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8.1: The Global Perspective

By the end of this section, you will be able to:

Describe the components of Earth’s interior and explain how scientists determined its structure
Specify the origin, size, and extent of Earth’s magnetic field

Earth is a medium-size planet with a diameter of approximately 12,760 kilometers (Figure ). As one of the inner or terrestrial
planets, it is composed primarily of heavy elements such as iron, silicon, and oxygen—very different from the composition of the
Sun and stars, which are dominated by the light elements hydrogen and helium. Earth’s orbit is nearly circular, and Earth is warm
enough to support liquid water on its surface. It is the only planet in our solar system that is neither too hot nor too cold, but “just
right” for the development of life as we know it. Some of the basic properties of Earth are summarized in Table .

Figure : Blue Marble. This image of Earth from space, taken by the Apollo 17 astronauts, is known as the “Blue Marble.”
This is one of the rare images of a full Earth taken during the Apollo program; most images show only part of Earth’s disk in
sunlight. (credit: modification of work by NASA)

Table : Some Properties of Earth

Property Measurement

Semimajor axis 1.00 AU

Period 1.00 year

Mass 5.98 × 10  kg

Diameter 12,756 km

Radius 6378 km

Escape velocity 11.2 km/s

Rotational period 23 h 56 m 4 s

Surface area 5.1 × 10  km

Density 5.514 g/cm

Atmospheric pressure 1.00 bar
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The interior of a planet—even our own Earth—is difficult to study, and its composition and structure must be determined indirectly.
Our only direct experience is with the outermost skin of Earth’s crust, a layer no more than a few kilometers deep. It is important to
remember that, in many ways, we know less about our own planet 5 kilometers beneath our feet than we do about the surfaces of
Venus and Mars.

Earth is composed largely of metal and silicate rock (see the Composition and Structure of Planets section). Most of this material is
in a solid state, but some of it is hot enough to be molten. The structure of material in Earth’s interior has been probed in
considerable detail by measuring the transmission of seismic waves through Earth. These are waves that spread through the interior
of Earth from earthquakes or explosion sites.

Seismic waves travel through a planet rather like sound waves through a struck bell. Just as the sound frequencies vary depending
on the material the bell is made of and how it is constructed, so a planet’s response depends on its composition and structure. By
monitoring the seismic waves in different locations, scientists can learn about the layers through which the waves have traveled.
Some of these vibrations travel along the surface; others pass directly through the interior. Seismic studies have shown that Earth’s
interior consists of several distinct layers with different compositions, illustrated in Figure . As waves travel through different
materials in Earth’s interior, the waves—just like light waves in telescope lenses—bend (or refract) so that some seismic stations on
Earth receive the waves and others are in “shadows.” Detecting the waves in a network of seismographs helps scientists construct a
model of Earth’s interior, showing liquid and solid layers. This type of seismic imaging is not unlike that used in ultrasound, a type
of imaging used to see inside the body.

Figure : Interior Structure of Earth. The crust, mantle, and inner and outer cores (solid and liquid, respectively) as shown as
revealed by seismic studies.

The top layer is the crust, the part of Earth we know best (Figure ). Oceanic crust covers 55% of Earth’s surface and lies
mostly submerged under the oceans. It is typically about 6 kilometers thick and is composed of volcanic rocks called basalt.
Produced by the cooling of volcanic lava, basalts are made primarily of the elements silicon, oxygen, iron, aluminum, and
magnesium. The continental crust covers 45% of the surface, some of which is also beneath the oceans. The continental crust is 20
to 70 kilometers thick and is composed predominantly of a different volcanic class of silicates (rocks made of silicon and oxygen)
called granite. These crustal rocks, both oceanic and continental, typically have densities of about 3 g/cm . (For comparison, the
density of water is 1 g/cm .) The crust is the easiest layer for geologists to study, but it makes up only about 0.3% of the total mass
of Earth.
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Figure : Earth’s Crust. This computer-generated image shows the surface of Earth’s crust as determined from satellite images
and ocean floor radar mapping. Oceans and lakes are shown in blue, with darker areas representing depth. Dry land is shown in
shades of green and brown, and the Greenland and Antarctic ice sheets are depicted in shades of white.

