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    INTRODUCTION


    The cave parable in Plato’s Republic elegantly captures the essence of nature and the goal of scientists: nature has its secrets, and it is the role of scientists to discover, or “steal,” them, as Prometheus stole divine fire from the gods and gave it to humanity.


    Apparent reality is as incomplete and nebulous as the shadows of objects in the parable. The prisoners who live in the cave and see only shadows on the walls consider only these shadows to be real. They have no knowledge, none at all, of the objects that cast the shadows. But the prisoner who escapes from the cave has at last a better sense of reality and discovers for herself that the shadows are only a mere copy of the real objects. She sees that things are more than they appear. The parable helps us to realize that nature is much more beautiful and complex than the way the senses alone display it for us. And so for the scientist (as for the prisoner who escapes the illusive shadows of the cave) nature is comprehensible through both observation and rational contemplation. Logic unveils a much richer reality than the tangible one of mere sense perception alone. Ever since science opened the door to a rational understanding of nature, its discoveries have continued to amaze us by defying both common sense and apparent reality.


    THE PARABLE


    Imagine an underground cave where prisoners are held in chains since childhood and for many years thereafter, restricted from moving or even turning their heads, but are only able to look straight ahead and toward a wall in front of them. Behind and far from them is a fire the light of which projects on the wall shadows of various objects (including those of themselves, of passersby behind them, and of other things in general). Because of how they are bound, the prisoners see nothing else but these shadows. They believe that only these shadows are real, and the prisoners are utterly ignorant of the objects that project them, or generally of the greater truth about nature that is indeed accessible if only they could escape.


    One day a prisoner does escape. Her instinctive curiosity guides her away from the darkness of the cave, first toward the fire and then upward and out of the cave and into the light of the sun. But being so long in the dark she is not accustomed to the light. And so she is frightened by her inability to see clearly. Gradually her eyes adjust, and she sees things she has never seen before, a panorama that is grand, boundless, magical. She is startled but also puzzled. Nature is so much different from the way she had imagined it. For the first time she sees mountains, flowers, people, animals; she sees the blue sky and the sea and the colors in the trees. She observes but also contemplates. She notices how similar all objects are to their shadows. And then for a moment she seems lost, anxious, absorbing all that is around her. While deep in thought she suddenly exclaims eureka! It is an exhilarating moment. She has discovered something. At last she has a better sense of reality because she realizes that the shadows in the cave are just mere copies of the real objects. Nature is more than it appears. But it can be understood!


    Sad for her friends and morally obligated to free them from the deceptive darkness, she descends once more into the cave. But upon reentering she is frightened for a second time, for again she cannot see: her eyes have now adjusted to the light and are no longer accustomed to the dark. This does not go unnoticed by her friends, who think she is now different from them, that she has changed, that her vision is destroyed by the light. They think she is blinded by the light, not realizing it is they who are blinded by the dark. Her every effort to convince them otherwise and free them is futile and mocked. In fact any new knowledge she may impart is viewed as a threat, and they contend that anyone claiming to have such knowledge should be put to death.


    MORALS


    To know nature as it really is, we must use both our senses and logical reasoning. Sense perception alone is like the cave reality, incomplete but not absolutely false. What is false are the generalizations we make by relying solely on the experiences of the senses. Shadows are real, but not the only real things; shadows are not the truth, just part of it. Freeing oneself from the dark bondage of the cave in order to enter the light symbolizes the transition from a world of apparent reality, ignorance, and superstition to one of rational thought and potential enlightenment. In achieving such an escape, fear of learning (the pain in the eyes caused by the light) is eventually overcome, and superstition is replaced by reason.


    The parable is also a story about ignorance and the cave-dwellers’ failure to recognize their ignorance. Not only do the prisoners lack knowledge, but they do not know that they lack it. They were prisoners of time-honored prejudices and illusive sense perceptions. The cave may be seen as a metaphor for the incomplete knowledge we have about everything and the dangers associated with that partial understanding; especially when we do not realize that our knowledge is only partial, and therefore we think we know more than we do. Leaving the cave (to be educated) is as difficult as entering it to make others aware (to educate). The latter is far more advantageous because one is at least equipped with some knowledge that can be utilized to possibly anticipate forthcoming challenges.


    CONCLUSION


    Reading a symbolic version of a very complex story as if the symbols were real and the symbolic version were the actual story is an inherent risk in the very symbols used. Sense perception by itself is telling us just a symbolic story of nature—we see only shadows or imperfect representations of reality. But when combined with our intellect the two offer hope of providing us with a more realistic version of the story of nature. The pre-Socratics realized early on that appearances deceive, that the sensible world is like a cave, both illusive and incomplete. But even though our senses can be deceived, our rational intellect is perceptive and so offers a much-needed check on the veracity of what our senses report. This has helped us advance from a strictly sensual worldview to one in which our reason carefully assesses and analyzes what our senses convey about the world beyond us. And these ancients found that nature is a lot more intriguing, mysterious, and beautiful than it may at first appear, but also that it is intelligible to the willing mind only through the careful and deliberative approach of science.

