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PROLOGUE


BEFORE


The heavens themselves, the planets and this centre


Observe degree, priority, and place,


Insisture, course, proportion, season, form,


Office, and custom, in all line of order:


And therefore is the glorious planet Sol


In noble eminence enthroned and sphered


Amidst the other; whose med’cinable eye


Corrects the ill aspects of planets evil,


And posts, like the commandment of a King,


Sans check, to good and bad. But when the planets


In evil mixture to disorder wander,


What plagues and what portents! What mutiny!


What raging of the sea! Shaking of the earth!


Commotion in the winds! Frights, changes, horrors,


Divert and crack, rend and deracinate


The unity and married calm of states


Quite from their fixture!


William Shakespeare, Troilus and Cressida, Act I,
Scene III, 84–101





 


 


Mortlake, 1592.


An old man sits before a table, its surface covered with papers. These documents are the record of his life, his achievements and disappointments. They map the many connections he cultivated during his long career: a vast, sprawling network of noble lords, kings and scholars from across Europe whose intellectual interests brought them into the orbit of this remarkable figure. This is his final supplication to the queen he has served for over four decades, herself now an elderly woman too. Evidence of missed opportunities, broken promises and unpaid commissions spill across the table, each carefully listed in the handwritten document he holds in his elegant fingers. Beneath his neat black cap, his eyes are dark and sorrowful, but his beard is long and fine, as white as milk. There was a time, many years before, when his life brimmed with possibility and the queen called him her ‘philosopher’. Now here he sits, surrounded by the ghosts of his extraordinary library, his laboratories, his instruments and his patrons, England’s great polymath – penniless and reduced to begging.


Dr John Dee is a central figure in the story of sixteenth-century scientific culture. Through his wide-ranging interests, he embodies its scope, its mutability and its strangeness, while the centre of knowledge he created at his house in Mortlake was emblematic of the new types of scientific space that defined that period and influenced the following one. It is said that Dee was in William Shakespeare’s head when he dreamt up the character of Prospero for The Tempest. His career is certainly representative of the time. Freelance scholars like Dee spent their professional lives navigating complex patronage systems without the safety net of formal roles or regular incomes, pioneers in a burgeoning Protestant intellectual sphere that spread through northern Europe. Often facing the headwinds of religious change, they had to adapt and sometimes even migrate in order to survive and play their part in the new world of learning. We will journey through this world, visiting six places where people gazed at the stars and studied nature, beginning in Nuremberg, home to the first observatory north of the Alps. We will follow in Dee’s footsteps from Mortlake to Louvain, Kassel and Prague, and his letters to the Danish island of Hven – the major centres of scientific investigation at that time. Our final destination is another island, described by Francis Bacon in his novel, New Atlantis – an imaginary successor to the aforementioned centres and the blueprint for modern scientific institutions.


The story of the ‘birth’ of modern science usually starts with Francis Bacon and René Descartes – credited with establishing natural observation, measurement and experimentation as the cornerstones of the scientific process. But their ideas didn’t fall out of the sky. They were forged in the intellectual world of their predecessors. Establishing new ways of doing things often involves denigrating what has gone before and presenting your ideas as novel; Descartes and Bacon were no exception. Their promotion of empirical observation rather than relying on existing texts was not, in fact, a new concept – it had been fermenting throughout the sixteenth century. One of its most radical proponents was the magnificently named Theophrastus Bombastus von Hohenheim, known as Paracelsus, who insisted that those who were genuinely interested in learning, ‘must turn to reading not the books of men but the larger book of nature’.1 This view was shared by many of the people whose stories we will follow; it guided their work and profoundly altered knowledge in countless fields, from medicine to astronomy, alchemy, mathematics and geography.


Just as discoveries are valued above all else in science, historians of the subject have traditionally focused on the ‘eureka moments’ and the great minds behind them. The places and conditions in which scientific progress was made is a relatively new subject in the history of science, partly because the evidence is thinner, and any reconstructions require a broad, contextual approach. The result is more complex, more nuanced, and ultimately, more interesting. Looking beyond the achievements of Newton and Boyle, of Bacon and Descartes – before the foundation of the Royal Society – to the preceding period, it is clear that without the decades of observational data and discussion about the universe and nature, the technological innovations in printing scientific books and making instruments, to say nothing of the development of dedicated places for studying nature, these heroes of science would have inhabited a very different world.


This is the story of how that world was created during the sixteenth century, specifically how investigation into the natural realm proliferated and flourished in the northern parts of Europe. It is not a well-known narrative, at least compared to the twin megaliths of the Italian Renaissance and the Scientific Revolution, which it falls between and inextricably links. Histories of this period rightly celebrate the achievements of the likes of Copernicus and Galileo, but this narrative is based around places, so these individuals are not my focus. Johannes Kepler is included, because of the role he played in Prague – one of the key cities we will visit. It is impossible to avoid ‘great men and big ideas’ when writing about the history of science, but I am keen to draw a broader picture by focusing on the figures that sit at the periphery, the places where they worked and the wider culture in which they operated. Where possible, and the sources are very limited, this will include the people, many of them women, in the background who assisted and worked alongside them.


