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Introduction


Did you ever want to experience the microgravity of space? See what’s hiding behind the clouds that shroud the surface of Venus? Learn what happens inside a nebula when a star is born?


If you’ve ever wanted to learn more facts about space, you’re in the right place—and you’re not alone! When I was ten years old and saw pictures of the beautiful ringed planet Saturn, I vowed that someday I would fly to Saturn and ride my bike around those rings. I didn’t want to be an astronomer back then. I wanted to be an adventurer. My ten-year-old self dreamed of visiting far-off lands, and outer space was the farthest thing I could think of.


I became an astronomer instead of an adventurer, but with the facts in this book, I’m still going to take you to newly discovered worlds. Here you’ll find facts about astronomical objects that will make you pause and see the universe in a whole new way. Filled with the accumulated knowledge of thousands of years of watching the skies, you’ll learn all you need to know about what it would be like to watch a Martian sunset, to swirl in Jupiter’s Great Red Spot, and skim the corona of the Sun. Your imagination will soar among the stars, see constellations from different perspectives, fall into a black hole, and more.


Every day my colleagues discover an asteroid in the solar system, a planet in another star system, a star or star cluster in the Milky Way, or even an entire, never-before-seen galaxy in the universe. Even PhD astrophysicists who have studied the universe their entire lives get their minds blown on a regular basis. And that is what makes astronomy such a great adventure. So grab this book and get ready to take a ride around the rings of Saturn and beyond—3-2-1 blast off!




Chapter 1


Orbiting Earth: Tales of Humans (and Nonhumans) in Space


Space travel is not glamorous. Imagine being confined to your cabin on a cruise ship on a long ocean voyage, or traveling for a week in a bus that you can never leave. This will give you an idea of the conditions astronauts endure living in the final frontier. It’s claustrophobic, it’s dirty, and the food is tasteless.


Anyway, you’re weightless, which may seem fun at first, but it can actually cause nausea, sleep problems, sinus congestion, muscle loss, a puffy face, and wild and uncontrollable hair. And that doesn’t even take into consideration the unmentionable bodily fluids that float around you—that you probably don’t want to float around you.


You are rewarded for all this inconvenience and discomfort with one heck of a view. In orbit you would see the entire planet from a satellite’s viewpoint. You’d see a lot of blue: oceans, seas, lakes, and rivers. You could marvel at mountains, islands, as well as manmade wonders. You can watch cities from above and observe how they light up at night. You’d experience enough sunrises and sunsets to last a lifetime. You’d go where few have gone before—aside from a select few astronauts of various ethnicities, a handful of dogs, and some literal guinea pigs. What an adventure!


First let’s look at the telescopic advances that led us to dream of reaching the stars. Then we’ll blast off to orbit the Earth and delve into what living in near weightlessness is like—the good, the bad, and the ugly.


Telescopes and Observatories


Through the Looking Glass


On September 25, 1608, a Dutch spectacle maker named Hans Lipperhey applied for a peculiar patent. About his invention Lipperhey wrote, “All things at a very great distance can be seen as if they were nearby, by looking through glasses . . .” Although lenses and eyeglasses had been manufactured since the fourteenth century, Lipperhey combined two lenses to create the first documented telescope.


Sight Unseen


By 1609, telescopes were on sale in Paris, demonstrated in Germany and Italy, and had attracted the attention of Galileo. After hearing the scantest details about such a device, Galileo made his own telescope in less than twenty-four hours. Galileo greatly improved on the design and began pointing the scope skyward. He documented the craters of the Moon, the phases of Venus, the moons of Jupiter, and even spots on the Sun. He then observed never-before-seen stars and published his observations.


Monster Telescopes


The larger the telescope, the better the view. And so a new generation of astronomers began making their telescopes bigger—some reaching gigantic proportions. In the mid-1600s, Dutch astronomer Christiaan Huygens worked with his brother Constantijn to construct a tubeless telescope in which the two lenses were separated by 123 feet. Polish astronomer Johannes Hevelius topped that with a 150-foot-long monstrosity that he claimed was easy to use (with the help of a crew of assistants operating the ropes and pulleys).


