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For Donna,

My wife, my love, my buddy, and my Angel—


sharing the Copernicus adventure with you


has made it unforgettable.






 



Of all discoveries and opinions, none may have exerted a greater effect on the human spirit than the doctrine of Copernicus. The world had scarcely become known as round and complete in itself when it was asked to waive the tremendous privilege of being the center of the universe. Never, perhaps, was a greater demand made on mankind—for by this admission so many things vanished in mist and smoke! What became of Eden, our world of innocence, piety and poetry; the testimony of the senses; the conviction of a poetic-religious faith? No wonder his contemporaries did not wish to let all this go and offered every possible resistance to a doctrine which in its converts authorized and demanded a freedom of view and greatness of thought so far unknown, indeed not even dreamed of.

—Johann Wolfgang von Goethe, 1808







Copernicus’ Secret





PREFACE



AFLAWED AND COMPLEX MAN—distant, obsequious, womanizing, but possessing a profoundly original and daring intellect—started the scientific revolution. His name was Nicolaus Copernicus. He achieved this breakthrough when he published his seminal book On the Revolutions of the Heavenly Spheres in 1543, the year that he died, aged seventy. The work provided the technical details for Copernicus’s “heliocentric,” or sun-centered, theory, the model of the universe that hypothesized that the earth and other planets revolved around the sun, and that the earth itself rotated once a day on its axis.

Prior to the publication of Copernicus’s book, the Judeo-Christian world believed that a perfectly still earth rested in the center of God’s universe, and that all heavenly bodies—the sun, the other planets, the moon, and even the distant stars—revolved around it. This conviction was based on the teachings of Aristotle and the writings of Claudius Ptolemy. The Church had long embraced the paradigm because it conformed to scripture and placed humans at the center of God’s firmament. Copernicus’s revolutionary work not only presented an entirely different cosmology, but once accepted, it required a titanic shift in mind-set and belief. No longer the center of God’s creation, the earth became just one of the other planets. By extension, the primary position of God’s highest creation, humankind, was also diminished.

There were many scholars before Copernicus who cast doubt on the earth-centered (“geocentric”) model of the universe, in particular Aristarchas, a contemporary of Aristotle’s. Yet, no one until Copernicus attempted to develop a comprehensive and complete system to supplant Ptolemy’s. This was the key—Copernicus provided all of the data and mathematics that any other serious student of the heavens would need to conduct inquiries using his heliocentric model of the universe.

Though Copernicus’s theory had several serious flaws (in particular, his staunchly held belief that all orbits must be perfectly circular), it was fundamentally correct and exhibited the essential characteristics of modern science—it was based on unchanging principles, rigorous observation, and mathematical proof. His contribution was immense. It formed the foundation of future work by Tycho Brahe, Johannes Kepler, Galileo Galilei, Isaac Newton, and finally Albert Einstein. On the Revolutions, then, started the scientific journey that has led inexorably to our modern world.

 

COPERNICUS’S HISTORY-ALTERING BOOK came very close to never being published. After pouring his soul into the manuscript for at least two decades and essentially completing it, the astronomer made no move to finish it or submit it to a publisher, despite strenuous urgings from friends and colleagues in high places. He was not afraid of being declared a heretic, as many assume; rather, he was worried that parts of the theory distilled in the manuscript were simply wrong, or if not wrong, incomplete. Thus, he resolved to keep it a secret.

Then, in the last years of his life, Copernicus became embroiled in two serious and distracting clashes that nearly resulted in the manuscript following Copernicus to his grave, consigned to a trunk among his belongings. One dispute was all too human and typical—it involved a woman who was his mistress. The other was more serious and a product of the times—Copernicus, a cleric in the hierarchy of the Catholic Church, was tainted with the brush of the heretical Lutheran Reformation.

That the manuscript was not buried with its author was the result of a genuinely remarkable turn of events. At the precise moment that Copernicus was most troubled, a young Lutheran mathematics professor from the University of Wittenberg, having made an arduous journey over hundreds of miles of muddy roads, arrived unannounced on his doorstep. Georg Joachim Rheticus, defying a law that banned Lutherans from Copernicus’s region, was determined to find the famous but shadowy astronomer and discover whether or not the rumored revolutionary theory of the heavens was true. He was euphoric when he discovered that it was. Rheticus then stayed with Copernicus for most of the next two years to help him complete the manuscript and publish it.

With turmoil swirling around them in the cathedral town of Frombork in northern Poland, the two gifted scientists found peace in each other’s company. They worked together to put the final touches on the book that would introduce the heliocentric theory, beginning the era of scientific discovery that eventually led to modern science. But, as with everything involving Copernicus, nothing was simple, and even the straightforward act of publication became a complicated adventure.

