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“No mathematician is believed to be worth anything unless they have first been in trouble with the police.”


—JUVENAL,


Satire VI (ca. 100)





Introducing the Stars



In Europe, all throughout the sixteenth century, that dreadful era of civil strife and bloody rebellion, there lived four men who loved to watch the sky. Though they differed in nation, age, religion, and class, they were all united by a single discovery, a wondrous discovery, a truly unbelievable discovery that became the herald of every other social change within their violent, paranoid era. This discovery pushed the spirits of all four men together with such force that, even when separated by the chasms of time and space, they became, to one another, “fathers,” “brothers,” and “sons.” When they made contact, in books, letters, or person, it was with all the possible intimacy of long-lost relatives. They offered one another the same much-needed community they learned from their siblings, parents, children, and wives. Like most families, there was much love between them, but also much error. Like all families, their drama was too immense for a single life to contain.


In the following pages, I tell the story of this drama, from its genesis as a passing daydream in the head of a little Polish boy all the way up to the grand world stage, in the trial of the century, awaiting judgment before the greatest political power of its day. The characters of this drama are now so famous they may each be introduced with only one name: Copernicus, Tycho, Kepler, and Galileo discovered the modern Earth, a moving Earth, and in so doing, discovered the uneasy conditions of modern life itself. Theirs is not only a story of individual genius. To tell such a story would not be a lie, but a withholding of other, more essential truths. Theirs is an intergenerational epic, a family saga, of the most unusual sort.
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Nicolaus in the Old World



When Nicolaus Kopernigk was a gangling, unattractive teenager, with no lofty ambitions, he did not mean to trouble anybody. He liked math. He was quiet. He did not like to cut his hair.


In the fall of 1491, he was packing his bags, preparing for a sobering departure from his childhood home in Torun. Within his mind lay the seed of a troubling idea concerning his favorite subject, astronomy, and the possible movement of the Earth. Such a seed had not yet had any time to grow, but he was, at that moment, readying himself for college, one of the rare places in medieval Europe where an intellect could flourish. He did not look impressive. He looked rather silly, if his portraits are any guide, with a tiny mouth inherited from his mother’s side of the family and big white rings around his eyes, which made the whole rest of his face seem dirty. So unremarkable was he that no one made any note of his leaving for a two days’ ride south through the Polish countryside to begin his adult years at the University of Krakow.


Time makes strangers of us more than distance ever could. The world Nicolaus journeyed through was an old one: small, wild, and weird. There were no narrow buildings. There were no giant cities. There were no factories coughing smoke into the air. There was no place named “America,” no light bulbs, no vaccines, no nationalism, no cheap steel, no secular state, no accurate clocks, no feminism, barely any guns, virtually no coffee, absolutely no democracy, and almost no books. A healthy town would, at least, have a new mechanized corn mill to serve its citizens, outside which urchins, lepers, and women of ill repute would loiter in the shade; here was the first hint of modernity rising.


Traveling near the fertile Vistula River, the boy saw enough sprung-up shanty villages to form a sorry picture of his old world. Most people were peasants, and most peasants were dirt poor. They had almost nothing, he observed: a single cow, a lonely pig, one “she-goat,” a sack of grain, all providing a meager diet of homemade cheese and black bread. From this pittance, food-rent, worth one day of work a week, went straight into the thankless bellies of the noble elite. Sometimes a farming man, usually one inspirited by a lusty new bride, got it into his head to run away in quest of a better life; such couples always returned dejected, within six months, punished by reassignment onto untilled, hardscrabble land. They had nothing better.


The poverty of their condition brought many to the point of rebellion, especially in countries more distant from Rome, seat of the Catholic Church, the organizing principle of medieval Europe. Excepting a handful of Jews demanded by authorities for their necessary sin of banking, every European was Catholic by default; every poor little town had built a poor little church of stone, standing room only, with no stained glass in the windows. There the common folk crowded in. For them, this church was not only a religious institution but the means by which they understood themselves as social beings. God was in the audience of their every public ceremony, from the sacrament of marriage to the coronation of kings to the baptism of children to the divine appointment of clergymen, who comforted them every Sunday with words from the wonderful Bible. The Church soothed the peasant spirit and led many through an honest, peaceful, happy life of religious devotion.


In the poor country, a parish was lucky to get a priest who could read and write, but ideally, a clergyman was the locus of wisdom in the Catholic community, entrusted with knowledge, which confused and complicated the mores of simple faith. Nicolaus was already skilled in Latin, and those close to him were expecting his college venture to result in a successful career with the Church. At the age of eighteen, he was already full of knowledge denied to common people.


Pythagoras, he knew, was the first ancient to propose that mathematics was the key to understanding nature. This idea had so excited the Greek mystic that he had even started a pagan cult about it. This cult told all its members to never eat beans, and supposedly drowned a man for proving that the square root of two was not a fraction, so people naturally started to assume that they were a bit crazy. But their doctrine that math could be used to understand nature turned out to be pretty sane. After them came Plato and Plato’s student Aristotle, whose surviving works span every genre and were read by every serious student of Latin and Greek. Aristotle’s philosophies had become so hopelessly interwoven with medieval biblical interpretation that only the sort of extensive study Nicolaus made could distinguish the two. Aristotle had divided the world into physics, the study of change, and metaphysics, the study of the unchanging, just as the Church served as the holy intermediary between the material world and their transcendent deity. Aristotle had even referred to metaphysics as “theology.” Physics concerned life here on Earth, he said, which was dirty and smelly and rotten, while metaphysics involved things above the Moon, which were perfect. While these things above the Moon may move, their movements were not subject to change; they moved in ways predetermined by a “first mover.” The Greeks called this first mover Logos, Reason, the Divine Word, but all good Catholics called it God.


Aristotle also argued that the Sun orbited around the Earth, but he did not spend long on it, for this fact was plain to the merest child. Just look at it. The Sun is obviously moving.


The Sun moved in its great arch above Nicolaus, as he continued his journey southward to Krakow. The light from auburn maple smeared out in reflection on the placid blue river Vistula. Farmers paced along their furrows, planting hops and barley for the fall. They, more than anyone, knew how the Sun apparently moved. Their working lives were limited by its daily motion, the giant circle they believed traversed around the Earth every twenty-four hours, causing day and night. They also believed that the Sun had an annual motion, around a second circle, making daylight in some days of the year shorter than in others. This annual orbit caused the seasons, their frigid snows, lively greens, humid nights, and ruby leaves. Astronomers, who often loved fancy names, called the path of this annual solar orbit the ecliptic, because it was only on this path that eclipses could occur. The ecliptic was also named the zodiac, or “circular zoo,” because it traveled in a circle through twelve animal constellations. A farmer who was not alert to the motion of the Sun and its changing seasons risked a weak crop, and therefore a dead family.


All the signs of the city presented themselves to Nicolaus as he made his approach to Krakow; the churches grew fatter, the people grew richer, the roads became worn and the air ran thick with the noise of business. After a passage through the blooming suburbs, the red-capped fortifications of the north gate roared up before him, opposing his old home in Torun, swiping at the hallowed sky. The city of old Krakow was less than a mile across, but the idea of it, the idea of the city, was the limitless future. Nicolaus entered in and went to college, in search of a new way to live.


In 1491, the University of Krakow ranked among the greatest universities in the whole of Europe; that is to say, it was nothing special, a few cramped buildings stuffed into the northwest corner of the city which taught a couple hundred students at most. The medieval college was born of the monastery, giving first place to the study of God and the preservation of culture. In second place was language and rhetoric, a prerequisite to biblical scholarship and the translation of ancient texts. The bottom rung in this ladder of respectability was science, then called “the philosophy of nature,” and mathematics, which had little cultural value. Regardless of this hierarchy, every discipline was respected, mixed together under the liberal arts, so called because they were taught only to free men. The aesthetic wonder of a church hymnal or religious icon was to them also contained within a shapely polygon; the forceful logic of analytic philosophy was also found in the thumping meter of poetic verse. Knowledge of the world had been fiercely divided into distinct categories, but experience of the world had not.


