
The Moon is Earth’s closest neighbor. Although very different 
from one another, each affects the other in important ways. 
The Moon’s gravity helps regulate the tides on Earth. And Earth 
helps create a tide effect on the Moon, too.
© Photos.com
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“
Shakespeare, Hamlet
”

There are more things in heaven 
 and Earth, Horatio, 
Than are dreamt of in your philosophy.
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A s a young man, James Van Allen became 
fascinated with the subject of cosmic rays. 
These are highly charged particles traveling 

through space at nearly the speed of light. By 1951 
he had become head of the University of Iowa physics 
department. He was eager to develop ways to place 
scientifi c instruments high in the upper atmosphere 
to collect data. To this end, he devised something called 
the “rockoon.” It carried instruments high above the Earth 
in a balloon. Then at 10 or 15 miles up, under lower air 
pressure, its rockets would ignite to carry the package 
even higher.

Authorities wouldn’t let Van Allen launch his rockoons 
over Iowa, for fear the spent rockets would damage 
someone’s house. So he persuaded the US Coast Guard 
to let him fi re them from icebreakers near the north and 
south geomagnetic poles. In 1953 rockoons fi red off 
Newfoundland detected the fi rst hint that Earth is girded 
with immense belts of radiation. 

In 1958 Explorer 1 was launched into Earth orbit. Van 
Allen was on the Explorer 1 team, running a cosmic-ray 
experiment. When he found fewer rays than expected, 
he concluded that the satellite’s readings were thrown off 
by radiation from charged particles caught in the Earth’s 
magnetic fi eld. Two months later Explorer 3 confi rmed the 
existence of these high-radiation belts, which were later 
named after Van Allen.

A quarter-century later, with the help of the spacecraft 
Pioneer 10 and Pioneer 11, Van Allen was surveying 
similar belts around Jupiter and Saturn. Van Allen is now 
recognized as one of the leading space scientists of the 
twentieth century.

What clues does Van Allen’s 
work give you about 
how scientifi c thinking 
and practice have evolved 
since Ptolemy fi rst looked 
at the heavens?

Earth, Inside and OutEEEEEEEEEEEEEEEaaaaaaaaaaaaaaarrrrrrrrrrrrrrrttttttttttttttthhhhhhhhhhhhhhh,,,,,,,,,,,,,,, IIIIIIIIIIIIIIInnnnnnnnnnnnnnnsssssssssssssssiiiiiiiiiiiiiiidddddddddddddddeeeeeeeeeeeeeee aaaaaaaaaaaaaaannnnnnnnnnnnnnnddddddddddddddd OOOOOOOOOOOOOOOuuuuuuuuuuuuuuuttttttttttttttt

• Earth’s interior 
• Earth’s atmosphere
• Earth’s magnetic fi eld
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Earth’s Interior
As you continue through this book, you will be reading about 
other worlds beyond the Earth. But before you leave Earth, so to 
speak, this lesson will give you some essentials for understanding 
it as a physical object, made of certain materials and subject to 
certain forces. After all, the Earth is a planet, too.

Earth’s Density 

One of the fi rst things to understand about the Earth as a 
physical object is how dense it is. Density  is the ratio of an object’s 
mass to its volume. Determining the Earth’s volume is relatively 
easy. People have known the Earth’s diameter for centuries, and 
so could fi gure its volume. Today’s space program has greatly 
increased the accuracy of these measurements.

Calculating the mass of Earth had to wait, however, until 
scientists could apply Kepler’s third law (as revised by Newton) 
to the period and radius of the Moon’s orbit. Remember that this 
law held that the period of revolution of an orbiting object depends 
only on the size of the orbit and the total mass of the objects.

After making the necessary calculations scientists concluded that the average 
density of Earth is 5.52 grams per cubic centimeter. This compares with the density 
of water, 1 g/cm3; aluminum, 2.7 g/cm3; and iron, 7.8 g/cm3.

Knowing the density of a celestial object allows you to make a reasonable guess about 
its composition. Suppose you were to discover a planet with an average density 5.5 
times that of water. And suppose its surface was rocky and largely covered by water. 
You could reasonably infer that its interior was likely to include metals such as iron 
and nickel. You couldn’t be sure what amounts of which metal would be present. 
But you would have a rough idea of its composition. Such a planet would be like 
a snowball with a rocky core. It would also be quite like the Earth itself. 

