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For Star Gibbs,
 who gave me my first rocket

 

The Way of Heaven has no favorites.
 It is always with the good man.

—LAO-TZU







When I consider thy heavens, the work of thy fingers, the moon and the stars, which thou has ordained;

What is man, that thou art mindful of him? and the son of man, that thou visitest him?

For thou hast made him a little lower than the angels.

Psalms 8:23–25




Astronomy compels the soul to look upwards and leads us from this world to another.

PLATO, The Republic




Space isn’t remote at all. It’s only an hour’s drive away if your car could go straight upwards.

SIR FRED HOYLE, in the London Observer, 1979
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INTRODUCTION

LOST IN SPACE



When I was a teenager, I used to pose questions like this: “Mom, can I borrow five bucks for a movie?” Or, “Mrs. Brown, can I get an extension on that term paper?” Or, “Will I ever get a date?”

When Albert Einstein was a teenager, he asked, “What would the world look like if I rode on a beam of light?”

I don’t know why Einstein’s extraordinary query never occurred to me back in school. But that’s why Einstein rewrote the laws of physics and, thirty years after my school days, his question still leaves me scratching my head. However, as I look back and think about it, I am struck by the fact that none of my science teachers ever asked it either. Long and tedious, the science classes I attended didn’t inspire much curiosity about the laws of nature or the workings of the universe. For me, like many red-blooded American boys, science classes were less than compelling—except for high-school Biology and the intense crush I had on my teacher.

There she was, talking about zygotes, chromosomes, and fertilization. But the problem was that I could not take my eyes off her as she sat on the edge of her desk, legs crossed, a white lab coat covering her dress. As if that distraction wasn’t bad enough for a fourteen-year-old, I was not “naturally selected” as a science student. In other words, while I managed to squeak through a year of freshman biology, it was a survival struggle of Darwinian proportions.

Sadly, as I look back at the sum of my scientific education before high school, I realize that my early science classes were equally forgettable. From Anatomy to Zoology, all that I retain of those endlessly dry and deadly dull classroom hours are vague recollections of having to draw bad diagrams of oversized eyeballs and eardrums and being forced to memorize the Periodic Table of Elements—an exercise that now strikes me as a futile and fairly useless piece of information. The only excitement came when the teacher’s little experiments involving Bunsen burners went awry and produced an unexpected explosion and burst of smoke to the delight of the dozing students, eager for any sign of entertainment.

But even more remarkable than the high Boredom Quotient that I associate with science in my schooldays is the fact that I have no recollection of learning anything at all about space, astronomy, or the universe in my science classes. Apart from a single field trip to a traveling NASA display and our class trip to New York City to see 2001: A Space Odyssey when it was all the rage—and which none of the teachers could quite explain to us—there is a large black hole where my education about the universe is supposed to be. We were all, as the popular television show of my childhood put it, lost in space. (“Danger, Will Robinson!”)

What makes this severe shortcoming all the more noteworthy is the fact that my early education came during the most remarkable era in the history of space exploration. I was born in 1954, three years before the Soviet Union launched Sputnik—the basketball-sized satellite that changed American education and started the “Space Race.” These were NASA’s glory days—the era of Life magazine covers elevating John Glenn and the other astronauts to the celebrity pedestal now generally reserved for teenaged rock singers, talk-show hosts, and television sitcom stars. With Walter Cronkite as “cheerleader in chief,” that national joyride in space climaxed with the Apollo Moon missions of the late sixties and early seventies, which captured the world’s attention and imagination. I clearly recall the overwhelming public enthusiasm about space as our family stayed up late to watch lift-offs and Moon landings, proudly fulfilling President John F. Kennedy’s challenge to put a man on the Moon. What an unbelievable rush of pride and near disbelief as we watched those grainy television images on July 20, 1969, from a quarter of a million miles away, as astronaut Neil Armstrong bounded down the last step of the lunar lander, Eagle, and told the waiting world, “That’s one small step for[a] man, one giant leap for mankind.”

But, inexplicably, that national excitement never translated into our classrooms. Bound by curriculum requirements and backbreaking but deadly dull textbooks, my teachers seemingly ignored the world outside our classrooms. In spite of the billions of dollars being spent on space exploration, the obvious fascination with outer space that made Star Trek the show we all watched, and basic human curiosity about the unknown, learning about the universe never made it into the lesson plans.

Even the obligatory field trips to the American Museum of Natural History in New York City managed to bypass the adjoining Hayden planetarium. And by the 1970s, when the planetarium got hip enough to run its Skyshows at midnight with Pink Floyd music playing, my attention was not exactly focused on sorting out the difference between the Big Dipper and the Little Dipper—which, I learned later to my dismay, were not even constellations but smaller star figures in the sky called asterisms. Obviously, like millions of other Americans, I didn’t know much about space. The cosmos remained the exclusive preserve of the guys—and they were all guys back then—in white lab coats who knew exactly “what a slide rule is for.”

This is a sad commentary on my schooling and education in general, because I am certain I am not alone. As with the other subjects I have covered in the Don’t Know Much About series, the areas of space and astronomy hold considerable fascination for many people who have a basic curiosity about the universe. But, as a nation, we are “Astronomically Ignorant” in every sense of the expression. Textbooks, written by one set of professors and academics to be read by other professors and academics, left us miserable and muddled. Miseducation, media confusion, and Hollywood myth-making have all played significant roles in creating this knowledge gap. And this celestial shortcoming is all the more remarkable because the fascinating story of outer space and the universe is not just about physics and rockets and payloads. Basically, it is a human story.

After all, science started when people looked at the Sun, Moon, and stars and began to ask questions. Where did the Sun go each night and why did it return each morning? Why did the stars move so predictably across the sky? Why did the Moon move across the sky in such a regular way? What did the Moon and the tides have to do with each other? And what did that have to do with women and their cycles of fertility?

