
  
    
  


      Chapter 25: MS The Solar System
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      Earth is not the only active planetary body in the solar system. Io, one of Jupiters moons, is home to fantastic volcanic eruptions. Volcanism is much hotter than on Earth. Lava curtains and fountains are common. In this color image, the Galileo spacecraft spotted two volcanic plumes. One is spewing high above the planet on the horizon. The second is near he boundary between day and night. Besides being hotter than Earths volcanism, eruptions on Io have a different composition. They are mostly sulfur!
    


      Introduction to the Solar System
    


      Lesson Objectives
    


	Describe some early ideas about our solar system.
      

	Name the planets, and describe their motion around the Sun.
      

	Explain how the solar system formed.
      




      Vocabulary
    


	astronomical unit
      

	dwarf planet
      

	nebula
      

	nuclear fusion
      

	planet
      

	solar system
      




      Introduction
    


      We can learn a lot about the universe and about Earth history by studying our nearest neighbors. The solar system has planets, asteroids, comets, and even a star for us to see and understand. It's a fascinating place to live!
    


      Changing Views of the Solar System
    


      The Sun and all the objects that are held by the Suns gravity are known as the solar system. These objects all revolve around the Sun. The ancient Greeks recognized five planets. These lights in the night sky changed their position against the background of stars. They appeared to wander. In fact, the word planet comes from a Greek word meaning wanderer. These objects were thought to be important, so they named them after gods from their mythology. The names for the planets Mercury, Venus, Mars, Jupiter, and Saturn came from the names of gods and a goddess.
    


      Earth at the Center of the Universe
    


      The ancient Greeks thought that Earth was at the center of the universe, as shown in Figure below. The sky had a set of spheres layered on top of one another. Each object in the sky was attached to one of these spheres. The object moved around Earth as that sphere rotated. These spheres contained the Moon, the Sun, and the five planets they recognized: Mercury, Venus, Mars, Jupiter, and Saturn. An outer sphere contained all the stars. The planets appear to move much faster than the stars, so the Greeks placed them closer to Earth. Ptolemy published this model of the solar system around 150 AD.
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Figure 25.1
      
        On left is a line art drawing of the Ptolemaic system with Earth at the center. On the right is a drawing of the Ptolemaic system from 1568 by a Portuguese astronomer.
      




      The Sun at the Center of the Universe
    


      About 1,500 years after Ptolemy, Copernicus proposed a startling idea. He suggested that the Sun is at the center of the universe. Copernicus developed his model because it better explained the motions of the planets. Figure below shows both the Earth-centered and Sun-centered models.
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Figure 25.2
      
        Copernicus proposed a different idea that had the Sun at the center of the universe
      




      Copernicus did not publish his new model until his death. He knew that it was heresy to say that Earth was not the center of the universe. It wasn't until Galileo developed his telescope that people would take the Copernican model more seriously. Through his telescope, Galileo saw moons orbiting Jupiter. He proposed that this was like the planets orbiting the Sun.
    


      Planets and Their Motions
    


      Today we know that we have eight planets, five dwarf planets, over 165 moons, and many, many asteroids and other small objects in our solar system. We also know that the Sun is not the center of the universe. But it is the center of the solar system.
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Figure 25.3
      
        This artistic composition shows the eight planets, a comet, and an asteroid.
      




Figure above shows our solar system. The planets are Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, and Neptune. Table below gives some data on the mass and diameter of the Sun and planets relative to Earth.
    

Table 25.1



        Sizes of Solar System Objects Relative to Earth
      


	
            Object
          
	
            Mass (Relative to Earth)
          
	
            Diameter of Planet (Relative to Earth)
          





	
Sun

	
            333,000 Earth's mass
          
	
            109.2 Earth's diameter
          



	
Mercury

	
            0.06 Earth's mass
          
	
            0.39 Earth's diameter
          



	
Venus

	
            0.82 Earth's mass
          
	
            0.95 Earth's diameter
          



	
Earth

	
            1.00 Earth's mass
          
	
            1.00 Earth's diameter
          



	
Mars

	
            0.11 Earth's mass
          
	
            0.53 Earth's diameter
          



	
Jupiter

	
            317.8 Earth's mass
          
	
            11.21 Earth's diameter
          



	
Saturn

	
            95.2 Earth's mass
          
	
            9.41 Earth's diameter
          



	
Uranus

	
            14.6 Earth's mass
          
	
            3.98 Earth's diameter
          



	
Neptune

	
            17.2 Earth's mass
          
	
            3.81 Earth's diameter
          






      What Is (and Is Not) a Planet?
    


      You've probably heard about Pluto. When it was discovered in 1930, Pluto was called the ninth planet. Astronomers later found out that Pluto was not like other planets. For one thing, what they were calling Pluto was not a single object. They were actually seeing Pluto and its moon, Charon. In older telescopes, they looked like one object. This one object looked big enough to be a planet. Alone, Pluto was not very big. Astronomers also discovered many objects like Pluto. They were rocky and icy and there were a whole lot of them.
    


      Astronomers were faced with a problem. They needed to call these other objects planets. Or they needed to decide that Pluto was something else. In 2006, these scientists decided what a planet is. According to the new definition, a planet must:
    


	Orbit a star.
      

	Be big enough that its own gravity causes it to be round.
      

	Be small enough that it isnt a star itself.
      

	Have cleared the area of its orbit of smaller objects.
      




      If the first three are true but not the fourth, then that object is a dwarf planet. We now call Pluto a dwarf planet. There are other dwarf planets in the solar system. They are Eris, Ceres, Makemake and Haumea. There are many other reasons why Pluto does not fit with the other planets in our solar system.
    


      The Size and Shape of Orbits
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Figure 25.4
      
        The Sun and planets with the correct sizes. The distances between them are not correct.
      




Figure above shows the Sun and planets with the correct sizes. The distances between them are way too small. In general, the farther away from the Sun, the greater the distance from one planets orbit to the next.
    


Figure below shows those distances correctly. In the upper left are the orbits of the inner planets and the asteroid belt. The asteroid belt is a collection of many small objects between the orbits of Mars and Jupiter. In the upper right are the orbits of the outer planets and the Kuiper belt. The Kuiper belt is a group of objects beyond the orbit of Neptune.
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Figure 25.5
      
        In this image, distances are shown to scale.
      




      In Figure above, you can see that the orbits of the planets are nearly circular. Pluto's orbit is a much longer ellipse. Some astronomers think Pluto was dragged into its orbit by Neptune.
    


      Distances in the solar system are often measured in astronomical units (AU). One astronomical unit is defined as the distance from Earth to the Sun. 1 AU equals about 150 million km (93 million miles). Table below shows the distance from the Sun to each planet in AU. The table shows how long it takes each planet to spin on its axis. It also shows how long it takes each planet to complete an orbit. Notice how slowly Venus rotates! A day on Venus is actually longer than a year on Venus!
    

Table 25.2



        Distances to the Planets and Properties of Orbits Relative to Earth's Orbit
      


	
            Planet
          
	
            Average Distance from Sun (AU)
          
	
            Length of Day (In Earth Days)
          
	
            Length of Year (In Earth Years)
          





	
Mercury

	
            0.39 AU
          
	
            56.84 days
          
	
            0.24 years
          



	
Venus

	
            0.72
          
	
            243.02
          
	
            0.62
          



	
Earth

	
            1.00
          
	
            1.00
          
	
            1.00
          



	
Mars

	
            1.52
          
	
            1.03
          
	
            1.88
          



	
Jupiter

	
            5.20
          
	
            0.41
          
	
            11.86
          



	
Saturn

	
            9.54
          
	
            0.43
          
	
            29.46
          



	
Uranus

	
            19.22
          
	
            0.72
          
	
            84.01
          



	
Neptune

	
            30.06
          
	
            0.67
          
	
            164.8
          






      The Role of Gravity
    


      Planets are held in their orbits by the force of gravity. What would happen without gravity? Imagine that you are swinging a ball on a string in a circular motion. Now let go of the string. The ball will fly away from you in a straight line. It was the string pulling on the ball that kept the ball moving in a circle. The motion of a planet is very similar to the ball on a strong. The force pulling the planet is the pull of gravity between the planet and the Sun.
    


      Every object is attracted to every other object by gravity. The force of gravity between two objects depends on the mass of the objects. It also depends on how far apart the objects are. When you are sitting next to your dog, there is a gravitational force between the two of you. That force is far too weak for you to notice. You can feel the force of gravity between you and Earth because Earth has a lot of mass. The force of gravity between the Sun and planets is also very large. This is because the Sun and the planets are very large objects. Gravity is great enough to hold the planets to the Sun even though the distances between them are enormous. Gravity also holds moons in orbit around planets.
    


      Extrasolar Planets
    


      Since the early 1990s, astronomers have discovered other solar systems. A solar system has one or more planets orbiting one or more stars. We call these planets extrasolar planets, or exoplanets. They are called exoplanets because they orbit a star other than the Sun. As of March 2011, 531 exoplanets have been found. More exoplanets are found all the time. You can check out how many we have found at http://planetquest.jpl.nasa.gov/.



      We have been able to take pictures of only a few exoplanets. Most are discovered because of some tell-tale signs. One sign is a very slight motion of a star that must be caused by the pull of a planet. Another sign is the partial dimming of a stars light as the planet passes in front of it.
    