Earth’s Three Layers 

The Earth is made up of three layers—the crust, mantle, and core (Figure 1.1). 
The crust  is the outer layer of Earth. It extends down to a depth of less than 
60 miles (100 km). The crust is made up of rock and soil, and has a density 
of 2.5 to 3 g/cm3. 

•  density
•  crust
•  mantle
•  core of the Earth
•  chemical differentiation
•  continental drift
•  rift zone
•  plate tectonics
•  solstice
•  altitude
•  equinox
•  magnetic fi eld
•  aurora
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52 CHAPTER 2 The Earth and Moon

The next layer down is the mantle, a thick, 
solid layer between Earth’s crust and its core. 
The mantle extends almost halfway to 
the center of the Earth, about 1,800 miles 
(2,900 km). This layer is solid but is able 
to fl ow under steady pressure, albeit very 
slowly. Under extreme pressure, it can 
crack and move suddenly. The mantle 
is denser than the crust—3 to 9 g/cm3. 
The crust, therefore, fl oats on top of it.

The core of the Earth is the central part 
of the Earth, made up of a solid inner core 
surrounded by a liquid outer core. The core 
is even denser than the mantle. Scientists 
therefore think it’s made up primarily 
of iron and nickel, the most common 
heavy elements.

This layering of the Earth, with the greatest 
density at the center, suggests to scientists a phenomenon for which they have a 
special term: chemical differentiation. It refers to the sinking of denser material toward 
the center of planets or other objects.

Scientists see this sinking as something that could have come about only when 
the Earth was in a molten state. That’s when the heavier elements would have sunk 
through the less dense material.

Scientists understand as much as they do about the structure of the Earth because 
of what they have learned from studying the waves that result from earthquakes. 
These waves travel throughout the Earth. By analyzing their travel times, geologists 
can draw some conclusions about the stuff the Earth is made of. 

The Motion of the Earth’s Crust 

You may have noticed while looking at a map of the Earth that the eastern edge 
of the Americas—North and South—seems to fi t roughly into the western edge 
of Europe and Africa. It’s as if they were all one land mass once upon a time but 

have since drifted apart.

In fact, that’s pretty much what scientists believe 
happened.  Continental drift  is the scientifi c term for 
the gradual motion of the continents relative to one another. 
A German meteorologist named Alfred Wegener gets 
the credit for fi rst developing the idea of continental 
drift in the early twentieth century. But nobody could 
fi gure out just how or why this drift occurred. And so 
the idea was set aside.
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Alfred Wegener, who developed the 
idea of continental drift, said, “It is just 
as if we were to refi t the torn pieces 
of a newspaper by matching their 
edges and then check whether the 
lines of print run smoothly across.”
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Tectonics is a branch of geology 
concerned with the structure of 
the crust of a planet (as Earth) 
or moon and especially with the 
formation of folds and faults in it. 
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Later, though, geologists discovered the rift zone, a line near the center of the Atlantic 
Ocean from which lava fl ows upward. These lava fl ows have created an extensive 
range of underwater mountains. All this new material oozing in, so to speak, 
pushed the Americas and the Euro-African landmass apart. And these forces are 
still at work. Scientists have studied this region, using various techniques to date 
the mountains and other features. They estimate Europe 
and North America are now moving apart about an inch 
(two to four centimeters) every year (Figure 1.2).

From this research has grown the present theory 
of  plate tectonics—the motion of sections (plates) of the 
Earth’s crust across the underlying mantle. Earth has about 
a dozen of these large plates and several smaller plates 
(Figure 1.3). Each extends about 30 to 60 miles 
(50 to 100 km) deep. 
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54 CHAPTER 2 The Earth and Moon

Earth’s Atmosphere 
Earth’s atmosphere is an essential part of what makes the planet a comfortable 
home for so many forms of life. In this section you’ll read a little more about 
the atmosphere and its layers.

The Atmosphere’s Depth and Major Elements 

Just as the Earth’s crust is a relatively thin layer of rock and soil, Earth’s atmosphere, 
too, is a very thin layer. The higher you go from the surface of the Earth, the thinner 
the atmosphere becomes. It’s hard to say just what its outer limit is. But by about 
62 to 93 miles (100 to 150 km) up and away from Earth, the atmosphere is almost 
nonexistent.

Earth’s atmosphere is made up mostly of nitrogen and oxygen—78 and 21 percent, 
respectively, by volume. That last 1 percent of the total, though, is made up of some 
very important constituents—water vapor, carbon dioxide, and ozone. You’ll read 
later on about what they mean for life on earth.