Nicolaus embraced this interdisciplinary education as any early humanist would. “Variety gives greater pleasure than all else,” he liked to write. Can there be any doubt, in such an atmosphere, that he attended lectures on astronomy? The professor at Krakow was a scholar typical of his kind, a mouse of a man with a beard as big as his head. He taught an academic astronomy which affirmed the common belief in an unmoving Earth, explaining all the more formidable details that such a worldview implied. And the most formidable detail of them all, he explained, was the bewildering orbit of the planets—or, as romantic Christians would have it, “the divine revolutions.”


To observe these divine revolutions, sky-watchers in the fifteenth century had not yet discovered the benefits of glass; the naked eye was all they had. By looking up, they could see, alongside the Sun, only six more wandering objects: planets Mercury, Venus, Mars, Jupiter, Saturn, and, of course, the Moon. But rather than orbiting in a perfect circle around the Earth each year like the Sun, these six planets made all sorts of nasty motions: crisscross, turn around, stop, get bigger, go farther away. These nasty motions are called retrogression, Latin for “a backwards step,” and they have plagued astronomers since, without exaggeration, the dawn of history. The ancient Egyptians must have thought the planets drunk.
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Observed retrogression of Mars in Virgo. Each point is exactly ten days’ time apart.


To predict these nasty retrogressions was, Nicolaus learned, nearly the entire purpose of astronomy, since its inception up to his present day. Aristotle had provided the philosophy, but it was for a man named Claudius Ptolemy, born in Alexandria five hundred years later, to provide the predictions. For those who thought like Nicolaus, this was when the real fun began.


Just as the Roman Empire entered its decline, Ptolemy wrote Almagest, the culmination of his civilization’s knowledge of astronomy. The impact of Almagest upon Nicolaus’s culture cannot be overstated; the Arabs provided its reverential name, which simply means “The Greatest,” and the Europeans agreed. So epic was its argumentation and mathematical skill that it planted in almost every scholar’s mind the truth of an unmoving Earth. Despite being a fiction, Almagest is brilliant science; it is a book full of beauty, pragmatism, and craft, containing the first plausible method of astronomical forecasting, using nothing but geometry and a clever, creative explanation of planetary motion.
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A diagram for the Ptolemaic system of a single planet orbiting the Earth.


Ptolemy explained the ugly, backwards retrogression of a planet with one simple addition. Rather than orbiting around the Earth on a perfect circle each year like the Sun, he assumed a planet moved around on a different circle, called the epicycle, which was itself moving in a circle around the Earth. A planet on an epicycle moved like a wooden horse on a little merry-go-round, which was itself on the seat of second, enormous merry-go-round. This combination of circular motions produced a planetary orbit with balletic dips and loops, which often looked like petals of a flower. That no one pointed out that an orchid-shaped orbit was physically absurd is hardly a surprise, for no one thought orbits had a whit to do with physics.
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The Ptolemaic model, seen here with zero, one, and two epicycles. The trails of dots represent the orbit of a planet around the Earth.


Nicolaus was delighted by the grace of this Ptolemaic system. It was fluid and flexible; “perfection,” he called it, “almost perfection.” Generations of astronomers would modify it, adding and removing epicycles, although just one per planet was already enough to offer consistent and respectable predictions.


As Nicolaus learned more astronomy, a queer feeling overtook him. A successful member of the Catholic clergy was wise to spend some time growing acquainted with astronomy, but he was spending more time than did benefit to his career or religion. He was enjoying mathematics too much for its own sake. “All good arts draw us away from vice,” he wrote, “but this art also provides unbelievable pleasures for the mind.”


Nicolaus loved his astronomy lessons more than any other subject, and he yearned to drink it straight from the source. Fluency in ancient Greek, he was sad to discover, was not acquired overnight. Copies of Ptolemy’s Almagest in Latin translation were rare, but he decided to drop by a bookstore downtown and see what he could find. There, he purchased the first Latin edition of the classic of Greek geometry, Euclid’s Elements and a copy of the Table of Directions by a man named Regiomontanus, with the baby Jesus impressed upon its cover.


For Nicolaus, reading this work by Regiomontanus was not like reading a work by Euclid or Ptolemy or Aristotle. Regiomontanus was not some stuffy Greek; he was a pleasant German who had died less than twenty years back. His life, alongside that of his teacher Georg Peurbach, forged a fresh European myth, at once both allegorical and attainable, of the modern astronomers who dared strive amongst the ancients.


When young Georg became Professor Peurbach at the University of Vienna in 1453, student interest in astronomy had been so faint that he had to lecture on Latin poetry instead. But he was a hungry reader, devouring Ptolemy and the Arabs, and he managed to seat a classroom soon enough. By the end of August that year, the thirty-year-old gave the first major public lecture on planetary theory in Europe.


In the half-awake crowd sat Regiomontanus, alert, carefully taking notes. He was an unheard-of specimen, the educated country boy, whose father’s lucrative milling business had sent him to college. His nickname, meaning “Mountainside,” was a send-up to this rural origin, but his birth name was John Muller, and he was Georg’s brightest student. Once he graduated and obtained parity with Georg as a teacher in Vienna, the two could hardly be separated. The bachelors lived side by side for the next four years. Their final collaboration was titled Summary of Almagest, in an effort to make Ptolemy’s difficult classic more accessible to Europeans. This Summary had many tricks up its spine, not only condensing Ptolemy but changing him, throwing out wrongful observations and tossing in elaborate mathematical proofs. Timid repetition was spiced by daredevil revision.


At work on the sixth chapter, all this had so obsessed Professor Peurbach that he barely noticed he was dying. Regiomontanus recalled the scene in the preface to their Summary, which Nicolaus would soon read. “The memory is doleful and bitter,” he wrote.




Shortly before his life had fled, squeezing my hand, with his head in my lap, he said, “Farewell, my sweet John. Farewell, and if the memory of your teacher might live beside you, the work of Ptolemy, which I leave incomplete, you must finish.”





That all these math equations and abstract philosophies had blossomed into a friendship so rich and meaningful would surprise everyone except the mathematicians. Such seemingly austere things for them always carried a great emotional weight.


Regiomontanus fulfilled Georg’s dying wish as best he could, completing their Summary of Almagest on his own. Then, facing life without his dearest friend, he traveled. He taught and wrote and studied, and though he never did find another friend to match, he left behind a host of students turned teachers. These teachers were German, Hungarian, and Italian; a cross-cultural community of scholars emerged through his effort.


The wanderings of Regiomontanus served as an exemplar to Nicolaus, who dropped out from the University of Krakow to travel across Europe in 1496. This was supposedly for the sake of his career in the Church, as he reenrolled at the University of Bologna, in the Catholic heartland of Italy, to study for a doctorate in Canon Law. But working on his doctorate did not refocus his studies onto religion. On the contrary, it was in Bologna where he made his first friendship with an astronomer.


Domenico Maria da Novara was himself a student of the legendary Regiomontanus, and this attracted Nicolaus to him immediately. One collaborator recalled Nicolaus as “not so much the pupil as the assistant and witness of observations,” but this hardly scratched the surface. Nicolaus rented a room in Novara’s house. The two had sleepovers, staying up at night in March, staring at the Moon. Decades later, Nicolaus would still source observations taken in Novara’s company. He listened to Novara intently, and though nothing remains of their conversations, Novara was known to be an adamant critic of Ptolemy.


By the turn of the century, Nicolaus was reading professional astronomers, living with professional astronomers, and lecturing on professional astronomy, but as a profession, it was not for him. Astronomy was an uncomfortable science. The night sky did not contain, as far as any yet knew, money. Should the stargazing hopeful seek to earn their dinner, they had to convince patrons that the firmament was a matter of literal life and death. This was astrology, and all but the most flamboyant astronomers believed it the way admen believe their commercials: not a total fiction and great at moving product. The production of astrological horoscopes was so profitable that astronomers were often forced into it; Novara was legally obligated by his university post to create them. Nicolaus must have learned it, his own friends would adore it, yet nowhere in his writings does it figure. Astrology was a foundational part of the world in which he lived, but it would not be foundational to the world he orchestrated.