      Formation of the Solar System
    


      To figure out how the solar system formed, we need to put together what we have learned. There are two other important features to consider. First, all the planets orbit in nearly the same flat, disk-like region. Second, all the planets orbit in the same direction around the Sun. These two features are clues to how the solar system formed.
    


      A Giant Nebula
    


      Scientists think the solar system formed from a big cloud of gas and dust, called a nebula. This is the solar nebula hypothesis. The nebula was made mostly of hydrogen and helium. There were heavier elements too. Gravity caused the nebula to contract (Figure below).
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Figure 25.6
      
        The nebula was drawn together by gravity.
      




      As the nebula contracted, it started to spin. As it got smaller and smaller, it spun faster and faster. This is what happens when an ice skater pulls her arms to her sides during a spin move. She spins faster. The spinning caused the nebula to form into a disk shape.
    


      This model explains why all the planets are found in the flat, disk-shaped region. It also explains why all the planets revolve in the same direction. The solar system formed from the nebula about 4.6 billion years ago
    


      Formation of the Sun and Planets
    


      The Sun was the first object to form in the solar system. Gravity pulled matter together to the center of the disk. Density and pressure increased tremendously. Nuclear fusion reactions begin. In these reactions, the nuclei of atoms come together to form new, heavier chemical elements. Fusion reactions release huge amounts of nuclear energy. From these reactions a star was born, the Sun.
    


      Meanwhile, the outer parts of the disk were cooling off. Small pieces of dust started clumping together. These clumps collided and combined with other clumps. Larger clumps attracted smaller clumps with their gravity. Eventually, all these pieces grew into the planets and moons that we find in our solar system today.
    


      The outer planets  Jupiter, Saturn, Uranus, and Neptune  condensed from lighter materials. Hydrogen, helium, water, ammonia, and methane were among them. It's so cold by Jupiter and beyond that these materials can form solid particles. Closer to the Sun, they are gases. Since the gases can escape, the inner planets  Mercury, Venus, Earth, and Mars  formed from denser elements. These elements are solid even when close to the Sun.
    


      Lesson Summary
    


	The Sun and all the objects held by its gravity make up the solar system.
      

	There are eight planets in the solar system: Mercury, Venus, Earth, Mars, Jupiter, Saturn, and Neptune. Pluto, Eris, Ceres, Makemake and Haumea are dwarf planets.
      

	The ancient Greeks believed Earth was at the center of the universe and everything else orbited Earth.
      

	Copernicus proposed that the Sun at the center of the universe and the planets and stars orbit the Sun.
      

	Planets are held by the force of gravity in elliptical orbits around the Sun.
      

	The solar system formed from a giant cloud of gas and dust about 4.6 billion years ago.
      

	This model explains why the planets all lie in one plane and orbit in the same direction around the Sun.
      




      Lesson Review Questions
    


      Recall
    


      1. What are the names of the planets from the Sun outward? What are the names of the dwarf planets?
    


      2. How old is the Sun? How old are the planets?
    


      Apply Concepts
    


      3. Describe the role of gravity in how the solar system functions. Why don't the planets fly off into space? Why don't the planets ram into the sun?
    


      4. Why does the nebular hypothesis explain how the solar system originated?
    


      Think Critically
    


      5. Why do you think so many people for so many centuries thought that Earth was the center of the universe?
    


      6. People were pretty upset when Pluto was made a dwarf planet. Why do you think they were upset? How do you feel about it?
    


      Points to Consider
    


	Would you expect all the planets in the solar system to be made of similar materials? Why or why not?
      

	The planets are often divided into two groups: the inner planets and the outer planets. Which planets do you think are in each of these two groups? What do members of each group have in common?
      




      Inner Planets
    


      Lesson Objectives
    


	Describe the main features of each of the inner planets.
      

	Compare each of the inner planets to Earth and to one another.
      




      Vocabulary
    


	inner planets
      

	year
      




      Introduction
    


      The four planets closest to the Sun - Mercury, Venus, Earth, and Mars - are the inner planets. They are similar to Earth. All are solid, dense, and rocky. None of the inner planets has rings. Compared to the outer planets, the inner planets are small. They have shorter orbits around the Sun and they spin more slowly. Venus spins backwards and spins the slowest of all the planets.
    


      All of the inner planets were geologically active at one time. They are all made of cooled igneous rock with inner iron cores. Earth has one big, round moon, while Mars has two very small, irregular moons. Mercury and Venus do not have moons.
    


      Mercury
    


      Mercury is the smallest planet. It has no moon. The planet is also closest to the Sun and appears in Figure below.
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Figure 25.7
      
        Tiny Mercury is the small black dot in the lower center of this picture of the Sun. The larger dark area near the left edge is a sunspot.
      




      As Figure below shows, the surface of Mercury is covered with craters, like Earths moon. The presence of impact craters that are so old means that Mercury hasnt changed much geologically for billions of years. With only a trace of an atmosphere, it has no weather to wear down the ancient craters.
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Figure 25.8
      
        The surface of Mercury is covered with craters, like Earth
      




      Because Mercury is so close to the Sun, it is difficult to observe from Earth, even with a telescope. The Mariner 10 spacecraft did a flyby of Mercury in 19741975, which was the best data from the planet for decades. In 2004, the MESSENGER mission left Earth. On its way to Mercury it did one flyby of Earth, two of Venus and three of Mercury. In March 2011, MESSENGER became the first spacecraft to enter an orbit around Mercury. During its year-long mission, the craft will map the planet's surface and conduct other studies. One of these images can be seen in Figure below.
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Figure 25.9
    


      Short Year, Long Days
    


      Mercury is named for the Roman messenger god. Mercury was a messenger because he could run extremely fast. The Greeks gave the planet this name because Mercury moves very quickly in its orbit around the Sun. Mercury orbits the Sun in just 88 Earth days. Mercury has a very short year, but it also has very long days. Mercury rotates slowly on its axis, turning exactly three times for every two times it orbits the Sun. Therefore, each day on Mercury is 58 Earth days long.
    


      Extreme Temperatures
    


      Mercury is very close to the Sun, so it can get very hot. Mercury also has virtually no atmosphere. As the planet rotates very slowly, the temperature varies tremendously. In direct sunlight, the surface can be as hot as 427oC (801oF). On the dark side, the surface can be as cold as 183oC (297oF)! The coldest temperatures may be on the insides of craters. Most of Mercury is extremely dry. Scientists think that there may be a small amount of water, in the form of ice, at the planet's poles. The poles never receive direct sunlight.
    


      A Liquid Metal Core
    


Figure below shows a diagram of Mercurys interior. Mercury is one of the densest planets. Scientists think that the interior contains a large core made mostly of melted iron. Mercury's core takes up about 42% of the planet's volume. Mercury's highly cratered surface is evidence that Mercury is not geologically active.
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Figure 25.10
      
        Mercury is one of the most dense planets, with a very large core.
      




      Venus
    


      Named after the Roman goddess of love, Venus is the only planet named after a female. Venus is sometimes called Earths sister planet. But just how similar is Venus to Earth? Venus is our nearest neighbor. Venus is most like Earth in size.
    


      A Harsh Environment
    


      Viewed through a telescope, Venus looks smooth and featureless. The planet is covered by a thick layer of clouds. You can see the clouds in pictures of Venus, such as Figure below. We make maps of the surface using radar, because the thick clouds wont allow us to take photographs of the surface of Venus.
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Figure 25.11
      
        Venus in real color. The planet is covered by a thick layer of clouds.
      




Figure below shows a topographical map of Venus. The map was produced by the Magellan probe on a flyby. Radar waves sent by the spacecraft reveal mountains, valleys, vast lava plains, and canyons. Like Mercury, Venus does not have a moon.
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Figure 25.12
      
        A topographical map of Venus produced by the Magellan probe using radar. Color differences enhance small scale structure.
      




      Clouds on Earth are made of water vapor. Venus's clouds are a lot less pleasant. They are made of carbon dioxide, sulfur dioxide and large amounts of corrosive sulfuric acid! The atmosphere of Venus is so thick that the pressure on the surface of Venus is very high. In fact, it is 90 times greater than the pressure at Earths surface! The thick atmosphere causes a strong greenhouse effect. As a result, Venus is the hottest planet. Even though it is farther from the sun, Venus is much hotter even than Mercury. Temperatures at the surface reach 465oC (860oF). Thats hot enough to melt lead!
    


      Volcanoes
    


      Venus has more volcanoes than any other planet. There are between 100,000 and one million volcanoes on Venus! Most of the volcanoes are now inactive. There are also a large number of craters. This means that Venus doesnt have tectonic plates. Plate tectonics on Earth erases features over time. Figure below is an image made using radar data. The volcano is Maat Mons. Lava beds are in the foreground. Scientists think the color of sunlight on Venus is reddish-brown.
    



[image: ]

Figure 25.13
      
        Maat Mons volcano on Venus, with lava beds in the foreground.
      




      Motion and Appearance
    


      Venus is the only planet that rotates clockwise as viewed from its North Pole. All of the other planets rotate counterclockwise. Venus turns slowly, making only one turn every 243 days. This is longer than a year on Venus! It takes Venus only 225 days to orbit the Sun.
    


      Because the orbit of Venus is inside Earths orbit, Venus always appears close to the Sun. You can see Venus rising early in the morning, just before the Sun rises. For this reason, Venus is sometimes called the morning star. When it sets in the evening, just after the Sun sets, it may be called the evening star. Since planets only reflect the Suns light, Venus should not be called a star at all! Venus is very bright because its clouds reflect sunlight very well. Venus is the brightest object in the sky besides the Sun and the Moon.
    