The Five Layers of the Atmosphere 

The troposphere is the lowest level of the Earth’s atmosphere. 
It extends about seven miles, or 11 kilometers, above the 
surface of the Earth, and it contains about 75 percent of 
the atmosphere’s mass. All of Earth’s weather occurs in the 
troposphere. This layer of the atmosphere gets most of its heat 
from infrared radiation from the ground. So the higher up 
you go within the troposphere, the cooler the temperature is. 

What Makes Earth Unique 

Earth is unique in our Solar System because it harbors complex intelligent life 
that has survived for 3.9 billion of the planet’s 4.5 billion-year existence. Several 
factors combine to make Earth so hospitable to life:

• Liquid water near the surface
• Enough radiation from space, but not too much
• Jupiter as a neighbor protecting Earth from comets and asteroids
• A large Moon that stabilizes Earth’s tilt (which helps limit seasonal extremes) 

and creates tides
• A stable orbit around the Sun, to which Earth is close enough but not too close
• A gaseous atmosphere and liquid water ocean
• The evolution of photosynthesis within microbial life forms, which enriched 

the atmosphere with oxygen.
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Commercial aircraft fl y at 
the top of the troposphere 
to avoid turbulence.
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LESSON 1 ■ Earth, Inside and Out 55

The next layer up is the stratosphere. 
In this layer of the atmosphere, the 
temperature rises with the altitude. 
This is because the stratosphere 
absorbs ultraviolet radiation from 
the Sun. At the top of the stratosphere 
is the ozone layer. Above that, from 
about 30 to 50 miles (50 to 85 km) 
up is the mesosphere. Once again, 
there’s a change in the relationship 
of temperature and altitude. In the 
mesosphere, the higher up you are, 
the colder it gets. 

The next layer is the thermosphere, 
the layer in which the space shuttle 
fl ies. Once again, the temperature 
rises with altitude. The outermost 
layer is the exosphere. It extends from 
the top of the thermosphere below 
to 6,200 miles (10,000 km) above 
the Earth. In this layer, atoms and 
molecules escape into space and 
satellites orbit the Earth (Figure 1.4). 

The Importance of the Ozone Layer 

The ozone layer is centered at about 30 miles (50 km) up. Ozone is a three-atom 
form of oxygen—written as O3. On Earth’s surface, it is a colorless, corrosive gas 
that is a dangerous pollutant. Thirty miles up, however, it provides important 
protection to life on Earth by fi ltering ultraviolet (UV) radiation from the Sun. 
UV radiation breaks apart molecules that make up living tissue. You’ve experienced 
this if you’ve ever been sunburned. Too much exposure to UV can cause skin 
cancer.

The ozone layer is under threat from modern civilization. Over much of the 
twentieth century, people used signifi cant amounts of chemicals known as 
chlorofl uorocarbons (CFCs) for purposes such as refrigeration. But these chemicals 
would escape into the atmosphere and damage the ozone layer. More recently, 
people have seen the danger and largely phased out CFCs. These chemicals 
remain in the atmosphere for over a century, though, and so amounts already 
released continue to damage the ozone layer.  For example, several years ago 
scientists discovered that a hole in the ozone forms each year over Antarctica. 
Scientists believe its growth has stabilized, but the ozone is not likely to recover 
until about 2020 or later.
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56 CHAPTER 2 The Earth and Moon

Solstices and Equinoxes

While weather occurs in the atmosphere, it’s Earth’s tilt as it orbits the Sun that 
determines the cycle of seasons. 

You can easily observe how the Sun behaves differently in summer than in winter. 
If you live in the Northern Hemisphere, you can see the Sun rising and setting farther 
north in the summer than in the winter (Figure 1.5). This means that the Sun has 
a longer journey across the sky in summer. This, in turn, means that the Sun is in 
the sky longer on a summer day than in winter. That hemisphere collects more solar 
energy during these longer days, and because nights are shorter, there isn’t as much 
time to cool down. So overnight temperatures don’t get as low during the summer. 

Another difference between summer and winter is the Sun’s angle toward Earth. 
A hemisphere gets more energy when the Sun is directly overhead. The light 
itself is more concentrated, and it doesn’t have to cut through as much of Earth’s 
atmosphere to reach the ground. By contrast, sunlight coming from a point closer 
to the horizon, as in winter, is fi ltered by more of the atmosphere. 