Few of the characters in this story fall into the ‘great men’ category, and many have been largely forgotten. This needs to be redressed because, as we shall see, they played a vital role in the development of scientific culture in Britain, Scandinavia, Germany, the Low Countries and the Czech lands, and, in turn, scientific culture more generally. Many of their innovations are still integral to how we study the natural world today. The practical developments in precision, communication and technology happened alongside and in tandem with commercial expansion, and in particular, mining, which provided the financial basis for culture across the spectrum, as well as the raw materials – metals – used in the creation of new technology and equipment. This is a tale of commercial success, technical innovation and hard work, of determination, communication and perseverance, of imagination, ambition and triumph, a tale that cries out to be told.


To our rational, orderly, twenty-first-century minds the sixteenth-century map of knowledge appears messy, a paradoxical and confusing place where magic was studied alongside geometry, people searched obsessively for the philosopher’s stone and astrology was fundamental to many areas of life. It was also a period of great intellectual change. Knowledge was transformed by the discovery of new lands, new technologies and new visions of nature. Scholars across Europe and beyond shared their ideas with one another, and uncovered ancient texts that brought an array of often contradictory philosophical traditions and theories to light. This makes it slippery and hard to pin down, but all the more compelling for that. We refer to this period as ‘early modern’, reducing it to a prequel to the main ‘modern’ event, but the people who lived through the sixteenth century would have been more likely to call it ‘the new age’, in recognition of the novelty that surrounded them, the inventions, the continents, the ideas and faiths that were appearing on all sides.2


By 1500, humanist scholars had already brought large numbers of previously unknown manuscripts to light, texts by Archimedes, Aristotle, Plato, Cicero and Lucretius among a host of others. New, improved translations of known works supplemented these. The idea that ancient knowledge held the deepest secrets of the world was powerful, causing a huge rise in the popularity of occult philosophy, fuelling interest in alchemy and natural magic. One of the most persuasive factors was a collection of manuscripts that purported to contain the writings (in Greek) of Hermes Trismegistus, an ancient Egyptian priest about whom it has been said, ‘No ancient writer had an afterlife more active, more paradoxical, or more crammed with incident.’3 In the early seventeenth century, the Hermetic Corpus was shown to date from the early Christian era, and not around the time of Moses as previously thought – debunking the theory that it contained divine revelation. However, its claim that humans were ‘little gods’ who could affect nature by using magic remained influential. It runs through attitudes to scientific investigation throughout the sixteenth century and beyond to Francis Bacon, who took it even further.


Viewing the intellectual landscape of this period, the most striking aspect is its variety. In the absence of formal, commonly accepted methods of accumulating knowledge or defined bodies of fact, scholars were open to a wider range of possibilities and more willing to consider conflicting ideas concurrently. We can see this in their acceptance of Aristotelian and Platonic philosophies, their willingness to contemplate both the Ptolemaic and Copernican universal systems, and their enthusiasm for ancient magic alongside empirical observation. If we are to fully appreciate their mindset, we, too, need to embrace uncertainty, to be inclusive and open-minded, and give all areas of knowledge due consideration regardless of their eventual place in the pantheon. We also need to recognise that knowledge was configured differently, that subjects which are unconnected today – astrology and medicine, for example – were once integral to one another.


The stars, or rather astronomy, will be our guide. This was the most prestigious of the mathematical disciplines, one that long played a leading role in the development of science in part because it was often the starting point for investigations of the natural world. People have always built places to observe, to enhance their appreciation and understanding of the night sky. Stone circles, ancient temples, Egyptian pyramids, Gothic cathedrals – all of these are types of observatories designed to frame the movements of celestial bodies at certain times of the year. Astronomers, who devoted themselves to mapping the stars and planets, and interpreting their influence, have played a vital role in almost every civilisation the world has seen. They helped leaders feel confident when making decisions, and ascertained the dates and times which were so crucial to religious practices. They gave people a much-needed feeling of security: reassurance that whatever happened to you in life was meant to be – it was written in the stars. Astronomy naturally led scholars to other areas of knowledge: mathematics, which was needed to plot, measure and predict celestial movements; navigation, which was made possible by knowledge of the night sky; and determining time and the calendar.


In the second century CE, Claudius Ptolemy created the system of the universe that was commonly accepted in Europe and the Arab world for 1,500 years. He presented it as a series of complex mathematical models, enabling scholars to predict the movements of the heavens with a reasonable degree of accuracy. The earth was at the centre with the sun and the planets circling it in a series of large circuits – the geocentric system. But there were clear irregularities in his observations, so Ptolemy made adjustments. He put the planets onto smaller spheres called epicycles, on which they rotated, at the same time as they moved around a much larger circle, the deferent – a bit like couples whirling around the Blackpool Ballroom. He hoped to explain why the planets appear to speed up, change size and go back on themselves sometimes, but because there were still obvious discrepancies, he decided to move the earth away from the centre of the deferent circle and add an arbitrary point, which he called the equant, as the centre of the planets’ orbits.


