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::Science in Everyday Life Series::

The daily life and its connections with the frontiers of science
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To the memory of Vincent Kotwicki (1945-2013), Polish hydrologist who expanded knowledge about the volume and origin of available water on Earth. And Louis A. Frank (1939-2014), who detected the fall of low-density comets, pouring water daily into our cosmic abode.
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If Earth was a fully loaded Boeing 777, then its ocean would have the mass of a single passenger. As strange as it may seem, proportionally our planet is some hundred times drier than old bone.
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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.

This 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 resorts to discoveries in fields such as astronomy, chemistry, geology and social sciences to retell the history of this element that is essential to the emergence of life on the planet: the water. With poetic keenness, he brings together knowledge from different sources and authors, in a historical approach ranging from time immemorial in the formations of galaxies to the water crisis in the Brazilian Southeast region in the 21st century.

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


W ater, formed in a newborn universe by the early death of massive stars, is one of the basic requirements for life, although most people are unaware of this complex and fascinating arrangement of the cosmos.

How did water form – and still forms today – in the galactic neighborhoods and depths of the universe? This process is of key importance to the knowledge and the intellectual pleasure of a reflection not only on the meaning of an individual life, but on the entire sophistication of the cosmos. The cosmos that the American physicist John Archibald Wheeler (1911-2008), one of the creators of the hydrogen bomb – the equivalent of a small sun –, dubbed “our beautiful cathedral”.

A water molecule, the smallest portion of water attainable, is formed when two hydrogen atoms bond with a single oxygen atom in the well-known formula H2O. Hydrogen, the simplest and most abundant of chemical elements in the universe, emerged from the birth of the cosmos. But the production of oxygen required some “machining” inside the first generation of stars. When those stars died, the oxygen released by them into space bonded with hydrogen to make water.

To sustain sophisticated life forms, a world such as Earth must be situated in the so-called “habitable zone,” at a distance from the parent star that enables the existence of water in its three states: solid, liquid and gas.

This is the theme of this book. Water accounts for 60% of total human body mass, for example. It is what enables each one of us to produce blood, sweat and tears. And pee too.

Water has a fascinating versatility. What physical chemists call the “hydrogen bond” allows water to exist in different physical states, an almost indispensable requirement for life, at least in the abundant and diversified form, as it is known on Earth.

It is the versatility of water that makes possible the water cycle, the movement of water volumes between the surface and even the interior of Earth and the atmosphere, from where they are precipitated as rain or snow and soak the soil for seeds to thrive and rivers to flow towards seas, great lakes and oceans. The water cycle is the process that, year after year, moves around 34 thousand km³ of fresh water for human and animal supply, besides ensuring other vital activities on Earth.

The increasing consumption, which is approaching the limits of natural supply, coupled with the uneven distribution of available resources make up the so-called “fresh water crisis”, an apparent contradiction to the idea that Earth is a “water planet”.

Brazil has the largest reserves of fresh water in the world. Recent data estimate that fresh water in the country accounts for 20% of the total volume available worldwide. Nevertheless, for a number of reasons, Brazil is also poor in its richest resources. And the crisis that hit the Brazilian Southeast region, particularly the metropolitan area of São Paulo in 2014-2015, is an evidence of that. The crisis forced the usage of water from the so-called “dead volume”, which stays below the lowest outlet level of reservoirs and must be pumped out, as happened in the Cantareira system. Since then, the expression has been an inseparable part of water management in the major Brazilian metropolis.

What must be done to change this situation in Brazil and other countries with water shortage? The goal of this book is to contribute to this awareness-raising process. Brazil and other nations must profoundly overhaul the management of their water resources, an indispensable measure not only for domestic and industrial supply, but also for food production. In the absence of precautions, future scenarios are far from promising.

Water shortage, which has been a concern of the United Nations (UN) since the middle of last century, means hunger, war, suffering and destruction, a situation already in place in countries such as Somalia, in the Horn of Africa, and others that are on the list of nations falling apart.

Shortage, deterioration and pollution of drinking water are clearly visible in countless agonizing rivers, transformed into open-sky sewers. Rivers that in the past supplied and still supply large cities, the hubs of civilization, such as the Nile, which irrigates the warm and supposedly unpromising lands of Egypt. Without the Nile, one of the foundations of human civilization would not have been possible.

What should be done to avoid chaos? The answer is: awareness, and coherent and responsible attitudes. A learning process that may take its inspiration from the celebrated Native American Chief Seattle. In his famous letter to the 14th US president, Franklin Pierce, in 1885, he said that the land is sacred. And that the rivers are our brothers.
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			Capítulo 1

			Capítulo 1: A origem cósmica da água

		


		
			

















			A s it ages, the universe accumulates an increasing amount of water. However, to understand how this happens, it is best to begin with the origin of the actual cosmos; the birth of the universe.