      Earth
    


      Earth is the third planet out from the Sun, shown in Figure below. Because it is our planet, we know a lot more about Earth than we do about any other planet. What are main features of Earth?
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Figure 25.14
      
        Earth from space.
      




      Oceans and Atmosphere
    


      Earth is a very diverse planet, seen in Figure above. Water appears as vast oceans of liquid. Water is also seen as ice at the poles or as clouds of vapor. Earth also has large masses of land. Earths average surface temperature is 14oC (57oF). At this temperature, water is a liquid. The oceans and the atmosphere help keep Earths surface temperatures fairly steady.
    


      Earth is the only planet known to have life. Conditions on Earth are ideal for life! The atmosphere filters out harmful radiation. Water is abundant. Carbon dioxide was available for early life forms. The evolution of plants introduced more oxygen for animals.
    


      Plate Tectonics
    


      The Earth is divided into many plates. These plates move around on the surface. The plates collide or slide past each other. One may even plunge beneath another. Plate motions cause most geological activity. This activity includes earthquakes, volcanoes, and the buildup of mountains. The reason for plate movement is convection in the mantle. Earth is the only planet that we know has plate tectonics.
    


      Earths Motions and Moon
    


      Earth rotates on its axis once every 24 hours. This is the length of an Earth day. Earth orbits the Sun once every 365.24 days. This is the length of an Earth year. Earth has one large moon. This satellite orbits Earth once every 29.5 days. This moon is covered with craters, and also has large plains of lava. The Moon came into being from material that flew into space after Earth and a giant asteroid collided. This moon is not a captured asteroid like other moons in the solar system.
    


      Mars
    


      Mars, shown in Figure below, is the fourth planet from the Sun. The Red Planet is the first planet beyond Earths orbit. Mars atmosphere is thin compared to Earth's. This means that there is much lower pressure at the surface. Mars also has a weak greenhouse effect, so temperatures are only slightly higher than they would be if the planet did not have an atmosphere.
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Figure 25.15
      
        Mars is Earth's second nearest neighbor planet.
      




      Mars is the easiest planet to observe. As a result, it has been studied more than any other planet besides Earth. People can stand on Earth and observe the planet through a telescope. We have also sent many space probes to Mars. In April 2011, there were three scientific satellites in orbit around Mars. The rover, Opportunity, was still moving around on the surface. No humans have ever set foot on Mars. NASA and the European Space Agency have plans to send people to Mars. The goal is to do it sometime between 2030 and 2040. The expense and danger of these missions are phenomenal.
    


      A Red Planet
    


      Viewed from Earth, Mars is red. This is due to large amounts of iron in the soil. The ancient Greeks and Romans named the planet Mars after the god of war. The planet's red color reminded them of blood. Mars has only a very thin atmosphere, made up mostly of carbon dioxide.
    


      Surface Features
    


      Mars is home to the largest volcano in the solar system. Olympus Mons is shown in Figure below. Olympus Mons is a shield volcano. The volcano is similar to the volcanoes of the Hawaiian Islands. But Olympus Mons is a giant, about 27 km (16.7 miles/88,580 ft) tall. That's three times taller than Mount Everest! At its base, Olympus Mons is about the size of the entire state of Arizona.
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Figure 25.16
      
        The largest volcano in the solar system, Olympus Mons.
      




      Mars also has the largest canyon in the solar system, Valles Marineris (Figure below). This canyon is 4,000 km (2,500 miles) long. That's as long as Europe is wide! One-fifth of the circumference of Mars is covered by the canyon. Valles Marineris is 7 km (4.3 miles) deep. How about Earth's Grand Canyon? Earth's most famous canyon is only 446 km (277 miles) long and about 2 km (1.2 miles) deep.
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Figure 25.17
      
        The largest canyon in the solar system, Valles Marineris
      




      Mars has mountains, canyons, and other features similar to Earth. But it doesnt have as much geological activity as Earth. There is no evidence of plate tectonics on Mars. There are also more craters on Mars than on Earth. Buy there are fewer craters than on the Moon. What does this suggest to you regarding Mars' plate tectonic history?
    


      Is There Water on Mars?
    


      Water on Mars can't be a liquid. This is because the pressure of the atmosphere is too low. The planet does have a lot of water; it is in the form of ice. The south pole of Mars has a very visible ice cap. Scientists also have evidence that there is also a lot of ice just under the Martian surface. The ice melts when volcanoes erupt. At this times liquid water flows across the surface.
    


      Scientists think that there was once liquid water on the planet. There are many surface features that look like water-eroded canyons. The Mars rover collected round clumps of crystals that, on Earth, usually form in water. If there was liquid water on Mars, life might have existed there in the past.
    


      Two Martian Moons
    


      Mars has two very small, irregular moons, Phobos (seen in Figure below) and Deimos. These moons were discovered in 1877. They are named after the two sons of Ares, who followed their father into war. The moons were probably asteroids that were captured by Martian gravity.
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Figure 25.18
      
        Phobos is Mars
      




      Lesson Summary
    


	The four inner planets are small, dense, solid, rocky planets.
      

	Mercury is the smallest planet and the closest to the Sun. It has an extremely thin atmosphere so surface temperatures range from very hot to very cold. Like the Moon, it is covered with craters.
      

	Venus is the second planet from the Sun and the closest planet to Earth, in distance and in size. Venus has a very thick, corrosive atmosphere, and the surface temperature is extremely high.
      

	Radar maps of Venus show that it has mountains, canyons and volcanoes surrounded by plains of lava.
      

	Venus rotates slowly in a direction opposite to the direction of its orbit.
      

	Earth is the third planet from the Sun. It is the only planet with large amounts of liquid water, and the only planet known to support life. Earth is the only inner planet that has a large round moon.
      

	Mars is the fourth planet from the Sun. It has two small, irregular moons. Mars is red because of rust in its soil. Mars has the largest mountain and the largest canyon in the solar system.
      

	There is a lot of water ice in the polar ice caps and under the surface of Mars.
      




      Lesson Review Questions
    


      Recall
    


      1. Name the four inner planets from nearest to the Sun to farthest out from the Sun.
    


      2. Which planet is most like Earth? Why?
    


      3. How do scientists get maps of Venus' surface? What do you see if you look at Venus from Earth through a telescope?
    


      Apply Concepts
    


      4. Which planet do you think has the smallest temperature range? Why?
    


      5. If you were told to go to one of the three inner planets besides Earth to look for life where would you go? Why?
    


      6. Mercury is small, rocky and covered with craters. Why?
    


      Think Critically
    


      7. Venus is said to have runaway greenhouse effect? Why does it have such a large amount of greenhouse effect? Why do you think is meant by runaway greenhouse effect?
    


      8. Why are there no Martians? In other words, why didn't life evolve on Mars?
    


      Points to Consider
    


	We are planning to send humans to Mars sometime in the next few decades. What do you think it would be like to live on Mars? Why do you think we are going to Mars instead of Mercury or Venus?
      

	In what ways are the four inner planets like Earth? What might a planet be like if it werent like Earth?
      




      Outer Planets
    


      Lesson Objectives
    


	Describe main features of the outer planets and their moons.
      

	Compare the outer planets to each other and to Earth.
      




      Vocabulary
    


	Galilean moons
      

	gas giants
      

	Great Red Spot
      

	outer planets
      

	planetary rings
      




      Introduction
    


      Jupiter, Saturn, Uranus, and Neptune are the outer planets of our solar system. These are the four planets farthest from the Sun. The outer planets are much larger than the inner planets. Since they are mostly made of gases, they are also called gas giants.
    


      The gas giants are mostly made of hydrogen and helium. These are the same elements that make up most of the Sun. Astronomers think that most of the nebula was hydrogen and helium. The inner planets lost these very light gases. Their gravity was too low to keep them and they floated away into space. The Sun and the outer planets had enough gravity to keep the hydrogen and helium.
    


      All of the outer planets have numerous moons. They also have planetary rings made of dust and other small particles. Only the rings of Saturn can be easily seen from Earth.
    


      Jupiter
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Figure 25.19
      
        Jupiter is the largest planet in our solar system.
      




      Jupiter, shown in Figure above, is the largest planet in our solar system. Jupiter is named for the king of the gods in Roman mythology.
    


      Jupiter is truly a giant! The planet has 318 times the mass of Earth, and over 1,300 times Earths volume. So Jupiter is much less dense than Earth. Because Jupiter is so large, it reflects a lot of sunlight. When it is visible, it is the brightest object in the night sky besides the Moon and Venus. Jupiter is quite far from the Earth. The planet is more than five times as far from Earth as the Sun. It takes Jupiter about 12 Earth years to orbit once around the Sun.
    


      A Ball of Gas and Liquid
    


      Since Jupiter is a gas giant, could a spacecraft land on its surface? The answer is no. There is no solid surface at all! Jupiter is made mostly of hydrogen, with some helium, and small amounts of other elements. The outer layers of the planet are gas. Deeper within the planet, the intense pressure condenses the gases into a liquid. Jupiter may have a small rocky core at its center.
    


      A Stormy Atmosphere
    


      Jupiter's atmosphere is unlike any other in the solar system! The upper layer contains clouds of ammonia. The ammonia is different colored bands. These bands rotate around the planet. The ammonia also swirls around in tremendous storms. The Great Red Spot, shown in Figure below, is Jupiter's most noticeable feature. The spot is an enormous, oval-shaped storm. It is more than three times as wide as the entire Earth! Clouds in the storm rotate counterclockwise. They make one complete turn every six days or so. The Great Red Spot has been on Jupiter for at least 300 years. It may have been observed as early as 1664. It is possible that this storm is a permanent feature on Jupiter. No one knows for sure.
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Figure 25.20
      
        The Great Red Spot has been on Jupiter since we've had telescopes powerful enough to see it.
      