You read earlier that Earth comes closer to the Sun at some times than at others. 
This doesn’t really doesn’t matter much to the cycle of seasons, because the 
variation isn’t that great as a percentage of Earth’s total distance from the Sun. 
Imagine if you were standing a yard away from a fi replace, and then moved an 
inch or so closer or farther away. Would you expect to feel that much more or 
less of the fi re’s warmth? Probably not. And the same principle applies to Earth’s 
movement around the Sun.

Many people mistakenly believe the seasons are caused by Earth’s distance from 
the Sun—closer in summer and farther in winter. Actually, Earth is closer to the 
Sun during the Northern Hemisphere winter and farther during the summer.  
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LESSON 1 ■ Earth, Inside and Out 57

The Sun reaches its northernmost point in 
the Northern Hemisphere sky every year about 
21 June. Then it begins to change its (apparent) 
direction until about 21 December, when it 
reaches its southernmost point and begins 
to head north once again. The term for either 
of the twice-yearly times when the Sun is at 
its greatest distance from the celestial equator 
is  solstice. This term comes from Latin words 
meaning “the Sun standing still” and refers 
to the Sun’s apparent “stopping” as it changes 
direction. 

In the Northern Hemisphere, 21 June is the 
summer solstice and 21 December is the winter 
solstice. In the Southern Hemisphere, these 
two dates are reversed. In either hemisphere, 
the summer solstice is the point where the Sun 
reaches its highest  altitude—height measured as 
an angle above the horizon. The winter solstice is 
the point where the Sun reaches its lowest altitude (Figure 1.6).

There are a couple of other notable points along the Sun’s path. The vernal and 
autumnal  equinoxes are the points when the Sun crosses the celestial equator. “Equinox” 
comes from Latin and means “equal night.” The solstices are associated with the 
shortest and longest days of the year. At the equinoxes, night and day are equal. 
That is, hours of daylight match hours of darkness. “Vernal” means “spring.” 
The vernal equinox comes to the Northern Hemisphere around 21 March. 
The autumnal equinox occurs around 22 September. These dates are reversed 
in the Southern Hemisphere.

Earth’s Magnetic Field
Another characteristic that defi nes Earth is its 
magnetic fi eld. A magnetic fi eld is what exists 
in a region of space where magnetic forces can 
be detected. You’ve probably done this simple 
experiment yourself at some point: You cover 
a bar magnet with a sheet of sturdy paper, 
such as construction paper, and sprinkle iron 
fi lings on the paper. The particles immediately 
respond to the magnetic force on the other side 
of the paper and assume a distinctive pattern 
(Figure 1.7).

(a) (b)

89619_CH02_LS01_p048-061.indd   57 6/4/10   3:48 PM



58 CHAPTER 2 The Earth and Moon

The Difference Between 
Magnetic North and True North 

The swinging of a compass needle and the distinctive 
pattern of iron fi lings in the experiment mentioned 
above are two good examples of magnetic fi elds. 
In fact, the Earth’s magnetic fi eld has a shape rather 
like that of the iron fi lings. And so the idea of Earth 

as containing a giant bar magnet within, with two poles, north and south, may 
be useful. But it’s not a perfect concept.

For one thing, magnetic north and the geographic North Pole (the northernmost 
point of Earth’s axis) aren’t the same. For another, magnetic north can wander 
hundreds of miles. The map in Figure 1.8 shows just how far it has moved over 
the past couple of centuries.

Another problem with the “bar magnet” comparison is that Earth’s core is too hot 
to remain magnetic. It’s not a solid magnetic region. 

Changes in the Magnetic Field 

Magnetic fi elds don’t last forever, either. They decay 
over time. Unless something exists that will “recharge” 
it, Earth’s current fi eld will disappear in about 
15,000 years. 

Magnetic fi elds can also fl ip completely. Scientists 
estimate that over the past 170 million years, the 
Earth has undergone about 300 reversals of magnetic 
fi eld. The most recent of these was 780,000 years ago. 
A fi eld reversal takes place over thousands of years 
because of complex changes in the Earth’s core.

The Van Allen Belts 

The Van Allen Belts were the fi rst scientifi c discovery of 
the space age (Figure 1.9). Early spacecraft discovered 
electrically charged particles swarming in a doughnut-
shaped region high above Earth’s surface. 