The event known as the Big Bang, which explains the origin of the universe, is a far cry from the conventional notion of explosion, even considering a huge explosion.

Cosmologists explain the birth of the universe as the result of a primordial vacuum in which particles randomly materialized from quantum fluctuations over infinite time. Until one of them, with zero energy, emerged and exploded.

Although it may sound somewhat hermetic, this description is merely a starting point to say that 80% of hydrogen, a little helium and even less lithium were born from the Big Bang. And hydrogen, as we have seen, is one of the components of water (H2O), in association with oxygen.

The set of chemical elements that make up the periodic table1 was forged in the core of the first massive stars after the Big Bang. When these stars also collapsed under colossal explosions, in the form of supernovae, these chemical elements spread out through space.

In the early days of the Milky Way – the galaxy that is home to the Solar System and contains an estimate 200 billion stars – a large star exploded as a supernova and released into space more elaborate chemical elements than only hydrogen and helium. The Sun, the planets and other bodies of the Solar System such as moons, asteroids and comets were formed from the cloud that contained this material previously processed by the first generations of stars. This cloud contained oxygen which, when combined with hydrogen under specific conditions, produced water. Oxygen for the formation of water was scattered in space by stellar wind, a shower of protons and electrons emitted by the stars at high speeds.

In a paper released in late April 2015, a team of researchers at the Harvard-Smithsonian Center for Astrophysics (CfA) in Cambridge, United States, showed that at temperatures around 27 °C, great amounts of water in the form of gas could have been produced as early as the infancy of the universe, despite the limited supply of raw material. Higher temperatures and gas pressure made possible such environment. With cosmic expansion – the distension of the actual universe, growing like a pie before being baked –, both temperatures and gas density fell, as affirms one member of the CfA group, Shmuel Bialy, of Tel Aviv University.

A further question to be considered regarding the environmental conditions for the formation of water in the cosmos is related to the intense ultraviolet radiation of stars. This energy is capable of causing photodissociation, breaking down a water molecule into its components – as occurs on Earth today with noctilucent clouds, which may exist at heights of up to 85 km. In the universe, however, a balance was established over millions of years between the formation and destruction of water.

Water, although precocious in the universe, could only be formed thanks to the death of the first generation of stars, which, in turn, were gravitationally condensed from huge hydrogen clouds produced by the Big Bang.

The so-called stellar nucleosynthesis, the production of chemical elements from others in the warm core of stars, is a process still active today. That means that the more oxygen available through stellar action, the more water, since hydrogen is the most abundant chemical element in the universe. Thus, as it ages, the universe becomes increasingly rich in water.

Operating on a large scale is the so-called “cosmic engine”, identified by the Polish hydrologist Vincent Kotwicki (1945-2013), one of the most renowned specialists in the field. Every second dozens of supernovae are born in the universe, but due to the vastness of the cosmos, on average only one supernova occurs per galaxy each century.

The nearest and most recent, located in the Large Magellanic Cloud, a satellite galaxy of the Milky Way, 190,000 light years from the Solar System, occurred in 1987 (SN 1987A).

And before that, in 1054, one of the last manifestations visible to the naked eye in the body of the galaxy left the Crab Nebula as a remnant, in the constellation of Taurus. The Crab Nebula is now a gas cloud spreading at a speed of 7 million kilometers per hour, sheltering at its core a pulsar2, the “pit”, in the form of a neutron star left over from the former conventional star.

SN 1987A released in space the equivalent of millions of times the Earth’s mass of “enriched” material, as astrophysicists call chemical elements heavier than hydrogen3.

			The supernova that produced the Crab Nebula was observed by Chinese and Native American astronomers, who recorded the phenomenon. But as it is 4,000 light-years4 from Earth, the explosion actually occurred 4,000 years earlier, or more than 6,000 years from the present. European astronomers, discouraged by the Aristotelian concept of an unchanging sky beyond the orbit of the Moon, did not record the 1054 supernova.

Modern astronomers have identified numerous celestial water sources. In July 2011, for example, two groups of American astronomers announced the discovery of the largest and remotest concentration of cosmic water ever identified: a source in the form of water vapor equivalent to something like 140 trillion times the volume available on Earth (which totals 1.39 billion km3). This huge cosmic reservoir is located around a supermassive black hole5, 12 billion light years from Earth.




















			The quasar APM 08279+5255, inside which the black hole is located, with an estimated mass of 20 billion suns, has a potential for energy production evaluated at one quadrillion times (the unit followed by 15 zeros) that of our parent star.



OEBPS/Images/1bcoPB.jpg





OEBPS/Images/ENhresin.jpg
From Its Origin in the
Infancy of the Universe





OEBPS/Images/colecbcoPT.jpg










OEBPS/Images/apresentabcoPT.jpg







OEBPS/Images/ENhres.jpg
From lts Origin in the
Infancy of the Universe





OEBPS/Images/introdbcoPT.jpg