As Big As They Come


The use of the lenses that gave refracting telescopes their name also meant that they had a limited size. If the lenses were too large, their weight could not be adequately supported. The largest refractor in the world is forty inches in diameter and is still used at the Yerkes Observatory on Geneva Lake in Williams Bay, Wisconsin.


Let’s Reflect


English scientist Isaac Newton revolutionized telescope design by producing the first usable reflecting telescope in 1668. Instead of using lenses, Newton positioned two mirrors to reflect the image into the glass eyepiece. The design made telescopes more compact and had no size limit.


More Power!


In the eighteenth century, English astronomer William Herschel constructed a twenty-foot-long reflector and then a forty footer, which looked like huge cannons mounted on pivoting scaffolding. The diameter of the objective (the lens or mirror) is the biggest factor in a telescope’s power. After Herschel’s designs, telescopes were then measured by their diameter, not their length. Astronomer William Parsons (also known as the 3rd Earl of Rosse) constructed a massive scope in Ireland dubbed “The Leviathan of Parsonstown,” which had a whopping seventy-two-inch-diameter mirror in 1845.


Dropping the Ball


In the nineteenth and twentieth centuries, observatories used to be the official timekeepers for cities. To better inform the public, observatories set up time balls that they would drop at noon each day. People could look up and see the ball drop and know what time it was. Starting in 1907, New Yorkers made a ball, very similar to those used by observatories, with one addition: lights. On New Year’s Eve 1907, they dropped the ball in Times Square, and it has been a tradition ever since.


Bigger and Better


Some modern optical telescopes use a series of segmented mirrors to gather light from the cosmos. The twin Keck telescopes perched atop Mauna Kea, Hawaii, employ thirty-six hexagonal mirrors that measure, in total, 394 inches across. Although larger telescopes are being developed, the Gran Telescopio Canarias located in the Canary Islands can gather the most light with an aperture of 409 inches.


On Another Wavelength


Some telescopes capture wavelengths of energy beyond visible light such as microwave, ultraviolet, and infrared light. The largest telescopes pick up sources of radio waves with large parabolic dishes. The Arecibo telescope utilizes a 1,001-foot dish that is built into a depression in the mountains of Puerto Rico. Although its dish is smaller than Arecibo’s, the Green Bank Telescope (GBT) in West Virginia is the largest movable object on land. Weighing about 8,500 tons, the GBT can point to almost any object above the adjacent Appalachian Mountains.


Small but Special


The Hubble Space Telescope (HST) is a small telescope by comparison—its mirror is only ninety-four inches in diameter—but it is still performing some magical feats of imagery. Launched in 1990, HST does not have to worry about clouds, fog, rain, or pollution since it orbits 150 miles above Earth. From its lofty perch above, HST’s mirror and cameras have peered to the farthest reaches of the universe.


Up, Up, and Away!


NASA Knows Space


NASA stands for the National Aeronautics and Space Administration. Formed in 1958, this government agency coordinates and runs manned and unmanned space missions and aerospace research in America.


Where Does “Space” Begin?


While it’s tough to say exactly where Earth’s atmosphere ends and outer space begins, American astronauts consider anything beyond sixty-two miles from Earth as “space.” For reference, commercial jets fly no more than ten miles up. Sorry frequent fliers, you haven’t quite been into space.


Short Ride Up


If you blasted off from Earth in a rocket designed for manned missions, you’d reach space in about two minutes and thirty seconds. If you cut the engines off at that point, you still wouldn’t be going fast enough to circle Earth, and you’d fall back to Earth in pretty short order.


Zero to Sixty in 1.75 Seconds


To orbit Earth, a spacecraft must reach a speed of at least 17,400 miles per hour. It would take you about eight and a half minutes to achieve the proper altitude and velocity. Think about that: going from 0 to 17,400 miles per hour in 510 seconds. That means you would accelerate 60 miles per hour every 1.75 seconds.


Sit Back and Relax


During launch, astronauts lie back in their chairs in order to absorb the tremendous forces caused by this acceleration. This force, called g-force, is expressed with respect to the gravity of Earth, with 1 g being the normal gravitational force you feel on Earth. Astronauts typically experience 3 gs during takeoff, which makes their bodies feel three times heavier than normal. Their reclined takeoff position is called “eyeballs in” because it feels like their eyeballs are going into their heads.


