
During one qfthe Apollo 
missions to the moon that 
began in 1969, an astronaut 
snapped this picture of the 
earth above the swface of 
the moon. For the first time 
in historjJ, people could view 
the bealltifit! blue earth 
swpended in the blackness of 
!:ipace. Since that time, 
exploration has added rnuch 
to the knowledge of the 
earth. This chapter describes 
the earth, its movements 
through space, and the use 
of$pacecrafi to explore the 
earth. 
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12.1 Earth: A Unique Planet 
Photos of the earth from space reveal a blue sphere covered with 
white clouds. Surrounded by the blackness of space, the earth ap-
pears beautiful, yet fragile. In fact , the earth Ls unique in the solar 
system. It is the only known planet with liquid water on its surface 
and an atmosphere that contains a large amount of oxygen. Most 
important, the earth is the only planet known to support life . 

Statistics 
Viewed from space, the earth appears to be a perfect sphere . On a 
perfect sphere, the circumference , or distance around, is the same no 
matter where it is measured. However, careful measurements reveal 
that the earth's circumference varies slightly, depending on where 
it is measured. The circumference measured around the poles is 
40,007 km. The circumference measured around the equator is 
40 ,074 km. The equator is an imaginary line that divides the earth 

. into the Northern and Southern Hemispheres. 
Because of these differences in the earth's circumference, the 

earth is more accurately described as an oblate spheroid, a slightly I 
flattened sphere . The spinning of the earth on its axis causes the 
polar regions to flatten and the equatorial zone to bulge. The earth's 
axis is an imaginary straight line running through the earth from the 
North Pole to the South Pole. 

Seen from space, the earth ' s surface also appears to be smooth. 
Given the size of the planet, its surface is relatively smooth. The 
difference between the height of the tallest mountains and the depth 
of the deepest ocean trenches is only about 20 km . This distance is 
very small compared to the earth's average diameter of 12,735 km . 

The Hydrosphere and the Atmosphere 
The earth is 71 percent covered by water, and about 97 percent of 
that water is in the salty oceans . The remaining 3 percent of earth's 
water is fresh water that is found in lakes, rivers , and streams and 
that is frozen in glaciers and the polar ice sheets . All the earth ' s 
water makes up the hydro.lphere . 

The earth is surrounded by a blanket of gases called the atmos-
phere. The atmosphere provides the air you breathe and shields the 
earth from the sun' s harmful radiation. The atmosphere is made up 
of 78 percent nitrogen and 21 percent oxygen . The remaining 1 per-
cent includes other gases, such as argon, carbon dioxide, and helium. 

The Earth's Interior 
Direct observation of the earth's interior is impossible, so scientists 
must rely on indirect methods to study it. For example , scien-
tists have made important discoveries about the earth's interior 
through studies of seismic (SIZE-mik) waves. Seismic waves are 

Section Objectives 
• List the characteristics of the 

earth's three major zones. 
• Explain how studies of seismic 

waves have provided informa-
tion about the earth's interior. 

• Define magnetosphere and 
identify the possible source of 
the earth's magnetism. 

• Summarize Newton's law of 
gravitation. 

Oblate spheroid Perfect sp here 

Figure 2-1. The earth's shape is 
really an oblate spheroid, not a 
perfect sphere. The red line 
shows the shape of a perfect 
sphere. 
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Figure 2-2. Changes in the speed 
of seismic waves were used to de-
termine the location of the 
earth's different zones. 

vibrations that travel through the earth. Earthquakes and explosions 
on or near the earth's surface produce seismic waves . By studying 
seismic waves as they travel through the earth, scientists have deter-
mined that the earth is made up of three major zones. 

Zones of the Earth 
The thin, solid outermost zone of the earth is the outer covering or 
the crust. The crust makes up only I percent of the earth's mass. 
Mass is the amount of matter in an object. Beneath the oceans, 'the 
crust is called oceanic crust. Oceanic crust is only 5 km to 10 km 
thick . The part of the crust on which the continents rest is called 
continental crust. The continental crust varies in thickness from 
32 km to 70 km. Continental crust is thickest beneath mountains. 

