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How To Use This Book



Painless Earth Science? Impossible, you think. Not really. Earth Science is easy … or at least it can be with the help of this book!


Earth science encompasses the study of Earth’s land, water, air, and life, and how they interact. As you read this book, you will probably be surprised at how much of Earth science is already familiar to you. That’s because Earth science is all around you, and it affects every aspect of your life. Whether you are learning Earth science for the first time, or you are trying to remember what you’ve learned but have forgotten, this book is for you. Don’t be afraid. Dive in—it’s painless!


Painless Icons and Features


This book is designed with several unique features to help make learning Earth science easy.


[image: images] PAINLESS TIP


You will see Painless Tips throughout the book. These include helpful tips, hints, and strategies on the surrounding topics.


[image: images] CAUTION—Major Mistake Territory!


Caution boxes will help you avoid common pitfalls or mistakes. Be sure to read them carefully.


[image: images] BRAIN TICKLERS


There are Brain Ticklers throughout each chapter in the book. These quizzes are designed to make sure you understand what you’ve just learned and to test your progress as you move forward in the chapter. Complete all the Brain Ticklers and check your answers. If you get any wrong, make sure to go back and review the topics associated with the questions you missed.


ILLUSTRATIONS


Painless Earth Science is full of illustrations to help you better understand Earth science topics. You’ll find tables, graphs, charts, and instructive science illustrations to help you along the way.


SIDEBARS


These shaded boxes contain extra information that relates to the surrounding topics. Sidebars can include more advanced topics, detailed examples, and more to help keep Earth science interesting and painless.









Chapter 1


Earth’s Structure


Earth’s Spheres


Spheres, spheres, spheres! The first thing you need to know about Earth is that it is made up of lots of layers and that each of those layers is shaped like a sphere. When Earth first formed it was molten, and gravity pulling toward its center caused it to form a sphere. Like a mixture of oil and water, the substances that made up Earth then separated into layers due to density differences. Gravity caused denser substances like rock to sink inward toward the center and less dense substances like gases to float outward toward the surface. Since Earth is shaped like a sphere, the layers that formed are also spheres. You can think of Earth as a whole bunch of spheres, one inside the other. Earth’s major layers, or spheres, include the lithosphere, hydrosphere, atmosphere, and biosphere. Let’s take a closer look at each.


[image: images]


Cutaway of Earth showing lithosphere, hydrosphere, atmosphere, and biosphere.


Lithosphere


We often think of the entire Earth beneath our feet as solid. But think about a volcanic eruption. Clearly, liquid rock is coming up from below Earth’s surface. So, at least part of what lies beneath the surface is not solid. Scientific investigation has revealed that the rock inside Earth is hot enough to flow slowly like melted butter and has also separated into layers according to density. The lithosphere is Earth’s cold, hard, solid outer layer of soil and rock extending from the surface to a depth of about 100 kilometers. Beneath the lithosphere are more layers of hot rock reaching all the way down Earth’s center more than 6,300 kilometers beneath the surface. All of Earth’s mountains, valleys, plains, plateaus, and other surface features are part of the lithosphere.


Hydrosphere


When you dive into the water at the beach, you are diving into the hydrosphere. The hydrosphere is a thin layer of liquid water that rests upon the lithosphere. More than 70 percent of Earth’s surface is covered by water. The trillions of gallons of water that make up the hydrosphere cover all of the low spots in Earth’s lithosphere to an average depth of about 3.8 kilometers (2.4 miles). This is very thin compared to Earth’s diameter. If you dipped a basketball in water, the water wetting its surface would be deeper in places than the hydrosphere is on Earth.


The hydrosphere plays a key role in many geologic processes. Moving water carries loose rock from place to place and shapes Earth’s surface. The oceans act as heat absorbers, preventing drastic temperature changes. Water is also essential to all living things, not only as drinking water, but as the main substance in the cells of all living things.


Atmosphere


Every time you take a breath, you are breathing Earth’s atmosphere. The atmosphere is a thin layer of air that surrounds the whole Earth and extends out several hundred kilometers into space. Air is a mixture made up mostly of gases, but it also contains water droplets, ice, dust, and other particles. Air is about 78 percent nitrogen and 21 percent oxygen. The remaining 1 percent is mostly argon with traces of carbon dioxide and other gases. The atmosphere also contains water vapor, but the amount varies from 0 percent over deserts to as much as 4 percent over tropical jungles. All of Earth’s weather, from puffy little clouds to massive hurricanes, occurs in the atmosphere.