So began Nicolaus Kopernigk’s seven years in Italy. He became more international than national, spoke more Latin than Polish, and even vacationed in Rome to celebrate the jubilee year of 1500. There, he Latinized his name such that he became, in title if not yet in spirit, Copernicus, Coppernicus, or Copernic. One might also name him canon; after his first year in Bologna, he accepted, by proxy, his first official employment in the Catholic Church, as an administrator back in the Polish province of Warmia. This post was a sinecure; it provided a tidy salary, did not require his presence, and demanded no work from him for the next fifteen years.


Instead, Nicolaus put in a request with his Catholic chapter to allow him two further years of education at the University of Padua, which they granted, according to their letter of approval, “because Nicolaus promised to study medicine, and as a helpful doctor, he might one day advise our other members.” This promise was not a lie so much as a misdirection. Nicolaus continued lessons in Greek and even took up oil painting. As for astronomy, the university held a notable sect of Aristotelian philosophers, who spoke openly about the perceived failures of the Ptolemaic system.


In Aristotle’s philosophy, uniform motion around a circle was said to belong to the perfect heavens, because this was the most perfect sort of motion. Perfection meant simplicity. But Ptolemy, having sullied his philosophy with applied mathematics, knew that planetary movements were anything but simple. To conveniently model the backwards retrogression of the planets, he was obliged to subvert Aristotle, with the final key part of his astronomical system, the equant.


In Ptolemy’s astronomy, the equant was an imaginary point within a planet’s orbit. A planet ordinarily orbited the Earth with uniform motion, but with an equant, it moved in such a way that motion would appear uniform if you were standing at the equant point. The closer the epicycle got to the equant, the slower it actually moved.
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A diagram for the Ptolemaic system of a single planet orbiting the Earth, with its movement modified by an equant.
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Ptolemaic model of a planetary orbit with one equant and one epicycle. The epicycle slows as it approaches the equant, but its planet continues to rotate with the same speed.


To every true follower of Aristotle, Ptolemy’s equant was an outrageous scandal. Aristotle’s heavens were aesthetic bliss, meant to contain perfect, uniform, circular motion, but motion with an equant was not perfect. It was nonuniform and ugly and had been catcalled as such for well over a thousand years by other Greeks, Arabs, and now, Europeans. Yet Ptolemy’s equant survived all its criticisms and was taught to Nicolaus, because it was so useful.


Young Nicolaus had not been studying astronomy to be useful. He listened silently to the equant-based criticisms of Claudius Ptolemy and imagined different astronomies, for his own pleasure, unsuspecting of where such thoughts would lead.


In 1503, Nicolaus concluded his additional studies in medicine and at last obtained his doctorate in canon law. He had just turned thirty, held good claim to be the most educated man in Europe, and had contributed absolutely nothing to society at large. Such ludicrous financial security and intellectual development had been possible only because of his family.


Family was an unexpected dependence for Nicolaus to have, as he was an orphan. In 1483, when he was a mere ten years old, his parents had vanished: his father from a mysterious illness, his mother’s fate unknown. By a strange trick of life, the loss of both parents, which would have doomed most children to illiteracy, had steered him into the land of intellectual opportunity. He had been adopted by an uncle, Lucas Watzenrode, and Uncle Lucas was rich.


A holy man, the Prince-Bishop of Warmia, Lucas’s nepotism had afforded Nicolaus his easy career in the Church. For all this guiding affection, though, Lucas was motivated by an old school of thought, which held that no relation was more binding than blood and no subject more appealing than Church doctrine. “Where there is justice, there is God,” he believed, “and our justice system forms the very foundation of a friendship.” When he finally beckoned Nicolaus to return to Poland with an offer of work as his private secretary, Nicolaus could hardly refuse; his uncle had supported him for twenty years. He set off back to his old home to return to the man who was father to him, to whom he owed everything.


Before he left, he finished an oil painting of his face. Like so much of his life story, that painting would be burnt to a crisp in the fast-approaching fires of the seventeenth century, but if we are to trust a reproduction, it was a fitting testament to his education. Its style is refined, brushstrokes invisible, each colored object clearly delimited by its border, indicating an unhurried pace. Its subject, the painter Nicolaus himself, is smartly observed, yet his many features appear a little too disjointed, too inhibited to form a unified whole. His pursed lips are a scab on the flesh rock. His black hair is a mop on the head. His right eye wanders outside the skeleton. A better painting would have to be entirely different, possessed by the imaginative frenzy of medieval illustration, or the realist concerns of Renaissance formalism, but this quality of in-betweenness is its charm. A young man was crafting an art that was not yet his own. Much of the painting is obscured by a large off-yellow slab, on which is inscribed the words, “a true portrayal of Nicolaus Copernicus, made out of the self-portrait.”


The Fall of the House of Watzenrode


Uncle Lucas Watzenrode lived in a monumental castle, and he was a lion. He was a funny-looking lion, to be sure, with a tonsure and no mane. He had stalked authority, lain his traps, and captured it, lashing at any who scavenged the prey. The Teutonic Knights, a rotting leftover of the Crusades, had repeatedly made incursions onto his land. Each night, their junta prayed for his death; their grand master called him “the devil in human shape.” One of the burghers Lucas ruled over proclaimed that he was “a learned man, a pious man, skilled in many languages, leading an exemplary life, and yet … no one has ever seen him laugh.”


He was the protector of the old guard, stern and sullen, with a crucifix round the neck. As an ordained, chaste bishop, he had a bastard, to whom he gave money freely and made sure received almost as fine an education as his adopted child Nicolaus. Family was, for him, if not an object of love, at least a badge of honor. To the millions he excluded from such a label, this was but a standard example of nepotism, corruption in the Church, a staple of medieval life somehow even more common than the Church itself. It drove the common people mad, but Nicolaus, as its foremost beneficiary, kept his thoughts apolitical and his mouth shut.


Now that Nicolaus was officially a doctor, his Uncle Lucas requested him for a personal secretary, physician, and jack-of-all-trades; Lucas even convinced the Church to give his nephew a small boost in paygrade for the service. When the old tough fell miserably ill in 1507, his nephew loyally nursed him back to health. Nicolaus’s placebos were obsolete, saccharine stuff. He would take a few teaspoons of some light floral essence, black cardamom, violet, or rose, add a pinch of cinnamon and ginger for flavor, and then calmly fetch a bag of sugar and pile on half a pound. “Mix with distilled water,” he wrote with confidence, “Make pills in the shape of a pea.” A doctor’s genius he had not.


Hidden by this quiet of daily life, there was a great violence coming. People could sense it. Nicolaus sat in on parliamentary proceedings, and witnessed his veteran uncle in peace negotiations with the Teutonic Knights, which were a spectacular failure. He was inducted into war planning and began to harden, if only a bit, in response to this new labor. In time, the unspoken purpose revealed itself. Nicolaus, the only male Watzenrode descendant with a good head on his shoulders, was being groomed for his uncle’s legacy, for the protection of their old province and old way of life. Prince-Bishop Lucas had offered Nicolaus everything he could, up to this final gift, his livelihood.


His nephew looked away. Now over thirty, Nicolaus took the first useful independent observation of the skies in his life. It was an eclipse. He was unable to quit astronomy, unable to halt his artistic pursuits.


While his uncle wanted him invested in church politics, he was dawdling with the ancient Greek he had been learning since college. This insensible hobby came to a head with the publication of his translation of an obscure poet, Theophylactus Simocatta, which was distributed by none other than his favorite old bookseller back in Krakow, and dedicated, with a most sincere and retrospective love, to Uncle Lucas.




