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For Miriam, who found the first Arago in Paris




“The phenomenon develops calmly, but it is inevitable, unstoppable. One feels, one sees it born and grow steadily; and it is not in one’s power to either hasten it or slow it down. Any person, brought into the presence of this fact, stops for a few moments and remains pensive and silent; and then generally leaves, carrying with him forever a sharper, keener sense of our incessant motion through space.”


—Léon Foucault,
describing his pendulum
experiment, 1851





PREFACE
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The main events described in this book took place in the course of one year, 1851. They happened in Paris, or more precisely, at the intellectual center of the French capital. In fact, the locations of the three main events of this book form the three corners of a perfect imaginary triangle lying in the heart of the Left Bank of Paris. This triangle encompasses within it the elegant Luxembourg Garden, the Latin Quarter with its universities and cafés, and the fashionable district below the ancient church of Saint Germain des Prés—the areas of Paris that a few decades later would become the favorite haunts of writers and artists. But in the mid–1800s, scientific history was made here, and our understanding of the universe changed forever. The change was brought on by the work of one man, a lone Parisian genius who was neither a trained scientist nor educated at the famous universities that had made the French capital the leading center of ideas and learning. This is the story of Jean Bernard Léon Foucault (1819–1868); and of his pendulum, with which he showed us that the world turns, putting an end to centuries of persistent skepticism and conflict between science and faith.
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Paris and the three points of the triangle.





Foucault was much more than the inventor of the pendulum experiment. While not trained in science, he had an incomparable ability to understand nature, as well as a legendary dexterity. These skills allowed him to carry out the demanding pendulum experiment, to build new telescopes, invent regulators for stage lighting, improve photographic techniques, measure the speed of light in air and in water, and invent the gyroscope.


But despite his great achievements, recognition came slowly to Foucault. The scientific establishment did not want to accept him. He was not a member of the club, as it were, and the mathematicians thought he had no mathematical ability and hence could not possibly address the problems of physics in any meaningful way. And yet Foucault was able to go beyond designing and performing experiments: Without being a mathematician, he developed the mathematical law governing the rate at which his pendulum moved away from its original plane of oscillation as a function of the latitude at which it was located—a discovery that shocked and embarrassed the mathematicians. While French mathematicians and physicists refused to recognize his genius, foreign organizations credited Foucault’s achievements long before he was acknowledged for them in his native country. He was awarded Britain’s coveted Copley Medal in 1855, a decade before receiving comparable honors in France.


In France, it took a decree by an emperor, Napoléon III, to give Foucault the accolades he deserved. Napoléon also made Foucault the Physicist Attached to the Imperial Observatory in Paris, forcing the exclusive Parisian science establishment to accept the man and his achievements. Napoléon III ensured that Foucault’s discoveries and inventions be remembered, by commissioning a publication of his life’s work. This is the story of the unusual partnership between emperor and unappreciated genius, the story of a pendulum that taught us that the world turns, and a tale of the triumph of science over ignorance.
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A STUNNING DISCOVERY IN THE CELLAR


From his journal, we know that he made the discovery at exactly two o’clock in the morning on January 6, 1851. He was down in the cellar of the house he shared with his mother, located at the corner of the rue de Vaugirard and rue d’Assas—in the heart of the intellectual Left Bank of Paris and within the immediate area in which Gertrude Stein and Picasso would live during the next century. He had been working feverishly in the cellar for weeks, but no one walking on the fashionable street above could suspect that down below an experiment was being prepared—one that would forever change the way we view the world.


• • •


Jean Bernard Léon Foucault (Léon Foucault to all who knew him) was thirty-two years old. He was not a trained scientist, but he already had a few scientific achievements to his credit, including a clever experiment to measure the speed of light. And he could claim credit for some inventions as well, including a design for light in microscopy and a way of regulating theatrical lighting. But during the last few months of 1850 and into 1851, Léon Foucault had been concentrating all his efforts on a different kind of problem. He was attempting to solve the most persistent scientific problem of all time: one that had plagued Copernicus, Kepler, Descartes, Galileo, and Newton in the sixteenth to the eighteenth centuries, and that—surprisingly—remained unresolved as late as Foucault’s own time.


