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INTRODUCTION

 

 

 

Human civilizations have always believed that the world consisted of the Heavens above and the Earth below (figure 1a). Beneath the Earth, to keep it from falling, there had to be more earth; or perhaps an immense turtle on the back of an elephant, as in some Asian myths; or gigantic columns like those supporting the Earth according to the Bible. This vision of the world was shared by the Egyptians, the Chinese, the Mayans, the peoples of ancient India and sub-Saharan Africa, the Hebrews, Native Americans, the ancient Babylonian empires, and all other cultures of which we have evidence.

All but one: the Greek world. Already in the classical era, the Greeks saw the Earth as a stone floating in space without falling (figure 1b). Beneath the Earth, there was neither more earth without limit, nor turtles, nor columns, but rather the same sky that we see over our heads. How did the Greeks manage to understand so early that the Earth is suspended in the void and that the Heavens continue under our feet? Who understood this, and how?

The man who made this enormous leap in understanding the world is the main character in this story: ’Αναξίµανδος, Anaximander, who lived twenty-six centuries ago in Miletus, a Greek city on the coast of what is now Turkey. This discovery alone would make Anaximander one of the intellectual giants of the ages. But Anaximander’s legacy is still greater. He paved the way for physics, geography, meteorology, and biology. Even more important than these contributions, he set in motion the process of rethinking our worldview—a search for knowledge based on the rejection of any obvious-seeming “certainty,” which is one of the main roots of scientific thinking.

The nature of scientific thinking is the second subject of this book. Science, I believe, is a passionate search for always newer ways to conceive the world. Its strength lies not in the certainties it reaches but in a radical awareness of the vastness of our ignorance. This awareness allows us to keep questioning our own knowledge, and, thus, to continue learning. Therefore the scientific quest for knowledge is not nourished by certainty, it is nourished by a radical lack of certainty. Its way is fluid, capable of continuous evolution, and has immense strength and a subtle magic. It is able to overthrow the order of things and reconceive the world time and again.

This reading of scientific thinking as subversive, visionary, and evolutionary is quite different from the way science was understood by the positivist philosophers, but is also different from the fragmented, sometimes dry image of science provided by some more modern philosophical reflections on science. The aspect of science that I seek to illuminate in these pages is its critical and rebellious ability to reimagine the world again and again.

If this reimagining of the world is a central aspect of the scientific enterprise, then the beginning of this adventure is not to be sought in Newton’s laws of motion, in Galileo’s experiments, or Francis Bacon’s reflections. Nor even in the early and mathematical constructions of Alexandrian astronomy. It must be sought in what can be called the first great scientific revolution in human history—Anaximander’s revolution.

 

There is no doubt that Anaximander’s importance in the history of thought has been underrated. I believe that this has happened for several reasons. On the one hand, in the ancient world, his contributions were recognized by authors of a scientific bent, including Pliny (as quoted in the epigraph to this book), but Anaximander was generally seen by the ancients, including Aristotle, as the proponent of a naturalistic approach to knowledge that was fiercely opposed by other cultural currents and that had not yielded much in the way of results. The naturalistic project, indeed, had yet to bear the rich fruits it would bear with modern science, after a long process of maturation and numerous methodological adjustments.

At the root of today’s underestimation of Anaximander’s thought, on the other hand, lies the pernicious modern separation between science and the humanities. I am aware that my mainly scientific training makes evaluating the contributions of a thinker who lived some twenty-six hundred years ago a risky proposition, but I am convinced that most if not all of today’s assessments of Anaximander’s contribution suffer from the inverse problem—the difficulty that specialists in history or philosophy have in evaluating the importance of insights whose nature and legacy are intimately scientific. It seems to me that even the authors quoted in the last footnote, who recognize without hesitation the greatness of Anaximander’s contributions, fail to grasp the full extent of the historical importance of his multiple insights for the development of science. I seek to highlight that importance in these pages.

Therefore I examine Anaximander not as a historian or as an expert in Greek philosophy, but as a scientist of today keen to reflect on the nature of scientific thinking and its role in the long-term development of civilization. In contrast to the majority of texts about Anaximander, my goal is not to reconstruct as faithfully as possible his thought and conceptual universe. For this reconstruction, I rely on the painstaking, magisterial work of classicists and historians such as Charles Kahn, Marcel Conche, and, more recently, Dirk Couprie. My goal is not to challenge the conclusions of their reconstructions; it is to shed light on the profundity of the thought that emerges from them, and the role of Anaximander’s insights in the development of universal knowledge.

 

A more subtle reason for the underestimation of Anaximander’s thought and of Greek scientific speculation in general lies in what I believe is a common misunderstanding of certain central aspects of scientific thought.

Facile nineteenth-century certainties about science— in particular the glorification of science understood as definitive knowledge of the world—have collapsed. One of the forces responsible for their dismissal has been the twentieth-century revolution in physics, which led to the discovery that Newtonian physics, despite its immense effectiveness, is actually wrong, in a precise sense. Much of the subsequent philosophy of science can be read as an attempt to come to grips with this disillusionment. What is scientific knowledge if it can be wrong even when it is extremely effective?

A wide current in the philosophy of science has reacted by seeking to save a basis for certainty in science. Scientific theories, for example, have been interpreted as constructions whose value is limited to their directly verifiable consequences, within given domains of validity. The knowledge content of scientific theories has been interpreted as restricted to the ability to give predictions. In this way, in my opinion, we lose sight of the qualitative aspects of scientific knowledge and in particular of science’s ability to subvert and widen our vision of the world. These qualitative aspects are not only inextricable from scientific thinking and essential for its functioning—they even constitute its primary motivation and reason of interest.