  


  
    

    [image: images]


    INTRODUCTION


    Science (taken from the word for knowledge in Latin) is the systematic study of nature and the organization of acquired knowledge into timeless, universal, causal, and, most importantly, testable laws and theories that are derived from observation and rational consideration. A good scientific theory, therefore, makes experimentally verifiable predictions whose confirmation leads to the theory’s acceptance as a true description of nature. The premise of science is the realization that with rational thought nature is comprehensible. Science holds that natural phenomena, while often appearing to be random and unpredictable, are actually orderly and to a certain degree predictable; they obey intrinsic causal laws that can be understood rationally without the need of invoking myths, superstition, supernatural forces, or the intervention of capricious and anthropomorphic gods.


    CAUSALITY


    Scientists are generally viewed as rational people, but like the rest of us they are passionate and willing to sacrifice much in the pursuit of their endeavors. Democritus once said that he would “rather discover one causal explanation than obtain the whole Persian empire.”1


    Causal explanations conform to the principle of causality, according to which later events are caused by earlier events. Causality is a relation between causes and effects that organizes knowledge in the hope of discovering general laws of nature. But the relation between cause and effect is still very much an open question. In a deterministic interpretation of nature a specific cause produces a specific effect. Say cause-1 produces effect-1. But cause-1 may also have a cause of its own—some previous cause, say, cause-2, which may itself be caused by cause-3, and so on. In fact the original effect-1 may also be the cause of some other effect, say, effect-2, which in turn may be the cause of effect-3, and so on. We can show this schematically as
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    On the other hand, in a probabilistic interpretation of nature one of several probable causes could produce one of several probable effects. Therefore, it is obvious that neither causes nor effects are known with certainty; on the contrary, all events are expressible in terms of probabilities.


    Classical physics (as understood by Isaac Newton’s and Albert Einstein’s theories) is deterministic, whereas quantum physics is probabilistic in its approach. The location, speed, direction of large objects (such as cars, billiard balls, and planets) can be described with accuracy by the laws of classical physics, but the same characteristics of tiny particles (such as electrons, protons, neutrons, neutrinos, quarks, etc.) are describable only in terms of probabilities through quantum physics. We can pinpoint the position of a car as well as its speed and direction, but this is not the case with an electron. Quantum theory can describe only where an electron is likely to be, not where it is or will be. The source of uncertainty and probability will be introduced in Chapter 12, “Heraclitus and Change.”


    Causality only explains later effects by earlier causes, but it cannot explain the very first (or primary) cause; it can only assume the truth of such a cause and proceed from there to deduce its actual (or possible) effects. No cause can be assigned to the label “primary cause” since if it could, it would not be primary. Nevertheless, to find any causes and their effects, even the elusive initial cause, the phenomena of nature must be studied rationally with a method, the scientific method.


    THE SCIENTIFIC METHOD


    Isaac Newton (1642–1727) hypothesized that white light is a blend of all the colors of the rainbow. He tested his hypothesis by experimenting: he passed a beam of white light through a glass prism and observed how it disperses into a rainbow of color. Others, at Newton’s time, thought that the colors came from the prism itself, that they were not a property of light. Newton proved them wrong by advancing his experiment. This time he passed just one color, say, the blue (from those dispersed by the first prism), through a second prism. Since only blue entered the second prism and only blue emerged from it (and not a rainbow of color), color, he concluded, was a property of light and not of the prism. He supported his hypothesis even further by mixing again the initially separated colors and noticing how once more they reproduced white light. The so-called Snell’s law calculates the exact angle that each color of light refracts by crossing from the one medium, air, into the other, the glass prism. Hence what we must also emphasize here is that all scientific laws are quantified through mathematics. Without such quantification modern technology (of computers, cell phones, etc.) would not have been possible. Chapter 11, “Pythagoras and Numbers,” will discuss how one may model nature mathematically.


    As seen through the above example, the scientific method consists of observation, reason, and experimentation. By observing a natural phenomenon and thinking upon how it may have come about, its explanation is attempted by means of a rational hypothesis, a proposed explanation offered as a possibility. The validity of the hypothesis must be tested experimentally. A set of conditions is predicted such that if the hypothesis is confirmed, that set of conditions would in fact occur. A conclusion is reached about whether or not a hypothesis is verified (confirmed) or falsified (disconfirmed) by analyzing the predictions of the hypothesis in light of what is found to be the case when the hypothesis is tested. If the hypothesis is consistently verified by numerous individuals who attempt to test it, then a law (or a general theory of nature) is discovered and our comprehension of nature expands a bit more. Of course, often a hypothesis on how some aspect of nature works can be formed by pure theorization (reason) without first having to observe some particular phenomenon (as is the case of Einstein’s theory of special relativity), although it is still likely that various prior observations would guide a scientist’s speculations, for, in truth, no person is disconnected entirely from the influences of nature. The fewer assumptions a law makes and the more phenomena it explains, the more powerful it becomes. Furthermore, regardless how abstract and complex a law may be, it must be able to explain the natural phenomena as we see them, as we perceive them through our five senses. It is always possible, as any good scientist knows, that any law might later be shown with additional testing to be just a mere copy, a shadow, of some greater truth yet to be uncovered. In fact, this has been so throughout the history of science. Nevertheless while our scientific models may in the end prove to be nothing more than shadows of yet undiscovered truths, they still play a vital role in the development of human thought and understanding about the world and our place in it.


