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Praise for Soul Made Flesh

“Carl Zimmer’s illuminating book charts a fascinating chapter in the soul’s journey. . . . Zimmer successfully communicates his enthusiasm for the energetic minds and busy pens of his heroes. His book is timely.”

—The New York Times Book Review

“Ravaged by religious wars and capricious monarchs, 17th-century England was a kingdom in chaos. Against this bloody backdrop, Zimmer recounts physician Thomas Willis’ momentous discovery that the brain—previously dismissed as ‘a bowl of curds’—is the seat of human consciousness and memory. This page-turner is a tribute to the heretical thinkers who decoded nature by relying on direct observation rather than received opinion.”

—Wired magazine

“An uncommonly literate look at a little-explored side of scientific history, and a thumping good read at that.”

—Timothy Ferris, author of The Whole Shebang and Coming of Age in the Milky Way

“We live in what Carl Zimmer, one of our most gifted science writers, calls a Neurocentric Age . . . Zimmer describes . . . a kind of second Copernican revolution—one inside the body. . . . Thrilling . . . Zimmer’s nimble survey of the intellectual landscape of the 17th century [is] a top-notch work of popular science, chock-full of fascinating lore and inspired quotations. . . . Hosts of knotty concepts are treated to lucid descriptions, and his fluent prose and vivid narration prove themselves as much at home among the complex historical and political crosscurrents of the 17th century as they are with finely tuned accounts of biochemistry or MRI scanners.”

—Ross King, author of Brunelleschi’s Dome, in the Los Angeles Times

“In Soul Made Flesh, Carl Zimmer gives a remarkable, beautiful account of England’s ‘genius century.’ Zimmer brings Willis to life—his prose, as always, is clear, vivid, and arresting—and reminds us how startling and revolutionary his discoveries were.”

—Oliver Sacks

“A deep and contextualized exploration of two millennia’s worth of human theories about consciousness and the soul. . . . [Zimmer’s] wide-ranging narrative reaches from the days of Aristotle to a 21st-century lab in the basement of a Princeton University building. The central figure in Zimmer’s tale is the oft-overlooked 17th-century scientist Thomas Willis, a figure of fascinating contradictions. . . . In the end, however, this book is less about Willis in particular than about the evolving metaphysics of the soul in general, and the reader is left with a better picture of the roots of the modern understanding of the self as well as a familiarity with one of the unsung heroes of the scientific revolution.”

—Publishers Weekly

“A gifted science writer, Zimmer recounts Willis’ singular achievement in a narrative that illuminates not only the scientific revolution in medicine but also the cross-grained personality of one of the chief revolutionaries. . . . A remarkable fusion of scientific history and cultural analysis.”

—Booklist (starred review)

“Soul Made Flesh tells the fascinating story of how people first became aware of one of the most radical thoughts the human mind has ever had to think. The writing is vivid and literate, the story compelling, and the modern implications drawn out with skill and verve.”

—Steven Pinker, bestselling author of How the Mind Works and The Blank Slate

“Carl Zimmer clarifies and illuminates the story of a fascinating thinker. By focusing on a single player in the vast spectacle that was the Scientific Revolution, and telling his story so well, Zimmer gives us insights into the age when Alchemy gave way to modern science. But this is not only a history book, for readers with an interest in consciousness and the brain will find much here that applies to research going on today.”

—Neal Stephenson, author of Snow Crash and Cryptonomicon

“Instructive and engaging. . . . Like The Lunar Men, Jenny Uglow’s recent tour de force history of 18th century British scientists, Zimmer’s book is a study in intellectual comradeship and cooperation, and how thinkers are shaped by their milieu.”

—Newsday

“Few writers can bring back the odor and the sense of time that are present during historic discoveries. Few can capture the extent of human ignorance that is present and is about to be illuminated. Carl Zimmer writes with a rare, captivating skill that brings one back to that place. This is a must read.”

—Michael S. Gazzaniga, Ph.D., David T. McLaughlin Distinguished Professor in Cognitive Neuroscience, Dartmouth College, and author of Nature’s Mind

“Soul Made Flesh provides an account of the first big steps toward an understanding of how the brain makes mind. . . . A fine intellectual history . . . full of drama.”

—Natural History

“Wry and engaging . . . Zimmer plunges us elbow deep into the messy realities of 17th-century medicine.”

—Hartford Courant

“The main parallels that can be drawn between politics, religion, science, and human behavior then and now add unexpected dividends to this engaging narrative. Absorbing and thought-provoking.”

—Kirkus Reviews

“Zimmer draws a vivid picture of the background against which Willis and other scientists of the time worked.”

—Scientific American

“A panoramic history of England during a period of political upheaval, civil war, religious ferment, plague and assorted other stresses.”

—St. Petersburg Times

“A fascinating look at the medical pioneer who dared to explore the seat of the soul. . . . Zimmer paints a vivid picture of the life and times of this stubborn 17th-century trailblazer. . . . Willis left behind a legacy more far-reaching than he could have dreamed. We are in his debt, and in Zimmer’s as well for his hugely entertaining portrait of this scientific hero.”

—BookPage

“Carl Zimmer brings to astonishingly vivid life a momentous turning point in science’s history, when a band of brave British anatomists revealed that our memories, visions, fears, dreams—our very souls—spring from a three-pound lump of flesh in our skulls. One of our best science journalists turns out to be a skilled historian as well.”

—John Horgan, author of The End of Science and Rational Mysticism

“Peppered with amusing anecdotes about the principal philosophers who struggled with the nature of the ‘sensitive’ and ‘rational’ soul.”

—Nature Neuroscience

“A breath-taking journey. . . . Elegant and enthralling. . . . A luminous narrative of lively characters and of the brain’s desire to know itself.”

—Billerica (MA) Minuteman

“An award-winning science writer narrates the little-known story of Thomas Willis. He discusses the context of 17th-century views, politics, and the insights of other scientists and philosophers—all leading to a new scientific paradigm.”

—Book News, Inc.

“Soul Made Flesh makes good reading.”

—New England Journal of Medicine

“Witty and erudite . . . Carl Zimmer has faithfully recounted the long saga of the problem of explicating the brain and how it became more scientifically based as a result of the studies of Willis and his colleagues.”

—Brain: A Journal of Neurology

“As intellectual history, [Soul Made Flesh] is a superb read for anyone and a must read for neuroscientists.”

—Science & Theology News

“Soul Made Flesh belongs in all libraries and would make a superb gift for the neuroscientist or anyone who works with the brain. Zimmer’s knowledge of the period and depiction of the individuals who were responsible for many important scientific theories make for an exciting read. This was a hard book to put down.”

—The Journal of Clinical Investigation

“[An] engrossing account of how mechanism replaced spirit, and how the soul was finally banished to the stuff of dreams . . . Zimmer’s book has many virtues [and] is adept at bringing together the luminaries and other actors of the time.”

—Simon Conway Morris, BioScience

“A much-needed book on an extraordinary 17th-century figure, who did landmark work that deserves to be brought to everyone’s attention.”

