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INTRODUCTION




For most of human history, our understanding of the cosmos was based not on scientific evidence, but on our direct observations of the night sky as we gazed up at its sparkling, dark expanse.




We once imagined the sky to be something like a hollow, spherical shell surrounding the Earth, and stars as bright points on that shell. When we began to notice that some of those bright points took different paths across the sky than the rest, we altered our explanation: the Earth was encased not by one sphere, but by many perfectly transparent crystal spheres nested inside one another and spinning in different directions. Onto these, we mapped constellations, the sun, and the moon.


Our old theories about how the universe worked were flawed, but stargazing was still key to some of humanity’s most important achievements. Calendars based on the movement of the sun, moon, and stars were important to the development of early agriculture. Navigation based on the positions of the constellations helped explorers sail the globe. The importance of the stars in our history is undeniable.


With so many of us spending a majority of our time indoors and living in light-polluted cities, our stargazing is often limited to occasionally noticing the moon on a particularly luminous night. Even the Milky Way—our own home galaxy that appears as a soft stream of light stretching across the sky—is impossible to see when drowned out by the artificial light of our modern world. We can forget the magic of the night sky.


To take a moment and gaze up is to connect to an ancient human experience, and can be a great source of wonder and awe. This book is a tour of the night sky, centered on the old names and stories still in use by astronomers today. It will cover the most brilliant features of our solar system: the constellations, the moon, the bright stars, and the visible planets. And it will delve into less familiar celestial phenomena too, like the outer planets and deep space. Through it all, we’ll explore some of the ancient mythology behind our night sky, as well as the basic science behind what we see—and don’t see—in the stars.




WHERE WE ARE in SPACE




WHEN TALKING ABOUT THE CELESTIAL PHENOMENA THAT SURROUND US SOME SCIENCE EDUCATORS FIND IT HELPFUL TO START WITH OUR “COSMIC ADDRESS:”
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THE


CONSTELLATIONS
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The official border of Ursa Major is defined by the starry blue shape you see here. The shape of the constellation as it’s traditionally imagined is denoted by the dotted lines, and the solid lines mark its familiar asterism, the Big Dipper.
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the CONSTELLATIONS




Constellations are at once something very old and something very young. We’ve given them ancient-sounding names–Aquila, Hydrus, Equuleus, Grus–based on words from now-dead languages. And we’ve ascribed ancient myths to them, full of gods, magic, adventure, and vengeance. What could feel older?




But the shapes in the sky are actually, in a sense, temporary. The fact that we see them at all is dependent on our perspective in time and space, because the universe is constantly shifting and changing. If we had popped into being at another time or place, the stars would look completely different to us. And while the stars that make up constellations appear close together, in most cases their actual positions in space aren’t close at all. We might see them as flat, but the stars, of course, exist in three dimensions. If you could shift your point of view by traveling to a different star, you wouldn’t recognize any familiar constellations.


It’s hard to fathom the fact that these star shapes, which seem like such fixed parts of our world, are, on a cosmic time scale, fleeting.


We don’t like to be reminded of our temporary nature, so we cling to the constants that seem surest. When we look up, we want to recognize what we see. And so far, we have been able to do just that.


The time scale of humanity is tiny in comparison to the scale of the universe—modern humans have existed for only about 200,000 years, while the universe is currently estimated to be 13.8 billion years old. The stars have been moving, but so slowly that to us they seem to have hardly moved at all. Our solar system has been moving slowly too. But still, as far back as we can remember, the constellations have looked the way they do today.


• • •


In astronomy, the term constellation actually refers to the area within a boundary drawn around that section of the sky, not the actual bright group of stars recognizable to the naked eye. Astronomers call those bright groups asterisms. Many—if not most—constellations contain asterisms of the same name (the constellation boundary of Orion contains one bright star shape: that of Orion the hunter). Other constellations contain recognizable asterisms within their boundaries (the constellation Ursa Major contains the asterism of the Big Dipper).


Though easily recognized asterisms like the Big Dipper can be helpful in orienting yourself as you look at the sky, in this book we will be focusing on the constellations defined by the International Astronomical Union (IAU). These are the boundaries astronomers use to describe where in the sky any particular phenomenon appears, and they encompass the entire sky.


• • •


The constellations serve us as a sort of map legend; we have assigned every star that can be seen from Earth, whether visible to the naked eye or with a telescope, to a particular constellation. Other space phenomena are assigned to constellations as well—an astrophysicist might refer to a “nebula in the constellation of Taurus” or an “exoplanet in the constellation of Pegasus.” Even though we can’t see these deep-space objects with our naked eye, we can locate the boundaries of their constellations.