    CONCLUSION


    Science has not always been part of human civilization. In fact, even civilization has not always been part of human existence. So what critical event in human history created the potential for us humans to develop abstract thought and eventually science?
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    INTRODUCTION


    With perhaps the exception of the mastery of fire, the most momentous event in the roughly two-hundred-thousand-year history of Homo sapiens was urbanization, which emerged about ten thousand years ago. Had it not occurred, we would still be hunting and gathering. But it did, and that led to the birth of a new and complex way of life called civilization with everything this term entails. This development was the result of two great ideas that were beginning to be implemented at roughly the same time by our hunter-gatherer ancestors: namely, the domestication of animals, which led to herding, and the domestication of plants, which led to agriculture. Both activities, but particularly agriculture, promoted the need of a settled life, created food surpluses, and with these surpluses came an expanding population. From small villages of mere hundreds to crowded city-states of many thousands, life became increasingly more communal and diversified, an unprecedented transformation that by about six thousand years ago found the cultural phenomenon of urbanization spreading worldwide. To put these ideas in perspective, this chapter will narrate a brief history of Homo sapiens (covering our primitive beginnings and the main changes that occurred thereafter) from the time we first evolved two hundred thousand years ago to May 28, 585 BCE, the day of the solar eclipse predicted by Thales,1 the first natural philosopher. Because Thales, a pre-Socratic, flourished around the time of this eclipse, this day may be regarded as the birthday of science. In fact, the entire sixth century BCE was an intellectually explosive period globally. But let’s start from the “beginning.”


    THE ERA OF PURE SURVIVAL: 200,000–30,000 YEARS AGO2


    Homo Genus3


    The Homo genus consists of several member species all closely related to us, each of which is also unique. Its first member, Homo habilis (a distinct species having some humanlike characteristics), evolved more than two million years ago and became extinct about 1.4 million years ago. Its only extant member, Homo sapiens, evolved about two hundred thousand years ago in Africa and is the species to which every living human belongs—so each one of us can be traced back to a common African ancestor. Homo sapiens’ evolution was happening just as our older evolutionary relative Homo heidelbergensis, who had evolved about seven hundred thousand years ago, was becoming extinct. It is at this point that our species might well have gotten its chance to evolve as a consequence of the eventual extinction of another species, in general not an uncommon phenomenon in the evolution of life. Sadly, the longest-living member of the genus Homo, Homo erectus, whose members evolved approximately 1.9 million years ago, also became extinct about 143,000 years ago.


    Since their earliest days and down to about the end of the Paleolithic Age (the “Old Stone Age”) roughly ten thousand years ago, Homo sapiens were basically hunter-gatherer nomads with remarkably few cultural changes. They constantly searched for food by following migrating wild animals and by seeking new areas of fresh edible plants. They lived and traveled in small social groups, including perhaps tens or hundreds of individuals from an extended family. Their diet included plants, nuts, eggs, honey, fruit, and meat from animals, fishes, and birds. Survival was a day-to-day affair, but they got by despite the dangers and uncertainties of their rough and wandering lifestyle. It is not easy to hunt large wild animals (horses, reindeer, mammoths, cattle, woolly rhinoceros, bears, and the like) with primitive weapons/tools. And food had to be found daily, but there was no guarantee of that. In fact Homo sapiens came near to extinction sometime between ninety thousand to seventy thousand years ago. During this period the climate had fluctuated significantly, and it was around this time, 74,000 years ago, that super volcano Toba erupted, complicating further the conditions for survival.4 In spite of these challenging circumstances, Homo sapiens have been managing to survive.


    Bottleneck Effect


    It is speculated, however, that the human population may have suddenly decreased dramatically (to only a few thousand) at this time,5 and as a consequence so may have the gene variety among the survived members—one of the reasons humans today are genetically so similar, hence our differences are truly skin-deep. To explain this genetic similarity biologists often employ the so-called bottleneck analogy. Imagine a narrow-neck bottle filled with marbles of many different colors. The marbles represent the initial large genetic variety in the population of a species. And the narrow neck represents a potential challenge that a species might have to experience—such as severely cold or hot weather, earthquakes, volcanic eruptions, droughts, earth-asteroid collisions. Now, just as the color variety of the few marbles that make it through the narrow neck (that “survive”) is likely to be reduced when the bottle is turned over, the gene variety of the few members of a species that survive a harsh situation or catastrophe is also likely to be reduced.


    The Peculiar Water


    While extreme coldness is one of the toughest bottleneck passages a species might have to endure, fascinatingly, a life-preserving peculiar behavior of water eases the passage (lessens the difficulty). What is it?


    Oceans, speculated to have been the habitat where primitive microscopic life-forms first evolved, begin to freeze from the surface downward, but they don’t freeze all the way to the bottom when the temperature drops to freezing. The water at the bottom of an ice-covered ocean never freezes; it remains always around 4 degrees Celsius (about 39 degrees Fahrenheit). This is because of an unusual behavior of water: when cooled below 4 degrees it expands rather than contracts like most other materials. That’s why a water bottle forgotten in a freezer will break—as the water in it cools below 4 degrees it expands (especially so as it turns into ice at 0 degrees Celsius) and cracks the bottle. Similarly, ice floats because its expansion at lower temperatures also lowers its density below that of liquid water, causing it to rise to the surface.


