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The small constellation Corvus (the Raven) in a color edition of Johann Bayer’s 1603 star atlas Uranometria.

















INTRODUCTION



IN 1964, ASTRONOMERS DETECTED A MYSTERIOUS SOURCE of X-rays in the Milky Way. Subsequent research revealed that the energetic radiation is produced by hot gas, ripped off a giant star by the fierce gravity of an orbiting black hole. In fact, this was the first black hole ever identified in the universe, at a distance of some 6,000 light-years.


The black hole is officially known as Cygnus X-1, which is weird. Cygnus is Latin for “swan,” but whatever the remote black hole is devouring, it isn’t birds. So why would an astronomical object be named after a waterfowl?


Cygnus X-1 is not alone. Some 54 million light-years away—well beyond our own Milky Way galaxy—is a large swarm of other galaxies. It is known as the Virgo Cluster. Virgo is Latin for “virgin”—quite a remarkable name for a collection of two thousand or so Milky Ways. Yet another interesting astronomical object—a galaxy emitting radio waves—is catalogued as Centaurus A, but don’t expect to find a half man half horse galloping around there.


These funny and archaic names, which often show up in contemporary scientific publications like the Astrophysical Journal, refer to the part of the sky in which the objects are located. In prehistoric times, early sky watchers noted a conspicuous group of stars in the northern summer sky that vaguely resembles the shape of a flying swan. Consequently, they called this part of the night sky the Swan, or Cygnus. And since the X-ray-emitting black hole was the first one to be observed in this same area of the night sky—in the same constellation—it earned the official designation Cygnus X-1. Likewise, the galaxy cluster mentioned above is located in a part of the sky known as Virgo, the Virgin, and the radio galaxy Centaurus A can be found in the constellation that was named after the mythological creature thousands of years ago.


I have always enjoyed the fact that twenty-first-century scientists who study black holes, dark matter, and galaxy collisions still use these age-old names and concepts to denote their objects of research. That Hercules, Orion, and Pegasus—names that were very familiar to the ancients—still feature on the pages of magazines like Nature Astronomy and Science. It underscores the relation of today’s scientists to their predecessors of many centuries ago. After all, just like the Babylonians, Egyptians, and Greeks, we are still trying to make sense of the universe we live in.


Moreover, it reminds us of the fact that every single object in the universe, and everything that happens in space, is observed within the confines of one constellation or the other. In 1054 AD, a star exploded in the constellation Taurus, the Bull. In 1930, Pluto was discovered in the constellation Gemini, the Twins. In 2015, astronomers detected gravitational waves from two colliding neutron stars, 130 million light-years away in a galaxy in Eridanus. And half a century ago, Neil Armstrong’s famous “giant leap for mankind” took place when the moon was in Virgo.


Thus, the eighty-eight constellations of the night sky offer eighty-eight windows on the entire universe and on the history of astronomy. Each new insight in the contents and evolution of the cosmos was gained by astronomers training their instruments to a particular point on the sky, and every spacecraft encounter, comet discovery, or Mars landing took place within the borders of one of the eighty-eight constellations.


Often enough, astronomy websites and newspaper stories report on exciting new discoveries and events, like an extremely remote galaxy at the edge of the observable universe, a monstrous black hole, or a space probe flyby of a distant planet. This book uniquely ties all these finds and occurrences, both historical and more recent, to the constellation in which they happened.


My hope is that after you read and browse through this book, the night sky will never be the same again. Right above your head, in familiar constellations like Orion or Scorpius, or in obscure ones like Camelopardalis and Norma, is where the science of astronomy has matured and where milestone discoveries in the study of the universe have played themselves out.


I thank the team at Black Dog & Leventhal Publishers for their confidence in this exciting project, and I am honored that world-famous astrocartographer (and fellow Dutchman) Wil Tirion was willing to draw the beautiful constellation maps, which have been specially designed and adapted for this book. Most of all, however, I have to thank the astronomers of the past and the present for their perseverance in studying the wider universe we are all part of, and for presenting us with a wealth of mind-boggling discoveries and breathtaking images.