—Lisa Jardine, author of The Curious Life of Robert Hooke, in The Times (London)
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To Charlotte, whose soul grew along with this book


To explicate the uses of the Brain seems as difficult a task as to paint the Soul, of which it is commonly said, that it understands all things but itself.

—Thomas Willis, The Anatomy of the Brain and Nerves (1664)
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A FULL HUMAN BRAIN, DRAWN BY CHRISTOPHER WREN AND INCLUDED IN THE ANATOMY OF THE BRAIN AND NERVES.





A Bowl of Curds

To imagine a time and place—say, the city of Oxford on a summer day in 1662—you have to engage not only the mind’s eye and ear but also the mind’s nose. The warm odor of malt and corn flour rises from the boats landing at the wharves along the Thames. The stink of cured fish hanging in fishmongers’ stalls mixes with the soft smell of bread in the bakeries. The smell of manure is everywhere, in the open sewers, on the town common where cows graze, in the streets where horses haul wagons and coaches. Sometimes a coach rolls through the narrow gate of one of Oxford’s colleges, to be swallowed up behind a high, windowless stone wall. The chimneys of the college kitchens relay smoke signals to the surrounding neighborhoods, carrying the smell of roasting capon and mutton or perhaps a goose stolen from a nearby village by students.

On a summer day the perfume of the surrounding fens and meadows drifts into the city and mixes with the exotic scents of the physik garden on the High Street, a home to exotic species such as leopard’s bane, mimosa trees, Virginian spiderwort, and scorpion grass. Botanists gather their leaves and seeds and roots and carry them to an apothecary’s shop to be ground down, cooked, distilled, and mixed with sharpodored hartshorn or spirits of wine.

Every building in Oxford has an internal signature of smells: the incense burning in the churches once again, now that the Puritans have been routed and the monarchy restored; the roasted beans in the new coffeehouse on High Street; the foul reek of the prisons, where thieves, Quakers, and various enemies of King Charles II languish together. But the strangest smells in all of Oxford can be found off the main thoroughfares, on Merton Street. Across the street from the gates of Merton College is a medieval two-story house known as Beam Hall. Its odors are almost unbearable: a reeking blend of turpentine and the warm, decaying flesh of dissected dogs and sheep, along with an aroma that none but a handful of people in Oxford—in the world, even—would recognize as that of a nobleman’s decapitated and freshly cracked open head.

The room where his body is being dissected is something between a laboratory and a butcher’s shop. Knives, saws, and gimlets hang on the walls, along with pliers and razors, brass and silver probes, pincers, bugles for inflating membranous sacs, curved needles, augurs, mallets, wimbles, and bodkins. Syringes and empty quills sit on a table, along with bottles of tincture of saffron and a simple microscope, illuminated by an oil lamp and a globe of brine. Hearts rest at the bottom of jars, pickled. On a long table lies the corpse, surrounded by a crowd of natural philosophers. Depending on the day, the audience may include a mathematician who is laying the groundwork for calculus or a chemist who is in the process of turning alchemy into a modern science. Astronomers, doctors, and ministers come to watch. They all stare intensely, because they know they are part of an unprecedented experience. They are anatomizing the soul.

An inner circle of men stands closest to the body. Christopher Wren, thirty years old and not yet England’s great architect, studies the exposed flanges and curves of the skull. He can sketch bowels and hearts as beautifully as he will later sketch a cathedral dome. Richard Lower, who in a few years will perform the first successful blood transfusion in history, severs the nobleman’s carotid arteries and slices the gristly cartilage between his cervical vertebrae. The finest dissector in all Europe, he serves as assistant to another man in the inner circle, the owner of Beam Hall, the man who has assembled this herd of natural philosophers within its walls—a short, stammering physician with hair that one neighbor describes in his diary as being “like a dark red pigge.” His name is Thomas Willis.

Willis has brought these men together this day in 1662 in order to come to a new understanding of the brain and nerves. He and Lower strip the skin and then cut away the inner mask of muscle. They saw off the bones of the skull, prying away each one with a penknife or a pair of scissors. They snip the nerves that tether the brain to the eye and nose. All that is left is the brain encased in its membranes. Next Willis and Lower turn the brain upside down and gently peel away the membranes so as not to damage the delicate nerves and blood vessels at its base. Furrowed and lobed, the brain is liberated, and Willis holds it aloft for his audience to see.

Today, when we look at a brain, we see an intricate network of billions of neurons in constant, crackling communication, a chemical labyrinth that senses the world outside and within, produces love and sorrow, keeps our hearts beating and lungs breathing, composes our thoughts, and constructs our consciousness. To most people in 1662, however, this would all have sounded quite absurd. When the contemporary English philosopher Henry More wrote about the brain, he declared that “this lax pith or marrow in man’s head shows no more capacity for thought than a cake of suet or a bowl of curds.” The brain, More wrote, was a watery, structureless substance which could not contain the complex workings of the soul. The idea that the frail flesh in our heads was capable of the soul’s work was more than just absurd. It bordered on atheism. If reason, devotion, and love were the work of mortal flesh instead of immaterial spirit, then what would become of the soul after death? What need was there for a soul at all? Henry More put the matter simply: “No spirit, no God.”

Exactly what spirits and soul consisted of and where they could be found were questions that had been asked and re-asked for well over two thousand years. At the beginning of the seventeenth century, most Europeans would have agreed that the soul was the immortal, immaterial essence of a person, which would be saved or damned by God. But the same word could also refer to an intelligence at work throughout the entire body—making it grow to its destined shape, making it warm and alive, reproducing its form in children. Spirits were the instruments used by the soul and body to reach their goals. For many philosophers, alchemists, apothecaries, and mystics, the cosmos also had a soul, which channeled spirits through planets and stars to enact its will—spirits that could be harnessed by magic or alchemy. With each breath, the world’s spirits entered the human body and infused it with life and intelligence, uniting the soul of the microcosm with the soul of the macrocosm.

As widely held as all these beliefs were in 1600, they were being steadily undermined. By the end of the seventeenth century, they would all be either obliterated or fatally wounded, and Thomas Willis and his friends were playing a crucial role in the transformation. Their grisly work in Beam Hall was the first modern investigation of the nervous system. Whenever Willis held a brain in his hands and described it to his audience, he did not limit himself to the branchings of nerves and other anatomical details. He showed how the brain’s intricate structures could form memories, hatch imaginations, experience dreams. He reconceived thoughts and passions as a chemical storm of atoms. Willis called his brain project a “doctrine of the nerves” and coined a new Latin word for it: neurologie.

Although Willis and his friends were establishing the modern science of the brain, they do not fit the modern definition of a scientist. Some were alchemists who searched out the philosopher’s stone so as to be able to communicate with angels. Some were physicians who recommended carved-up puppies for clearing the skin. All of them were seeking signs of God’s work in a universe that had become terrifying and alien. They were scarred by civil war and hoped that a new conception of the brain would bring order and tranquility to the world. Their claims were often accepted not so much because they were true (which, fairly often, they were not), but because the world itself had developed an appetite for them.