    Now the water at the bottom of an ice-covered ocean can’t lower its temperature below 4 degrees because it literally does not have the energy to do so. For it to cool below 4 degrees water must expand, that is, it must lift up all that heavy icy sheet over it, but it can’t. Similarly, we can’t lift something extremely heavy over our heads—we don’t have the strength or the energy to do it. The water at the bottom of an ice-covered ocean remains nice and cool at 4 degrees, fluid, unfrozen, keeping the fish swimming, preserved, and pleased. Unlike deep oceans or lakes, however, water in shallow street pools does freeze completely because the quantity of the water in it is small; the water at the bottom of a pool can freeze as it easily lifts up the small weight of the water over it.


    If water didn’t possess this peculiar property, the evolution of life on earth might not have been possible at all because oceans would freeze completely, killing all life-forms within them. If water were contracting, not expanding, below 4 degrees, it wouldn’t have to lift up any water or ice positioned above it in order to cool down during freezing weather. Instead it would easily become colder and transform into frozen solid ice first at the ocean’s surface. Then, being denser than the water below (because of the assumed contraction) this ice would naturally sink to the bottom of the ocean (like a rock does because it’s denser than water), and the water below would in turn be displaced upward toward the ocean surface. The new surface water would follow the same sequence of events (it would freeze, condense, sink, and displace the water below it to the surface) until all ocean water would freeze completely crushing to death all marine life. Even worse, in persistently cold weather life might not have gotten the chance to even evolve in the first place; the crushing forces of solid ice spreading everywhere in a frozen ocean would have been destroying the molecules of life, killing any chance they might have had to coalesce and develop. Thankfully, water is peculiar, and so life was able to get its start on earth.


    Primitive Technology


    The dawn of technology, marking the beginning of the Paleolithic Age, occurred more than two million years ago with the use of simple stone tools by Homo habilis, “handy man,” or possibly by other species before him from the genus Australopithecus. Homo sapiens’ tools, at different periods during the years covered in this section, included stone projectiles, blades, flakes, stone or bone hammers, long pointed wooden spears, stone or bone awls, needles and scrapers to perforate and turn hides into clothing, and in general anything made of stone, wood, or bone that could be useful for a hunting-gathering lifestyle amid varying and challenging climates. Metal tools and pottery did not yet exist.


    Technology is often associated with science, but technology itself is not science. Tools and implements—primitive forms of technology—can exist without science. But usually, especially nowadays, technology is a consequence of science; it is the application of the laws of science for various practical purposes. Technology can also lead to science (as we will see in chapter 6, “The Birth of Science”), but it is not itself science.


    As nomads who lived in small social groups, humans shared food and other resources, lived mostly outdoors but sometimes avoided the wind and cold weather of the last glacial period (110,000–10,000 years ago) by seeking refuge in natural shelters such as caves or human-made simple huts constructed by piling up stones or branches or by hanging animal hides on poles, or by gathering around a campfire.


    Fire


    The use of fire was a skill first practiced by Homo erectus (another of our extinct ancestors known for standing upright rather than crouched or bent over) possibly five hundred thousand years ago. Whether Homo sapiens discovered such skill independently or learned it by observing and imitating Homo erectus’ example is uncertain. Also uncertain is when fire actually came into being as a human tool (see next section). An interest in fire may have been sparked in a way by something like this: after a naturally caused fire (e.g., as a result of lightning), a keen and courageous observer might have retrieved a burning branch, kept it ablaze by feeding it with new branches, and experimented with its properties.


    Fire was used for warmth, for light at night, to keep insects and dangerous animals away, for hunting animals, and for cooking food. Cooking killed parasites (especially those on meat), made food softer and tastier, and increased the types of food that could be consumed. Cooking has aided in safer food consumption and digestion and has improved the survival chances of our species, and in so doing it has contributed to our general evolution and in particular to the evolution of the human brain. Eating cooked food delivers more energy than eating the same food raw.6 This fact has been especially significant for the evolution of our energy-hungry complex brain, which although comprising only 2 percent of our body weight requires 20 percent of the energy from the food we consume.


    Gathered around a campfire to relax, socialize, and bond, Homo sapiens might have even “told” their first stories, an activity that has certainly influenced the development of human language. I imagine these stories were very simple ones, language being in its most primitive form at that time. Regrettably, sounds do not fossilize, so before the first written record, left sometime during the fourth millennium BCE, the level and extent of language used by humans is uncertain. It is hypothesized that a form of basic vocal language must have evolved by one hundred thousand years ago.


    The warmth of fire might have also helped parents to care for their helpless babies. Remarkably, among the primates, human babies require the longest period of parental care. By comparison, the childhood of chimpanzees, which genetically are our closest relatives from the living species, is roughly half as long as the childhood of humans. Caring for each other, conveying stories, and exchanging information undoubtedly enhanced Homo sapiens’ survival skills and their evolutionary path. Moreover, learning from each other along with the long period of parental care contributed to the overall bond between humans. Parents who care for their own offspring, especially when this is done for a period of several years, instill in their children the tendency of caring as they are growing. As this process continues throughout the group and through generations, chances are that offspring and parents alike will also begin caring for their close family as well as their extended family. Such feeling could in turn inspire the desire for a more communal lifestyle, which is the basis for civilization. Directly or indirectly the phenomenon of fire has contributed to all aspects of the evolving human culture.