He had prepared his experiment carefully, perfecting it during long hours of concentrated work in his cellar over a period of months. Foucault’s remaining problems with the experiment were technical ones, and he was an expert at doing precision work with his hands. He worked with wires, metal cutters, measuring devices, and weights. He finally secured one end of a 2-meter long steel wire to the ceiling of the cellar in a way that allowed it to rotate freely without resulting torque. At the other end of the wire, he attached a 5-kilogram bob made of brass. Foucault had thus created a free-swinging pendulum, suspended from the ceiling.


Once the pendulum was set in motion, the plane in which it oscillated back and forth could change in any direction. Designing a mechanism that would secure this property was the hardest part of his preparations. And the pendulum had to be perfectly symmetric: Any imperfection in its shape or distribution of weight could skew the results of the experiment, denying Foucault the proof he desired. Finally, the pendulum’s swing had to be initiated in such a way that it would not favor any particular direction because a hand pushed it slightly in one direction or another. The initial conditions of the pendulum’s motion had to be perfectly controlled.


Since such a pendulum had never been made before, the process of building it also required much trial and error, and Foucault had been experimenting with the mechanism for a month. Finally, he got it right. His pendulum could swing in any direction without hindrance.


On January 3, 1851, Foucault’s apparatus was ready, and he set the device in motion. He held his breath as the pendulum began to swing. Suddenly the wire snapped, and the bob fell heavily to the ground. Three days later, he was ready to try again. He carefully set the pendulum in motion and waited. The bob swung slowly in front of his eyes, and Foucault attentively followed every oscillation.


Finally, he saw it. He detected the slight but clearly perceptible change he was looking for in the plane of the swing of the pendulum. The pendulum’s plane of oscillation had moved away from its initial position, as if a magic hand had intervened and pushed it slowly but steadily away from him. Foucault knew he had just observed the impossible. The mathematicians—and among them France’s greatest names: Laplace, Cauchy, and Poisson—had all said that such motion could not occur or, if it did, could never be detected. Yet he, not a mathematician and not a trained physicist, somehow always knew that the mysterious force would be there. And now, he finally found it. He saw a clear shift in the plane of the swing of the pendulum. Léon Foucault had just seen the Earth turn.
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ANCIENT LOGIC: BIBLE AND INQUISITION


Foucault knew the importance of his discovery. His clear and simple proof of the rotation of the Earth would have far-reaching implications for society, culture, and the relationship between religion and science. He was well aware of the long and agonized history of the problem he was addressing with a pendulum swinging in the cold, damp cellar that January night in 1851.


• • •


Two and a half centuries earlier, on February 19, 1600, the Inquisition brought the Italian monk and teacher Giordano Bruno (1548–1600) in chains to Campo dei Fiori, in the center of Rome, tied him to an iron stake, and burned him alive. One of Bruno’s crimes was his belief that the Earth rotated.


A third of a century later, Galileo was put on trial in Rome by the same Inquisition. Threatened with torture, humiliated, forced to kneel before his prosecutors, the great scientist who had discovered the moons of Jupiter, sighted the rings of Saturn, and explained to us much about the physical world was made to recant his belief that the Earth turned. Only this move would save him from a painful death—the fate of Giordano Bruno—and allow his sentence to be commuted to house arrest for the remainder of his life. But the ordeal broke his spirit and damaged his health, and he died a few years later.


The Inquisition’s reign of terror continued through the centuries, with the burning of books whose content deviated from strict Church dogma, the listing of banned books, and the prosecution of anyone who promulgated views that differed from those the Church believed were in agreement with scripture.