Biosphere


You and all of your friends are part of the biosphere. So is the grass in your lawn, the trees in the park, your pet dog, and the fleas and ticks on your dog. Even the bacteria and viruses that make you sick are part of the biosphere. The biosphere consists of all life on Earth. It may seem odd to think of life as a sphere, but think of what Earth would look like if you stripped away everything that is nonliving. Earth is surrounded by a thin layer of life that exists on and in its land, throughout its water, and in the lower parts of its air. The presence of a biosphere and its interaction with the other spheres makes Earth a unique planet.
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litho means rock  hydro means water


atmo means air   bio means life


So, biosphere means “life sphere,” lithosphere means “rock sphere,” hydrosphere means “water sphere,” and atmosphere means “air sphere.”





When we say something is a system, we mean it has parts that are interdependent and interact within the system. A cell phone is a good example of a system. It has many parts that interact and depend on one another—buttons, screen, microphone, and speaker—to name just a few. You can think of Earth as a system of interacting spheres, one inside the other. Fish (biosphere) swim through the oceans (hydrosphere). During a storm (atmosphere) rain falls to the ground (lithosphere) and may run off into a stream (hydrosphere) where a deer (biosphere) is drinking.


Whenever the spheres of Earth system interact, changes occur. For example, when rain falls to the ground during a storm and runs off, it erodes the land and changes the land’s shape. Changes always involve a transfer of energy from one part of the system to another. Most of the energy in Earth system can be traced back to the Sun. For instance, the water that fell as rain in the storm got into the atmosphere when the energy in sunlight caused it to evaporate.


YOU ARE PART OF THE BIOSPHERE




You and all humans are living organisms. Therefore, you are part of the biosphere. Humans have had far-reaching effects on all of Earth’s spheres.


Humans sometimes damage or destroy natural habitats causing the extinction of other species in the biosphere.


Humans have changed the atmosphere by burning fossil fuels such as coal, oil, and natural gas, releasing vast amounts of carbon dioxide into the atmosphere. The increased carbon dioxide in the atmosphere traps heat and has warmed the atmosphere. This, in turn, has caused warming of the oceans and melting of ice in the hydrosphere.


Humans have even changed the lithosphere by changing its land structure. Humans have excavated, paved, cleared, and reshaped the land, often resulting in increased erosion. They have polluted the ground with human-made chemicals and nuclear radiation.


However, human activities can have positive impacts if the activities and technologies we use are engineered differently with conservation in mind.





The spheres of Earth system are also interdependent. That means they affect one another. For example, the location and depth of a lake (hydrosphere) is affected by the shape of Earth’s surface (lithosphere). In turn, the shape of Earth’s surface is affected by erosion by streams and waves (hydrosphere). The lithosphere affects the hydrosphere and the hydrosphere affects the lithosphere—the lithosphere and hydrosphere are interdependent.




[image: images] PAINLESS TIP


When trying to predict how substances will move in Earth system, ask yourself, “Which substance is more dense than its surroundings?” “Which is less dense?” If it is more dense than its surroundings, it will tend to move toward Earth’s center, or sink. If it is less dense, it will tend to move away from Earth’s center, or float.







[image: images] BRAIN TICKLERSSet # 1


Place an L, H, A, or B next to each item to indicate if it is part of the lithosphere, hydrosphere, atmosphere, or biosphere, respectively.








	
1.Boulder


2.Tornado


3.River


4.Bird


5.Water in a well


6.Gold mine


7.Ocean wave


8.Whale



	
_____


_____


_____


_____


_____


_____


_____


_____











9.Which set of Earth components is arranged in order from solid to liquid to gas?


a.hydrosphere, atmosphere, lithosphere


b.hydrosphere, lithosphere, atmosphere


c.lithosphere, atmosphere, hydrosphere


d.lithosphere, hydrosphere, atmosphere


10.Which diagram best shows Earth with the hydrosphere drawn to scale?


a.[image: images]


b.[image: images]


c.[image: images]


d.[image: images]


11.Describe an event that involves an interaction between two spheres of Earth system. Among three spheres. Among four spheres.