Nearly Weightless


Once a spacecraft achieves its orbit around Earth, the engines shut off and you become weightless—well, almost. You are actually in microgravity, or where g-forces are almost zero. You are still being pulled toward Earth and you are in constant freefall. However, you are traveling so fast around Earth that you never hit the ground. Essentially, you keep falling and missing Earth.


Cosmic Road Trip


The International Space Station (ISS) orbits between 205 and 255 miles above Earth, which is roughly the driving distance from Cleveland to Cincinnati, Ohio. The trip is so short that astronauts probably don’t have to ask, “Are we there yet?”


Animals in Space


Fearless, Four-Legged Flyers


Who was first in space? John Glenn? Alan Shepard? Yuri Gagarin? Nope. Laika, a dog. Before any human reached the final frontier, a troop of animal astronauts in the 1950s and 1960s pioneered space flight. Dogs, rats, mice, monkeys, turtles, and guinea pigs led the way. The first astronauts walked on four legs—and most of them were Russian.


Ups . . . and Downs


In the 1950s, the Soviet Union had a clear edge in the space race. Between 1951 and 1960, the Soviets launched more than a dozen high-altitude test flights with animals as passengers. These rockets flew suborbital missions—meaning they made it into space but fell right down again without circling the globe.


Frequent Faller


The most well-traveled suborbital passenger (who never circled the globe) was the dog Otvazhnaya—“Brave One” in Russian—who made five successful flights between 1959 and 1960. She shared one of the flights with another dog named Snezhinka (Snowflake) and a rabbit named Marfusha (Little Martha).


Space Strays


Russian scientists preferred working with dogs in their space missions. They rounded up small, female stray dogs from Moscow streets and brought them to the research center for training. One minute these dogs were wandering the alleys of Moscow, and the next they were on their way to the stars.


Dogonauts


The Soviets believed that dogs were better suited for space flight than other animals. They had the ability to endure extensive periods of inactivity in an enclosed space—a must for all space travelers even today. And while in flight, a dog could wear a pressurized suit and helmet.


No Fire Hydrant Needed


The Soviets preferred to send female dogs to space due to their ability to urinate in any position. Engineers actually designed spacesuits specifically for female canines, and there was no room in the cabins for the dogs to raise one leg.


Laika’s Tragic Fate


On November 3, 1957, the Soviets launched Sputnik 2, which carried the first passenger into space. Space dog Laika (“Barker” in Russian) captured the attention of people around the world. Some American newspapers reported that “Prayers were said for the dog and people were asked to observe a minute’s silence each day ‘with special thoughts for her early and safe return to Earth.’” Unfortunately, Soviet scientists failed to make any provisions for Laika’s safe return. She orbited Earth only a few times before the cabin became overheated and she died. On April 14, 1958, the spacecraft fell into Earth’s atmosphere and burned up.


Animal Rights on Earth


The safety of the early Soviet missions was highly questionable. Out of thirteen dogs sent into space, five never returned. In particular, Laika’s mission to space sparked a renewed debate in Russia, America, and around the world regarding the ethical treatment of animals in scientific research.


Interstellar Regret


In 1998, Oleg Gazenko, the former Soviet scientist from the animals-in-space program, expressed regret regarding the fact that space dog Laika died in space. During a Moscow news conference he said, “The more time passes, the more I’m sorry about it. We shouldn’t have done it. . . . We did not learn enough from this mission to justify the death of the dog.”


They Stuck the Landing


The first truly successful space mission was Sputnik 5. Two dogs, named Belka and Strelka, made the arduous journey along with forty mice, two rats, and a variety of plants. The crowded spacecraft completed eighteen orbits of Earth and returned all creatures safely to Earth. Strelka later gave birth to six healthy puppies—one of which was given to President John F. Kennedy as a token of friendship.


High-Flying Hounds


The record for canine courage and stray-dog stamina belongs to Veterok (Little Wind) and Ugolyok (Coal). This pair remained in space for twenty-two days—a record that lasted until NASA’s 1973 Skylab 2 mission.