Just what were these views? They were inspired by biblical passages. In the Book of Joshua we read:


Then spake Joshua to the Lord in the day when the Lord delivered up the Amorites before the children of Israel, and he said in the sight of Israel, Sun, stand thou still upon Gibeon; and thou, Moon, in the valley of Ajalon. And the Sun stood still, and the Moon stayed, until the people had avenged themselves upon their enemies. Is not this written in the book of Jashar? So the Sun stood still in the midst of heaven, and hasted not to go down about a whole day.1


And the Book of Isaiah contains the passage:


And this shall be a sign unto thee from the Lord, that the Lord will do this thing that he hath spoken. Behold, I will bring again the shadow of the degrees, which is gone down in the sundial of Ahaz, ten degrees backward. So the Sun turned ten degrees, by which degrees it was gone down.2


Ecclesiastes includes the well-known sentence: “The Sun also ariseth, and the Sun goeth down, and hasteth to his place where he ariseth again.”3


The Roman Catholic Church held that the Copernican view that the Earth turns—rather than the Sun—was clearly at odds with these biblical references. The Church, through the Inquisition, was determined to stamp out any contentions that the Earth turned, labeling such views as heretical. And the consequences of professing such beliefs were clear to anyone living in the lands in which the Church exerted its influence.


• • •


The question of whether the Sun and Moon orbit a stationary Earth or whether the Earth rotates and orbits the Sun has its origins long before the time of the Inquisition. And while the Hebrew Bible contains simple descriptions of risings and settings of the Sun and the Moon, this doesn’t mean that peoples of antiquity uniformly believed in a stationary Earth. Some Greek philosophers indeed held that the Earth stood motionless under rotating heavens, but others believed that the world turns and that its rotation on its axis gives us the illusion of the risings and settings of stars, Sun, and Moon.


Plato and Aristotle (fourth century, B.C.) clung firmly to the belief that the Earth is immobile and that the firmament with its stars and planets, as well as Sun and Moon, rotates around the Earth. Aristotle’s philosophy gained support in medieval and later times, and the Church adopted it for its use.


Another fourth-century, B.C., Greek philosopher, Philolaus of Crotona, professed the opposite view. Philolaus was a member of the Pythagorean school, established in Crotona, in southern Italy, in the previous century by Pythagoras. In his Treatise of the Sky, written sometime in the middle of the fourth century, Philolaus wrote: “Of an opposite opinion are the representatives of the Italian School called the Pythagoreans. For them, it is the fire that occupies the center; the Earth is only one of the moving stars, and its circular motion about its own center produces the day and the night. They also construct another Earth, opposite of ours, which they call the anti-Earth.”4


While there was a complication in this ancient view of the universe—the existence of an anti-Earth—the theory seems surprisingly accurate: The Sun is in the center of the solar system; the Earth and the other planets orbit the Sun; and the Earth rotates about its axis, producing the day and the night. Two other fourth-century Greek thinkers, Heraclides and Nicetas, also believed in a rotating Earth, as did Aristarchus of Samos, who lived a century later. These philosophers realized that the simplest way to explain the apparent movements of the stars, planets, Sun, and Moon was to assume that the Earth itself moved. Since they believed that the simplest theory to explain nature was probably the right one, these ancient scholars embraced the heliocentric view of the universe, in which the Earth is one of the planets, rotating about its axis and orbiting the Sun.


The heliocentric theory is simpler for several reasons. Look at the night sky for several hours, and you will notice that all the stars move uniformly from east to west. There are two ways to explain this. First, the stars—somehow—all have exactly the same speed as they travel through the night sky overhead. The speeds must all be the same, or else the relative shapes of the constellations would change as one star overtook another, and we know that this never happens (at least not over a single night of observation). The other possibility is that we, the observers, together with our Earth, rotate in space in the opposite direction to that of the apparent motion of the stars. The situation is similar to that of a person looking out the passenger window of a moving car: Do the trees all move away from the car at exactly the same speed, or is it the passenger in the car who is moving away from all the stationary trees?


Clearly, the hypothesis that the Earth rotates is much simpler than the hypothesis that the Earth is stationary and the stars all move away at a uniform rate. Another reason why the moving-Earth theory is simpler has to do with retrograde motion of planets. This backward-movement of a planet is detected sometimes when the position of a planet is measured over several nights of observation. The phenomenon occurs when Earth “overtakes” a planet in their common race around the Sun (as seen from our vantage point on Earth). The simpler way to explain this curious effect is to assume that Earth rotates around its axis and orbits the Sun, and that so does the planet in question. A comparison of the two orbits can then reveal when the planet should appear to an observer on Earth to move away from its expected course in the sky over a period of time. To explain retrograde motion in another way, one that maintains a stationary Earth, is difficult.