    Migration


    Between eighty thousand to sixty thousand years ago, Homo sapiens migrated from the African savannah first to Asia, then to Australia (ca. fifty thousand years ago), to Europe (ca. forty thousand years ago), to the Americas and to the Pacific islands (ca. fifteen thousand years ago), and by about ten thousand years ago even to the Arctic, but not to Antarctica. Migration was possible because the icy-cold temperatures of the last glacial period bound the water as ice on land, and so it could not flow into the sea. As a result, the sea level then was lower than that of today by about 100 meters, exposing more parts of the continental crust, which in turn functioned as natural land bridges between continents. These bridges lasted until about ten thousand years ago. Then the glacial period ended. The melted water flowed into the oceans and caused the sea levels to rise and these bridges to be submerged under the water. Consequently, the new islands that were created kept their inhabitants isolated.


    So, by thirty thousand years ago Homo sapiens had developed better tools, built primitive huts, advanced their hunting and carving techniques, made and wore clothing, socialized around a hearth, buried their dead, possibly even played music (using flutes made from bones). But perhaps the most significant of their activities, which was not related to sheer survival, was painting! It was the first form of pure self-expression.


    FROM PAINTING TO HERDING: 30,000–10,000 YEARS AGO


    Painting


    Art begins in prehistory more than thirty thousand years ago by our Paleolithic ancestors, the Cro-Magnons, who decorated their cave dwellings with splendid, colorful, and expressive animal paintings. Cro-Magnons, named so after the site in France where their remains were first discovered, are the Homo sapiens who arrived in Europe about forty thousand years ago and are believed to have looked and behaved more like modern-day humans. With their beautiful art they demonstrated their sensitivity and sensibility. Cave painting is “great art, manifested in works of subtlety and power that have never been surpassed.”7 While the true significance of these paintings may never be known, it has been speculated that in addition to painting for merely the sake of art, the animals of the paintings might have also had a sacred function.8 As if life would imitate art and, as depicted in the cave walls, humans could become better hunters and wild animals captured and tamed. But if humans could express themselves so well through painting, they could probably speak as well, too. And so by now their stories around their hearths would have been more descriptive. Consequently they understood and learned from each other, making stronger both the human bond and their social lifestyle. Urbanization and the birth of civilization were thereafter naturally expected. Painting is a significant activity in human culture, for after painting comes writing—recorded information! This sequence of events is normal. For in painting one draws to represent things that already have a shape, for example, a bison. On the other hand, in writing, especially with an alphabet, one draws (e.g., letters) to represent things that do not have shape, that is, the sounds of a language. Comparatively, then, an alphabet is a more abstract invention than painting or a pictographic type of writing, and so it naturally followed both of them. How the Greek alphabet aided the pre-Socratics in conceiving the scientific view of nature is a topic to be contemplated in the chapter “The Birth of Science.” A culture, even an urbanized one, cannot advance without recorded information. But between painting and writing there was a long time period and a few other significant cultural events, the first of which might have been lighting fire at will.


    Fire Lit at Will


    One of the most consequential events since our species evolved in Africa some two hundred thousand years ago was the lighting of fire at will. How and when this happened is unknown. But heat from friction is certainly what caused it. In their attempt, for example, to sharpen their tools by rubbing or striking them together (e.g., stone with stone or wood with wood), our curious ancestors could have easily started a fire. By rotating back and forth a pointed stick in a concavity of another in an effort to sharpen it further, a spark might have been ignited and fire lighted. An event this remarkable would not have gone unnoticed. It would have prompted the realization that fire can be lit and controlled at will! And although quite possibly that was an accidental discovery, lighting fire from that moment on became a favorite intentional human activity without which the notion of civilization would be nonexistent.


    Fire has ever since been playing a critical role in our cultural and biological evolution. We gather around fire to warm up as well as to bond, socialize, learn, imagine, and cook our food. We use fire to make tools, thereby improving our lifestyle and increasing even further our chances for survival. No doubt humans decreased their chances for survival by using some tools and/or fire itself as weapons against each other. Much, much later, by about six thousand years ago, fire was used to melt hard copper alloys and mold them into refined tools. Today every technological achievement can be connected to fire—fuel is somewhere burning, creating electricity and powering our many devices, which to be made in the first place require fuel as well. Fire has been culturally so impressive and revolutionary that it became part of many rich ancient mythologies. For instance, in ancient Greek mythology the titan Prometheus defied the orders of the Olympian gods, stole the fire that was their exclusive secret, and brought it to humankind (more about this myth in chapter 4, “The Mythological Era”). Like Prometheus, scientists today aspire to “steal” (or discover) the other secrets of nature. Fire has also had a significant role in our scientific theories of nature (see, for example, chapter 12, “Heraclitus and Change” or chapter 15, “Empedocles and Elements”).