The Zoo above the Moon


In 1968, a Soviet spacecraft named Zond 5 carried turtles, flies, mealworms, and bacteria on a seven-day trip around the Moon, three months before humans tried it. After Zond’s splashdown in the Indian Ocean, all living creatures were safely recovered. Although the turtles lost 10 percent of their body weight, they soon returned to normal turtle existence on Earth.


Monkeynauts


While the Soviets preferred to use dogs in their space missions, the Americans sent monkeys to test outer space. The majority of these flights were suborbital, meaning the rockets just shot up to around 300 miles and fell back to the ocean without circling the globe. They were not much more successful than the Soviet attempts. Four out of ten primates died during these missions in the 1960s.


Flotation Fatality


The first monkeynaut was a squirrel monkey named Gordo who flew atop a Jupiter rocket in 1958. Gordo survived the flight and the splashdown into the Atlantic Ocean. Unfortunately, the craft’s flotation devices did not engage, and neither Gordo nor the spaceship were recovered.


Primal Primates


Primates named Able, Miss Baker, Sam, Miss Sam, and Ham made successful suborbital flights in 1959 and 1960. But it wasn’t until November 1961 that an American animal orbited Earth. Enos the chimp made two orbits of Earth as the prelude to John Glenn’s flight three months later.


Humans in Space


Soviet Superstar


On April 12, 1961, Soviet cosmonaut Yuri Gagarin became the first person in space and the first person to orbit Earth. Every year on April 12 is Yuri’s Night, when people around the world celebrate this achievement and throw space parties in his honor.


Phone Home


Just before liftoff, Soviet cosmonaut Yuri Gagarin exclaimed, “Поехали!,” which translates as “Let’s go!” When he landed in a field more than 100 miles off target, the first people he saw were a farmer and daughter. Wearing a bright orange spacesuit and dragging his parachute behind him, Gagarin had to reassure them that he was their comrade and said, “I am a Soviet citizen like you, who has descended from space and I must find a telephone to call Moscow!”


Seniors in Space


When John Glenn was forty years old, he was the first American to orbit Earth, in the Friendship 7 capsule. When he flew again aboard the space shuttle Discovery in 1998 at the age of seventy-seven, he became the oldest person to orbit Earth. On his first trip to space, upon first feeling the effects of weightlessness, he said, “Zero G, and I feel fine.”


Not Made for Walking


When astronauts in space put on a spacesuit and leave their craft, it’s called an extravehicular activity (EVA). It’s more commonly referred to as a “space walk,” although without any ground under your feet you wouldn’t do much walking.


Space Walk Snafu


The first EVA was performed by Soviet cosmonaut Alexey Leonov in 1965. Connected by a tether, Leonov left his Voskhod 2 spacecraft and floated outside for twelve minutes. He had trouble getting back inside Voskhod 2 however when his suit greatly inflated. He didn’t fit! Leonov had to depressurize his suit so that he could move his arms and finally reach safety. During the EVA, Leonov perspired so profusely inside the suit that he described being up to his knees in sweat.


Unhappy Landing


Due to their bulky spacesuits, the crew of Voskhod 2, Leonov and his commander Pavel Belyayev, could not settle into their seats before landing. This threw off the center of mass of the spacecraft, which then entered Earth’s atmosphere off course. The cosmonauts landed in an uninhabited forest and had to spend one night in their capsule and another in a hut they built with skiers who came to rescue them before catching a helicopter ride back home.


Be Prepared


The cosmonauts onboard Voskhod 2 had a pistol and ammunition. The crew reported finding this very reassuring since they were likely to come into contact with bears or wolves—denizens of the taiga forest in which they landed.


Stowaway Sandwich


American astronaut John Young tucked a corned-beef sandwich into his spacesuit and smuggled it aboard his 1965 Gemini 3 mission. He and his crewmate, Gus Grissom, enjoyed a few bites instead of their normal space food. Young was mildly disciplined by NASA officials for the contraband sandwich when he got back home.


Jingle Bell Jokes


There was eerie music coming from the Gemini 6A spacecraft. Command pilot Wally Schirra produced a harmonica that he stowed onboard. After claiming that the sounds came from a UFO, Schirra proceeded to play “Jingle Bells” on the harmonica. This seemed appropriate since the Gemini 6A mission happened in December 1965.


