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			apresenta

			Science is directly linked to our lives. In the most prosaic movements, in gestures, or even in an invisibility of elements that come together or draw apart, exerting on us the influence of an existence that at times overwhelms us and at others yields to us. However, in its increasingly particular deepening and qualification in the numerous phenomena that surround us, it also commonly escapes us as an acute perception of its presence. 


			In order to bring the diverse and numerous interpretations of the world closer to us, educational institutions and research seek to facilitate concepts and methodologies in the scientific area. Thus, in the last decades, scientists have worked hard on publications aimed at disseminating works to narrow the gap between non-specialized audiences and themes and discoveries that cut across mathematics, neuroscience, stem cell research and astronomy, drawing on a common resource: the use of clear, user-friendly language.


			Alongside regular publications, such as magazines and newspapers, an ever-increasing number of books with ingenious approaches have paved the way for scientific knowledge to gain ground in the everyday lives of audiences. In the effort to dispel myths about the impossibility of understanding the problems of science, they are works that generally involve specialists on complex subjects dedicated to the challenge of communicating them in a simple way, without, however, dumbing them down to point of compromising the richness of their worlds. 


			That is the fertile ground where the Science in Everyday Life series takes its place, proposing to introduce readers to the relations between scientific knowledge and daily life. In each title in the series, a main subject drives the investigation on how the discoveries and advances of science are revealed in much of our lives.


			With a narrative teeming with information, this book presents the work of the journalist specialized in science writing and Master and Doctor of Science Ulisses Capozzoli, who addresses the issue of time, drawing on knowledge from areas such as physics, astronomy, philosophy and history. As Capozzoli writes in the book: “Time has been a fascinating mystery ever since the earliest man”. In chapters such as “The magical time nurtured by the Mayas”, “The distinct times of physics and philosophy” and “Intriguing possibilities of time travel”, the author investigates the nature and presence of time, which, despite not reveling itself, nevertheless thoroughly marks all forms of life.


			This title – and the entire Science in Everyday Life series – takes shape expanding a new pathway for the circulation of knowledge by Edições Sesc: the creation of exclusively electronic books. Alongside the paper titles already converted to digital format, this publication reaffirms the institution’s investment in the development of the so-called e-book. Committed to building a more just and inclusive society, Sesc recognizes in the encouragement of reading, empowered by new technologies, an effective tool in the development of a critical, creative and renovating social environment.

			



			Danilo Santos de Miranda
Regional Director of Sesc São Paulo
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introducao


T he elusive nature of time

			
			What is time? If searching for an answer to this question disconcerts you, don’t worry. It is at the very least elusive, which means to say that illusion is inherent to it. Or it can be ineffable, meaning that which cannot be expressed verbally. Augustine of Hippo, better known as St. Augustine (354-430), when faced with this challenge gave the following answer: “If no one asks me, I know; if I want to explain it to someone who does ask me, I do not know”.


			Time has been a fascinating mystery ever since the earliest man, the man whose time-eroded (time emerges in time itself) skull fragment, mineralized molar or single phalanx will never be found by anthropologists. The earliest man is an allegory in time, a process, like dusk or dawn. But disturbingly real. And when the earliest man started burying the bodies of members of his group, together with flowers and everyday objects, he revealed a clear sense of time: that of a future which contained a transition.


			Time is present in everyday life: in business, science, literature and art. And it seems to slip away faster and faster. Time is a perfume that reveals itself to smell without ever being touched by hands. Time is easier to feel than to explain. Hence the challenge and complexity of dealing with it. 


			A poem by the American poet Veronica Shoffstall printed on the back of a college yearbook, which social networking sites insist on attributing to William Shakespeare, says that, “After a while you learn the subtle difference between holding a hand and chaining a soul”. Time is riddled with pitfalls. And anyone who thinks they have unraveled its deep nature may have fallen into the most dangerous of all.


			Time, surmise physicists and philosophers, may not even exist, being no more than a strategy of the human mind to order events such as birth and death, aging bodies and changing seasons.


			In Lewis Carroll’s book Alice’s Adventures in Wonderland, one of the characters, the Mad Hatter, says, “Time won’t stand beating. Now, if you only kept on good terms with him, he’d do almost anything you liked with the clock. For instance, let’s say it were nine o’clock in the morning, just time to begin lessons. You’d only have to whisper a hint to Time, and round goes the clock in a twinkling”.


			In Ray Bradbury’s surprising novel Something Wicked This Way Comes, a small traveling carnival arrives at a town in the US aboard an aged train, bringing among its attractions a carousel that, when ridden backwards, returns to the past. A past that traps all actors in the small carnival.


