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			STEP OUTSIDE ON a clear, moonless summer night far away from city lights and look up to a sky filled with stars that dazzle like distant diamonds. Straight overhead is a diffuse band of white light called the Milky Way. This is our home in space. Every planet, moon, and star we see, including our sun, is part of the Milky Way galaxy.

			The Romans called it via lactea, the “roadway of milk.” The Pawnee spoke of it as buffalo dust, kicked up in a race between a ghostly horse and a lone buffalo. The Incas envisioned it as a river, the source of all water that rains down, creating a connection between Earth and sky. To the Maori in New Zealand, it was the waka, or canoe, of their god Tamarereti. In East Asia, this hazy band of stars was the “Silver River of Heaven.” According to a legend of the Khoisan of the Kalahari Desert in Southern Africa, the night sky was dark and starless until a young girl tossed smoldering embers into the sky and created the Milky Way. In many Native American creation stories, the Milky Way represents the “spirits’ way” or the path used by departed souls to reach the heavens. My favorite myth comes from the Cherokee, who tell the story of a hungry dog spirit that stole a bag of cornmeal. As the people gave chase, singing and pounding on their drums, the frightened canine thief leaped into the dark night sky, spilling a trail of the precious food behind him. Each grain of cornmeal became a star. This is why Cherokee storytellers call this wondrous path of stars “the place where the dog spirit ran away.”

			During summer in the northern hemisphere, the bright path of the Milky Way runs south from the constellation Sagittarius the Archer, through Cygnus the Swan, and north to Queen Cassiopeia. It fascinated astronomers like the Italian scientist Galileo Galilei, who in 1610 was the first to point a telescope at the heavens and determine that the Milky Way was an endless expanse of stars invisible to the naked eye.

			Fast-forwarding from Galileo’s seventeenth century to our twenty-first century, we now know the Milky Way is a collection of billions of stars all moving through space together. And it’s just one of hundreds of billions of other galaxies out there. Many of them are spiral galaxies like ours, while others are quite different. There are Godzilla-sized galaxies that resemble giant eggs, and smaller, shapeless dwarf galaxies that look like blobs of Jell-O that fell on the floor—ker-splat!
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			The grand Milky Way galaxy is almost as old as the universe itself. Formed in a large, spherical cloud of cold, swirling gas and dust about 13.6 billion years ago, it was one of the first galaxies to spread light in the dark universe. Galaxies are not peppered randomly across the skies. Instead, they are found in small clusters that make up local groups that travel through space together.

			If we could launch ourselves into space and hover above the Milky Way looking straight down, we’d see a softly glowing, pinwheel-shaped group of stars approximately 160,000 light-years in diameter. In the center would be a galactic bulge intersected by a stellar bar measuring 10,000 light-years across. Radiating out from the center like the rays of a starfish would be four curved spiral arms. The Milky Way’s inner golden glow results from countless stars embedded in its interior, surrounded by enough gas and dust to make billions more stars. The curved spiral arms were the last parts of our galaxy to form, and this is where our sun and solar system are located.

			The Milky Way spins slowly like a giant Ferris wheel, completing one rotation every 230 to 250 million Earth years. The sun orbits around the center of the Milky Way, completing one rotation about every 225 million years. Since our star formed a mere 4.6 billion years ago, our solar system has circled the Milky Way a little more than twenty times.

			We know our galaxy contains billions of stars, but what else is lurking within it? Located in the cores of almost all galaxies is a giant black hole, and the Milky Way is no exception. Dense clouds of gas and dust in the direction of the constellation Sagittarius the Archer shroud this black hole as it devours stars, planets, and anything else that strays too close. Since it first formed, this black hole has continued to feast and grow.

			Stars, gas, and dusty nebulae remain the most visible components of the Milky Way, but there is something as yet unseen that makes up 27 percent of this galaxy. It is called dark matter. We cannot see dark matter, but scientists know it’s out there because they can measure how its gravity interacts with the visible matter like stars in our galaxy. This mysterious gravitational force holds the rotating Milky Way galaxy together and keeps it from flying apart. Someday, someone is going to make history when they discover what dark matter really is. Could it be you?

			

			•   •   •

			Measuring the distances to objects in the Milky Way using miles or kilometers is like trying to measure the height of the Empire State Building in millionths of an inch. It doesn’t make sense. Instead of miles or kilometers, scientists use the astronomical yardstick of light-years.
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					The more distant an object is in space, the longer it takes for its light to reach us here on Earth. Telescopes are really time machines that are always revealing the past (when light left a celestial object), not the present (when we see that light). Astronomers use the term “lookback time” to describe this phenomenon.