This system was manifestly flawed, but it was a good first attempt, expounded in his vast astronomical masterwork, the Almagest. Yet Ptolemy made no attempt to describe or explain the physical makeup of the universe – this was the sole province of natural philosophers, right up to the sixteenth century. Natural philosophy, the study of the natural world, was dominated by the works of Aristotle. Aristotle’s theory had been that the universe was made up of a series of crystal spheres nested inside one another like Russian dolls, on which the planets revolved. This was a beguiling idea, but it didn’t fit with Ptolemy’s system. Aristotle had insisted the planets moved at a uniform speed, but Ptolemy could see with his own eyes that they didn’t, so he had introduced the equant point to try to solve the problem. However, the equant meant that the earth was no longer at the centre of the universe – another direct contradiction of Aristotle. These ideas existed side by side and in opposition to each other for centuries; many astronomers found them troublesome and attempted to come up with solutions. Eventually, this would lead to the rejection of the geocentric system.


In the sixteenth century, astronomers began invading the territory of natural philosophy, challenging Aristotle and thinking about the physical makeup of the universe, not just its abstract movements. This was one of the most transformative changes the discipline underwent. It meant that people observing the stars in the seventeen hundreds looked for, and saw, completely different things to those in the late fifteenth century, and not simply because they were now using telescopes. They thought about the structure of the universe and assessed its movements in ways that weren’t possible a hundred years earlier, in new types of scientific space that had developed over the preceding decades. In part this was sparked by a series of dramatic celestial events in the final decades of the sixteenth century, which provoked a Europe-wide community of scholars to question and reassess foundational theories about the universe. This was the first time a large, geographically diverse group of people observed natural phenomena, then shared and discussed their findings, communicating via letters which were copied and passed on, and occasionally even published, foreshadowing modern academic journals and the peer review process.


In the Middle Ages, astronomers were mainly focused on producing new versions of star tables, known as zij in Arabic. These tables were compiled from the Almagest into a short, easy to consult text known as the Handy Tables and used to predict heavenly movements. Each new version had to be recalculated to the specific coordinates of the place in which it was being written, so they are stepping stones that take us through the history of astronomy, right up to the present day. Between 800 and 1,500, new astronomical tables were produced in Baghdad, Nishapur, Merv, Maragheh, Samarkand and Toledo, the major centres of celestial study in that period where the great observatories of the Islamic world were built. Within Europe there had been efforts to create similar environments in the late medieval period, but on a far more modest scale. The most significant was presided over by Alfonso the Wise of Castile, in thirteenth-century Toledo, where scholars used their observations to produce a new and influential set of star tables using information left to them by the Muslim scholars who had worked in the city in the previous century when it was part of the Islamic Empire.


In this period, astronomy and astrology were not yet separate disciplines. Measuring the movements of the stars and planets and interpreting their effect on earth were carried out by the same people, in the same places. While long discredited by the scientific community, astrology has never lost its grip on the human psyche and remains for some a persuasive system to this day, so it should not be difficult to understand that it held such power for our sixteenth-century ancestors, living in a world of devastating uncertainty. They encountered astrology in various incarnations. If your parents could afford it, they might commission a horoscope when you were born, to give them an idea of the kind of person you would grow into, and the kind of life you might go on to live. In order to do this effectively, the astrologer needed to know the time of conception as well as the precise moment you came into the world so that they could note the exact picture of the heavens at these seminal points in your existence. They would then calculate the relative positions of the houses of the zodiac, noting the particular influences that would determine your fate. Saturn, for example, was cold and dry, heralding a melancholic personality and a tendency to coughing. A person’s life was determined by the stars, as was their death, and everything in between. The heavens were mapped onto the body in the grand scheme of correspondences that linked everything in Creation into a giant chain of being, with God at the very top. If He was going to send messages to earth, where else would they be written but the sky?


Astrology was an essential part of medicine, taught at universities and used by doctors to diagnose and treat patients every day of their professional lives. It was also used to predict future life events and answer all manner of questions – Where is my missing necklace? Will I get pregnant? Should I take this job? When will the world end? Simon Forman, the leading astrologer of his day, carried out in the region of 8,000 consultations in 1590s London – the Elizabethan equivalent of visiting your therapist. This involved casting a horoscope for the moment and place that the question was asked, or the person fell ill, and mapping the celestial bodies in relation to the twelve astrological houses and signs of the zodiac to determine the influences in play and the effect they would have. Intricate and beautiful, these diagrams required specialist knowledge, something many practitioners did not have; this brought the discipline into disrepute and provoked criticism. While the system was sophisticated and coherent, there had always been flaws. As St Augustine noted, twins would have almost identical horoscopes but could have vastly different lives. ‘If one twin is born so soon after the other one that the horoscope stays the same, I expect them to be on a par in everything – which can never be found in twins.’4 There were other issues: one was how to reconcile the role of free will with the idea that the future was mapped out in advance. Criticism and calls for the reform of astrology gathered momentum during the sixteenth century, amplified by discoveries about the structure of the universe. This reform was a major impetus behind the surge in astronomical observation and accompanying interest among scholars.


