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Read the notes before the class. Write down your questions, thoughts and notes while you read. We will not go through the notes in detail in the class; rather, we’ll spend most of the time discussing our questions and sharing our thoughts. 
Universe

What is the Universe?

Everything that exists—from what we stand on and below, to the farthest and the billions of stars beyond.

The dimensions of the universe are so large that using familiar units of distance, such as meters or miles, chosen for their utility on earth, would make little sense. Instead, we measure distance with the speed of light. In 1 second a beam of light travels 186,000 miles, nearly 300,000 kilometers or seven times around the earth. In 8 minutes it will travel from the sun to the earth. We can say the sun is 8 light-minutes away. In a year, it crosses nearly 10 trillion kilometers (9,460,000,000,000 kilometres), about 6 trillion (5,878,000,000,000 miles) miles, of intervening space. That unit of length, the distance light goes in a year, is called a light-year.

The size and age of the universe are beyond ordinary human understanding. Lost somewhere between immensity and eternity is our tiny planetary home. In a cosmic perspective, most human concerns seem insignificant, even petty.

Our universe is consisted of about 100 billion (1,000億) galaxies (星系). Each galaxy is consisted of about 1 billion (10億) stars(恆星). The farthest star we can detect so far is about 13,900,000 billion kilometers away.

Some Thoughts on our Universe

Does the Universe extend forever or is there an end somewhere? Does it expand and contract like an accordion, with each in and out motion lasting billions of years? Was there a time when it exploded once and for all and will the flying fragments separate until our own fragment is virtually alone in the universe? Does the Universe renew itself and is it eternal, unborn, and undying?

Age of the Universe

The discovery of the 2.7 K background radiation in 1965 by Arno A. Penzias and Robert W. Wilson is regarded as convincing evidence that the universe originated approximately 15 billion years ago in a very dense and hot state referred to as the big bang.

Expanding Universe

A dynamic state of the extragalactic realm, the discovery of which has transformed 20th-century cosmology. The development of general relativity and its application to cosmology by Albert Einstein, Wilhelm de Sitter, and other theoreticians, along with the detection of extragalactic redshift (a shift to the longer wavelengths of light from galaxies beyond the Milky Way) by Vesto Slipher, led to the realization in the 1920s that all galaxies are receding. Edwin Hubble correlated these observations in mathematical form to provide evidence that the universe is expanding. Hubble reported in 1929 that the distant galaxies were receding from the Milky Way system, in which the Earth is located, and that their red shifts increase proportionally with their increasing distance. This generalization became the basis for what is called Hubble's law, which correlates the recessional velocity of a galaxy with its distance from the Earth. That is to say, the greater the red shift manifested by light emanating from such an object, the greater the distance of the object and the larger its recessional velocity. This law of red shifts has been confirmed by subsequent research and provides the cornerstone of modern relativistic cosmological theories that postulate that the universe is expanding.

Infinite or Finite Universe?

Observations so far have not succeeded in determining whether the universe is open (of infinite extent in space) or closed (of finite extent) and whether the universe in the future will continue to expand indefinitely or will eventually collapse back into an extremely dense, congested state.

Future of the Universe

Observations so far have not succeeded in determining whether the universe is open (of infinite extent in space) or closed (of finite extent) and whether the universe in the future will continue to expand indefinitely or will eventually collapse back into an extremely dense, congested state.

Theories of the Origin of the Universe

Big-bang Model

Widely held theory of the evolution of the universe. Its essential feature is the emergence of the universe from a state of extremely high temperature and density—the so-called big bang that occurred at least 15,000,000,000 years ago. Although this type of universe was proposed by Alexander Friedmann and Abbé Georges Lemaître in the 1920s, the modern version was developed by George Gamow and colleagues in the 1940s. 

The big-bang model is based on two assumptions. The first is that Albert Einstein's general theory of relativity correctly describes the gravitational interaction of all matter. The second assumption, called the cosmological principle, states that an observer's view of the universe depends neither on the direction in which he looks nor on his location. This principle applies only to the large-scale properties of the universe, but it does imply that the universe has no edge, so that the big-bang origin occurred not at a particular point in space but rather throughout space at the same time. These two assumptions make it possible to calculate the history of the cosmos after a certain epoch called the Planck time. Scientists have yet to determine what prevailed before Planck time. 