      Jupiters Moons and Rings
    


      Jupiter has lots of moons. As of 2011, we have discovered over 60 natural satellites of Jupiter. Four are big enough and bright enough to be seen from Earth using a pair of binoculars. These four moons were first discovered by Galileo in 1610. They are called the Galilean moons. Figure below shows the four Galilean moons and their sizes relative to Jupiters Great Red Spot. These moons are named Io, Europa, Ganymede, and Callisto. The Galilean moons are larger than even the biggest dwarf planets, Pluto and Eris. Ganymede is the biggest moon in the solar system. It is even larger than the planet Mercury!
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Figure 25.21
      
        The Galilean moons are as large as small planets.
      




      Scientists think that Europa is a good place to look for extraterrestrial life. Europa is the smallest of the Galilean moons. The moon's surface is a smooth layer of ice. Scientists think that the ice may sit on top of an ocean of liquid water. How could Europa have liquid water when it is so far from the Sun? Europa is heated by Jupiter. Jupiter's tidal forces are so great that they stretch and squash its moon. This could produce enough heat for there to be liquid water. Numerous missions have been planned to explore Europa, including plans to drill through the ice and send a probe into the ocean. However, no such mission has yet been attempted.
    


      In 1979, two spacecrafts, Voyager 1 and Voyager 2, visited Jupiter and its moons. Photos from the Voyager missions showed that Jupiter has a ring system. This ring system is very faint, so it is very difficult to observe from Earth.
    


      Saturn
    


      Saturn, shown in Figure below, is famous for its beautiful rings. Saturn is the second largest planet in the solar system. Saturns mass is about 95 times Earth's mass. The gas giant is 755 times Earths volume. Despite its large size, Saturn is the least dense planet in our solar system. Saturn is actually less dense than water. This means that if there were a bathtub big enough, Saturn would float! In Roman mythology, Saturn was the father of Jupiter. Saturn orbits the Sun once about every 30 Earth years.
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Figure 25.22
      
        Saturn is the least dense planet in our solar system.
      




      Saturns composition is similar to Jupiter's. The planet is made mostly of hydrogen and helium. These elements are gases in the outer layers and liquids in the deeper layers. Saturn may also have a small solid core. Saturn's upper atmosphere has clouds in bands of different colors. These clouds rotate rapidly around the planet. But Saturn has fewer storms than Jupiter. Thunder and lightning have been seen in the storms on Saturn (Figure below).
    



[image: ]

Figure 25.23
      
        Cassini scientists waited years for the right conditions to produce the first movie that shows lightning on another planet - Saturn.
      




      A Weird Hexagon
    


      There is a strange feature at Saturns north pole. The clouds form a hexagonal pattern, as shown in the infrared image in Figure below. This hexagon was viewed by Voyager 1 in the 1980s. It was still there when the Cassini Orbiter visited in 2006. No one is sure why the clouds form this pattern.
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Figure 25.24
      
        This hexagon has been visible for nearly 30 years.
      




      Saturns Rings
    


      Saturn's rings were first observed by Galileo in 1610. He didn't know they were rings and thought that they were two large moons. One moon was on either side of the planet. In 1659, the Dutch astronomer Christiaan Huygens realized that they were rings circling Saturns equator. The rings appear tilted. This is because Saturn is tilted about 27 degrees to its side.
    


      The Voyager 1 spacecraft visited Saturn in 1980. Voyager 2 followed in 1981. These probes sent back detailed pictures of Saturn, its rings, and some of its moons. From the Voyager data, we learned that Saturns rings are made of particles of water and ice with a little bit of dust. There are several gaps in the rings. These gaps were cleared out by moons within the rings. Ring dust and gas are attracted to the moon by its gravity. This leaves a gap in the rings. Other gaps in the rings are caused by the competing forces of Saturn and its moons outside the rings.
    


      Saturns Moons
    


      As of 2011, over 60 moons have been identified around Saturn. Only seven of Saturns moons are round. All but one is smaller than Earths moon. Some of the very small moons are found within the rings. All the particles in the rings are like little moons, because they orbit around Saturn. Someone must decide which ones are large enough to call moons.
    


      Saturns largest moon, Titan, is about one and a half times the size of Earths moon. Titan is even larger than the planet Mercury. Figure below compares the size of Titan to Earth. Scientists are very interested in Titan. The moon has an atmosphere that is thought to be like Earths first atmosphere. This atmosphere was around before life developed on Earth. Like Jupiter's moon, Europa, Titan may have a layer of liquid water under a layer of ice. Scientists now think that there are lakes on Titan's surface. Don't take a dip, though. These lakes contain liquid methane and ethane instead of water! Methane and ethane are compounds found in natural gas.
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Figure 25.25
      
        Titan has an atmosphere like Earth
      




      Uranus
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Figure 25.26
      
        Uranus is the 7th planet out from the Sun.
      




      Uranus, shown in Figure above, is named for the Greek god of the sky, the father of Saturn. Astronomers pronounce the name YOOR-uh-nuhs. Uranus was not known to ancient observers. The planet was first discovered with a telescope by the astronomer William Herschel in 1781.
    


      Uranus is faint because it is very far away. Its distance from the Sun is 2.8 billion kilometers (1.8 billion miles). A photon from the Sun takes about 2 hours and 40 minutes to reach Uranus. Uranus orbits the Sun once about every 84 Earth years.
    


      An Icy Blue-Green Ball
    


      Uranus is a lot like Jupiter and Saturn. The planet is composed mainly of hydrogen and helium. There is a thick layer of gas on the outside. Further on the inside is liquid. But Uranus has a higher percentage of icy materials than Jupiter and Saturn. These materials include water, ammonia, and methane. Uranus is also different because of its blue-green color. Clouds of methane filter out red light. This leaves a blue-green color. The atmosphere of Uranus has bands of clouds. These clouds are hard to see in normal light. The result is that the planet looks like a plain blue ball.
    


      Uranus is the least massive outer planet. Its mass is only about 14 times the mass of Earth. Like all of the outer planets, Uranus is much less dense than Earth. Gravity is actually weaker than on Earths surface. If you were at the top of the clouds on Uranus, you would weigh about 10 percent less than what you weigh on Earth.
    


      The Sideways Planet
    


      All of the planets rotate on their axes in the same direction that they move around the Sun. Except for Uranus. Uranus is tilted on its side. Its axis is almost parallel to its orbit. So Uranus rolls along like a bowling ball as it revolves around the Sun. How did Uranus get this way? Scientists think that the planet was struck and knocked over by another planet-sized object. This collision probably took place billions of years ago.
    


      Rings and Moons of Uranus
    


      Uranus has a faint system of rings, as shown in Figure below. The rings circle the planets equator. However, Uranus is tilted on its side. So the rings are almost perpendicular to the planets orbit.
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Figure 25.27
      
        Uranus' rings are almost perpendicular to the planet
      




      We have discovered 27 moons around Uranus. All but a few are named for characters from the plays of William Shakespeare. The five biggest moons of Uranus, Miranda, Ariel, Umbriel, Titania, and Oberon, are shown in Figure below.
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Figure 25.28
      
        The five biggest moons of Uranus, Miranda, Ariel, Umbriel, Titania, and Oberon.
      




      Neptune
    


      Neptune is shown in Figure below. It is the eighth planet from the Sun. Neptune is so far away you need a telescope to see it from Earth. Neptune is the most distant planet in our solar system. It is nearly 4.5 billion kilometers (2.8 billion miles) from the Sun. One orbit around the Sun takes Neptune 165 Earth years.
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Figure 25.29
      
        Neptune has a great dark spot at the center left and a small dark spot at the bottom center.
      




      Scientists guessed Neptune's existence before it was discovered. Uranus did not always appear exactly where it should. They said this was because a planet beyond Uranus was pulling on it. This gravitational pull was affecting its orbit. Neptune was discovered in 1846. It was just where scientists predicted it would be! Due to its blue color, the planet was named Neptune for the Roman god of the sea.
    


      Uranus and Neptune are often considered sister planets. They are very similar to each other. Neptune has slightly more mass than Uranus, but it is slightly smaller in size.
    


      Extremes of Cold and Wind
    


      Like Uranus, Neptune is blue. The blue color is caused by gases in its atmosphere, including methane. Neptune is not a smooth looking ball like Uranus. The planet has a few darker and lighter spots. When Voyager 2 visited Neptune in 1986, there was a large dark-blue spot south of the equator. This spot was called the Great Dark Spot. When the Hubble Space Telescope photographed Neptune in 1994, the Great Dark Spot had disappeared. Another dark spot had appeared north of the equator. Astronomers believe that both of these spots represent gaps in the methane clouds on Neptune.
    


      Neptune's appearance changes due to its turbulent atmosphere. Winds are stronger than on any other planet in the solar system. Wind speeds can reach 1,100 km/h (700 mph). This is close to the speed of sound! The rapid winds surprised astronomers. This is because Neptune receives little energy from the Sun to power weather systems. It is not surprising that Neptune is one of the coldest places in the solar system. Temperatures at the top of the clouds are about 218oC (360oF).
    