Astrology was also considered important for the study of alchemy in certain intellectual traditions, which viewed them as the celestial and tellurian mirrors of one another. John Dee was a leading proponent of this idea, which he discussed at length in the somewhat impenetrable Monas Hieroglyphica (1564). For others, however, the connections were superficial, limited to shared names (gold was sol, silver was luna, copper Venus and so on) or the occasional recommendation that an experiment be carried out at a certain point in the celestial calendar. Alchemy was ‘an artisanal pursuit concerned with the technologies of minerals and metals’,5 dominated by the quest to transmute base metal into gold using the fabled philosopher’s stone. As this dream faded, the discipline gradually transformed into what we now know as chemistry, losing its mystical overtones and becoming fully ‘scientific’. Transmutation aside, alchemy was a worthwhile pursuit in so far as it improved methods of extracting and processing metals in mining, with extremely lucrative results. It also involved producing pigments, dyes and artificial gemstones, improving glass and ceramic-making processes, refining salts, distilling perfumes and medicines, and a wide range of other practical concerns. As with so many areas of sixteenth-century knowledge, there were various conflicting interpretations and schools of thought within these practices, leaving plenty of room for contradiction and confusion.


In this period, specialisation did not exist; people did not restrict themselves to a tiny area of study as many academics do today. The stars, the weather, magic, geometry, tides, rhinoceroses, pigments, sacred languages, all were for the taking, all studied in the same place, a place that was often a hybrid museum, library, laboratory and observatory, often inside the family home – the natural world was investigated in kitchens, cellars, attics, bedrooms and garden sheds. It wasn’t for the faint hearted. Alchemy was a furious, stinking occupation, fraught with the danger of fire and explosion. Medicine was, quite literally, life-threatening. Patients were usually treated in their own homes because separate, clinical spaces like hospitals were unusual. As studying nature by observing it first-hand grew in popularity, fields, gardens, rooftops and woods became common sites of enquiry too. Astronomers spent their nights out on the lawn or going ‘up into the leads, there to consider…the diversities, courses, motions and operations of the stars and planets’,6 necks cricked and breath condensing in the freezing air. Some were employed by kings and princes, provided with a stipend, bed and board, and a place to practise their art; others earned money as doctors, instrument makers or tutors. Almost all of them cast horoscopes for clients – the most lucrative outlet for their astral knowledge. They struggled to make their way at a time when scholarship was informal, unregulated and often unpaid. As yet, there were no institutions with long-term funding, independent of a particular patron whose death would spell the end of the enterprise. ‘For a relatively brief time in the sixteenth and seventeenth centuries, the household bridged the gap between the monastery and the laboratory as a site for the practice of natural philosophy.’7 This ‘gap’, its peculiarities, its conditions and its inhabitants, will be my focus.


Even after a pandemic when working from home became the norm, it is difficult to imagine contemporary scientific practice happening in a domestic setting. The idea of cooking supper in a laboratory once all the test tubes have been tidied away is explored by Bonnie Garmus in her novel Lessons in Chemistry (2022), but the prospect of a cosy home life at the Oxford Science Park is unthinkable (although they do have an onsite nursery and a netball club). In the modern world, science happens in designated places, protected by layers of security, health and safety, and in highly controlled environments. Today, each discipline has its own space, separate and isolated from others. But this was not the case in the early modern period. That separation has happened in the years since – as fields of knowledge have deepened, the places in which they are studied have become specialised, different, siloed off from one another. Today a library is almost always just a collection of books, a laboratory is where scientists carry out experiments wearing lab coats and using test tubes, and an observatory is usually a building housing a giant telescope fixed on the sky. In the early modern period, these sites were diverse, multifunctional and rarely purpose built. Everyone had at least a small collection of books to support their investigations, most had a few items acquired because of their sense of wonder, some had vast palaces filled with exotic animals, strange minerals, and freaks of nature, and many had instruments to aid their work. Observatories evolved to include libraries, laboratories and even printing presses – complete centres of knowledge production that played a pivotal role in the history of ideas. In some cases, special buildings were created to house these centres of astronomical study, while in others the instruments were used and stored in a variety of places: libraries, studies, balconies.


This book will trace the development of these sites, looking at how they were designed and used, what other kinds of paraphernalia they would have contained, who worked in them and how. It will highlight the interplay between domestic and professional spaces – there was no clear dividing line between the two in this period, when only the very wealthy would have enjoyed sleeping in a separate bedchamber, and most people lived in just one or two rooms. Astronomers usually lived in or around the observatory they worked in – they needed to be ready to gaze at the sky when the night was a clear one – and early modern depictions of studies show a book-strewn desk with instruments ranged around it, a rumpled bed in the corner of the room. Wives and children often helped out as laboratory assistants; after all, there is not so much difference between cooking dinner and carrying out chemical experiments. This feels so foreign to us today, but remained common well into the nineteenth century, long after official scientific academies had been founded and science had begun to move into a separate, professionalised space.