—GOVERT SCHILLING
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This map from a 1795 star atlas shows the now-obsolete constellations Antinous (center) and Taurus Poniatovii (Poniatowski’s Bull, right).

















CONSTELLATIONS THROUGH THE AGES



ON THE AFRICAN SAVANNAH, hundreds of thousands of years ago, early hominids must have marveled at the night sky. No one could fathom the true nature of the stars, but seeing the same patterns slowly revolving around the Earth night after night and year afte r year must surely have fired the imagination. No doubt that the most conspicuous of these patterns received names as soon as Homo sapiens started to develop speech. Names that were related to gods and demons, to humans and animals, to life and death.


The origin of some of our present constellations is lost in the mists of time. The Ox (or Bull), the Giant (or Hunter), the Lion, and the Bear—they probably predate the Sumerian invention of cuneiform, one of the oldest forms of writing. Many of these old constellation names, as well as the names of sixty-six individual stars, appear in the Babylonian MUL.APIN, a famous pair of Mesopotamian cuneiform tablets dating back to approximately 1000 BC.


Around the fourth century BC, most of the ancient Mesopotamian constellations were introduced to ancient Greece and Egypt. A beautiful relief on the ceiling of the Egyptian temple of Dendera, dating back to the year 50 BC or so, shows many well-known constellations like the Bull, the Twins, and the Lion, next to ancient Egyptian ones like the Hippo and the Ox’s Foreleg. (By the way, the relief that is now in Dendera is a copy; the original Zodiac of Dendera, as it is called, is in the Louvre Museum in Paris.)


The basis for our present-day constellations was laid by Greek astronomer Claudius Ptolemy, who lived and worked in Alexandria in the second century AD. In his Mathēmatikē Syntaxis—a Greek collection of thirteen books on mathematics and astronomy—he listed forty-eight constellations that are still recognized today, including the twelve constellations of the zodiac. Ptolemy also included a catalog of 1,028 stars, based on an earlier list compiled by Hipparchus of Nicaea some 250 years earlier.


In the ninth century AD, the Greek constellations were adopted by Islamic astronomers, who translated Ptolemy’s work into Arabic as al-Majisţī (The Greatest). However, they introduced their own proper names for many of the bright stars in the night sky, most of which are still in use today. Star names like Betelgeuse, Aldebaran, Deneb, and Rasalhague are all derived from ancient Arabic names. Both the Greek constellations and the Arabic names were subsequently introduced to early European scholars when Ptolemy’s book was translated from Arabic into Latin (as the Almagest) in the late twelfth century.


Obviously, other cultures around the world who had never been in contact with the civilizations of the Middle East—like the Aztecs, Mayas, and Incas in the Americas, the Aboriginals in Australia, the Polynesians in the Pacific, and of course the Chinese—had their own constellations. Ancient Chinese star maps reveal a bewildering number of small constellations or “asterisms” (small groups of stars), although Chinese astrologers also recognized the Big Dipper as one pattern, called Bei Dou (Northern Ladle). Meanwhile, both in South America and in Australia, the sinuous dark clouds in the star-studded band of the Milky Way were seen as “dark constellations,” such as the Incan Partridge, the Llama (and the Baby Llama), the Serpent, and the Aboriginal Giant Emu in the Sky.


From Peru and Australia, all of the southern sky is visible, including the Southern Cross, the bright center of the Milky Way, and the two Magellanic Clouds, which are small satellite galaxies of the Milky Way. However, Renaissance scientists in Europe knew next to nothing about the stars of the southern hemisphere. As a result, European maps of the southern sky—like the famous 1515 woodcuts of Albrecht Dürer—are notoriously incomplete.


That all changed when intrepid explorers started to sail their ships over the seven oceans. In 1595, almost 250 Dutch seafarers and navigators embarked on a two-year trip around Africa and to the East Indies in a small fleet of four ships. Among them were Pieter Dirkszoon Keyser and Frederick de Houtman, who had been trained in astronomy by Flemish cartographer Petrus Plancius. Keyser and de Houtman mapped the southern sky and introduced twelve new constellations, which they named after the miraculous creatures they encountered during their trip, like Volans (the Flying Fish), Apus (the Bird of Paradise), and even Indus (the Indian).


