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Good morning, my young friends! I’m Professor Jennings, a certified expert on everything and, luckily for you, your personal guide on your journey to becoming a Junior Genius. Everyone can become a Junior Genius, if they’re interested in the world around them. Semper quaerens, that’s our motto. “Always curious.”

If you’re like me (and, obviously, you at least wish you were) you sometimes look up at the night sky and ponder the mysteries of the cosmos. How did the universe begin? Is there life on other planets? What lies in the dark heart of our galaxy? How do people go to the bathroom in space? Today we’re going to tackle those very questions by peering into the farthest reaches of outer space. The only telescopes you will need are my nearly limitless knowledge and your own imagination.
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At the beginning of every Junior Genius book, we recommit ourselves to the pursuit of knowledge by saying the Junior Genius Pledge. Please rise, face this drawing of Albert Einstein, and place your right index finger to your temple. Repeat after me:
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With all my fellow Junior Geniuses, I solemnly pledge to quest after questions, to angle for answers, to seek out, and to soak up. I will hunger and thirst for knowledge my whole life through, and I dedicate my discoveries to all humankind, with trivia not for just us but for all.

We’re headed for space, Junior Geniuses. T-minus one page. Prepare for liftoff.
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Our Mr. Sun

Have you ever complained about the Sun, Junior Geniuses?

“It’s too hot today!”

“Ugh, that’s bright.”

“No more sunscreen, Mom!”
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Well, after today’s lesson, I never want to hear you bad-mouth the Sun again! The only reason that life can exist on Earth at all, everything from figs to walruses to TV repairmen, is because of the light and warmth we get from our nearest star.

This is the Sun.
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Wait, that’s not right. Why would the Sun need to wear sunglasses? Think about it; how would that help? Let’s try that again.
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No Crayons Allowed

Please don’t color this drawing with a yellow crayon, Junior Geniuses. Not only would that deface this fine book, it would also be scientifically inaccurate! Sunlight only looks yellow to us because we’re seeing it through our atmosphere. From space the Sun is perfectly white!
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When you look at the Sun—wait, hold on. Public service announcement:
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The light is so intense it can literally cook the retinas in your eyes. To observe the Sun, glance and then look away. Don’t stare. There are health faddists called “sungazers” who claim they get all their nutrition from staring at the Sun a few minutes a day. But that really doesn’t work, so please don’t try this.
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Okay. When you briefly glance at the Sun, you’re actually looking back in time! Sunlight travels at the speed of light, which means it takes an average of eight minutes and twenty seconds for it to reach the Earth. So the Sun outside your window isn’t actually where you think it is. By the time you see it, the real Sun has moved forward two Sun-diameters in the sky.
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But we’re going to travel back in time even further: not eight and a half minutes but 4.5 billion years! That’s when the story of our solar system begins.

A Star Is Born
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Over 4 billion years ago a nebula—a gigantic space-cloud of gas—collapsed on itself, possibly due to the shock wave from a nearby exploding star. As it shrank, the whirling cloud began to spin faster and faster and grow hotter and hotter. It flattened into a big pizza-shaped thing called a protoplanetary disk, and soon thereafter (just 50 million years—that’s “soon” in cosmic terms!) the middle of the disk got hot enough to light its nuclear furnace. The Sun was born!
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A lot of the leftover dust and gas spinning around the new baby Sun began to clump together, which is how planets form. But these weren’t the planets we know today! There were probably hundreds of little planets zooming around and smashing into each other, until they merged into bigger ones. Others collided at such high speeds (due to the immense gravity of big planets like Jupiter and Saturn) that they shattered into tiny chunks called asteroids.

Today, just eight main planets survive, most of which we’ve named for different gods of Roman mythology.
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Pop Quiz!

Since classical times, we’ve used special symbols to refer to the planets and most refer to mythology. The Venus symbol, [image: Images], looks like a mirror, because she was the goddess of beauty. Mars looks like a spear and shield, [image: Images], because he was the god of war. What is the Neptune symbol, [image: Images], supposed to be?
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Spaceballs

But that diagram isn’t quite accurate, because the solar system is much, much bigger than we can draw in a book. The Sun is massively bigger than everything else, for one thing. It accounts for 99.8 percent of the mass of the solar system! (Jupiter is most of the rest.)
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The distances between planets are even harder to imagine. Let’s pretend that a superpowerful alien has somehow shrunk the eight planets of our solar system to fit inside a baseball stadium. (This alien is apparently a big baseball fan.) The solar system is so big that our massive Sun would be the size of a golf ball, sitting at home plate! At this scale, Mercury is a dust speck in the batter’s box, while Venus and Earth are grains of sand near the edge of the home plate circle. Mars is another dust speck one-third of the way to the pitcher’s mound. Jupiter and Saturn are the sizes of apple seeds, with Jupiter sitting just past the pitcher’s mound and Saturn at second base. Uranus is a pinhead near one of the foul poles, and Neptune is a pinhead at the fence in deep center field. (Pluto got kicked out of the ballpark in 2006 for arguing with the umpires. Hit the showers, Pluto.)
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Here’s the bottom line, Junior Geniuses: Space is incredibly big. Our little solar system by itself—our own tiny neighborhood in a vast galaxy—is so big that it fries even my amazing brain when I try to think about it.


Junior Genius Joviality!