From these expressions of human curiosity came all the complexities of mathematics, astronomy, and the calendar, along with many of the myths and legends of human civilization. We now understand that many of the great structures of early civilizations—from the pyramids and ziggurats of the ancient Near East to Stonehenge, the Mayan temples, and imperial Chinese burial mounds—were designed with ancient astronomical calculations in mind. While there are still unanswered questions about many of these structures, those ancient calculations represented an early attempt to understand what was out there—and what comes after this life. In the human mind, those two concerns have always been connected. Since the earliest days of people’s imagination, we have sought to make sense of our place in the dark, unreachable, and seemingly unknowable universe.

Unfortunately, that fascination with the heavens can mix with bad science with tragic consequences. In ancient times, the skies were blamed for all the good and evil that befell mankind. But a more glaring recent example of the danger of our imaginings about space came in March 1997, when members of a California cult called Heaven’s Gate were convinced by their leader that they were aliens who would someday shed their earthly bodies. The tipping point for the cult came with the spectacular appearance of the Comet Hale-Bopp, which was visible for many months that year. Told by their leader the comet’s tail concealed an alien mothership that was coming to take them away, a group of thirty-nine people committed mass suicide in a sad sacrifice to pseudoscience.

Still, this fascination with worlds beyond is clearly one reason that science fiction strikes such a nerve in the popular culture. Most of us experience science fiction with a combination of dread and delight. On one hand, we possess a deep-rooted, paralyzing terror typified by The War of the Worlds or the chilling paranoia of Invasion of the Body Snatchers. More recently, it has played out in the darkly threatening visions of Alien or The X-Files. On the other hand, millions of us have laughed over the lovable exploits of Steven Spielberg’s E.T. and been dazzled by the majestic sense of awe in Close Encounters of the Third Kind. An entire generation has been absorbed by the childlike exuberance and timelessness of the Star Wars legend. We want to believe in our hearts, minds, and imaginations that something else is out there. From the ancients who charted the stars, to H. G. Wells and Flash Gordon, to Apollo 13 and Armageddon, people have for centuries been transfixed by the heavens. We yearn to explore where no man has gone before, the “final frontier,” as Captain Kirk called it on my childhood favorite, Star Trek.

It’s a wonder, then, that most of us are so ignorant when it comes to the most basic facts about the heavens. Lots of people think that a white dwarf is one of Snow White’s seven little friends. That nova goes great on bagels and cream cheese. That black holes have something to do with Calcutta. But this confusion doesn’t mean that people don’t care. It simply means that the education system has done a lousy job by turning something that is exciting and important into an exercise in tedium.

The good news is that it is never too late to fill in all of those black holes in our education. Don’t Know Much About the Universe sets out to examine a subject about which there is tremendous ignorance and popular misconception, but even greater public fascination. It addresses these gaps in knowledge and still tries to appeal to that most basic human curiosity—looking skyward and wondering, “What’s out there?”

A typical reaction among those who hear that I am writing this book is, “Wow! What a huge subject.”

And there is no doubt about it. Writing about the universe is a task of, well, cosmic proportions. The numbers become boggling. Just considering the vastness of the universe hurts your hair. We live on one small planet orbiting one small star in one rather average galaxy. But out there are some hundred billion galaxies, each containing billions upon billions of stars! How can you contain something that touches the infinite and put it all into one simple, accessible, and, ideally, entertaining book?

On the other hand, after writing a book about the Bible, taking on the universe seems a rather simple task. For much of the last two thousand years, people have been going to war over the Bible—a divinely inspired book about faith, tradition, and law that has been responsible for a good deal of the blood spilled in the Western world. With its competing interpretations and millions of passionate readers, the Bible has presented a minefield of controversy. So, taking on the vastness of space has a reassuring quality. Sure, there are scientists who argue about aspects of astronomy with the fervor others reserve for their religious faith. But on the other hand, no scientist has killed another over competing theories of the beginnings of the universe. Yet. (Although, I suppose, you could make the case that Giordano Bruno might be an exception. An Italian priest, Bruno was killed during the Inquisition in 1600 for his unorthodox views of the universe, among other heresies. More about him in part I.)

Unlike the Bible, with its competing schools of interpretation, translation, and authorized versions, when it comes to space, there is a body of facts—real scientific knowledge. And it grows larger by the day. We live in a time that is, in many respects, as revolutionary as the day some four hundred years ago, when Galileo trained a crude telescope on the Moon and stars and literally changed history. It is one of the most extraordinary periods in scientific history, as we have taken Galileo’s primitive “spyglass” to other dimensions and given ourselves the capability to see far beyond the wildest imaginings of earlier generations of star watchers.

One of the chief reasons I chose this subject is the astonishing pace of discovery in the worlds of astronomy during the past few years. The Hubble Space Telescope. Deep-space probes. Advances in physics, such as the confirmation of the existence of tau neutrinos, the smallest particles of matter. All of these developments have either confirmed or altered long-held ideas about the universe. At a 1999 lecture I heard at the Hayden Planetarium, one speaker reported that more than half of everything ever written about astronomy has been produced since 1990—a reflection of the vast increase in information now available to researchers.

Much of that new information has altered basic ideas and accepted wisdom that has been taught for centuries. In other words, even if you were lucky enough to learn about astronomy twenty or thirty years ago, they’ve rewritten the books. One glaring example: Every school child learns that there are nine planets, right? Not so fast! They’ve demanded a recount in space. The very definition of a planet is being reconsidered, and some astronomers now cast doubt on whether Pluto—the ninth planet for most of us when we were growing up—is really not a planet at all! Did you grow up learning that there are three forms of matter—liquid, solid and gaseous? Then you haven’t heard of plasma, an electrically charged form of gas that is actually a fourth type of matter and which makes up a large part of the Sun and other stars. (Just to avoid confusion, this plasma has nothing to do with biological plasma—the liquid portion of your blood.)

And you thought learning the “New Math” was a pain!