The development of the laboratory is a defining feature of early modern alchemy, one which would have a profound influence on the discipline’s later transformation into ‘Chymistry’. Paul van der Doort’s splendid vision of a noble alchemist’s laboratory has a high beamed ceiling, an ornate stone hearth with a smoke hood to draw up poisonous gases, closets full of bespoke glass vessels for distillation and portable copper furnaces – the very latest designs money could buy. In contrast, Pieter Bruegel the Elder’s 1558 engraving reveals the chaos and despair of a poor alchemist’s workshop, smoke billowing and the floor littered with smashed vessels and spilled chemicals. The children climb into the cupboard in a fruitless search for food, and through the glassless window, we see the family’s future – eviction and homelessness: a wretched warning about the dangers of becoming obsessed with the philosopher’s stone. The two images illustrate the move from alchemist’s workshop to chemist’s laboratory that was under way. The workshop remained an important site of production for many chemical substances, but the experimental aspects of the discipline would eventually disappear behind the closed doors of the laboratory. The idea that base metal could be transmuted into gold or silver through the power of the mythical philosopher’s stone, which could also produce the elixir of eternal youth, continued through the sixteenth and seventeenth centuries – something that seems incredible today. To understand why, we need to imagine a world of much greater uncertainty, a world where once the sun had slipped behind the horizon, only candles flickered in the darkness, marvels appeared readily in the place where legerdemain and credulity merged, where spirits lurked behind the door and almost anything was possible.


Astronomy, on the other hand, had to take place outside, in the dark. The earliest stargazers simply used their eyes to observe the night sky, but as time went by, they began to design instruments to improve precision. In the sixth century BCE, scholars developed an upright rule to measure the length of shadows; other devices followed, including one to measure the diameter of the sun, which was probably invented by Archimedes. By the second century CE, Ptolemy had an array of instruments at his fingertips, simple ones for measurement like quadrants but also more complex astrolabes and armillary spheres which could calculate and predict celestial activity. There are reports in classical literature of planetaria, complete machines which simulated the movements of the heavens, powered by water or air. In 1900 divers discovered something that gives us a glimpse of even greater technical sophistication. While investigating a shipwreck near the Aegean island of Antikythera, they found a machine of breathtaking complexity, made up of intricate interlocking cogs, engraved dials and no fewer than thirty-seven gear wheels that could be programmed to show celestial time, solar and lunar eclipses and a calendar, suggesting that ancient technology was far more advanced than previously believed.


Of all the astronomical instruments developed before the invention of the telescope, clocks were the most significant. Being able to accurately measure time had a profound influence on so many aspects of life, and a singular effect on the accuracy and potential use of astronomical observations. There had been clocks of various kinds for centuries; water clocks were popular in the Arab world and famously reached Europe when the caliph Harun al-Rashid sent one to the emperor Charlemagne – a classic example of one-upmanship masquerading as generosity. In the later medieval period, clockmaking centred on Germany where increasingly imaginative machines with moving figures, bells and whistles were constructed. The most useful in a scientific context, however, were the small domestic devices that could be used alongside other instruments, and these became increasingly accurate during the sixteenth century. All this equipment needed somewhere to be kept and used safely. Some things, notably the mural quadrants, were very large and fixed in situ, making the establishment of observatories, dedicated places for the study of astronomy, essential, besides which observations had to be made from the same geographical location for long periods of time in order to be useful – you can see the heavens from almost anywhere on the face of the earth, but if you want to make regular observations to produce accurate data, you need to make them in the same place using the same instruments, for decades.


In my last book, The Map of Knowledge, I followed three major scientific texts as they were transmitted and transformed in the Middle Ages, following them on a thousand-year journey through seven cities that ended in 1500. This is where we will begin, taking up where that narrative left off and travelling to seven places north of the Alps where people studied the stars and made instruments in their quest to deepen their understanding of the world around them. These were observatories, in so far as they were places where people looked up to the night sky and noted down what they saw, often using specially designed instruments that were kept in situ. Beginning in Nuremberg, we will travel across Germany, the Low Countries, Britain, Scandinavia and Bohemia to witness the dramatic rise of commerce that helped to fund scientific endeavour, the innovations in technology that made it possible and the surge of intellectual culture of which it was a part. There is no commonly accepted term for this period in history. The ‘Northern Renaissance’ usually refers to the fine arts and, in any case, this wasn’t a rebirth, as in Italy, with its ancient heritage. To my mind, ‘transformation’ is a better term, acknowledging that this kind of activity had gone on in earlier centuries, when scholars like Roger Bacon and Albertus Magnus wrote about optics and astronomy and explored the possibilities of technology by using astrolabes and other measuring devices. Like all the other scholars we will meet, they contributed to the rich, convoluted, perpetual story of scientific development, only in different ways to the likes of Copernicus and Newton.