So already in antiquity, keen observers of the sky, mathematicians and philosophers, developed a system for the solar system that was correct in its essence and had the Earth rotating about its axis and orbiting the Sun.


Unfortunately, history would drown these ancient voices of truth because others would argue more forcefully for a complicated, rather than simple, theory of the universe—one that could explain all the astronomical observations while still maintaining the special role that people seemed to want the Earth to enjoy, that of center of all Creation.


It thus happened that Aristotle’s theory that the Earth was the stationary center of the universe found an unlikely proponent half a millennium later, in Alexandria, Egypt, in the person of the greatest astronomer of the ancient world: Claudius Ptolemy (second century, A.D.).


Ptolemy gathered all the knowledge of astronomy available by his time and published it in a book called the Almagest. The title was a Latin adaptation of an earlier, Arabic name of the work (itself derived from the original Greek) meaning “The Greatest.” The book consisted of thirteen volumes and included a compilation of centuries of astronomical observations, as well as discussions of trigonometry used in astronomical analysis. It also included Ptolemy’s model of the universe.


This gifted Alexandrian astronomer constructed an ingenious theory of the world, the stars, the planets, the Sun, and the Moon. In Ptolemy’s model all the motions of the stars and planets were explained by a complicated series of circles, and circles-within-circles. Some of these circles were epicycles. An epicycle is a circle whose center lies on the circumference of a larger circle. As the larger circle moves around its center, so does the smaller circle. Thus a point on the circumference of the smaller circle exhibits the complex motion that results from moving about a center that, itself, rotates about another center. This compound movement described well the retrograde motion of planets. The model had a circle describing the celestial sphere containing all the stars, as well as circles and epicycles for the planets and the Moon, and a circle for the Sun. At the center of the entire model was a stationary Earth. Ptolemy’s mathematical genius thus allowed people to maintain the belief in a geocentric universe, while explaining all the apparent motions of the heavenly bodies. No wonder his model survived (although challenged) to Foucault’s time—seventeen centuries.
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How the use of an epicycle explains retrograde motion of a planet.





The Church taught the ideas of Aristotle about the perfection of nature, justifying them by using Ptolemy’s model of the universe, which agreed with the Church’s own interpretation of the statements in the Bible. The Church used the Ptolemaic theory to attack the opposing Copernican view of the universe, which emerged in the sixteenth and seventeenth centuries.


• • •


Nicholas Copernicus (1473–1543) was born on February 19, 1473, in Torunń, Poland, to a wealthy family of merchants. (While universally known by the Latin form of his name, the boy was born Mikolaj Kopernik.) Copernicus studied mathematics and astronomy for four years at the University of Krakow, which was an important center for both disciplines, boasting two chaired professorships in astronomy.


He later moved to Italy and began the study of canon and civil law at the University of Bologna—one of the oldest universities in the world. But his love of astronomy was rekindled when he made the acquaintance of a professor of astronomy at Bologna, Domenico Maria Novara, from whom he rented a room. Copernicus began to work with Professor Novara, helping him record observations of the sky. On March 9, 1497, the two witnessed an occultation of the star Aldebaran by the Moon. (An occultation takes place when one celestial body hides another. Here, the Moon, which was close to Aldebaran, slowly moved to cover the bright star, a rare occurrence.) This astronomical event impressed the student, and he later mentioned it in his writings as one of the experiences that motivated his nascent theory. He also took sightings of the Sun, using a new instrument he invented, which allowed him to reflect an image of the Sun on a wall. But most of the knowledge Copernicus gathered about astronomy came from reading books. And one of the books he read most carefully was Ptolemy’s Almagest. Copernicus admired Ptolemy’s genius as evidenced by the writings of the ancient astronomer.