But there is another reason for this book. The world should be looking to the heavens with wide-open eyes as we enter the new millennium. (By the way, that’s a completely arbitrary and very debatable dating concept that owes much to a monk who was trying to fix the calendar about six hundred years ago and who got some of his dates confused!) Not since those heady days in the late sixties, when John F. Kennedy’s challenge to put a man on the Moon was taken up by the whole nation, has there been such promise and possibility in exploring space. Today, the powerful and ancient human preoccupation with discovery and pioneering in the skies has been reenergized by the wondrous robotic ramblings of Sojourner on Mars, the extraordinary images beamed back to Earth by the orbiting Hubble Space Telescope, and the initial steps taken in constructing the International Space Station. This football field–sized laboratory in space is being built and operated by a consortium of sixteen nations, and it may well become the real stepping stone to humanity’s future in space exploration. We and our children will witness this incredible new phase in human curiosity and discovery—a prospect as exciting as being aboard one of Columbus’s ships in 1492 or getting news reports from Lewis and Clark as they made their way west between 1804 and 1806, accurately gauging and reporting on the enormous size and spectacle of the American West acquired by Thomas Jefferson in the Louisiana Purchase of 1803.

Space and the cosmos are sure to become an even greater part of our lives, and the debate over how we explore it is an important public question that demands information. We have reached a day when a space station moves from the imaginings of science fiction writers like Arthur C. Clarke, to a reality we and our children will watch unfold. By early 2001, the United States and Russia were on the verge of what was once considered the unlikely vision of science fiction writers—allowing tourists to fly to the International Space Station. A wealthy investor and former NASA engineer, Dennis Tito, paid the Russian government $20 million to allow him to fly to the space station. Former astronaut Buzz Aldrin, the second man on the Moon, has formed a group to encourage space tourism in the next decade. There was even the suggestion that a Survivor-type reality television show might be set in an astronaut training center with the winner flying into space! The cash-strapped Russians, who planned further capitalist ventures, took their space age marketing a step further in May 2001. Pizza Hut reportedly paid the Russian government $1 million to have one of its pies delivered to the space station. Television pictures captured the pizza floating weightless as a happy cosmonaut gave a thumbs-up. Hold the pepperoni!

On a far more serious note, the nation and the world should be concerned as America debates the Strategic Defense Initiative, a planned antimissile system that involves billions of dollars being spent on a technically questionable venture that will affect our pocketbooks and international relations. In other words, thinking about space is no longer the exclusive turf of science fiction writers and whiz kids with pocket protectors who used to play in the backyard with rockets instead of baseballs.

To that end, Don’t Know Much About the Universe is aimed at providing some basic information that will guide the sky searcher through the myths and confusions, providing an accessible road map to the “final frontier.” White dwarfs, black holes, and dark matter. Novas and nebulae, quasars and pulsars. Asteroids, comets, and meteors. Solar systems and galaxies. The phases of the Moon. These are just a handful of the fascinating celestial mysteries that this book will cover as it seeks to answer old questions and inspire new ones. It sets out to “connect the dots” of what we know, providing the link from ancient times to the twenty-first century, showing how we have learned and what we can hope to discover.

In dealing with space and the vastness of the universe, I try to look at issues that go beyond the bounds of simple “Science 101” questions about the motion of the Sun, Moon, and stars. I like to ask the kinds of questions we may have wanted to ask back in school, but didn’t have the nerve to. My lab-coated science teachers were certainly never big on creative thinking—or humor. So, in Don’t Know Much About fashion, this book raises some questions of a sort not usually found in science textbooks:


	What does astronomy have to do with astrology?

	Did extraterrestrials build the pyramids?

	Who dug those canals on Mars?

	Is a “blue moon” really blue?

	Was Werner von Braun a war criminal?

	Is anybody else out there?

	Will we end with a bang or a whimper?



These kinds of questions are meant to spark the imagination and get readers thinking in new ways, examining the easy assumptions so many of us hold, or posing questions that many people never bother to consider. They include some seemingly irreverent or offbeat questions that open a back door into providing “serious” answers. And they are questions that move Don’t Know Much About the Universe beyond astronomy into the broader fields of history, mythology, and, ultimately, cosmology. Along the way, I also hope to shatter any remaining myths and misconceptions you might still have about space. If you still think the Dippers are constellations, you are in for a not-so-rude awakening. If you think the Moon is made of green cheese, my work is really cut out for me!

Underlying the Don’t Know Much About series is the idea that learning should be a lot more interesting than it was for most of us. “Education is not the filling of a pail but the lighting of a fire,” wrote poet William Butler Yeats. And his words have become the unofficial motto of this series.

Learning works best when we toss out the old way of teaching—one subject at a time, all disconnected from each other—and bring different ideas and disciplines together. For instance, you can’t understand the American Civil War by simply studying dates and battles, and ignoring geography, literature, economics, or religion. You can’t understand the Bible without a grasp of archeology, ancient Near Eastern civilizations, anthropology, and literature. And you can’t truly understand or appreciate astronomy and the physics of space without understanding mythology, religion, ancient history, and the history of ideas.

It is one thing to know that an astrolabe is a medieval device that was used to compute the location of stars. Another to discover that the same Geoffrey Chaucer who wrote The Canterbury Tales once wrote a how-to guide for constructing an astrolabe. It is a plain and simple fact that Galileo and Einstein both introduced ideas that changed our perceptions of the universe, as well as the course of history. But it is something else to discover that both of these pioneering thinkers had daughters born out of wedlock. Galileo’s was sent to a convent and corresponded with her father. The fate of Einstein’s daughter is something of a mystery. These aren’t simply gossipy tidbits meant to sully their reputations; instead, I hope, it shows both of these men as human beings, which makes their accomplishments all the more remarkable.

Seeing how real people make a difference in history and understanding the connections between everyday life and historical events ultimately makes these subjects compelling and interesting. When you see Galileo as a proud, egotistical genius who occasionally took credit for things in questionable ways—a sort of Al Gore of the Renaissance—it not only makes him more human, but explains some of the difficulties he created for himself with powerful people in his day. Seeing the “warts-and-all” picture can give us a human handle on these historical giants, making it a lot more intriguing to learn about them and their achievements. Not only do I hope to give you some insight into Galileo, but many others—some familiar, some obscure—like Copernicus, Kepler, Tycho Brahe (a man with a metal nose), Newton, and others throughout the history of astronomy.