				
			
			Light and its energy travel through the universe like invisible ocean waves at a constant speed of 186,282 miles (299,792 km) per second. At this velocity, light waves can travel from the Earth to our moon in about 1.3 seconds. If we accelerated to the speed of light, we could fly around the Earth 7.5 times in one second, or  rocket onto the surface of the sun in about eight minutes—bad move, because the solar surface is a searing 10,000° F (5,600° C) and we’d burn up—or we could jet out to the tops of the clouds on Jupiter in about forty-three minutes and freeze!

			Our sun is just one of billions of stars found in our Milky Way. Astronomers know that stars vary immensely in size, color, and temperature and that more than half of them in our galaxy are older than our sun. Our sun is a midsize yellow star that formed 4.6 billion years ago and measures about 865,000 miles (1.392 million km) in diameter. You could fit 109 Earths across the face of it. Some stars, like Sirius or Vega, are more than twice the size of our sun. They shine much brighter and burn through their hydrogen fuel much more quickly than smaller stars do.
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					Stars come in all different sizes and colors. Shown here are the relative sizes of the sun compared to the white star Sirius and red dwarf star TRAPPIST-1.

				
			
			But wait a minute! Eighty percent of all stars in the Milky Way are classified as tiny red dwarfs, some less than one-eighth the size of our sun. Red dwarfs burn for trillions of years instead of billions like the sun. Since the beginning of the universe, astronomers have not detected one red dwarf star that has run out of fuel and faded away. Not only do red dwarfs appear to shine almost forever, Earthlike planets orbiting around them may be the most compelling candidates for harboring alien life in the galaxy.

			From our vantage point on the surface of a small blue planet located inside one of the arms of the Milky Way galaxy, how do we confirm life is out there? The answer lies in constructing bigger and better telescopes and instruments capable of detecting fainter and more distant objects.

			Since the telescope was first used to explore the heavens in the seventeenth century, optical instruments have grown in size and capability, constantly revealing more about our galaxy and the universe beyond. In 1924, astronomer Edwin Hubble, using the 100-inch telescope at Mount Wilson, announced that all those small smudges of light astronomers were seeing on photographic plates were not nearby solar systems forming but actually distant galaxies like our own Milky Way. Suddenly the universe became much larger than anyone had ever imagined.

			Modern technology has opened doors to reveal new discoveries like dark matter, the mystifying force called dark energy, and the confirmation of Earthlike planets orbiting nearby stars. Now the grandest exploration of our galaxy is about to begin. Soon, four new observatories will peer into the Milky Way, probing the secrets of the heavens. The orbiting James Webb Space Telescope (JWST), developed by NASA and its international partners, will launch in 2020. The JWST carries sophisticated infrared cameras capable of penetrating through dust clouds, deep into the core of the Milky Way to reveal new solar systems in the process of forming and provide more details on the massive black holes located there. Within the next decade, three more advanced, ground-based observatories— the Giant Magellan Telescope, the Thirty Meter Telescope, and the Extremely Large Telescope—will begin systematic hunts for life in our galaxy. Analyzing the atmospheres of distant worlds may lead to the first confirmation that we are not alone. This clearly is the next giant leap in our understanding of who we are and how we Earthlings fit in with the rest of the cosmos. No doubt about it: our Milky Way galaxy will remain a fascinating and mysterious place to explore for a long time to come.

			
				
					[image: ]
				

			
		

	
		
			THE GREAT NEBULA IN ORION

			STELLAR NURSERY
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			IF YOU LIVE in the northern hemisphere, look toward the south on a cold, clear January night and you will see three bright stars aligned in a perfect row. These stellar all-stars, Mintaka, Alnilam, and Alnitak (from left to right), form the belt of the constellation Orion the Hunter. Above and to the left of Orion’s belt, the colossal orange-red star Betelgeuse (pronounced “Beetle-juice”) shines brightly. Below and to the right of the belt, the sapphire-blue giant star Rigel blazes. Orion the Hunter traverses the eastern horizon in late fall, his left arm raised and wielding a club, his right arm holding a shield to protect him from his fierce opponent, Taurus the Bull. In ancient Greek mythology, Orion was the son of the sea god Poseidon, placed in the heavens after being fatally stung by a scorpion. In J. R. R. Tolkien’s mythologies, he is known as Menelvagor, the “Swordsman of the Sky.” In Spain and throughout Latin America, the stars of Orion’s belt are called the “Three Marys.” The ancient Aztecs knew these stars as the “Fire Drill.” Their appearance in the eastern sky signaled it was time for the New Fire ceremony, a ritual performed long ago to ensure our fragile world would survive another year and not suddenly end. Luckily for us, it appears to have worked!

			Below Orion’s belt, you will find a curved line of stars that extends down, forming his sword. Look toward the center of that line and
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