In 1598, Plancius’s twelve new constellations (as well as Columba, the Dove, which he already had “invented” in 1592, and Coma Berenices Berenice’s Hair, which had been introduced in 1536 by Caspar Vopel) were immortalized on a celestial globe by Jodocus Hondius, and they were adopted by German astronomer Johann Bayer in his beautifully illustrated 1603 star atlas Uranometria. In 1612, Pl ancius invented another eight constellations, but of those, only Camelopardalis (the Giraffe) and Monoceros (the Unicorn) are still officially recognized. (Note that many of the historical star atlases show the constellations mirror-reversed, as if we are viewing the celestial sphere from the “outside.”)
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In 1627, Julius Schiller published his christianized view of the heavens.
















Not everyone was happy with the fact that the celestial sky was slowly turning into a tapestry of pagan gods, mythological heroes, and strange animals. In 1627, German astronomer and devout Christian Julius Schiller published his Coelum Stellatum Christianum (Christian Starry Heavens), in which he had turned the twelve constellations of the zodiac into the twelve apostles of Christ, Cygnus the Swan into the cross of Golgotha, and the Big Dipper into the fishing boat of St. Peter, to give just a few examples. Although the illustrations in Schiller’s atlas are among the most beautiful in celestial cartography, his plan to Christianize the constellations never became popular.


However, new constellations kept being added to the existing list, in particular by Polish astronomer Johannes Hevelius (in 1687) and by French astronomer Nicolas Louis de Lacaille (in the 1750s). Hevelius introduced ten new constellations, seven of which are still in use, including Canes Venatici (the Hunting Dogs) and Lynx. Lacaille came up with fourteen new (but rather inconspicuous) constellations in the southern sky, which he named after scientific instruments, like Fornax (the Oven), Telescopium (the Telescope), and Antlia (the Air Pump). Lacaille also divided the very large Ptolemaic constellation Argo Navis (Ship Argo) into three smaller ones. The Latin names of Lacaille’s new inventions first appeared in his 1763 publication Coelum Australe Stelliferum; for that reason, 1763 will be considered the official year of introduction of these constellations throughout this book.


In eighteenth- and nineteenth-century star atlases, astronomers sometimes tried to add new constellations of their own, but none of these have survived. Thus, in the early twentieth century, a grand total of eighty-eight constellations were “officially” in use. However, their boundaries on the sky had never been precisely specified. Sure, every naked-eye star definitely belonged to a particular constellation—they had been given a Greek letter designation by Johann Bayer according to their brightness, or a number designation by English astronomer John Flamsteed according to their position. But for many faint stars and nebulae in the border regions between two constellations, it was often not evident to which one they belonged.
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Part of the Egyptian “Zodiac of Dendera,” with the constellation Pisces (the Fishes) on the upper left.
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Aries (the Ram), Cetus (the Whale), Pegasus, and Aquarius (the Water Bearer) are some of the constellations visible on this map from Johann Gabriel Doppelmayr’s 1742 Atlas Coelestis.
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Milky Way with dark constellations (dust clouds).
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Johann Bayer’s 1603 star atlas Uranometria was the first one to depict the new southern constellations that were introduced by Dutch seafarers Pieter Dirkszoon Keyser and Frederick de Houtman.
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The flying horse Pegasus features prominently in a fifteenth-century Arabic star atlas that was based on Abd al-Rahman al-Sufi’s Book of Fixed Stars.
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Amid numerous smaller groups, the characteristic shape of the Big Dipper can be recognized on the seventh-century Chinese Dunhuang star chart (bottom).