Don’t Know Much About the Universe is organized into five main areas:


	The Great Ocean of Truth The book opens with a historical overview of mankind’s fascination with space, documenting our progress in understanding the universe. This section will highlight a key theme throughout this book: how people in different times and cultures have viewed their place in the universe. It will also spotlight many of the geniuses of science who made extraordinary discoveries about space and the universe and how they did it, usually to laughter, ridicule, or worse from colleagues or the authorities.

	Across the Gulf Working from the Sun out, this section offers a guided tour of our solar system, including the Sun and each of the planets and their moons, along with all the other bits of celestial flotsam and jetsam like asteroids, comets, and meteors buzzing through the solar system.

	Where No Man Has Gone Before Moving beyond Earth’s immediate neighbors, this section looks into the wider reaches of space: moving through our galaxy, the Milky Way, and beyond, into the vastness of the cosmos, focusing primarily on the other stars and galaxies in all their glory.

	To Boldly Go A brief overview of the extraordinary twentieth century race into space and the likelihood of life elsewhere in the universe.

	The Old One’s Secrets The book’s last section examines the larger questions that relate to the structure and nature of the universe, and, finally, the long-term fate of the universe.



Scattered throughout the book are the familiar features of the Don’t Know Much About series: timelines that highlight the notable and obscure milestones in our understanding of space; and “Voices,” a wide array of quotes from people throughout history, reflecting our changing views of the universe and our place in it. As in previous DKMA books, an extensive annotated bibliography offers additional reading.

Like all the other books in the Don’t Know Much About series, this one is about questions. It is not meant to be the last word on the subject, but the “first word.” I hope it will satisfy curiosity and provide answers, but also send readers out to ask more questions. Although it is meant to be a “down-to-Earth” book, it ultimately touches on subjects that can be, literally, way over our heads. It asks some questions to which there are no easy answers and sometimes no answers at all—yet!

It concludes at the uneasy intersection of science and faith, knowledge and belief. For centuries, these two opposing “religions” have battled each other for supremacy. But as we enter this next millennium, many people are seeking a way to bring them into some kind of harmony.

Don’t Know Much About the Universe sets out to be an accessible road map through the mysteries of the universe, perhaps helping parents through the minefields of science homework along the way. Beyond that practical application, however, this book is also aimed at allowing us all to share in the age-old human wonder about the skies. When you are through, I hope you will be able to look up with understanding and appreciation—instead of a blank stare—and see that, in poet Walt Whitman’s words, “every inch of space is a miracle.”


WARNING: YOU HAVE PROBABLY READ AND HEARD IT BEFORE. BUT THIS IS SERIOUS! NEVER LOOK DIRECTLY AT THE SUN, EITHER WITH THE NAKED EYE OR ANY OPTICAL DEVICE. EVERY YEAR PEOPLE SUFFER EYE DAMAGE WATCHING ECLIPSES. THE ONLY SAFE WAY TO OBSERVE THE SUN IS TO PROJECT ITS IMAGE ONTO A PIECE OF WHITE PAPER USING BINOCULARS OR A SMALL TELESCOPE. LIGHT FILTERS HAVE TO BE USED TO SAFELY OBSERVE THE SUN.










PART I

THE GREAT OCEAN
 OF TRUTH


Who is it that darkens counsel by words without knowledge?…Where were you when I laid the foundation of the Earth? Tell me, if you have understanding. Who determined its measurements—surely you know! Or who stretched the line upon it? On what were its bases sunk, or who laid its cornerstone, when the morning stars sang together and all the heavenly beings shouted for joy?

The Book of Job 38:2–7




To me every hour of the light and dark is a miracle,

Every cubic inch of space is a miracle.

WALT WHITMAN, Miracles














 




What did we know about the universe and when did we know it?




What does astronomy mean and who invented it?




Who was the first astronomer?




Did Aristotle start the crystal craze?




Did anyone challenge Aristotle?




How did the Greeks get so smart?




Were the pyramids built by extraterrestrials?




Did the night sky look different in ancient times?




Is the Big Dipper a constellation?




Does cosmology have anything to do with a makeup kit?




What does an old pile of rocks in England have to do with the universe?




What does astrology have to do with astronomy?




Why did St. Augustine give astrology such a bad name?










 




Did Hitler’s astrologers get his horoscope wrong?




Was the biblical “Star of Bethlehem” an identifiable astronomical event like Halley’s comet?




Who was Ptolemy and what did he have to do with “one thousand points of light”?




Why did Martin Luther call Copernicus a “fool”?




How did a sixteenth-century party animal who lost his nose in a duel change astronomy?




Who discovered how the planets move?




Who pierced Giordano Bruno’s tongue?




Why was Galileo the “Al Gore” of the Renaissance, or, Who really invented the telescope?




Why did the Vatican arrest Galileo?




Did Newton’s apple really fall?










 



Remember Y2K? It seemed so important then, as we waited for the personal-computer Armageddon. Then came the election of 2000, the race that had us all wondering, “How come we can put a man on the Moon but can’t count votes?” Perhaps, somewhere down the road, the remarkably close presidential contest of 2000 will loom large on the historical record. On the other hand, it could well turn out to be a historical footnote that will end up as a presidential trivia question on a future edition of Jeopardy.

So what did really matter in the year 2000? Maybe a child was born who might change the world as profoundly as Galileo, Newton, or even Hitler once did. Or, in a laboratory somewhere, an anonymous researcher had begun to unleash the secrets of Alzheimer’s disease or the common cold.

Thinking along this same vein, take a look back at 1879, an otherwise unremarkable year. The European newspapers of the day probably gave substantial ink to the political machinations of Germany’s chancellor Bismarck. Perhaps the odd experiments of a Russian scientist named Pavlov with a dog and a bell attracted some notice. And, certainly, the tinkering of a young man named Edison with some bits of filament and electrical wires must have drawn some interest among forward-thinking investors. But it is very unlikely that anyone besides his family took note of the birth on March 14, 1879, in Ulm, Germany of a boy named Albert. It isn’t hard to argue that Einstein’s birth was one of the most important things that happened that year. So much for the big moments in history as recorded by the media.

So what will they say about November 2000? What notable event will future generations look back on and say “This was where it all began”?