These men of Oxford ushered in a new age, one in which we still live—call it the Neurocentric Age—in which the brain is central not only to the body but to our conception of ourselves. The seventeenth century saw many scientific revolutions, but in some ways the revolution of the brain is its most shattering triumph—and its most intimate. It created a new way of thinking about thinking and a new way of conceiving the soul. Today, some three hundred forty years later, the Neurocentric Age is more deeply entrenched than ever. At the beginning of the twenty-first century, thousands of neuroscientists follow Willis’s trail. They continue to dismantle the brain, but they don’t have to pull it from a corpse to do so. Instead, they can scan the positronic glow of neurons recalling the faces of friends, searching for a word, generating anger or bliss, or reading the minds of others. These scientists have started to isolate the molecules that these neurons trade and are manipulating them with drugs.

To some extent, we have become comfortable with this new brain. Few will deny that the workings of our minds are the product of billions of neurons organized into clusters and networks, trading trillions of signals with one another every second. We demonstrate our comfort by buying billions of dollars of drugs in the hope of lifting our mood, calming our jitters, or otherwise modifying who we are, simply by boosting or squelching the right neurochemical signals.

This comfort may have come too easily. The big business of brain drugs belies science’s enormous ignorance about the organ. The maps that neuroscientists make today are like the early charts of the New World with grotesque coastlines and blank interiors. And what little we do know about how the brain works raises disturbing questions about the nature of our selves. In many ways, we are still standing in the circle at Beam Hall, with the odor of discovery in our noses, looking at the brain and wondering what this strange new thing is that Thomas Willis has found.



Chapter One
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A SHEEP’S BRAIN STEM, FROM THE ANATOMY OF THE BRAIN AND NERVES.





Hearts and Minds, Livers and Stomachs

Thomas Willis was not the first person to take the brain out of its skull. The oldest records of the procedure come from ancient Egypt, four thousand years ago. The Egyptian priests who performed it did not hold up the brain and praise its power, however. Instead, they snaked a hook up the nose of the cadaver, broke through the eggshell-thin ethmoid bone, fished out the brain shred by shred until the skull was empty, and then packed the empty space with cloth.

The priests disposed of the brain while preparing the dead for the journey into the afterlife. The heart, by contrast, stayed in the body, because it was considered the center of the person’s being and intelligence. Without it, no one could enter the afterlife. The jackal-headed god, Anubis, would place the deceased’s heart in a scale, balancing it against a feather. The ibis-headed god, Thoth, would then ask the heart forty questions about the life of its owner. If the heart proved to be heavy with guilt, the deceased would be fed to the Devourer. If the heart was free of sin, the deceased would go to heaven.

It is difficult today to understand how the brain could be so dismissed, but throughout ancient times many people thought it unimportant. Others prized the brain but saw it not as a network of cells that produces language, consciousness, and emotions. They saw it as a shell of pulsing phlegm encasing empty chambers which whistled with the movement of spirits passing through. These two conceptions were powerful enough to guide Western thinking for thousands of years.

Some of the earliest philosophers of ancient Greece followed the Egyptian tradition. Empedocles described the soul as the thing that thinks, feels pleasure and pain, and gives the living body its warmth. At death, it leaves the body and searches for another home in a fish or a bird or even a bush; during its time in the human body, it resides around the heart.

But around 500 B.C., the Greek philosopher Alcmaeon lifted his gaze from the heart to the head, declaring that “all the senses are connected to the brain.” Those words were a milestone in the history of science, but twenty-five hundred years later it’s easy to misinterpret them. To begin with, Alcmaeon and his followers didn’t even know that nerves existed. Few physicians had even seen these pale threads running through the body, because Greeks in general were reluctant to cut open cadavers. They were too worried that the souls of the dissected would not find rest in the afterlife until they got a proper burial. Alcmaeon reportedly cut the eye out of a dead animal’s head and saw channels penetrating the skull. Like other ancient Greeks, he probably pictured channels in the body filled with spirits (or pneumata). These spirits were made of air, which was one of the four elements of the cosmos, along with fire, earth, and water. Each time a person took in a breath, these spirits were believed to flow into the nose, through the recesses of the brain, and into the body.

Alcmaeon’s ideas helped shape early Greek medicine. In addition to spirits, physicians also came to believe that the body was composed of combinations of the elements known as humors. These four fluids—yellow bile, black bile, blood, and phlegm—each had its own qualities of moistness, dryness, heat, cold, and so on. The physician Hippocrates taught that good health was a matter of balancing the humors. If the brain, which was made of moist phlegm, became too moist, epilepsy might follow. If the phlegm moved from the brain to other parts of the body, tuberculosis or other diseases might strike.

Alcmaeon attracted a following not only among physicians but among philosophers as well. The most important of these was Plato, who gave the brain a central place in the cosmos. In his dialogue Timaeus, Plato described the cosmos as a living thing created by a divine craftsman, complete with its own immortal soul. The divine craftsman gave lesser gods the task of creating human beings, which they designed as the cosmos in miniature: with an immortal soul cloaked in a mortal body welded from the four elements. The gods began their work by creating the head, which they made spherical, like the cosmos. The divine seed was planted in the brain, where it could sense the world through the eyes and ears and then reason about it. This reasoning was the divine mission of the human soul; it would be able to reproduce the harmony and beauty of the cosmos in its own thoughts.

Into the rest of the body the gods inserted souls “of another nature,” as Plato called them. In the guts dwelled “the part of the soul which desires meats and drinks and the other things of which it has need by reason of the bodily nature.” This so-called vegetative soul was responsible for the body’s growth and nutrition and also for its lower passions—its lusts, desires, and greed. To cage this wild beast, the gods built a wall—the diaphragm—separating it from a superior soul, which Plato located in the heart. The vital soul “is endowed with courage and passion and loves contention,” Plato wrote. Along with the blood, the vital soul’s passions flowed out of the heart, exciting the body into action. To keep these lower souls from polluting the immortal soul in the head, the gods created another barrier in the form of the neck.

In Timaeus Plato built a spiritual anatomy with the brain at its apex. It would influence Western thought through the Renaissance, yet it was not powerful enough to bring the heart-centered school of Plato’s own age to an end. In fact, Plato’s most celebrated student, Aristotle, rejected the head and put the heart at the core of his philosophy.

For Aristotle, the brain did not square with his conception of the soul. In his philosophy, every object has a form, which can change as the matter that makes it up changes. A house emerges when stones are combined into a certain form, and its form disappears when the stones are taken apart. There is no one pillar or capstone in which the house resides—its form is everywhere in the house and nowhere in particular. The soul, Aristotle reasoned, is the form of living things. It therefore encompasses everything that a living creature does to stay alive. And since different organisms have different ways of life, they must have different souls, Aristotle concluded, each with its own set of faculties or powers.

To classify souls, Aristotle became the world’s first biologist. He dissected everything from sea urchins to elephants, and while he didn’t break the taboo on human dissections, he probably dissected stillborn babies. Aristotle tracked endless details of natural history, noting which species were warm-blooded and which were cold, which cared for their young and which abandoned their eggs. He found that he could classify species according to the faculties of their souls, ranging them on a ladder from low to high. At the bottom Aristotle put plants, because they had only vegetative souls that did nothing more than let the plants grow, heal themselves, and reproduce. Animals were placed higher than plants, because their souls had sensitive faculties as well: animals can see, hear, taste, and feel; and they can swim, fly, or slither. Humans stood alone at the apex of the natural world, with a rational soul equipped with faculties including reason and will—what we would call a mind.