Below the crust lies the mantle, a zone of rock nearly 2,870 km 
thick . The mantle makes up almost two thirds of the earth's mass 
and is divided into two different regions. 

The uppermost part of the mantle is solid. This solid portion of 
the mantle and the crust above it make up the litho!>phere, a rigid 
layer 65 km to 100 km thick. Just below the lithosphere is a region 
of the mantle caHed the asthenosphere. The asthenosphere is approx-
imately 200 km thick. Because of enormous heat and pressure, the 
solid rock of the asthenosphere has the ability to flow. The ability of 
a solid to flow is called plasticity. 

Below the mantle is the core. It forms the center of the earth 
and is made mostly of iron. From seismic studies, scientists think 
the outer core is a dense liquid layer about 2,190 km thick. The 
inner core is a dense solid about 2,680 km in diameter. The inner 
and outer core together make up nearly one third of the earth ' s 
mass . 

Seismic Wave Studies 
There are two types of seismic waves-primary waves, or P waves, 
and secondary waves , or 5 waves. They are useful to scientists ex-
ploring the earth's interior. P waves and S waves behave differently. 
P waves travel through liquids, solids, and gases. S waves travel 
only through solids. P waves also travel faster than S waves. The 
speed and direction of both types of waves are affected by the com-
position of the material through which they travel. Both P waves and 
S waves travel faster through more-rigid materials . The speed and 
direction of seismic waves reveal much about the earth's interior. 

The Moho In 1909 Andrija Mohorovicic (MOE-huh-ROE-vuh-
CHICH), a Croatian scientist, discovered that the speed of seismic 
waves increases abruptly 32 km to 70 km beneath the earth's sur-
face. As Figure 2-2 shows, this change in the speed of the waves 
marks the boundary between the crust and the mantle. This boundary 
is called the Mohorovi6c discontinuity, or the Moho. The increase 
in speed at the Moho indicates that the earth's mantle is denser than 
its crust. 

Below the Moho, at a depth of about 100 km, a decrease in 
seismic-wave speed marks the boundary between the lithosphere and 
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S waves  

P waves  

the less rigid asthenosphere. Seismic waves then increase in speed 
until, at a depth of about 2,900 km, P waves slow down again, 
while S waves disappear entirely. These changes in the seismic 
waves mark the boundary between the mantle and the outer core. 
Since S waves cannot travel through liquids and P waves slow down 
in less-rigid materials, scientists think the outer core may be a dense 
liquid. At a depth of 5,150 km , P waves speed up again, marking 
the boundary between the outer core and the inner core. This in-
crease in speed suggests that the inner core is a dense, rigid solid . 

Shadow Zones Recordings of seismic waves around the world 
reveal shadow zones on the earth's surface. Shadow zones are loca-
tions on the earth' s surface where neither S waves nor P waves are 
detected or where only P waves are detected . 

Shadow zones occur because the materials that make up the 
earth 's interior are not uniform in rigidity. When seismic waves 
travel through material s of differing rigidities , their speed changes, 
causing the waves to bend and change direction. 

As Figure 2-3 shows, a large S-wave shadow zone covers the 
side of the earth that is opposite an earthquake. S waves do not 
reach the S-wave shadow zone because they are blocked by the liq-
uid outer core. Although P waves can travel through all the layers, 
the speed and direction of the waves change as the waves pass 
through each layer. The waves bend in such a way that a P-wave 
shadow zone forms. 

The Earth as a Magnet 
If you have ever used a magnetic compass to find direction, you 
know that the earth acts as a giant magnet. Like a bar magnet, the 
earth has two magnetic poles. As Figure 2-4 shows, the lines of 
force of the earth's magnetic field extend between the North Mag-
netic Pole and the South Magnetic Pole . The earth's magnetic field 

Figure 2-3. No direct S waves can 
be detected in locations more 
than 10]0 from the earthquake 
epicenter. No direct P waves can 
be detected in locations between 
10]0 and 14]0 from the earth-
quake center. 