Lightning Strikes Twice


In 1969, as the Saturn V rocket carrying the Apollo 12 crew blasted into space, it was struck by lightning—twice. Despite the damage this caused to fuel cells and guidance systems, NASA determined that the spacecraft was good to go. And indeed it was! The spacecraft went on to the Moon and then returned the three crewmates safely to Earth.


Space Is Like a Box of Chocolates


In 1978, while traveling to the Salyut 6 space station, Soviet cosmonaut Aleksandr Ivanchenkov found a box of chocolates that his wife smuggled onboard. When he opened the box, chocolates flew everywhere. It took him two hours to collect (and/or eat) them all.


Nearly Drowned in Space


Italian astronaut Luca Parmitano nearly drowned during his space walk in 2013. He felt cold water inside of his suit, and soon it started filling his helmet. Parmitano did not panic but made it safely back inside the ship. NASA is still not sure what went wrong to cause his suit to malfunction like it did.


Wrong Number


The International Space Station (ISS) has a phone. In 2015, British astronaut Tim Peake used it but unfortunately dialed the wrong number. When he asked, “Hello, is this planet Earth?” the woman on the other end of the line assumed it was a prank call. On another occasion, Peake tried calling his parents from the ISS but just missed them. He had to leave a message on their answering machine.


Space Station Vacancy: Astronauts Wanted


There have been many orbiting space stations prior to the ISS. The first one was the Salyut 1 launched by the Soviet Union that circled Earth for 175 days. The American space station, Skylab, orbited for over 2,000 days but was only occupied for 171 of them.


Mir Circles the World


The Mir space station launched in 1986, before the fall of the Soviet Union, but Russia maintained it through 2001 when it fell back to Earth. Cosmonauts occupied Mir for more than 4,500 days.


Does This Thing Have a Guest Room?


The ISS was a joint effort between the United States, Russia, and several other countries. It went up into space, piece by piece, starting in 1998. It now weighs more than 900,000 pounds and is 239 feet wide, 356 feet long, and 66 feet tall. Six crew members can live there at a time, but there is enough room to entertain guests (and the replacement crew).


Sunrise, Sunset


Traveling at more than 17,000 miles per hour, the ISS circles the entire planet in a little over ninety minutes. That means every ninety minutes the astronauts experience a sunrise—and in between witness just as many sunsets.


Exclusive Accommodations


In 2011, China made its own space station named Tiangong-1. Until now, Tiangong-1 has only been occupied for short periods of time. This is the first phase and first module of a larger, planned space station that will hold a crew of three starting around 2020.


Short-Sleeve Environment


In spite of the coldness of space and heat of solar radiation, the temperature in the cabins of manned spacecraft is kept around 70°F. When a craft is bathed in sunshine, the cabin must be cooled. But at night, you’ll need the heaters.


The Untwinkling Stars


Astronauts can see the stars by day or night, but from above Earth’s atmosphere, sunlight does not scatter and stars do not twinkle. They appear instead as pinpoints of unwavering light.


A Familiar Sky


Astronauts are not significantly closer to the stars. Since they are only a few hundred miles above Earth, and stars are trillions of miles away, the stars look the same size. Additionally, astronauts see the exact same star patterns and constellations that you see from Earth.


No One Can Hear You Scream


There is no air in space and therefore no sound. You can only hear astronauts talking through their communication devices because they are in air-filled spacesuits. Sci-fi action movies would be a lot less thrilling if they accurately portrayed soundless laser battles and explosions.


You Must Be This Tall to Ride This Rocket


At six feet four inches, Jim Wetherbee was the tallest person to fly in space. Nancy Currie was the shortest at five feet tall. American astronauts must be between fifty-eight-and-a-half and seventy-six inches tall to fly in a NASA mission.


The Shorter They Are . . .


Soviet cosmonaut, and first person in space, Yuri Gagarin stood five feet two inches tall. For long space missions, shorter astronauts might have a distinct advantage. They take up less space, consume less food, and expel less waste.


When You Gotta Go


It’s a fact that space toilets are not fun to use. With no “down” in space, no strong pull of gravity, how do you keep things you don’t want to see again from floating with you? One word: vacuums.
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