This book explores the life of Copernicus, particularly the eventful last twelve years of his life—a dozen years that changed the course of western history.

 

I HAVE WRITTEN THIS BOOK for the lay reader who knows nothing of the events I describe, except perhaps for having heard of Copernicus and his theory that the earth revolves around the sun. The science I describe is at the simplest possible level. Those readers interested in digging deeper into the science will be directed to additional readings in the Notes and Select Sources and Suggested Additional Readings sections. The goal of this book is to provide a rich, accurate, and especially human account of the events that started the scientific revolution.









1

PRELUDE TO FUTURE TROUBLES





My lord, Most Reverend Father in Christ, my noble lord:

With due expression of respect and deference, I have received your Most Reverend Lordship’s letter. Again you have deigned to write to me with your own hand, conveying an admonition at the outset. In this regard I most humbly ask your Most Reverend Lordship not to overlook the fact that the woman about whom your Most Reverend Lordship writes to me was given in marriage through no plan or action of mine. But this is what happened. Considering that she had once been my faithful servant, with all my energy and zeal I endeavored to persuade them to remain with each other as respectable spouses. I would venture to call on God as my witness in this matter, and they would both admit it if they were interrogated. But she complained that her husband was impotent, a condition which he acknowledged in court as well as outside. Hence my efforts were in vain…

However, with reference to the matter, I will admit to your Lordship that when she was recently passing through here from the Królewiec fair with the woman from Elblag who employs her, she remained in my house until the next day. But since I realize the bad opinion of me arising therefrom, I shall so order my affairs that nobody will have any proper pretext to suspect evil of me thereafter, especially on account of your Most Reverend Lordship’s admonition and exhortation. I want to obey you gladly in all matters, and I should obey you, out of a desire that my services may always be acceptable.



This letter was written by Nicolaus Copernicus, the father of modern astronomy and catalyst of the scientific revolution. For those who picture their icons unblemished, it is jarring. It would be less startling, perhaps, if Copernicus had been a young man when he wrote these lines—even icons are allowed indiscretions when young. But he was fifty-eight years old when he drafted this letter in July of 1531. The background facts of the matter are that Copernicus had a housekeeper (whose identity we do not know) in the 1520s who left his employ to marry. The woman soon separated from her husband (supposedly, as Copernicus says, because he was impotent) and then went to work as a housekeeper for a widow in the city of Elblag, which was about twenty miles southwest of Copernicus’s home in Frombork. On one occasion, as the two women were returning from a fair in Krolewiec, a major port about forty miles northeast of Frombork, they decided to stop in Copernicus’s town and spend the night. The ex-housekeeper stayed at the astronomer’s house. Someone reported the visit to Copernicus’s superior, who then sent a letter rebuking him. This letter was Copernicus’s response.

Several inferences can be made from this note. First, this was not the first time that the correspondent—Bishop Maurice Ferber—had scolded Copernicus, presumably over a woman (“Again you have deigned to write to me…conveying an admonition”). Second, the woman in question remained in close contact with Copernicus even after her marriage (“I endeavored to persuade them to remain with each other”). Third, Copernicus’s lengthy explanation suggests that he himself was implicated in causing the break-up of the couple.

Copernicus was a canon in the Church, a cleric who was required to take “first orders,” including the vow of celibacy. To become a priest it was necessary to take “higher orders,” which was encouraged and which many canons did. Copernicus did not, however. Bishop Maurice Ferber was Copernicus’s superior. This incongruous letter is the first hint in the documentary record that the last years of the great astronomer’s life would be troubled and complicated, and that he would be immersed in more than just his astronomical studies.

Its incongruity is also emblematic of many aspects of Copernicus’s role as the founder of the scientific revolution. He truly defied the odds when he discovered and defined the heliocentric theory.

To begin with, Copernicus was a late bloomer. At a time when young men were sent to university at about age fourteen or fifteen (women were not permitted to enroll in universities in the fifteenth and sixteenth centuries), Copernicus did not begin until he was almost nineteen. The typical student went to university for three years and then started to seek fame and fortune. Copernicus attended his undergraduate university for four years, did not earn a degree, and then studied at three other universities for the next eight years. He spent a total of twelve years as a university student. Today we would call such a student a slacker. In Copernicus’s era such a prolonged sojourn was highly unusual.