What if it turned out to be the first operations of the International Space Station, the orbiting laboratory, which opened for business even as presidential candidates George W. Bush and Al Gore were battling down to the wire? Perhaps for future generations, living and working routinely in orbit or in some far-flung space colony, this largely overlooked event may become the next millennium’s equivalent of Columbus Day—a holiday that marks the beginning of a profound new era in human history.

If that scenario plays out, future historians may look back on the early years of the twenty-first century and ridicule the primitive equipment our astronauts on the International Space Station were using. They may marvel at how these “pioneers” were able to accomplish anything with such “crude” devices. Which is exactly how we look back at the remarkable discoveries of the past.

This opening section offers a look at the “history” of space—or, more accurately, reviews how humans have progressed in understanding the universe and our place in it. It shows how, over the centuries, people used reason and observation and eventually, a few crude inventions to figure out the universe and its workings. It shows how thinking about space and the universe went from superstition to myth to religion and, finally, to science. How people from the earliest days of civilization, staring at the seemingly uncountable stars, began to order the heavens. And how we moved, in a brief instant of cosmic time, from seeing the heavens as celestial pictures of bears, crabs, and archers, to comprehending the basic laws that govern the universe.

It is a remarkable story of human achievement and imagination. And much of this history is concerned with people who dared to question accepted wisdom—even when asking questions posed some danger. This is also the history of superstition and faith—which are different ways to describe things that science can’t know for certain. We often take what we know for granted. But it was the work of many geniuses, sometimes working alone, sometimes working in remarkable groups, who have brought us to where we are at the beginning of the Third Millennium. And throughout this historical overview, the focus is on the “human face” of astronomy, especially in profiling some of the giants of science who profoundly changed the way we see the world.

However, it also points to some of the mistaken ideas and scientific blunders that have held sway, like some of those set forth by the great Aristotle himself—a great philosopher but a pretty lousy astronomer. Those ideas shaped human thinking for centuries to come. Or those of Ptolemy, a Greek scholar of the first century whose correct ideas about the Earth and the universe were offset by his very wrong ideas about Earth’s size and its being the center of the universe—with some amazing consequences for human history. This overview leads to the great thinkers of the Renaissance and Enlightenment, such as Copernicus, Kepler, Galileo, and, finally, Newton—men whose ideas and theories not only altered scientific understanding but changed the course of events in ways that few politicians or generals ever have.


VOICES OF THE UNIVERSE:
 Greek philosopher ARISTOTLE (384–322 B.C.)

There is much change, I mean, in the stars which are overhead, and the stars seen are different, as one moves northward or southward. Indeed there are some stars seen in Egypt and in the neighborhood of Cyprus which are not seen in the northerly regions; and stars which in the north are never beyond the range of observation…. All of which goes to show not only that the earth is circular in shape, but also that it is a sphere of no great size: for otherwise the effect of so slight a change of place would not be so quickly apparent.



What did we know about the universe and when did we know it?

When you consider how old the universe is—a figure that ranges somewhere between 13 and 20 billion years—the human attempts to study the universe, and to try and gauge its age and size, are in a state of infancy. As a true science, astronomy started about 2,500 years ago—less than a finger snap in the life of the universe. And when you consider that telescopes have only been around for 500 of those years, astronomy is truly an infant. And when you consider that the first space flights came half a century ago, well, we’re barely out of diapers when it comes to learning about the universe.

But long before people began to try and figure out the heavens using math and a few crude hand tools, humans have been studying the skies and fitting what they saw into some explanation for all the mysteries of life and the universe. For instance, thousands of years ago, in an ancient Japanese legend, the Sun goddess Amaterasu Omikami, the gentle source of all life, ruled the Plain of Heaven. The God of Storms was Susano, a spirit whose name meant Swift, Impetuous Male. Susano wanted Amaterasu, and his sexual advances on the Sun goddess were rude and violent. He broke her rice-field boundary and desecrated her temple with excrement. He killed and skinned a horse and threw its corpse into the hall where Amaterasu’s hand-maidens wove garments for the gods. In the modern parlance of the relationship guru John Gray, this was a classic “Men are from Mars, Women are from Venus” confrontation.

Angry at Susano’s violent ravages, the Sun goddess withdrew to her cave in the sky. Her departure brought darkness, death, and chaos to the world. Demons spread doom and evil. The eight million spirits believed the universe would crumble without her golden light.

In an attempt to coax Amaterasu from her cave, a wise old god instructed another younger female goddess to perform a dance. As she danced, this nubile goddess began to loosen her kimono to the delight of all the assembled spirits. First she revealed her breasts, and then her belly. Finally her kimono fell open and she let it slip off. The shouts of laughter and delight from the entire company prompted the Sun goddess to peek outside and see what was happening. Once she appeared, the spirits quickly closed off Amaterasu’s cave. Sunlight and order returned to the world.

This celestial striptease is a part of the ancient Japanese mythology that accounted for the changing seasons. As in the Greek myth of Persephone, the young fertility goddess who was taken to the Underworld each winter and allowed to return to her mother in the spring, Amaterasu’s departure brought winter; with her reappearance, came the spring. Of course, the story of Amaterasu is a lot more intriguing than most seventh-grade science teachers’ explanations of how the Earth’s tilt on its axis causes the seasons to come and go.

Both the ancient Greek myth of Persephone and the Japanese legend of the disappearing Sun goddess, from whom the emperor of Japan is traditionally believed to descend, are typical of ancient efforts to explain the order of the universe and its mysterious connection to human life. In ancient Greece, the Milky Way was literally thought to be the breast milk of Hera, wife of Zeus, king of the gods. In order to attain immortality, the Greek hero Hercules, son of Zeus and a mortal woman, had to be given the breast milk of the mother goddess. The messenger god Hermes placed the infant at Hera’s breast as she slept. But when Hera opened her eyes and saw the half-mortal child, she pushed the young Hercules away. It was too late. The milk that had begun to flow from her breast formed a trail in the sky—the Milky Way. Eventually, the lights of the Milky Way were thought by the Greeks to be the souls of the departed, an idea they may have borrowed from ancient Egypt, where the Greeks got quite a few of their ideas. Most ancient myths about the heavens and the gods attempted to set the universe into a human framework. Many of those legendary explanations were closely tied to life and death as well as fertility rites and human sexuality. But all of those mythical stories ultimately fell short.

