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IN EARLY 1509, the young artist Raffaello Sanzio (1483–1520) began painting a series of frescoes on the walls of Pope Julius II’s private library, deep inside the Vatican. Next door, in the Sistine Chapel, Raphael’s great rival, Michelangelo, balanced on a huge scaffold, hundreds of feet in the air, painting onto the ceiling a monumental image of God giving life to Adam. The Renaissance was in full swing in Rome and, under the patronage of Pope Julius, the great city was being returned to the glory of its ancient imperial past. Raphael’s frescoes on the four walls of the Stanza della Segnatura illustrated the four categories of books that were shelved below them: theology, philosophy, law and poetry. In the philosophy fresco, which we now call The School of Athens,* Raphael painted three huge vaulted arches receding into the distance, with statues of the Roman gods Minerva and Apollo on either side and broad marble steps leading down to a geometrically tiled floor.* The architecture is decidedly Roman – bold, imperious, monumental – but the culture and ideas represented by the fifty-eight figures carefully grouped across the painting are emphatically and almost without exception Greek; it is a celebration of the rediscovery of ancient ideas that were central to the intellectual milieu of sixteenth-century Rome. Plato and Aristotle stand in the very centre, under a huge arch, silhouetted against the blue sky, which Plato points up to, while Aristotle gestures to the earth below him, neatly representing their philosophical tendencies – the former’s preoccupation with the ideal and the heavenly, the latter’s determination to understand the physical world around him. The full scope of ancient philosophy as inherited by Italian humanism is triumphantly rendered in glowing colour.


No one knows exactly who all the other figures in the fresco are, and arguments over their identities have kept scholars occupied for centuries. Most people agree that the bald man in the front right, busy demonstrating geometrical theory with a compass, is Euclid,* while the crowned man next to him, holding a globe, is certainly Ptolemy, who at this point was far more famous for his work on geography than astronomy.* All the figures identified lived in the ancient world, at least a thousand years before Raphael began painting the fresco – except for one. On the left of the painting, a man wearing a turban is leaning over Pythagoras’ shoulder to see what he is writing. He is the Muslim philosopher Averroes (1126–1198) – the single identifiable representative of the thousand years between the last of the ancient Greek philosophers and Raphael’s own time, and the single representative of the vital, vibrant tradition of Arab scholarship that had flourished in this period. These scholars, who were of various faiths and origins, but were united by the fact that they wrote in Arabic, had kept the flame of Greek science burning, combining it with other traditions and transforming it with their own hard work and brilliance – ensuring its survival and transmission down through the centuries to the Renaissance.


I studied Classics and history throughout my time at school and university, but at no point was I taught about the influence of the medieval Arab world, or indeed any other external civilization, on European culture. The narrative for the history of science seemed to say, ‘There were the Greeks, and then the Romans, and then there was the Renaissance,’ glibly skipping over the millennium in between. I knew from my medieval-history courses that there wasn’t much scientific knowledge in Western Europe in this period, and I began to wonder what had happened to the books on mathematics, astronomy and medicine from the ancient world. How did they survive? Who recopied and translated them? Where were the safe havens that ensured their preservation?


When I was twenty-one, a friend and I drove from England to Sicily in her old Volvo. We were researching Graeco-Roman temples for our third-year dissertations. It was a great adventure. We got lost in Naples, hot in Rome, we were pulled over by the police and asked out on a date, we gaped at Pompeii and ate milky balls of buffalo mozzarella in Paestum, and finally, after weeks on the road and a short ferry trip across the Straits of Messina, we arrived in Sicily. The island immediately felt different from the rest of Italy: exotic, complicated, compelling. Its layers of history enveloped us; the marks left by succeeding civilizations, like strata in a rock face, were striking. In Syracuse Cathedral, we saw the columns of the original Greek Temple of Athena, built in the fifth century BC, still standing 2,500 years after they were erected. We learned how the cathedral had been converted into a mosque in 878, when the city came under Muslim control, and how it became a Christian church again two centuries later, when the Normans took power. It was clear that Sicily had been a meeting point for cultures over hundreds of years, a place where ideas, traditions and words had been exchanged and transformed, where worlds had collided. The focus of our trip was the relationship between Greek and Roman religion and architecture, but the contribution of later cultures – Byzantine, Islamic, Norman – was remarkable. I began to wonder about other places that had played a similar role in the history of ideas, and how those places had developed.


These questions resurfaced when I was researching my PhD on intellectual knowledge in early modern England, viewed through the library of Dr John Dee (the man Elizabeth I called her philosopher). A strange and captivating character, Dee was my constant companion for several years. He took me on an unforgettable journey through the intellectual world of the late sixteenth century. During his extraordinary career, he amassed the first truly universal collection of books in England, helped plan voyages of discovery to the New World, initiated the concept of a British Empire, reformed the calendar, searched for the philosopher’s stone, attempted to conjure angels and travelled all over Europe with his wife, servants, several children and hundreds of books in tow. He also wrote extensively on a wide range of subjects: history, mathematics, astrology, navigation, alchemy and magic. One of his most significant achievements was helping to produce the first English translation of Euclid’s Elements, in 1570. But where had this text been and who had looked after it in the 2,000 years between Euclid writing it in Alexandria and Dee publishing it in London? Studying the catalogue Dee made of his library in 1583, I noticed that a great many of his books, especially those that touched on scientific subjects, were written by Arab scholars. This tied in with the things I had seen in Sicily and gave me a taste of what had been going on in the Islamic world in the Middle Ages, expanding my view of history beyond the traditional Western scheme. I began to realize that the history of ideas is not constrained by boundaries of culture, religion or politics, and that, in order to fully appreciate it, a more far-reaching approach is necessary.