Second, there is not even a whiff of ambition emanating from Copernicus’s life, nothing to indicate that he might pursue a line of inquiry that would be revolutionary. Most of the other titans of the scientific revolution—certainly Leonardo, Brahe, Galileo, and Newton—had ambitious streaks and outsized egos, and each was eager for acclaim and recognition. Not Copernicus. He was a retiring hermitlike scholar who wanted nothing more than to be left alone. After finally finishing his languid studies, Copernicus followed the path of least resistance and took a position as the personal assistant to his uncle, Lucas Watzenrode, who was an influential prince-bishop in the Church. Watzenrode wanted to groom Nicolaus to be his successor, thus guaranteeing a life of riches and power. Instead, Copernicus opted off the fast track at the age of thirty-seven, left his uncle’s side, and spent the rest of his thirty-three years as a comfortable, but minor, cleric. He did not even bother to take the relatively easy step necessary to become a priest, ignoring pressure to do so from his superiors and friends.

Third, and perhaps the most surprising, Copernicus was not even a professional astronomer. Today, amateur astronomers are numerous, and occasionally one will discover a new star or another body in the night sky. But most of the truly important work in the field occurs at universities and observatories, where the best and brightest can become absorbed in their studies, use the most advanced equipment, and interact with other gifted scientists, enriching one another’s research and helping one another with difficult calculations. Though the system was much less formalized five hundred years ago when Copernicus was starting, it was even then the case that truly gifted astronomers and mathematicians were identified early and either made professors at universities or else appointed court astronomers/ astrologers at the palaces of royalty, nobility, or the clergy. For instance, the most famous astronomer before Copernicus, known as Regiomontanus, was identified as a science prodigy while still a teenager, was quickly made a university professor, and then was supported in turn by a prominent cardinal, the king of Hungary, and finally one of the richest men in Europe. Similarly, the most famous astronomers to follow Copernicus—Brahe, Kepler, and Galileo—all had very rich, powerful benefactors (the king of Denmark, the king of Bohemia, and the Medici, respectively). As professionals, they could devote all their energies to their observations, studies, and writings. By comparison, Copernicus had many distracting official duties as a canon in the Church, and he practiced astronomy only as an avocation.

The list goes on and on. Copernicus worked with inferior, primitive instruments—not even close to the state of the art at the time—and he lived more than half a century before the invention of the telescope. He resided in an inhospitable place for observing the night sky—northern Europe near the Baltic Sea. He worked alone most of the time—astronomy has nearly always been practiced with others (keeping each other awake in the middle of the night, helping to lift and maneuver large instruments, confirming sightings, etc.). Finally, it even appears that he miscalculated precisely where he lived, which caused many of his observations to be inaccurate. In sum, Copernicus should have stood no chance of making even a minor mark in astronomy, let alone one of the most fundamental discoveries in the history of the science.

 

ALTHOUGH COPERNICUS was the unlikely vessel, the era in which he lived was ripe for an intellectual revolution in astronomy. A hundred years after the Black Death had annihilated one-third of the population of Europe, the Renaissance began in the second half of the fifteenth century. A spirit of renewed vigor infused all the intellectual disciplines, from poetry to engineering. Astronomy was among the fields reignited. Christopher Columbus’s discovery of the New World in 1492 kicked the Renaissance into high gear. At the time Copernicus was an undergraduate at the University of Krakow, in the Polish capital. Then, with the Renaissance in full flower—Leonardo began painting the Last Supper in 1495, Michelangelo sculpted the Pietà the same year, da Gama quickly followed in Columbus’s footsteps by sailing around the Cape of Good Hope and landing in Calcutta in 1498—Copernicus became a graduate student in the center of the intellectual ferment, Italy, where he studied at the universities of Bologna, Padua, and Ferrara for the next eight years.

The idea that Europeans were living at a momentous time was in the air in the late 1490s, and Copernicus breathed it greedily. And then, he became a participant. Sometime in late 1496 or early 1497, Copernicus started renting rooms from, and then assisting, one of the leading astronomers of the day, even while he was ostensibly studying canon law at the University of Bologna. Domenico Maria de Novara was not only an astronomy professor at the university, he was also Bologna’s chief astrologer. He was charged with producing predictions about the future health and well being of the nobility and clergy of the city. Novara was representative of the way astronomy was practiced during Copernicus’s era—the formal study of the heavens and the “reading” of what the movements in the heavens meant to people on Earth were inseparably linked. To be an astronomer was to be an astrologer and vice versa.

Working with Novara, Copernicus made his first known formal observation in March 1497, when he witnessed the lunar eclipse of the bright star Alpha Tauri. Novara’s numerous writings make it clear that he was skeptical about parts of the prevailing Ptolemaic (Earth-centered) system, and Copernicus and he no doubt discussed these conundrums. During this period of his life Copernicus embraced astronomy wholeheartedly.