These charged particles, protons and electrons—
broken-off bits of atoms, you might say—come mainly 
from the Sun. They are captured by Earth’s magnetic 
fi eld. Electrons are trapped in the outer radiation belts. 
Protons are trapped in the inner belts. And individual 
particles travel through these belts on a spiral path. 
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A magnetic compass is simply 
a magnet that is free to rotate so 
that it can align with a magnetic 
fi eld and point north.
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LESSON 1 ■ Earth, Inside and Out 59

James Van Allen discovered the Van Allen Belts 
relatively recently. But people have known for 
thousands of years about a spectacular phenomenon 
they produce on Earth: auroras. An aurora is light 
radiated in the upper atmosphere because of impacts 
from charged particles (Figure 1.10). These beautiful 
displays may be most familiar in the Arctic regions 
of the Northern Hemisphere as aurora borealis. 
(Borealis comes from the Latin word for northern.) 
They’re also called the “Northern Lights.” They result 
when charged particles penetrate Earth’s magnetic 
fi eld and then collide with atoms and molecules in 
our atmosphere. They produce “curtains” of visible 
light in the night skies. 

The South Atlantic Anomaly 

A signifi cant feature in Earth’s magnetic fi eld is 
the South Atlantic Anomaly (SAA). This is a region 
of very dense radiation above the Atlantic Ocean 
off the coast of Brazil (Figure 1.11). It is the result 
of a sort of dip or depression in the magnetic fi eld. 
It lets cosmic rays and charged particles reach down 
lower into the atmosphere, closer to the surface 
of the Earth. 
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charged particles

Electrons trapped in
outer radiation belts

Protons trapped in
inner radiation belts

Charged particles from
Sun enter Earth's
magnetic field
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60 CHAPTER 2 The Earth and Moon

The SAA has serious effects. Its intense radiation hampers communication with 
satellites and aircraft. There are theories to explain the SAA—one is that the center 
of Earth’s magnetic fi eld and the center of Earth are not in the same place. The offset 
causes a weakening of the magnetic fi eld at the SAA. Meanwhile, astronauts get 
higher doses of radiation when they pass through the SAA. And satellites have 
to be shut down, or put into “safe mode,” when they pass through it. Otherwise 
the dense radiation could damage them. 

This lesson has reviewed the most important characteristics of your home planet—
characteristics that also help scientists understand other planets. Another important 
characteristic of any planet is how many moons it has. As everyone knows, Earth 
has only one. Mercury and Venus have none. The planets outside Earth’s orbit have 
anywhere from two to dozens. The next lesson will look at Earth’s Moon and the 
huge impact it has on the planet it orbits.
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LESSON 1 ■ Earth, Inside and Out 61

Lesson 1 Review 
Using complete sentences, answer the following questions on a sheet of paper.

 1. Why is it useful to know the density of a celestial object?

 2. What can Earth’s mantle do under steady pressure? Under extreme pressure?

 3. Why was the idea of continental drift set aside soon after it was developed?

 4. What elements make up most of Earth’s atmosphere? In what proportions?

 5. Why does the temperature fall as you rise within the troposphere?

 6. What is the importance of the ozone layer?

 7. What does the Sun do every year about 21 June?

 8. What is a magnetic fi eld?

 9. How long does a magnetic fi eld reversal take, and what causes it?

 10. What does the South Atlantic Anomaly do?

✔ CHECK POINTSCCCCCCCCCCCCCCCHHHHHHHHHHHHHEEEEEEEEEEEEEEECCCCCCCCCCCCCCCKKKKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIIIIIIIINNNNNNNNNNNNNTTTTTTTTTTTTTTTSSSSSSSSSSSSSSSCCCCCCCCCCCCCCCHHHHHHHHHHHHHHHEEEEEEEEEEEEEEECCCCCCCCCCCCCCCKKKKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIIIIIIIIIIIINNNNNNNNNNNNNNNTTTTTTTTTTTTTTTSSSSSSSSSSSSSSSCCCCCCCCCCCCCCCHHHHHHHHHHHHHEEEEEEEEEEEEECCCCCCCCCCCCCCCKKKKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIINNNNNNNNNNNNNTTTTTTTTTTTSSSSSSSCCCCCCCCCCCCCCHHHHHHHHHHHEEEEEEEEEEEEECCCCCCCCCCCCCKKKKKKKKKK PPPPPPPPPPPPPPOOOOOOOOOOOIIIIINNNNNNNNNNNNTTTTTTTTTTTSSSSSSSSSSCCCCCCCCCCCCCHHHHHHHHHHHHHHHEEEEEEEEEEEEEEECCCCCCCCCCCCCKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIINNNNNNNNNNNNNTTTTTTTTTTTTSSSSSSSSSSSS

 11. Suppose Earth’s magnetic fi eld had decayed 5,000 years ago. How might 
that have affected human history?
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