Figure 2-4. The flow of charged 
particles from the sun compresses 
and shapes the magnetosphere so 
that it flares out on the side of 
the earth away from the sun. 
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also affects an area that extends beyond the atmosphere. This region 
of space, which is affected by the earth's magnetic field, is called 
the magnetosphere (mag-NEET-uh-SFIR). 

The source of the earth's magnetic field may be the liquid iron 
in the earth's outer core. Because iron is a good conductor, scientists 
hypothesize that motions within the core produce electrical currents 
that in turn create the earth's magnetic field. 

Research, however, indicates that there may be another source 
for the magnetic field. Scientists have found that both the sun and 
the moon have magnetic fields . Yet the sun contains no iron, and 

CAREER Focus: Earth Structure 

"As a geologist, you 
know that no matter 
what problem you're try-
ing to solve, the answer 
is out there just waiting 
to be discovered. " 

Ken Pierce 

Field Geologist 

Talking to Denver-based field 
geologist Ken Pierce is one 
thing. Finding him is quite 

another. 
"During the field season, I 

can be out in the field area for as 
long as four months at a time," 
he says. "Though I mostly drive a 
jeep and hike, I have made some 
month-long pack trips on horse-
back as welL" 

Like other field geologists, 
Pierce, pictured at left, studies 
the composition, structure, and 
history of the earth's crust. 
Pierce specializes in the study of 
the most recent geologic time. 

After collecting samples, 
including sand, gravel, and 
g,lacial deposits, Pierce deter-
mines which samples merit 
further study. He brings them to 
the lab, where they are X-rayed, 
studied under high-powered 
microscopes, and subjected to 
chemical analysis. Pierce also 
performs experiments to test his 
geologic theories. 

Instrument technician 

"Although I have always 
liked being outdoors, it wasn't 
until I was in college that I really 
became interested in learning 
why the surface of the earth 
looks the way it does and knew I 
wanted a career in geology." 

Pierce holds undergraduate 
and graduate degrees in geology 
with an emphasis on geomor-
phology, the study of the origin of 
the earth's surface features. He 
says he enjoys the never-ending 
challenge of his work. 

"You know if you do enough 
research, make the right observa-
tions, and ask the right questions, 
you'll find your answer. It is 
mostly a matter of perseverance." 

Instrumentation 
Technician 
Instrumentation technicians, such 
as the one pictured below, help 
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the moon does not have a liquid core. Discovering the sources of the 
magnetic fields of the sun and moon may help scientists identify the 
source of the earth's magnetic field . 

The Earth's Gravity 
The seventeenth-century British scientist Isaac Newton made many 
contributions to the fields of mathematics, physics, and astronomy. 
Among the most important were his studies of gravity, the force of 
attraction that exists between all matter in the universe. 

develop the instruments that 
earth scientists use to study the 
earth. Many of these devices aid 
in the search for fossil fuels and 
geothermal energy. Others are 
used in the fields of soil conser-
vation, pollution control, and 
oceanography. 

In addition to helping design 
new machinery, instrumentation 
technicians may also test, install, 
operate, and service earth-
science equipment. 

Instrumentation technicians 
generally have completed a 
technical degree program or 
received on-the-job training. 

Surveyor 
Surveyors measure the height 
and shape of the land and mark 
waterways, boundary lines, and 
distances. Surveyors usually work 
in s.l1all groups called field par-
ties. One surveyor may operate a 
transit, which is a small telescope 
orlaserthatmeasures angles and 
distances. Meanwhile, another 
member of the field party holds 
the rod that marks the height of 
land being surveyed. 

The results of the survey are 

.... This cliff presents a challenge to surveyor field parties. 

recorded, and the data are veri-
fied. Surveyors then prepare the 
sketches, maps, and reports 
needed to establish official land 
and water boundaries. 

Although some states require 
surveyors to have a four-year col-
lege degree, most people enter 
the field through technical 
training programs. 

For Further Information 
For more information on careers 
that deal with the earth's 
structure, write the American 
Geological Institute, 4220 King St., 
Alexandria, VA 22303. Or 
check out their Web site at 
www.agiweb.org. 
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Figure 2-5. As the distance from 
the earth's center increases, the 
weight of an object decreases. 
The mass of an object stays the 
same. 