According to the big-bang model, the universe expanded rapidly from a highly compressed primordial state, which resulted in a significant decrease in density and temperature. Soon afterward, the dominance of matter over antimatter (as observed today) may have been established by processes that also predict proton decay. During this stage many types of elementary particles may have been present. After a few seconds, the universe cooled enough to allow the formation of certain nuclei核. The theory predicts that definite amounts of hydrogen, helium, and lithium were produced. Their abundances agree with what is observed today. About 1,000,000 years later the universe was sufficiently cool for atoms 原子 to form. The radiation that also filled the universe was then free to travel through space. This remnant of the early universe is the microwave background radiation (three degree background radiation) discovered in 1965 by Arno A. Penzias and Robert W. Wilson. 

In addition to accounting for the presence of ordinary matter and radiation, the model predicts that the present universe should also be filled with neutrinos 微中子, fundamental particles with no mass or electric charge. The possibility exists that other relics from the early universe may eventually be discovered.

Steady-state Theory

In cosmology, a view that the universe is always expanding but maintaining a constant average density, matter being continuously created to form new stars and galaxies at the same rate that old ones become unobservable as a consequence of their increasing distance and velocity of recession. A steady-state universe has no beginning or end in time; and from any point within it the view on the grand scale—i.e., the average density and arrangement of galaxies—is the same. Galaxies of all possible ages are intermingled. 

The theory was first put forward by Sir James Jeans in about 1920 and again in revised form in 1948 by Hermann Bondi and Thomas Gold. It was further developed by Sir Fred Hoyle to deal with problems that had arisen in connection with the alternative big-bang hypothesis. Observations since the 1950s have produced much evidence contradictory to the steady-state picture and supportive of the big-bang model.

Size of our Milky Way (銀河系) Galaxy 

Large spiral system consisting of some 50 billion stars, one of which is the Sun. It takes its name from the Milky Way, the irregular luminous band of stars and gas clouds that stretches across the sky. Although the Earth lies well within the Galaxy, astronomers do not have as clear an understanding of its nature as they do of some external star systems. A thick layer of interstellar dust obscures much of the Galaxy from scrutiny by optical telescopes, and astronomers can determine its large-scale structure only with the aid of radio and infrared telescopes, which can detect the forms of radiation that penetrate the obscuring matter. It takes 100,000 light years just to go across the Milky Way. The diameter of the center of the Milky Way is about 6,000 light years. All the stars we see at night are located within the Milky Way.

Stars

Any massive, self-luminous celestial body of gas that shines by radiation derived from its internal energy sources. Of the trillions of stars comprising the universe, only a very small percentage are visible to the naked eye. Many stars occur in pairs, multiple systems, and clusters. The members of such stellar groups are physically related through common and are bound by mutual gravitational attraction. Somewhat related to star clusters are stellar associations, which consist of loose groups of physically similar stars that have insufficient mass as a group to remain together as an organization. The largest star is about 1,000 times the size of the sun.

Stars are made up of mainly hydrogen(氫) and helium(氦).
Birth of stars

Stars form from the gas and dust of the interstellar medium. The matter between stars is not uniformly distributed in space but is spread in a patchy fashion. Occasionally, a massive cloud will accumulate sufficient matter for its own gravitational attraction to draw it still further together. A star cannot be formed by itself. Usually, a group of stars are formed together to become a nebula (星雲).
As the core of the cloud begins pulling itself together, its internal temperature and density rise until the protostar within reaches incandescence with a faint red glow. At this stage, the protostar is not yet shining by nuclear processes but rather by the energy released via its gravitational contraction. As the internal temperature rises to a few million kelvins, deuterium (heavy hydrogen氫) is first destroyed. Then lithium鋰, beryllium鈹, and boron硼are broken down into helium氦as their nuclei are bombarded by protons質子moving at increasingly high speeds.
Quasars (類星體, 星球體)

Since 1963 astronomers have discovered cosmic objects known as quasars that exhibit larger red shifts than any of the remotest galaxies previously observed. The extremely large red shifts of various quasars suggest that they are moving away from the Earth at tremendous velocities (i.e., approximately 90 percent the speed of light) and thereby constitute some of the most distant objects in the universe.

Quasars are no more than a light-year or two in size, but they are up to 1,000 times more luminous than giant galaxies that have a diameter of about 100,000 light-years. The tremendous brilliance of quasars allows them to be observed at distances of more than 10,000,000,000 light-years. This enormous amount of radiation is released from a small area at the centre of a quasar. Many investigators attribute such energy generation to gas spiraling at high velocity into a massive black hole. An outer atmosphere of tenuous gas produces emission lines that are observed in the spectrum of quasars. These emission lines are always shifted toward the red, corresponding to large Doppler velocities of recession. According to Hubble's law of the expansion of the universe, these large velocities correspond to large distances—a conclusion about quasar distances disputed by some astronomers. Quasars were more numerous and more luminous about 10 billion years ago than they are at present. The brightest quasar is 3C 273, which lies at a distance of 2,000,000,000 light-years from the Earth. Radio interferometry shows that the radio nucleus of 3C 273 is expanding at nearly the velocity of light.