Like the form of a house, Aristotle’s rational soul was both nowhere and everywhere in the human body. Yet Aristotle also believed that specific parts of the body carry out its faculties. He scoffed at the idea that the brain could be such a place, since he saw from his dissections that many animals had no visible brain at all but still could perceive the world and give rise to actions. The brain itself could not have looked very impressive to Aristotle. Without freezers or formaldehyde to halt its decay, a brain quickly takes on the look and feel of custard—hardly the stuff of reason and will.

The heart, on the other hand, seemed to him to be a far more logical place for the rational soul’s faculties. It is at the center of the body, and it was the first organ that Aristotle could see taking shape in the embryo. Greeks believed that the heart supplies life-giving heat to the body, and Aristotle saw a connection between heat and intelligence. Just as animals had more or less soul, they had more or less heat, mammals being warmer than birds or fish, and humans—he believed—the warmest of all. Unaware of the nerves, Aristotle imagined that the eyes and the ears were connected not to the brain but to blood vessels, which carried perceptions to the heart. These connections allowed the heart to govern all sensations, movements, and emotions. The brain, he wrote, simply “tempers the heat and seething of the heart.” The big brains of humans are not the source of their intelligence, Aristotle argued, but vice versa: our hearts produce the most heat, which means they need the biggest cooling system.

It was not until a few years after Aristotle’s death, in 322 B.C., that Greek anatomists emerged who were skilled enough to challenge him. In the city of Alexandria, the physicians Herophilus and Erasistratus overcame the ancient taboos and dissected hundreds of human cadavers, describing dozens of body parts for the first time, from the iris to the epididymis. Their most important achievement was the discovery of the nervous system. Earlier physicians had assumed these slender pale cords were tendons or the tips of arteries, but Herophilus and Erasistratus recognized for the first time in history that these fibers formed a distinct network that sprouted from the skull and spine.

They tried to make sense of this new nervous system in accordance with the ideas of their age. They believed that each breath carried a bit of the world-soul into the body, where it behaved just like water in a pipe. It flowed into the heart and through the arteries, bringing life to the body, some of it traveling to the brain. Herophilus and Erasistratus also discovered chambers in the middle of the brain—the ventricles—which were the only logical place for spirits to flow. Herophilus declared that these empty spaces house the intellect. From the ventricles, he believed, the spirits flow into the hollow nerves and out to the muscles, which they make bulge and move. The brain itself, he thought, had no command over the body, and even the spirits had limited power: the body’s organs could move thanks to their own natural desires.

It would take another four hundred years for someone to match the anatomical skill of Herophilus or Erasistratus. In A.D. 150, a young doctor named Galen traveled from Turkey to Alexandria to immerse himself in their teachings. He studied the human skeletons preserved at their schools and read their ancient works in the city’s libraries. Galen himself couldn’t dissect human cadavers, because Romans were even more appalled by the notion than the Greeks. And so when he returned to Turkey, he had to make do with glimpses of anatomy. As a doctor to gladiators, he could peer through the windows ripped open by tridents and spears. He dissected an animal every day. By the time he was thirty, Galen had created a new vision of the body by synthesizing Aristotle and Plato with the medicine of Hippocrates and his own observations. The result was so dazzling that when he moved to Rome, he became doctor to emperors.

Galen’s medicine rested on the transformation of food and breath into flesh and spirit. In his system, each organ had a special faculty—a soul-like power—that carried out a series of purifications. The stomach had a faculty for attracting food from the mouth down the esophagus and another faculty for cooking the food, turning it into a substance called chyle, which passed into the intestines, the surrounding veins, and the liver. The liver turned this chyle into blood. In the process, Galen argued, the liver filled the blood with a nourishing force that later physicians came to call the natural spirits. From the liver, the blood was believed to flow to the heart, passing through its left side. Impurities were attracted into the lungs, and the purified blood traveled into the veins, to be consumed by muscles and organs.

Some of the blood that entered the heart had a higher calling, supposedly trickling through the heart’s inner wall to the right side, where it mixed with air from the lungs and cooked in the heart’s innate heat, turning red and becoming imbued with vital spirits. The pulsating arteries attracted this blood and delivered its life-giving powers throughout the body.

The vital spirits that flowed up to the head underwent a final round of purification. They entered a mesh of blood vessels at the base of the skull (which came to be known as the rete mirabile, or marvelous network), where they became animal spirits, capable of thought, sensation, and movement. From there they flowed into the ventricles. Galen claimed that the ventricles were spherical, roofed with vaults of flesh, and linked by canals, designed to be inflated by the swirling animal spirits. The brain pulsated, he thought, in order to drive the spirits out into the hollow nerves, where they were driven out into the body, carrying sensations and movement.

To treat his patients, Galen restored the balance of this flow of natural, vital, and animal spirits. For instance, an overheated stomach could drive a flood of phlegm out of the brain and into the rest of the body. If there was too much blood—the hot and moist humor—a fever would strike. Purging and bloodletting could bring the humors back to their proper places, as could special herbs. But Galen believed he had discovered much more than a way to heal people: he had established a philosophy of the soul. He declared he had found the physical underpinnings of Plato’s trio of souls—the vegetative soul of the liver, responsible for pleasure and desires, the vital soul of the heart, which produced passions and courage, and the rational soul of the head.

Galen came to understand the brain far better than anyone else in the ancient world, but he was not a modern neuroscientist disguised in a toga. What we think of as the brain was to him nothing but a pump, while human intelligence was lodged in the empty spaces of the head. Moreover, that intelligence was not unique to humans but also shared by the sun, moon, and stars. In fact, their heavenly bodies were so much purer than our own that their intelligence must be far superior, able to reach down to Earth to influence human affairs. For Galen, the animal spirits swirling within us were only tiny eddies in an ocean of purpose, intelligence, and soul.



In the centuries after Galen’s death, around 199, his medicine was absorbed into the doctrines of Christianity. The early church fathers turned to him because they needed some new ideas about the brain and the soul.

According to the Old Testament, the soul is simply life itself, residing in the blood and disappearing at death. Christianity, on the other hand, anchored itself to a different sort of soul, an immortal one that faced eternal salvation or damnation. In Galen, the church fathers found a solution to this contradiction. The Old Testament soul became Galen’s lower souls of the liver and the heart. The immortal soul had no physical dimension, but the church fathers put its faculties in the empty ventricles of the head, where they could not be corrupted by weak, mortal flesh. They even went beyond Galen to assign the front ventricle to sensation, the middle to understanding, and the rear to memory. The brain itself was merely a pump, squeezing the spirits out of the ventricles and into the nerves.