But if Copernicus was astonishing those around him with his math and astronomy skills in the late 1490s and early 1500s, while he was still in Italy and in his prime intellectual years, some mentor should have latched on to him and brought him into the astronomy/astrology “club” as either a court astrologer or university professor. The fact that this did not happen could be due to several factors. Perhaps he had not impressed the astronomy community in Italy. Or perhaps he did not have a strong enough belief in astrology to make it part of his life’s work, even if this meant having the freedom to devote most of his energies to scientific work. Or he may have felt so beholden to his uncle Lucas, who had been his benefactor for years, that he was compelled to begin the life course that the bishop had set for him. In all likelihood, Copernicus’s departure from Italy in 1503 was the result of some combination of these reasons.

In that year, Nicolaus, now thirty years old, completed his studies with a doctorate in canon law from the University of Ferrara, and returned to Poland. There he began his career in the Church hierarchy. But even that pursuit was stillborn. As mentioned earlier, Copernicus’s powerful uncle chose him to be his assistant, and expected him to one day take over his seat as the prince-bishop of Warmia, a principality in northern Poland. But Copernicus was not interested. After seven years in the service of his uncle, he resigned as the bishop’s secretary. In 1510, he took up the official post from which he actually received his income from the Church, as a canon at the cathedral in Frombork, on the Baltic coast and not far from the port city of Gdansk.

Though he did not make an impact on the astronomers in Italy a decade earlier, they must have missed indications of his talents. Because here in little, inconsequential Warmia, which Copernicus himself described as “the remotest corner of the world,” far away from the universities in Kraków, Bologna, Padua, and Ferrara, something extraordinary happened. Over the next few years and completely on his own, Nicolaus Copernicus formulated one of the greatest achievements in the history of human thought.

Copernicus the astronomer, not the nephew of the bishop, emerged from nowhere sometime before 1514. It was about then that he penned his astronomical ideas in a short, anonymous, untitled, non-technical, handwritten manuscript. He made copies of this document and sent them to interested friends. The recipients were primarily former fellow students from his university days in Kraków and Italy.

The document was essentially a manifesto for the heliocentric theory. Copernicus began by announcing that the Ptolemaic system “presents no small difficulties” and that it had “defects.” In writing these words he was directly confronting well over thirteen hundred years of firm belief and rigorous support. He went on to say, “I often considered whether there could perhaps be found a more reasonable arrangement…in which everything would move uniformly about its proper center, as the rule of absolute motion requires. After I had addressed myself to this very difficult and almost insoluble problem, the suggestion at length came to me how it could be solved with fewer and much simpler constructions than formerly used, if some assumptions were granted to me.” He then proceeded to list seven assumptions or axioms. The axioms were stunning in their novelty, and several generations later would be viewed as heretical. Three were particularly astonishing: “The center of the earth is not the center of the universe, but only of gravity and of the lunar sphere” (meaning that the moon revolves around the earth, but only the moon); “All the spheres revolve about the sun as their midpoint, and therefore the sun is the center of the universe”; and “The earth…performs a complete rotation on its fixed poles in a daily motion.” So there on page two of the essay was the first utterance of the theory that started modern science—“…therefore the sun is the center of the universe.”

Immediately after presenting his assumptions, Copernicus stated, “I have thought it well, for the sake of brevity, to omit from this sketch the mathematical demonstrations, reserving these for my larger work.”

The Commentariolus, as the essay later came to be called, circulated throughout the astronomy community of Europe as the original recipients made copies to send to their colleagues and then filed away their own copies. Through this network the heliocentric theory became known. A few knew who the author was, most did not, and at least some in the astronomer-astrologer community eagerly awaited the promised “larger work.” And waited, and waited.

A few years passed. Then the decades of the 1520s and 1530s, and still no larger work containing the needed proof of Copernicus’s startling assertions appeared. Most readers of the Commentariolus probably dismissed the original essay as a fascinating but naïve effort that remained unproven.

But true to his word, Copernicus did produce a deeply learned and highly technical manuscript that confirmed the key tenets of the heliocentric theory. Although he toiled over it for more than twenty years, he made no effort to have the extraordinary work published. Nor does it appear that he showed it to more than a handful of people. He would later write in his masterwork that he was afraid that “when I attribute certain motions to the terrestrial globe, they [he does not say who “they” are] will immediately shout to have me and my opinion hooted off the stage.” Copernicus continued, “Therefore, when I weighed these things in my mind, the scorn which I had to fear on account of the newness and absurdity of my opinion almost drove me to abandon a work already undertaken.” In fact, “I had kept [the manuscript] hidden among my things.”

