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The mystery of space


Have you ever been outside on a cloudless night, somewhere with no electric lights and where the only light is from the Moon and the stars? When you look at the sky in a place like that, it is hard to believe how many stars you are able to see. You can see even more if there is no Moon shining. That’s because most stars are so faint you can only see them in total darkness.


In the past, when there were no electric lights, people saw the stars every cloudless night. People wondered what stars were and why the Moon changed shape and position, and when the next full moon would be. They also wondered why the Sun traveled across the sky during the day, why days were sometimes short and sometimes long, and why there were seasons. They wanted to know when to plant their crops or when the next rains would come.


At first, people answered these questions by telling stories. The ancient Greeks thought that the Sun was the god Apollo. Every day he rode a chariot pulled by fiery horses across the sky to bring light to the world. For the Egyptians, it was the Sun god, Ra, who sailed a ship across the sky. Each night he sailed it through the underworld, where the dead go, and then he was reborn each morning. There were stories to explain everything, from seasons, to eclipses, to how the world was created.


Star watchers


Then people began to study the stars. They watched and recorded how the stars and the Moon changed over time. They realized that there were patterns: that there were about 29 days from one full moon to the next (that became the length of our month) and that the patterns of the stars and the position of the Sun took 365 days to come back to where they started (that became our year). About 12 months fitted into each year but not exactly, so our calendar has been tweaked through history with different numbers of days in a month and leap years to make it all add up.


These star watchers, some living thousands of years ago, were incredibly clever and were even able to work out when solar eclipses would happen and the world would go dark (which was terrifying for them). But they believed that Earth was the center of the universe and that the Sun and the planets revolved around it. They also believed that the stars and planets had magic powers to control our lives.


Some of these star watchers were much more scientific and didn’t believe in this magic power. They were known as astronomers. They wanted to know how the universe worked. Copernicus was the astronomer who eventually pointed out that the idea of everything revolving around Earth just didn’t fit with what he could see happening in space. It was the Sun that was at the center of our Solar System.


Then an Italian scientist called Galileo Galilei built a telescope to study the stars. For the first time Jupiter’s moons were visible from Earth. He used his observations to show that Copernicus was right and the planets did revolve around the Sun. Later, an English scientist, Isaac Newton, came up with important ideas about forces and how things move, including how gravity keeps planets in orbit around the Sun. Modern astronomy began to develop and, as the questions kept getting harder to answer, so telescopes got bigger and more complicated.


People became more and more interested in the idea of space travel and in 1957 the first rocket was launched to send a satellite into space. Shortly afterward, a Russian dog, named Laika, took off in a rocket and orbited Earth. Then, in 1969, two men walked on the Moon. Unmanned space travel has developed hugely since then and spacecraft have been sent way out to the edges of our Solar System to send back information. Also, for the past 20 years the International Space Station has been orbiting Earth with scientists onboard learning about space and what lies beyond our planet. Computer technology has also helped to make sense of all the information that is beaming back to Earth.


Some discoveries and ideas about space are very difficult to understand, but the best place to begin is at the beginning and to think about all the questions people first asked about our planet and the stars beyond. This book will try to answer these questions and uses fun, practical activities to help you understand some of the science behind the answers.


Become an astronomer


Step 1


Go outside at various times on a sunny day and think about these questions. Never look directly at the Sun—you will damage your eyes.




	What is the Sun?


	Why does the Sun change position in the sky?


	What time does the Sun rise/set? Why does this change through the year?


	At sunset, how long does it take for the Sun to disappear?


	In what compass direction does the Sun rise/set?


	How does a compass work?


	How hot is it? Why is the Sun hot?


	What season is it? Why do seasons change?


	Why do we get wind and clouds?


	Why is the sky blue?


	What is above your head if you keep going up?


	What is beneath your feet if you keep going down?


	Why do things fall when you drop them?


	Why is there life on planet Earth?


	Do aliens exist?





Step 2


On a cloudless night, ask an adult if you can go outside and look at the sky. This is easier in the winter when it gets dark earlier. Take a flashlight (torch), so you don’t trip. If you have to go beyond your backyard, you will need an adult to go with you. Get as far away from streetlights or other lights as you can. Stay outside for at least half an hour to let your eyes get used to the dark and keep watching the sky. Use binoculars or a telescope if you have them. Think about the following questions:




	Why do we get day and night?