(Answers are on page 28.)





Earth Models


Making a model of Earth is a good way to begin studying it. A model is anything that represents the properties of an object or a system. A model is both alike and different from a real thing, but it can be used to learn something about the real thing. A model may be an object, such as a statue to represent a human or a globe to represent Earth. Or a model may be a drawing, a photograph, a chart, or a table. A model can even be a mathematical equation in which symbols such as words or numbers are used to represent objects or parts of systems, and the ways in which they are related to one another. Models are often used to think about things that are too big or too small, or that happen too quickly or too slowly, to be observed or changed directly. For example, models are often used to represent Earth because it is too big to be observed directly by a person on its surface. Models may also be used to study things that could be dangerous. That is why scientists use models of a building to study how they are affected by earthquakes. Observing how a model responds after it is changed may suggest how the real thing would respond if the same thing were done to it.




[image: images] PAINLESS TIP


Whenever you think of models, think of the letters MVP—for mathematical, visual, and physical, respectively.


Mathematical models are like equations that represent relationships between parts of a system.


Visual models are things like photographs, diagrams, or charts.


Physical models are things like action figures, toy cars, and dollhouses.





Scale


Most models are made to scale; that is, the parts of the model are made in the same proportions as the parts in the original. A statue of a man would look quite odd if its legs were one-tenth the size of a real leg, but its arms were one-half the size of a real arm. A model’s scale is the ratio of the size of the model part to the original part. A map drawn to a scale of 1:62,500 means that one unit of distance on the map is equal to 62,500 units of distance on the ground. Both numbers in the ratio have the same units, but those units could be anything. For example, 1 inch on the map would equal 62,500 inches on the ground (5,208 feet or roughly a mile). It also means that 1 centimeter on the map equals 62,500 centimeters on the ground. In order to create a scale model that represents Earth correctly we need to know its shape and size.




[image: images] PAINLESS TIP


Think of a doll and a person. If made to scale, the parts of the doll’s body will be the same size in relation to one another as a human’s body. The parts of the doll should also have the same shape as a human’s parts.





Earth’s shape and size


Earth’s shape is almost, but not quite, a perfect sphere. A perfect sphere would have exactly the same diameter when measured in any direction. Earth’s actual measurements differ slightly. Earth’s diameter through the poles is 12,714 kilometers. Earth’s diameter through the equator is a little larger: 12,756 kilometers. Thus, Earth’s spherical shape “bulges” very slightly at the equator and is very slightly “flattened” at the poles. This shape is called an oblate (flattened) spheroid. However, the shape of Earth is so close to being a perfect sphere that your eye would not be able to detect its oblateness. Let’s suppose that we made a scale model of Earth—a globe. If we used a scale of 1 centimeter = 1,000 kilometers, the globe would have a polar diameter of 12.714 centimeters and an equatorial diameter of 12.756 centimeters. This is a little bigger than a softball. The difference in diameters would be 0.042 centimeter, or less than a half a millimeter. You would need a micrometer to measure the difference in diameters. Any cross-section of Earth looks like a perfect circle.


[image: images]


Earth’s oblateness is the result of forces produced by Earth’s rotation on its axis. Just as a loose skirt will swirl outward if the person wearing it spins around, Earth “swirls” outward when it rotates. However, since Earth is much stiffer than a skirt, the distance it moves outward is much smaller.


It would seem then that a globe would be the best model of Earth. But there are problems with a globe. You cannot see an entire globe at once. One half is always facing away from you. If you make a globe at a scale that would show the details of a small region (like a city), the globe would be too large to manage. One solution is to use a different kind of model—a map.




[image: images] PAINLESS TIP


When thinking of Earth, think of a perfectly round ball. Earth’s shape is so close to being a perfect sphere that its “out of roundness” can only be detected with sensitive instruments.







[image: images] BRAIN TICKLERSSet # 2


1.List three examples of different kinds of models.


____________________


____________________


____________________


2.Give two reasons why a scientist might use a model to study something instead of just studying the real thing.