    It was the light of fire that dispelled the darkness of a cave, warmed the body and soul of our cave ancestors, and inspired them to paint their early wall paintings. If we accept that necessity (e.g., the instinct to survive) precedes luxury (e.g., of painting), then lighting fire at will might have been discovered by Homo sapiens before cave painting, or at least around the same time. For, as a result of the necessity to survive, it is possible that our ancestors foresaw the numerous benefits of fire and thought long and hard on how they could control and implement it in their daily lives.


    Primitive Religion


    Homo neanderthalensis (commonly, Neanderthals) might have been the first species who buried their dead. Homo sapiens practiced simple burial probably as early one hundred thousand years ago. But there is some evidence that their inauguration of painting coincided with their practice of more elaborate burials, which included burying of various grave artifacts (such as stone tools, animal parts, food) that might have been viewed as significant in the life of the deceased and quite possibly might have also been considered significant in an afterlife. Sculpture was another form of art that was enjoyed around the period of painting. Findings include various types of figurines, such as the “Venus”: women with exaggerated bellies, buttocks, and breasts signifying perhaps fertility or other beliefs, carved from mammoth ivory or stone. Burials, painting, and sculpture are activities arguably indicative to a sort of primitive religious outlook, even though organized and systematic religions began with urbanization and the consequent development of specialized professions such as priests or group leaders. In the subsection “King-Priests, God-Kings, and Theocratic States” (of the next section), we will see how a priest and a group leader often were the same person, the king-priest.


    Hunting


    The hunting techniques eventually improved because in addition to spear throwing, which facilitated killing large dangerous prey from a distance without the risky physical contact, there was also the invention of the bow and arrow. Cave art depictions suggest that the bow and arrow had been in use by about twenty thousand years ago. But our evolutionary cousins, the Neanderthals (with whom we share a direct common genetic ancestor), did not invent such weapons. This, as we will see in chapter 6, “The Birth of Science,” might have been one from a combination of reasons that caused their extinction between thirty thousand to twenty-five thousand years ago. Homo ﬂoresiensis, the most recently discovered type of human, emerged ninety-five thousand years ago in the island of Flores in Indonesia, stood about a meter tall, had a small brain size, but finally it, too, became extinct less than twenty thousand years ago (although its status as a separate Homo species is still controversial).9 Thereafter Homo sapiens remained the sole survivor from the once diverse human family tree. But to be able to advance the species and better their quality of life they had to be inventive. Their first great idea directly involved the life of other species.


    Herding


    On the road to civilization a critical step toward a settled life was achieved through domesticating animals, an idea that soon led to herding. This happened about ten thousand years ago, at the end of the glacial period. The two important consequences of herding were reaching a surplus in available food and evolving toward a seminomadic way of life. The latter was a transitional step between the lifestyle of the once strictly nomadic hunter-gatherer and that of a fully settled farmer.


    Herding and agriculture evolved about the same time, approximately ten thousand years ago, and their implementation was a turning point in the development of human culture. I believe herding most probably preceded farming, since herding would be a natural outgrowth of the hunting and gathering way of life, whereas farming is the result of a longer, tougher, and more organized type of work, which requires a far more thoughtful state of mind, since one must recognize the value of a crop and the hard work it takes to till the soil for months to achieve a harvest that can sustain oneself, one’s family, and one’s community. Thus if we assume things progress gradually, then the spontaneous nomad hunter-gatherer would naturally evolve first into the semi-spontaneous seminomad shepherd and then, eventually, the settled farmer.


    Herding might have evolved by realizing that by capturing a herd of animals and keeping it alive (so the potential meat does not spoil) the daily meat could be secured for weeks, possibly months on end, making it much easier to survive without the uncertainty of daily hunting. Group members could kill an animal or two per day from the captured herd as their need required, but by the time they killed all captured animals of a herd, new ones were being born. So as long as people cared for the animals of the herd (e.g., fed and watered them, aided their reproduction), the supply of meat, milk, fur, hides, bones, and the like could be limitless.


    Moreover, herding not only secured the daily meat on an ongoing basis but also provided extra resources such as new types of food (cheese, butter) and created the need for new occupations. Since not all animals of the herd had to be slaughtered at once, some were always available for milking. Some milk was consumed fresh and some was processed into butter and cheese. Animals could also be used as beasts of burden to aid humans. Ways are found to preserve the surplus food for the future. Preserving surpluses and planning for the future is a good thing and a sign of the human tendency to become urbanized. With a flock of animals under his control, a shepherd did not have to hunt every day to feed himself and his family. Thus as long as he maintained a healthy flock, food was plentiful for long periods of time. The first domesticated types of animals were goats, sheep, and cows. Animals of this kind do not eat meat, thus they do not have the natural drive to kill and are more peaceful compared to predators. Thus they were tamed easier. In addition, they eat what humans do not: grass and other types of plants, and besides meat they also give us milk. Goats, sheep, and cows were abundant in the Fertile Crescent and had been hunted before their domestication. The Fertile Crescent, which is the region from Egypt to Mesopotamia bounded by the Syrian Desert from the south and the highlands of Anatolia from the north, was among the earliest regions to develop a settled lifestyle and agriculture.