At the opposite end of the spectrum, another wide current of contemporary culture belittles scientific thinking and promotes widespread antiscience feelings. In the early twenty-first century, in many corners, rational science has come to be seen as suspect; forms of irrationalism have emerged in cultural circles and everyday life. Antiscientism feeds on the disillusionment over science’s inability to deliver definitive visions of the world—on the fear of accepting ignorance. False certainties are preferred to lack of certainty.

But answers given by natural science are not credible because they are definitive; they are credible because they are the best we have now, at a given moment in the history of knowledge. Lack of certainty is anything but weakness. Instead, it constitutes—and has always constituted—the very strength of rational thinking, understood as curiosity, rebellion, and change. It is precisely by not taking its answers as definitive that science can continue to improve them.

From this point of view, three centuries of Newtonian science do not constitute Science. On the contrary, they are little more than a moment of rest along the way, in the shadow of a great success. In challenging Newton’s theories, Einstein did not question the possibility to better discover how the world works. On the contrary, he followed in the footsteps of Maxwell, Newton, Copernicus, Ptolemy, Hipparchus, and Anaximander, all of whom advanced knowledge by challenging the received vision of the world, continuously improving it—recognizing errors and learning to look further and further ahead.

The advances achieved by these great scientists (and by innumerable other minor ones) have repeatedly changed not just our worldview but even the very rules of thinking that structure that worldview. I believe that looking for a key to unravel all problems—a methodological and philosophical fixed point to which this intellectual adventure could be anchored—is to betray science’s very nature, which is intrinsically evolutionary and critical.

For some time now, humanity has discovered a path skirting the certainties of those who claim to know ultimate truths, while at the same time avoiding the down-fall of claiming—as many claim today—that all truths are equal, each within its own cultural context, and we cannot distinguish true from false. This is the point of view that I shall seek to articulate in the final part of this text.

To look back at the ancient origin of scientific thinking, to the very first steps in the direction of rational inquiry about nature, is therefore here a way to shed light on some central aspects of the nature of this thought.

I think this reflection is important also for today’s fundamental science. We are still immersed in the scientific revolution opened by Einstein.1 To speak of Anaximander is also to grapple with the meaning of this revolution. My main scientific activity is in this field, and in particular in quantum gravity, a major open problem at the heart of today’s theoretical physics. To address such a problem we likely need to change once again our understanding of the nature of time and space.2 Anaximander succeeded in changing the old understanding of space, transforming the world from a closed box with the Heavens above and the Earth below to an open space in which Earth floats. I believe that only by understanding how such immense transformations of the world as Anaximander’s are possible—and in what sense they are “correct”—can we hope to confront challenges like the changes in the notions of space and time demanded by the quantization of gravity.

 

Finally, there is a third thread running through this book: the discussion of a vast problem for which I can pose questions more than I can propose answers. As we examine the earliest ancient manifestations of rational thinking about nature, we are naturally led to examine the mode of knowledge that historically preceded it—a mode of knowledge that today still affirms itself as an alternative to rational thinking. This is the mode of knowledge from which rational thought was born and differentiated itself, and against which it rebelled and still rebels.

When he “opened the doors of nature” (in Pliny’s words), Anaximander ignited a conflict between two profoundly different ways of thinking. On the one hand, there was the dominant mythical and religious way of thinking, based in large measure on the existence of certainties that, by their very nature, could not be called into question. On the other hand, there was the new way of looking at the world, based on curiosity, rejection of certainties, and change. This conflict has run through the history of Western civilization, century after century, with alternating outcomes. It is still open.

After a period in which these opposing modes of thinking seemed to have coexisted peacefully, the clash appears to be reemerging today. Numerous voices, from political and cultural viewpoints that otherwise diverge greatly, once again speak out on behalf of irrationality and the primacy of religious thought. This renewal of the clash between positive and mythico-religious thought takes us back to the conflicts of the Enlightenment. But I think that it is a mistake to consider only the past decade or the past few centuries in attempting to clarify terms. The clash is more profound. It is measured in millennia rather than centuries, for reasons relating to the slow evolution of human civilization, the deep structure of its conceptual organization, and its gradual political and social evolution.

These are vast themes, and I can do little more than ask questions and seek out some grounds for reflection in the final chapters of the book; but I believe that these themes are central to our world and its future. Every day, the uncertain outcomes of this conflict shape the lives and fate of all humanity.

 

I do not wish to overstate the importance of Anaximander. In the end, we know very little about him. But twenty-six centuries ago, on the Ionian coast, somebody opened a new path to knowledge and a new route for humanity. A thick fog veils the sixth century before the Common Era, and we know too little of the man Anaximander to be able to attribute this immense revolution to him with certainty. Still, this revolution, the birth of a thinking based on curiosity and change, took place. In the end, whether this change was wrought personally by Anaximander, or whether “Anaximander” is simply the name used in ancient sources to identify it, matters little.

This extraordinary revolution, begun twenty-six centuries ago on the coast of present-day Turkey, and in which we are still immersed, is the topic of this book.

[image: image]

 



I The situation is changing. Several recent studies converge on this point. Daniel Graham, in Explaining the Cosmos: The Ionian Tradition of Scientific Philosophy, comes to conclusions very similar to the ones in this book. In the introduction to the essay collection Anaximander in Context, by Dirk Couprie, Robert Hahn, and Gerard Naddaf, we read, “We are convinced that Anaximander was one of the greatest minds that had ever lived, and we felt that this had not been sufficiently reflected in the scholarship, until now.” Couprie, who has studied Anaximander’s cosmology in depth, concludes, “I do not hesitate to put him on a par with Newton.”