To you, Right Reverend Bishop, do I dedicate this modest gift which, however, can by no means be compared to your generosity. For everything of this sort which my meager talent attempts or produces may be rightly considered yours, as that which if true (as it surely is) Ovid once said to Germanicus Caesar:







“In rapport with your mien,


my inspiration stands or falls.”





Often, academics of the age published collections like this, dispassionately, as proof of learning and a small contribution to the new culture of European scholarship. The translation likely began as a simple exercise in Greek. But perhaps some of the stanzas really did sneak their way into his heart. At least the beginning: “The cricket is a musical being,” Copernicus chirped, “At the break of dawn it starts to sing. But much louder and more vociferous, according to its nature, is it heard at the noon hour, intoxicated by the Sun’s rays.”


In 1510, he declined to follow in his uncle’s footsteps. Sixty kilometers away, in the blanched coral brickwork of Frauenburg Cathedral, Nicolaus took up his post as canon of Warmia.


On March 29, 1512, Uncle Lucas died. Three months prior, as morning light was breaking through the clouds, Copernicus observed Mars leaving occultation.


From out behind the planet, he wrote, was revealed “in the Claws of the Scorpion … its first bright star.”


He would always refer to his uncle as a “blessed memory,” but when pressed for comment on the passing of this man of last generation, a more vindictive young bishop spat out, “The noose has fallen. We are free.”



In Opposition



A rare privilege had been extended to Canon Copernicus by Pope Julius II just before he left for Frauenburg, allowing him to acquire multiple positions in the church hierarchy, but he never exercised it. The obvious next step in his career, his ordination, consecration, and acceptance of Holy Orders, he never trod. He already had an income. He had a horse and a page. At home there was a maid’s room and a working toilet. Most people had none of these things. He was comfortable enough and had other business to attend to.


Frauenburg Cathedral became home to his starry passions. An entire room with a view was dedicated to his astronomical contraptions, all of ancient origin. His triquetrum, or Ptolemaic ruler, was a shafted triangle ten feet high, with appendages curling out like the fingers of a wooden giant; one joint could be directed out the window to take altitudes of a star. His quadrant, a trim square of wood a head or two above a grown man, was carved with a quarter circle and fixed with a small perpendicular block, whose shadow measured the appearance of the Sun throughout the year. Copernicus regretted not making it with stone, because it was warped by the cold. Old standards were present like the sundial and an armillary sphere, a handheld model of the solar system, its unlabeled orb hanging wanly in the center. All these instruments were glued together with Copernicus’s own sweat and blood, for no one could find him a worker more skilled in the art.


Serious study demanded that he dirty his hands, but Copernicus was much more invested in beautiful theory. For a few inquiring friends, he wrote out a quick five-thousand-word treatise of his thoughts on astronomy. “The theories of Ptolemy,” he wrote, “seem very dubious, as they imagine certain equant circles, on account of which a planet never moves with uniform motion respective to its proper center.”


A boy who learns to paint in childhood will grow into a man first motivated by aesthetic principles. Copernicus had been such a boy. It was his aesthetic principles, his quest for beauty, that turned the key in his mind, unlocking the shackles of tired philosophy. Sometimes these principles were archaic, even reactionary, and led his more obvious foundations into radical collapse.


Copernicus agreed with, of all people, old man Aristotle. Uniform motion in a circle was, to them, more gorgeous than the nonuniform motion of Ptolemy’s equant. But in both Aristotle’s metaphysics and Ptolemy’s astronomy, planets were also held to orbit along the outside of spheres, all of which were perfectly centered about the unmoving Earth. In the manner befitting a mathematician, without any fanfare or further explanation, Copernicus wrote out a list of theses which he thought to be “more reasonable.”




	There is no center of all the celestial spheres.


	The Earth is not the center of the universe. It is the center towards which heavy things tend.


	All the spheres revolve about the Sun, as if the Sun were the center of the universe.





This was heliocentrism: the Earth moves around the Sun. This idea, which would slowly infect the world like a righteous virus, began its ascent here, in this unremarkable, handwritten pamphlet, which Copernicus never thought to title or publish. Instead, he wrote out a few copies for fellow scholars, who wrote copies of their own, circulating it around like scientific contraband. Future generations would name it Little Commentary, as if to mock their humble origins.
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In this heliocentric system, the retrogression of Mars occurs between points 3 and 4, as can be seen by the intersection of Mars’s projections onto the night sky.


Copernicus wrote down further assumptions until he arrived, at last, to the problem of retrogression, the backwards movement of the planets. Here, he knew, was the true elegance of his theory, for “the retrogression of the planets belongs not to them, but to the motion of the Earth.” The backwards motion of a planet was only an appearance, Little Commentary claimed, actually caused by the moving Earth, overtaking the position of a planet in orbit as it moved through the orbit of its own. The moment of opposition, when Earth split the line between another planet and the Sun, was the exact moment at which retrogression began. In theory, this was the most stirring and simple solution to the tricky orbit of the planets. In practice, it was less wonderful.


“Thirty-four circles suffice to explain the entire ballet of the planets,” Copernicus expressed in his urbane conclusion. Even with the motion of the Earth, he could not totally remove the use of Ptolemy’s loopy epicycles, or the basic principles of Aristotle’s metaphysics. Modern sun-centered astronomy did not spring out from Copernicus like Athena from the brow of Zeus; it took the knowledge of countless generations and would take generations more. But Little Commentary represents a specific turning point, a new world of possibility. It reads like a manifesto, disarming in its brevity; Copernicus promised to provide the requisite mathematical proofs in a “larger volume.”


Copernicus had moved the Earth, but only out of a desire to return the planets to the beautiful uniform motion of Aristotle. He was a staunch conservative in this way, dotted by moments of sharp radicality. Church dogma was simply too pervasive for the spirit of total revolution to consume an educated mind. Its monopoly on European thought was a thousand-years strong, and it was about to come undone—by an accident, of course, a murderous accident.


As Copernicus had written his treatise on astronomy, a few years later, another mostly conservative man was writing up a treatise of his own. He was a stocky German friar, brown haired, aggressively shaven, with rolls of scholarly fat obscuring a head teeming with opinions, more than a few of questionable worth. “The princes of the world are Gods,” he would one day remark, “the common people are Satan.” The Jews had “uncircumcised hearts,” he said, “We are at fault for not slaying them.” On Copernicus, he was less sanguinary and half right: “the fool will overturn the whole of astronomy.”


This man was Martin Luther, who had written out ninety-five theses, not entirely distinct in scholarly intent from those found in Copernicus’s Little Commentary. Both were supposed only to kindle debate, but both possessed an alarming radical subtext. Luther was decrying the corruption of his modern Church, encouraging Catholics to unlearn the power of money and return to the humble words of Christ. He sent his theses off to a friend, handwritten, but had them printed as well.


That made all the difference. Copernicus had printed nothing. He too held conservative beliefs about money, but without religious grandeur, offering a timely warning in a letter to the Catholic elite of Prussia from that same woebegone year, 1517.




Of the countless scourges which debilitate kingdoms, the principal four (in my view) are dissent, mortality, inarable land, and debased coinage. The first three are so obvious that no one is unaware of them …





This was not so obvious to the sluggish Church,

   who took four years to excommunicate Luther for his dissent. The Holy Roman Emperor then declared him an outlaw, but it was too late. His public support was overwhelming. Copernicus’s worries about debased coinage would be a meaningless footnote to the ensuing struggle. He cried out, “Woe to you, O Prussia, you who pay the penalty for a maladminstered state by your ruin, alas!”


Revolt was the name of the hour. In Germany, a vast army of peasants rose up against their aristocratic overlords, inspired by Luther’s example. But they did not have Luther’s support. This was the start of the violent Protestant Reformation, something he could never have foreseen. Luther composed a pamphlet, Against the Murderous Thieving Hordes of Peasants, whose title speaks for itself. “Stab, smite, slay whomever you can,” he advised the nobility, and they did.