Weight = 5 N  
Mass = 1 kg  

Weight = 1 N 19.178 km 
Mass = 1 kg 

Newton described the effects of gravity in his law of gravita-
tion. This law states that the force of attraction between any two 
objects depends upon their masses and the distance between them. 
The larger the masses of two objects and the closer together they 
are, the greater will be the force of gravity between them. 

The mass of the earth exerts a force of gravity that pulls objects 
toward the center of the earth. Weight is a measure of the strength of 
the pull of gravity on an object. Weight is measured in newtons (N). 
On the earth's surface, a kilogram of mass weighs about 10 N. What 
is the weight of a 2-kg mass on the earth's surface? the weight of a 
lO-kg mass'? 

Weight and mass are not the same . Mass is the amount of matter 
in an object. Weight is the force of gravity on that matter. The mass 
of an object does not change with location, but its weight does . The 
weight of an object depends on its mass and its distance from the 
earth's center. As the law of gravitation states, the force of gravity 
decreases as the distance from the earth ' s center increases . For ex-
ample, at 8,871 km from the center of the earth (2,500 km above 
the surface), a I-kg mass weighs about 5 N, half of its weight on 
the earth's surface. At 19,778 km from the center of the earth 
(13,400 km above the surface), a I-kg mass weighs only about I N. 

Weight also varies according to location on the earth's surface. 
As you have read, the earth spins on its axis, and this motion causes 
the earth to bulge out slightly near the equator. Therefore, the dis-
tance between the earth's surface and its center is greater at the 
equator than it is at the poles. This difference in distance means that 
your weight at the equator would be about 0 .3 percent less than your 
weight at the North Pole . 

Section 2.1 Review 
I . How thick is the mantle? 
2. Describe the earth's core . 
3. Compare the behavior of P waves and S waves. 
4. Define magnetosphere. 
5. Explain why you weigh less on a mountain than at sea level. 
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2.2 Movements of the Earth 
The earth is constantly in motion. You are traveling with the earth 
around the sun at an average speed of 106,000 km/hr. The move-
ment of the earth around the sun is called revolution. Each complete 
revolution takes 365.24 days, or one year. 

As it revolves around the sun , the earth also spins on its axis. 
This spinning motion is called rotation. Each complete rotation 
takes about 24 hours, or one day. 

The Rotating Earth 
For everyone on earth, the most observable effects of the earth's 
rotation on its axis are day and night. As the earth rotates from west 
to east, the sun appears to ri se in the east in the morning. It travels 
across the sky and sets in the west. At any given moment, it is 
daytime on the hemisphere of earth facing the sun. It is nighttime on 
the hemisphere of the earth facing away from the sun. 

The Revolving Earth 
The earth's orbit, or path around the sun, is slightly elliptical, or 
oval-shaped. Therefore , the earth is not always the same distance 
from the sun . At its closest point to the sun, the earth is said to be 
at perihelion (PER-uh-HEEL-yuhn). At its farthest point, the earth is 
at aphelion (a-FEEL-yuhn). As shown in Figure 2-6 , the earth 
reaches perihelion on January 3 and aphelion on July 4. 

The earth's aphelion distance is 152 million kilometers. Its pe-
rihelion distance is 147 million kilometers. The average distance be-
tween the earth and the sun is 150 million kilometers. When the 
orbit of the earth is drawn as in Figure 2-6, it appears to be per-
fectly circular. However, it is actually slightly elliptical. 

Earth 
perihelion 

147,000,000 km • 
January 3 

Section Objectives 
• Describe the earth's revolu-

tion and rotation. 
• Tell why the seasons change. 
• Explain how the sun is used as 

a basis for measuring time. 

Figure 2-6. Each year, the earth is 
farthest from the sun in July and 
closest to the sun in January. 
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Figure 2-7. The earth's orbit 
forms an elliptical plane. The 
axis is tilted 23.5° from the perpen-
dicular to the orbital plane. The 
direction of tilt of the earth's 
axis remains the same throughout 
the earth's orbit, always pointing 
toward the North Star. 