These ideas remained at the back of my mind, gradually crystallizing into a plan for a book that would follow ancient scientific ideas on their journey through the Middle Ages. As it is an enormous subject, I decided to concentrate on a few specific texts and plot their progress as they passed through the major centres of learning. With my focus on the history of science and, more precisely, ‘the exact sciences’, three subjects were clearly delineated: mathematics, astronomy and medicine.* Within them, three geniuses stand out: in mathematics, Euclid; in astronomy, Ptolemy and, in medicine, Galen. Euclid and Ptolemy both wrote comprehensive surveys of their subjects – The Elements and The Almagest – but Galen was a more complex proposition. He wrote hundreds of texts, so I decided to concentrate on those that formed the medical curriculum in Alexandria, in addition to the general areas of anatomy and pharmacology. All three of these remarkable men defined the structure and content of their individual subjects. They created the framework within which future scholars would work for hundreds of years. Many of the theories of Ptolemy and Galen have since been disproved and replaced, but their influence and legacy is incontrovertible. Galen’s theory of the humours still survives in traditional Tibetan medicine and also in modern complementary medicine. Ptolemy’s survey of the fixed stars endured, as did his ‘idea that the physical world is dependable and can be understood with mathematics.’1


In contrast, Euclid’s Elements has stood the test of time, almost in its entirety. It was still being taught in classrooms in the twentieth century, and the geometrical theories it contains remain as true and relevant today as they were in the fourth century BC. The same applies to Euclid’s demonstrative method, which uses a concise technical vocabulary, suppositions and proofs (diagrams), and which has remained a template for scientific writing ever since. Euclid, Galen and Ptolemy pioneered the practice of science based on observation, experimentation, accuracy, intellectual rigour and clear communication – the cornerstones of what is now known as ‘scientific method’.


When I began to research in earnest, I was surprised how neatly the story unfolded in front of me. The year 500 was an obvious moment to begin – a time when the intellectual traditions of antiquity were evolving into those of the Middle Ages, when scholarship was entering a different era. Subsequent chapters each centre on a different city, first of all doubling back to Alexandria to see when and how the texts were written. From here, they were dispersed across the Eastern Mediterranean to Syria and Constantinople, where they remained until the ninth century, when scholars from the new city of Baghdad, capital of the vast Muslim Empire, began seeking them out to translate them into Arabic and use the ideas contained in them as the foundation for their own scientific discoveries. Baghdad was the first true centre of learning since antiquity, and over time it inspired cities across the Arab world to build libraries and fund science. The most important of these was Córdoba, in southern Spain, ruled over by the Umayyad dynasty, under whose patronage the works of Euclid, Ptolemy and Galen were studied and where their ideas were questioned and improved upon by generations of scholars. From Córdoba, they were taken to other cities in Spain and, when the Christians began to reconquer the peninsula, Toledo became an important centre of translation and the place where they entered the Latin, Christian world.


This was the major route the texts took, but there were other places in the Middle Ages where ancient Greek, Arabic and Western culture collided. Salerno, in Southern Italy, was a place where medical texts (in Arabic, but derived from Galen) were taken from North Africa and translated into Latin, and, as a result, Salerno became the centre of European medical studies for centuries, playing a vital role in the dissemination of medicine. Then, in Palermo, Ptolemy and Euclid take centre stage from Galen, as scholars translated copies of The Elements and The Almagest directly from Greek to Latin, bypassing the Arabic versions in the hope of achieving greater accuracy. The three divergent strands came together in Venice, where manuscripts began to arrive in the last half of the fifteenth century, ready to be printed for the first time.


There were, of course, other cities I could have included, but sticking to those in which copies of the key texts were studied and translated seemed the best way to avoid getting lost in this huge story. Choosing them threw up some interesting questions about what constitutes a centre of learning. Constantinople was a major repository of ancient texts, but not somewhere that science was studied with any degree of originality or rigour. Nor was it a place where translation (and therefore transmission) happened on any kind of scale and, for these reasons, it only features in a supporting role – the place to which scholars and caliphs came when searching for copies of Euclid, Ptolemy and Galen. The city on the Golden Horn might have taken over from Alexandria in terms of power and status, but it was a pale shadow when it came to scientific learning – a centre of preservation rather than innovation. Toledo, Salerno and Palermo were the places where Arabic culture came into closest contact with Christian Europe, but there was also a degree of exchange in Syria during the Crusades. I have not discussed this in much detail, however, because there is no evidence that The Elements, The Almagest or Galen’s major works were among the books translated there.


While the underlying narrative for this story was easy to follow, finding a way through the dense, tangled undergrowth of manuscript history was not. Because they were so significant, several editions of each text were produced – teasing out their relationship to one another and finding a clear path through was often challenging. Until the introduction of the printing press, every single text was copied out by hand, so each one was different, with its own peculiarities and mistakes. The study of complex textual traditions is a discipline all of its own within history, and not one to which I can claim expertise. In order to stay true to the narrative, I have had to be selective and produce simplified versions of the rich manuscript histories of these great books.


For me, the history of ideas has always been the most fascinating aspect of our past. Discovering how people approached the fundamental questions about our planet and the universe, how they passed their theories on to future generations and expanded the frontiers of intellectual knowledge, is compelling. Much of this type of history is obscured in erudite books on the shelves of research libraries, but this should not be the case. By taking a broad view and writing about the characters and stories, rather than focusing on the scientific content and historical minutiae found in academic books, it is possible to bring the history of ideas to life. For example, understanding Ptolemy’s model of the universe is above and beyond anyone without detailed knowledge of astronomy, but appreciating its importance and following its progress is both meaningful and fascinating. Doing so takes us on a sweeping journey through the Middle Ages, zooming in on certain places at certain moments to discover exactly how and why scientific ideas were transmitted and transformed. In this way, the boundaries of the traditional Western historical narrative are expanded by shining a light on the profound contribution of both the Islamic world and medieval Christian scholars, filling in the millennium between ‘the Romans’ and ‘the Renaissance’. This made it possible to include theories from other cultures which were gradually incorporated into the canon of mathematical, astronomical and medical thought. Ideas like the Hindu-Arabic numerals and positional notation system that came from India, via the Muslim Empire, and are used all over the world today.


