As the poet had said, thought Galileo again: “All nature, then, as self-sustained, consists of twain of things: of bodies and of void in which they’re set, and where they’re moved around.” Billions of atoms arranged into molecules arranged into cells make up our whole body, and that of every other man, and that of every other animal or plant. There is no magic anywhere: all is mechanical.

This knowledge too has given man great power, power against disease and death, Frick had said. But there was nothing special about man, his body, or his brain: if one wanted, scores of newborn Galileos, each young, each strong, each feeling a private surge of ambition, a goal set in his fierce mind, ready to fight each other in battles of equal intellects, could be generated out of a shred of his old man’s skin—the instructions that mattered were all there. You are merely another beast in the great zoo of the universe, Frick had said.

[image: ]

And finally there was the third revelation—the most daunting of all—the one that dealt with the place of the human soul.

The revelation was this: that you, your joys and your sorrows, your memories and your ambitions, your sense of identity and free will, are no more than the behavior of billions of nerve cells in your brain, and of the molecules that make them up. You are nothing but a pack of neurons, nothing but a pack of molecules, Frick had said.

This Frick had said. Perhaps with a tinge of satisfaction, thought Galileo.

And Frick had twisted the knife into the wound. You are proud of your strong intellect, so strong it challenged the stars. But all there is to it are well-endowed nerve cells somewhere in your brain, just like all there is to a brute are bulkier cells in his muscles.

You pride yourself that you are a pious, compassionate man. Instead it is just this: by chance, within your brain, some cells are less loosely knit than those of wanton criminals.

You are sure your will is powerful, your choices are guided by your conscience. Instead you are a mere servant of hordes of nerve cells—you follow their instructions to the letter, Frick had said. You are empty, Galileo, and have no spirit: nothing enters your immature body at conception, and nothing leaves your carcass at death. You are but a slave chained to a dying machine. Over it you have no power, and its end will be your end. It will be the end of an illusion.

Frick’s long eyebrows were peering at him, as if to check whether he had made an impression.

That the earth stood still at the center of the universe was indeed an illusion, thought Galileo. Perhaps it was an illusion, too, that plants and animals and the human race had been created and were immutable and perfect. After all, even the poet long ago had said that they evolved by chance and survival.

But the soul? How can the soul be an illusion? How can consciousness be just a mechanical play of atoms and molecules? Because I may be mistaken about what I see or feel or think or wish, but that I see, feel, think, or wish I cannot be mistaken. I thought I was in the monastery of my youth, and I was mistaken, as I was having a dream. I may be having a dream now and be mistaken again. The world, myself, all life, all history, and all science may well be images and thoughts happening in a dream. But the dream itself is real. My consciousness, whether I am dreaming or awake, is real. If consciousness is an illusion, then only illusion is real, and the rest is conjecture. There is no explaining consciousness by atoms and the void.

Or is there? Sanctorius and Frick, both of them, whether imaginary or real, in dream or in reality, had told him the same thing. Somehow our soul, our consciousness, our world, all is generated by what’s inside our skull. How could this be? If there were ways to know, Galileo should rise and inquire. And the man with the long eyebrows stood up to lead the way.



NOTES


Galileo may be excused if he tends to reinterpret facts, events, and even poems in the light of his limited knowledge. That we are not at the center of the universe, we have become used to, perhaps consoling ourselves that while our location may be peripheral, our mission is not. That we may descend from simpler forms of life, we have also had to accept: perhaps we can be proud of how high we have risen from such a lowly start. But that our very soul may be not just mortal but mechanical, the mere whistle of the steely locomotive, as Thomas Huxley, Darwin’s friend, once said, may be more difficult to swallow. Huxley, who was sure that evolution by natural selection could explain most things human, was at a loss with consciousness and left the door open: “How is it that anything so remarkable as a state of consciousness comes about as a result of irritating nervous tissue, is just as unaccountable as the appearance of the Djin, when Aladdin rubbed his lamp.”

Galileo’s guide in the first part of the book is Francis Crick (his is the first half-portrait). After discovering DNA’s double helix, Crick devoted his life, together with Christof Koch, to the study of the brain basis of consciousness. Unlike Huxley, Crick left no open door for the soul, not even a window of opportunity: “You, your joys and your sorrows … are nothing but a pack of neurons” is from his The Astonishing Hypothesis: The Scientific Search for the Soul (Scribner, 1994). Koch, on the other hand, may be less categorical.