But Copernicus’s careful study of the book revealed some errors. Whenever Copernicus tried to use the model of the universe presented in the Almagest to predict astronomical events, he found that these predictions were off by hours or days. For example, the length of the year, as predicted by the Ptolemaic system, was not what he knew it should be. Copernicus soon realized that Ptolemy’s entire underlying model had to be wrong, and he set out to correct it. The result was Copernicus’s own book on astronomy, called De Revolutionibus Orbium Coelestium (“On the Revolutions of the Celestial Spheres”), in which he advocated the view that the Sun, not the Earth, was at the center of the solar system. In coming to his conclusions, Copernicus may have been influenced by the work of the ancients, since he mentioned Aristarchus of Samos in his writings. Copernicus placed the planets in their orbits around the Sun in what we know today is the correct order of increasing distance from the Sun: Mercury, Venus, Earth, Mars, Jupiter, and Saturn.


As soon as he devised his model, Copernicus found that it worked better than the old Ptolemaic system. Predictions of astronomical events were much more accurate than those produced by the old model. One example of the accuracy of the Copernican model was its prediction of the size of the Moon. In Ptolemy’s model, the Moon’s motion was explained by an epicycle; but the epicycle also implied a significant variation in the size of the Moon (because its distance from Earth changed much). In reality, and according to the theory of Copernicus, this variation is small.


Copernicus escaped the Inquisition—he died before the fury could be unleashed on him. De Revolutionibus was published the year he died, 1543. According to tradition, Copernicus received the first copy of his book on his deathbed, and died holding it in his hand.


• • •


Once the theory that the Sun was at the center of the solar system and the Earth rotated on its axis and orbited the Sun like the other planets was published and shown to be accurate, people began to pay attention. These people were the more educated and wealthy from among Europe’s populations—those who could read and afford to buy books. The printing press had been invented several decades earlier, and books became more freely available about the time of the appearance of De Revolutionibus. Scientists studied the Copernican theory and, despite objections from the Church, attempted to publish opinions and results in agreement with the new theory.


But, as earlier in history, there were steps backward. Tycho Brahe (1546–1601), an illustrious Danish astronomer who lost his nose in a duel and thereafter wore a nose made of gold, compiled a voluminous list of astronomical observations. His records were of unprecedented accuracy—ten times more precise than any observations made before his time. Brahe considered his astronomical data so important, that he kept his observations secret.


Brahe had built an observatory on an island given him for that purpose by the Danish king. When the royal successor was uninterested in supporting his projects, Brahe moved to Prague and established a new base of astronomical work there. On November 11, 1572, Brahe observed a rare astronomical event: a supernova—something we know today is the explosion of a dying star. (In our time, only one supernova in our galaxy has been seen, a 1987 explosion observed from Earth’s southern hemisphere.) A supernova appears like a new, bright star in the sky (hence “nova,” for new). This observation contradicted Aristotle’s belief in the immutability of the heavens. But Brahe was not prepared to confront the Inquisition, and in the model of the universe he derived using his exquisite set of observations, he still placed an immobile Earth in the center of the universe. In Brahe’s model of the solar system, the Sun and Moon circled the Earth, while the five known planets circled the Sun.


In his waning years, Brahe was forced to take on an assistant, a young German mathematical genius by the name of Johannes Kepler (1571–1630). At first, the suspicious Brahe refused to share his wealth of astronomical data with his new assistant, but these observations inevitably came into Kepler’s hands.


The use Kepler made of Brahe’s astronomical observations is considered one of the most amazing achievements in the history of science. Kepler analyzed Brahe’s data over a period of years, long after he had inherited his position as astronomer following Brahe’s death. When he was done, he had in front of him the natural law governing the movement of planets.


Kepler’s laws are still used today by NASA to determine the precise locations of planets to which spacecraft are to be sent; and astronomers have used Kepler’s laws to determine the orbits of planets outside our solar system, which in the 1990s started to be discovered.