ONE

 

THE SIXTH CENTURY

 

 

 

The sixth century before the Common Era (BCE) is not among the most widely familiar historical periods. When Anaximander was born in Miletus in 610 BCE, the Golden Age of Greek civilization, the time of Pericles and Plato, was still nearly two hundred years in the future. Tarquin the Elder, according to tradition, reigned in Rome. At around the same time, the Celts founded Milan, and Greek settlers from Anaximander’s Ionia founded Marseille. Homer (or whoever for him) had composed the Iliad two centuries earlier, and Hesiod had already composed the Works and Days, but none of the other Greeks’ illustrious poets, philosophers, and dramatists had begun writing. Sappho, still a girl, was living on an island near Miletus.

In Athens, whose power was just beginning to grow, Draco’s strict code of law ruled, but Solon, who would write the first constitution to incorporate democratic elements, had already been born.

The Mediterranean world was far from primitive. Humans had been living in cities for at least ten thousand years. The great Kingdom of Egypt had been in existence for some twenty-six centuries—the same span of time that separates Anaximander from us.

Two years before Anaximander’s birth, the city of Nineveh had fallen, a momentous event that marked the end of Assyria’s vast and brutal power. Babylon, with more than two hundred thousand inhabitants, was once again the largest city in the world, as it had been for thousands of years. Nabopolassar ruled over Babylon, but the city’s return to splendor would be short-lived. Under Cyrus I, Persia’s power was already stirring in the east, and the Persian Empire would soon take control of Mesopotamia. In Egypt, it was the last year of the long reign of the great Psamtik I, the first pharaoh of the Twenty-sixth Dynasty, who had won Egypt’s independence back from the dying Assyrian Empire and restored prosperity to his realm. Psamtik I had established close relations with the Greek world: he had enrolled numerous Greek mercenaries in his army and encouraged Greeks to settle in Egypt. Miletus maintained a flourishing port of call in Egypt, at Naucratis. Anaximander, then, likely had abundant first-hand information about Egyptian culture.

Josiah of the House of David reigned over Jerusalem. With the Assyrian Empire weakened and Babylonia not yet restored to full power, he took advantage of international instability to reaffirm Jerusalem’s pride by imposing exclusive worship of the single God, Yahweh. He destroyed all the ritual objects of other gods (such as Baal and Astarte), tore down their temples, massacred their living priests, and exhumed and burned upon their altars the bones of the dead priests,1 establishing a mode of behavior toward other religions that would later characterize triumphant monotheism. Before Anaximander’s death, the Israelites fell captive again and were deported to Babylon, where they once again knew servitude—a servitude from which they would once again win their freedom, as they had centuries before from Egypt, with Moses.

Echoes of these events surely reached Miletus. News of happenings elsewhere in the world probably did not. Northern Europe was passing from the Bronze Age into the Iron Age. In the Americas, the ancient Olmec civilization was already waning. In northwest India, the Mahajanapada kingdoms had formed. Mahavira, a contemporary of Anaximander in India, founded Jainism and preached nonviolence toward all living beings. Already the Indoeuropeans of the West were focusing on how to better think about the world, while those of the East reflected on how to better live.

In China, King Kuang of Zhou had recently ascended to the throne as the twelfth emperor of the illustrious Zhou Dynasty. It was the so-called Spring and Autumn Period, a time of decentralization of power and feudal battles—and of cultural diversity and creativity as well. China would not know a similar culturally productive era for a long time to come. This has perhaps been the price paid for an internal stability that, while imperfect, has nevertheless far exceeded that of the ferocious West, endlessly at war.

Human civilization, thus, had been in existence and highly structured for thousands of years when Anaximander was born at the dawn of the sixth century BCE. The traffic of goods and ideas among continents was intense. At Miletus, it was perhaps already possible to purchase Chinese silk, as would be the case two centuries later in Athens. Most men survived by working the land, raising animals, fishing, hunting, or engaging in trade; others, just like today, amassed power and riches by going to war against one another.

KNOWLEDGE AND ASTRONOMY

What was the state of knowledge and the cultural climate of Anaximander’s world? It is hard to say, because the sixth century, in contrast to the wordy epochs to follow, left relatively few written documents. Some great works whose influences endure to this day had already been compiled, including major parts of the Bible (Deuteronomy probably dates from around this time); the Egyptian Book of the Dead; and the great epics such as Gilgamesh, the Mahabharata, the Iliad, and the Odyssey—splendid, grandiose stories in which humanity reflects upon itself, its dreams, and its follies.

Writing had begun three thousand years earlier. Written laws had been in existence for at least twelve hundred years, since Hammurabi, sixth king of Babylon, had his inscribed upon splendid basalt steles that were displayed in every city of his vast empire. One of these steles is now on display at the Louvre, in Paris, and it is difficult to remain unmoved when viewing it and reading the translation of its text.

And scientific knowledge? In Egypt and especially in Babylon, basic principles of mathematics had been developed, known to us thanks to the unearthing of collections of mathematical problems and answers. Young Egyptian scribes learned to perform simple division so that sacks of grain could be distributed equally among creditors or according to certain proportions. (One merchant has twenty sacks of grain with which to pay two workers, one of whom worked triple the time of the other. How many sacks must he give each?)

Calculation techniques were known for dividing numbers by two, three, four, and five, but not by seven. A problem that involved division by seven had to be reformulated in other terms. The constant now known as π (namely 3.14 . . .) was used as today to calculate the perimeter of a circle based on its diameter but a precise value for π was unknown.