As for other pictures and quotes in the chapter: Dürer’s woodcut The Revelation of St. John (9. St. John Devours the Book) is at the Bibliothèque Nationale, Paris. Giordano Bruno, an early upholder of Copernican views, claimed that the universe was infinite in De l’infinito universo et mondi (London, 1584). The Cigar galaxy, M82, with a supergalactic wind, is from “Astronomy Picture of the Day,” NASA, April 25, 2006. One wonders whether the eyes of the scallop are more or less enigmatic than those of the Mona Lisa. (Scallop eyes are from Animal Eyes by Land and Nilsson, Oxford University Press, 2002.) The picture of the hippocampal formation is courtesy of Gyuri Buzsaki. Each yellow triangular-shaped cell body is a single pyramidal neuron. Like a tree, each neuron sends down a long root (axon) by which it transmits signals to other neurons and sends up a thick set of branches (dendrites), where it receives connections (synapses) from the axons of other neurons. The human brain has about one hundred billion neurons and at least a thousand times more synapses among them: its many stars are not floating in the void. The poet quoted by Galileo is Lucretius, who in his De rerum natura (On the Nature of Things) attempted an exposition of science in poetry. This is a genre that has not had much success since.




3

CEREBRUM

In which is shown that the corticothalamic system generates consciousness

Through me the way to the city of woe, through me the way to eternal pain, through me the way among the people lost, thought Galileo when he had crossed the gate.

The narrow hallway, dimly lit and empty, that led away to an endless line of doors, seemed to belong to some forgotten hospital. Galileo went up a narrow ramp of stairs, still following the man named Frick, and saw another corridor. The first door let light seep through the sill, and Frick opened it softly. There on a narrow bed lay an old man, his posture strangely crooked. Nearby was a book that showed this title: De revolutionibus orbium coelestium, 1543, the year Copernicus had died.

[image: ]

Galileo remembered what Copernicus had written in the preface of his book: in his view, the universe was an orderly whole, in which displacing any part would disrupt the entire edifice. Instead, the views of his predecessors were like a human figure with arms, legs, and head put together in the form of a disorderly monster.

But now Copernicus himself was like a monster, arms and legs bent and stiffened like the gnarled branches of an old oak tree.

[image: ]

At Copernicus’s feet a woman knelt, her face turned to the ground. “She is always there with him,” said Frick to Galileo. “She sees him breathe and hopes he is going to resurrect.” He looked at her: “Woman, nobody can resurrect if the brain is dead. There is nobody there, woman, nobody is home.”

[image: ]

The woman raised her head: “How can you be so sure, stranger? His face once smiled at me—it was night and I held up his head to drink. Sometimes he moved his lips, as if to speak. And then he smiled—or so I think—for I had never seen him smile before.”

Copernicus lay without moving, but Galileo saw he breathed quietly. “Blood has burst into his brain and destroyed the cerebrum,” said Frick, leaning with outstretched arms on Copernicus’s bed. “But he can still breathe, and his heart still beats, because the lower brain was spared. As if breathing were living,” Frick added almost imperceptibly.

[image: ]

“The vast cerebral cortex and the precious thalamus—the small bed of neurons where the cortex crouches—the entire corticothalamic system has been destroyed,” explained Frick. “The cortex, you see,” he said, peering at Galileo, “is a sheet as large and thin as this bedcloth—and just as convoluted. And the cloth is truly an immense forest, which covers every ridge and valley of the brain.” As in his dream, thought Galileo. “Each tree is a nerve cell,” Frick went on, “and just as trees are densely packed in groves, so neurons often band together into groups, each containing maybe one hundred of them. These small groups of neurons, you see, are the building blocks of the brain and send signals to each other at great distance through thin wires.” Or so he explained.
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Then Frick went on: “You see, each small group of neurons within the cortex, each one of them, has its own special function to fulfill: groups of neurons at the back of the cerebrum deal with sight, others along the middle with sound, yet others with touch, smell, and taste; and groups of neurons at the front of the brain deal with thought, or with emotions like anger and joy. But specialization goes even further,” Frick said. “Among the groups of neurons at the back of the cerebrum, some care for the color of objects—can tell with perfect ease if something is red or yellow, but could not care less if that’s a beet or if it’s a lemon, in fact they have no idea. Others instead are particular about the shapes they like—one may like the pyramid and one the sphere, but to them red or yellow are all the same. Others still care about the way things move, indifferent to their shape or color. And among the latter, you see, some care just for sideways movements, others just for movements up and down,” said Frick, moving his finger in front of Galileo’s eyes.