			Throughout all history prior to 1905, when the German-born Swiss physicist Albert Einstein (1879-1955) published his theory of special relativity, time reigned supreme like a despot. Time pervaded the entire universe and was the same from one end of the galaxy to the other. Einstein’s equations at first led to a dethronement of time. Then, with general relativity, which incorporates gravity, the equations curved time like a flexible arc. And, under extreme conditions, they pierce the framework of the space-time continuum, digging in the sky the bottomless pit of black holes, abyssal wells from which not even light escapes. With Einstein, time also surrendered to high speeds to incorporate exotic and deeply counterintuitive phenomena. The faster an astronaut or clock moves in space, the slower time flows.


			Throughout all pre-Einstein history, philosophers and physicists shared the investigation of time. However, in a debate attended by Einstein and the French philosopher Henri Bergson, on April 6, 1922, there was a break. And the physicist expressed the following in a short, blunt sentence: “The time of philosophers does not exist”. Simultaneity, so dear to Bergson, no longer made sense under the limited speed of light.


			Does time exist? At the subatomic scale, the exotic realm of quantum mechanics, there is no trace of time. A particle can interact with another and produce two new particles. But two particles can interact to produce only one. There is nothing that distinguishes past and future and thus no footprint of time.


			But in the macro universe, in everyday life, time seems visible to the naked eye. Which leads physicists and even philosophers to consider that if time really does exist, this may be due to the greater complexity of the macro universe. In the realm of particles there is no place for time. But if time does indeed exist, could it end? For the American physicist Lee Smolin, time must end. Otherwise, he asks, “How can we conceive of the infinity of existence stretching out before us if time is limitless? But if it ends, what happens afterward?”1.


			Is time travel possible? Although most people are unaware of this, during an eight-hour commercial flight at 920 km/h, time for a traveler passes 10 nanoseconds (10 billionths of a second) slower than to someone on the ground. At low speeds, time variation is reduced. But at fractions of the speed of light, in future flights to be made between stars, the difference will account for generations between those who stayed and those who left.


			Coming up, a foray into time, taking off among the Mayas, the fascinating Mesoamerican civilization, and landing in the field of doubts about what the time of human civilization should be.


			

			
				
					1	 Lee Smolin, “What is time?”, in: John Brockman; Katinka Matson (eds.), How Things Are, New York: W. Morrow, 1995.
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			P hilosophy and philosophers, who have thought and think about everything, did not overlook time, an ancient riddle of intriguing investigation. In this respect they preceded science and scientists. That is because the origins of science as we know it today lie in the 17th-century scientific revolution. Before that it was linked to philosophy and theology and only broke free from them by shedding dogmas and behaviors that did not include experimentation.


			The term “scientific revolution”, coined in 1939 by the French-born Russian philosopher Alexandre Koyré (1892-1964), describes a phenomenon that stems from earlier movements, such as the Renaissance, the retrieval of classical Greek knowledge that spawned a new conception of the world, with man at the center of speculation. The unmistakable hallmark of the scientific revolution was the adoption of the experiment, which marked, for example, the behavior of Galileo Galilei (1564-1642) in relation to what had often been proposed by Aristotle (384-322 BC). Aristotelian reflections extended from physics, with an ancient conception of universal gravitation (“the tendency of heavy things to fall to the center of the world”), to metaphysics, including principles of poetry, drama and music.


			Since Plato, via his disciple Aristotle and later St. Augustine (354-430), one of the foremost philosophers and theologians of early Christianity, among other thinkers, the riddle of time has remained a challenge, despite recent advances demonstrating that, rather than absolute as previously thought, time is relative and varies for observers subjected to different speeds and gravitational fields.


			In spite of their best efforts, the philosophers who emerged in Greece after Thales of Miletus (624/623-548/546 BC) did not attain the refinement of the priests (the ancestors of modern scientists) of the ancient and sophisticated Mayan civilization concerning the deep mystery of time. The most radical change in the understanding of time – that it is not absolute – would only occur in the early 20th century with the physicist Albert Einstein. But if with Einstein time revealed its relative facet, that does not mean that its profound nature has been unveiled.


			In What Is Time?: The Classic Account of the Nature of Time, the British mathematician, cosmologist and historian of science Gerald James Whitrow (1912-2000) shows that “of all people known to us, the Mayas were the most obsessed with the idea of time”2. While in Ancient Europe the days of the week were influenced by the major celestial bodies known at the time (Saturn day for Saturday, for example), the Mayas interpreted each one of the days as divine. Monuments and altars built by this civilization, the most important in the Americas, were intended to mark the passage of time. None of them was erected to rulers or conquerors. The Mayas interpreted the divisions of time as burdens carried by a divine hierarchy, personifying the numbers by which the different periods of time – days, months, years, decades or centuries – were distinguished.


			Today, even though the concept of time is associated with science, one cannot grasp it without cultural precedents. The Gregorian calendar, for example, reformed by Clavius in 1582 at the request of Pope Gregory III, is not as elaborate as it may seem. It lacks the accuracy of the Mayan calendar, created by priests over a thousand years ago. Compared to a build-up of three-day errors in the Gregorian calendar, the Mayan calendar barely strays two days over a period of 10,000 years.