The Egyptians knew that a triangle with sides in the proportion 3:4:5 has a right angle. Egyptian and Babylonian mathematical knowledge was roughly equivalent to that of an advanced student in today’s second or third grade. One often reads of the extraordinary development of ancient Babylonian mathematics. This is correct, but it must be interpreted properly: it means that the Babylonians developed the concepts that, in our time, are studied by seven-year-olds. The point is that it has been anything but easy for humanity to collect the knowledge that today’s children learn in elementary school.

Whether in Egypt, Babylonia, or Jerusalem, in Crete or Mycenae, in China or Mexico, knowledge was concentrated at royal and imperial courts. The fundamental form of human political organization in the first great civilizations was the monarchy, a centralized form of power. I think we can say that the great monarchies were the great civilizations. Laws, trade, writing, knowledge, learning, religion, political structure—all of these things existed mainly within the royal and imperial palaces. The structure of monarchy allowed civilization to develop. It guaranteed the security and the stability needed for the complexity of civilization. Stability that sometimes held and sometimes failed, as it does today.
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The Babylonian court maintained registers of important and noteworthy facts. These included the price of grain, descriptions of catastrophic events, and—crucial for the future development of science—records of astronomical data such as eclipses and planetary positions. Eight centuries later, during the Roman Empire, Ptolemy still considered data from Babylon’s ancient archives reliable enough to use. He complains about not having access to the complete Babylonian documents on planetary positions but avails himself of eclipse tables compiled during the reign of Nabonassar around 747 BCE, a century before Anaximander. Ptolemy even uses the start of Nabonassar’s reign as year zero for his elaborate astronomical calculations.

The recording of astronomical data is even more ancient. We have a cuneiform tablet, shown in figure 3, indicating the (correct) positions of Venus in the Heavens, over the course of many years, during the reign of Ammisaduqa, namely around 1600 BCE, a millennium before Anaximander.

It is useful to stop and reflect on this ancient astronomy because it relates to future science. What did these data mean to Babylonians? Why did they record them? Why did Babylonians observe the Heavens?

The reason for the Babylonian interest in the Heavens is clearly written on the hundreds of thousands of ancient tablets still in existence. On the one hand, human beings took note of the patterns of certain astronomical phenomena and made practical use of them. On the other hand, they sought to establish a relationship between astronomical and earthly phenomena. Let me discuss these two motivations separately:

Mediterranean climate requires farmers to carefully follow annual cycles. How to follow these rhythms in a world without calendars or newspapers, and in a region where seasons are not clearly marked? The sky and the stars offer a relatively simple solution. Human beings had known this for centuries, and the knowledge was widespread. Hesiod, for example, in the Works and Days, describes these phenomena in beautiful language:

When . . . the star Arcturus leaves the holy stream of Ocean and first rises brilliant at dusk, after him the shrilly wailing daughter of Pandion, the swallow, appears to men when spring is just beginning. Before she comes, prune the vines, for it is best so.

And,

But when Orion and Sirius are come into mid-heaven, and rosy-fingered Dawn sees Arcturus, then cut off all the grape-clusters, Perses, and bring them home. Show them to the sun ten days and ten nights: then cover them over for five, and on the sixth day draw off into vessels the gifts of joyful Dionysus. But when the Pleiades and Hyades and strong Orion begin to set, then remember to plough in season: and so the completed year will fitly pass beneath the earth.

Perses, the poem’s addressee, was Hesiod’s brother. Again:

But if desire for uncomfortable sea-faring seize you; when the Pleiades plunge into the misty sea to escape Orion’s rude strength, then truly gales of all kinds rage.2

In short, according to Hesiod, it is easy to determine the month of the year by observing the stars: when Arcturus appears over the sea in the evening, it is spring; autumn begins when the constellation Orion and Sirius, the Dog Star, are overhead; and autumn ends and winter begins when the Pleiades have fully set. According to the Bible, too, Yahweh created stars on the fourth day to “be for signs, and for seasons, and for days, and years.”3

It is clear then that the movement of the sun and stars in the sky had been understood by peasants for centuries, with a clarity far superior than an average educated person of today. Hesiod considers it common knowledge that to determine the time of year, one need simply glance at the constellation visible in the east at dawn. Few university professors could do so today.

At times, Hesiod seems to attribute to the stars themselves the causes of human perception, as in his extraordinary verses on the heat of summer:

When the thistle blooms and the chirping cicada sits on trees and pours down shrill song from frenziedly quivering wings in the toilsome summer, then goats are fatter than ever and wine is at its best; women’s lust knows no bounds and men are all dried up, because the dog star parches their heads and knees and the heat sears their skin.

I find it hard to tell whether this attribution of men’s feebleness to Sirius is to be taken literally, or if “the dog star” here simply indicates summer itself. Such a distinction may be irrelevant in this context: Hesiod may simply mean that when Sirius is high in the sky (in summer), then men are feeble, without being concerned with causal relations. We ourselves sometimes say, “The beginning of the afternoon makes me sleepy,” without stopping to ponder whether the fatigue is caused by the time of day or the noonday meal.