When you step back and look at history from a wider angle, the intricate web of connections between different cultures comes into focus, giving us a broader, more nuanced and ultimately more vivid view of our intellectual heritage.
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THE GREAT VANISHING
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Greek scholars were driven out of the Greek world and helped to develop Arabic science. Later the Arabic writing was translated into Latin, into Hebrew, and into our own vernaculars. The treasure of Greek science, most of it at least, came to us through that immense detour. We should be grateful not only to the inventors, but also to all the men thanks to whose courage and obstinacy the ancient treasure finally reached us and helped to make us what we are.


George Sarton, Ancient Science and Modern Civilization


By AD 500, the Christian Church had drawn most of the talented men of the age into its service, in either missionary, organizational, doctrinal, or purely contemplative activity.


Edward Grant, Physical Science in the Middle Ages









IF YOU COULD look down on the Mediterranean world in the year 500, what would you see? An Ostrogothic king on the throne in Rome, doing his best to look like an emperor. An emperor in Constantinople, recreating the glories of imperial Rome on the shores of the Bosphorus, and, far to the south, in the very cradle of civilization, a Persian shahanshah, plotting his next move in the interminable war on his northern borders. A world of change, a world of confusion, a world where cities were shrinking, libraries were burning and little seemed certain anymore.


These conditions were not conducive to the preservation of texts or the pursuit of knowledge. Both need political stability, individual interest and consistent funding in order to flourish; all these were in short supply in AD 500. Even so, tiny pockets of learning endured and many books were kept safe. We have inherited great riches from our distant ancestors, but the reality is that huge swathes of ancient culture were lost on the long journey to the twenty-first century. Only a fraction has survived: seven of the eighty or so plays by Aeschylus, seven of the one hundred and twenty by Sophocles, eighteen out of ninety-two by Euripides. Many other writers have disappeared altogether, reduced to ghostly mentions in other works. In the late fifth century, a man called Stobaeus compiled a huge anthology of 1,430 poetry and prose quotations. Just 315 of them are from works that still exist – the rest are lost. Science fared a little better, but, still, important works like Galen’s On Demonstration, Theophrastus’ On Mines and Aristarchus’ treatise on heliocentric theory (which might have changed the course of astronomy dramatically if it had survived) all slipped through the cracks of time. The texts that have survived, among them Euclid’s Elements, Ptolemy’s Almagest and the Galenic corpus, are the result of thousands of years of scholarship. The ideas they contain were filtered through the minds of generations of scribes and translators, transformed and extended by brilliant scholars in the Arab world who, in the late Middle Ages and the Renaissance, were gradually written out of history.


Attempts were sometimes made to recover books and, even in antiquity, people were aware of the danger that knowledge could simply disappear. According to Suetonius, the Emperor Domitian (51–96) ‘went to a great deal of trouble and expense in restocking the burned-out libraries, hunting everywhere for lost volumes, and sending scribes to Alexandria to transcribe and emend them’.1 The only surviving manuscripts that were actually made in the ancient world (before around AD 500) are small fragments of papyri found on a rubbish tip in Egypt and some scrolls from the Villa of the Papyri at Herculaneum.* Everything else is a copy made at some point or other in the intervening centuries. Book production was a flourishing industry in the ancient world, with specialized markets and shops in towns and cities across the Mediterranean, so why do so few physical items survive? Until the fourth century, books were not books as we know them, but scrolls written on papyrus, which was made from reeds that grew in the Nile Delta. They were typically about three metres long, so, in order to read one, you had to unravel it at one end and gradually roll it back up again at the other, using special wooden sticks. The constant rolling and unrolling made the papyrus fragile and prone to tearing, so texts needed to be recopied onto new scrolls quite often. As we will see, by the time the more durable codex (made of parchment and wood) was becoming dominant, the world had changed and not many people were making, selling or even reading books anymore. By AD 500, the Roman Empire had collapsed in Western Europe, and been radically reduced in the east. The vigorous culture of the ancient, pagan world was disappearing into the shadows of a new power: the Christian Church. For the next millennium, religion would dominate the world of books and learning in the West, while science found a new home in the Middle East.


The fifth century had been tumultuous, as the western half of the Roman Empire slipped away from imperial control into the hands of a collection of tribes from Northern Europe. Roman Hispania was now ruled by the Visigoths, with the northern part of the peninsula populated by the Alans and the Suebi. The Vandals had seized the northern strip of Africa, while Italy and even Rome itself had recently hosted the coronation (with full imperial splendour) of the Ostrogothic king, Theodoric. Meanwhile, the Franks were in the process of founding the country we now call France, and, across the Channel, armies of Anglo-Saxons were pushing deep into Britain. No longer held together by the power of Rome, societies in Western Europe began to turn inwards and become cut off from one another; cities shrank as people returned to the countryside and a simpler, more rural way of life. As the empire’s system of travel and communication buckled, merchants could no longer transport their goods safely, so trade diminished drastically.


What was left of the empire, the eastern part, endured, but in a much-reduced form. The Emperor Anastasius (431–518), nicknamed Dicorus (‘two-pupilled’) because he had one black and one blue eye, ruled his dominions, which consisted of Asia Minor, Greece, the Balkans and parts of the Middle East, from his capital, Constantinople. In 500, the split between East and West was relatively new, and the social and cultural divisions that would characterize the following centuries had not yet taken hold. The imperial government in Constantinople still hoped to be able to recover at least part of the former Western Empire – in particular, Rome and its environs. This desire crystallized during the reign of the Emperor Justinian I (527–565), a powerful, energetic man, who scandalized the Byzantine elite by marrying his mistress, Theodora, twenty years his junior and a prostitute to boot.