      Neptunes Rings and Moons
    


      Like the other outer planets, Neptune has rings of ice and dust. These rings are much thinner and fainter than Saturn's. Neptune's rings may be unstable. They may change or disappear in a relatively short time.
    


      Neptune has 13 known moons. Only Triton, shown in Figure below, has enough mass to be round. Triton orbits in the direction opposite to Neptune's orbit. Scientists think Triton did not form around Neptune. The satellite was captured by Neptunes gravity as it passed by.
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Figure 25.30
      
        Neptune's moon Triton.
      




      Pluto
    


      Pluto was once considered one of the outer planets, but when the definition of a planet was changed in 2006, Pluto became one of the dwarf planets. It is one of the largest and brightest objects that make up this group. Look for Pluto in the next lesson, in the discussion of dwarf planets.
    


      Lesson Summary
    


	The four outer planets  Jupiter, Saturn, Uranus, and Neptune  are all gas giants made mostly of hydrogen and helium. Their thick outer layers are gases and have liquid interiors.
      

	All of the outer planets have lots of moons, as well as planetary rings made of dust and other particles.
      

	Jupiter is the largest planet in the solar system. It has bands of different colored clouds, and a long-lasting storm called the Great Red Spot.
      

	Jupiter has over 60 moons. The four biggest were discovered by Galileo, and are called the Galilean moons.
      

	One of the Galilean moons, Europa, may have an ocean of liquid water under a layer of ice. The conditions in this ocean might be right for life to have developed.
      

	Saturn is smaller than Jupiter, but very similar to Jupiter. Saturn has a large system of beautiful rings.
      

	Saturns largest moon, Titan, has an atmosphere similar to Earths atmosphere before life formed.
      

	Uranus and Neptune were discovered using a telescope. They are similar to each other in size and composition. They are both smaller than Jupiter and Saturn, and also have more icy materials.
      

	Uranus is tilted on its side, probably due to a collision with a large object in the distant past.
      

	Neptune is very cold and has very strong winds. It had a large dark spot that disappeared. Another dark spot appeared on another part of the planet. These dark spots are storms in Neptunes atmosphere.
      




      Lesson Review Questions
    


      Recall
    


      1. Why were the Galilean moons given that name? What are they?
    


      2. Why are Neptune and Uranus blue?
    


      Apply Concepts
    


      3. How are the outer planets different from the inner planets?
    


      4. Describe Saturn's rings? What are they and what has made them that way?
    


      5. How can liquid be found so far out in the solar system where temperatures are so cold?
    


      Think Critically
    


      6. Why did Jupiter's Great Red Spot last for 300 years and Neptune's Great Dark Spot disappear in a couple of decades?
    


      7. If you were given the task of finding life in the solar system somewhere besides Earth where would you look?
    


      8. The atmosphere of Saturns moon Titan because it resembles the early Earth's atmosphere. Why is this interesting to scientists?
    


      Points to Consider
    


	The inner planets are small and rocky, while the outer planets are large and made ofgases. Why might the planets have formed into these two groups?
      

	We have discussed the Sun, the planets, and the moons of the planets. What other objects can you think of that can be found in our solar system?
      




      Other Objects in the Solar System
    


      Lesson Objectives
    


	Locate and describe the asteroid belt.
      

	Explain where comets come from and what causes their tails.
      

	Discuss the differences between meteors, meteoroids, and meteorites.
      




      Vocabulary
    


	asteroid
      

	asteroid belt
      

	comet
      

	Kuiper belt
      

	meteor
      

	meteoroid
      

	meteor shower
      




      Introduction
    


      Debris. Space junk. After the Sun and planets formed, there was some material left over. These small chunks didn't get close enough to a large body to be pulled in by its gravity. They now inhabit the solar system as asteroids and comets.
    


      Asteroids
    


Asteroids are very small, irregularly shaped, rocky bodies. Asteroids orbit the Sun, but they are more like giant rocks than planets. Since they are small, they do not have enough gravity to become round. They are too small to have an atmosphere. With no internal heat, they are not geologically active. An asteroid can only change due to a collision. A collision may cause the asteroid to break up. It may create craters on the asteroids surface. An asteroid may strike a planet if it comes near enough to be pulled in by its gravity. Figure below shows a typical asteroid.
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Figure 25.31
      
        Asteroid Ida with its tiny moon Dactyl. The asteroid
      




      The Asteroid Belt
    


      Hundreds of thousands of asteroids have been found in our solar system. They are still being discovered at a rate of about 5,000 new asteroids per month! The majority are located in between the orbits of Mars and Jupiter. This region is called the asteroid belt, as shown in Figure below. There are many thousands of asteroids in the asteroid belt. Still, their total mass adds up to only about 4 percent of Earths moon.
    


      Asteroids formed at the same time as the rest of the solar system. Although there are many in the asteroid belt, they were never were able to form into a planet. Jupiter's gravity kept them apart.
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Figure 25.32
      
        The asteroid belt is between Mars and Jupiter.
      




      Near-Earth Asteroids
    


      Near-Earth asteroids have orbits that cross Earths orbit. This means that they can collide with Earth. There are over 4,500 known near-Earth asteroids. Small asteroids do sometimes collide with Earth. An asteroid about 510 m in diameter hits about once per year. Five hundred to a thousand of the known near-Earth asteroids are much bigger. They are over 1 kilometer in diameter. When large asteroids hit Earth in the past, many organisms died. At times, many species became extinct. Astronomers keep looking for near-Earth asteroids. They hope to predict a possible collision early so they can to try to stop it.
    


      Asteroid Missions
    


      Scientists are very interested in asteroids. Most are composed of material that has not changed since early in the solar system. Scientists can learn a lot from them about how the solar system formed. Asteroids may be important for space travel. They could be mined for rare minerals or for construction projects in space.
    


      Scientists have sent spacecraft to study asteroids. In 1997, the NEAR Shoemaker probe orbited the asteroid 433 Eros. The craft finally landed on its surface in 2001. The Japanese Hayabusa probe returned to Earth with samples of a small near-earth asteroid in 2010. The U.S. Dawn mission will visit Vesta in 2011 and Ceres in 2015.
    


      Meteors
    


      If you look at the sky on a dark night, you may see a meteor, like in Figure below. A meteor forms a streak of light across the sky. People call them shooting stars because that's what they look like. But meteors are not stars at all. The light you see comes from a small piece of matter burning up as it flies through Earth's atmosphere.
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Figure 25.33
      
        Meteors burning up as they fall through Earth's atmosphere.
      




      Meteoroids
    


      Before these small pieces of matter enter Earths atmosphere, they are called meteoroids. Meteoroids are as large as boulders or as small as tiny sand grains. Larger objects are called asteroids; smaller objects are interplanetary dust. Meteoroids sometimes cluster together in long trails. They are the debris left behind by comets. When Earth passes through a comet trail, there is a meteor shower. During a meteor shower, there are many more meteors than normal for a night or two.
    


      Meteorites
    


      A meteoroid is dragged towards Earth by gravity and enters the atmosphere. Friction with the atmosphere heats the object quickly, so it starts to vaporize. As it flies through the atmosphere, it leaves a trail of glowing gases. The object is now a meteor. Most meteors vaporize in the atmosphere. They never reach Earths surface. Large meteoroids may not burn up entirely in the atmosphere. A small core may remain and hit the Earths surface. This is called a meteorite.
    


      Meteorites provide clues about our solar system. Many were formed in the early solar system (Figure below). Some are from asteroids that have split apart. A few are rocks from nearby bodies like Mars. For this to happen, an asteroid smashed into Mars and sent up debris. A bit of the debris entered Earths atmosphere as a meteor.
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Figure 25.34
      
        The Mars Rover, Opportunity, found a metal meteorite on the Red Planet.
      




      Comets
    


Comets are small, icy objects that orbit the Sun. Comets have highly elliptical orbits. Their orbits carry them from close to the Sun to the solar system's outer edges. When a comet gets close to the Sun, its outer layers of ice melt and evaporate. The vaporized gas and dust forms an atmosphere around the comet. This atmosphere is called a coma. Radiation and particles streaming from the Sun push some of this gas and dust into a long tail. A comet's tail always points away from the Sun, no matter which way the comet is moving. Why do you think that is? Figure below shows Comet Hale-Bopp, which shone brightly for several months in 1997.
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Figure 25.35
      
        Comet Hale-Bopp lit up the night sky in 1997.
      




      Gases in the coma and tail of a comet reflect light from the Sun. Comets are very hard to see except when they have comas and tails. That is why they appear only when they are near the Sun. They disappear again as they move back to the outer solar system.
    


      The time between one visit from a comet and the next is called the comets period. The first comet whose period was known was Halleys Comet. Its period is 75 years. Halley's Comet last traveled through the inner solar system in 1986. The comet will appear again in 2061. Who will look up at it?
    


      Where Comets Come From
    


      Some comets have periods of 200 years or less. They are called short period comets. Short period comets are from a region beyond the orbit of Neptune called the Kuiper Belt. Kuiper is pronounced KI-per, rhyming with viper. The Kuiper Belt is home to comets, asteroids, and at least two dwarf planets.
    


      Some comets have periods of thousands or even millions of years. Most long-period comets come from a very distant region of the solar system. This region is called the Oort cloud. The Oort cloud is about 50,000100,000 times the distance from the Sun to Earth.
    


      Comets carry materials in from the outer solar system. Comets may have brought water into the early Earth. Other substances could also have come from comets.
    