This brings me to the second and more important role of ancient astronomy: the effort to establish a link between celestial phenomena and events of direct importance to human beings. The connection between heavenly and human events has been a matter of concern since earliest antiquity—whether the connection was perceived as causal or a matter of temporal coincidence, if such a distinction was even meaningful in the sixth century BCE. Returning to Babylonia, we read, for example, in the tablet of figure 3: “On the fifteenth day of the month, Venus disappeared.I It was gone from the Heavens for three days. Then on the eighteenth day of the eleventh month, it reappeared in the east. New springs began to flow, the god Adad sent rain, the goddess Ea sent her floods.”4

This type of presentation, linking events in the Heavens and on Earth, is nearly universal in the ancient cuneiform texts about astronomy that have come down to us. Here is another example from the same period, interpreting the appearance of the Sun in the sky before dawn:

If, in the month of Nisanu [the first month of the Babylonian calendar, roughly March-April], the Sun at dawn appears splattered with blood and the light is cold, then rebellion in the land shall not die and the god Adad shall accomplish slaughters.

If, in the month of Nisanu, the dawn appears splattered with blood, there shall be battles in the land.

If, on the first day of the month of Nisanu, the dawn appears splattered with blood, there shall be great harshness and human flesh shall be consumed.

If, on the first day of the month of Nisanu, the dawn appears splattered with blood and the light is cold, the king shall die, and there shall be mourning in the land.

If this shall happen on the second day of the month of Nisanu, one of the king’s high officials shall die, and mourning in the land shall continue.

If on the third day of the month of Nisanu, the dawn shall appear splattered with blood, there shall be an eclipse.

All Babylonian documents show clearly that the gathering of astronomical data such as eclipses and planetary positions was motivated by the belief that this information was connected to events of direct interest to humanity such as wars, floods, the deaths of leaders, and so forth.

This belief is utterly mistaken, of course, but to this day it is shared by perhaps the majority of the people—even in highly educated nations—including some in positions of very high authority.

In Babylonia, then, men gathered astronomical data and sought patterns and relations between happenings in the Heavens and those on Earth. Relations among celestial events were of concern as well. We cannot exclude the possibility that someone in Anaximander’s time may have been able to predict eclipses with some degree of accuracy—or, in the case of solar eclipses, at least predict when there might be an eclipse. This is not difficult given the existence of patterns in the time series of the eclipses. An intelligent and motivated person can find these patterns rather easily by examining the data.II

The ancient Greeks report with marvel that Thales, Anaximander’s teacher, predicted a solar eclipse, though no one knew how he managed to do so. We do not know if this story is reliable, but in all likelihood, Thales had traveled to the Babylonian court.

 

Developments on the other side of the planet illustrate another purpose of astronomy. In the sixth century BCE in China, the famous imperial institute of astronomy had probably already been established. According to Shu Jing (The Book of Documents), which may date from around 400 BCE, the study of astronomy in China began under the legendary Emperor Yao, who lived some two thousand years before the Common Era. The Shu Jing relates that Yao

commanded Xi and He, in reverent accordance with their observation of the wide heavens, to calculate and delineate the movements and appearances of the sun, the moon, the stars, and the zodiacal spaces, and so to deliver respectfully the seasons to the people.

Xi and He both had two sons who were sent to the four corners of the Earth, each with the mission to determine solstices and equinoxes. Finally, the emperor turned once again to Xi and He:

Ah! you, Xi and He, a round year consists of three hundred, sixty, and six days. By means of an intercalary month do you fix the four seasons, and complete the determination of the year. Thereafter, in exact accordance with this, regulating the various officers, all the works of the year will be fully performed.5

The main issue driving the investigation of astronomical phenomena and the foundation of the institute is clearly the problem of the calendar.III The development of real astronomical knowledge in China dates more probably from the Han period, some two centuries after Anaximander and much later than the parallel developments in Babylonia.

Over the course of the following millennia, Chinese astronomers developed rudimentary techniques for predicting planetary positions and eclipses. Still, though the imperial institute of astronomy in China existed almost without interruption for more than twenty centuries—and though it had at its disposal astronomical observations gathered over thousands of years, along with some of the empire’s most brilliant minds, chosen on the basis of merit following a series of rigorous exams—its results were far from brilliant. Just three hundred years ago, the institute’s ability to predict celestial phenomena was vastly inferior to that of Ptolemy’s Almagest, written more than fifteen hundred years earlier. What’s more, the institute had not yet grasped the fact that the Earth is round.

Beyond the calendar, Chinese imperial authorities’ interest in astronomy was driven by religious and ideological considerations. The official Confucian cult, like religions in Greece and modern Europe, taught that Heaven is the seat of the divinity. The emperor was the intermediary between Heaven and Earth, the guarantor and executor of an order that was at once worldly, social, and cosmic. For Confucius, this function was carried out by means of rites—just as, in the Catholic Church, the ritual of Mass renews and strengthens the alliance between God and humanity and reestablishes order for human beings lost in the confusion of everyday reality. The imperial institute of astronomy had the crucial mission of establishing the official timetable for rites, “to establish concord with the august Heaven.”

With all due caution, certain analogies between Chinese and Babylonian astronomy can help us shed some light on Babylonia’s interest in the stars, and its relation to the later Greek one. What Chinese astronomy teaches us is that observation of celestial phenomena over many centuries, with the full support of political authorities, is not sufficient to lead to modern science (that of Copernicus, Kepler, Galileo, and Newton). What’s more, it does not even lead to the development of an effective, predictive, precise mathematical theory (that of Hipparcos and Ptolemy); nor does it lead to clear advances in understanding the structure of the world (like Anaximander’s). Similarly, ancient Mesopotamian civilizations observed celestial phenomena in a continuous and sustained manner for millennia, but they never advanced beyond the gathering of fairly imprecise data, interpreted within an utterly mistaken conceptual framework that linked them to earthly events.IV

Chinese motivations and the Chinese spirit in studying the Heavens were not necessarily the same as the ones that inspired the work of Babylonian astronomers. There were differences between China and Babylonia. But what the two had in common was to show that it was possible to study astronomy in the context of a worldview utterly foreign in form and motivation to that of Anaximander, Ptolemy, Copernicus, and Einstein. What made the motivations and the logic of ancient (pre-sixth century BCE) Middle Eastern and ancient (pre-seventeenth-century CE) Chinese astronomy so different from those of Anaximander, Ptolemy, Copernicus, and Einstein is the central subject of this book.