Galen’s anatomy was not the only Greek idea that influenced Christianity, however. Many philosophers in Rome didn’t accept Galen’s claims about the brain, still preferring Aristotle’s theories about the heart. They liked to point out how speech came out of the chest, which meant that the heart must be its origin. To refute them, Galen gathered together physicians, philosophers, and politicians of Rome to watch him silence the roaring lions of the Coliseum by squeezing their vocal nerves. But he did not manage to silence his opponents. As a result, the Christian heart became not only the seat of the passions, but also the site of moral conscience, an organ with powers of perception beyond the senses. It is no coincidence that Jesus is often pictured with an open heart but never an open brain.

After the fall of Rome in 476, the church lost touch with its Greek origins. Not until the twelfth century did European scholars rediscover Greek philosophy through their contact with Arabs. It took a long time for Europe to become reacquainted with the likes of Aristotle and Galen. The few surviving fragments of their works had been translated into Arabic, and the Arabic translations were then translated into Latin, getting encrusted with misreadings along the way.

Many Christians were suspicious of Greek ideas that seemed to challenge the church’s teachings on the soul. Most heretical of all was the notion that the world was a void inhabited by atoms, invisibly small, indestructible particles of different shapes and sizes—twisted, round, bent, rough, and hooked. Atomists would say that the brain is not in and of itself cold; blood is not in and of itself warm. Those qualities, along with all others, emerge from the interaction of atoms that make them up. Moving through the cosmos without supervision or purpose, atoms cluster in countless different ways, producing an infinity of worlds. Epicurus, the leading atomist philosopher of Hellenistic Greece, believed that the gods were indifferent to human affairs; the world carried on thanks only to the jostling and mixing of invisible particles.

Epicurus also believed that the soul was no different from the rest of the cosmos; it was made of atoms concentrated in the chest. As these atoms leaked from the body, he claimed, they were replenished with every breath. Death came when the atoms of the soul suddenly fled the body, taking life with it. “Death is therefore nothing to us,” the Roman atomist Lucretius wrote, “and does not concern us at all, since it appears that the substance of the soul is perishable. When the separation of body and soul, whose union is the essence of our being, is consummated, it is clear that absolutely nothing will be able to reach us and awaken our sensibility, not even if earth mixes with sea, and sea with heaven.”

Christian theologians were outraged at the idea that the world required no purpose or providence. Dante spoke for many when he consigned Epicurus to the sixth circle of hell. “In this part Epicurus with all his followers, who make the soul die with the body, have their burial place,” he wrote.

Aristotle, on the other hand, enjoyed a warm embrace. The thirteenth-century theologian Thomas Aquinas found foreshadowings of Christianity in his philosophy. Rejecting the blind battering of atoms, Aristotle saw everything in the cosmos coming into existence for a purpose. Aquinas simply revised the purpose, making it God’s plan as laid out in the Bible. Aristotle’s cosmology agreed with Christianity as well. He placed the Earth at the center of the cosmos because the element earth moved there naturally. The Earth was a realm of change and decay, surrounded by celestial orbs moving in perfect circles. To Aquinas, the imperfection of this lower world was the result of the fall of man, and the perfection of the stars reflected the heaven where blessed souls went after death. Man was both fallen and at the center of creation.

Aquinas also believed Aristotle’s conception of the soul was consistent with Christianity. He opted for Aristotle’s idea that the soul is the form of life, whether that life is plant, animal, or human. The human soul was not simply the form of the human body but a spiritual substance as well—one that survived death. Aquinas did not follow Aristotle blindly, however: he placed the soul’s faculties, such as memory and imagination, in the ventricles of the head. But he made it clear that no physical organ could produce self-awareness or any other human thought.

Aristotle allowed Aquinas and his fellow friars to forge a new intellectual tradition, which came to be known as natural philosophy. They used reason to demonstrate that there was only one God, that He alone had created the world, and that His supreme goodness was evident in the workings of the world. As universities began to spring up across Europe in the 1200s, natural philosophers took control of them and set the intellectual tone of the continent.

These natural philosophers also revived Galen’s anatomy, building anatomical theaters where medical students, philosophers, noblemen, and assorted gawkers watched surgeons peel away the skin of executed criminals, while anatomists sat in elevated chairs, reading aloud from Galen’s books. European anatomists did not try to learn anything new during these dissections. In the words of one fourteenth-century anatomist, they were simply supposed to allow “the might of God to be marveled.” Anatomists pointed out how admirably the body was assembled, with the soul’s faculties housed in the three centers of the body—the liver, the heart, and the head. They described how the visible anatomy they exposed was traveled by invisible spirits, which the church taught were the immortal soul’s tools for producing life.

Although they cherished an ancient philosophy, these anatomists wound up doing something altogether new. They were willing to dissect human corpses and could therefore enjoy a privilege that Galen had never had. They could see things about which he only speculated. It would take centuries of these dissections before anyone realized that Galen’s teaching had not been based on experience with human tissues and organs. In the meantime, Galen’s word became gospel in both anatomy and medicine. European doctors pored over translations of his work to learn how to balance the humors with herbs and bloodletting. Seeing themselves as natural philosophers, they trained for years in logic, grammar, and Greek, leaving the bloody work to surgeons.

In 1537, a twenty-three-year-old anatomist named Andreas Vesalius recognized that Galen was not perfect. In charge of the University of Padua’s lectures on surgery and anatomy, Vesalius stepped down from his lecturer’s chair to show his students the finest details of anatomy in human cadavers. Once, as he described how to bleed a patient, he made a quick sketch of the veins, after which his students begged him to make sketches of the arteries and nerves as well. Vesalius created a series of giant charts far better than any of the crude diagrams that had been available before. His fame spread as the pirated copies multiplied across Europe. The judge of Padua’s criminal court started sending him a steady stream of cadavers from the gallows.

Vesalius began to suspect that there was something systematically wrong with Galen’s work. It dawned on him that for all Galen’s references to human anatomy, the old Greek doctor had never actually dissected a human corpse. Galen’s womb belonged to a dog, his kidneys to a pig, his brain to a cow or a goat. All told, Vesalius found two hundred pieces of animal anatomy in Galen’s human being.

Vesalius revealed his discovery to throngs of medical students, rigging up skeletons of humans and of Barbary macaques side by side. Peeling away the skin of human cadavers, he exposed more details that didn’t fit Galen’s claims. When he pointed out that some of the veins Galen claimed to be in the rib cage were not there, the professors in his audience interrupted him. They protested that Galen said the veins did exist. “Show them to me,” Vesalius replied. The professors did not answer, seeing no reason why they should. Galen’s authority was superior to Vesalius’s eyes and their own.

Vesalius decided that he had to redo Galen’s work completely, basing it on humans rather than animals. He worked with the finest block cutters in Venice and with draftsmen from Titian’s workshop. The blocks were taken over the Alps to Switzerland, where they were assembled into a book entitled De humani corporis fabrica libri septem (Seven Books on the Structure of the Human Body). It was a magnificent atlas of his new anatomy, filled with men and women standing stripped of their skin and skeletons leaning lazily against columns in a rolling Italian countryside.