      Dwarf Planets
    


      For several decades, Pluto was a planet. But new solar system objects were discovered that were just as planet-like as Pluto. Astronomers figured out that they were like planets except for one thing. These objects had not cleared their orbits of smaller objects. They didn't have enough gravity to do so. Astronomers made a category called dwarf planets. There are five dwarf planets in our solar system: Ceres, Pluto, Makemake, Haumea and Eris.
    


Figure below shows Ceres. Ceres is a rocky body that orbits the sun and is not a star. It could be an asteroid or a planet. Before 2006, Ceres was thought to be the largest asteroid. Is it an asteroid? Ceres is in the asteroid belt. But it is by far the largest object in the belt. Ceres has such high gravity that it is spherical. Is it a planet? Ceres only has about 1.3% of the mass of the Earths Moon. Its orbit is full of other smaller bodies. Its gravity was not high enough to clear its orbit. Ceres fails the fourth criterion for being a planet. Ceres is now considered a dwarf planet along with Pluto.
    



[image: ]

Figure 25.36
      
        Ceres is a large spherical object in the asteroid belt.
      




      Pluto
    


      For decades Pluto was a planet. But even then, scientists knew it was an unusual planet. The other outer planets are all gas giants. Pluto is small, icy and rocky. With a diameter of about 2400 kilometers, it has only about 1/5 the mass of Earths Moon. The other planets orbit in a plane. Pluto's orbit is tilted. The shape of the orbit is like a long, narrow ellipse. Pluto's orbit is so elliptical that sometimes it is inside the orbit of Neptune.
    


      Plutos orbit is in the Kuiper belt. We have discovered more than 200 million Kuiper belt objects. Pluto has 3 moons of its own. The largest, Charon, is big. Some scientists think that Pluto-Charon system is a double dwarf planet (Figure below). Two smaller moons, Nix and Hydra, were discovered in 2005.
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Figure 25.37
      
        Pluto with its moons: Charon, Nix and Hydra.
      




      Haumea
    


      Haumea was named a dwarf planet in 2008. It is an unusual dwarf planet. The body is shaped like an oval! Haumea's longest axis is about the same as Pluto's diameter, and its shortest axis is about half as long. The body's orbit is tilted 28o. Haumea is so far from the Sun that it takes 283 years to make one orbit (Figure below).
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Figure 25.38
      
        An artist
      




      Haumea is the third-brightest Kuiper Belt object. It was named for the Hawaiian goddess of childbirth. Haumea has two moons, Hi'iaka and Namaka, the names of the goddess Haumea's daughters. Haumea's odd oval shape is probably caused by its extremely rapid rotation. It rotates in just less than 4 hours! Like other Kuiper belt objects, Haumea is covered by ice. Its density is similar to Earths Moon, at 2.6  3.3 g/cm3. This means that most of Haumea is rocky.
    


      Haumea is part of a collisional family. This is a group of astronomical objects that formed from an impact. This family has Haumea, its two moons, and five more objects. All of these objects are thought to have formed from a collision very early in the formation of the solar system.
    


      Makemake
    


      Makemake is the third-largest and second-brightest dwarf planet we have discovered so far (Figure below). Makemake is only 75 percent the size of Pluto. Its diameter is between 1300 and 1900 kilometers. The name comes from the mythology of the Eastern Islanders. Makemake was the god that created humanity. At a distance between 38.5 to 53 AU, this dwarf planet orbits the Sun in 310 years. Makemake is made of methane, ethane, and nitrogen ices.
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Figure 25.39
      
        Makemake is a dwarf planet.
      




      Eris
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Figure 25.40
      
        Eris is the largest known dwarf planet, but it's so far from the Sun that it wasn't discovered until 2005.
      




      Eris is the largest known dwarf planet in the solar system. It is 27 percent larger than Pluto (Figure above). Like Pluto and Makemake, Eris is in the Kuiper belt. But Eris is about 3 times farther from the Sun than Pluto. Because of its distance, Eris was not discovered until 2005. Early on, it was thought that Eris might be the tenth planet. Its discovery helped astronomers realize that they needed a new definition of "planet." Eris has a small moon, Dysnomia. Its moon orbits Eris once about every 16 days.
    


      Astronomers know there may be other dwarf planets far out in the solar system. Look for Quaoar, Varuna and Orcus to be possibly added to the list of dwarf planets in the future. We still have a lot to discover and explore!
    


      Lesson Summary
    


	Asteroids are irregularly-shaped, rocky bodies that orbit the Sun. Most of them are found in the asteroid belt, between the orbits of Mars and Jupiter.
      

	Meteoroids are smaller than asteroids, ranging from the size of boulders to the size of sand grains. When meteoroids enter Earths atmosphere, they vaporize, creating a trail of glowing gas called a meteor. If any of the meteoroid reaches Earth, the remaining object is called a meteorite.
      

	Comets are small, icy objects that orbit the Sun in very elliptical orbits. When they are close to the Sun, they form comas and tails, which glow and make the comet more visible.
      

	Short-period comets come from the Kuiper belt, beyond Neptune. Long-period comets come from the very distant Oort cloud.
      

	Dwarf planets are spherical bodies that orbit the Sun, but that have not cleared their orbit of smaller bodies. Ceres is a dwarf planet in the asteroid belt. Eris, Pluto, Makemake and Haumea are dwarf planets in the Kuiper belt.
      




      Lesson Review Questions
    


      Recall
    


      1. Define each of the following: asteroid, meteoroid, meteorite, meteor, planet, dwarf planet.
    


      2. Which type of asteroids are most likely to hit Earth?
    


      3. What comes from the Oort Cloud? What about the Kuiper Belt?
    


      Apply Concepts
    


      4. What is the asteroid belt? Why are there so many asteroids orbiting in this location?
    


      5. What damage can an asteroid do when it hits Earth?
    


      Think Critically
    


      6. How well defined are the categories planet, dwarf planet and asteroid? If astronomers find a new object is it always clear which category to put it in?
    


      7. Which type of object do you think NASA should make the subject of its next mission?
    


      Points to Consider
    


	In 2006, astronomers changed the definition of a planet and created a new category of dwarf planets. Do you think planets, dwarf planets, moons, asteroids, and meteoroids are clearly separate groups?
      

	What defines each of these groups, and what do objects in these different groups have in common? Could an object change from being in one group to another? How?
      

	We have learned about many different kinds of objects that are found within our solar system. What objects or systems of objects can you think of that are found outside our solar system?
      




      Opening image courtesy of NASA. Public domain. http://en.wikipedia.org/wiki/File:PIA01081-Color_Mosaic_and_Active_Volcanic_Plumes_on_Io.jpg.




      Chapter 1: MS What is Earth Science?
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      Earth Science is all about the Earth: its land, its water, its atmosphere. Its about Earths resources and about the impacts human activities are having on all of those things: the land, water, and atmosphere. Earth Science is even about the vastness that surrounds the planet: the solar system, galaxy, and universe. So can we say Earth Science is about everything? Well, not really, but it is a science that encompasses an awful lot.
    


      Note the word science in that last sentence. Earth Science is a science, or maybe its made up of a lot of sciences. But what is science? Most people think of science as a bunch of knowledge. And it is. But science is also a way of knowing things. Its different from other ways of knowing because it is based on a method that relies on observations and data. Science cant say how many angels can dance on the end of a pin because that question cant be tested. In fact, science cant even say if there are such things as angels for the same reason. For something to be science, it must be testable. And scientists are the people who do those tests.
    


      The Nature of Science
    


      Lesson Objectives
    


	Why is it important to ask questions?
      

	How can you use the steps of the scientific method to answer questions?
      

	How do scientists make models?
      

	What steps should you take to be safe while you are doing science?
      




      Vocabulary
    


	control
      

	dependent variable
      

	hypothesis
      

	independent variable
      

	physical model
      

	theory
      




      Introduction
    


      Sometime in your life you've asked a question about the world around you. Probably you've asked a lot of questions over the years. The best way to answer questions about the natural world is by using science. Scientists ask questions every day, and then use a set of steps to answer those questions. The steps are known as the scientific method. By following the scientific method, scientists come up with the best information about the natural world. As a scientist, you need to do experiments to find out about the world. You also need to wonder, observe, talk, and think. Everything we learn helps us to ask new and better questions.
    


      Scientific Method
    


      The scientific method is a set of steps that help us to answer questions. When we use logical steps and control the number of things that can be changed, we get better answers. As we test our ideas, we may come up with more questions. The basic sequence of steps followed in the scientific method is illustrated in Figure below.
    



[image: The Scientific Method.]

Figure 1.1
      
        The Scientific Method.
      




      Questions
    


      Asking a question is one really good way to begin to learn about the natural world. You might have seen something that makes you curious. You might want to know what to change to produce a better result. Lets say a farmer is having an erosion problem. She wants to keep more soil on her farm. The farmer learns that a farming method called no-till farming allows farmers to plant seeds without plowing the land. She wonders if planting seeds without plowing will reduce the erosion problem and help keep more soil on her farmland. Her question is this: Will using the no-till method of farming help me to lose less soil on my farm? (Figure below).
    



[image: Soil Erosion]

Figure 1.2
      
        Soil is often lost from ground that has been plowed.
      




      Research
    


      Before she begins, the farmer needs to learn more about this farming method. She can look up information in books and magazines in the library. She may also search the Internet. A good way for her to learn is to talk to people who have tried this way of farming. She can use all of this information to figure out how she is going to test her question about no-till farming. Farming machines are shown in the Figure below.
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Figure 1.3
      
        Rather than breaking up soil like in this picture, the farmer could try no-till farming methods.
      