____________________________________________________


____________________________________________________


3.Earth’s shape most closely resembles which of the following objects?


a.[image: images]


b.[image: images]


c.[image: images]


d.[image: images]


4.At sea level, which would be farthest from Earth’s center?


a.The north pole


b.45° north latitude


c.23 1/2° south latitude


d.The equator


5.A student builds a model car from a kit. The kit box says that the scale of the model is 1:25. The finished model car is 15 centimeters long. How long is the actual car?


a.25 cm


b.40 cm


c.375 cm


d.750 cm


6.Explain why a globe is not always the best model to use for Earth, even though Earth is a sphere.


(Answers are on page 28.)





Mapping Earth’s Surface


A map is a type of visual model, usually drawn on a flat surface, which represents the features of an area. A map is meant to communicate a sense of place, of where one point is in relation to another. A map can be anything from a quick sketch showing a friend how to get to the park from school to an elaborate scale model of Earth complete with mountain ranges and ocean basins. Although flat maps differ from the three-dimensional Earth, they are a useful tool for learning about the things they represent. The nature of a map depends on the purpose for which it was created.


Earth scientists use many different types of maps. Some maps show Earth’s surface features or the type of bedrock found at the surface. Others show the depth of Earth’s waters, or weather systems in the atmosphere. There are even maps that show where the stars in the universe appear at night.


Locating positions


In order to construct a map of Earth’s surface, you need to have a way of determining where things are located in relation to one another. Imagine you are going to visit a museum in New York City. To find your way around the city you would look at a map. The map would show that streets run east to west and avenues run north to south. The streets and avenues form a grid that makes finding places simple. The New York City street-avenue grid is a type of coordinate system. A coordinate system is a way of locating points by labeling them with numbers called coordinates. Coordinates are numbers measured with respect to a system of lines or some other fixed reference. When you say that you are at the corner of 5th Avenue and 42nd Street, you are giving your location using coordinates. Now think about how you would locate places on Earth where there is no grid—like the middle of the ocean!


Latitude-Longitude


Scientists have solved this problem by using imaginary grid lines. In order to describe the position of any point on Earth’s spherical surface, they set up a coordinate system that uses two coordinates known as latitude and longitude. The latitude-longitude system is made up of two sets of imaginary lines that cross each other at right angles.


Find the equator in the figure on page 11. The equator is a line circling Earth halfway between the north and south poles. Notice the lines drawn north and south of the equator. These are latitude lines. Since Earth is a sphere, these latitude lines actually form circles. The circles formed by latitude lines are called parallels, because if you drew a series of latitude lines, the circles formed would all be parallel to one another. Notice, though, that the farther the latitude is from the equator, the smaller the circle. Latitude lines are labeled in degrees by their angular distance north or south of the equator as measured from the center of Earth. The equator is the reference line, or starting point; therefore, latitude is 0° at the equator and 90° at the poles.


[image: images]


Cutaway drawing showing the latitude angle at Earth’s center for a point at 55˚N latitude.


In the figure on the following page, find the prime meridian. The prime meridian is a line drawn from pole to pole passing through Greenwich, England. Notice the lines drawn east and west of the prime meridian. These are longitude lines. Again, since Earth is a sphere, when longitude lines are extended they form circles. Any circle that passes through both of Earth’s poles is called a meridian.


Notice that like latitude lines, longitude lines are also labeled in degrees. Longitude lines are labeled by their angular distance east or west of the prime meridian as measured from the center of Earth.


Unlike the equator, which is the only line halfway between the poles, the reference line for longitude, or the prime meridian, could be any of the meridians because they’re all the same. In 1884, an international conference agreed that the prime meridian would be the meridian of longitude that runs through the Royal Observatory in Greenwich, England. The prime meridian is labeled 0° longitude. Longitude is measured in degrees east or west of the prime meridian up to 180°.


[image: images]


Cutaway drawing showing the longitude angle at Earth’s center.




[image: images] PAINLESS TIP


On most maps, north is toward the top, south toward the bottom, east to the right, and west to the left. North latitudes increase toward the top and south latitudes increase toward the bottom. East longitudes increase to the right and west longitudes increase to the left.





Any meridian will cross the equator and all other parallels at right angles. So, once reference lines are chosen, meridians and parallels form a grid of lines that intersect at right angles on the surface of Earth even though it is a sphere—a pretty neat coordinate system! This is called the latitude-longitude coordinate system. Every point on Earth’s surface can be described by the latitude and longitude lines that intersect at that point. The coordinates of any point is given as the number of degrees north or south of the equator of the latitude line and the number of degrees east or west of the prime meridian of the longitude line that intersect at that point. For example, the coordinates of Mount Everest are 28°N, 87°E.