Briefly, Kepler’s laws state that planets move in ellipses, and that the Sun (or another star, in the case of extra-solar planets) is at one of the foci of the ellipse. A planet sweeps in its orbit equal areas in equal time. Thus it is the area of the ellipse mapped out by the planet’s orbit that is preserved as constant in time, and not the distance traveled by the planet. This was a surprising and counterintuitive finding.


In the following century, Isaac Newton (1642–1727) would spend years to complete a proof that his own overarching law of universal gravitation implied Kepler’s laws as a special consequence. The fact that Kepler had derived these laws without the advantage of Newton’s (and Leibniz’s) calculus, developed in the next century for this kind of analysis, is a testament to his mathematical ability.


Kepler believed in the Copernican view of the universe, rather than in his mentor Brahe’s model. His work later served to update the Copernican system, since in Copernicus’s model—as well as in all previous models of our solar system—the orbits of the planets are circles, while Kepler showed them to be ellipses.5


Kepler’s brush with the authorities, however, was not due to his Copernican views. Rather, it was because his mother was accused of being a witch, which was not a rare charge against a woman in Europe in those days. But the scientist was able to testify on her behalf, and she was acquitted. Later, he turned his mathematical ability to the problem of estimating the volumes of wine casks. This was especially useful in 1612, a very good year for wine.


• • • 


The great problem faced by anyone who tried to argue for the Copernican system was that no one possessed a clear proof that the Earth rotated.


There were astronomical observations that could be interpreted as supporting the moving-Earth hypothesis, but—equally—one could use these same observations in other ways, as Ptolemy had done in antiquity and as Brahe had done at the end of the sixteenth century.


The Church had its own astronomers (and there is an active Vatican Observatory today), and some of them were very good. In the 1600s, the Church astronomers argued for those models of the universe that had a nonmoving Earth in the center of the system.


One of the Church astronomers was P. Christoph Scheiner (1573–1650). Scheiner used a telescope designed by Kepler, which he adapted for observing an image of the Sun reflected on a wooden board. When he studied the Sun in this way, he found sunspots. The Society of Jesus, of which Scheiner was a member, decided that his observations could not be valid. With Aristotle, the Church believed in the perfection of the Sun, and the sunspots jeopardized this belief. Scheiner thus faced opposition from his own peers and difficulties in disseminating his results. So Scheiner should have been somewhat favorably inclined toward another scientist who had also observed sunspots, the great Galileo Galilei (1564–1642).


But this was not to be. Galileo, who had a certain arrogance about his scientific and mathematical abilities, antagonized Scheiner by ridiculing his interpretation of sunspots. (Scheiner thought they were little satellites obstructing our view of the Sun.) Scheiner never forgot the insult and years later joined his detractors when Galileo was under attack by the Church for his support of the Copernican theory.


More than any other tragedy of the Inquisition, the story of Galileo underscores the lack of a convincing proof of the rotation of the Earth. In 1609, Galileo began to build telescopes, having heard that such an instrument had just been invented by the Dutch. He pointed his telescopes toward the sky and made discoveries of immense importance. On January 7, 1610, while observing Jupiter, Galileo noticed three little “stars,” arranged in a line around Jupiter: two to the left, and one to the right. The next day, he saw the three “stars” all to the right of Jupiter; and on January 10, he saw only two “stars,” both to the left of the planet. Galileo concluded that the “stars” were satellites, like our Moon, in orbit around Jupiter. Today we call them the Galilean satellites.


Galileo attached great importance to his discovery, since he believed it provided evidence that Earth was certainly not the center of everything in the universe. For here were three heavenly bodies (a fourth was seen shortly afterwards; and a dozen smaller ones have been discovered in modern times) in orbit around a center other than our Earth. Galileo, who had always been a staunch supporter of the Copernican theory, became much bolder in his statements in support of the heliocentric model. Thus he incurred the wrath of the Inquisition. Galileo had no definitive proof—other than astronomical observations—that the Earth itself rotated. And thus his insistence that Copernicus was right, his overconfident attacks on the Church, and his naïve belief that if he came to Rome to present his case to the Church he would prevail—all without incontrovertible proof of his claims—only hastened his downfall.