Never has an attempted revolution been so utterly futile as this German peasant uprising. With a few broadswords, pitchforks, a rare musket, and no cavalry, their only successful attacks were upon monasteries and the regular clergy. The powerlessness of the peasants made even their violence pathetic; in one small village, a group of housewives smashed in the heads of two Catholic priests and, having nothing better to do, continued to beat them with shillelaghs for thirty long minutes, in the middle of the town square, until both men were a crimson mash. Peasant deaths were hardly better: they were so viciously decollated, disemboweled, and dismembered that a traveling bard could walk two kilometers outside of nearly any German town and still see body parts in the fields. When women and children refused to leave their homes for execution, they were simply burned alive inside. Mercenaries earned a florin a kill, half a florin for spare fingertips, keeping foul grocery lists of murder to ensure payment: “Eighty beheaded, sixty-nine eyes put out, plus, two months’ back salary …”


Luther approved. He wrote, “The peasants have brought down the wrath of God and man upon them.”


The Protestant bloodbath spilled over Europe like a glass of red wine tipped over by a thoughtless nobleman. In Switzerland, a reformist leader was slain and ripped into quarters, upon which a Catholic mob swirled his innards with pig entrails and feces. In France, so many Protestant corpses polluted the river Seine that a polite royal edict was issued to ask that citizens please stop killing each other. In England, chopped up Catholics were mailed to all four corners of the kingdom and shoved up on pikes by the coastline as a celebratory display. If Copernicus’s Poland fared better, it was mostly because it could not have fared worse. The Teutonic Knights, whose grand master was about to convert to Lutheranism, made regular pillages across the country’s northern rim. When one farmer dared fight back, they took his hands for safekeeping. “The robbers have intensified their activities,” the Church canons begged the king for protection. “The population has endured bloody assaults and acts of robbery. The chapter has begun to resist.”


Whether Copernicus would have it or not, war was coming for him. In 1516, the Warmian Chapter had ruined his leisure by assigning him administration of its largest town, Allenstein, forcing upon him the annoying gift of a castle. One frozen morning in January 1521, he awoke, strolled out between its crenelated walls, and saw the Teutonic Knights preparing a siege. He was the unfortunate city administrator, whose job description, he now remembered, included military commandant.


In his astronomy, Copernicus had kept his contentions civil, bound to the willing friends for whom his Little Commentary had been written, but in his life he could not prevent the war. Guided by the spirit of his belligerent uncle, against his better judgment, he readied for the oncoming siege. As it began, he looked to the skies, observing Jupiter and Saturn in opposition.


General Copernicus was remarkably composed. Right before the siege he had sent off a formal request for reinforcements and obtained twenty extra cannons for the castle defenses. News came to him of the latest skirmish, where the knights had broken through the town gates before being repelled. It seemed to Copernicus that he would end his life on the battlefield. The reluctant grimace he wore to this fate is still detectable in his words. “Canons want to act nobly and honestly as faithful subjects,” he wrote. “They are even ready to die …”


Such even-readiness was not called upon. A temporary ceasefire was brokered at the start of next month. There was a quiet church back home, waiting for Copernicus and his trepidations.


After the Knights were pacified, Allenstein resurrected, and peasants reintegrated, he settled back into his silent way of life. He continued work on his astronomy, steadily and surely, painting a projection of the Sun onto the walls of Allenstein castle. He was uncertain about whether to publish. The idea of a moving Earth felt somehow more dangerous, more treacherous than it had when he was writing Little Commentary, before Luther.


Work on this larger volume of astronomy would be constantly disrupted by Church bureaucrats, who relished boredom above all else. Copernicus was tasked with accountancy, taking inventory; at one point, he was ordered to write an essay about bread, a tall step below the excitement of watching paint dry. To make his asinine day job tolerable, he often set to work in the company of a fellow canon, Tiedemann Giese.


Tiedemann was a wealthy yet unassuming man, with a passing interest in astronomy, whose scientific knowledge did not preclude a selective naivety; thus, he thought doctor Copernicus’s workaday remedies were prescribed by a “second Aesclepius,” god of medicine. His boldest writing always concerned peace and shared compromise; “Love endureth all things” was his mantra. In the unfolding political landscape, this made him a rebel.


“I completely reject the war,” Tiedemann would grumble. He longed to shout it from the rooftops. He was a far more deliberate Christian than Copernicus, and spoke with him often about mending the grim fracture in their Church. “Nothing forbids the diversity of human feeling,” he wrote, demanding “justice between brothers.” When Tiedemann felt concerned about expressing such peaceful lunacy in a book, Copernicus urged him on. Their opinions were not widely shared. The two men became best friends.


Certain topical gossip always ran through their circle. Villagers entered and left, aging visitors to Copernicus’s castle slowed to a trickle, certain canons ascended and certain canons passed. In 1537, Tiedemann was promoted to bishop, in the province of Kulm, over sixty miles (a hundred kilometers) away. Though Copernicus had letters to write and books to read, he was, for all intents and purposes, quite alone. He had had almost twenty slow, solitary years.


Once achieved, such independence is bittersweet. His promised “larger volume” was finished but forgotten, a private affair, with no plans for publication. This epic hobby was ready to die with its owner.


Copernicus was nearly seventy. He had managed to

   forget the war, to no small pleasure, until a Lutheran showed up on his doorstep, begging to discuss astronomy. “The whole world is dragged into the fight!” cried Tiedemann in sorrow.


The First Copernican


In the middle of May 1539, a lonesome mathematician by the name of George Joachim was about to hop the loose border cordoning his German University of Wittenberg from the Polish Frauenburg Cathedral. He was stopped at a rustic inn, crafting a letter to the first scholar he had gone to see, one John Schoner in Nuremberg. After that it had been a Stoffler in Tubingen, then an Apianus in Ingolstadt, but it is likely from Schoner he had heard of Copernicus and gotten it into his head that this was the man worth visiting. Having just made professor at university, he nonetheless took leave to continue this most curious journey. Copernicus had received no known warning.


Georg shared with his target a childhood trauma. When he was a boy, his father had died, beheaded for petty theft. The son was first feminized with his mother’s maiden name, de Porris, then dehumanized by his mother country’s name, Rhaetia. So became the man called Rheticus. He and Copernicus had little else in common, excepting their mutual love of astronomy, but this was all that was required. Rheticus was over forty years younger, a Protestant, and an irrepressible homosexual, a fact which had filled his life with misery ever since it first arose within his dolorous soul. To be an actively gay man in sixteenth-century Europe was to risk exile, castration, and death by fire; such was the influence of “natural law” in medieval Christianity, which Rheticus embraced with all his heart. His public Lutheranism and his private sexuality were two halves of his whole, locked in a spiritual war to which he could find no resolution. His confessions, made in fear and trembling, left priests in a state of abject sorrow, which they could only ward off through a quiet prayer for his soul. “Satan tempts him still,” one whispered in horror. The academy offered Rheticus his only respite from this battle within. He was an amazing, excitable scholar and could lose himself completely to the work. “We young men desperately need the counsel of older and wiser men,” he wrote around this time. “The opinions of older men are better.”


“He is,” recalled one of these older men, “above all an astrologer.”


Rheticus reported not one bit of conflict between him and his unlike mentor. Copernicus even received him in Warmia right after the ascension of a partisan bishop, who had declared all Lutherans to be damnable heretics, demanding they leave the country. Thankfully, this orthodox astronomer had a long history of changing, or even ignoring, the rules.


Nor has Rheticus ever written of his meeting Copernicus. Equipped with formal letters of recommendation and several rare books as gifts, he must have been cordially received that day. Copernicus was always reluctant but never withholding; elderly, decrepit, and technically an amateur astronomer, living in what he called “the most remote corner of the earth,” he had no cause to expect any visitors, and no notion of deserving praise. But it could not have been a total shock; most astronomers worth their salt knew of Little Commentary and could name its author. The heliocentric idea even made its rounds all the way to the Pope Clement VII, where his secretary had been well-received for lecturing on the Copernican worldview. Amusing for its novelty, it angered some and delighted some, no more.