	Can you see the Moon? Why does the Moon change shape?


	What are the shadows on the Moon?


	Why can’t we always see the Moon?


	Why doesn’t the Moon fall down to Earth?


	How many stars can you see?


	How can you tell if a star is really a planet?


	Is it possible to spot all the planets?


	How far away are stars?


	Can you see patterns of stars in the sky?


	Why are some stars brighter and some different colors?


	Why is there a long patch of mistiness across the sky?


	Did you see a shooting star? What is a shooting star?


	Is it possible to see a black hole?





Now use the book and activities to find the answers to these questions!
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Chapter 1


The Sun and Earth


THE QUESTIONS THIS CHAPTER ANSWERS:


What is the Sun?


Why do we get day and night?


Why does the Sun change position in the sky?


At sunset, how long does it take for the Sun to disappear?


In which compass direction does the Sun rise and set?


What is the Sun?


The Sun is our own personal star. It is like billions of other stars in the universe, but it is the only one close enough for us to feel its heat. All the other stars are much too far away for us to see as anything more than pin pricks of light in the sky. But what is a star? It is a massive ball of hydrogen gas which gets squeezed together at its center to make a new gas called helium (the gas you get in birthday balloons). This process is called nuclear fusion and it releases huge amounts of energy into space. Some of the energy we see as light, some we feel as heat, and some is other forms of radiation that scientists have found out about (see page 92).


We can start to use words like huge, massive, or vast for the size of the Sun and the amounts of energy it throws out into space, but the numbers are so big that the words don’t help us imagine it. A million Earths could fit into the Sun. The temperature at its center is 27 million °F (15 million °C). The Sun is so distant (150 million kilometers/93 million miles away) that it takes light eight minutes to travel from the Sun to Earth.


Don’t worry too much about the numbers. It’s more important to understand how the Sun affects our Solar System. Earth is one of eight roughly spherical (ball-shaped) planets which, together with countless other small objects, circle the Sun. They are held in these paths, called orbits, by the Sun’s gravity (the force that pulls objects toward each other). Because it is so massive, the Sun has an enormous power to hold everything in orbit around it (see page 80).




[image: ]


The Sun is our own personal star—a massive ball of exploding gases whose temperature reaches 27 million °F (15 million °C) at its center.





Why do we get day and night?


Everything in the universe is turning. Planets move around the Sun, but each of the planets and the Sun itself also spin around an axis. An axis is an imaginary stick that goes through the middle, like a wire through a round bead. The ends of the stick are called the poles. On Earth these are called the North Pole and the South Pole. The widest part in the middle of the ball is called the Equator. The Sun spins around its axis about once every 26 days but as we can’t look at it without special equipment, we can’t easily see it turning!


More importantly for us, Earth spins quite fast on its axis. When your part of Earth turns to face the Sun, that is your daytime. It is light and warm and plants can grow. When it turns away, darkness falls and you have night. Without light and warmth most plants can’t grow and most animals can’t live. For life, the fast turn of Earth is important.


A long time ago, astronomers decided to divide the time it takes for Earth to turn once on its axis into 24 hours—they could easily have decided on another number. In the past, it didn’t matter much how many hours there were in a day because people didn’t have clocks. They knew it was the middle of the day when the Sun was at its highest point in the sky. Bedtime was when it got dark because most people couldn’t afford candles.


If you keep checking the position of the Sun in the sky, it may seem as if the Sun is moving, but it’s not. It is you that is moving because you are standing on the spinning Earth. It’s like looking out of a car window. Everything is flashing past. It seems to be moving, but it isn’t. Everything in the car seems to be still because it’s all moving at the same speed as you are. Anyone standing on Earth’s equator is actually moving at 1,600 kilometers per hour (1,000 miles per hour). You can’t tell you’re moving because Earth is so enormous and everything around you is moving at the same speed as you. If you watch a sunset, the Sun seems to disappear from view quite quickly. That gives you some idea of how fast Earth is turning.
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Looking at Earth from space, you can see the clear divide between light and darkness, day and night.