Black Hole

A cosmic body of extremely intense gravity from which nothing, not even light, can escape. A black hole can be formed by the death of a massive star. When such a star has exhausted its internal thermonuclear (高熱核反應的) fuels at the end of its life, it becomes unstable and gravitationally collapses inward upon itself. The crushing weight of constituent matter falling in from all sides compresses the dying star to a point of zero volume and infinite density called the singularity. Details of the structure of a black hole are calculated from Albert Einstein's general theory of relativity. The singularity constitutes the centre of a black hole and is hidden by the object's “surface,” the event horizon. Inside the event horizon the escape velocity (i.e., the velocity required for matter to escape from the gravitational field of a cosmic object) exceeds the speed of light, so that not even rays of light can escape into space. The radius of the event horizon is called the Schwarzschild radius, after the German astronomer Karl Schwarzschild, who in 1916 predicted the existence of collapsed stellar bodies that emit no radiation. The size of the Schwarzschild radius is thought to be proportional to the mass of the collapsing star. For a black hole with a mass 10 times as great as that of the Sun, the radius would be 30 km (18.6 miles). 

Only the most massive stars—those of more than three solar masses—become black holes at the end of their lives. Stars with a smaller amount of mass evolve into less compressed bodies, either white dwarfs (白矮星) or neutron stars (中子星). 
Black holes are difficult to observe on account of both their small size and the fact that they emit no light. They can be “observed,” however, by the effects of their enormous gravitational fields on nearby matter. For example, if a black hole is a member of a binary star system, matter flowing into it from its companion becomes intensely heated and then radiates X rays copiously before entering the event horizon of the black hole and disappearing forever. Many investigators believe that one of the component stars of the binary X-ray system Cygnus X-1 is a black hole. Discovered in 1971 in the constellation Cygnus, this binary consists of a blue supergiant and an invisible companion star that revolve about one another in a period of 5.6 days.

Some black holes apparently have nonstellar origins. Various astronomers have speculated that large volumes of interstellar gas collect and collapse into supermassive black holes at the centres of quasars and galaxies. A mass of gas falling rapidly into a black hole is estimated to give off more than 100 times as much energy as is released by the identical amount of mass through nuclear fusion. Accordingly, the collapse of millions or billions of solar masses of interstellar gas under gravitational force into a large black hole would account for the enormous energy output of quasars and certain galactic systems. In 1994 the Hubble Space Telescope provided conclusive evidence for the existence of a supermassive black hole at the centre of the M87 galaxy. It has a mass equal to two to three billion Suns but is no larger than the solar system. The black hole's existence can be strongly inferred from its energetic effects on an envelope of gas swirling around it at extremely high velocities. Similar evidence suggests that a massive black hole with a mass of about 2.6 million Suns lies at the centre of our own Milky Way (銀河系) Galaxy. 
The existence of another kind of nonstellar black hole has been proposed by the British astrophysicist Stephen Hawking. According to Hawking's theory, numerous tiny primordial black holes, possibly with a mass equal to that of an asteroid or less, might have been created during the big bang, a state of extremely high temperatures and density in which the universe is thought to have originated roughly 15 billion years ago. These so-called mini black holes, unlike the more massive variety, lose mass over time and disappear. Subatomic particles such as protons (質子) and their antiparticles (i.e., antiprotons) may be created very near a mini black hole. If a proton and an antiproton escape its gravitational attraction, they annihilate each other and in so doing generate energy—energy that they in effect drain from the black hole. If this process is repeated again and again, the black hole evaporates, having lost all of its energy and thereby its mass, since these are equivalent.

The Study of the Universe: Cosmology

It is a field of study that brings together the natural sciences, particularly astronomy and physics, in a joint effort to understand the physical universe as a unified whole. 

The celestial objects that are opening new vistas for astronomers were not known before the 1960's. The rockets and satellites that are now feeding them so much data were not blasting off before the 1950's. The radio telescopes that disclosed unexpected wonders of the Universe were not in existence before the 1940's.