• • •


As he watched his majestic pendulum swinging back and forth that night in the cellar two centuries after Galileo’s death, Foucault could not have missed the irony, for it was Galileo himself who first studied the pendulum.


As a young man, Galileo once attended a service in the great Cathedral of Pisa. It was a windy day; the windows of the church were wide open, and the large chandelier overhead was swinging in the wind. Curious about the phenomenon of a swinging object, Galileo timed the movements of the chandelier against his pulse. He discovered that long and short swings all took about the same time to complete. This, Galileo’s first-discovered physical law, is known as the law of the isochronism of the pendulum.6


Had Galileo spent many more hours observing a pendulum swing in a controlled environment (and had he known what to look for and prepared the experiment accordingly), perhaps he might have noticed the slow drifting of the plane of oscillation of the pendulum—a proof that the Earth is rotating under the pendulum. This was the very phenomenon Foucault had just observed in his cellar.


And there is some evidence that the Church might well have accepted such evidence, ending 2,000 years of the Aristotelian-Ptolemaic doctrine. We know that on April 12, 1615, Cardinal Bellarmine, who had been involved in the Inquisitorial process against Giordano Bruno and who was to become instrumental in the prosecution of Galileo, wrote to Paolo Antonio Foscarini (1588?–1616) that if a proof could be given that the Earth rotated, the Church would change its view.7 As we will see, that would indeed happen in time. Had Galileo possessed such irrefutable proof—of the kind Foucault now had—he perhaps would have been saved from the terrible ordeal that ultimately cost him his life and profoundly affected the behavior of the scientists who followed him over the decades and centuries to come.


• • •


There is a bizarre footnote to this story. In an obscure paper of 1660 or 1661, cited in a manuscript of 1841 found at the library of the Grand Duke of Tuscany, Vincenzo Viviani (1622–1703), who was a student of Galileo, wrote cryptically: “We observe that all the pendulums hanging on one thread deviate from their initial vertical plane, and always in the same direction.” Viviani did not elaborate, and the work itself disappeared. It was rediscovered only after Foucault’s pendulum experiments became public in 1851.8
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FAILED EXPERIMENTS WITH FALLING BODIES


On a late spring day in 1638, passersby in the French countryside outside Paris witnessed a most unusual sight. A monk dressed in robes and a hood, and his assistant wearing a uniform with a cape and a bonnet, stood next to a cannon aimed straight up into the sky—in a perfectly vertical direction. The monk held a long staff, the end of which was aflame, and he touched the flame to the primer of the cannon. The cannon fired, sending a cannonball straight upward. The two men remained standing next to the cannon, looking up. But nothing happened next: not a minute later, not ten minutes later, not even an hour later. The cannonball had mysteriously disappeared into the sky and was never found again—fortunately for the two men, who remained standing bewildered next to their cannon. This event has been called “the most stupid experiment” ever associated with the name of Descartes.9




[image: image]


Marin Mersenne’s cannon experiment inspired by Descartes. (Bibliothèque nationale de France)





The monk who performed this bizarre test was Marin Mersenne (1588–1648), a close friend and confidant of the French mathematician, physicist, and philosopher René Descartes (1596–1650). The monk’s assistant was the engineer Pierre Petit, who was the superintendent of fortifications at the military base from which the two men borrowed the cannon.


Descartes had suggested an experiment with a cannon because he was desperate for proof of the rotation of the Earth. Descartes was a staunch supporter of the Copernican view of the universe, and he had hoped that a cannonball might fall down to Earth in a way that could prove that the Earth rotated. He never expected that the cannonball would simply disappear—but the experiment itself was the result of a sequence of misunderstandings.


Since cannons first began to be used in warfare, artillery officers had noticed a consistent deviation of cannonballs away from their targets. In particular, a cannonball fired northward from a cannon located anywhere in the northern hemisphere will deviate east of the location at which it is expected to fall. The reason for this variance is the Coriolis effect (discussed in Chapter 9), which also explains why water generally drains in a counterclockwise rotation in the northern hemisphere and clockwise south of the equator.
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