When it comes to scientific culture and structures, the sixteenth century was formative in northern Europe, which has been a centre of scientific innovation ever since. Today, Denmark is home to leading pharmaceutical companies like Novo Nordisk, at Durham University astronomers are using the largest ever supercomputer simulation to map the dark universe and Germany still has an unparalleled reputation for technological innovation and excellence. In 1500 this was just beginning, but over the following decades a dramatic transformation took place. This is the story of how it happened.


There were many key events that set the course for this transformation. Sultan Mehmet II’s conquest of Constantinople in 1453, Ferdinand and Isabella’s expulsion of Muslim and Jewish communities from Iberia in 1492, Henry VII of England’s victory at the Battle of Bosworth Field and Maximilian I’s rise to power all played their part. But when it comes to the advancement of learning in northern Europe, three dates stand head and shoulders above the rest: 1450, when Johannes Gutenberg began printing words on paper using a modified cider press; 1492, as Christopher Columbus sailed into the Bahamas archipelago; and 1517, when Martin Luther pinned his Ninety-Five Theses onto a church door in Wittenberg. These three phenomena – the printing press, voyages of discovery and the Reformation – created the conditions for the economic, social and intellectual transformations that helped create the modern world.
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1


NUREMBERG


CITY OF INVENTION


Our story begins in 1471, in the German city of Nuremberg, several years before Christopher Columbus began planning his voyages, and over a decade before Martin Luther was born. Printing, however, was spreading rapidly through the states neighbouring Mainz, where Johannes Gutenberg had printed his first pages thirty years before. When we hear the name Nuremberg today, we cannot help but think of the terrible events of the last century, first Hitler’s rallies and later, the Nazi war crime trials. The city’s earlier history and its golden age in the late medieval and early modern period have been obscured. Fifteenth-century Nuremberg was a free city (run by an internal government rather than a ruling family) in the Holy Roman Empire, a vigorous centre of trade home to 40,000 people, saffron merchants and clockmakers among them, the cradle of a new German civilisation. The region was waking up to technology’s potential to harness natural resources and generate wealth, something that would become an engine of the capitalist system and the foundation of the scientific enterprise.


As the fifteenth century wore on, Nuremberg became the nucleus of technology in Europe, where instruments were designed and made by a growing, skilled community of craftsmen, the Silicon Valley of its time. Unsurprisingly, printing presses were established there early on and in 1492 the early modern blockbuster, the Nuremberg Chronicle, a ‘universal history of the Christian world’, was published in Latin.1 The following year, a German edition was in the bookshops, making it accessible to a much wider audience and presaging the huge growth of books in vernacular languages in the following century. Financed by local merchants, illustrated by local artists and produced by local printers, it was a testament to the talent and ambition of the city, one that spread its fame far and wide. Today it survives in greater numbers than almost any other book of the same period.


Like the Fuggers of Augsburg, Nuremberg merchants established mercantile companies based around their families. Unlike the Fuggers, they were known for being cautious, preferring slow, steady increases in profits to high-risk ventures. Each favoured certain commodities: the Behaim and Ebner families dealt in spices, the Halbachs were wine merchants, while the Landauers focused on copper. They became expert in those markets, eschewing moneylending, entrepreneurship and the more adventurous avenues of capitalism that were opening up at that time. Ruling the city through the Large and the Little Councils, they negotiated trade agreements and reciprocal privileges with other cities and regions, stimulating domestic craft industries like bell-making and weapon manufacture by giving artisans access to a wide array of materials and markets across the continent in which to sell their items. As city dwellers free from the constraints of rural life like having to grow their own food, these makers could specialise and focus on perfecting the creation of particular things: clocks, scythes, mirrors, bells, parchment, dice, saddles. City records list 141 separate crafts in 1400, and there were certainly even more by 1500.


In 1568, a Nuremberg shoemaker called Hans Sachs published The Book of Trades, in which he wrote short verses describing ‘One hundred persons and fourteen, In jobs, professions, Church and State,’ each with a woodcut illustration by Jost Amman.2 The astronomer is depicted seated beside a large terrestrial globe, celestial globes on the table and at his feet. A stone arch opens the room to the sky, and the astronomer is measuring his globe with a pair of compasses. Underneath, Sachs writes: ‘The astronomer predicts eclipses and tells by the stars whether the year will be fruitful or one of dearth, war and disease.’3 There is no instrument maker, but there is a clockmaker, a metalworker and a toolmaker – these were the trades Nuremberg became most famous for. In the early years of the sixteenth century Peter Henlein, a local artisan, made a small portable clock designed to be worn around the neck or fastened onto clothing – the first known watch, called a ‘living egg’ because of its shape and the miniscule steel cogs that turned inside it. Henlein’s workshop produced hundreds of these and other innovative timepieces, table clocks, pocket watches, some to hang from coaches, others designed to look like books, and even an alarm clock with a flint to light a candle.