Justinian’s reign was long and eventful. He ordered an overhaul of the entire system of Roman law, began a huge programme of rebuilding in his capital (including the remodelling of the Hagia Sophia) and encouraged the production of silk, after two monks allegedly smuggled silkworm eggs and larvae back from China under their habits. With the help of his brilliant admiral, Belisarius, Justinian managed to win back parts of North Africa from the Vandals, got a foothold in Hispania and, most importantly of all, reconquered Sicily and most of Italy. The victory must have been sweet, but it was short-lived. The Ostrogoths did not give up their designs on Italy easily and Justinian found himself embroiled in a long and painful war on his western frontier, while the Persians attacked from the south and Turkic and Slavic tribes harried the northern border in the Balkans. Within a few decades of his death, all his territorial gains had been lost once again and the schism between East and West, its fault line running north–south between Greece and Italy, had begun to deepen.


Everyday life in late antiquity was extremely precarious, even for the wealthy 5 per cent or so of the population who weren’t peasants or slaves. Disease and death stalked every household, hunger and disaster were never far away. Add to this hordes of invading barbarians trampling your crops and murdering your family and the picture becomes very bleak indeed. But there was one glimmer of light in the darkness, a faint spark of hope in the chaos – religion. The Roman Empire officially adopted Christianity in 380, and by 500 it had spread, in various forms, across Europe, the Middle East and northern Africa, replacing the wide range of cults, deities and faiths that fall under the umbrella term ‘paganism’. Pagan faiths were varied and often localized; people believed in many gods, which were frequently closely linked to the natural world, and worship was geared towards trying to influence nature to ensure a good food supply and the health and happiness of the community. Christianity’s insistence on the one true God created a stark choice – it was all or nothing – and eventually spelled the end for most of the old pagan faiths. As the Church gained power and popularity, its leaders became more and more determined to stamp out competing belief systems and Christianize the whole world. By AD 500, it was well on the way to achieving this mission.


It is striking that, at this point, a century before the arrival of Islam, there were many more Christians in the East than in the West, with monasteries and churches throughout Syria, Persia and Armenia. People clung to the promise of salvation. The idea that the more you suffered here on earth, the better your time would be in the afterlife was a potent shield against the desperate realities of everyday life in the fifth and sixth centuries. This doctrine was central to the success of Christianity’s victory over paganism, which had traditionally championed the pursuit of happiness and denounced pain as evil. The triumph of suffering over pleasure had its most extreme expression in the early monasteries. Many were founded in this period; by 600, there were 300 in Gaul and Italy alone. In these often-isolated communities, the belief that, as the historian Stephen Greenblatt puts it, ‘redemption would only come through abasement’2 dominated. Self-flagellation, self-deprivation and a lifestyle of acute asceticism was demanded of their inhabitants. But these monasteries were also places of peace and safety in a terrifying world, and, increasingly, the only place where anything approaching an education or a library could be found.


The battle between Christianity and paganism was long and violent, and there were many casualties. Scholarship ended up in the no-man’s-land between the two, as the prevailing force of the Church struggled to destroy or assimilate the philosophy, science and literature of the ancient world, which were, by their very nature, pagan. In 529, two crucial events tipped the balance even further in favour of Christianity. The Emperor Justinian closed the Academy in Athens, the centre of Neoplatonist philosophy and pagan resistance. The philosophers fled to Persia, taking their books and teaching with them, breaking the ‘golden chain’ – the Athenian tradition of intellectual enquiry that stretched right back to Plato and Aristotle. Meanwhile, across the Ionian Sea, on the rocky hilltop of Montecassino in Southern Italy, a pious young Christian called Benedict founded a monastery and, with it, a new religious order that would spread across the world. In the centuries that followed, Montecassino became famous for its library and scriptorium, an important sanctuary for knowledge and education. As the doors of Plato’s Academy closed for the last time, St Benedict smashed the temple of Apollo that had endured for centuries and replaced it with a monastery. The symbolism couldn’t have been clearer. A new era was shuddering into existence.


While it was true that Christianity had emphatically triumphed in the battle for people’s souls, classical scholarship retained its hold over their minds. Everything about it was superior, from the brilliance of the ideas and sophistication of the arguments down to the beauty of the language and dexterity of the grammar – early Christian writings were notoriously clumsy, which was a matter of great embarrassment to churchmen. As one sixth-century writer put it: ‘We need a Christian and a Pagan schooling; from the one we gain profit for the soul, from the other we learn the witchery of words.’3 But it was one thing recognizing the value of a classical education – quite another thing protecting the schools that provided it from the turbulence of a changing world. Some schools survived the Ostrogothic invasion of Italy in the fifth century, and Justinian was keen to cement his reconquest of Rome by re-establishing higher education in the city. The scholar Cassiodorus (c.485–c.585) dreamed of founding a theological university there, but these plans came to nothing. The Lombard invasion in 568 sounded the death knell for traditional education in Italy, which had, at any rate, only ever been available to a small minority of wealthy male children. The privileged few who could afford it educated their children at home, but monasteries increasingly had a monopoly on teaching, with the inevitable emphasis on Christian literature and doctrine.


It was much the same story for book production, which dwindled across the Mediterranean during the fourth and fifth centuries. Some commercial book production continued in big cities like Rome, but on a much smaller scale than previously. The majority of books were copied privately by individuals who had access to the texts they wanted through friends or networks of scholars. By the year 500, secular book production had effectively gone underground; in contrast, the output of monastic scriptoria grew dramatically as entire new genres of religious literature were created, like hagiography (the stories of saints’ lives). Cassiodorus, unable to found his university in Rome, went instead to his family estates at Squillace, on the southern coast of Italy, and founded a monastery, Vivarium, inspired by the school at Nisbis, in Syria, he had heard about and possibly visited while living in Constantinople. A devout Christian, Cassiodorus was also a passionate believer in the classical curriculum, which was organized into the trivium (rhetoric, logic, grammar) followed by the quadrivium (arithmetic, geometry, astronomy and music). He filled the library at Vivarium with texts on these subjects and transformed the production of manuscripts in his scriptorium by developing proper standards and methods for copying. As one of the few notable scholars of his period, Cassiodorus played a vital role in the survival of classical culture in Italy, saving books from the smoking ruins of Roman libraries, preserving and reproducing them, ensuring that they reached the next and future generations – they went on to form the framework of the medieval educational system. Having spent twenty years living in Constantinople, he was also one of the last scholars to bridge the growing chasm between East and West, and to bring the Greek culture and language of Byzantium back to Italy in the form of several Greek manuscripts, which were housed in a special cupboard in the library at Vivarium.