    Semi-Settled Life


    In addition to providing a food surplus, herding created the need for a seminomadic lifestyle. Group members no longer had to follow the migration of their prey. They could decide where their home would be, at least for an extended period of time. Animal domestication was therefore an important first step toward the settled life of community living. While a shepherd still had to be on the move in search of virgin grazing grounds, he was also required to have several temporary home bases (perhaps seasonal) where he could carry out various new activities: milk the animals, process the extra milk into butter and cheese, smoke and dry the extra meat in order to preserve it, care for the animals (e.g., in breeding), and develop specialized tools. Their semipermanent home bases might have been in places with rich grazing grounds such as fertile riverbanks. The flocks were led to grazing fields during the day. But to limit the straying, by night they were brought back to a fenced base, thus a home. Fences were probably built by piling wood or rocks. Some seasonal dwellings might have existed even before herding, as long the natural resources of a region could sustain the nomads for some period of time. The benefits of seminomadic lifestyle might well have created the desire for an even more settled way of life and hence might have triggered the ingenuity in humans to search for ways to achieve it.


    Idiosyncrasy


    This transition from the nomadic to the seminomadic lifestyle was heralding a critical change in human behavior. Specifically, with herding, the once spontaneous hunter-gatherer who was basically searching for food whenever he was hungry gradually transformed into a shepherd, who, by domesticating animals, figured out a way to have easily accessible and abundant food for the future! Planning for the future cannot be a bad thing for civilization. But by far, this uniquely human approach to survival became even more refined, particularly with the domestication of plants, which led to farming and an even more settled lifestyle. The biology of the human brain was ready for it, for by this time the central part of that organ had evolved the ability to plan for future activities and wait for their resulting rewards to be fulfilled months and even years later.


    FROM AGRICULTURE TO CIVILIZATION: 10,000–6,000 YEARS AGO


    Agriculture


    The decision to domesticate plants was one of the most consequential events in all of human history. This culturally explosive phenomenon, which occurred about ten thousand years ago, marked the end of the Paleolithic Age and caused the start of the Neolithic Age (“New Stone Age”), which lasted until about six thousand years ago. Plant domestication led to agriculture, which required a settled way of life, hence the development of urban living in communities that grew and in turn led to the rise of civilization.


    This critical transition in lifestyle, from the nomadic hunting-gathering to farming villages, which gradually evolved to technologically advanced and densely populated cities with social and political structures in place, is known as the Neolithic Revolution. This was not some singular event; rather, it generally occurred independently at several locations worldwide during the Neolithic Age (though roughly simultaneously).


    Although the rate of development differed from place to place, agriculture and urbanization soon became widespread. New ideas evolved from within specific communities, but ideas were also exchanged by people from different regions through their various contacts. Because of the need for fresh water, the first urbanized centers tended to develop near the fertile banks of permanently flowing great rivers. These were the Fertile Crescent (extending from Egypt by the Nile to Mesopotamia by the Tigris and Euphrates Rivers); south of Sahara; the Indus Valley; the Yellow River and Yangtze River valleys in northern and central China, respectively; and Central and South America. With an abundance of fresh water farmers did not have to depend on inconsistent rainfall to water their fields, their flocks, and themselves.


    A factor contributing to this transition appears to have been significant climatic changes that not only made the weather in general more comfortable but also allowed for the evolution of abundant and edible new types of vegetation in certain areas of the planet. These areas later evolved into the first agricultural communities. Specifically, by twelve thousand years ago the ice of the glacial period began to melt. The climate was then becoming warmer and the landscape changing considerably. By ten thousand years ago the glacial period ended, and thereafter the climate has generally stabilized into the familiar one we know today. By about the same time huge quantities of wild wheat were growing in the Middle East (the region between the eastern Mediterranean, the Persian Gulf, and the Caspian Sea). Wheat was the first domesticated plant, followed by barley.


    Through their adventures in the wilderness the hunter-gatherers must have observed so many times how seeds that fall on the ground from plants, in time, grow to become the same type of plants as those they had fallen from. At the right time, such observation must have inspired the deliberate planting and watering of seeds and in general the systematic cultivation of land. But the right time occurred when people came to first appreciate the benefits of food surpluses. So while they were still only hunter-gatherers or shepherds, semi-settled seasonably, before deliberate cultivation had begun, they might have taken advantage of naturally occurring surpluses of food (e.g., wheat). They harvested and preserved these extras for consumption in later days or months. Because the surplus of food was used so beneficially, it occurred to people to control and enhance food production further by deliberately planting extra seeds and aiding their growth. When harvest season came and abundance was everywhere, people became convinced that agriculture was a vital alternative to hunting-gathering or herding alone. Of course these groups continued to hunt and keep flocks. But since plants added to the animal food source and created even more of a surplus within a short time, agriculture would be a major occupation. Gradually, during the Neolithic Age the nomad hunter-gatherer transformed into a settled farmer, and the idea of systematic human-made cultivation of the land had been fully established. Everything that pertains to the notion of civilization is a consequence of agriculture!