The simplistic primitive explanations for why the Sun rose, or the Moon made its regular course in the night sky, or why the seasons changed or why the rains came and the Nile River flooded are shared by every human group. Rudyard Kipling called them Just So Stories—useful for explaining why the leopard got his spots, or why one star seems to stay in the same place in the northern sky, or why the Sun “rises” and “sets.” But as people kept looking, learning, and thinking, human curiosity gradually pushed us from making up “Just So” stories to explain the universe to forming the earliest attempts to know the universe. As centuries went by and civilization progressed, superstition and religious faith were gradually replaced by reason and observation; logic and rational thought were used to try and order the cosmos. That is why astronomy is rightly called the First Science.

What does astronomy mean and who invented it?

Astronomy is derived from the Greek astron for “star” and nomos for “law,” and it was first used by Greek thinkers and mathematicians about 2,500 years ago, during the remarkable burst of scientific, political, and cultural development known as Greeks’ Golden Age, or the “Greek Miracle.” Simply put, astronomy tries to explain the laws of matter in outer space, not just the stars, but all of the celestial bodies and phenomena. Yet, unlike the mythic stories that attempted to order the heavens, astronomy is a science. And science attempts to observe events, make reasoned explanations for those events (“theories”), and then test and retest those observations and explanations.

And while our modern minds find the ancient myths both fascinating and amusing, the fact remains that many of these primitive societies made extraordinary discoveries about the heavens. They began the long march away from superstition to bring us to telescopes, rocket ships, space stations circling the Earth, and manmade moons providing us with cell-phone service.

What the modern world likes to call “scientific thinking” originated in Greece, where an extraordinary collection of thinkers began to view the universe in a new way. Although the ancient stories of the Sun god Apollo driving his fiery chariot across the sky had been around for centuries, a group of Greeks began to put aside the myths of the past and explain the workings of the universe in terms of unchanging physical laws.

One of the first great bursts of scientific reasoning took place in Miletus, a city-state on the coast of what is now Turkey, in around 550 B.C., where a group of “Ionian philosophers” were among the first to believe that people could understand the universe using logic rather than mythology and religion. Driven by what was then a unique approach to the world, these mathematician philosophers began a search for a prime cause for all natural phenomena. What might seem like a simple idea for the modern mind to accept was remarkable at that time—they wanted to show that the personal forces of gods were not involved, only natural processes, in everything from the rising of the Sun to the disappearance of the Moon during an eclipse or the buildup of silt at the mouth of the Nile River.

One of the first of these great Greek thinkers was Thales of Miletus. Born about 625 B.C., Thales was an ancient Greek combination of Tom Edison and Bill Gates. A successful businessman with a mind for mathematics, Thales once supposedly cornered all the olive presses in the region and turned this olive-oil monopoly to huge advantage by renting the presses out at large profits. But, according to Aristotle, who came along about two hundred years after Thales, the Olive Oil King of Miletus was unconcerned with wealth. In Politics, Aristotle recounted, “He knew by his skill while it was yet winter that there would be a great harvest of olives in the coming year…. When the harvest time came, and many [olive oil presses] were wanted all at once, he let them out at any rate which he pleased and made a quantity of money. Thus he showed the world philosophers can easily be rich if they like, but that their ambition is of another sort.”

In a move that might equate Bill Gates’s leaving Microsoft to ponder the fate of the universe, Thales turned his attention from olive oil to practical science and is regarded as the founder of the Ionian school of natural philosophy. (What may be the only high-tech corporation named after an ancient Greek olive-oil salesman came into being when Thompson-CSF, an aerospace, defense, and information technology company, was renamed Thales late in the year 2000.)

One reason the Greeks began to do these remarkable things is that they became travelers—giving up the settled and very rocky prospect of simple farming and goat herding to become traders who sailed the Mediterranean, bringing them into contact with civilizations and ideas that had already been around for thousands of years. Having traveled to Egypt, Thales probably learned the craft of land surveying from the Egyptians, who had devised this form of mathematics to figure out who owned which property after each flooding of the Nile and who owed what to the pharaoh after each harvest. From this, Thales began to lay down some of the basic laws of geometry, later codified by Euclid. Legend has it that he calculated the height of the pyramids by comparing their shadows to the size of a stick. His “well-oiled” travels also took him to Mesopotamia, where he studied the skies, and it is thought that he predicted a solar eclipse, a feat that impressed the folks back home in Miletus so much that they decided not to go to war with a neighbor. Nobody is sure if this story is true or not, but it has lasted about 2,500 years just the same. Thales searched for a unifying principle or essence underlying all natural phenomena and he identified this essence as water. Thales believed that all matter came from water and that even the Earth had formed out of water, which was also the substance of stars. He imagined that Earth was a flat disk that floated on the cosmic ocean, surrounded by waters. The idea of a single material underlying all nature was the first “scientific” or rational attempt to explain the world without invoking the supernatural. Thales was essentially seeking the early Greek version of a “unified theory,” one explanation for all of the universe, that physicists still seek today.

Then just who was the first astronomer?

The Greeks soon proved to be good at another idea—passing information along through academies and schools. One of Thales’s pupils or followers was Anaximander (c. 610–545 B.C.), who introduced an early sundial and is believed to have written the earliest scientific book, now lost. Remarkably, he formulated a theory of the evolution of life, which said that life originated in the sea from the “moist element,” which was evaporated by the Sun. To Anaximander, the presence of shells and marine fossils was proof that the sea once covered much of Earth and he theorized that humans must have originated in the sea and once resembled fish. But he also turned his gaze skyward and is often called the first astronomer. Anaximander believed that Earth was a cylinder—like a modern tin can—that floated freely in space, motionless, at the center of the universe. Mankind lived on one end of the cylinder. In his concept of the universe, the stars were fiery jets and the Sun a chariot wheel filled with fire, the highest of the heavenly bodies. He attempted to explain the heavenly bodies in the context of worlds constantly being created from the Infinite, only to perish and be reabsorbed into the Infinite, a very profound guess, as modern astrophysics has shown that the stars are essentially recycled stars (a subject to be explored in greater depth in part III). Though many of his ideas were mistaken, they were based on observation and rational argument instead of traditional superstition.