In 523, Cassiodorus was appointed magister officiorum (chief advisor) to the Ostrogothic King of Italy, Theodoric, taking over from the only other major scholar in Italy at that time, Ancinius Manlius Severinus Boethius (480–524). Boethius had gone much further than Cassiodorus in his promotion of ancient scholarship. For Cassiodorus, it was always the handmaiden of Christianity, to be studied only with the ultimate aim of getting closer to God. Boethius, on the other hand, believed in the value of secular learning for its own sake, and he had embarked upon an ambitious project to translate all the Greek texts necessary for the study of the classical curriculum. His efforts were cut short when he was imprisoned and later executed for his suspected role in a conspiracy against King Theodoric. Had all his translations been preserved and passed down, the story of the transmission of ancient science could have been very different. As it is, we only have vague clues about what he actually did translate, but this seems to have included part of The Elements and some of Ptolemy’s writings (but not The Almagest). There are various mentions of a Latin translation of (at least parts of) The Elements, by Boethius, and ghostly fragments of it can just be made out in a fifth-century palimpsest in the Biblioteca Capitolare in Verona, which features material from Books 1–4, but without the diagrams and proofs, so it would have been of limited use. There were probably very few copies of it, and those that existed were neglected. By the ninth century, only shreds remained. We know little about this version of Euclid’s great work, but, at the very least, it alerted scholars to the existence of a much deeper source of knowledge on the subject of mathematics.


Raphael painted the figures in The School of Athens reading or holding books, when in fact they would have written on papyrus scrolls. The codex, or book, did not come into use much before the fifth century and was made of parchment – treated animal skins – rather than papyrus, which was made from reeds; paper mills arrived in Europe in the eleventh century, although there were several in the Islamic world centuries before that.* At best, papyrus only lasts for a couple of hundred years before the text needs to be recopied onto a new scroll. Parchment lasts longer, but only if it is kept in the right conditions, free from damp, rodents, worms, moths, fire and a host of other potential enemies. The codex was initially a Christian phenomenon, and grew in popularity between the fourth and eighth centuries. If we narrow the process of transmission down to a single, hypothetical strand, it is feasible that Ptolemy originally wrote The Almagest on a papyrus scroll in second-century Alexandria. That scroll would have had to be recopied at least twice for it to survive until the sixth century, at which point it might well have been copied onto parchment and bound into a book. This, too, would need to be recopied every few hundred years to ensure that it survived (again assuming that it escaped the usual pests, damage and disasters) and was available to scholars in 1500. It is therefore likely that The Almagest had to be recopied at the very least five times during the period 150–1500. The question is, who copied it, and where did they find it?


The fate of every text was determined by what was happening outside the walls of the library or private house in which it was shelved. In the tumultuous years of late antiquity, the tectonic plates of political, social and religious life were shifting and rearranging themselves in profound ways. The world of scholarship gradually moved from the public, secular sphere into the hushed cloisters of monasticism. This movement was visible in other areas of life, too: the topography of cities began to change as the Church moved in to fill the void left by the ‘res publica’ – the Roman state. Power melted away from the state into the hands of private individuals and religious leaders. Huge churches rose up in the ancient forums, temples were destroyed or converted, the public space of the city was being Christianized and the bishops moved to centre stage. Like schools, public libraries were another casualty of this process. With no one paying for their upkeep, they fell into disuse and decayed. Anyone interested in subjects like maths and astronomy had to pursue them privately, so the fragile networks of scholars shrank even further.


With medicine, the story was slightly different because of the constant and urgent need for it. Medical knowledge was always useful, always relevant, so books on medicine were constantly in demand, and would have been available in the majority of libraries in late antiquity. Medicine was always a multilayered enterprise, with basic care being carried out by people within their own homes, while the next level was the local healer, or wise man or woman, who would have particular knowledge of local plants and herbal remedies. This knowledge was oral, however, and its practitioners, for the most part, were illiterate. Educated doctors were few and far between; their training varied enormously and they mainly served wealthy urban clients. Religion had also played an important role in ancient medicine; centres of medical teaching at Smyrna, Corinth, Cos and Pergamon had healing shrines that attracted supplicants in the same way that Catholic shrines do today. The doctors who worked in them would have treated patients and trained medical students using books that they had collected. But, as centres of pagan faiths, many were destroyed when Christianity gained the ascendancy.


The shrine dedicated to Asclepius, the Greek god of healing, in Pergamon, in Anatolia, attracted thousands of supplicants and became a famous centre of medical learning. Galen was born and educated there before he set off for Alexandria and then Rome, and the city was also home to an important library – 200,000 books, according to the historian Plutarch. Founded in the third century BC by the Attalid dynasty, the Roman writer Strabo (64 BC–AD 24) mentions it when he discusses what happened to Aristotle’s books: ‘But when they [Aristotle’s heirs] heard how zealously the Attalid kings to whom the city was subject were searching for books to build up the library in Pergamon, they hid the books underground in a kind of trench.’4 Unsurprisingly, the books didn’t benefit from being buried in a trench, where they were ‘damaged by moisture and moths’ – much better that they had ended up on the shelves of the Pergamon library, with its walls specially designed to allow air circulation and prevent damp.