      Hypothesis
    


      After doing the research, the farmer will try to answer the question. She might think, If I dont plow my fields, I will lose less soil than if I do plow the fields. Plowing disrupts the soil and breaks up roots that help hold soil in place. This answer to her question is a hypothesis. A hypothesis is a reasonable explanation. A hypothesis can be tested. It may be the right answer, it may be a wrong answer, but it must be testable. Once she has a hypothesis, the next step is to do experiments to test the hypothesis. A hypothesis can be proved or disproved by testing. If a hypothesis is repeatedly tested and shown to be true, then scientists call it a theory.
    


      Experiment
    


      When we design experiments, we choose just one thing to change. The thing we change is called the independent variable. In the example, the farmer chooses two fields and then changes only one thing between them. She changes how she plows her fields. One field will be tilled and one will not. Everything else will be the same on both fields: the type of crop she grows, the amount of water and fertilizer that she uses, and the slope of the fields she plants on. The fields should be facing the same direction to get about the same amount of sunlight. These are the experimental controls. If the farmer only changes how she plows her fields, she can see the impact of the one change. After the experiment is complete, scientists then measure the result. The farmer measures how much soil is lost from each field. This is the dependent variable. How much soil is lost from each field depends on the plowing method.
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Figure 1.4
      
        A farmer takes careful measurements in the field.
      




      Data and Experimental Error
    


      During an experiment, a scientist collects data. The data might be measurements, like the farmer is taking in Figure above. The scientist should record the data in a notebook or onto a computer. The data is kept in charts that are clearly labeled. Labeling helps the scientist to know what each number represents. A scientist may also write descriptions of what happened during the experiment. At the end of the experiment the scientist studies the data. The scientist may create a graph or drawing to show the data. If the scientist can picture the data the results may be easier to understand. Then it is easier to draw logical conclusions.
    


      Even if the scientist is really careful it is possible to make a mistake. One kind of mistake is with the equipment. For example, an electronic balance may always measure one gram high. To fix this, the balance should be adjusted. If it can't be adjusted, each measurement should be corrected. A mistake can come if a measurement is hard to make. For example, the scientist may stop a stopwatch too soon or too late. To fix this, the scientist should run the experiment many times and make many measurements. The average of the measurements will be the accurate answer. Sometimes the result from one experiment is very different from the other results. If one data point is really different, it may be thrown out. It is likely a mistake was made in that experiment.
    


      Conclusions
    


      The scientist must next form a conclusion. The scientist must study all of the data. What statement best explains the data? Did the experiment prove the hypothesis? Sometimes an experiment shows that a hypothesis is correct. Other times the data disproves the hypothesis. Sometimes it's not possible to tell. If there is no conclusion, the scientist may test the hypothesis again. This time he will use some different experiments. No matter what the experiment shows the scientist has learned something. Even a disproved hypothesis can lead to new questions.
    


      The farmer grows crops on the two fields for a season. She finds that 2.2 times as much soil was lost on the plowed field as compared to the unplowed field. She concludes that her hypothesis was correct. The farmer also notices some other differences in the two plots. The plants in the no-till plots are taller. The soil moisture seems higher. She decides to repeat the experiment. This time she will measure soil moisture, plant growth, and the total amount of water the plants consume. From now on she will use no-till methods of farming. She will also research other factors that may reduce soil erosion.
    


      Theory
    


      When scientists have the data and conclusions, they write a paper. They publish their paper in a scientific journal. A journal is a magazine for the scientists who are interested in a certain field. Before the paper is printed, other scientists look at it to try to find mistakes. They see if the conclusions follow from the data. This is called peer review. If the paper is sound it is printed in the journal.
    


      Other papers are published on the same topic in the journal. The evidence for or against a hypothesis is discussed by many scientists. Sometimes a hypothesis is repeatedly shown to be true and never shown to be false. The hypothesis then becomes a theory. Sometimes people say they have a theory when what they have is a hypothesis.
    


      In science, a theory has been repeatedly shown to be true. A theory is supported by many observations. However, a theory may be disproved if conflicting data is discovered. Many important theories have been shown to be true by many observations and experiments and are extremely unlikely to be disproved. These include the theory of plate tectonics and the theory of evolution.
    


      Scientific Models
    


      Scientists use models to help them understand and explain ideas. Models explain objects or systems in a more simple way. Models often only show only a part of a system. The real situation is more complicated. Models help scientists to make predictions about complex systems. Some models are something that you can see or touch. Other types of models use an idea or numbers. Each type is useful in certain ways.
    


      Scientists create models with computers. Computers can handle enormous amounts of data. This can more accurately represent the real situation. For example, Earths climate depends on an enormous number of factors. Climate models can predict how climate will change as certain gases are added to the atmosphere. To test how good a model is, scientists might start a test run at a time in the past. If the model can predict the present it is probably a good model. It is more likely to be accurate when predicting the future.
    


      Physical Models
    


      A physical model is a representation of something using objects. It can be three-dimensional, like a globe. It can also be a two-dimensional drawing or diagram. Models are usually smaller and simpler than the real object. They most likely leave out some parts, but contain the important parts. In a good model the parts are made or drawn to scale. Physical models allow us to see, feel and move their parts. This allows us to better understand the real system.
    


      An example of a physical model is a drawing of the layers of Earth (Figure below). A drawing helps us to understand the structure of the planet. Yet there are many differences between a drawing and the real thing. The size of a model is much smaller, for example. A drawing also doesnt give good idea of how substances move. Arrows showing the direction the material moves can help. A physical model is very useful but it cant explain the real Earth perfectly.
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Figure 1.5
      





      Ideas as Models
    


      Some models are based on an idea that helps scientists explain something. A good idea explains all the known facts. An example is how Earth got its Moon. A Mars-sized planet hit Earth and rocky material broke off of both bodies (Figure below). This material orbited Earth and then came together to form the Moon. This is a model of something that happened billions of years ago. It brings together many facts known from our studies of the Moon's surface. It accounts for the chemical makeup of rocks from the Moon, Earth, and meteorites. The physical properties of Earth and Moon figure in as well. Not all known data fits this model, but much does. There is also more information that we simply dont yet know.
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Figure 1.6
      
        A collision showing a meteor striking Earth.
      




      Models that Use Numbers
    


      Models may use formulas or equations to describe something. Sometimes math may be the only way to describe it. For example, equations help scientists to explain what happened in the early days of the universe. The universe formed so long ago that math is the only way to describe it. A climate model includes lots of numbers, including temperature readings, ice density, snowfall levels, and humidity. These numbers are put into equations to make a model. The results are used to predict future climate. For example, if there are more clouds, does global temperature go up or down? Models are not perfect because they are simple versions of the real situation. Even so, these models are very useful to scientists. These days, models of complex things are made on computers.
    


      Safety in Science
    


      Accidents happen from time to time in everyday life. Since science involves an adventure into the unknown, it is natural that accidents can happen. Therefore, we must be careful and use proper equipment to prevent accidents (Figure below). We must also be sure to treat any injury or accident appropriately.
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Figure 1.7
      
        Safety Symbols: A. Corrosive , B. Oxidizing Agent, C. Toxic, D. High Voltage.
      




      Inside the Science Laboratory
    


      If you work in the science lab, you may come across dangerous materials or situations. Sharp objects, chemicals, heat, and electricity are all used at times in science laboratories. With proper protection and precautions, almost all accidents can be prevented. If an accident happens, it can be dealt with appropriately (Figure below). Below is a list of safety guidelines to follow when doing labs:
    


	Follow directions at all times.
      

	A science lab is not a play area.
      

	Be sure to obey all safety guidelines given in lab instructions or by the lab supervisor.
      

	Be sure to use the correct amount of each material.
      

	Tie back long hair.
      

	Wear closed shoes with flat heels.
      

	Shirts should have no hanging sleeves, hoods, or drawstrings.
      

	Use gloves, goggles, or safety aprons as instructed.
      

	Be very careful when you use sharp or pointed objects, such as knives.
      

	Clean up broken glass quickly with a dust pan and broom. Never touch broken glass with your bare hands.
      

	Never eat or drink in the science lab. Table tops and counters could have dangerous substances on them.
      

	Keep your work area neat and clean. A messy work area can lead to spills and breakage.
      

	Completely clean materials like test tubes and beakers. Leftover substances could interact with other substances in future experiments.
      

	If you are using flames or heat plates, be careful when you reach. Be sure your arms and hair are kept far away from heat sources.
      

	Use electrical appliances and burners as instructed.
      

	Know how to use an eye wash station, fire blanket, fire extinguisher, and first aid kit.
      

	Alert the lab supervisor if anything unusual occurs. Fill out an accident report if someone is hurt. The lab supervisor must know if any materials are damaged or discarded.
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Figure 1.8
      
        A medical researcher protects herself and her work with a net cap, safety goggles, a mask, and gloves.
      




      Outside the Laboratory
    


      Many Earth science investigations are conducted in the field (Figure below). Field work needs some additional precautions:
    


	Be sure to wear appropriate clothing. Hiking requires boots, long pants, and protection from the sun, for example.
      

	Bring sufficient supplies like food and water, even for a short trip. Dehydration can occur rapidly.
      

	Take along first aid supplies.
      

	Let others know where you are going, what you will be doing, and when you will be returning. Take a map with you if you dont know the area and leave a copy of the map with someone at home.
      