Throughout time, cultures all over the world have named and used countless constellations, many overlapping with one another. In 1930, in an effort to create a system that could be used internationally by amateur and professional astronomers, the IAU published a universal star map comprising eighty-eight constellations; this is the system astronomers use today.


More than half of the eighty-eight constellations come from the second century, when Claudius Ptolemy, a Greco-Egyptian philosopher and astronomer, published an authoritative work on the stars called the Almagest. He chose names for the constellations based on references from his culture, so they are rife with figures from ancient Greek mythology, as well as animals and objects common to the ancient Greeks (many of the names also have roots in Babylonian and Sumerian mythology). European astronomers added the remaining constellations in the sixteenth and seventeenth centuries. These additional constellations served to fill in the gaps in the star maps that weren’t encompassed by Ptolemy’s system, so that the entire sky could be divided into constellations. Many names of these more recent constellations reference new technologies of the time, as well as animals that European explorers were encountering for the first time as they sailed the globe to chart the southern skies.


Most ancients who studied the stars, including Ptolemy, believed in one variation or another of a celestial sphere theory: that the stars were just points of light embedded in a sphere surrounding the Earth, and that the Earth was the center of the cosmos.


In fact, belief in a celestial sphere was so strong that many old depictions of constellations were actually drawn as mirror images of the way we see them from Earth. This was meant to represent the way it was imagined the gods outside the sphere would see them.
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• • •


Humans are famous for our pattern recognition skills—we see meaning everywhere, whether it’s really there or not. Since ancient times, we’ve noticed groups of bright stars in the sky and categorized them into constellations, even when they bear hardly any similarity to the figures and objects they represent. Does the bright zigzag of Cassiopeia really look that much like a throne? How much do the stars that outline Orion’s hourglass-shaped body really look like a torso? It’s no more than coincidence that the stars are “arranged” in any particular way as viewed from the Earth, but our desire to find a pattern—a meaning—in the constellations is indicative of a phenomenon called false pattern recognition. Many examples of it can be found throughout the history of astronomy; we recognize ourselves and objects from our world in the stars because of false pattern recognition. And the things we see in the stars say a lot about us.
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To this day, the constellations are still useful to us Earth dwellers. They’re a way for us to understand an incredibly complex three-dimensional cosmos in two dimensions. By learning their names and a little bit about the stories connected to those names, we begin to build a vocabulary to understand and talk about the night sky.




BRIGHT STARS




The relative brightness or dimness of a star to a viewer on Earth depends on a number of factors. First, there is the star’s proximity to Earth. Stars appear brighter if they’re located closer to our solar system, and dimmer if they’re farther away.




But not all the brightest stars in the sky are closest to us. Some stars are just bigger, and some are more intrinsically luminous. They may be farther from Earth than other stars, but we see them just as clearly, or more clearly. Sometimes we perceive bright spots in the sky as stars, but they’re actually star systems made up of two or more stars—which also can increase the magnitude of their brightness as seen from Earth.


Though many old constellation names have their roots in Greek and Latin, most of the officially recognized names of the brightest stars have their roots in Arabic. Scholars from across the Islamic world were critical to the advancement of astronomy during medieval times. While much of western Europe was cloaked in the anti-intellectualism of their dark ages, Islamic scholars were in the midst of what is referred to as the Islamic Golden Age, which included astronomy. Astronomers like Abd al-Rahman al-Sufi created guides to the sky with Arabic names for the stars, often basing them on common star lore of the time. Those Arabic names have been translated (and sometimes Latinized) into the official names of those stars, many of which are still in use today.
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PRECESSION & SHIFTING POLE STARS




If you live in the Northern Hemisphere, you’ve probably heard of the North Star, also called Polaris. It’s not a particularly luminous star, but it’s significant because of its position in the sky.




Located in the constellation of Ursa Minor, Polaris remains fixed overhead, while all the other visible stars appear to rotate around it. This makes it a helpful navigational tool, because no matter the time of night or time of year, it will point north—for at least another few hundred years or so, that is. While Polaris seems absolutely fixed in the sky, it won’t always be the North Star because of a process called precession. The Earth spins on a north-south axis that’s slightly tilted, which gives us different seasons at different times of the year as we orbit around the sun. But the tilt of Earth’s axis goes through cycles, too. It slowly rotates at a rate imperceptible on the scale of a human lifetime, but which becomes obvious over hundreds and thousands of years. When the ancient Egyptians were building the pyramids, a star called Thuban in the constellation of Draco was the north polar star. There’s even evidence that some of the pyramids were built to align with Thuban.
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