 

THE “LARGER WORK” might have been abandoned and never have appeared in print if not for the events about to be described. Perhaps On the Revolutions of the Heavenly Spheres, as the larger work was eventually called, would have been published posthumously by one of Copernicus’s few friends who knew about it, but its technical nature would have made that difficult. What is certain, though, is that the beginning of the scientific revolution would have been different and surely would have been delayed if the manuscript for On the Revolutions had not been published how and when it was.

 

HOWEVER, before explaining how Nicolaus Copernicus was finally persuaded to release his comprehensive, one-of-a-kind manuscript for publication, it is necessary to first explore how the manuscript—and specifically the ideas contained in it—came to be in the first place. And for that it is necessary to begin twenty years before Copernicus’s birth, in a classroom in Vienna.









2

THE PRECURSORS




THE PUBLICATION of Copernicus’s manuscript started the scientific revolution in the spring of 1543. However, the first step on the road to that seminal event was taken in a wood-paneled classroom at the University of Vienna nearly a century earlier, in the spring semester of 1454. The course taught in that cramped room in an old building surveyed the latest thinking in theoretical astronomy. It brought together an inventive humanities professor named Georg Peurbach (1423–1461) and an eighteen-year-old student who would be galvanized by the lectures and would quickly become the professor’s research and observation partner. The student was Johannes Müller (1436–1476). He would eventually be known by the Latin name Regiomontanus (which means “king’s mountain,” a reference to his birthplace) and would soon surpass his mentor as the greatest astronomer of the fifteenth century.

The timing of Peurbach’s astronomy class could not have been more appropriate. Though neither instructor Peurbach nor pupil Regiomontanus realized it at the time, the Renaissance began at essentially the same time as their partnership. The fall of Constantinople to the Ottoman Turks in 1453 and the invention of the printing press by Johann Gutenberg in Mainz a few years later were two of the key catalysts of the Renaissance. Though Peurbach was just trying to give clear and careful lectures on a knotty subject, and Regiomontanus was just trying to take accurate notes, the intellectual awakening that started in that Viennese classroom also contributed dramatically to the Renaissance.

In fact, if not for their untimely deaths at the ages of thirty-eight and forty, respectively, either Peurbach or Regiomontanus might have become the father of modern astronomy and the scientific revolution instead of the canon of Frombork. In many ways, the two Viennese astronomers played the role of Christopher Marlowe to Copernicus’s Shakespeare in the history of modern astronomy—that is, they advanced astronomical scholarship as no one had before them, and they created an environment for an innovator like Copernicus. Their chief joint contribution was to recognize the need for the dramatic reform of astronomy. Yet, before their deaths neither attempted a complete rethinking of the Ptolemaic system. That bold breakthrough would have to wait for the intellectually fearless Copernicus.

 

GEORG PEURBACH was not even supposed to ponder astronomy, let alone teach a course on the topic. He was a humanities professor, hired by the University of Vienna in 1453 to teach courses on Horace, the Aeneid, rhetoric, and other related topics. The young intellectual also wrote poetry in Latin, some of the best from this era. Yet, beginning in 1451, when he recorded his first observations of the heavens, Peurbach became fascinated with astronomy and astrology. He convinced the university rector to allow him to teach a course on astronomy just one year after his appointment as professor. There is no record of Peurbach ever taking a formal course on the subject, so it appears that he was self-taught.

By closely studying the standard textbook of the period, which was A Theory of the Planets (Theorica planetarium) and was believed to have been written by one Gerard of Cremona two centuries earlier, Peurbach knew that there were defects with the prevailing model of how the bodies in the night sky moved. He was eager to explore these flaws carefully and perhaps find a remedy for them. Using the forum of a course that lasted several months, he hoped to begin the process.

Gerard of Cremona’s text was based directly on the source for all astronomical thinking of the time, Claudius Ptolemy’s Almagest. Ptolemy (AD ca. 85–165) was a Greek who lived in the Egyptian city of Alexandria. He was a scholar of prodigious talent—incredibly ingenius and prolific. He wrote several magisterial works, the most significant being the Almagest (ca. AD 150), which surveyed everything then known about the universe and the study of it. It included tables for locating the heavenly bodies, which was what astrologers coveted most.

The arrangement described within the pages of the Almagest was based on Aristotle’s conception of the cosmos. The earth was at the center. It did not move at all. It was believed that if the earth did move, the atmosphere itself would blow away, and since it clearly was not blowing away, just as clearly the earth must be perfectly still. All of the planets, which included the moon and the sun, revolved around the earth, and they did so in perfect circles, at constant speed, and in the same plane. The planet closest to the earth was the moon, next closest was Mercury, followed by Venus and the sun, then Mars, Jupiter, and finally Saturn (Neptune and Uranus were not discovered until after the invention of the telescope).