Following him was Anaximenes (585–526 B.C.), also of Miletus, who recognized that rainbows were a force of nature rather than a mystical event. He theorized that an infinite ocean of air, or vapor, was the most basic form of matter and supported the flat disk of Earth. For him, the Sun, Moon, and stars were masses of fire, all seen as disks that moved in cycles and attached to a rotating crystal sphere. Clearly, these early thinkers were mistaken in many of their notions, but they had begun the process of shifting the emphasis away from mythology and the rash actions of gods to a view of a natural universe ruled by laws.

This was a change taking place elsewhere in the Mediterranean world, including a Greek colony in what is now southern Italy, founded by a mathematician and mystic named Pythagoras (580–500 B.C.). Yes, you probably remember that name with dread because you were forced to memorize the Pythagorean Theorem, which says that the sum of the squares of the sides of a right triangle is equal to the square of the hypotenuse, or, “A-squared plus B-squared equals C-squared.”

That is the sum-total recollection many people have of high-school mathematics. Pythagoras believed that the world and all of nature could be understood with numbers, and numerical and geometrical relationships acquired symbolic significance as part of the secret Pythagorean lore. Pythagoras is also credited with coining the term cosmos, to denote a well-ordered and harmonious universe—the opposite of the Greek concept of chaos. While they were grounded in the hard figures of mathematics, the Pythagoreans combined their reason with mysticism. Chief among their “mystical” notions was that the sphere—and a circle—was a perfect shape because every point on its surface was equidistant from the center. The long-standing influence of this idea was the notion that the planets and other heavenly bodies moved in “perfect” circles around the Earth, which, Pythagoras reasoned, was also a sphere. This mystic mathematician’s recognition that Earth is a sphere—some two thousand years before Columbus and Magellan sailed—was an argument that might have been lost except for the fact that the famed Aristotle later borrowed it.

Did Aristotle start the crystal craze?

Around 340 B.C., the great philosopher Aristotle took up the Pythagorean ideas and ran with them. He put forward some fairly convincing arguments for a round Earth in his book, De Caelo (“On the Heavens”). First, he noted that an eclipse of the Moon was caused by the shadow of the Earth when it was between the Sun and Moon. The Earth’s shadow was always round, Aristotle reasoned. Second, Aristotle and the Greeks knew that the North Star appeared lower in the sky in the south than when seen in northern regions. That could only be if the Earth was curved rather than flat. Finally, he reasoned that Earth must be round because the sails of a ship come into view before the hull. If the Earth were flat, the entire ship would appear at once.

So much for Columbus and Magellan proving the world was round, just in case that bubble has not been burst for you!

That’s what Aristotle got right. Some of his mistakes were more significant. Aristotle believed that the Earth sat motionless and that the Sun, the Moon, and the planets moved in perfect circular orbits around the Earth. This had little to do with his observations about the round Earth. Instead, it grew out of a nearly mystical belief that circles are the most perfect shape, an idea that Aristotle took from his mentor, Plato. In De Caelo, Aristotle stated that the Earth sits at the center of a great celestial sphere, made up of fifty-six successively smaller spheres. Each of these spheres carried a celestial body around the heavens in perfectly circular motion around the Earth. The sphere closest to the Earth contained the Moon.

The Greek concept of the universe, detailed by Aristotle, included the idea that something invisible had to hold up the stars and planets. Since the only hard, transparent substance then known was crystal, Aristotelian logic insisted that spheres of crystal hold the stars, the Sun, the Moon, and the planets in place. Aristotle called this crystalline substance quintessence, “the fifth element,” along with earth, fire, air, and water. The Greek tradition also included the idea that the heavens are very different from Earth. On Earth, everything is constantly changing, in a state of transformation. The heavens were eternal and incorruptible, where nothing ever changed—except for comets. Since comets appeared in the heavens, lasted a few days or weeks, and then disappeared, that constituted change. Comets, Aristotle argued, must be earthly rather than heavenly, and must be some sort of spontaneous fire in the upper atmosphere caused by “exhalations” from Earth. (In fact, comets are essentially dirty “snowballs”—collections of frozen dust, whizzing through space, trailing dust and gas, which burn up but leave those remarkable tails we can sometimes see on Earth. More about them in part III.) All of these heavenly motions, to Aristotle, were produced by the Prime Mover, who acted outside the starry vault, and who, in later Christian times, was identified as God.

Although Aristotle died in 322 B.C. at the age of sixty-two, his student Alexander the Great took Aristotle’s ideas wherever his armies went. Greek knowledge, ideas, culture, language spread through Egypt and Palestine across Asia Minor to present-day Afghanistan and Pakistan, nearly to India. And although Alexander died within a year of Aristotle, the old philosopher’s concepts, planted with the banner of Alexander the Great, would hold sway in most of the civilized world for centuries to come.

Did anyone challenge Aristotle?

Aristotle’s thinking dominated philosophy and science for nearly 1,900 years, and his ideas about physics remained unchallenged until the Middle Ages, when scholars began to question and refine his assumptions. The impact of this Greek philosopher was so powerful that even the early Christian Church was influenced by his thought. But while Aristotle’s ideas were to become “gospel,” there was at least one voice opposing his. Aristarchus of Samos (310–230 B.C.) was the first person known to suggest that the Earth might orbit a stationary Sun. Little else is known of Aristarchus and, needless to say, his ideas were dismissed. The idea of a moving Earth seemed implausible, and people who had no knowledge of gravity—the force that keeps our feet on the ground—scoffed for centuries that if Aristarchus was right, what kept things from being spun off the Earth and flying into space?


VOICES OF THE UNIVERSE:
 Greek scientist ARCHIMEDES (c. 287–212 B.C.)