Three great ages of scientific cosmology can be distinguished. Before that, just about 2500 years ago, humans understand the entire Universe to be a patch of flat ground, and not a very large patch either, and, of course, the sky overhead with small luminous objects shining in it.

The Flat Earth

In 600 B.C., in the West, the Assyrian Empire had just fallen. At its height, it had extended from Egypt to Babylonia, for an extreme length of 1400 miles. It was soon to be replaced by the Persian Empire, which extended from Cyrenaica to Kashmir, for an extreme length of 3000 miles. In China, it was the Chun Qiu period.

Undoubtedly, the common folk of these empires had only the vaguest notion of the extent of the realm and were content to live and die on their own few acres or, on some occasions, to travel from village to neighboring village. Travelers and soldiers, however, must have had some concept of the vastness of these empires and of the still greater vastness of what must lie beyond.

There must have been in the ancient empires those who occupied themselves with what might be considered the first cosmological problem facing scholars: Is there an end to the earth?

To be sure, no man in ancient times, however far he traveled, ever came to any actual end of the earth. At most, he reached the shore of an ocean whose limits were beyond the horizon. If he transferred to a ship and sailed outward, he never succeeded in reaching the end either.

Did that mean there was no end?

The answer to that question depended on the general shape one assumed for the earth.

All men, before the time of the Greeks, made the assumption that the earth was flat, as indeed it appears to be, barring the minor irregularities of the mountains and valleys. If any pre-Greek ancient thought otherwise, his name has not come down to us and the record of his thinking has not survived.

Yet if the earth were indeed flat, an end of some sort would seem an almost foregone conclusion. The alternative would be a flat surface that would go on forever and forever—one that would be infinite in extent, in other words. This is a most uncomfortable concept; throughout history, men have tended to avoid the concept of endlessness in either space or time as something impossible to grasp and understand and therefore something that cannot easily be worked with or reasoned about.

On the other hand, if the earth does have an end—if it is finite—there are other difficulties. Would not people fall off if they approached that end too closely?

Of course, it might be that the dry land was surrounded by ocean on all sides so that people could not approach the end unless they deliberately boarded a ship and sailed out of sight of land; far out of sight. As late as the time of Christopher Columbus (1451 –1506), in fact, this was indeed a very real fear for many seamen.

The thought of such a watery protection of mankind raised another point, however. What was to prevent the ocean from pouring off the ends and draining away from the earth?

One way out of this dilemma was to suppose that the sky above was a solid shield as, indeed, it appears to be and that it came down to meet the earth on all sides, as it appears to do. In that case, the entire Universe might be thought to consist of a kind of box, with the sky making up the curved top and sides, while the flat bottom is the sea and dry land on which man and all other things live and move.

What might the shape and size of such a “box-Universe” be?

To many, it seemed a rectangular slab. It is an interesting accident of history and geography that the first civilizations on the Nile, the Tigris-Euphrates, and the Indus River were separated east and west, rather than north and south (not in China, though, where the Yellow River and the Yantze River were separated north and south). Moreover, the Mediterranean Sea runs east and west. The dim geographical knowledge of early civilized man therefore expanded more easily east and west than north and south. It seems reasonable to picture the “box-Universe” then as considerably longer east-west than north-south.

The Greeks, however, seemed to have a stronger sense of geometric proportion and symmetry. They tended to think of the earth as a circular slab, with Greece, of course, in the center. This flat slab consisted chiefly of land, with a rim of water (“the Ocean River”) from which the Mediterranean Sea extended inward to the center.

By 500 B.C., the first scientific geographer among the Greeks, Hecataeus of Miletus, considered this circular slab to be a diameter of perhaps 5000 miles at most. This would make the area of the flat earth about 20,000,000 square miles. Such a figure would certainly have seemed ample, an even enormous, to the men of Hecataeus’ time, but it represents only a tenth of the earth actual surface. 

Then, too, what kept the box-Universe, whatever its size and shape, in place? In the vision of a flat earth, which we are considering, “down” means one particular direction and all things that are heavy and earthly fall “downward.” Why does the earth itself not do so?

One might suppose that the material of which the flat earth is composed, the land we stand on, simply continues downward forever. If so, we are faced once more with the concept of infinity. To avoid that, people might suppose instead that the earth was standing on something. The Hindus placed it on four pillars, for instance. 

But that only postponed the difficulty. On what were the four pillars standing? On elephants! And on what were the elephants standing? On a gigantic turtle! And the turtle? It swam in a gigantic ocean! And this ocean--?