His book made Vesalius the most famous physician in Europe. But as revolutionary as it was, it had its flaws, many of which lay in his pictures of the brain. Vesalius dissected the brain not by removing it intact from the skull but by sawing slices off the top of the head, exposing fresh surfaces one after another. The farther down he went, the more mangled and decayed the brain became. And yet despite his blurry view of the brain, he managed some startling conclusions. He looked for the three spherical ventricles of the church’s official anatomy and found a strange maze of horns and recesses. He searched for the miraculous net that supposedly transformed vital spirits of the blood into the animal spirits, and found none in humans. (Galen had seen them in an ox.) Vesalius wondered whether animal spirits actually flowed through the ventricles at all. Perhaps the flesh of the brain was a better place to look for powers of the soul. But he pushed this notion no further, partly out of fear.

Lest I come into collision here with some scandalmonger or censor of heresy, I shall wholly abstain from consideration of the divisions of the soul and their locations, since today . . . you will find a great many censors of our very holy and true religion. If they hear someone murmur something about the opinions of Plato, Aristotle or his interpreters, or of Galen regarding the soul, even in anatomy, where these matters especially ought to be examined, they immediately judge him to be suspect in his faith and somewhat doubtful about the soul’s immortality. They do not understand that this is a necessity for physicians if they desire to engage properly in their art.



In 1600 Western ideas about the soul were still guided by Galen, no matter what a few people like Vesalius thought in private. The souls of heart and liver still governed the emotions, desires, and appetites. The rational soul’s faculties still swirled mysteriously in the void of the ventricles. The four humors governed not just physical health but the temperament as well. People born with an abundance of phlegm were indolent and dull. Blood made people bold, merry, oversexed, lucky, and gullible. Yellow bile made men hasty, envious, cruel, and unlucky. And black bile—also known as melancholy—produced not only sadness but thoughtfulness and detachment from ordinary life. If a patient built up too much of any humor it threatened not only to make him sick but to alter his personality. Too much black bile could turn harmless melancholy to delirium or violent insanity.

The four humors made the mind comprehensible even in madness. They linked each person to the four elements that made up everything on Earth, to the stars, and to the spirit world (even if that world included demons that could possess people and make them flail and rave). To cure madness, a healer had to restore patients to this divinely ordained balance of life.

One of the best surviving examples of this blend of medicine and religion comes from the casebooks of Richard Napier, who worked as both a minister and physician in Buckinghamshire in the early 1600s. Over forty years, Napier amassed sixty volumes of medical notes, documenting over sixty thousand cases ranging from plague to pimples. Among the patients who came to him were people who trembled, swooned, or thought they had rats gnawing their stomach or mice running inside their head. Napier (who himself was “much afflicted with mopish melancholy”) diagnosed their madness by drawing their horoscope to determine how the stars and planets affected their humors. He believed the Devil possessed some of his patients, making them hallucinate or try to kill their family. (Sometimes the possessions were mild. One Edward Cleaver complained that when he finished thanking the Lord for his supper, “an ill motion came through his mind, saying ‘Kiss my arse.’ ”) In some cases Napier conjured the archangel Raphael to reveal whether his patients were bewitched.

With Galen’s guidance, Napier bled his patients with leeches, fed them laxatives made of aloe and hellebore, and gave them tobacco to make them vomit. He used horoscopes to determine when his patients should take his drugs and gave them amulets stamped with planetary signs to wear around their neck. In the process of treating his patients, Napier drew out their stories, comforted them with religious sermons, and prayed with them for a cure. People came to his village from hundreds of miles away to be healed—a sign of just how widespread his conception of the mind was.

But the truce between Greek and Christian thought that shaped Napier’s medicine was about to come to an end. Throughout the 1500s, scholars had been translating many ancient works from the original Greek for the first time. Old friends no longer seemed so trustworthy. Even Plato, who had given the church some of its earliest doctrines, wound up on its list of prohibited books. A new generation of philosophers inspired by Plato declared that the human soul could be influenced by the soul of the world, itself a living thing. Just as the human soul had spirits to carry out its will, the world-soul used spirits of its own, which it channeled through the planet to steer events on Earth. The planets influenced the human soul through a cosmic sympathy, just as a plucked lute string could make another string vibrate. Plato’s followers began trying to harness the power of the stars with songs and other rituals, a practice they called natural magic. To conservative theologians, all of this smacked of pagan nature-worshiping that denied the power of God.

Even Aristotle could now inspire dangerous ideas. At the University of Padua in the early 1500s, the philosopher Pietro Pomponazzi claimed that Aristotle did not actually believe that individuals had immortal souls. He argued that if the soul was the form of the body, it could exist only within the body and must die with it as well. He found this consoling, not terrifying, and wrote that a man who knows his soul is mortal “will always be prepared to die. Nor will he fear death, since fear of the inevitable is vain; and he will see nothing evil in death.”

Rome condemned Pomponazzi and warned philosophers against questioning the immortality of the soul. The Vatican made it official dogma, demanding that philosophers demonstrate the soul’s immortality through natural reason. The result was a flood of attacks on Pomponazzi and the beginning of an intellectual struggle that would last for over a century. Along the way, philosophers would discover even more troublesome questions about the soul. They would find some of the most troublesome ones in an unexpected place: in the heavens themselves.
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FACIAL NERVES, FROM THE ANATOMY OF THE BRAIN AND NERVES.





World Without Soul

Fifteen forty-three was a watershed year for two kinds of anatomy. In the year in which Vesalius published his Fabrica and overturned the understanding of human anatomy, the Polish churchman Nicolaus Copernicus published a book that altered the anatomy of the world. The Earth was not the heart of the cosmos, Copernicus said, but just another planet revolving around the sun. Copernicus’s impact would travel far beyond astronomy in the decades that followed. It would even help prepare the way for a new conception of the brain and the soul.

Both Vesalius and Copernicus were driven by dissatisfaction. Vesalius was dissatisfied with Galen, while Copernicus’s dissatisfaction lay in Aristotle’s picture of the cosmos. According to Aristotle, the Earth was at its center, surrounded by a set of rotating spheres that contained the planets and the sun, surrounded in turn by the orbs of the stars. Aristotle knew very well that planets do not move through the sky in perfect circles, and to account for their wandering paths, he installed fifty-five planetary spheres in the cosmos that together could produce their apparent movements. Yet Aristotle did not show that these spheres existed by making predictions about where the planets would go. Mathematics was the sort of minor detail he couldn’t be bothered with.

The Greek astronomers who came after Aristotle were less interested in the physical nature of the cosmos than in making predictions for horoscopes and calendars, using whatever mathematical tricks they needed without pondering what those tricks might imply about the workings of the world. The most influential of these astronomers, Claudius Ptolemy, reworked the circular paths of the planets. He added epicycles to their paths that let him make better predictions; by nudging the Earth slightly away from the center of the cosmos, he could get better predictions still.

European scholars found themselves in a quandary when they discovered Ptolemy in the twelfth century. While his astronomy worked brilliantly, it didn’t mesh with Aristotle’s philosophy, which had become church doctrine. A debate dragged on for two centuries about how to reconcile the two. The church didn’t persecute the astronomers for contradicting official dogma, however, because the astronomers never claimed that they were creating anything more than a mathematical description. They were not questioning the ultimate physical causes.