[image: images]


Latitude-longitude grid on spherical Earth showing coordinates for Mt. Everest.




[image: images] PAINLESS TIP


Latitude-longitude coordinates are always given with the latitude first and then the longitude.


Each coordinate consists of a number of degrees followed by the capital letter N or S for north or south latitude, respectively; or the capital letter E or W for east or west longitude, respectively.





Map projections


If you try to make a map of a large region of Earth’s surface, you run into problems. Earth’s surface is curved and a map is flat. Imagine trying to get a basketball to lie flat on a table. To make the basketball lie flat, you have to stretch it. One way to solve this problem is to make a map projection. In a map projection, features of Earth’s curved surface are projected onto a flat surface like shadows on a wall. Notice the different types of projections shown on page 14. Each has its advantages, but each also stretches or distorts Earth’s features in some way.


[image: images]




[image: images] BRAIN TICKLERSSet # 3


1.Which of the following best shows Earth’s latitude-longitude coordinate system?


[image: images]


2.List one way in which parallels and meridians are the same and two ways in which they are different.


Same ________________________


Different ___________________; _______________________


3.In the map below, which location is in the shaded area of basalt bedrock?


a.48°N, 115°W


b.46°N, 118°W


c.44°N, 122°W


d.40°N, 120°W


[image: images]


4.The diagram below shows part of Earth’s latitude-longitude system. What is the latitude and longitude of point L?


a.5°N, 30°E


b.5°W, 30°S


c.5°S, 30°W


d.5°E, 30°N


[image: images]


5.A _____________________ is a way of representing a round globe on a flat map.


a.coordinate system


b.map projection


c.prime meridian


d.parallel


(Answers are on page 28.)





Field Maps


Earth’s surface is not the only part of Earth system that scientists map. They also create maps that help them visualize properties of the atmosphere, hydrosphere, and lithosphere such as temperature, pressure, and motion. But how do you map something like a property? The solution is to create a field map.


A field is a region of space that has a measurable property at every point. Some examples of field properties are temperature, pressure, magnetism, gravity, and elevation. Field maps can be used to represent any property that varies in a region of space. For example, you could use a thermometer to measure the temperature at every single point in your classroom. You could create a map by measuring the temperature at lots of different locations and then plotting the temperatures on a map of your classroom. The result would be a temperature field map. A field map simply shows how much of something (temperature in this case) is found at many locations.


[image: images]


Temperature field map of a classroom. Left: plotted points; right: isotherms.


Isolines and isosurfaces


One way to make patterns on a field map easier to see is to draw isolines. Isolines are lines that are drawn on a field map to connect all of the points on that map that have the same value. For example, a temperature field map would contain lines connecting points of equal temperature, or isotherms.


Field maps can also be shown in three dimensions using isosurfaces. An isosurface is a three-dimensional surface in which every point on the surface has the same field value. Isosurfaces can help you visualize the field in ways that may not be possible by viewing a two-dimensional map.


[image: images]


Isosurfaces.


Within a field, the field value changes as you move from place to place. How much the field value changes over a given distance is called its gradient. Gradient can be calculated as follows:


Gradient=amount of change in the field valuedistance through which the change occurs


Fields seldom remain unchanged over time. Field maps show a field at a particular point in time—the time at which its field values were measured. For example, the temperature field over the United States changes quite a bit from July to December. Therefore, field maps need to be updated from time to time in order to show the current field conditions. On weather maps, which show fields that change fast, values are updated as often as once an hour.




[image: images] PAINLESS TIP


The more closely spaced the isolines on a field map, the steeper the gradient. The steeper the gradient, the faster the field value is changing in that region.





Topographic maps


In Earth science, you will study many shapes and features of Earth’s surface, such as mountain ranges, volcanoes, and deep ocean trenches. A map that shows the relative positions and elevations of the natural and human-made features of a place is called a topographic map.




[image: images] PAINLESS TIP


Topographic comes from the Greek words topos meaning “place” and graphien meaning “to write.” Topographic literally means “to write (or draw) a place.”