In short, the assumption of a flat earth, however much it might seem to be “commonsensical,” inevitably involved one in philosophic difficulties of the most serious sort.

The first great age of cosmology began in Greece in the 6th century BC--The Spherical Earth

Indeed, the flat earth did not even appear to be commonsensical, if one used one’s eyes properly. If the earth were really flat, then the same stars ought to be visible in the sky from all points (with some minor differences). Yet it was the universal experience of travelers that if one traveled north, some stars disappeared beyond the southern horizon and new stars appeared from behind the northern horizon. If one traveled south, the situation was reversed. This could most easily be explained by supposing that the earth curved in a north-south direction. (Whether there was a similar east-west effect was obscured by the general east-west motion of the entire sky, which made one complete turn every twenty-four hours.)

The Greek philosopher Anaximander of Miletus (611-546 B.C.) suggested therefore that men lived on the surface of a cylinder that was curved north and south. He was the first man, as far as we now know, to suggest any shape for the earth’s surface other than flat, and the suggestion was perhaps made about 550 B.C.

Yet a cylindrical earth was insufficient. It was the experience of men who lived on the seashore and dealt with ships that vessels heading out to sea did not merely grow smaller and smaller until they disappeared into an infinitesimal point, as would be expected if the earth were flat. Instead, they disappeared while still perceptibly larger than points and did so hull-first as though they were moving beyond the top of a hill. This would be exactly what was to be expected if the surface of the earth were curved. What is more, ships disappeared in much the same fashion no matter toward which point of the compass they moved. Therefore, the earth was curved not only north-south, but in all directions equally; and the only surface that curves in all directions equally is that of a sphere.

It also seemed to Greek astronomers that an eclipse of the moon could best be explained by supposing that the moon and sun were on opposite sides of the earth and that it was the earth’s shadow (cast by the sun) that fell on the moon and eclipsed it. This shadow was always seen to be circular in cross section, no matter what position the moon and sun held with respect to the earth. The only solid that casts a shadow with a circular cross section in all direction is a sphere. 

Close observation, then, would show that the earth’s surface is not flat but spherical. It appears flat to the casual glance only because it is such a large sphere that the small portion of it visible to the eye has a curvature too gentle to detect.

As far as we now know, the first person to suggest that the earth was a sphere was the Greek philosopher Philolaus of Tarentum (480- ? BC), who made the suggestion about 450 B.C.

The concept of a spherical earth at once put to rest any problem of an “end” to the earth, without introducing the concept of infinity. A sphere had a surface of finite size but one without an end; it was finite but unbounded.

About a century after Philolaus, the Greek philosopher Aristotle (384-322 BC) summarized the implications of a spherical earth. The geocentric Aristotelian universe arose in the 4th century BC. It consisted of a central earth surrounded by revolving, translucent spheres to which were attached the Sun and the planets; the outermost sphere supported the fixed stars. Various developments culminated in the Ptolemaic model of the 2nd century AD, and in the 13th century the Aristotelian universe was adapted to Christian theology by Thomas Aquinas. 

On the theory of a spherical earth, one has to settle the notions of “down,” as all things naturally fall downward, then where will the earth itself fall down to? And what happen to the people on the other side of the spherical earth—do they stand upside down?

However, by 350 BC, the notion that the earth is a sphere was firmly established and that this concept has been accepted even in the absence of direct proof. It was not until 1522 AD, 18 centuries after Aristotle, when one surviving ship of an expedition originally led by the Portuguese navigator Ferdinand Magellan (1480-1521) sailed into port, that anyone actually succeeded in sailing completely around the earth, thereby establishing direct proof that it was not flat.

Today we have established the sphericity of the earth on an actual “seeing-is-believing” basis. Rockets climbed high enough in the late 1940s to take pictures of large sections of earth’s surface that show its visible spherical curvature. 

The second great age of cosmology started with the Copernican revolution. In the 16th century, Nicolaus Copernicus (1473-1543), the Polish astronomer, developed the view that the earth rotates on an axis and revolves around a stationary Sun. During the following century this idea was transformed into the mechanistic, infinite Newtonian universe that flourished until the early 1900s. In the mid-18th century, Thomas Wright proposed the influential notion of a universe composed of numerous galaxies, and William Herschel, followed by many other astronomers, made rapid strides in the study of stars and of the Milky Way Galaxy, of which the Earth is a component. 