Galileo thought of the translucent mass, gutlike in its folds, that he once had seen on the anatomical table in Padua. And then he thought of a great and lively city, where a different guild or craftsman could be found for every possible need, lens makers and ear trumpet makers, makers of all fashion of clothes and makers of perfumes, and winemakers and cooks, and geometers and mathematicians and logicians, and great orators and poets and artists and musicians.
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“But just like in a city the members of different guilds and professions must talk to each other, and exchange orders and goods, so do the elements of the brain,” said Frick. “Much of the cerebral mass is made up of thin wires through which its specialized elements talk to each other: always pushing and pulling, forming coalitions that do not last for long, then changing alliances all the time, like the many factions inside Florence. The wires are so many,” he said, “that their length is greater than all the roads of Italy. Where they come together in great numbers, they form the white matter of the brain, a thick fat mesh that lies underneath the bedcloth of gray matter. Without those wires, the brain could never function, just like a great city would come to a halt if its roads were blocked.”

Then what has happened to the brain of Copernicus? asked Galileo. Has the flooding blood destroyed the elements that formed the governance of the brain, the prince who oversees the work of the great city, and all its counselors? Or has it lost some very special element, the one that was responsible for consciousness?

But Frick said in a loud voice: “The brain is a democracy—there is no such thing, in the brain, as a prince or pope, who sees and hears everything, and takes all decisions—no privileged seat of consciousness, no pontifical seat. Consciousness needs the cooperation of many specialists, each one providing its unique contribution. So if an illness destroys the regions of the brain that are specialized in telling colors,” said Frick, “you will become color-blind—the sun will turn white and the sky gray; if those specialized in recognizing faces, you will not know your children when you see them; if yet other specialized regions are ruined, you may not be able to perceive movement, or to sense emotion, or to understand language, or speak, think logically, or distinguish between right and wrong. But you lose each time only one part of consciousness, not the whole,” said Frick.

“To lose consciousness altogether, the damage must be large,” he added, “either because most of the regions of the cortex are dead, as they are with Copernicus, or because the wires through which they talk are faulty or broken. Sometimes even small injuries can cause great havoc, especially near the middle, deep inside the cerebrum. That region is like a hub, governing the traffic among all the others, and if you interrupt the traffic, then naturally the edifice of consciousness collapses,” Frick said.
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“But sometimes, when blood gushes through the cerebrum, like a river in flood taking all life with it, a few elements may survive, a small, shipwrecked island in a sea of waste. Consciousness vanishes, but some individual function may remain, as if a poor cobbler alone were left to whine in a dead city.”

Copernicus lay mute: they called his name, asked if he could hear, if he knew where he was, if he felt any pain. No question would make him say a word. Arms and legs jolted back when Frick touched them with a pinprick, but when Galileo made a threatening gesture, Copernicus did not respond.

And yet his eyes were open, thought Galileo, and roamed within the orbits. Did any life revolve with them, did anything move inside? Did sparks of thought still stir?

“At times he yawns, as if he were tired, or he may grunt, as if he wanted to stretch, but those are mere reflexes, one nerve pulling another in the lower brain,” said Frick. “What we have here is an awake coma—a vegetative state.”

Inert, an old, contorted plant, thought Galileo.

“Some people do remain like that for years,” said Frick. “Indeed, no more than plants—like trees their bark does age, but they don’t grow any wiser, as they experience nothing, and there is nothing for them to sense and learn.”

Transformed into a plant, as in a cruel Greek myth, thought Galileo.

    
        [image: ]

“A plant!” exclaimed the woman, who had kept silent until then. “Which plant would bleed warm blood, as he when he was felled? Which bark does hide a beating heart, as his that speaks to me across the chest? No tree would turn to watch the hand that combs his hair, as he once did. No tears did ever flow to streak a flower’s skin, unless it was the dew, but dew was never salty of sorrow.”
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“Woman, you just project your wishes onto an empty shell,” said Frick with a stern glance. “What you should do is take care of yourself—do not grow old and tired waiting upon a corpse.”