Topographic maps are scale models of a part of Earth’s surface that show its three-dimensional shape on a flat map. Topographic maps are actually a type of field map in which the field value is the elevation above sea level of points on Earth’s surface. The isolines that connect points of equal elevation are called contour lines because they represent the shape, or contours, of Earth’s surface. If you walk along a contour line, you would not go uphill or downhill. You would stay at the same elevation above sea level. Each contour line is separated from the next by a specific vertical distance called the contour interval. Note the contour lines on the topographic map on page 19. Each differs from its neighbor by 100 meters of elevation. Thus, the contour interval of this map is 100 meters. On actual topographic maps, not every contour line is labeled. This keeps the map from getting too crowded with numbers. Every fifth contour line is printed bold and labeled with its elevation.




[image: images] PAINLESS TIP


To find the contour interval of a topographic map, find two successive bold, labeled contour lines. Find the difference between the elevations of the two bold lines and divide by five.





By studying a map’s contour lines, you can visualize the shape of the surface in that place. Note the closely spaced contour lines on the map. Close spacing means that the elevation changes greatly over a short distance. In such a place, the ground slopes steeply. If the contour lines are widely spaced, the ground is gently sloped. The ground slopes upward on all sides of a hill. On a hill the contour lines look like concentric rings. The contour lines around a bowl-like depression would also look like this, so the contour lines around an enclosed depression are printed with hachure marks pointing into the depression.


[image: images]


Topographic map.


[image: images]


Depression contours vs. regular contours.


Map symbols


Topographic maps provide a view of the ground as seen from vertically above. Surface features are represented by map symbols. The four most common are blue for bodies of water, black and red for human-made structures, and brown for contour lines and other relief symbols. An extensive list of map symbols can be found below.


[image: images]


Map scale


A map scale is the ratio between the distance shown on a map and the actual distance on the ground. It is expressed as a ratio such as 1:100,000. Both numbers in the ratio have the same units, but those units could be anything. For example, 1 centimeter on the map equals 100,000 centimeters on the ground. But it also means that 1 inch on the map equals 100,000 inches on the ground. On most topographic maps, map scale is also represented by a graphic scale such as the one shown below. The graphic scale can be used as a ruler to measure distances on the map.


[image: images]


Graphic map scale.




[image: images] PAINLESS TIP


To measure distances between two places on a map, mark their locations along the straight edge of a piece of scrap paper. Then use the graphic scale as a ruler to measure the distance between the two marks on the scrap paper and determine the actual distance between the two places.





Map profiles


It is often useful to construct a profile from a topographic map. A profile is what a cross-section of the land would look like between two points. The diagram on page 22 shows how a profile can be constructed.


To construct a profile, the two points between which the profile is to be drawn are chosen and a line is drawn connecting them. Then the edge of a piece of paper is placed along the line and the edge of the paper is marked wherever it intersects a contour line. The paper is then moved to a piece of graph paper on which a vertical scale has been marked to match the contour lines intersected. At each point where a contour line crosses the edge of the paper a line of the appropriate height is drawn on the graph paper. Then the end points of the lines are connected in a smooth line to form the finished profile.


[image: images]


Constructing a map profile.


Tips for reading topographic maps


When topographic maps are drawn or read, the following rules of thumb apply:


•All points on a contour line have the same elevation.


•Every fifth line, called an index line, is generally printed bold and labeled with the line’s elevation.


•All contour lines are closed, but they may run off the map.


•Two contour lines of different elevations may not cross each other.


•Contour lines may merge at a cliff or a waterfall.


•The spacing of contour lines indicates the nature of the slope. The closer the contour lines are spaced, the steeper the slope. Even spacing indicates a uniform slope.


•Where contour lines cross a stream, they always form a V, whose apex points up the valley.


•Where contour lines cross a ridge, they often form a V, whose apex points down the valley.




[image: images] BRAIN TICKLERSSet # 4


1.A _______ is a region of space in which every point has a measurable property.


a.map


b.volume


c.field


d.surface


2.Isolines connect points of equal ________________ on a field map.


a.value


b.location


c.coordinates


d.scale


3.The diagram below shows a topographic map of a hill. On which side of the hill does the land have the steepest slope?


a.North


b.South


c.East


d.West


[image: images]


4.The contour lines on the map below represent a hill.