			Like other Mesoamerican peoples, the Mayas enjoyed fairly limited technology compared to the Neolithic, the polished Stone Age. They had no knowledge of the wheel and the lathe, did not use animal traction and ignored metallurgy, a condition that persisted until the end of the classical period, as reported in The Maya Civilization by the Mexican anthropologist of French origin Paul Gendrop (1931-1987)3. 





The magical time nurtured by the Mayas



			Among the Mayas the concept of time was magical and polytheistic. And, although the road taken in turns by the divine bearers had no beginning or end, events occurred in a cycle defined by recurring periods of service to each deity. “Days, months, years and so on were all members of relay teams marching through eternity”, records Whitrow4. And the burden of each god was the omen for a specific time frame. In one, drought. In another, bountiful harvest. By calculating which gods would walk together on a given day, the priests determined the influence of all paths to predict the destiny of mankind.


			With this manner of conceiving time, the Mayas were more interested in the past than the future, contrary to what supposedly happens today. They expected history to repeat itself in recurring 260-year cycles, and that therefore events tended to have a preordained pattern. Gendrop explains that the Mayas actually had two calendars used simultaneously, which might be unique in the history of mankind. The first was the 260-day ritual calendar, divided into 13 groups of 20 days. The second was the solar calendar of 365 days plus a fraction, comprising 18 groups of 20 days, increased by another five, “generally considered harmful”. The days of each of these two calendars, cyclically exchanged in a given order, made it possible for them to meet again at the starting point every 52 years, which restarted the entire cycle.


			An article published in Nature science journal in early June 2017, written by researchers at the Max Planck Institute for Evolutionary Anthropology in Leipzig, Germany, announces the discovery of remains attributed to our species, Homo sapiens, in Jebel Irhoud, Morocco, dating to 300,000 to 350,000 years ago, older than the oldest remains previously dated, to 195,000 years ago, from East Africa. Such data must also set back the theory proposed by Whitrow for a supposed distinctive feature of Neanderthal Man, the forerunner of Homo sapiens, who already buried his dead, suggesting a perception of future, in a triple conception of time: past, present and future. Besides the Mayas, further back in time, there is the perception of time in Greek culture, the foundation of Western civilization.


			Plato, according to the French philosopher Rémi Brague in Du Temps chez Platon et Aristote5 [Time in Plato and Aristotle], described the nature of time as a “moving image of eternity”, a well-known phrase, albeit somewhat debatable. It appears in Timaeus, one of Plato’s dialogues, a long monologue by the title character written in 360 BC which addresses the nature of the physical world and of humans. Brague acknowledges that the definition “is not in itself clear”. More than that. For Brague, Plato’s famous sentence was not coined by him and would only appear with the Neoplatonist Plotinus (204-270 AD), master of Porphyry, who spread Neoplatonism in the Roman Empire.


			In referring to Plato, Whitrow does not discuss this issue, present in a universe created by a divine craftsman that imparted order to the primordial chaos, subjected to what we now recognize as natural law. These laws, for Plato, were expressed by ideal geometric forms in a state of absolute rest, what we would now call “repose” and essentially timeless. In Plato, space was viewed as a preexisting framework and time produced by the universe fit into space. The universe, unlike the ideal, eternal model, is the expression of change that fills the gap between both, the “moving image of eternity”.


			Plato criticized the Pythagoreans regarding empirical musical and acoustic harmony, i.e., achieved through experimentation. He argued that “heard melodies are sweet, but those unheard are sweeter”. For him, time does not pertain to anything truly real, but to the unsatisfactory world, from a logical point of view, of appearances revealed by the senses, a thought that echoes down to our days.





Time, easier to feel than to explain



			In his 1918 book Mysticism and Logic, the British philosopher Bertrand Russell (1872-1970) argued that “there is some sense – easier to feel than to state – in which time is an unimportant and superficial characteristic of reality”6. For Russell, “past and future must be acknowledged to be as real as the present”; he understands that emancipation from subjection to time is crucial to philosophical thinking. With refined English humor, however, Whitrow tells an anecdote about the Russian philosopher Nikolai Berdiaev (1874-1948), who, at the end of an emphatic defense of the insignificance and unreality of time, suddenly stopped and looked anxiously at his watch, concerned about being a few minutes late in taking his medication.


			Russell, who in 1955 would write the text supported by Einstein known as the Russell-Einstein Manifesto, highlighting the dangers of the proliferation of nuclear weapons, is also the author of ABC of Relativity, written in 1925. Relativity established a radical new interpretation of scientific time as opposed to the notion of time proposed by philosophy, in a classic debate between Einstein and the French philosopher Henri Bergson (1859-1941) in 1922, which will be addressed later on.
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