But let us return to the region that concerns us: the Greek world in which Anaximander was born.

THE GODS

Hesiod, who wrote a century before Anaximander’s birth and must have been well known in Anaximander’s Miletus, gives us a general idea of Greece’s cultural world before Anaximander. Hesiod’s world is deeply human, built upon the rigor of peasant labor and positive, wholesome moral values. Hesiod considers questions about the meaning of human life and work (the Works and Days) and about the birth and history of the universe (the Theogony), foreshadowing themes and ideas that would drive the great philosophical inquiries of future centuries.

Hesiod’s answers to these questions are complex, to be sure, but are clearly made of the same stuff that we find all over the world, in particular in the Tigris and Euphrates Valley—the stuff of gods and myths.

Consider one example: How did the world come into being? What is the world made of? Hesiod’s answer comes near the beginning of the Theogony:

Verily at the first Chaos came to be, but next wide-bosomed Earth, the ever-sure foundations of all the deathless ones who hold the peaks of snowy Olympus, and dim Tartarus in the depth of the wide-pathed Earth, and Eros, fairest among the deathless gods, who unnerves the limbs and overcomes the mind and wise counsels of all gods and all men within them. . . .

And Earth first bare starry Heaven, equal to herself, to cover her on every side, and to be an ever-sure abiding-place for the blessed gods. And she brought forth long Hills, graceful haunts of the goddess-Nymphs who dwell amongst the glens of the hills. She bare also the fruitless deep with his raging swell, Pontus, without sweet union of love.

But afterwards she lay with Heaven and bare deep-swirling Oceanus, Coeus and Crius and Hyperion and Iapetus, Theia and Rhea, Themis and Mnemosyne and gold-crowned Phoebe and lovely Tethys. After them was born Cronos the wily, youngest and most terrible of her children, and he hated his lusty sire. . . .

And so on in this splendid vein. Hesiod’s account of the world’s origins and structure is very similar to those found in all other civilizations. Following is the story of the creation of the world given in the Enuma Elish, which was recited on the fourth day of the new year in Babylonia. The text was discovered inscribed upon cuneiform tablets of the twelfth century BCE (half a millennium before Hesiod) in Ashrupanipal’s palace in Nineveh:

When in the height heaven was not named,
And the earth beneath did not yet bear a name,
And the primeval Apsu, who begat them,
And Mummu-Tiamat, the mother of them both
Their waters were mingled together like a single body,
And no hut was formed, no marsh was to be seen;
When of the gods none had been called into being,
And none bore a name, and no destinies were ordained;
Then were created the gods in the midst of heaven.
Lahmu and Lahamu were called into being, and were called by name.
Before they had grown in age and stature Ansar and Kisar were created, who surpassed the others.
Long were the days, then there came forth Anu, their heir, rival of his father.6

And so on for hundreds of verses. The consonance with Hesiod’s text is obvious. All of the evidence that has come down to us indicates that it is through these myths that humanity sought to give order to the world. Human beings interpreted earthly events as shaped by the powers of the gods and supernatural beings.

Stories of gods make up almost the entirety of ancient texts. Gods give structure to the world, appear as characters in all the great tales, justify the power of monarchies, are identified with that power, are invoked in judgments by individuals and groups, and serve as guarantors of law.

All ancient civilizations have in common this centrality of the divine. Gods played an absolutely fundamental role in civilization for at least as long as written evidence survives.V

Why did all human beings create and share a system of thought in which gods play such an overwhelming role? When and why did this strange structure of thought come into being? These questions are basic to understanding the nature of civilization, and the answers are still far from clear. But the centrality and universality of polytheistic gods as a basic element in the structure of ancient thought are beyond question.7 When Anaximander was born, the foundations of knowledge were sought entirely in myth and divinity.

MILETUS

An atmosphere very different from that of Jerusalem, Babylonia, and Egypt blew in the young cities of Greek’s emerging civilization, in strong geographical, economic, commercial, and political expansion. The diversity already manifested itself in all forms of expression of this young culture—Ionic sculpture, for example, which anticipated the naturalism and variety of classical Greek art (see figure 4, p.21).

The novelty of this culture shone even more clearly in the earliest lyric poetry, of a lacerating newness with respect to anything that had been written to that point:

Seems to me the equal of the gods,
he, who sits in your presence and hears near him
your sweet voice and lovely laughter;
my heart beats fast in my bosom.
I see you even a little and I cannot speak anymore,
my tongue is useless
at once a subtle fire races under my skin,
my eyes see nothing,
my ears ring,
I sweat
all my body is seized with trembling.
I am paler than grass and in my madness
I seem close to be dead . . .8

Marvelous.