In 1930, Belgian astronomer Eugène Delporte finally drew up the modern boundaries between the constellations, which were subsequently approved by the International Astronomical Union. From then on, every object in the universe, be it a nearby dwarf star or a remote galaxy, belongs to one and only one constellation, and every astronomical discovery or planetary exploration event occurred within the borders of one of those eighty-eight official patterns in the sky. That realization is the basis of this book.
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Published in 1482, Poeticon Astronomicon is a book with constellation drawings and mythological stories, based on the classical work by Latin author Gaius Julius Hyginus.
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One of the many beautiful illustrations in Andreas Cellarius’s Harmonica Macrocosmica (1660) shows the zodiacal band with its twelve constellations encircling the Earth.

















CONSTELLATIONS OF THE ZODIAC



TWELVE OF THE ORIGINAL FORTY-EIGHT CONSTELLATIONS that were described by Claudius Ptolemy in his Almagest are special: the twelve constellations of the zodiac. Many people know their names: Aries (the Ram), Taurus (the Bull), Gemini (the Twins), Cancer (the Crab), Leo (the Lion), Virgo (the Virgin), Libra (the Scales), Scorpius (the Scorpion), Sagittarius (the Archer), Capricornus (the Sea Goat), Aquarius (the Water Bearer), and Pisces (the Fishes). So what’s so unique about them?


This becomes clear when we realize that the Earth and the other planets in the solar system all orbit the sun essentially in a flat plane. Even the moon’s orbit around the Earth is only tilted a few degrees with respect to this plane. As a result, from our vantage point on Earth, we observe the sun, the moon, and the other planets always in a relatively narrow band of sky around us. This band is called the zodiac, and it coincides more or less with these twelve ancient constellations.


In the course of a year, the sun appears to move through the constellations of the zodiac along the so-called ecliptic. The ecliptic is in fact the projection of Earth’s orbit on the celestial sky. The moon and the planets are never too far away from the ecliptic, so they, too, can usually be found in one of the constellations of the zodiac. In other words: Jupiter can be seen in Leo or Sagittarius, but never in Ursa Major (the Great Bear), because that constellation does not belong to the zodiac. Likewise, the moon may form a nice pair on the sky with the star Antares in Scorpius, or with Aldebaran in Taurus, but it will never be found in Cassiopeia.


More than two thousand years ago, the zodiac (and the ecliptic) was divided into twelve equally sized parts, each measuring 30 degrees on the sky. These segments were called the zodiacal signs, and they received the same names as the constellations with which they more or less coincided. On March 20 or 21, at the so-called vernal equinox, the sun enters the sign of Aries; about a month later, when it has moved 30 degrees along the ecliptic, it enters the sign of Taurus, and so on. This is the basis of your “star sign”; if you’re born on November 30, for example, the sun is in the sign of Sagittarius on your birthday, and you are said to be a Sagittarius. Likewise, if you’re born on July 4, you’re a Cancer.


Some people believe that your star sign (as well as the sky positions of the moon and the planets at the time of your birth) determine your personality, but that’s plain old-fashioned superstition. Moreover, because of precession—the very slow periodic change in the orientation of the Earth’s axis—the zodiacal signs no longer correspond to the constellations: on July 4, the sun is actually in the constellation Gemini (the Twins), although it is still said to be in the zodiacal sign of Cancer by astrologers. (The ecliptic even passes through a thirteenth constellation, Ophiuchus, which isn’t part of the original zodiac at all.)
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The zodiacal constellation Gemini (the Twins) as it appears in the Leiden Aratea, an illuminated ninth-century manuscript based on the Phaenomena by Aratus.








Pseudoscience aside, the twelve constellations of the zodiac (plus Ophiuchus) are very important in astronomy, especially for amateur astronomers observing the night sky. After all, this is where most of the solar system action occurs, including eye-catching conjunctions of the moon and the planets, and lunar and solar eclipses. New planets—as well as many asteroids—have also been discovered in constellations of the zodiac, including Uranus in Taurus (the Bull), Neptune in Aquarius (the Water Bearer), and Pluto in Gemini (the Twins). Finally, to communicate with planetary probes orbiting other planets, or with landers and rovers on Mars, space scientists always have to aim their radio dishes somewhere along the zodiac. Little wonder then that these twelve constellations play an important role in this book.
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Sagittarius (the Archer) draws his bow on a sixteenth-century celestial globe by German-Flemish cartographer Gerardus Mercator.
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In the German star atlas Uranographia by Johann Elert Bode, the inconspicuous zodiacal constellation Cancer (the Crab) is labeled as Krebs.
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In northern Chile, European astronomers are building the Extremely Large Telescope, the largest optical telescope in history.

