Pergamon’s greatest rival as an intellectual centre was the city of Ephesus. Towards the end of the second century, Ephesus began to pull ahead in the race to be ‘first of Asia’.5 Pergamon’s decline during the third century was hastened by earthquakes and Gothic raids. Christianity arrived in the city, heralding the building of many churches. But, though the Pergamese then enjoyed a period of stability, it was short-lived. In the following century, the population shrank as the persecution of non-Christians increased (several pagan cults lingered in the city) and plague decimated those who remained. In the meantime, Ephesus was enjoying its heyday. Capital of the Roman province of Asia, it was a thriving port city, famous for its Temple of Artemis – one of the wonders of the ancient world. A marble colonnaded avenue led visitors from the harbour up through the city, past shops selling souvenirs of Artemis, to the magnificent amphitheatre that could accommodate 24,000 people. In AD 117, a great library was built there in honour of the Roman senator Celsus, who was buried in a mausoleum beneath it. This impressive building housed 12,000 scrolls, making it the third largest collection, after those of Alexandria and Pergamon. The inside was damaged by the Goths when they attacked the city in 268, but the grand facade remained standing until an earthquake finally knocked it down in the tenth century.
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1. The reconstructed facade of the Library of Celsus in the ruined city of Ephesus, built in the second century as both a mausoleum to a Roman senator and a repository of some 12,000 scrolls. These were stored in cupboards placed in niches with double walls specially designed to control levels of humidity and temperature.




Ephesus was an early centre of Christianity, too – St Paul lived there in the mid first century, while St John spent his last years there, writing his gospel. As the new religion took hold, the old pagan sanctuaries inevitably suffered. The Temple of Artemis was first vandalized and then abandoned, its statues buried deep underground, where the demons that inhabited them could not threaten the Christian citizens above. The city’s other temples were destroyed or converted into churches. No doubt many texts perished at the same time. As the river mouth gradually filled with silt, a new alluvial plain was formed and the coastline changed dramatically. Ephesus was cut off from trade and communication (today it is several miles inland); by the thirteenth century, it was all but deserted.


So what happened to all the scrolls in the libraries of Ephesus and Pergamon? One legend claims that the Roman general Mark Anthony took them from the library at Pergamon and gave them to his lover, Cleopatra, for the library at Alexandria. Did local scholars try to save some of them? Were they taken to safety and painstakingly recopied and preserved, handed down through generations of families, or hidden in the ruins of ancient temples? Some of them must have been, because, as we will discover, Anatolia was a major focus of the Abbasids’ search for ancient Greek texts in the ninth century. A tenth-century Arabic source describes an ancient temple, about three days’ journey from Constantinople, which ‘had been locked since the time when the Byzantines became Christians.’ The Arabs persuaded the Byzantine official to open the gates, ‘and, behold, this building was made of marble and great coloured stones,’ and, inside, ‘there were numerous camel-loads of ancient books.’6


But first we need to go back in time, to the very beginning, when Euclid, Ptolemy and Galen sat down to write their books, to see where the first copies were made and disseminated. Galen mainly lived and worked in Rome and Pergamon, but Ptolemy and Euclid both wrote their masterworks in the city that was the intellectual heart of the ancient world: Alexandria – home to the library that has inspired and overshadowed libraries ever since.
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The advantages of the city’s site are various; for, first the place is washed by two seas, on the north by the Aegyptian Sea, as it is called, and on the south by Lake Mareia, also called Mareotis … The city as a whole is intersected by streets practicable for horse-riding and chariot-driving, and by two that are very broad, extending to more than a plethrum in breadth, which cut one another into two sections and at right angles. And the city contains most beautiful public precincts and also the royal palaces, which constitute one-fourth or even one-third of the whole circuit of the city; for just as each of the kings, from love of splendour, was wont to add some adornment to the public monuments, so also he would invest himself at his own expense with a residence, in addition to those already built, so that now, to quote the words of the poet, ‘there is building upon building.’ All, however, are connected with one another and the harbour. The Museum is also part of the royal palaces …


Strabo, Geography


When Demetrius of Phalerum was put in charge of the king’s library he was lavished with resources with a view to collecting, if possible, all the books in the world; and by making purchases and copies he carried out the king’s intention as far as he could.


Letter of Aristeas to Philocrates









THE GREAT LIBRARY of Alexandria, founded around 300 BC by the Egyptian king Ptolemy I, has always been the ultimate symbol of scholarly endeavour. It was here that the idea of encompassing knowledge in one place by collecting a copy of every single text was born. This ‘dream of universality’ has haunted book collectors and librarians ever since, and lies at the heart of modern copyright libraries, which are entitled to one copy of each book published in their own country.* Like all the most successful bibliophiles, the kings of Egypt and their librarians were doggedly unscrupulous in the pursuit of this dream: stealing, borrowing, begging – anything to increase the collections. They ordered that all ships passing through Alexandria should be searched and any scrolls found on board confiscated. These were then labelled ‘from the ships’ and shelved in the Library. When the Athenians lent valuable scrolls for copying, the Egyptians refused to return them, choosing instead to keep the originals and send back copies, forfeiting the huge sum of money they had paid as surety. This aggressive acquisition policy paid off and within a couple of decades the Library contained thousands on every subject from cookery to Jewish theology – a collection unequalled, both in size and subject matter, anywhere on the planet. But the Ptolemaic kings did not just collect books, they collected minds as well. They established a community of scholars in the shrine they had built to glorify the Muses – the nine Greek goddesses who inspired the arts and sciences. It became known as the Museum (Mouseion) and was closely linked with the Library; scholars from across the Mediterranean world were invited to come and work there. As time went on, a daughter library was created in the Temple of Serapis (the Serapeum) to house the ever-increasing collections.