When Copernicus began studying astronomy in the early 1500s, it seemed to him that Ptolemy’s model of the cosmos had grown into an irredeemably ugly hodge-podge. Like any good scholar of his age, Copernicus did not set out to think of a new system of his own but looked for an alternative explanation among the Greeks and Romans. He discovered that some ancient philosophers had argued that the Earth in fact moved. Given an excuse to rethink the cosmos, Copernicus concluded that the Earth was moved along with all the other planets in circles around the sun. He found that he could predict the positions of the planets just as well as Ptolemy and do it with a far more elegant model. The cosmos had been like a hideous monster, he claimed, but now its body was perfect.

For years after Copernicus’s death the church took little notice of his new anatomy of the sun and planets. It was just another mathematical procedure that did not rise to the level of natural philosophy. Aristotle had explained why the stars and planets revolved around the Earth; Copernicus had no new physics to prove otherwise.

Toward the end of the sixteenth century, the Italian mathematician Galileo Galilei began to uncover that new physics. In Padua, the city where Vesalius had challenged Galen, he dared to challenge Aristotle with mere mathematics and measurements. If Earth really did strive to reach the center of the cosmos, as Aristotle claimed, the larger the object the faster it should fall, because it had a greater urge to reach its natural place. Galileo demonstrated that this was not true, that heavy and light weights both fall at the same rate. Galileo’s new physics governed not only the Earth but the heavens as well. He pictured a ball rolling on a perfectly flat table on Earth, traveling forever; extend the table around the world, and the ball would move in a circle. Perhaps the planets had a circular inertia as well that made them revolve around the sun without end.

When Galileo wasn’t performing experiments, he was searching for any observation he could use in his fight against Aristotle. In 1604, he was delighted to see a new star flare up in the constellation Sagittarius. The supposedly unchanging heavens had been dappled. Four years later, Galileo built himself a telescope and discovered that the moon was pocked with craters and encrusted with mountains, that shadows on the face of Venus moved just as Copernicus had predicted, that a private kingdom of moons orbited Jupiter, and that the Milky Way was made of millions of stars. Copernicus had found not a convenient mathematical shortcut, Galileo recognized, but the physical reality of the world—a reality in which the Earth was not the center of the cosmos, and in which the heavens were not a realm of perfection.

The new world Galileo was revealing was both confusing and frightening. In his 1621 poem “The Anatomy of the World,” John Donne fretted that “new Philosophy calls all in doubt,” declaring of the world, “ ’Tis all in peeces, all coherence gone.” The Catholic Church did not want to see all coherence gone, putting Copernicus on its index of banned books in 1616. In 1624 a thousand people crammed into a lecture hall in Paris to hear three men offer forty propositions contradicting Aristotle, but before they could speak, the religious authorities forced the audience out of the hall and sent the speakers into exile. To teach a doctrine that defied the ancients could mean a death sentence.

A few monks and priests thought the church should take another path. It had to part ways with Aristotle. They saw no room in his philosophy for Christian miracles, a hierarchy of demons and angels, a first Adam, a genesis of the universe, or even for an immortal soul. God’s providence was irrelevant in Aristotle’s world made of self-transforming matter. If the church clung to him, it would be helpless to fight the new heresies seething in European cities in the early 1600s, from mystical nature-worshiping sects to skeptics who believed that nothing could be known for sure.

The headquarters of this assault on Aristotle was the cell of a Parisian monk named Marin Mersenne. Mersenne decided that the only way for the church to survive was to take the soul out of nature. God could rule only over a universe made up of soulless, passive matter that obeyed the laws that He devised or that was directly controlled by Him. The world, in other words, had to become a machine. Mersenne admired Galileo for using mathematics to discover the world’s mechanical harmony, and he used the same methods himself to drive the magic out of music. A plucked lute string did not make another string vibrate thanks to a sympathy between their souls but thanks only to the vibrations of the intervening air. Mersenne kept abreast of developments in astronomy, medicine, mathematics, and every other branch of science, writing thousands of letters to correspondents as far away as Syria, Tunisia, and Constantinople. At home, he arranged debates in his cell, where some of the best minds in Europe revived all sorts of old heresies and reconciled them with Christianity.

One of his associates, a priest named Pierre Gassendi, embraced atoms, arguing that everyday experience confirmed that they existed—even in paving stones, as they are worn invisibly away by hooves and feet. He saw the universe as composed of indivisible, indestructible, invisible particles wandering through a void. Each kind of atom had an intrinsic size, shape, and weight that allowed them to form associations Gassendi called molecules, which took on new properties of their own. Gassendi claimed that salt could dissolve into water because its molecules were cube-shaped, as were the spaces between water molecules.

Gassendi believed that the idea of atoms, far from being heresy, was in perfect harmony with Christianity. God created atoms at the dawn of time, giving them the qualities that launched them on a course that would play out His providential design, “all this to the degree that he foresaw what would be necessary for every purpose he had destined them for,” he said. He even believed that Christianity could allow for a soul made of atoms. According to Gassendi, humans and animals alike have a soul that burns within the body and that is carried in the semen from one generation to the next, igniting a new soul constituted out of the atoms of the embryo. This sensitive soul, as Gassendi named it, encompassed the brain and the nerves. The nerves received sensations and impressed them on the brain, like writing on a blank slate. Although it was made of mere matter, it could think. In our ability to perceive objects, to reason and make judgments, we are no different from animals.

But Gassendi also firmly believed that no arrangement of atoms could reflect on itself or perceive something beyond the images supplied by the senses. And since human beings can clearly see beyond the concrete and into the abstract, so they must have another soul. This rational soul was immaterial, but not completely free of matter, at least in this life. According to Gassendi, it was lodged within the brain, where it depended on the sensitive soul to bring it images of the outside world.

Gassendi believed he had found a natural philosophy that did proper justice to the Christian soul. Since the rational soul was not made of atoms, it could not be subject to the decay and death of all things made of atoms. It was immortal, liberated from the physical laws that enslaved atoms, and shielded inside the brain from the swarming sea of particles outside the body. Buffered by the sensitive soul, it did not instantly respond to pleasure or pain as an animal’s might but could move instead in a straight line toward God. Just as He had put the atoms of the universe in motion to carry out His will, God had designed rational souls to move toward Him.



In 1625 Mersenne welcomed a young dandy to his circle. René Descartes liked to walk through Paris dressed in taffeta, with a plumed hat on his head and a sword at his side. He gambled, danced, and fenced. But Mersenne could see that he was also a gravely serious, fiercely ambitious philosopher. Descartes was on a divine mission to transform all natural philosophy into a completely new science.

As a boy he had not seemed cut out for such stuff. He was small and sickly, with a dry cough that lingered until he was twenty. “All the doctors who saw me up to that time condemned me to die young,” he later wrote. He was so delicate that when he was sent off to Jesuit school at age ten, his teachers let him lie in bed till late in the morning. He would spend that solitary time deep in thought, contemplating the philosophy the Jesuits were teaching him. They instructed him in Aristotle and Aquinas, of course, but they also wanted to prepare their students for the seventeenth century in all its uncertainty. Nearly a century had passed since Martin Luther had nailed his theses on the door of the cathedral church in Wittenberg, marking the birth of Protestantism. By 1600 much of northern Europe had converted. In France the Catholic Church responded with an Inquisition to root out heretics and a Counter-Reformation of its own. Descartes’s teachers introduced him to the Catholic faith not simply as a series of rituals, but as a drama to be played out in his internal life.