The sun and moon were considered unique, but the five other planets were called the “wandering stars,” because they moved through the night sky, or wandered (the word “planet” is derived from the Greek word for wanderer). The wandering stars were viewed against the “fixed stars,” which were all of the other illuminated objects. The fixed stars also moved around the earth, but they always maintained their position relative to one another. So it was believed that the fixed stars were attached to a celestial sphere that marked the outer boundary of the universe, just beyond Saturn, and this sphere rotated around the earth on a celestial axis once a day. The wandering stars were always seen in a thin band on the dark horizon, which meant that only a few constellations of fixed stars served as their background. The twelve special constellations were called the houses of the zodiac (which means circle or circuit).

Ptolemy’s model of the universe was founded on Aristotle’s dictates, coupled with what the Alexandrian knew about the actual behavior of the heavenly bodies based on years of careful observation. A troubling conundrum that he had to explain was “retrograde motion”—the concept that the wandering stars, during their annual rotation around the earth, appeared to stop and then actually go in reverse before stopping again and then resuming their proper course. Ptolemy cleverly solved this mystery. In his conception, the planets revolved around the earth by being attached to one of two spheres. Each planet had two spheres. The main sphere, the one that had the earth at its center, was called the “deferent.” The second, smaller sphere, to which the planet was attached, was called the “epicycle.” The epicycle revolved around a point on the deferent. So the construct was a sphere whose center was on the edge of a much larger sphere: Picture (in two dimensions) a tambourine and one of the round cymbals attached to it; the perimeter of the tambourine is the deferent, and the small cymbal is the epicycle. By the fifteenth century, astronomers believed that Ptolemy’s spheres were crystalline—that is, actual, tangible, glasslike spheres.

There were two other complications. First, Ptolemy’s observations made him sure that the earth was not quite the precise center of the universe. So, he created a point near the earth called the “eccentric.” The eccentric was the center of all of the planetary deferents. Second, the planets did not move at a consistent, uniform speed, either. This problem was solved by adding a final piece to the puzzle. On the other side of the eccentric, exactly opposite the earth and at the same distance from the eccentric was another point called the “equant.” The equant (that is, equalizing point) was the point around which the planet revolved at uniform speed.

So, the deferent and the epicycle addressed the problem of retrograde motion. And the eccentric and equant addressed the problems of locating the true center of revolution and nonuniform speed. But a planet revolved around the eccentric at uniform distance, not at uniform speed. Likewise, a planet moved with uniform speed around the equant, but not at uniform distance. One scholar observed that “Ptolemy broke sharply away from the previous requirement that circular motion must be uniform around its own center.” This break from “previous requirement” would deeply trouble Copernicus.

All of these qualifications in the Ptolemaic, geocentric model caused King Alfonso X of Castile, the sponsor of the Alfonsine Tables, which were compiled in the thirteenth century and would be the standard source for locating planet and star positions during Copernicus’s time, to quip, probably apocryphally, “If the Lord Almighty had consulted me before embarking upon creation, I should have recommended something simpler.”

Yet, though Ptolemy’s construction was significantly more complex than Aristotle’s tidy universe where the earth resided in the middle of a bunch of nested circles, it worked amazingly well. The wandering stars were usually where Ptolemy said they would be, and eclipses and other phenomena occurred reasonably close to when they were expected. Still, by the fifteenth century the model was getting creaky, and discrepancies in the prediction and actual occurrence of eclipses and other astronomical phenomena were getting more pronounced.

 

SITTING IN PEURBACH’S CLASSROOM was the brightest genius of the fifteenth century, even more brilliant than Leonardo da Vinci, who appeared a generation later. Regiomontanus, born in 1436, was a genuine child prodigy. The son of a miller, he was sent to the University of Leipzig in 1447, at the age of eleven. The boy studied at Leipzig for three years, after which he enrolled at the University of Vienna. The precocious Regiomontanus was already constructing complicated astronomical tables even before arriving at Vienna in 1450, so he jumped at the chance to take Peurbach’s new class. Regiomontanus’s astute observations and questions led Peurbach to quickly surmise that he had more than a gifted student sitting before him—he had a peer. From this point on, they became colleagues and partners in astronomical observations, despite the fact that Regiomontanus was thirteen years younger than Peurbach.

The next few years were a whirlwind of activity. It almost seems as if Peurbach had a premonition of his impending death, because he accomplished a tremendous amount in a very short period. He and Regiomontanus made a number of accurate astronomical observations together. Peurbach built dozens of well-crafted instruments, such as astrolabes and sundials, and he formulated innovative trigonometric tables. Most importantly, he wrote two of the most important works of the fifteenth century. First, he refined his lecture notes from his 1454 course to produce the New Theory of the Planets in manuscript form. The actual innovations in Peurbach’s text were minor. However, by correcting certain errors and simplifying parts of Ptolemy’s model, Peurbach’s text marked a significant improvement over Gerard of Cremona’s, which was overly complicated and riddled with mistakes.