If you were to visit other planets, you would still have day and night, but they could be much longer or shorter than our days on Earth. It all depends on how quickly the planet turns on its axis. Mercury takes 1,408 hours to turn on its axis (nearly 59 earth days) whereas Jupiter zooms round in only ten hours!




What’s a Million?


When we talk about space we toss around words like millions and billions without really understanding what they mean. This activity will help you understand just how big a million is. A team of people cutting out makes this activity quicker. Get some friends or your brothers and sisters to help!


You will need


30 sheets of letter size (A4) graph paper marked with 1mm squares


Pencil


Ruler


Sticky tape


Scissors


1 Look carefully at the graph paper and you will see that it is marked with tiny squares, but also bigger squares outlined in bold. Each side of the bigger squares is ten tiny squares long. Ten rows of 10 squares makes a hundred, so there are a hundred tiny squares in each bold square.


10 x 10 = 100


2 Now count along a row of ten of the bold squares and draw a line at the end. In this row you have ten lots of a hundred tiny squares, which is a thousand tiny squares.


10 x 100 = 1,000


3 Count down ten rows and draw a line under the tenth row. You now have a bigger square. Ten rows of a thousand tiny squares is ten thousand tiny squares. Cut out the bigger square.


10 x 1,000 = 10,000
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4 Now cut out ten of these big squares and stick them together with sticky tape to make a long row. Ten times ten thousand is a hundred thousand tiny squares.


10 x 10,000 = 100,000
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5 Now if you are patient and determined enough, make nine more rows like this. Stick them all together to make one huge square. Ten times one hundred thousand is one million!


10 x 100,000 = 1,000,000


You have put together a million tiny squares!


Now imagine each of those tiny squares is as big as Earth but all squished together into a ball. That’s how big the Sun is.


You would need a thousand of these million-square sheets to make a billion. Line them up and the line would be one kilometer long (about two-thirds of a mile)!




Make a Sundial


Sundials were the first clocks. On a sundial, a stick called a gnomon blocks the rays of the Sun (which have traveled 150 million kilometers/93 million miles to Earth) and makes a shadow line. As Earth rotates (and the Sun appears to move across the sky), light hits the gnomon from different angles and the shadow changes direction and length. Mark the shadows and you have a clock!
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You will need


A sunny day!


Paper plate


Sharp scissors with pointy ends


Marker pen


Ruler


Modeling clay


Paper drinking straw


Piece of board or a heavy tray


Sticky tack


Sticky tape


Cell phone (mobile phone) or accurate alarm clock
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1 Carefully make a small hole through the center of the plate with the point of your scissors.
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2 Turn the plate upside down. Your sundial will be on the back of the plate. Make a dot on the outside edge with the marker pen. Use the ruler to join the dot to the center of the plate and draw a line. Write 12 noon on this line.
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3 Put a small amount of modeling clay under the center of the plate and push the straw through the center hole into the clay. Then mold more clay around the straw on the other side to hold it firmly upright. You don’t want it to move.
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4 Use sticky tack to stick the plate firmly to the board/ tray and also some sticky tape at the end of the 12-noon line and on the opposite side. This will help to keep the plate from moving or blowing away. Don’t put sticky tape around the plate or you won’t be able to mark it.
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5 Just before 12 noon take the board into your backyard. Ask an adult where it will stay sunny all day and not get shadowed by houses, trees, or fences. At exactly 12 noon, put the board on the ground. The straw will make a shadow on the plate. Turn the board until the shadow lines up exactly with the line on the plate. Now set an alarm for 12.55 to be ready for 1pm. You can go off and play for an hour!
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6 When the alarm goes off, run outside again and, at exactly 1pm, check the shadow. It will have moved and will be a little longer. Mark the end of the shadow with the pen. Mark another point on the shadow, closer to the center. Use your ruler to join these points with a line along the shadow toward the center but be careful not to knock the straw or move the plate or board. Label this line 1pm. Set your alarm for 1.55 and repeat. Keep going, marking the shadow every hour until it gets dark. Leave it overnight.
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