Innovation was a major preoccupation in Nuremberg. Hans Ehemann invented a keyless lock, Georg Hartwig developed a calibre system for guns and Sebald Behaim cast one of the heaviest cannons ever made. The city authorities inspected every item made before it could be exported to check it met their exacting standards of quality. Weights, ornately carved pistols, brass trumpets and compasses were among those receiving the ‘N’ or eagle stamp to show they had passed the inspectors’ scrutiny – this was fundamental to promoting and preserving the city’s reputation for integrity. It also attracted the best, most ambitious artisans to come and set up workshops, to take advantage of the commercial opportunities and community of like-minded people.


On 4 July 1471, the German astronomer Johannes Regiomontanus wrote to a friend:




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 of the heavens is based, but also on account of the very great ease of all sorts of communication with learned men living everywhere, since this place is regarded as the centre of Europe because of the journeys of the merchants.4





Regiomontanus was one of the first figures, and arguably the most influential, to bring scientific knowledge north from Italy in this period, and yet he is almost unknown outside specialist histories. There is only one biography of him in English (translated from German) and his presence in Nuremberg today is slight, although there is a small observatory named after him. The son of a miller, he was christened Johann Müller, but like so many of his contemporaries, he was known by the town he came from: Königsberg, hence the Latinised nickname Regiomontanus – king’s mountain. History does not relate much about his early life, or what the locals made of this extraordinary boy. They didn’t have much time to get the measure of him because he left home to matriculate at the University of Leipzig in 1447, aged just eleven, young even for the time. Three years later, having exhausted the educational possibilities on offer in Leipzig, he was on the road to Vienna, where he had heard he could study maths and astronomy under a scholar called Georg Peuerbach. Regiomontanus lost no time in completing his university courses, quickly reaching the level of a master’s. However, university regulations meant that he had to wait until he was twenty-one to graduate. It can’t have been a surprise to anyone that he elected to stay on to teach and research with Peuerbach. They made observations together and Regiomontanus learned how to construct instruments to improve their accuracy. Both men were alarmed by the discrepancies they found in the Alfonsine Tables of Toledo so improving the data became a priority. Then, in 1461, disaster struck – Peuerbach died suddenly, aged just thirty-eight. Regiomontanus had lost his collaborator and friend, at a time when astronomers were thin on the ground.


Fortunately, he had met someone the year before who could help. Cardinal Johannes Bessarion had come to Vienna on a diplomatic mission from Italy to gain support against the Ottomans. Bessarion was a learned, enlightened man, who had been born in Trebizond on the Black Sea coast and brought up in Constantinople in the Orthodox tradition. His lifelong wish was to reunite the two Christian churches, and he worked ceaselessly to bridge the cultures and transmit knowledge from the eastern, Greek-speaking world to the Latin west, bringing hundreds of manuscripts (including a copy of Ptolemy’s Almagest) to Rome where he made them available to scholars. Regiomontanus must have felt he had entered the very gates of heaven when he arrived at Bessarion’s elegant house and saw the library. Regiomontanus taught Bessarion astronomy and maths, receiving tuition in Greek in return, which he then used to make new, improved translations of ancient texts. He constructed a brass astrolabe for the cardinal, inscribing it with the dedication: ‘Under the dominion of the divine Cardinal Bessarion I Johannes’s work appears in Rome, 1462.’5 The combination of Greek language with maths and astronomy was central to Regiomontanus’ work, and in his view, essential to the progress of those disciplines. He and Bessarion spent the next four years travelling around Italy together and working at the house in Rome, which was a hub for other émigrés from the east and a centre of translation from Greek into Latin at a time when the city was a vibrant centre of scholarship and book collecting.


In 1467 Regiomontanus was tempted back over the Alps by an offer from Matthias Corvinus, king of Hungary, whose recent victory against the Turks had left him in possession of several rare manuscripts. Unable to resist the prospect of discovering new texts, Regiomontanus set off northwards to the Hungarian court in Buda, a rare beacon of humanism outside Italy. A few years later, still in Matthias’ service, Regiomontanus wrote a letter to a fellow scholar at the University of Erfurt, keen to recruit others to make observations and also to open up dialogue on astronomical and mathematical problems with the wider community, something he had done while in Italy. This letter, written in July 1471, is as an invaluable source of information on his plans, as it is for revealing the internal state of these areas of knowledge. One of his priorities was to calculate new planetary tables based on his own improved observations; another was to set up a printing press to publish a selection of scientific works. He then listed thirty-eight questions or exercises in astronomy, maths and astrology, some his own creation, others from existing sources. They give us a clear picture of where the limits lay, and what the preoccupations were at the time, but the recipient must have found them overwhelming – he never replied – so Regiomontanus’ nascent discussion group didn’t get off the ground. At this stage the scientific community in northern Europe was vanishingly small – there were very few people who shared his interests and fewer still who could confer at his level. But that was about to change.