AN ASTRONOMY PRIMER



IN ONE SENSE, ASTRONOMY IS THE OLDEST SCIENCE. After all, our earliest ancestors must already have wondered about the motions of the sun and the moon, and about the true nature of the stars. In another sense, however, astronomy is a very young science; almost all our current knowledge about the universe has been acquired over the past four centuries, after the invention of the telescope.


Ancient Greek astronomers believed the Earth to be the center of the universe. This was considered common wisdom until 1543, when Polish astronomer Nicolaus Copernicus published his heliocentric world view, with the Earth orbiting the sun instead of the other way around. It took another couple of centuries until astronomers reliably determined the distances to other stars, while the discovery of the true nature of spiral nebulae (galaxies like our own Milky Way) and of the expansion of the universe is less than a century old.


We now know that Earth is just one of eight planets orbiting the sun, and one of the smaller ones at that—Jupiter and Saturn are much larger. Our sun is a run-of-the-mill star, very much comparable to the thousands of stars that can be seen in the night sky—a giant sphere of hot gas (mainly hydrogen and helium), held together by gravity, and producing light and heat through spontaneous nuclear fusion reactions in its interior.


Together with a few hundred billion other stars and countless star clusters and nebulae, the sun makes up our Milky Way galaxy, a flattened disk, more than 100,000 light-years across. (One light-year is the distance a ray of light, traveling at 186,282 miles per second, covers in one year: some 5.88 trillion miles.) Our Milky Way, in turn, is just one of approximately a hundred billion other galaxies in the entire observable universe.


Over the past century, astronomers have not only discovered our truly insignificant place in space, they have also unraveled cosmic history, even though the details of the universe’s birth (known as the big bang) are still eluding them. There is no doubt, however, that 13.8 billion years ago all of space was incredibly more compact and filled with a seething brew of elementary particles, including mysterious particles of dark matter.


While space itself expanded dramatically over time, diluting matter and energy in the process, gravity caused tiny overdensities to grow into ever-larger clumps of dark matter, which subsequently also attracted normal atoms. Relatively cool clouds of gas condensed into the first building blocks of today’s galaxies, and deep within these clouds, the first stars ignited. Collisions and mergers of these irregular protogalaxies produced the giant spiral and elliptical galaxies we see all around us, distributed in small groups and larger clusters and superclusters.
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In 1992, NASA’s Galileo spacecraft captured this image of the Earth and the moon from a distance of 6 million kilometers.








As soon as the first stars formed, from gravitationally collapsing cloud cores, the chemical composition of the universe started to change, albeit slowly and minutely. Under the extreme circumstances in stellar interiors, atoms of hydrogen and helium started to fuse into other elements, including carbon and oxygen. In the most massive stars, even heavier atoms were formed, like neon, silicon, and iron.


At the end of their lives, low-mass stars like our own sun shed their outer layers into space as glowing planetary nebulae, while their cores contract into extremely dense white dwarf stars. More massive stars end their lives in catastrophic supernova explosions. When it runs out of nuclear fuel the star is blown apart, leaving nothing more than a hyper-compact neutron star, or even a black hole, while the supernova inferno produces heavy elements like gold, lead, and uranium. What’s important here is that stellar winds, planetary nebulae, and supernova explosions dump new elements into interstellar space. As a result, the universe around us no longer consists solely of hydrogen and helium, like it did 13.8 billion years ago, but it contains about 1 percent heavier elements.
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Our solar system was born 4.6 billion years ago in a protoplanetary disk of gas and dust. Similar disks have been found around many other stars.
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At the end of their lives, stars like our Sun blow their outer layers into space, creating colorful expanding shells of gas known as planetary nebulae.