Aristarchus of Samos brought out a book consisting of some hypotheses, in which the premises led to the result that the Universe is many times greater than now so called. His hypotheses are that the fixed stars and the Sun remain unmoved, the Earth revolves about the Sun in the circumference of a circle, and the Sun lies in the middle of the orbit.



Although his contribution is more fittingly tied to Earth, the efforts of another Greek (or Libyan who lived in Egypt) deserves mention as they demonstrate how these remarkable Greek thinkers were applying reason and geometry to understanding the world. Eratosthenes was the librarian at the famed collection in Alexandria, who once measured the Earth using little more than a stick and some geometry. Knowing that the Sun was almost directly overhead in Syrene (modern Aswan), Egypt, on the summer solstice, and so cast no shadow at noon, Eratosthenes measured a shadow cast by the Sun on the same day in Alexandria. Comparing the distances between the two places, he used the length of that shadow to calculate that the distance from Syrene to Alexandria must be 0.02 of the circumference of Earth. Using ancient measurements that have been adjusted to modern standards, Eratosthenes was able to calculate the circumference of the Earth to an astonishing degree of accuracy, a result that has been translated in modern measurements as 24,608 miles (39,690 kilometers), remarkably close to the modern value of 24,901.55 miles (40,075.16 kilometers). Having calculated the circumference of Earth, Eratosthenes then also figured the diameter of Earth as 7,850 miles (12,631 kilometers), again remarkably close to today’s accepted value of 7,926.41 miles (12,756.32 kilometers).

Finally, in the pantheon of Greek skywatchers comes Hipparchus (c. 146–127 B.C.). He was born in Nicaea, in the northern part of Turkey. Almost nothing is known of his life, but he is considered the father of “systematic astronomy” and perhaps the greatest astronomer of the ancient world. Depending on your high-school career, you might want to curse him for also inventing trigonometry. In his spare time, Hipparchus devised the astrolabe, a device for measuring the positions of objects in the sky, which was the chief tool for astronomers until the telescope came along some 1,600 years later. He combined the vast astronomical information borrowed from Babylonia, which was then a conquered nation under the rule of Alexander’s successors, combining them with his own for the most comprehensive table of star charts ever compiled. It contained about 850 entries, and designated each star’s celestial coordinates, indicating its position in the sky. Hipparchus divided the stars according to their brightness, or magnitude, a standard still employed today.

All this Greek brilliance—okay, some of it was from Libya and modern Turkey—didn’t happen in a vacuum. The Greeks were amazing scientists, politicians, sailors, merchants, playwrights, and sculptors, to mention a few of the other highlights of their golden civilization. But they had help. All of their wanderings around the Mediterranean world had introduced them to the ideas and achievements of other ancient civilizations—particularly those of ancient Mesopotamia and Egypt, where the pyramids had already stood for centuries before the Greeks came along.

How did the Greeks get so smart?

Most of us learned about the heights of Greek civilization back in school. They told you it was the birthplace of western civilization about 2,500 years ago. All of this Greek science that flourished for a period from about 600 B.C. to the time of the first century A.D.—the beauty of their achievements in math and science—are only a fraction of an era that has been called the “Greek miracle.” Centuries ago, the Greeks reached a pinnacle of achievement in government, science, philosophy and sculpture, poetry and drama. They invented the writing of history, and western theater. But what the school books never really explained was how a small group of goatherders and olive farmers built one of the most extraordinary cultures in human history.

They had less wealth and land than the Egyptians or Babylonians. They lacked large numbers. Then what prompted this revolution, particularly in science? Some historians and anthropologists contend that virtually every culture, if left to its own devices, would eventually “discover science. This is the old argument that says, if you give enough monkeys enough typewriters, they will eventually produce the complete works of William Shakespeare. Maybe, but we wouldn’t want to wait for that. Certainly with a bigger head start, the Babylonians and Egyptians did not accomplish what the Greeks did.

One explanation is that the very wealth and relative ease of life for the Egyptians held them back. They had no incentive to innovate. It’s the historical and cultural equivalent of “no pain, no gain.” When you don’t have to work hard to make a living, when things come too easily, you get lazy. Life on rocky, small Greece, a loose collection of minor cities struggling to eke out an existence, was far tougher. As Carl Sagan wrote in Cosmos, “Some of the brilliant Ionian thinkers were the sons of sailors and farmers and weavers. They were accustomed to poking and fixing, unlike priests and scribes of other nations, who, raised in luxury, were reluctant to dirty their hands. They rejected superstition, and they worked wonders.” This is the necessity-is-the-mother-of-invention approach to history and it is a valid one.

Another key was the ocean. With poor land and sparse rainfall, the Greeks were forced to turn to the Mediterranean. Unlike Egypt, which was tied to the Nile, or Babylon, where life was circumscribed by the Tigris and Euphrates Rivers, the Greeks were forced to reach outward for survival. While trade was important to both of those earlier ancient civilizations, for the Greeks it was a form of economic survival that became a way of life. Trade is not only profitable, but it increases the exchange of ideas. The Greeks built a Mediterranean trading empire that was one key to their commercial success. Once you don’t have to struggle to eat, there is time to think. The Greeks became a great trading and military sea power, for the same reason England and Japan would later become empires—all three small island nations with limited natural resources, forced to reach out to the world through trade. For the Greeks, those contacts enriched the traders and provided new ideas.

Of course, Greece was not without flaws or problems. Women were second-class citizens. And Greece eventually became a slave culture, which, many historians agree, helped to bring about its downfall. Once a culture grows dependent upon a slave class, the incentive for invention







































































































































































































































































































































































	Every planet follows an oval-shaped path, or orbit, around the Sun, called an ellipse. The Sun is located at one focus of the elliptical orbit. As a result, the planets are a little closer to the Sun at some times during their orbits.

	An imaginary line from the center of the Sun to the center of a planet sweeps out the same area in a given time. This means that planets move faster when they are closer to the Sun and slower when they are farthest away.





	3. The time taken by a planet to make one complete trip around the Sun is its orbital period. The square of the period (the period multiplied by itself) divided by the cube of the distance (the distance multiplied twice by itself) is the same for all planets. In simpler terms, a planet that is four times as far from the Sun as another planet takes eight times as long to orbit the Sun.
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