But it was the new complexity of the political structure that especially reflected the radical novelty of the Greek world. While peoples around the planet struggled to attain stability by means of great kingdoms and empires, modeling themselves upon the millennial reign of the pharaohs, Greece remained divided into cities fiercely jealous of their independence. This fragmentary structure turned out to be anything but a source of weakness—it was at the heart of the extraordinary dynamism that drove the immense success, political as well as cultural, of the Greek world.VI

Anaximander’s intelligence did not blossom in the rich and efficient bureaucracy of the pharaoh’s scribes, nor in the highly structured court of ancient Babylonia, where the knowledge of the ancient world was stored, but in a young, independent, flourishing Ionian city on the sea: merchant ships came and went, and the citizens of Miletus probably thought of themselves as masters of their personal and civic destiny to a far greater degree than any pharaoh’s subject.

 

Ionia was a small region on the coast of Asia Minor, made up of a dozen cities overlooking the sea and protected by a steep, jagged rocky coast. Here, in this small strip of land, obscure and of minor importance in world history, the earliest example of critical thinking came into being—the free spirit of investigation that would come to define Greek and, eventually, modern thought. Human civilization owes an enormous debt to this land—greater, perhaps, than what it owes to Egypt, Babylonia, and Athens.9

In the interior of the Ionian coast, in Asia Minor, was the rich kingdom of Lydia, which a few decades earlier had minted the world’s first coins. Alyattes II, king of Lydia, took the throne in 610 BCE, the year Anaximander was born, and pursued the war against Miletus waged by his father, Sadyattes. Soon, though, Alyattes was forced to turn his attention to hostilities against Babylonia and the Mede Kingdom, pressing from the southeast. He made peace with Miletus and left the city undisturbed. The tomb of Alyattes still stands in the plain between Lake Gigea and the river Hermus, to the north of Sardis in modern Turkey. It is a large mound of earth covering a structure of enormous boulders. Large stone phalluses still stand on its summit.

The cities of Ionia were inhabited by Greeks. They had probably arrived from various parts of Greece long before, perhaps a century or two after the Trojan War, and mingled with the existing local populations. The cities of Ionia were independent but joined in a confederation, the Ionian League, mostly cultural and religious in nature.10 The league delegates gathered at Panionium, a sanctuary dedicated to Poseidon Helikonios. In 2005, the probable remains of this sanctuary were identified on the slopes of the peninsula of Mount Mycale, south of modern Izmir. Something of a Greek outpost into the ancient civilizations to the south, Ionia was renowned for its wealth and fertility.

[image: image]

In addition to prized local products, such as olive oil from the groves that to this day surround the ruins of Miletus, Ionia’s wealth derived from trade with peoples of the north, near the Black Sea. Ionia controlled the transit route that centuries earlier had made Troy rich—and that Greeks had paid dearly to control. Trade with Asia was important, too, via the caravan routes that cut across Asia Minor and arrived at Syria’s markets. The ships of the Phoenicians, from whom the Greeks took their alphabet, arrived from the south. Ionia was the hinge between West and East.

Greek cities had a substantial number of slaves; a mixed economy (comprising agriculture, crafts, and trade); and free citizens who took up arms when necessary. In the sixth century, Miletus was the most prosperous of the Ionian cities and probably of the entire Greek world (the power of Athens and Sparta developed later), and it was the closest city to the great civilizations to the south. Herodotus the historian called Miletus “the jewel of Ionia.”11

Miletus had been in existence long before Greeks colonized it. It is mentioned as “Millawanda” in the Hittite annals of Mursili II, which record that the city allied itself with Uhha-Ziti’s rebellion in Arzawa in 1320 BCE. As a result, Mursili ordered his generals Mala-Ziti and Gulla to raze Millawanda. Modern archaeologists have discovered evidence of this destruction. The city was then fortified by the Hittites, probably to defend it against Greek attackers, but subsequently destroyed several times more by various invaders.

Herodotus relates that Neleus, the youngest son of Codrus, king of Athens, founded Greek Miletus around 1050 BCE. Neleus and his troops killed the native men and took their women as wives. But the monarchy in Miletus died out by the end of the eighth century, following a dispute between two descendants of the royal house of Neleus, Amphitryon and Leodamas. Amphitryon had Leodamas killed and took power by force. Leodamas’s exiled son then returned with a band of followers who fought against and killed Amphitryon. Soon after, peace was restored, but the monarchy had lost authority. Citizens elected a legislator and a “temporary dictator,” Epimenus. The city was then governed by the prytaneion, an elected oligarchical council of magistrates, which repeatedly degenerated into tyranny.

Miletus therefore experienced a complex political process that recalls that of Athens and the later familiar saga of Rome: a king driven away by the aristocracy, which in turn finds itself threatened by a rich merchant class, which in turn plays the role of mediator between the aristocracy and the world of craftsmen and farmers. Long political battles occurred, characterized by the conflict between Ploutis (Πλουτις), the wealthy, and Cheiromáche (Χειροµαχα), the workers.
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This political complexity was the characteristic that most distinguished Greek culture from the kingdoms of the East, and it was at the heart of the emerging cultural revolution. In 630 BCE, twenty years before Anaximander, the dictator Trasibulus came to power, most likely with the support of the people, against the aristocracy. Trasibulus would play an important role in the city’s history, leading it to the peak of its power.

Miletus was a flourishing city when Anaximander was born in the early sixth century BCE. It was one of the most important commercial ports in the Greek world, if not the most important one, as well as the most populous Greek city in Asia, with some one hundred thousand inhabitants. It controlled a small but important maritime empire comprising several dozen colonies, most of which were scattered along the coast of the Black Sea. Pliny the Elder lists ninety colonies founded by Miletus. There were Ionian colonies in Italy and today’s France. The city traded grain from its Scythian colonies (in the territory of Ukraine) along with timber, dried and salted fish, iron, lead, silver, gold, wool, linen, ocher, salt, spices, and skins. From Naucratis came salt, papyrus, ivory, and perfumes that arrived in caravans from Ethiopia and the Middle East. Miletus produced and exported terra-cotta, arms, oil, furniture, textiles, fish, figs, and wine. Its fabrics were renowned.