Regiomontanus’ time in Italy with Bessarion was formative. It was here he encountered the wonders of ancient and Arabic science through the books collected by his patron and the other scholars he met on his travels. Occasionally, he discovered manuscripts himself, like the copy of Diophantus’ Arithmetica he found in Venice in 1462. This breadth of knowledge was not available anywhere else in Europe; Italy was the main beneficiary of manuscripts brought from Constantinople after it was taken by the Ottomans in 1453, as well as the focus for the general recovery of ancient texts – especially those written in the original Greek and unmarred by centuries of translation via Arabic and Latin – that was the central focus of Renaissance humanism.*


In 1471, King Matthias sent Regiomontanus to Nuremberg to work on a new set of astronomical tables based on new, improved observations. On 29 November the city council granted him permission to live in the city until the following Christmas. He took on a house and began setting it up as a centre where he could assess, correct and produce information of the highest standard before disseminating it. Once the manuscripts were perfected, they needed to be printed, so Regiomontanus had a press installed. For the first time, the whole process of knowledge production was under one roof, controlled by one person. There were huge challenges involved in printing mathematical and astronomical books, which, being full of complex tables of numbers and diagrams, were particularly susceptible to errors, and publishing them himself was apparently the only way Regiomontanus could ensure their accuracy. This was not a minor undertaking. Regiomontanus needed specialist typesetters, draughtsmen and woodcut makers in order to get started – and just two decades after the invention of movable type, people with these skills were not easy to find. The great scientific printing houses lay in the future; Erhard Ratdolt’s innovations came after Regiomontanus’ death in 1476 and Aldus Manutius did not establish his press in Venice until 1494.


The first book Regiomontanus published was Peuerbach’s New Theory of the Planets (Theoricae novae planetarum, 1472), a tribute to the man who had been such a formative influence and collaborator. It went on to be one of the standard astronomical textbooks of the sixteenth century, pored over by students in towns and cities across Europe. He revealed the other books he intended to publish in a document he called his Tradelist (1474), which he sent to several universities. This is the main source of information we have for the enterprise. It is divided into two parts, first works by other authors, second those by himself, ‘which, whether they were to be produced or not, innate modesty and the republic of letters long debated amongst themselves. Reason determined they should be attempted.’6 The list contains several works by Ptolemy, including his masterpiece on astronomy, the Almagest, and Euclid’s foundational text on mathematics, the Elements (neither had been printed with their diagrams before), along with several of Archimedes’ most important works, other seminal ancient treatises on mathematical and scientific subjects, and various maps. Several of his own works are commentaries correcting false assumptions and bad translations of the titles in the first list, in addition to original works on, for example, rays, comets, weights and aqueducts, and ‘burning mirrors and other things of many kinds and occasioning wonder’.7


Regiomontanus was thus preoccupied with addressing errors and establishing a commonly accepted, accurate body of fact on which to base enquiry into the natural world. He compared and collated as many copies and translations of a manuscript he could lay his hands on to produce the best, most accurate, version of the text, processing and correcting the astronomical canon and expressing it with clarity, making it more accessible and easier to build upon. Taken together, these books are foundation stones of modern science. Their influence had already been profound, and would continue to be so, especially after they were reproduced in their thousands by the printing press – not the one Regiomontanus set up, but others, mainly in Venice. By printing this list in Nuremberg and announcing his intention to publish them there, Regiomontanus brought the newly rejuvenated appetite for study of the natural world, initially via texts and observation, to the lands north of the Alps, helping to prepare the ground for the following century. It was a manifesto for how scientific work should be carried out, a template for succeeding generations of scholars. It confirmed Nuremberg’s unrivalled position as the northern centre of technology and innovation.


At the end of the Tradelist, Regiomontanus talks briefly about the other aspects of his cultural enterprise. In the same workshop, ‘There shall be made also astronomical instruments for celestial observations. And also other things for common daily use,’8 doubtless designed and overseen by the master. The workshop was a major intersection between craft and scholarship. In this period, if you wanted an astrolabe, you either had to make one yourself using a manual or specially commission one from a goldsmith. There were no dedicated instrument shops, but as scholarship spread in Europe, more and more people became interested in measuring the stars, transmuting metals and distilling tinctures. As the demand for astrolabes, glass vessels and other specialist equipment rose, people started making them to sell, setting up centres of production to cater for new markets. Scholars and their patrons also opened workshops where metal could be fashioned into measuring instruments. Regiomontanus was a pioneer in this field, and he likely lived and worked in the same place, as most people did in this period. The Tradelist mentions of a planetarium or astronomical clock being made in the workshop, ‘a work clearly to be gazed upon as a marvel’,9 and in the treatise he wrote about armillary spheres Regiomontanus refers to a geared clock, which he used to note down the time when taking celestial measurements; living in the European centre of clockmaking was central to his project.
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