[image: images]


Which hill shape best represents a profile drawn along line AB of the contour map?


a.[image: images]


b.[image: images]


c.[image: images]


d.[image: images]


5.Which statement is NOT true about fields?


a.They do not change with time.


b.They are often illustrated by the use of isolines.


c.Any one place in a field has a measurable value at a specific time.


d.Gradients indicate the degree of change from place to place in a field.


6.The field map below shows the temperature (in °C) in a classroom.


[image: images]


In which diagram do the isolines best represent the temperature field in the classroom?


a.[image: images]


b.[image: images]


c.[image: images]


d.[image: images]


7.In the diagram below, the thermometer held 2 meters above the floor shows a temperature of 30°C. The thermometer on the floor shows a temperature of 24°C.


[image: images]


What is the temperature gradient between the two thermometers?


a.2°C/m


b.3°C/m


c.4°C/m


d.6°C/m


8.A topographic map is a two-dimensional model that uses contour lines to represent points of equal


a.barometric pressure.


b.elevation above sea level.


c.temperature gradient.


d.magnetic force.


(Answers are on page 28.)





Wrapping up


•The rock at Earth’s surface forms a nearly continuous shell around Earth called the lithosphere.


•The majority of the lithosphere is covered by a relatively thin layer of water called the hydrosphere.


•Nearly all of the atmosphere is confined to a thin shell surrounding Earth. The atmosphere is a mixture of gases, including nitrogen and oxygen with small amounts of water vapor, carbon dioxide, and other trace gases.


•Earth is a system consisting of parts that interact and are interdependent. Four major interacting components of Earth system are the biosphere, lithosphere, hydrosphere, and atmosphere. Changes occur when different parts of Earth system interact.


•A model is anything that represents the properties of an object or system. Most models are made to scale, meaning that the parts of the model are made in the same proportions as the parts that are in the original.


•Models are used to study processes that cannot be studied directly (e.g., when the real process is too slow, too fast, or too dangerous for direct observation).


•Earth’s shape is nearly spherical.


•Positions on Earth’s surface are located using the latitude-longitude coordinate system. Latitude lines run east-west, forming circles that are parallel to the equator. Longitude lines run north-south and pass through Earth’s poles to form large circles called meridians. Latitude and longitude lines cross each other at right angles. Latitude is measured in degrees north or south of the equator. Longitude is measured in degrees east or west of the prime meridian.


•A field is a region of space in which every point has a measurable property. Field maps show how much of something exists at many locations. Isolines are lines that are drawn on a field map to connect all of the points on that map that have the same value. Isolines and isosurfaces make it easier to see patterns in the field properties.


•Topographic maps are field maps of the elevation of points on Earth’s surface. They contain isolines connecting points of equal elevation above sea level called contour lines.


•Gradient is the amount that the field value changes in a given distance on a field map.


•A map profile is a picture of what the land would look like from the side. It is a cross-section of the landscape.





Brain Ticklers—The Answers


Set # 1, page 5


1.L


2.A


3.H


4.B


5.H


6.L


7.H


8.B


9.d


10.b


11.Fish (biosphere) swimming in water (hydrosphere)


Wind (atmosphere) blows sand (lithosphere) into the ocean (hydrosphere)


Volcanic eruption (lithosphere) underwater (hydrosphere) kills algae (biosphere) and emits gases that bubble to the surface and enter the air (atmosphere)


Set # 2, page 8


1.Mathematical, visual, physical


2.The real thing is too large, too small, or too dangerous to study directly.


3.a


4.d


5.c


6.You can’t see an entire globe at once. A globe would have to be very large to show details like streets.


Set # 3, page 14


1.a


2.Same—both are circles; different—meridians are all the same size, parallels differ in size; different—meridians go through the poles, parallels do not go through poles; meridians run north-south, parallels run east-west.


3.b


4.c


5.b


Set # 4, page 23


1.c


2.a


3.d


4.d


5.a


6.d


7.b


8.b









Chapter 2


The Atmosphere


The atmosphere is a thin layer of gases surrounding the whole planet Earth. The atmosphere protects life on Earth from harmful ultraviolet radiation and from extremes of temperature. Without its atmosphere, Earth’s surface would look very different. The Moon has no atmosphere, so rocks from space crash into its surface, forming craters. With no air to support life, the Moon’s surface is barren. If Earth had no atmosphere, it would look as cratered and barren as the Moon.