Over time, these heavier atoms, some of them locked up in carbon-bearing molecules, ended up in dusty stellar nurseries that hatched new generations of stars. And although the relative abundance of the heavier elements was rather small, the absolute amounts of iron, nickel, carbon, silicon, oxygen, manganese, aluminum, uranium, and so on were more than sufficient for the formation of protoplanetary systems—flattened, rotating disks of gas and dust around newborn stars.


Within these disks, dust particles coalesced into pebbles, pebbles stuck together to form “planetesimals,” and planetesimals accreted into protoplanets. From the violent collisions of protoplanets, full-fledged worlds like our own Earth were born. Organic molecules rained down into lukewarm pools of surface water, the first living cells emerged, and the rest is history. A few billion years later, Homo sapiens looks up in wonder at the sky, starts to ask questions and to build telescopes, and discovers its place in space and time.
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Thanks to its majestic ring system, Saturn is one of the most photogenic planets in our solar system. This photo was made by the Hubble Space Telescope.








The invention of the telescope, just more than four hundred years ago, marked the beginning of an ongoing quest to design and build more sensitive instruments to study the universe that we are so intimately part of. Astronomers have discovered ways to observe the invisible parts of the electromagnetic spectrum, using infrared cameras, radio telescopes, and X-ray detectors. They put their equipment into Earth orbit to get rid of the blurring and absorbing effects of the atmosphere. They send space probes to explore planets and moons in our own solar system, and they use giant computers to sift through the data gathered by robotic telescopes.


The pace of new discoveries has steadily increased over the decades: dozens of planetary satellites, hundreds of comets, tens of thousands of asteroids. Stellar binaries, variable stars, red giants, white dwarfs, nebulae, and supernova remnants have been discovered, including pulsars, rapidly spinning neutron stars that emit pulses of radio waves; and quasars, remote galaxies with extremely luminous cores, fueled by massive black holes; the soft radio hiss that is all that remains of the energy of the big bang; thousands of exoplanets orbiting stars other than the sun; powerful gamma-ray bursts; mysterious brief explosions known as fast radio bursts; and gravitational waves, ripples in the very fabric of space-time.


Many questions have been answered, but enough riddles remain. We still don’t know whether life is rare or common in the universe. We have no clue about the true nature of dark matter, let alone about dark energy, the mysterious force that is accelerating the expansion of the universe. What happened during the big bang is just as mysterious as what goes on inside black holes, and new theories are required for a deeper understanding. We don’t even know if our universe is unique or part of an infinite multiverse.


But just like the scientists of centuries past, today’s astronomers know that there’s only one way to make progress: never give up watching the skies. The heavens above us, once the domain of deities and dragons, has turned into a vast celestial stage on which the evolution of the universe is playing itself out right before our eyes. Peering through the eighty-eight windows of the constellations with everything we have at our disposal, we are trying not to miss a single detail of the great cosmic drama.
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Nicknamed the Sunflower Galaxy, M63 is a beautiful spiral in the constellation Canes Venatici (the Hunting Dogs), comparable in size to our own Milky Way.
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Dark sunspots are caused by magnetic fields, and often accompanied by bright flares. Our sun is just one of a few hundred billion stars in our Milky Way galaxy.
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Circling around the sun’s nearest neighbor star, Proxima Centauri, is an Earth-like planet that may have liquid water on its surface.

















WATCHING THE SKIES



WE ALL KNOW THAT THE SUN rises in the east and sets in the west. In the past, people thought that the sun really orbits Earth. We now realize that the daily motion of our star is an apparent motion, caused by the fact that Earth rotates around its axis. For the same reason, the stars in the night sky display the same diurnal motion, rising in the east and setting in the west.


If you were standing on the geographical North Pole of the rotating Earth, the stars would appear to move around you horizontally, without rising or setting. The only point on the sky that would not appear to move is the point right above your head (in the zenith). Instead, all celestial bodies would appear to rotate around this point. Just by coincidence, a pretty bright star is located very close to the celestial pole: the Pole Star, in the constellation Ursa Minor (the Little Bear).