The question of where the idea for the Library of Alexandria originated has long puzzled historians. Aristotle is the first person known to have collected books privately, and writers from Strabo (64 BC–AD 24) onwards have suggested that he inspired the foundation of libraries in many of the cities his pupil Alexander the Great conquered and created. The idea of a universal collection also probably came from Aristotle. His intellectual interests were informed by a similarly comprehensive scope and another of his pupils, Demetrius of Phalerum, was instrumental in the design and creation of the Library of Alexandria. The city was founded by Alexander when he conquered Egypt in 331 BC. According to legend, he personally selected the site, conveniently located in the Nile Delta between Lake Mareotis and the sea, with excellent transport routes and two large natural harbours on the Mediterranean coast. When Alexander died, Egypt, by far the wealthiest part of the vast Greek Empire, passed to one of his most trusted generals, Ptolemy Soter. The remainder was divided between two other generals, and together the three areas were known as the Hellenistic kingdoms. Soter proclaimed himself king and founded a dynasty which went on to rule Egypt for 275 years, ending only with the dramatic suicide of Queen Cleopatra. This longevity was certainly not a given. Soter was an upstart Macedonian nobleman; it took a massive programme of political, social, military and cultural development to establish his position as the unchallenged ruler of Egypt. Competition with Alexander’s other heirs was a constant preoccupation for both Soter and his son, Soter II, and while some of this took place on the battlefield, a significant proportion was played out on the desks and bookshelves of the Library and the Museum.



[image: A map of Alexandria shows the Pharos Island connected to the mainland by a bridge. The city in the mainland has a structured grid street system, in which different zones are labelled. A canal is at the bottom of the map, running along the width of the city, and Necropolis is on the left of the map.]


2. A nineteenth-century German map of ancient Alexandria showing Pharos Island, the harbours, the Royal Quarter (where the Library and the Museum were located), the Jewish Quarter and the city’s grid street system. Lake Mareotis is at the bottom, and the Serapeum is just above it on the left of the map.




As the beautiful new city spread out across its harmonious grid, a new cultural identity was forged that assimilated the traditions of ancient Egypt with that of the Hellenistic world. Initially, this involved subjugating native Egyptians and their culture, while surrounding the Ptolemies (who were of course Macedonian) with a much-needed aura of Greek (and, in particular, Athenian) legitimacy and emphasizing their connection with Alexander the Great.* This is clearly visible in the Museum, which, like the Library, was also inspired by Aristotle and his Lyceum in Athens. Both institutions were situated within the shrine to the Muses, and both were communal enterprises. The Ptolemies generously endowed their Museum, paying the scholars well, exempting them from tax and providing them with board and lodging in a special part of the palace complex. Around the time of the birth of Christ, the Roman geographer Strabo came to visit Alexandria and described the Museum thus: ‘it has a covered walkway, a hall with seats (exedra) and a large house, in which there is a common dining hall for the learned men who share the Museum.’ These scholars ‘have communal possessions and a priest in charge of the Museum, who used to be appointed by the kings, but is now appointed by Caesar.’1 With this kind of support on offer, it is hardly surprising that so many intellectuals made the city their home. If you were a scholar, there was no better place to be.


Thanks to the Ptolemaic kings, Alexandria became the most important centre of learning in the ancient world, seizing the crown of Greek cultural dominance from Athens and projecting a new vision for state-sponsored scholarship that was admired and emulated across the Mediterranean. While the scholars argued ‘interminably in the chicken coop of the Muses’2 and the bookshelves of the Library filled with scrolls, the city was growing. Baths, brothels, houses, shops and shrines were built along the broad perpendicular streets, as communities of different nations – Egyptians, Jews, Greeks and, later, Romans – settled and worked, lived and died. Soon Alexandria was one of the largest cities on earth, ‘the unrivalled centre of world trade’3 that exported huge quantities of grain, papyrus and linen, produced on the fertile Nile plains, shipped down the river to the city and then sent off for sale across the Hellenistic world. As the gatekeepers to the Mediterranean for merchants from Africa, Arabia and the East, Alexandrians took a healthy cut of the lucrative trade in gold, elephants, spices and perfumes, which were shipped in from the south and east across Lake Mareotis. The great Pharos lighthouse, 120 metres tall and another of the seven wonders of the ancient world, towered over the harbour, a symbol of Alexandria’s brilliance, beaming out across the sea.


Alexandria lay at the centre of a large network of cities, among them Athens, Pergamon, Rhodes, Antioch and Ephesus, and, later, Rome and Constantinople. Books and scholars moved freely between them in the thriving marketplace of ideas. Clever young men from across the Hellenistic world were educated in their home towns, before setting off in search of better teachers, bigger libraries and higher knowledge. Books for primary education would have been available to them at school or in the local public library – of which there were a surprisingly large number in the ancient world. Most towns had a collection, but only the large libraries in cities would have contained scientific texts in any number – most copies of the books we are following here would have been owned privately, by specialist scholars. Unlike literature, with its hundreds of poems, speeches and plays copied, sold and read all over the Mediterranean, science made up a tiny proportion of ancient writing and was only of interest to an educated elite – just 144 mathematicians are known in the whole of antiquity. While the great libraries fill history books, it is the small private collections, carefully shelved behind closed doors, that were crucial to the transmission of science. No scholar of mathematics, medicine or astronomy would have been able to study without owning a few books of their own. Nor would they have been able to teach the students who gathered around them. Because these kinds of collections were private, there is very little historical evidence for their existence, but we can safely assume that they would have been accumulated throughout a scholar’s career, beginning at school. Scholars would have borrowed texts from their teachers and colleagues and made copies for themselves, or got their slaves or students to do it for them.