As shown in Figure 2- 7, the earth 's orbit lies in a plane. The 
earth 's axis is tilted 23 .5° from the perpendicular (90°) to the plane of 
its orbit. As the earth revolves around the sun, the direction its axis 
points does not change; it always points toward the North Star. Conse-
quently, during each revolution, the North Pole tilts at times toward the 
sun, and at other times away from it. 

When the North Pole is tillted toward the sun, the Northern 
Hemisphere has longer periods of daylight. When the North Pole is 
tilted away from the sun, the Southern Hemisphere has longer periods 
of daylight. 

The sun's rays are nearly parallel to one another as they reach 
the earth. Because the earth's surface is curved, however, the sun's 
rays strike different parts of the earth at different angles. The 
amount of solar heat an area receives depends on the angle at which 
the sun's rays strike that area of the earth' s surface. 

When the sun is directly overhead, its rays strike the earth at a 
90° angle. The closer to 90° the rays are , the more concentrated they 
are and the greater is the heat they produce on the earth ' s surface. 
As the angle of the rays decreases, the rays spread out. When this 
happens , the solar heat reaching the surface of the earth becomes 
less intense. 

The angle at which the sun's rays strike each part of the earth's 
surface changes as the earth moves through its orbit. When the 
North Pole is tilted toward the sun , the sun's rays strike the North-
ern Hemisphere at higher angles . When the North Pole is tilted away 
from the sun, the sun's rays strike the Southern Hemisphere at 
higher angles. 

The Seasons 
Changes in the angle at which the sun's rays strike the earth ' s sur-
face and changes in the amount of daylight cause the seasons . For 
example , when the North Pole is tilted away from the sun, the angle 
of the sun's rays falling on the Northern Hemisphere is lower. As a 
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result, there are fewer hours of daylight. The weak rays of the sun 
and the short hours of daylight produce the cool winter season in the 
Northern Hemisphere. At the same time, the angle of the sun ' s rays 
striking the Southern Hemisphere is higher, and there are more hours 
of daylight. The sun ' s strong rays and the longer hours of daylight 
produce the warm summer season there. 

Summer and Winter Solstices 
Because of the earth's orbit, each year on June 21 or 22, the North 
Pole tilts toward the sun. On this day, the sun's rays strike the earth 
at a 90° angle along the Tropic of Cancer. This day is called the 
summer solstice. It marks the beginning of summer in the Northern 
Hemisphere . Solstice means "sun stop" and refers to the fact that in 
the Northern Hemisphere the sun follows its highest path across the 
sky on that day. Figure 2-8 shows this path as it appears in the 
Northern Hemisphere at the summer solstice. 

The Northern Hemisphere has the most hours of daylight at the 
summer solstice . The farther north of the equator you are, the longer 
the period of daylight you have. North of the Arctic Circle, there are 
24 hours of weak daylight at the summer solstice. At the other ex-
treme, south of the Antarctic Circle, there are 24 hours of darkness. 

By December the earth is halfway through its orbit, and the 
North Pole tilts away from the sun . On December 21 or 22 , the 
sun's rays strike the earth at a 90° angle along the Tropic of Capri-
corn . This day is called the winter solstice. It marks the beginning 
of winter in the Northern Hemisphere. 

At winter solstice, the Northern Hemisphere has the fewest day-
light hours. The sun follows its lowest path across the sky, as Figure 
2-8 shows . Places north of the Arctic Circle have 24 hours of dark-
ness; those south of the Antarctic Circle have 24 hours of daylight. 

Autumnal and Vernal Equinoxes 
On September 22 or 23 of each year, the sun's rays strike the earth 
at a 90° angle along the equator. This day is called the autumnal 
equinox and marks the beginning of the fall season in the Northern 
Hemisphere . Equinox means "equal night" and refers to the fact 

2'\-22. 

t.J\afcn 2,\-22 

sept. 22-23 

oec. 2,\-22 

Figure 2-8. In the Northern Hemi-
sphere, the sun appears to follow 
its highest path across the sky on 
the summer solstice. 
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