Such ideas will travel, but the body is taxed. Suffering from fits of exhaustion on arrival, Rheticus spent the following weeks in convalescence, with Copernicus at the palace of Tiedemann Giese. His first real introduction to a sun-centered cosmos was through this fog of illness; truly, there are endless ways to receive the universe.


As the flush of his cheeks returned, young Rheticus entreated Copernicus to publish his astronomical work. At first, the old man refused. “As much as I can,” he had written the new bishop just last year, “I want to avoid offending good people.” “I fear I may arouse anger,” went an older, private letter on astronomy, “I wished to leave these matters, just as they are, to the attention of others.” Tiedemann once reported that Copernicus liked retirement; let the youthful have their poems and manifestos, and let the old live peacefully according to their will.


Rheticus reported that it was Tiedemann who revived the astronomer’s ailing ambition, who gently pressured his friend with quotes from the ancients, and “won from the teacher a promise to permit scholars and posterity to pass judgment on his work.” Tiedemann was only repaying the favor. Copernicus had, after all, encouraged his work too, which preached a unity between Roman and Lutheran creeds. Tiedemann had written, “When everywhere there is warfare and rebellion, when everything is carried away by this sudden violent storm, who is creating? Who is seeking to improve? … For we are estranging ourselves entirely from love.” “Nicolaus Copernicus, a man of otherwise sound mind, persuaded me to commit these trifling comments to print.”


Copernicus’s agreement to publish had one caveat for his student. Rheticus would first study the manuscript back in Frauenburg, the reason for which he had come. He would make his reputation by publishing a synopsis, and secure an audience for the hesitant canon. If this appetizer sold well, the main dish would follow.


For this task, Rheticus received the work proper, fetched from Copernicus’s study.


It was something of a mess, according to Copernicus, with the work “buried among my papers,” tucked between sketches, letters, and his other writings, order and quantity known only to him. His gifts from Rheticus would now be on the bookshelf, a fresh Greek edition of Euclid near the Latin copy he had bought in Krakow, decades ago, when he was his visitor’s age. The floor below held the tired medieval machines he had built in midlife to observe the stars. They were ineffective and barely touched, never so necessary to him as his private capacity for invention. Walking over these obstacles, he collated each chapter from around the room, hundreds of pages slowly piling on his desk. Perhaps he then sighed deeply, looking up at the earnest young scholar waiting in his doorway—a child, really—and then down at the sixth chapter in his hands, the last new tool of the old astronomy.


At that point, no printer had made a title page. Rheticus learned its name.


De Revolutionibus.


On the Revolutions.


The First Account


Rheticus spent the next ten weeks with his nose buried in a dense collection of words, the only copy of On the Revolutions. This pleasure was tempered by a torture: he had to write as well! Through his window at Frauenburg Cathedral, the groves of linden and birch began to ocher and crimson. By the start of fall, his First Account was completed. He was quite frank about its failure. “I have mastered the first three chapters, grasped the general idea of the fourth, and begun to conceive the hypotheses of the rest,” Rheticus confessed. It was a rush job.


First Account is, like most book reports, a promotion for its subject, a quick bit of theater, and Rheticus was a natural thespian. There was his layer of indirection; the text is phrased as a letter to Rheticus’s previous “older and wiser man,” John Schoner. There was his undeniable tact, the way that Copernicus is only mentioned in the title; elsewhere he is always “my teacher.” And there was a sort of rising action. In On the Revolutions, as in Little Commentary, Copernicus stated forthwith that the Earth orbits the Sun, as a matter of course. Rheticus, however, drenched him in honeyed praise, as a new Ptolemy, “in every field of knowledge equal to Regiomontanus,” “worthy of the highest admiration,” protecting him until the slight reveal.




Linear, stationary, retrograde, near and far from the Earth, etc: these phenomena may all be demonstrated, as my teacher shows, by the regular motion of the Earth. The Sun occupies the center of the universe, while the Earth revolves in place of the Sun on what it has pleased him to name the Great Circle. Indeed, there is something divine bound up in these regular and uniform motions of the terrestrial globe.





The cunning effect all this engenders is that Copernicus had hardly changed anything at all! Why, he fit in snugly with the familiar, for according to Rheticus, “there is nothing better or more important than to walk in the footsteps of Ptolemy and to follow, as Ptolemy himself did, the Ancients and those who came before him.” As Europe fell apart to religious hatred, he begged that this new science work in the spirit of unity. “I well believe that Aristotle would support my teacher,” he beamed.


To make the Copernican system sweet on the palate, Rheticus drew upon every inner resource he had, not least of which included the arguments of beautiful astrology. He devoted a long paragraph to how “the kingdoms of the world change with the motion of the Great Circle,” relating the moving Earth to the fall of the Roman Empire, the rise of the Islam, and finally, the second coming of Christ. A page is given over rapturously to the holiness of the new number of planets.




What could be more commodious and dignified than the number six? By what number could anyone more easily have persuaded us mortals that the whole universe was divided into spheres by God the Creator, worker of the world? For of all the divine prophecies of God, left behind by the Pythagoreans and other philosophers, none are more celebrated. What could be better than that God’s works, timeless and perfect, should converge upon this timeless and perfect number?





The boy spoke like a prophet. As a work of science, First Account is useless; as a work of science propaganda, it is unparalleled. Many more inaccurate judgments of Copernicus’s theory were to come, but none would be so tender, earnest, and exuberant as this, its first.


The First Dissent


Yet another one of Rheticus’s older teachers idled in Nuremberg. He was Andreas Osiander, leader of the Lutheran vanguard, with deeply sunken eyes offset by a quirky bowl cut and squared beard. He had a sharper knowledge of mathematics than most theologians, but only as a consequence of a freaky fascination with the numbers found in Jewish Kabbalah. This sort of independent study made him a real oddball. He thought and acted always on his own volition.


“But enough about these topics,” Osiander wrote to Rheticus, after reading of his stay with Copernicus, “What remains is that I ask over and over, just as you offered me your friendship, obtain the friendship of this man for me too. I have not been able to write to him, and did not even want to, being certain you would not conceal my peccadilloes with him. I heartily honor him for his intellectual talents and way of life.”


After completing his own book, Rheticus eagerly passed around advance copies to all his past mentors. Osiander chimed back, “I have received several copies of your Account. They have pleased me very much.” This response was typical; scholarly opinion appeared so engaged and accepting that Copernicus, much surprised, happily readied his On the Revolutions for print.


Soon after the affable Osiander entered communications with Copernicus himself. “I have always been of the opinion that hypotheses are not articles of faith, but bases for calculation,” he wrote, “It would be a good idea for you to say something on the matter in a preface.”


Osiander’s idea had serious merit. Europe was teeming with thousands of powerful Aristotelians, theologians, and scholars, many of whom had naught but wind whistling inside their heads. On the opposing side stood precisely two Copernicans. Against such odds offense seemed inevitable and defeat probable. To ease the tension, Osiander proposed an entente by proclaiming that the motion of the Earth was merely useful, rather than true.


Copernicus did not answer Osiander. He was aging quickly and knew he was about to die. He had written his book, and a young follower had come for it, dreaming to continue the work. The big questions of war, peace, truth, and fiction would have to fall, as they always do, to a generation with time left for answers. Rheticus the believer, working by his teacher’s side, wrote out a fair copy of On the Revolutions, cutting and revising with Copernicus’s approval. In September 1541, he bid adieu to this house of hidden knowledge, autograph in hand, and returned to the University of Wittenberg.


The route to publication was not clear. Wittenberg was a Lutheran capital, but at this time Protestants might just as likely condemn Copernicus as his own Catholic Church. One could never be sure with Martin Luther. Adding to this confusion were lurid rumors of Rheticus’s homosexuality, which roiled the air around his college campus. For his own safety, he quit the city within the year, opting for an obscure press in Nuremberg.