Composition of the Atmosphere


The mixture of many gases and other substances that make up Earth’s atmosphere today is known as air. Air contains about 78 percent nitrogen, 21 percent oxygen, and 1 percent argon, carbon dioxide, and other gases. Air also contains varying amounts of water vapor, dust, pollen, spores, and chemicals released by industry and microorganisms. The table on page 30 shows the most common gases in dry air. As you can see, nitrogen and oxygen are the most plentiful. Together they make up 99 percent of dry air.


The gases in Earth’s atmosphere are important in many ways. Ozone protects living things from the harmful effects of ultraviolet radiation. Green plants need carbon dioxide to make food. Carbon dioxide, ozone, water vapor, methane, and nitrous oxide are greenhouse gases. They absorb heat energy radiated by Earth and in turn radiate it in all directions, including back down toward Earth’s surface. Earth’s surface is warmer than it would be without an atmosphere because it receives energy from both the Sun and the atmosphere. Without these gases, Earth’s surface would be about 33°C (59°F) colder.


Composition of dry air by volume.








	Gas


	Symbol


	Percent by Volume in Dry Air







	Nitrogen


	N2


	78.08







	Oxygen


	O2


	20.95







	Argon


	Ar


	  0.0934







	Carbon dioxide


	CO2


	  0.0314







	Neon


	Ne


	  0.0018







	Helium


	He


	  0.0005







	Methane


	CH4


	  0.0002







	Krypton


	Kr


	  0.0001







	Hydrogen


	H2


	  0.00005







	Xenon


	Xe


	   0.0000087







	Ozone


	O3


	   0.000007







	Nitrogen dioxide


	NO2


	   0.000002










Source: CRC Handbook of Chemistry and Physics.


The amount of water vapor in air varies from place to place and from day to day. In places like a jungle or over a warm ocean, water vapor may make up as much as 4 percent of air. In places like deserts or near the poles, there may be almost no water vapor in the air. Overall, water vapor makes up roughly 0.4 percent of the full atmosphere. But this small percentage of water vapor is the source of every cloud you see in the sky, and every raindrop or snowflake that falls to Earth’s surface.


The atmosphere also contains many tiny particles of solids and liquids called aerosols. Some of these particles are dust picked up from Earth’s surface and carried aloft by winds. Some are shot into the air when volcanoes erupt. Some are crystals of salt left behind when droplets of seawater are blown into the air and evaporate. Others are liquids, such as the tiny droplets of water that make up clouds. Aerosols are important because they can react with gases in the air and scatter or absorb sunlight. They can also affect the health of living things.




[image: images] CAUTION—Major Mistake Territory!


Water vapor is the gas phase of water. It is NOT tiny droplets of liquid water. It is a completely different state of matter than liquid water. Water vapor is a colorless, odorless gas that is less dense than air.


You cannot see water vapor. It is invisible to the human eye. A common mistake is to think that clouds, fog, or even the white mist you see when you breathe out on a cold day are water vapor. These are all made of tiny droplets of liquid water, not water vapor. That is why you can see them. The tiny droplets of water look white because they reflect light that strikes them.


Another common mistake is to think that air becomes “heavier” when it contains water vapor. The mistake is in thinking of the water vapor in the air as if it were liquid water. Liquid water is much denser than air. But water vapor is less dense than air. Adding water vapor to air actually makes air less dense because you are displacing heavier molecules of nitrogen and oxygen with lighter molecules of water vapor.







[image: images] PAINLESS TIP


When you think of aerosols, think of spray cans of deodorant. Some deodorant sprays are liquids; some are powders. The fine mist of liquid droplets or fine particles of solid powder blown out of the can are aerosols.







[image: images] BRAIN TICKLERSSet # 1


1.The mixture of many gases, liquid droplets, and tiny solid particles that make up Earth’s present atmosphere is known as __________.


2.Ozone is an important gas in the atmosphere because it protects living things from harmful __________________.


3.Without gases such as carbon dioxide, ozone, methane, and nitrogen in the atmosphere, Earth’s surface temperatures would be __________.


4.The amount of water vapor in the atmosphere varies from as little as ____ percent to as much as _____ percent.


5.The most accurate description of Earth’s atmosphere is that it consists


a.mostly of oxygen, argon, carbon dioxide, and water vapor.


b.entirely of ozone, nitrogen, and water vapor.
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