    Settled Life


    Agriculture ushered in a more fully settled lifestyle. Thus with it we have the inauguration of urbanization. The farmer adapted to a domestic lifestyle by living permanently in settlements close to his fields. To put food on the table each day, the farmer had to commit to and endure hard work and careful planning for several months: clean the fields from unwanted plant growth, plow the soil, find seeds (e.g., of wheat, barley, peas, lentils, rice, beans, avocados, potatoes, squash, dates), plant them, redirect water from a nearby river to irrigate the growing crops, harvest them, eat some fresh and process some of the harvest into new types of food (grind grains to make flour, moisten it, then dry it with the heat of fire and make a nutritious bread), preserve and even trade the surplus, save seeds for next year, rotate the crops, keep his beasts of burden healthy (horses, donkeys, mules, oxen, camels), attend to his flocks, make/fix tools, and so on. But this hard work was rewarding. Agriculture increased food productivity, created and exploited surpluses, raised the confidence of the people, and in general brought them prosperity and especially security, a feeling we all understand even today once the daily food of future months is secured way ahead of time. Furthermore, since successful agriculture was requiring the collaborative effort of many people (e.g., in harvesting the crops or constructing specialized tools) the benefits of coexistence were being appreciated and pursued. The settled lifestyle of the farmer promoted human collaborations but also conflicts. Conflicts could be avoided and collaborations could be enhanced if farmers chose common leaders who would develop a set of rules fair to all. This gradually led to organized communities called city-states.


    From a Village to a City-State


    The first villages were simple and extended for just a few acres. They had anywhere from twenty to fifty square or oval mud-brick multiroom houses. The village population was perhaps a hundred to a few hundred people, most probably close and distant relatives. Rooms were used for sleeping, cooking, and socializing but also to store tools or the surpluses of food. The daily life in the village was basically agricultural and pastoral, thus all villagers had similar skills. Family and perhaps village leaders would have been the elders since these were the people with the most experiences.


    With time, about six thousand to five thousand years ago, both the village and human culture underwent an extraordinary transformation. The village grew to become a city-state: a complex, self-governing, organized community of a few thousand (thus no longer made of just blood relatives), that included a city and its surrounding farmland and grazing pastures. Life in a city-state created complex human interactions. It promoted innovative ideas and rapidly accelerated their dissemination, and it set the stage for the rise of human civilization. With time the city-state would become more systematic, more advanced, safer, and its people more sophisticated and with a better understanding of the world around them. The settled agricultural economy provided new challenges but also opportunities and encouraged the flourishing of numerous specialized professions. In fact the successful operation of the city relied on the continuous emergence of innovative, specialized pursuits, as is the case today. It also necessitated that people collaborate on just about everything. One depended on the skills of another. The farmer depended on the craftsman for tools just as the craftsman depended on the farmer for bread and milk.


    As a result of a predictable food supply and the safety that communal living provided, urbanization spawned an increase in population. Labor-intensive agriculture made it practical for a farming family to have many children (a common practice even today in agricultural villages). When the boundaries of city-states began overlapping, the cities could decide to unite into one nation or fight with each other. The city-states by the Nile followed the first path and so by about 3100 BCE, Egypt was the first nation of the world. Later the many city-states in the Yellow River Valley became one unified and centralized Chinese Empire around 221 BCE. On the other hand, the Mesopotamian city-states and later the Greek city-states generally tended to follow the second path.


    The inhabitants of the first villages must have developed a feeling of group identity, which evolved into what we today call nationality as the settlement size increased from a village to a city and then to a nation. Now, what kind of a ruler and political system did a city-state have and why?


    King-Priests, God-Kings, and Theocratic States


    Before we urbanized ourselves in communities large and small the law of the people was to be found in their customs. In growing urban environments customs became increasingly more complex, thus peaceful coexistence in a city and its effective operation required a common vision and a leader. Such vision was often provided by religion, which itself became a custom, for organized religion (as we will elaborate in chapter 4, “The Mythological Era”) was born with the onset of structured communities. Consequently priesthood was among the first type of specialized professions everywhere. But so was the profession of village or city leader. And because religion and politics were evolving together to accommodate the changing cultural, religious, and political needs of the city-state, the first states were theocratic. This means that the ruler of the people was both a religious leader (a priest) but also a political one (a king)—that is, there was no separation between church and state; religion and politics had from the beginning been closely intertwined. Thus the institution of king-priest and of a hierarchical society (a stratified society in which various priests would have different amounts of power in the governance of a city) developed almost simultaneously with the first city-states. But why?


    Priests were the first type of people who contemplated the world in an abstract way; they were looking for what they viewed as hidden meaning and purpose in nature that needed to be unearthed and explored, hence to the other members of the community they appeared to demonstrate certain wisdom. As a result of the insights they voiced, many in the community regarded them as among the most knowledgeable of people. Now, as will be argued in chapter 4, the earliest religions were cults focused on natural phenomena that influenced the crops people grew, so a priest had to master the right rituals in order to encourage the spirits believed to be in nature to produce rich yields. Consequently, priests were socially significant because of their efforts to secure people’s daily food, their paramount concern in the struggle of life. But these priests were also politically significant because they were perceived to be the ones most connected with the honoring of powerful gods or spirits. This is so because priests, as specialized religious professionals, were those who devised and implemented the various religious rituals of daily life in the village or city, and were thus considered inspired, literally, as if a divine spirit entered their body during a ritual, advised and generally endowed them with valuable knowledge. Why this was thought so will be discussed
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