This placed him in a bind. He had to move to a new university post before the start of the academic year. Book printing was then an infant process demanding great labor, especially for densely illustrated mathematical texts. Almost one hundred and fifty woodblocks would have to be cut. Most printshop workers were ironically illiterate and could hardly be expected to format mathematical calculations and tables on their own. The movable type for each page had to be arranged and justified by hand, which would take weeks. Rheticus did not have the time.


Searching for a solution, he entrusted the rest of publication to that recent friend and skeptic Andreas Osiander, whose criticisms had appeared written by unassuming hands. They were false impressions. Without permission, Osiander inserted a lengthy unsigned preface of his own. The printer, if he even noticed the addition, did not much care. “These hypotheses need not be true nor even probable,” Osiander warned the reader. “On the contrary, if they provide a calculus consistent with the observations, that alone is sufficient. So far as hypotheses are concerned, let no one expect anything certain from astronomy.”


Osiander’s preface was certainly one valid reaction to the heliocentric hypothesis: good for computing, bad for believing. But unlike most interpreters, he forced his beliefs into the very structure of the work. It was a stain upon Copernicus’s intentions, and the belief that he was insincere, that his heliocentrism was never intended to be taken seriously, would be idly parroted by Church conservatives for generations to come.


To sensitive readers, Osiander’s trick was not even successful. “Indeed,” wrote one university professor, “the words and thinness of style reveal them not to be those of Copernicus.” The professor’s rambunctious student was more crass: “A little ass wrote this for a big ass!”


Osiander was, like Copernicus, an intelligent and amiable man, with all the right and reason to believe what he wished. He may have even inserted the preface with an eye toward helping his friend’s worldview gain support, but this meant little to those whose trust he betrayed. The peace-loving Tiedemann Giese called it a “crime of deceit,” and Rheticus, upon receiving his copy, drew a big red X in crayon upon the page like an angry toddler. As fast as Osiander had entered their friendly circle, did they now excise him from it.


Yet it was done. Hundreds of copies were out, preface and all, floating around Europe for astronomers, lay scholars, and anyone hungry for mathematics to consume.


The Second Account


Certain excerpts of On the Revolutions are haunted by the younger spirit of Little Commentary, with its high poetry and aesthetic sense. “The Sun is appropriately called the lantern of the universe,” Copernicus declared, “As though seated on a royal throne, the Sun governs the family of planets revolving around it.”


After this delightful introduction, however, the book grows thick with highly technical calculations. Rheticus often alluded in his text to a narratio secunda, a second account, but his flighty temperament drove him elsewhere. It was never written. On the Revolutions contains many concepts other than heliocentrism, only some of which are mentioned in First Account, others entirely implicit. Another summary would have done them good.


In On the Revolutions, Copernicus stands up to Ptolemy like his clever, rebellious little brother. Both begin with philosophical claims that clash against one another like knights in a joust. Ptolemy’s argument for the Earth’s stillness was Aristotle’s, roughly the same as the common Catholic peasant’s. If the Earth did orbit, Ptolemy wrote, it must be “the most violent of all motions, seeing that it makes one revolution in such a short time.” The Earth must move so fast, he argued, that any time a bird lifted off its perch, any time a cat leapt up a stair or father tossed his son in the air, these poor creatures should go howling off into the deepest regions of space, their world ripped out from under them. Careful experimental testing showed this not to be the case, hence, the Earth was immobile.


“This problem has not yet been solved,” Copernicus replied, as though Ptolemy were still alive, sitting across from him in friendly expectation. “We merely say that not only does the Earth have this motion, but also no small part of the air, and whatever is linked to Earth in the same way.”


Copernicus did not argue for the correctness of a moving Earth, but its probability. He did not replace, but added an opinion, one deliciously possible proposition, which need not but could still be said. He did not yet claim any ancients were necessarily wrong, and the fact that he personally accepted heliocentrism was not, he knew, deductive proof.


Deduction, however, did help the cause. The rest of the first chapters in both Almagest and On the Revolutions are reserved for basic theorems of geometry and a discussion of spherical triangles. The two books share several proofs, though On the Revolutions is a better teacher; the first chapter is punchy, orderly, and unobscured. From there, many readers of the time lost resolve, though the dedicated remained, leaving behind a labyrinth of annotations. “Anyone can rightly wonder,” wrote one anonymous commentator, “how from such absurd hypotheses of Copernicus, which conflict with universal agreement and reason, such accurate calculations can be produced.”


They were right. These first skeptics against early Copernican theory had no end of protestations, many of which were more than justified. Professional mathematicians could have questioned more than the nature of hypotheses. The calculations in On the Revolutions were curious, if masterful, some rather confused, most quite conventional, yet tremendously odd in purpose; they were, in short, very much like Copernicus himself. The sweetest sample of this, which Rheticus talked about at some length, was the little-known third motion of the Earth.


In addition to the daily rotation and annual orbit of the Earth, so too moves its axis, pushing the North and South Poles of the Earth around in an almost imperceptible circle.


This motion of the Earth’s axis, due to gravitational pull, is slow enough to kill a man and melt his skin, revolving once about every 25,772 years. Copernicus estimated it to surprising accuracy at 25,816 years, but unable to explain its motion with physics, resorted to some clumsy explanatory guesswork.


While Earth’s poles were traversing the 25,816-year circle, he proposed, they were changing speed, slowing down then speeding back up, in accordance with a separate, ethereal circle, which was itself traversed every 1,717 years.
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The axis of Earth orbits in a circle about once every 26,000 years. Copernicus’s proposed model is to the right.


If the modern reader feels that this is nonsensical, they are right, up to the bounds of modern nonsense. Aristotle had identified astronomy as a “branch of mathematics,” and Copernicus, like most astronomers of his era, agreed; any calculation which respected the observations was a valid option. He was only providing a heliocentric version of a nonuniform motion in the stars suggested by his teacher’s teachers, “Regiomontanus and Georg Peurbach, from whom I differ very little,” he wrote with pride. “They were my immediate predecessors.”


The reason that such an absurd motion was invented is as heartbreaking as scientific theories can get. The observations Copernicus had used, taken from astronomers past, were mistaken, but in his persistent respect for his elders, he could not identify when one was an unreliable narrator. Ptolemy had given observations that implied the motion of the Earth’s axis was much too slow, while a famous Islamic astronomer, Al-Battani, said it moved too quickly. Copernicus was stuck trying to satisfy two opposing parties, both of whom were wrong.


When the next generation of astronomers read about such baffling motions, the possibilities of newer, better observations became obvious. Many of Copernicus’s nitty-gritty solutions acquired a similar sort of ugliness, and as such, the book lacks much of the aesthetic beauty he had hoped heliocentrism would produce. This was not the end, but the start of a new way of thinking about the world.


Copernicus’s resolution of the problem of parallax is another strange tale of revolutionary orthodoxy. Parallax is the shift in an object’s appearance when it is viewed from two different perspectives; it is to view the same narrative from another’s eyes. The conceptual difficulty is that, without any background for context, it is impossible to tell whether parallax occurs from an object moving or you, the viewer, being moved. All of Copernicus’s silly, boring, ridiculous, wonderful calculations were designed to illustrate this subtle and foundational transition between basic ideas.
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This image demonstrates three different kinds of parallax in Scorpio. Image 1 occurs when the observer is moving, as with the Earth’s orbit. Image 2 occurs when an object is moving around the observer. Image 3 is parallax using only the size of the Earth, rather than the size of the Earth’s orbit. The parallaxes in images 1 and 2 can only be differentiated by context.


The parallax, which occurs when the Earth moves, rather than the observed planet, was new to Copernican theory. Though it featured in some of his most confused calculations, it also helped him to estimate planetary distances and orbits with admirable accuracy. But even in the age of Ptolemy, astronomers would measure the parallax of a planet in a similar way, by taking measurements of the same planet from two different parts of the Earth. To start, they would take one measurement from somewhere close to “the center of the earth.” Then they would take another observation, which could be anywhere, as long as the distance between the two observations, D1, was known. The parallax was given as p, the angle representing the shift in the planet’s position. With these two measurements and some trigonometry, astronomers could figure out facts no one had ever expected of them, like the distance of the planet away from Earth, D2, using the formula for tangent, D2 = D1⁄tan(p).