For an observer on Earth’s equator, the stars would move around vertically. The Pole Star would sit on the northern horizon, while the south celestial pole would be directly opposite, on the southern horizon. (Unfortunately, there is no bright star close to the south celestial pole.)


Somewhere between the North Pole and the equator, stars appear to move diagonally, and the Pole Star is located somewhere between the zenith and the northern horizon. But Earth’s axis still points in the direction of the Pole Star, so even for observers in North America or Europe, the whole sky appears to rotate around this star. Stars and constellations that are relatively close to the Pole Star (like the Big Dipper, Cassiopeia, and Cepheus) never set, and can be seen at any time of night throughout the year, at least on cloudless nights. These constellations are known as circumpolar. Then again, for an observer in North America or Europe, the south celestial pole is always below the horizon, and the constellations in this part of the sky, like the Southern Cross, can never be seen.


In between are the constellations that do rise and set, like Orion, Virgo, or Aquila. Sometimes they can be seen only in the early hours of the night, before they disappear below the western horizon. At other times they rise in the east only around midnight. Sometimes they are visible throughout the night, from sunset to sunrise; at other times you can’t see them at all. This all depends on Earth’s yearly motion around the sun, which ensures that each season has its own characteristic constellations.


The planets, which also orbit the sun, are always found in or near one of the constellations of the zodiac, as has been explained before. Planets basically look like bright stars, but they don’t have a fixed position among the stars. Instead, they slowly wander across the sky in funny loops, caused by the fact that we observe them from a moving platform—our own Earth. Just like the moon, the planets do not produce light by themselves; they just reflect light from the sun. (In fact, a pair of binoculars or a small telescope already reveals the phases of Venus, which are very similar to the phases of the moon and are caused by the varying illumination from the sun.)
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A beautiful conjunction of the moon and the planets Venus and Jupiter, seen above the enclosures of the European Very Large Telescope in northern Chile.








With the naked eye, you can see five planets: Mercury, Venus, Mars, Jupiter, and Saturn, although it is very rare for all five of them to be visible during one single night. If you’re far away from the light pollution of cities and towns, you will also be able to see a few thousand stars, not just the pretty bright ones that define the constellations, but also countless, fainter ones. Some stars can be seen to be double stars (or binaries), like the middle star in the handle of the Big Dipper. Others have a quite conspicuous color, like Aldebaran (in the constellation Taurus, the Bull) and Betelgeuse (in Orion), which are both orange.


Sometimes a meteor, or “shooting star,” appears unexpectedly: a streak of light high up in the sky, caused by a cosmic pebble that burns up in our atmosphere. With some patience, you’re also bound to see one or more artificial satellites—faint “stars” that slowly move across the sky in a straight line. If you’re lucky (or if you use a smartphone app to give you advance warning), you may be able to see the very bright International Space Station passing overhead.


Around the time of the new moon, the hazy band of the Milky Way can be seen stretching itself across the sky from horizon to horizon. This is in fact the smeared-out light of hundreds of thousands of faint stars in our own Milky Way galaxy, which we observe from inside because our sun is also part of it.


To really enjoy the night sky, you may want to use a pair of binoculars (preferably mounted on a tripod) or a small telescope. These optical aids will reveal many more binary stars, as well as dozens of star clusters, nebulae, and galaxies. Many of them can be found in the constellation maps in this book, and with just a little practice you will be able to find most of them.


Astronomy is a great hobby. If this book ignites your enthusiasm, lend or buy other introductory astronomy books, subscribe to an astronomy magazine, visit a star party, public observatory, or planetarium, become part of an astronomy club, buy a telescope, and enjoy the many astronomy-related websites and blogs on the internet. It’s a vast and magnificent universe out there.






[image: image]

Cygnus (the Swan), as depicted in Alexander Jamieson’s 1822 Celestial Atlas. Lacerta (the Lizard) and Lyra (the Lyre) are to the Swan’s left and right, respectively.
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