Second, he created the Tables of Eclipses (Tabulae eclipsium, completed in 1459), which accurately projected lunar and solar eclipses for many decades ahead, and became a “must have” reference for astronomers and astrologers for generations. The Tables consisted of approximately one hundred dense pages of careful calculations—future astronomers and astrologers were saved hours of painful mathematics because of them.

While enthusiastically fulfilling his duties as humanities professor by teaching courses and mentoring students each semester, Peurbach also wrote annual astronomical yearbooks, which projected the movements of the sun, moon, and planets for the given year. This knowledge was critically important for the landowners and peasants who worked their land (When were the solstices and full moons?), calendar makers (When was Easter?) and astrologers. And Peurbach found time for his own astrology, too. He served as the court astrologer to King Ladislaus V of Hungary, and then the ruler of the Holy Roman Empire, Frederick III. An example of the kind of predictions, or “prognostications,” he performed occurred in 1456 when he and Regiomontanus observed what was later named Halley’s comet; Peurbach wrote that it signaled drought, pestilence, and war for Greece, Italy, and Spain, and that it spelled trouble for individuals whose nativities have Taurus in the ascendant.

Peurbach also worked on a third key manuscript, but this one he would not see through to completion—an abridged yet authoritative Latin translation (called an “epitome”) of Ptolemy’s Almagest. In the spring of 1460, Cardinal Johannes Bessarion (1403–1474), the pope’s representative to the Holy Roman Empire and a noted Greek scholar, came to Vienna on official Vatican business (he was trying to drum up support for a crusade against the Turks to oust them from Constantinople), but he also found time to seek out the renowned Peurbach and urge him to write a new Latin translation of Ptolemy’s landmark book. Bessarion was a native Greek speaker who had left Constantinople ahead of the Ottoman Turks. He was committed to preserving and distributing the Greek classics, many of which he had personally brought with him from the Byzantine capital, which meant arranging for authoritative Latin translations. Bessarion offered financial support for the endeavor from the coffers of the Church. Peurbach enthusiastically accepted the challenge.

Unfortunately, one year later and about halfway through the project, Peurbach became fatally ill, probably with the plague. On his deathbed he asked his star student and now colleague to continue the important work on the Almagest. As related by Regiomontanus: “When my teacher was dying…he commanded me to do these [chapters] as quickly as possible…. He was anxious even on his deathbed to fulfill [his duties on the Almagest].” How could Regiomontanus say no? Secure in the knowledge that his last effort would be completed, Georg Peurbach, one of the first renaissance men of the Renaissance, passed away at the age of thirty-eight in April 1461.

 

AS PEURBACH’S SUCCESSOR on the Almagest, Regiomontanus became heir to the patronage of Bessarion. He left the University of Vienna about six months after Peurbach’s death to accompany the cardinal back to Rome. Regiomontanus would spend the next four years at Bessarion’s side. The cardinal helped Regiomontanus to master Greek. He now possessed four unusual talents—he was a gifted mathematician, a rigorous astronomer, an innovative instrument maker, and he could speak and read Greek. This was an unprecedented combination.

Regiomontanus probably finished the Epitome of the Almagest in 1462, yet it would not be printed and published until 1496. This was a critically important book, for it not only made Ptolemy’s work more widely available, but Regiomontanus also augmented sections with commentary and new observations.

In 1464, Regiomontanus completed a second important work, this one picking up where Peurbach had left off on his trigonometric studies and entitled On Triangles of Every Kind (De triangulis omnimodis). In the fifteenth century, trigonometry was primarily the study of triangles, and triangulation was an important tool for measuring the position of heavenly bodies, similar to surveying on the surface of the earth. The introduction provided a glimpse of Regiomontanus’s personality:

You, who wish to study great and wondrous things, who wonder about the movement of the stars, must read these theorems about triangles…For no one can bypass the science of triangles and reach a satisfying knowledge of the stars…A new student should neither be frightened nor despair. Good things are worthy of their difficulties…Nor should anyone avoid this small volume. It is a foundation for so many excellent things. I do it no injury by calling it the foot of the ladder to the stars.