As if talking to herself, the woman muttered: “The bishop banned me from this house, but why should love by force be wed to guilt, and end not in communion but divorce? The bishop warned me of misfortune, though I thought he meant the blow for me alone—oh God, is life suspended reward for life in sin?” She paused and whispered: “Ours was the kindest sin of all.”

“Woman,” said Frick, “your only sin, you see, is the sin of projection. You wish those eyes would lead to a soul that needs your help and hears your voice. So much you wish it that now you fill his empty gaze with sight, and in a grunt you hear the echo of his words. Listen to me: behind that stare there is no other soul but yours, reflected in a mirror, a mirror that on the other side is blank.”

The woman remained quiet, so Frick went on: “You know the sin I am speaking of—the same as when one falls in love: all men desire beauty, virtue, and grace. Just give a man at the right time, when certain humors are receptive, a specimen of woman—a sketch that’s rough and raw—he’ll dress it head to toe with all his wishes, virtues that don’t exist but in the imagination.”

Then Frick smiled at Galileo. “Some fish project their yearnings onto an oval shape of wood, as soon as it is painted red, and mate with it for life. At seeing such fish we laugh, but then who are we to laugh? The walls of our aquarium we can’t even see, and our own humors hold us by the chain. Believe me, the sin of projection is the original sin. Men saw the lightning, heard the thunder, and felt the earthquake: so what their heart would fear, their mind could not explain, they placed in Heaven and they called it God.”

The woman turned her head to Frick and looked him straight in the eyes. “You think you may know all, stranger,” she said. “What if your science, too, is just the image of a need—the need that things are clear and solid and all can be explained? What if your science, too, is just another kind of church, projecting down the earth and up the sky?”

Then she stood up. “Look at me,” she said. “Anna is my name—Copernicus’s own Anna. He saw in me a beauty I never had (or so the others thought). Yes, stranger, you are right: it was indeed his love that forged me as I am. So in return let me imagine his soul, and see it shine behind his eyes, and read a smile between those silent lips. Let me plant words for him to grow for me. You are right, stranger, but not the way you think: what is, is what can make things happen. So now his soul, the soul that’s resting in that body, is filling me with love and grief at once, and thus it must exist.”

How could Frick reply to that? “Reality and appearance are at war,” he said eventually. “They always are. This woman, you can see, has made her choice,” said Frick, turning to Galileo.

True, reality and appearance are at war, repeated Galileo. Though it is not clear which side you’d want to be.

Then Anna took Galileo’s hand and pressed it hard. Like a broken machine, Copernicus’s mouth had been moving, on and off, though it whispered no sound. But if they watched more carefully, perhaps they could make out his words, their shape without their sound. Their shape, thought Galileo, was saying: “E pur si muove.”



NOTES


The initial reference, quite appropriately, is to Dante’s Divine Comedy, Inferno, Canto III, which Galileo knew by heart. It is not clear whether the gate that is mentioned here is to a hospital (as Galileo surmises, though one without doctors or nurses), or rather a monastery, or a prison (the cloister is of Fontenay Abbey, Montbard, France). What is certain is that Copernicus died before Galileo was born, so unless his vegetative state lasted much longer than was possible at the time, he and Galileo could not have met. Nevertheless, Copernicus did die of cerebral hemorrhage, losing consciousness and slipping into a vegetative state until, shortly before his death, he may have briefly seen his book finally printed. Copernicus’s portrait is from the Copernicus Museum in Frombork, Poland. Anna Schilling was Copernicus’s housekeeper, and Bishop Dantiscus ordered her removed from the household of the astronomer/priest. When she says, “What is, is what can make things happen,” she is apparently enunciating a principle of causal ontology, which sounds a bit surprising coming from her. On the other hand, all the talk about “projection,” a dubious psychological defense mechanism that in Frick’s words assumes almost universal significance, seems just as preposterous. The painted Mary Magdalene is from Masaccio’s Crucifixion, the carved one by Donatello. The statue is Bernini’s Daphne (with some changes), at the Galleria Borghese in Rome. The chaste nymph Daphne was turned into a laurel tree, pursued in vain by Apollo, god of light. Ovid says that during her metamorphosis, when bark was already covering most of her body, Apollo’s hand could still feel her heart beating beneath it, just as the hearts of vegetative patients are still beating despite the fading of consciousness. The drawing of a small group of neurons arranged in a column, also called a minicolumn, and of two minicolumns in the right and left hemispheres talking to each other through neuronal fibers, is from the anatomist János Szentágothai (Ferrier Lecture, 1977). The pair of brain scans are from a healthy subject (left) and from a patient in a vegetative state (right), in whom most of the brain has been destroyed (black areas). The last scan is from a paper by Niko Schiff and others: “Residual Cerebral Activity and Behavioural Fragments in the Persistently Vegetative Brain,” Brain (2002). There are indeed patients who are left with just an island of partially functioning brain, which can at times produce an isolated word, or an isolated movement. E pur si muove (And yet it moves), so the story goes, is what Galileo mumbled when leaving the Inquisition that had found him guilty of heresy, forced him to abjure his Copernican views, and put him under arrest for life.
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CEREBELLUM