Descartes’s internal life was dominated by a deep-running Catholic faith and a nagging doubt about everything else. Only mathematics gave him the deductive sense of certainty he craved. For a time he studied law, but had no real appetite for it. He wanted to discover knowledge in experience itself rather than in books, and so, at age twenty-two, he became a soldier.

Traveling to the Dutch city of Breda, he joined the army of Prince Maurice in his battles against Spain. He arrived during a long lull in the fighting, but he was not bored. The army he had joined was a scientific one, full of telescope-makers and fortress-building geometers, and soon he became fast friends with a soldier-scientist named Isaac Beeckman. Under Beeckman’s guidance, Descartes began a spectacular career as a mathematician. He found new, elegant solutions to problems that had vexed mathematicians since the ancient Greeks had first posed them. He figured out how to translate curves and lines into equations and then back again. With Beeckman’s help, he also studied the strange new natural philosophy Galileo was building. Descartes admired how Galileo was using mathematics to understand the world, but he wanted to bring order to the entire undertaking. He set out to discover the fundamental rules for the search for knowledge.

After a year without seeing a battle, Descartes left Breda and Beeckman to find another war to fight. He traveled to Bavaria to serve under Duke Maximilian in his fight against Protestants, but when he arrived that war had turned to negotiations as well. To pass the time, Descartes settled into a rented room in the city of Ulm. He hardly left it for weeks as he contemplated the nature of knowledge, until his nerves finally began to fray.

One night he lay in bed, his eyes shut but fluttering. He felt a crippling fear, and the right side of his body became weak. He turned to his left side and dragged himself forward. He tried to straighten his body but found himself spinning on his left foot instead. Before him stood a church. He walked through its open gate into a courtyard, in the hopes of finding a refuge and a place to pray. But a wind rose and threw him against the church wall. A stranger appeared before him. He told Descartes to search for a Monsieur N. Monsieur N. would give him a melon from another country.

Descartes opened his eyes. For the next two hours he lay in bed, praying, at a loss for the meaning of the dream he had just had, until he fell asleep again. He heard a terrifying noise and he opened his eyes a second time. Sparks danced through the room. As he blinked a few times, Descartes drifted back to sleep and fell into a final dream. On the table of his room was a book filled with verse. A man appeared and asked him to find a poem; before Descartes could find it, both the man and the book had vanished.

In later years Descartes would look back on that night as the turning point of his life, a moment when he was given a vision of the purpose of his existence. For days afterward he tried to work out the meaning of the dreams. They were signs of God, he was sure. The melon must represent the solitude he had enjoyed since he had left France. The wind and the pain in his side were connected to an evil genius who was trying to force him into a place he wanted to go on his own. The terror of the second dream was his remorse over the sins he might have committed, and the thunder was a sign of the spirit of truth descending to him. The final dream showed his future: to search the book of life for certainty.

Out of this crisis Descartes emerged with his “doctrine of clear and distinct ideas.” The way to uncover the truth, he decided, began with accepting nothing as true. He would tackle every scientific problem by dividing it into parts, solving the simplest parts first. In working through a problem, he would leave nothing out. Mathematics lent itself most easily to his method, but Descartes was convinced that his method would ultimately let him understand all of nature.

When Descartes returned to Paris in 1625, he slipped comfortably into Mersenne’s circle. He shared their dream of interpreting nature through the motion of particles, replacing nature’s souls with machines, and finding a certainty on which the Catholic Church could rest its faith.

He began his search for certainty not in the heavens or the Bible but in the nervous system. He followed perceptions from the external world into the mind, asking how we can be sure that what we are sensing is real. This was a new question. Before 1600, it would not have made sense. Aristotle believed that when he looked at a green mountain, its form traveled through the air and imposed itself on his eye. If conditions were good, Aristotle’s eye saw the mountain accurately, because it actually contained the mountain’s form. The form was then expressed in his soul, allowing him to experience the mountain’s shape and its greenness. Galen gave Aristotle’s argument a medical authority, claiming that the form struck the eye’s jelly, which he thought was the soft tip of the optic nerve.

No one seriously challenged this account for 1500 years, until the close of the sixteenth century. The astronomer Johannes Kepler decided to study the eye in the same way as he would study a glass lens—as an optical instrument subject to the laws of physics. He scraped away the back of an ox eye and found that miniature images were projected on its inner wall. Those images were not the forms of objects but inverted pictures created as refracted rays of light traveled through the eye. Kepler found that each point of the object was perfectly transformed into a corresponding point in the image. From the retina, he argued, this inverted image traveled to the brain. How it was flipped right side up in the brain, however, he dared not speculate.

Descartes followed in Kepler’s footsteps, but made an even more sophisticated break from Aristotle. Whereas Kepler had modeled the lens as a simple sphere, Descartes figured out how to study light as it was focused through the lens’s true shape. He proposed that the color of light was a product of the speed at which a ray struck the eye. Humans got an accurate perception of a green mountain—and the rest of the world—thanks not to Aristotle’s forms, but to the geometry of the human eye and the physics of light. Descartes came to believe that the very construction of our senses and nerves guaranteed his doctrine of clear and distinct ideas.

As he struggled to create his New Science, Descartes began to crave solitude, and in 1628 he returned to Holland. In his self-imposed exile, Descartes invented the x-y coordinates of the Cartesian graph, which turned space into a matrix of numbers. He dared to decode the rainbow, the sign of God’s covenant, as nothing more than the bouncing of light within raindrops. Descartes could even predict the correct position at which rainbows would appear in the sky. Their color was not part of their form, but simply the result of an interplay between light, matter, and the eye. Descartes lifted his physics from the air to the universe itself, driving the planets and the stars through swarming whirlpools of invisible particles.

If he could account for the universe with matter in motion, there was no reason he couldn’t do the same for the body. Descartes became a familiar sight at the butcher shops in Amsterdam, where he would buy freshly slaughtered animals. When visitors asked to see his library, he would take them into a room where he kept carcasses in various stages of dissection. “These are my books,” he would say.

For all his boasting, though, Descartes didn’t dispute Galen much at all. He even accepted the marvelous network at the base of the brain, despite the fact that Vesalius had shown that it didn’t exist in humans. Descartes’s brilliance lay elsewhere: he came up with an explanation of the workings of the body in the language he might use to describe a clock. He treated the body as an “earthen machine.” A body could live and move, he argued, without the help of life-giving souls. “We shall have no more occasion to think that our soul excites the movements—those which we do not experience to be presided over by our will—than we have to judge that there is a soul in a clock which causes it to show the hours,” he declared.








OEBPS/images/f0008-01.jpg





OEBPS/images/f0024-01.jpg





OEBPS/images/f0002-01.jpg





OEBPS/images/9781476799759.jpg
Soul Made
Flesh

The Discovery of the Brain—
and How It Changed the World

CARL ZIMMER

Vas

FREE PRESS

New York London Toronto Sydney