Parallax offered far more than distance measurements; it could even be used to prove whether or not the Earth moved. These proofs leaned upon a central dogma of Aristotelian astronomy: that the universe was closed and finite. Because everything rotated around the Earth, the reasoning went, everything must be some set distance away from it, otherwise there could be no center about which to rotate. Such a universe was not far different from a giant snow globe. The stars were believed to be hung up, fixed upon this boundary of the universe like gargantuan fairy lights, with all the planets glittering inside.


If the Earth truly did move about the Sun, and the universe was as tightly enclosed as the ancients proposed, a parallax should be seen in the fixed stars. In Copernicus’s time, no such parallax had been measured, and for many decades this was a powerful argument in favor of the Ptolemaic system. To resolve this, Copernicus needed only wave his hands, and explode the size of the universe.




Near the Sun is the center of the universe. Moreover, since the Sun remains stationary, whatever appears as a motion of the Sun is really due to the motion of the Earth. This motion is truly enormous compared to the size of the Earth. But the size of the universe is so great that the distance from Earth to Sun must be imperceptible in relation to it. This should be admitted, I believe, in preference to perplexing the mind with an almost infinite multitude of spheres …





Such an admission can, in fact, be calculated. If the smallest angle of detectable parallax is given as p, the minimum size of the cosmos could be found with the previous formula, D2 = D1⁄tan(p), using the radius of Earth’s entire orbit for D1, rather than the radius of Earth, as was done with the unmoving Earth in the Ptolemaic model. It was, suffice to say, aggressively larger than previous determinations, by over a million times. Copernicus could not even imagine such a monstrous number; he just called it “immeasurable.”


These calculations do feel depressed by a certain lack of imagination. To expand the size of the universe is a tremendous magic act, yet compared to the unknowably infinite, the mere shifting around of finitudes can seem meaningless. Copernicus had no previous examples of infinity in nature, and no impetus to produce one; to have then suggested an infinite universe would have transcended beyond calm reason into mad poetry; beautiful, but far out beyond the limits of necessity.


On the Revolutions contains untold failures. Copernicus’s admission, revised from Little Commentary, that the center of the universe is only “near the Sun” is the worst betrayal of his lacking physical intuition; the first Copernican system is more accurately described as heliostatic, rather than heliocentric. The Moon is quietly subordinated to the only earthly satellite, and while the lunar theory remained confused, it was more elegant than Ptolemy’s, which had a mobile equant. The correct order of the six planets is given, with many tables to estimate eclipses, planetary positions, and other helpful data, but they are strewn about, higgledy-piggledy, in an extraordinarily unhelpful fashion. The motion of each planet is considered in-depth, which consumes most of the last half of the book.


In short, the first robust, novel theory of the heavens in over a thousand years is laid out in full—a little patchy perhaps, often wrong he knew, but altogether present. Before any science of celestial physics, with the aid of countless computations, several surprising friendships, and forty more years, a middle-aged hobbyist had ushered the physical solution out into the confused old world. The fact that this truth preceded its foundations has its reasons and contingencies, scientific, historical, biographical, but none have ever fully explained the inverted discovery, for none can. The triumph of the mind resides within. It is his last great mystery.


Postmortem


A thick torrent of blood was leaking out over the brain, snuffing each neuronal ember. The canon had been trapped in bed for days, senile, waiting for the hemorrhage to take him. His right arm dropped, and Copernicus was gone.


At his side was his book. Tiedemann gave a heartfelt eulogy to Rheticus that Copernicus had “seen the treatise, only on his last breath on his last day.” That day was May 24, 1543. He was “our brother,” Tiedemann wrote. “By reading his book, he seems to come back to life for me.”


Of those last sane years, Copernicus had spent all with Rheticus, together preparing his lifework.


After a modest run of a couple hundred copies, it saw a second printing in Basel, Switzerland, in 1566, along with Rheticus’s First Account, which has undeniably always been the more widely read of the two.


There were better signifiers of Copernicus’s importance than sales. The masses loved ephemerides, or star almanacs, calculations of planetary locations for each day over the coming years, which court astrologers used to craft public horoscopes and prophecies. Rheticus, having developed into a wizard mathematician, realized his first heliocentric ephemeris in 1551. Copernicus had also attracted a new supporter in a college professor named Erasmus Reinhold, who published his heliocentric Prutenic Tables that same year, though Rheticus’s calculations were more purely Copernican, having trained with the man. To those two fairy-tale years in Warmia the rest of his life was indelibly tied, “for nobody,” wrote one of his future students, “has understood the mind of Copernicus better than he.”


The simultaneous release of and significant differences between the two tables were unfortunate consequences of a failure to communicate. This had always been the outstanding problem of science. Mathematical monks had Aristotle in every library, but no means or motivation to broadcast discoveries and ideas to the world. Now there was the printing press, cheap and developed enough for scholarly work. Translation ran rampant. Literature was turning into conversation, rather than commentary, a tool for the individual voice, which might shun and accept others as it saw fit.


Martin Luther, resting on his deathbed, had understood this. He was the first journalist of theology, publishing constantly, contradicting himself daily, never afraid to revise his babble. The greatest schism in the history of modern Christianity could be better represented by no man. But Copernicus had only ever wanted to be a builder. Pope Paul III, to whom he dedicated On the Revolutions, set the schism in stone with a vengeful program of Catholic renewal known as the Counter-Reformation.


“I hesitated for a long time and even resisted,” Copernicus wrote in that dedication, “but my friends helped me on.” One of these friends, he continued, was the irenic Tiedemann Giese, who would one day be buried at his side. Of Rheticus the Protestant, Rheticus the heretic, Rheticus the sinner, Copernicus wisely, but cruelly, avoided all mention.


The Lord, which the Catholic and Lutheran sects share, would have known the good for which the boy longed. In 1551, Rheticus was subpoenaed to defend himself in court against charges of “sodomitical misdeeds.” Without a moment’s hesitation, he fled Germany forever. As an old man in Prague, distraught from exile and homosexual shame, but still a flourishing scholar, he was visited by a disciple of his very own. The acolyte had barely arrived before Rheticus burst out, “You come to see me at the same age I myself was when I visited Copernicus! Had I not visited him, none of his works would have seen the light.”


And when, in 1557, orphan Rheticus had occasion to look back on his childless teacher, he was sure to correct, “not only my teacher … my father.”




[image: Image Missing]





New Stars



For years there was darkness. No comet raged in the sky. No further fire swallowed up Europe. As many as could be hoped, which is not many at all, read Copernicus’s On the Revolutions. Copies bled across the continent and into England. Nonastronomers heard about it. They laughed. They disagreed. They quit thinking about it and went to bed.


And then there was light.


In November 1572, stargazers all the world over looked up and saw something new. A supernova. To them it looked a star, a new star, a day star, a space dragon, blazing in the heavens alone with the Sun, brighter than Venus in the night, usurping the throne of the princess, constellation Cassiopeia. Four hundred years later, it had changed everything.


None understood what this new star meant, especially once it began to fade. The Chinese grasped the matter best; they had previously recorded the appearance of “guest-stars,” though still held them as portents, which caused their emperor a great deal of worry. “It was as large as a lamp,” their astronomers wrote, “seen before sunset, pointed rays of light streaming out in all directions.” For a short while longer, this civilization remained almost entirely foreign.


European astronomy was in greater disrepair. Its forefather Aristotle had proposed the heavens were changeless and eternal, and thus caused by some changeless and eternal being. But, here, now: if there was no parallax in this new star, then it must lay in the heavens; if it lay in the heavens, then the heavens admitted change; if the heavens admitted change, then Aristotle’s physics, and metaphysics, must be revised. Revision, in its turn, entices more active minds to wholesale replacement. The philosophical bedrock of all known astronomy became a quivering line of dominoes, waiting for a reckless child.
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