Collaboration was vital – scholars had to band together to share their resources, and they tended to do this in large cities, where there was already a tradition of learning and a library – it was very difficult to make any headway in science in isolation. This is why places like Alexandria played such an integral role in the history of science. Anyone interested in academic learning knew that, if they were to make progress, get hold of texts and have the chance of working with other scholars, they would have to travel to one of these centres. The chances were that they would be pointed in the direction of Athens or Alexandria by their teachers, who had likely studied in these places in their youth. In an age where knowledge and ideas were extremely hard to access, networks of like-minded people underpinned intellectual enquiry, but they were very small. Archimedes, the most brilliant scientist of the ancient world, lived in Syracuse in Sicily – a relative backwater when it came to scholarship. When his collaborator, Conon, died, Archimedes was left desperately casting around for someone ‘versed in geometry’ to replace him. He also complained in the introduction to his treatise, Spiral Lines, that, ‘Though many years have elapsed … I do not find that any one of the problems has been stirred by a single person.’4 These plaintive cries show how few people studied science at this level. The small number who did had to work together and share their expertise and resources, especially books.


Alexandria was the capital of the intellectual world for over a millennium, so it is no coincidence that the three men whose ideas we will follow in this book all lived and studied there. In the early decades after the city was founded, Ptolemy I actively sought out scholars to come and help him transform his city into a place of learning to rival Antioch, Athens and Rhodes. The evidence is scarce, but it seems that Euclid was one of these scholars, and that he came from Athens around 300 BC, where, just a few decades before, Plato had been busy teaching mathematics and philosophy in the Academy, under the sign proclaiming, ‘Let no one ignorant of geometry enter here’. Euclid would certainly have brought books with him to Alexandria, which would have been copied and added to the Library. Euclid settled into his new home, where he was supported by Ptolemy I, and set to work with other like-minded scholars, probably in the Library itself. The fragments of information about his personality, which may or may not be genuine, paint him as a conscientious, hard-working man, ‘well disposed toward all who were able in any measure to advance mathematics … and although an exact scholar not vaunting himself.’5 The huge amount of work and organization that must have gone into producing The Elements – to say nothing of his other works – supports this view. A bookish, serious man, who loved maths passionately, Euclid stayed in Alexandria, and the school of mathematics that formed around him continued for centuries. His journey south across the sea, away from Athens, took the study of mathematics out of the shadow of philosophy, allowing it to become a subject in its own right.


OEBPS/xhtml/docimages/pg33.jpg
Mﬂaﬂ stab 1:62500
Y

Il

l

k.

nd
Wi,

Paneym - ||

]cg\

sp

%

il

Plan bed alten Alerandria.





OEBPS/xhtml/docimages/pgxvi.jpg
o
(EUTONIC ORDER 7
ARSI

SWEDEN
/

The World of Learning in Ap 1500

<]
2
2 o~
Fi S
L ||.UR1‘0\)‘:(.",
- Poroes
S H
o S5
[3
¢ .
12 z
o p -
v 2 Ssonema 3 !
2 Paris® % Nuremberg® N 4 \
Ay . N LI KHANATE \
B Tours K Y Augsburge @M P OFCRIM P
S 3
‘SRS
\ o3 | LSRR
\k\é & A
NAVARRE <
3 Sea
+2 Venic o LuAC plack
N ey FRavenni PE i L
o Vil lorence
-3 e XY
s *Zaragoza e
2~ CATHOLIC corsica 5 =% LT oy nstaptinople Zaras
& ) *Toledo OME Montecassing A
S A i) > AP
& SPAIN Naplése Salerno -~ 74 Mp, 4 «Nisbis
" Cordoba BALEARICS SARDINIA Amalfi ~ \_Propontis
{ ¥
~ 3 - - 3
Granada e ) Antioch
v 1 G
Palepmo o essln.a >
SICILY WY
Bougic' o —_— 'Rhodes
co ALGIE TUNIS
O < RS Kairouane
o «Damascus
» G
M w8
% o T SR AN e el Jerusalem e
; 1
e 1
1
T
Aral R 3
,'% Sea s i
AREA-OE A‘{IAI%MAP 1 '%,( (,
)3 ) ARABIAN
¥ 4 “, . SULTANATE OF EGYPT
A okt ne i Balkh DESERT
ghdad  Rey -
HhoraeJumishapur
N J P;mlem 0 20 40 60 80 100 miles %,
T 14, Gl ®
————— —— 0 25 50 75 100 125 150kilometres
eMecca






OEBPS/xhtml/docimages/pg26.jpg





OEBPS/xhtml/docimages/title.jpg
VIOLET MOLLER

THE MAP OF KNOWLEDGE

How Classical Ideas Were Lost and Found:

A History in Seven Cities

PICADOR





OEBPS/xhtml/docimages/cover.jpg
‘Delightful’
PETER FRANKOPAN,
AUTHOR OF THE SILK ROADS

THE MA?P OF
KN@WLEDGE

How Classical Ideas Were Lost and Found
A History in Seven Cﬂ;l:s e G

VI@ LEF M@LLEI{

Superb...
e]egantly written, &
and very entertaining’
DAILY TELEGRAPH g&a"





OEBPS/xhtml/docimages/pgxiv.jpg
5 The World of Learning in Ap 500
h
\ UTE; s
\
<, R,
|
%2
%
Yoy |G
Londiniume b
: 7
«’ 8 0%
C‘\\'
RGUNDIAN = ; ~"
INGDOM. /{1 P
A A -7
o i, -
SUEVIC 3 Dae
lNGDoM_L VARVEE NS s = f
N IS \ K,_\
/ < =~
~— %
\ {
% N ﬁ
A/K‘\.‘c.v & Rome { Fasy, N Sgnstantiniople A 4
we L NANE
sS1G L TAlN i
4\,\ o Propontis \ Mp ‘,' _
«Pergamor N S
1B M Loz
. Ephesus och L=
epalmyra }
siciLy A
P
<
“
E 2

0 20 40 60 80 100miles
0 25 50 75 100 125 150kilometres






OEBPS/xhtml/docimages/pg1.jpg
AL 0/
—~| . O
Q

=~
S

69