The third great age began in the early years of the 20th century, with the discovery of special relativity and its development into general relativity by Albert Einstein (1879-1955). These years also saw momentous developments in astronomy: extragalactic redshifts were detected by Vesto Slipher; extragalactic nebulae (星雲) were shown to be galaxies comparable with the Milky Way; and Edwin Hubble began to estimate the distances of these galactic systems. Such discoveries and the application of general relativity to cosmology by Wilhelm de Sitter, Alexander Friedmann, and Georges Lemaître eventually gave rise to the view that the universe is expanding. The basic premise of modern cosmology is the principle that asserts that the universe is homogeneous in space (on the average all places are alike at any time) and that the laws of physics are everywhere the same. The principle is plausible because of the observed isotropy of the universe (on the average all directions are alike). 

The essence of general relativity, when applied to standard cosmological models, is that space has dynamic properties and may be uniformly curved. If the curvature is negative (hyperbolic) or zero (flat), the universe is open and space is infinite; if the curvature is positive (spherical) the universe is closed and space is finite. Space itself expands, and the galaxies, stationary in space, recede from one another; all recession velocities, relative to any co-moving observer, obey the Hubble law, and their increase with distance is not limited by the velocity of light. Light rays, while propagating through expanding space, have their wavelengths progressively stretched; the light emitted by a distant galaxy is thus received at longer wavelengths, and this is the origin of cosmological redshifts. Expansion indicates that the universe originated in a congested state (i.e., the big bang) some 15,000,000,000 years ago. The steady-state theory--an attempt to eliminate the big bang--has been disproved by the existence of microwave background radiation that is believed to be the afterglow of the big bang. Such thermal radiation (with a temperature of nearly 3 K) was predicted by George Gamow in the early 1950s and discovered by Arno A. Penzias and Robert W. Wilson in 1965. Since then considerable progress has been made in the study of the early universe.

Great Physicists

Aristotle  (born 384 BC , Stagira, Chalcidice, Greece; died 322 , Chalcis, Euboea).
Greek Aristoteles ancient Greek philosopher and scientist, one of the two greatest intellectual figures produced by the Greeks (the other being Plato). He surveyed the whole of human knowledge as it was known in the Mediterranean world in his day. 

More than any other thinker, Aristotle determined the orientation and the content of Western intellectual history. He was the author of a philosophical and scientific system that through the centuries became the support and vehicle for both medieval Christian and Islamic scholastic thought: until the end of the 17th century, Western culture was Aristotelian. Even after the intellectual revolutions of centuries to follow, Aristotelian concepts and ideas remained embedded in Western thinking. 

Aristotle's intellectual range was vast, covering most of the sciences and many of the arts. He worked in physics, chemistry, biology, zoology, and botany; in psychology, political theory, and ethics; in logic and metaphysics; in history, literary theory, and rhetoric. His greatest achievements were in two unrelated areas: he invented the study of formal logic, devising for it a finished system, known as Aristotelian syllogistic, that for centuries was regarded as the sum of logic; and he pioneered the study of zoology, both observational and theoretical, in which his work was not surpassed until the 19th century. 

Even though Aristotle's zoology is now out-of-date and his thought in the other natural sciences has long been left behind, his importance as a scientist is unparalleled. But it is now of purely historical importance: he, like other scientists of the past, is not read by his successors. As a philosopher Aristotle is equally outstanding. And here he remains more than a museum piece. Although his syllogistic is now recognized to be only a small part of formal logic, his writings in ethical and political theory as well as in metaphysics and in the philosophy of science are read and argued over by modern philosophers. Aristotle's historical importance is second to none, and his work remains a powerful component in current philosophical debate. 

Nicolaus Copernicus (born Feb. 19, 1473 , Toruj, Poland;  died May 24, 1543 , Frauenburg, East Prussia [now Frombork, Poland].

Polish Mikoeaj Kopernik Polish astronomer who proposed that the planets have the Sun as the fixed point to which their motions are to be referred; that the Earth is a planet which, besides orbiting the Sun annually, also turns once daily on its own axis; and that very slow, long-term changes in the direction of this axis account for the precession of the equinoxes. This representation of the heavens is usually called the heliocentric, or “Sun-centred,” system--derived from the Greek helios, meaning “Sun.” Copernicus's theory had important consequences for later thinkers of the scientific revolution, including such major figures as Galileo, Kepler, Descartes, and Newton. Copernicus probably hit upon his main idea sometime between 1508 and 1514, and during those years he wrote a manuscript usually called the Commentariolus (“Little Commentary”). However, the book that contains the final version of his theory, De revolutionibus orbium coelestium libri vi (“Six Books Concerning the Revolutions of the Heavenly Orbs”), did not appear in print until 1543, the year of his death.