In which is shown that the cerebellum, while having more neurons than the cerebrum, does not generate consciousness

“Most of what happens simmers beneath the surface—unseeable by the mind—most of the action unrolls in murky waters,” said Frick, and threw the door wide open.

Inside the room, in front of a large canvas, a man was standing with legs wide apart, and his hand shook when he moved the brush.

[image: ]

I know the painter, said Galileo to Frick. It is the great Poussin. I know the painting, too. See, Janus indicates the instant between past and future, the instant of conscious present. On the right, Time marks the beats of music on the zither, the rhythm of dance and life. And in the middle, the dancing men and women represent the seasons and the cycle of time.

“Time is not circular, my dear Galileo,” replied a figure emerging from behind the canvas. “Perhaps that of the planets is, but not the time of men.” It was the Pope’s doctor, Rome’s Protomedicus. “Look at the putti. The right one holds the hourglass: inexorable is the passage of time, it says; the left one says that consciousness is short-lasting, like a bubble of soap.”

Galileo did not reply. Instead, he whispered something into the doctor’s ear. “Trembling?” exclaimed the doctor. “Of course I know, Poussin has been this way for some time now—his brushstroke clearly has suffered. But rest assured, his health is fine. I’ve seen another case like him: a young woman with the same kind of trembling, who kept her legs apart when standing. When she died of childbirth, I examined her brain. In the back of her skull, under the nape of the neck, something was missing: there was no cerebellum—that furrowed brain that looks like a small cabbage, or like the tree of life. Our Poussin, too, must have lost his cerebellum, perhaps it was a stroke. It seems that all it does—this beautiful little brain—is to make sure our gait stays elegant, and our hand shakes not.”

[image: ]

“Quite right,” said Frick, stepping forward, “though it does other refined things. It keeps track of our movements much faster then we can, and it corrects and stabilizes them. It is a piece of brain as intricate as the cerebrum—in fact, it has an even larger number of nerve cells. And like the cerebrum, it receives signals from the senses and controls our actions with perfect accuracy.”

Galileo was thinking. The canvas was grand, the subject noble and indeed replete with meaning. But it was singularly immobile. Although it was about Time, Time seemed frozen: everywhere pointers to time and movement, even a dance, but real time, the time of the pulse, the time of the pendulum, that time was missing. It was as if the painter’s pulse and pendulum were stuck.

[image: ]

Right then the painter turned toward them. “We must not judge by our senses alone, but by r-reason,” he said with a strange, wavering voice. “My hand m-maytremble, but my mind does not; for things preserve their being irrespective of accidents. Go-gobeyondthesurface, and contemplate the idea: the cone, the cylinder, and the sphere.” He paused, took a breath, and said: “The p-purest are the idea of good, and that of truth. It’s just that…,” and there he paused again. “It’s just that those are far too hard to paint.”

“Well said,” said Frick. “Many of the neural systems in the cerebral cortex do just this—they learn to predict what remains constant in the world, despite the seeming onslaught of constant change. They paint a scene of what the world should be, much as you paint it, with scarce regard for all the changing details our senses bring in most of the time. So in our consciousness the cone’s shape stays the same, though when we see it from different angles, the images formed onto our eyes are different entirely. So the color of ripe fruit stays the same under the warm light of sunset and the cold one of lightning, though the light reflected by its surface doesn’t. Yes,” said Frick, “the scene in which we live is an abstraction, experience must be make-believe, a painting by some clever master. Reality may swirl in whirlwinds of irrelevant, superficial change. But information is in what is constant, and general, and deep. That kind of information is what consciousness requires. Isn’t that also what art is trying to capture?” asked Frick.

“I paint what I know, not what I see
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