His celebrity growing, in 1467 Regiomontanus accepted an invitation from King Matthias Corvinus of Hungary to take up residence in Buda and join the staff of the Royal Library of Hungary. Regiomontanus quickly added to his fame when, shortly after his arrival in Buda, the king fell seriously ill. Members of his court despaired, but Regiomontanus checked his astrological tables and declared that the king was fit and merely suffering from a temporary weakening of the heart caused by a recent eclipse; the king would be healthy in no time. Matthias did in fact recover shortly afterward. His assessment of the king’s health reflects how Regiomontanus consistently coupled his astronomical work with astrological work, as did every other astronomer of his era. He wrote short pieces devoted to better understanding the houses of the zodiac and the best times for doctors to practice blood letting according to the position of the moon. He also cast horoscopes for his patrons.

While in Hungary, Regiomontanus completed several more works in trigonometry that were actively used in the early sixteenth century. The most important was titled The Tables of Directions, which was printed in 1490. The Tables helped to determine the positions of heavenly bodies based on the perceived daily rotation of the night sky; the work was used by astrologers trying to determine the houses of the zodiac. It would be one of the first books owned by Copernicus.

Skeptical of the veracity of Ptolemy’s model of the heavens after finishing the Epitome, Regiomontanus by 1470 was convinced that an entirely new astronomical system was needed. But he did not know what that system should look like. He wanted to begin at the beginning, which meant obtaining new and completely dependable observations. Buda became a less-than-hospitable location when King Matthias precipitated a war with Bohemia, so Regiomontanus looked elsewhere to continue his research.

In 1471, Regiomontanus packed up his instruments, manuscripts, and other personal belongings and moved to Nuremberg. He explained his reasons to a correspondent:

Quite recently I have made observations in the city of Nuremberg…for I have chosen it as my permanent home not only on account of the availability of instruments, particularly the astronomical instruments on which the entire science is based, but also on account of the great ease of all sorts of communication with learned men living everywhere, since this place is regarded as the center of Europe because of the journeys of the merchants.


Nuremberg remained a vibrant trading center in Copernicus’s day and would later play a pivotal role in the publication of On the Revolutions.

Once there, Regiomontanus was befriended by a rich merchant named Bernard Walther (1430–1504), who became his patron and student. Walther paid for the construction of one of the first formal astronomical observatories in Europe. It was built outside the protective walls, to the northeast and on a rise above the city. Upon its completion, the two set out on one of the most ambitious astronomical observation programs in history, and certainly the boldest ever undertaken up to that point.

Regiomontanus’s plan for reforming astronomy consisted of two prongs. The first was new observations. The second was the publication of important works in mathematics and astronomy. As with the observatory, Walther provided the funds necessary for the now legendary astronomer to start the first publishing operation devoted to the production of mathematical and scientific works.

Regiomontanus set up the printing press in his own house. The first book that he published was Peurbach’s New Theory of the Planets, which he printed and began selling in 1472. It was a profoundly successful text and probably was the most used book on theoretical astronomy in the sixteenth century (it went through at least fifty-six printings and was translated into several languages, in addition to the original Latin, over nearly two hundred years).

His second published work was one that he authored himself (and was the most popular of his works), the Ephemerides, which appeared in 1474 and which accurately projected the positions for the celestial bodies for every day from January 1, 1475, to December 31, 1506. The main purpose of the book was to assist astrological readings. The book became even more legendary when it was later reported that Columbus, who traveled with a copy on his voyages, was able to frighten the hostile natives on Jamaica by relying on Regiomontanus to predict a lunar eclipse (February 19, 1504). Apparently the Jamaicans were not allowing Columbus and his men to gather food and water, and when Columbus referred to his copy of the Ephemerides and realized that a lunar eclipse was about to occur, he told the Jamaicans that God was going to punish them for threatening his men by taking the moon away from them. The eclipse occurred exactly as Regiomontanus had predicted, and the natives were awed.

Regiomontanus was thus the first publisher dedicated to rigorous books in the sciences. He even produced a broadsheet called the “Index of Books” that was circulated throughout Nuremberg and then the rest of Europe. The purpose of the Index was to seek individuals who might have copies of the works he wished to publish. He listed more than twenty classics by the ancients (mainly the Greeks, including Ptolemy and Euclid) that he planned to translate into Latin and then publish. He then described twenty-one projects that he himself was going to write.

Not only did Regiomontanus want to get important works into print, he was also just as serious about having them published well. He recognized that there were unique challenges to publishing mathematical works—these were difficult books to set because of the need to include numerous diagrams, often elaborate tables, and mathematical equations. Not only must the pages be clear and legible, they must also be free of error. So accuracy became paramount, yet these were precisely the kinds of titles inherently prone to errors:

For if I am not mistaken we are sinning when we obscure the opinions of noble authors by contaminating them with our own ignorance and infecting posterity with erroneous copies of books. For who does not realize that the admirable art of printing recently devised by our countrymen is as harmful to men if it multiplies erroneous works as it is useful when it publishes properly corrected editions?
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