Issac Newton (born Dec 25, 1642, Woolsthorpe, England; died March 20, 1727, Westminster Abbey, England)

After leaving the grammar school he enrolled at Trinity College, at the University of Cambridge, in 1661. He received his bachelor of arts in 1665, and was named a fellow of the College two years later. Meanwhile, in the turbulent year of 1666, while England fought with Holland and suffered plague and a terrible fire in London, Newton made three of his greatest discoveries. In the field of optics, the study of light, he developed and proved his theory that white light is composed of a mixture of other colors of light, which, when split apart by a prism, form a band of color called a spectrum. This was a revolutionary advance, and equally revolutionary was his work in mathematics, where he developed a binomial theorem and worked out a method of calculating the slope of curves and the area under them, paving the way for the field of math known as calculus. But his most important innovation was the concept of gravity, the attraction between bodies in space that holds planets, moons and comets in orbit, and draws falling objects toward the earth. His theory of gravity, however, remained incomplete and unverifiable; it would not be published for two decades.

In 1669, Newton was appointed professor of mathematics at Trinity College. In January 1672, he was elected to the Royal Society, a loose organizations of scientists and intellectuals. Shortly thereafter, he presented a paper detailing his discoveries in optics, and developed a rivalry with the scientist Robert Hooke, who harshly criticized Newton's research. This rivalry would percolate throughout the 1670s, as Newton continued to work out the mathematics of gravity, and would flare up in the mid 1680s, when Newton finally published his work, some of which Hooke felt had been stolen from him. Newton's research was organized into a three-volume book, the Philosophiae Naturalis Principia Mathematica ("Mathematical Principles of Natural Philosophy"), known to posterity as the Principia. It set forth Newton's three laws of motion, and proceeded to set forth the theory of gravitation, and back it up with rigorous mathematical proofs. Although the theory had many detractors at first, the scientific community would ultimately embrace it, and the Newtonian world-view would dominate physics until the 20th century.

Principia made Newton an English celebrity. He was elected to Parliament in 1691, and after surviving a nervous breakdown in 1693, was appointed warden of the mint in 1696, and master of the mint three years later. He was elected president of the Royal Society in 1703, upon the death of Hooke, and was knighted in 1705. As his fame grew, he worked to buttress his own reputation, bringing the Society under his tight control and carrying on a feud with the German mathematician Leibniz over the issue of who had developed calculus first. Newton never married, and was tremendously pious: he dedicated his later years to the interpretation of scripture, and a mighty effort to understand the relationship between biblical prophecy and history. He died on March 20, 1727, and was buried with great honors in Westminster Abbey.

Albert Einstein (born March 14, 1879 , Ulm, Württemberg, Germany; 

died April 18, 1955 , Princeton, N.J., U.S.)

German-American physicist who developed the special and general theories of relativity and won the Nobel Prize for Physics in 1921 for his explanation of the photoelectric effect. Recognized in his own time as one of the most creative intellects in human history, in the first 15 years of the 20th century Einstein advanced a series of theories that proposed entirely new ways of thinking about space, time, and gravitation. His theories of relativity and gravitation were a profound advance over the old Newtonian physics and revolutionized scientific and philosophic inquiry. 

Herein lay the unique drama of Einstein's life. He was a self-confessed lone traveler; his mind and heart soared with the cosmos, yet he could not armour himself against the intrusion of the often horrendous events of the human community. Almost reluctantly he admitted that he had a “passionate sense of social justice and social responsibility.” His celebrity gave him an influential voice that he used to champion such causes as pacifism, liberalism, and Zionism. The irony for this idealistic man was that his famous postulation of an energy–mass equation, which states that a particle of matter can be converted into an enormous quantity of energy, had its spectacular proof in the creation of the atomic and hydrogen bombs, the most destructive weapons ever known.

Isaac Asimov (born Jan. 2, 1920 , Petrovichi, Russia; died April 6, 1992 , New York, N.Y., U.S.)

Asimov was not a great physicist. He was an American author and biochemist, a highly successful and prolific writer of science fiction and of science books for the layperson. He published over 500 volumes. I include him in this list for his position as a popularizer of science and astronomy.

Asimov was brought to the United States at the age of three. He grew up in Brooklyn, N.Y., graduating from Columbia University in 1939 and taking a Ph.D. there in 1948. He then joined the faculty of Boston University, with which he remained associated thereafter. 