Ask a grown-up how far it’s possible to see on a clear day. I guarantee they will guess low! The correct answer, as long as you can see the Sun, is “93 million miles.” That’s also known as one “astronomical unit”—the distance from the Earth to the Sun.



Whirled News

Today we take it for granted that the planets of the solar system spin around the Sun, but for most of history people have assumed that the Earth was the center of the universe! Five hundred years ago heliocentrism (“hee-lee-oh-SENT-rizz-um”), or the idea that the Sun was the center of things, was so controversial that people who believed it could be put on trial. The great astronomer Galileo spent the last ten years of his life under house arrest for insisting it was the Earth that moved around the Sun, not the other way around.
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But—sorry, Galileo!—that doesn’t mean the Sun is the exact center of the solar system! Gravity works both ways, Junior Geniuses. The Sun tugs on each planet—take Jupiter for instance—in a big way, because the sun is so massive. But, at the same time, Jupiter is tugging on the Sun in a small way. Instead of saying that Jupiter orbits the Sun, it’s more accurate to say that they both orbit a third point, called a barycenter, which is about thirty thousand miles above the surface of the Sun.
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Are You Sitting Still?
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The Earth is moving at a pretty good clip right now: spinning on its axis at 1,000 miles per hour and whirling around the Sun at 66,000 miles per hour. But don’t forget that the Sun is moving too, spinning around the Milky Way like a giant pinwheel at about 483,000 miles per hour. And today scientists can use leftover radiation from the Big Bang to measure how fast our whole galaxy is moving through the universe: 1.3 million miles per hour!

We don’t feel any of this motion, of course, because everything around us is moving at the exact same speed we are. But the next time a grown-up says, “Have you been sitting in that chair all day? Get up and get some exercise!” tell them you’ve already covered a few million miles today, and you’re pooped!



All Systems Glow

But let’s take a close-up look at the Sun. (NOTE: AGAIN, DO NOT TAKE A REAL CLOSE-UP LOOK AT THE SUN. IT IS VERY BRIGHT.) Luckily, Mr. Sun produces a lot of energy, or we would be very cold right now and bumping into things all the time. But where does that energy come from?
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At the middle of the Sun is a very dense core, where the pressure gets pretty intense—over one hundred times what it is at the bottom of Earth’s oceans, in fact. All that gravity pushes atoms together with a pressure of one hundred tons per square inch, enough to crush atoms into each other. Hydrogen atoms fuse together to form helium atoms, and that process produces the energy that powers the Sun.


Lighter than Air

Helium is the second most common element in the universe (after hydrogen), but it went undiscovered until 1868, when astronomers spotted the wavelength of a new element in the sunlight emitting from an eclipse. Earth has large underground deposits of helium gas, but the element was discovered millions of miles away on the Sun almost thirty years before it was discovered right here under our feet!
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The fusion in the Sun’s core produces little energy particles called photons—but they don’t radiate out into space right away. In fact, they bounce around inside the Sun for thousands of years before making their way to the surface.

So the sunlight you see in the sky today might have been born in the Sun’s core as much as 170,000 years ago!
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All that fusion produces a lot of energy. In fact, the Sun produces the equivalent of 77 trillion atomic bombs—every second. If we could somehow collect just one second’s worth of that energy, it could power human civilization for the next half a million years!
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Despite all that, the weird thing about the surface of the Sun is that it’s not very hot. Well, okay, it’s almost ten thousand degrees Fahrenheit, which is pretty hot for, say, a bowl of ramen. But it’s not that hot on a cosmic scale. Right here on Earth, a bolt of lightning is five times hotter than the surface of the Sun, which doesn’t seem right. The temperature at the core of the sun is 27 million degrees Fahrenheit, while its outermost layer, the corona, is 3.5 million degrees Fahrenheit. So why is the bright photosphere so much chillier than the dark corona?
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For many years scientists were baffled, but a new discovery may partly explain the problem. We now know that, believe it or not, there are thousands of giant magnetic tornadoes swirling around the upper levels of the Sun at speeds greater than six thousand miles an hour. Some are the size of the United States! These twisters pull heat from the inner layers of the Sun and inject it out into the corona.

Fun on the Sun

Giant megatornadoes aren’t the only thing the surface of the Sun has going for it. In fact, there’s a lot to see on the Sun. (NOTE: AGAIN, DO NOT TRY TO SEE THINGS ON THE SUN. IT IS DANGEROUSLY BIG AND SHINY.)

DO NOT LOOK AT THE SUN!
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SOLAR PROMINENCES

What are they? Huge loops of gas that surge out into space and can hang around for weeks or even months.

Cool, but why should I care? Because they’re huge! The biggest ones on record extended half a million miles into space.
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SUNSPOTS

What are they? Dark, cool dots on the Sun’s surface caused by magnetism. They come and go in an eleven-year cycle.

Cool, but why should I care? They may have helped cause an ice age! In the late seventeenth century, a period of low sunspot activity called the Maunder Minimum corresponded with a period of bitterly cold weather.
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SOLAR WIND

What is it? A constant stream of invisible but electrically charged particles the Sun releases in all directions.

Cool, but why should I care? It could interrupt your cartoons. Strong solar wind can mess up radio and TV signals. It also causes the auroras that shine in the sky over the North and South Poles.
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