The Milesian commercial port of Naucratis in Egypt was probably founded around 620 BCE, a decade before Anaximander was born. There was surely no lack of commercial and cultural contact with Egypt’s ancient civilization. Egypt exerted a markedly strong influence on architecture: the first monumental Greek temples date from this period and were directly inspired by Egyptian architecture, both technically and stylistically.12

Colonies and trade generated not just wealth but also interactions with different peoples, ideas, and opinions. Miletus had economic and cultural ties to all of the Mediterranean and the Middle East. As its economy expanded, so did its worldview.13

Miletus, then, was wealthy, free, able on its own to fend off ambitious Lydia, and probably the Greek city most exposed to the advanced cultures to the south. Unlike the great cities of Mesopotamia and Egypt, Miletus had neither a grand royal palace nor a powerful priestly caste. It was a city of free citizens at the heart of a cosmopolitan culture, prosperous and in a phase of extraordinary artistic, political, and cultural flowering. Miletus, in short, was the heart of a first, flourishing humanism.

 

The beautiful ruins at Miletus today do not date back to Anaximander’s time. The oldest ones are from the century after he lived. In 546, the year before he died, Anaximander would see Miletus vanquished by the Persian Empire, which was expanding in the void left by the fall of the Assyrian Empire. A few decades later, in 494, following an ill-fated attempt at revolt, Miletus would be sacked and razed by the Persians, who captured and enslaved most of its inhabitants and deported them to the Persian Gulf. The episode marked the end of Miletus’s cultural primacy in ancient Greece.

By the middle of the fifth century, Miletus rose again and was rebuilt according to plans by Hippodamus, the great architect and revolutionary father of urban planning. Some of the ruins in existence today date from this era, including the splendid theater later enlarged during the Roman period (figure 6).
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The famous Market Gate of Miletus (figure 7), transported to Berlin’s Pergamon Museum in 1907 and reconstructed there in 1928, dates entirely from the Roman period and bears witness to the enduring prosperity of Miletus under the Roman Empire.

 

Anaximander was probably an important citizen of Miletus. According to one source, Aelianus, he was the head of the Milesian colony in Amphipolis.14 Thales, one of the Seven Sages of ancient Greek tradition, lived in Miletus shortly before Anaximander. Thales traveled widely and took part in civic affairs. They surely knew each other, and I discuss their relationship in chapter 6.
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Ancient sources tell of a voyage by Anaximander to Sparta, where he reportedly built a sundial. According to Cicero, Anaximander saved the lives of many Spartans by predicting an earthquake. The story seems improbable, but one way or the other, accounts that place him in Amphipolis and Sparta depict Anaximander as a traveler and a respected and renowned figure. Some authors believe that he may have journeyed to Egypt via Naucratis.15

No descriptions of Anaximander have come down to us—only a mention of unknown reliability by Diogenes Laertius. He relates that Empedocles sought to emulate Anaximander by affecting solemn airs and a theatrical demeanor. Given that he committed his reflections to writing, Anaximander must have had access to written texts. Though, we know almost nothing of his readings, life, character, appearance, or voyages.

But it is Anaximander’s ideas that interest us. These are outlined in the next chapter.

 



I A reminder to reader: Venus sometimes appears in the sky in the east, sometimes in the west, and occasionally vanishes altogether.

II Every eighteen years, eleven days, and eight hours, the Sun, the Moon, and Earth return to roughly the same relative positions. The time series of eclipses repeats almost identically after this period, called the Saros cycle, making approximate predictions relatively simple.

III The problem of the calendar vexed all civilizations, from the Maya to the Chinese, from Julius Caesar to Pope Gregory. The easiest way to keep track of days is to count lunations and to determine the day by observing the lunar phase. Full and new moons, first and second quarter moons, are easy to identify; thus, between one phase and the next, one need only count the days (roughly seven, namely a week). The simplest and most widely followed calendar, hence, is the lunar calendar. However, it presents two problems: First, for agriculture and the tracking of long periods, it is the annual solar cycle that is relevant. In contrast to lunar cycles, though, it is difficult to mark the beginning and end of the solar cycle (thus Emperor Yao’s need for specialists to determine solstices and equinoxes). Second, a month does not contain an exact number of days, just as a year does not contain an exact number of months or days. This creates a need for months with more days and months with fewer days to stay synchronized with the lunar cycle—and, furthermore, it becomes impossible to keep months and years in alignment while respecting lunar and solar phases. The solution adopted by the modern world—with months that vary in length, not synchronized to the Moon’s motion; leap years every fourth year (minus one every hundred years but plus one every four hundred years); and days of the week independent from the date—is extremely complicated and seems reasonable only to those accustomed to it. Other cultures have come up with other solutions, all equally intricate.

IV Later in the book I discuss in greater detail the precise meaning of the word “mistaken” in this context, with regard to an awareness of the cultural relativity of truths and values.

V In Hammurabi’s Code, mentioned earlier, the text is introduced by Hammurabi, who claims that the law was dictated to him by the god Marduk, just as Jewish law was said to have been dictated to Moses by Yahweh.

VI This pattern probably repeated itself in late medieval and early modern Europe. While other world cultures were completing a process of political unification and imperial stability, the failure of this process in Europe brought about a different rate of growth that ultimately determined Europe’s military, cultural, and political success.
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