	Try to have access to emergency services and some way to communicate. Beware that cell phones may not have coverage in all locations.
      

	Be sure that you are accompanied by a person familiar with the area or is familiar with field work.
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Figure 1.9
      
        Outdoor Excursions.
      




      Lesson Summary
    


	Scientists ask questions about the natural world.
      

	Scientific method is a set of logical steps that can be used to answer these questions.
      

	A hypothesis is a reasonable explanation of something.
      

	A theory is a hypothesis that has been shown to be true many times over.
      

	Models represent real things but are simpler.
      

	If you are working in a lab, it is very important to be safe.
      




      Lesson Review Questions
    


      Recall
    


      1. Describe three types of scientific models. Under what circumstances would each be used?
    


      2. If you have access to a science laboratory, look around to see what safety symbols there are. What does each mean?
    


      Apply Concepts
    


      3. Write five questions that would get a friend interested in exploring the natural world.
    


      4. A scientist was studying the effects of oil contamination on ocean seaweed. He believed that oil runoff from storm drains would keep seaweed from growing normally. He had two large aquarium tanks of equal size. He kept the amount of dissolved oxygen and the water temperature the same in each tank. He added some motor oil to one tank but not to the other. He then measured the growth of seaweed plants in each tank. In the tank with no oil, the average growth was 2.57cm/day. The average growth of the seaweed in the tank with oil was 2.37cm/day. Based on this experiment, answer the following questions:
    


	What was the question that the scientist started with?
      

	What was his hypothesis?
      

	Identify the independent variable, the dependent variable, and the experimental control(s).
      

	What did the data show?
      




      Think Critically
    


      5. Design your own experiment based on one of your questions from question 3 above. Include the question, hypothesis, independent and dependent variables, and safety precautions.
    


      Points to Consider
    


	What parts of Earth do you think are most important and should be better studied?
      

	Describe a model that you have had experience with. What type of model was it? What did you learn from it?
      

	What situations are both necessary and dangerous for scientists to study? What precautions do you think they should use when they study them?
      

	If you could go anywhere, where would it be? What safety equipment or precautions would you take?
      




      Earth Science and Its Branches
    


      Lesson Objectives
    


	Describe Earth Science and its branches.
      

	Identify the field of geology as a branch of Earth Science that deals with the rocks and minerals of Earth.
      

	Describe the field of oceanography as a branch of Earth Science that explores the ocean.
      

	Define the field of meteorology as a branch of Earth Science that deals with the atmosphere.
      

	Understand that astronomy is a branch of Earth Science that studies our solar system and universe.
      

	List some of the other branches of Earth Science, and how they relate to the study of Earth.
      




      Vocabulary
    


	astronomy
      

	geology
      

	meteorology
      

	oceanography
      




      Introduction
    


      Earth Science is the study of all aspects of our planet Earth. Earth Science is not just about the molten lava, icy mountain peaks, steep canyons and towering waterfalls of the continents. Earth Science includes the atmosphere and oceans. The field also looks out into the solar system, galaxy, and universe. Earth scientists seek to understand the beautiful planet on which we depend (Figure below).
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Figure 1.10
      
        Earth as seen from Apollo 17.
      




      Different branches of Earth Science study one particular part of Earth. Since all of the branches are connected, specialists work together to answer complicated questions. Lets look at some important branches of Earth Science.
    


      Geology
    


Geology is the study of the solid Earth. Geologists study how rocks and minerals form. The way mountains rise up is part of geology. The way mountains erode away is another part. Geologists also study fossils and Earths history. There are many other branches of geology. There is so much to know about our home planet that most geologists become specialists in one area. For example, a mineralogist studies minerals, as seen in (Figure below).
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Figure 1.11
      
        (A) Mineralogists focus on all kinds of minerals. (B) Seismographs are used to measure earthquakes and pinpoint their origins.
      




      Some volcanologists brave molten lava to study volcanoes. Seismologists monitor earthquakes worldwide to help protect people and property from harm (Figure above). Paleontologists are interested in fossils and how ancient organisms lived. Scientists who compare the geology of other planets to Earth are planetary geologists. Some geologists study the Moon. Others look for petroleum. Still others specialize in studying soil. Some geologists can tell how old rocks are and determine how different rock layers formed. There is probably an expert in almost anything you can think of related to Earth!
    


      Geologists might study rivers and lakes, the underground water found between soil and rock particles, or even water that is frozen in glaciers. Earth scientists also need geographers who explore the features of Earths surface and work with cartographers, who make maps. Studying the layers of rock beneath the surface helps us to understand the history of planet Earth (Figure below).
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Figure 1.12
      
        These folded rock layers have bent over time. Studying rock layers helps scientists to explain these layers and the geologic history of the area.
      




      Oceanography
    


Oceanography is the study of the oceans. The word oceanology might be more accurate, since ology is the study of. Graph is to write and refers to map making. But mapping the oceans is how oceanography started.
    


      More than 70% of Earths surface is covered with water. Almost all of that water is in the oceans. Scientists have visited the deepest parts of the ocean in submarines. Remote vehicles go where humans can't. Yet much of the ocean remains unexplored. Some people call the ocean the last frontier.
    


      Humans have had a big impact on the oceans. Populations of fish and other marine species have been overfished. Contaminants are polluting the waters. Global warming is melting the thick ice caps and warming the water. Warmer water expands and, along with water from the melting ice caps, causes sea levels to rise.
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Figure 1.13
      
        This research vessel is specially designed to explore the seas around Antarctica.
      




      There are many branches of oceanography. Physical oceanography is the study of water movement, like waves and ocean currents (Figure above). Marine geology looks at rocks and structures in the ocean basins. Chemical oceanography studies the natural elements in ocean water. Marine biology looks at marine life.
    


      Climatology and Meteorology
    


      Meteorologists dont study meteors  they study the atmosphere! The word meteor refers to things in the air. Meteorology includes the study of weather patterns, clouds, hurricanes, and tornadoes. Meteorology is very important. Using radars and satellites, meteorologists work to predict, or forecast, the weather (Figure below).
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Figure 1.14
      
        Meteorologists can help us to prepare for major storms or know if today is a good day for a picnic.
      




      The atmosphere is a thin layer of gas that surrounds Earth. Climatologists study the atmosphere. These scientists work to understand the climate as it is now. They also study how climate will change in response to global warming.
    


      The atmosphere contains small amounts of carbon dioxide. Climatologists have found that humans are putting a lot of extra carbon dioxide into the atmosphere. This is mostly from burning fossil fuels. The extra carbon dioxide traps heat from the Sun. Trapped heat causes the atmosphere to heat up. We call this global warming (Figure below).
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Figure 1.15
      
        Carbon dioxide released into the atmosphere is causing global warming.
      




      Environmental Science
    


      Environmental scientists study the ways that humans affect the planet we live on. We hope to find better ways of living that can also help the environment. Ecologists study lifeforms and the environments they live in (Figure below). They try to predict the chain reactions that could occur when one part of the ecosystem is disrupted.
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Figure 1.16
      
        In a marine ecosystem, coral, fish, and other sea life depend on each other for survival.
      




      Astronomy
    


Astronomy and astronomers have shown that the planets in our solar system are not the only planets in the universe. Over 530 planets were known outside our solar system in 2011. And there are billions of other planets! The universe also contains black holes, other galaxies, asteroids, comets, and nebula. As big as Earth seems, the entire universe is vastly more enormous. Earth is just a tiny part of our universe.
    


      Astronomers use many tools to study things in space. Earth-orbiting telescopes view stars and galaxies from the darkness of space (Figure below) They may have optical and radio telescopes to see things that the human eye can't see. Spacecraft travel great distances to send back information on faraway places.
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Figure 1.17
      
        Scientists are using telescopes to search for other planets that may have conditions favorable for life. The places they can look are near our solar system in our galaxy.
      




      Astronomers ask a wide variety of questions. How do strong bursts of energy from the Sun, called solar flares, affect communications? How might an impact from an asteroid affect life on Earth? What are the properties of black holes? Astronomers ask bigger questions too. How was the universe created? Is there life on other planets? Are there resources on other planets that people could use? Astronomers use what Earth scientists know to make comparisons with other planets.
    


      Lesson Summary
    


	Earth science includes many fields of science related to our home planet.
      

	Geology is the study of Earth's material and structures and the processes that create them.
      

	Oceanography is the study of the oceans: water movement, chemistry and the ocean basins among other things.
      

	Meteorologists study the atmosphere including climate and weather.
      

	Environmental science deals with the effects people have on the environment.
      

	Astronomers study Earth's larger environment: the solar system, galaxy, and universe that our planet resides in.
      




      Lesson Review Questions
    


      Recall
    


      1. What are three major branches of Earth Science?
    


      2. What branch of science deals with stars and galaxies beyond Earth?
    


      3. List important functions of Earth scientists.
    


      4. What does a meteorologist study?
    


      Apply Concepts
    


      5. A glacier is melting. What are all of the scientists you can think of who might be involved in studying this glacier? What would each of them do?
    


      Think Critically
    


      6. Design an experiment that you could conduct in any branch of Earth Science. Identify the independent variable and dependent variable.
    


      Points to Consider
    


	Why is Earth Science so important?
      

	Which branch of Earth Science would you most like to explore?
      

	What is the biggest problem that we face today? Which Earth scientists may help us to solve the problem?
      

	What other branches of science or society are related to and necessary for Earth Science?
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