Asimov began contributing stories to science-fiction magazines in 1939 and in 1950 published his first book, Pebble in the Sky. His trilogy of novels, Foundation, Foundation and Empire, and Second Foundation (1951–53), which recounts the collapse and rebirth of a vast interstellar empire in the universe of the future, is his most famous work of science fiction. In the short-story collection I, Robot (1950), he developed a set of ethics for robots and intelligent machines that greatly influenced other writers' treatment of the subject. His other novels and collections of stories included The Stars, like Dust (1951), The Currents of Space (1952), The Caves of Steel (1954), The Naked Sun (1957), Earth Is Room Enough (1957), Foundation's Edge (1982), and The Robots of Dawn (1983). His “Nightfall” (1941) is thought by many to be the finest science-fiction short story ever written. Among Asimov's books on various topics in science, written with lucidity and humor, are The Chemicals of Life (1954), Inside the Atom (1956), The World of Nitrogen (1958), Life and Energy (1962), The Human Brain (1964), The Neutrino (1966), Science, Numbers and I (1968), Our World in Space (1974), and Views of the Universe (1981). He also published two volumes of autobiography.

Carl Edward Sagan (born Nov. 9, 1934 , Brooklyn, N.Y., U.S.; 

died Dec. 20, 1996 , Seattle, Wash.)

After obtaining his Ph.D. from the University of Chicago in 1960, Sagan taught at the University of California, Berkeley, and at Harvard University and was an astrophysicist at the Smithsonian Astrophysical Observatory (1962–68). There he divided his time between planetary astronomy and work on the Search for Extraterrestrial Intelligence (SETI) project. In 1968 he became director of the Laboratory of Planetary Studies at Cornell University, and he also worked on several U.S. unmanned space missions to Venus and Mars. 

With the publication of The Cosmic Connection: An Extraterrestrial Perspective (1973), Sagan gained prominence as a popular science writer and commentator who was notable for his clear writing and enthusiasm for science. His The Dragons of Eden: Speculations on the Evolution of Human Intelligence (1977) won the Pulitzer Prize. He was a co-producer, as well as narrator, of the television series “Cosmos” (1980). In the 1980s he participated in research on the environmental effects of nuclear war and helped popularize the term “nuclear winter.” 

Sagan's writings include Atmospheres of Mars and Venus (1961), Planetary Exploration (1970), Broca's Brain: Reflections on the Romance of Science (1979), the novel Contact (1985), Nuclear Winter (1985), and The Demon-Haunted World: Science as a Candle in the Dark (1996).

Stephen Hawking (born Jan. 8, 1942 , Oxford, Oxfordshire, England)

In full Stephen William Hawking  English theoretical physicist whose theory of exploding black holes drew upon both relativity theory and quantum mechanics. He also worked with space-time singularities. 

Hawking studied mathematics and physics at University College, Oxford (B.A., 1962), and Trinity Hall, Cambridge (Ph.D., 1966). He was elected a research fellow at Gonville and Caius College at Cambridge. In the early 1960s Hawking contracted amyotrophic lateral sclerosis, an incurable degenerative neuromuscular disease. He continued to work despite the disease's progressively disabling effects. 

Hawking worked primarily in the field of general relativity and particularly on the physics of black holes. In 1971 he suggested the formation, following the big bang, of numerous objects containing as much as 1,000,000,000 tons of mass but occupying only the space of a proton. These objects, called mini black holes, are unique in that their immense mass and gravity require that they be ruled by the laws of relativity, while their minute size requires that the laws of quantum mechanics apply to them also. In 1974 Hawking proposed that, in accordance with the predictions of quantum theory, black holes emit subatomic particles until they exhaust their energy and finally explode. Hawking's work greatly spurred efforts to theoretically delineate the properties of black holes, objects about which it was previously thought that nothing could be known. His work was also important because it showed these properties' relationship to the laws of classical thermodynamics and quantum mechanics. 

Hawking's contributions to physics earned him many exceptional honours. In 1974 the Royal Society elected him one of its youngest fellows. He became professor of gravitational physics at Cambridge in 1977, and in 1979 he was appointed to Cambridge's Lucasian professorship of mathematics, a post once held by Isaac Newton. 

His publications include The Large Scale Structure of Space-Time (1973; coauthored with G.F.R. Ellis), Superspace and Supergravity (1981), The Very Early Universe (1983), and the best-seller A Brief History of Time: From the Big Bang to Black Holes (1988), The Universe in a Nutshell (audio 2001).

                      ___________________________
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