The largest part of the solid Earth, called the mantle, stretches from the base of the crust downward to a depth of 2900 kilometers.
The mantle is more or less solid, but at the temperatures and pressures found there, mantle rock can deform and flow slowly. The
density in the mantle increases downward from about 3.5 g/cm  to more than 5 g/cm3 as a result of the compression produced by
the weight of overlying material. Samples of upper mantle material are occasionally ejected from volcanoes, permitting a detailed
analysis of its chemistry.

Beginning at a depth of 2900 kilometers, we encounter the dense metallic core of Earth. With a diameter of 7000 kilometers, our
core is substantially larger than the entire planet Mercury. The outer core is liquid, but the innermost part of the core (about 2400
kilometers in diameter) is probably solid. In addition to iron, the core probably also contains substantial quantities of nickel and
sulfur, all compressed to a very high density.

The separation of Earth into layers of different densities is an example of differentiation, the process of sorting the major
components of a planet by density. The fact that Earth is differentiated suggests that it was once warm enough for its interior to
melt, permitting the heavier metals to sink to the center and form the dense core. Evidence for differentiation comes from
comparing the planet’s bulk density (5.5 g/cm ) with the surface materials (3 g/cm ) to suggest that denser material must be buried
in the core.

Magnetic Field and Magnetosphere

We can find additional clues about Earth’s interior from its magnetic field. Our planet behaves in some ways as if a giant bar
magnet were inside it, aligned approximately with the rotational poles of Earth. This magnetic field is generated by moving
material in Earth’s liquid metallic core. As the liquid metal inside Earth circulates, it sets up a circulating electric current. When
many charged particles are moving together like that—in the laboratory or on the scale of an entire planet—they produce a
magnetic field.

Earth’s magnetic field extends into surrounding space. When a charged particle encounters a magnetic field in space, it becomes
trapped in the magnetic zone. Above Earth’s atmosphere, our field is able to trap small quantities of electrons and other atomic
particles. This region, called the magnetosphere, is defined as the zone within which Earth’s magnetic field dominates over the
weak interplanetary magnetic field that extends outward from the Sun (Figure ).
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Figure : Earth’s Magnetosphere. A cross-sectional view of our magnetosphere (or zone of magnetic influence), as revealed by
numerous spacecraft missions. Note how the wind of charged particles from the Sun “blows” the magnetic field outward like a
wind sock.

Where do the charged particles trapped in our magnetosphere come from? They flow outward from the hot surface of the Sun; this
is called the solar wind. It not only provides particles for Earth’s magnetic field to trap, it also stretches our field in the direction
pointing away from the Sun. Typically, Earth’s magnetosphere extends about 60,000 kilometers, or 10 Earth radii, in the direction
of the Sun. But, in the direction away from the Sun, the magnetic field can reach as far as the orbit of the Moon, and sometimes
farther.

The magnetosphere was discovered in 1958 by instruments on the first US Earth satellite, Explorer 1, which recorded the ions
(charged particles) trapped in its inner part. The regions of high-energy ions in the magnetosphere are often called the Van Allen
belts in recognition of the University of Iowa professor who built the scientific instrumentation for Explorer 1. Since 1958,
hundreds of spacecraft have explored various regions of the magnetosphere. You can read more about its interaction with the Sun in
a later chapter.

Key Concepts and Summary
Earth is the prototype terrestrial planet. Its interior composition and structure are probed using seismic waves. Such studies reveal
that Earth has a metal core and a silicate mantle. The outer layer, or crust, consists primarily of oceanic basalt and continental
granite. A global magnetic field, generated in the core, produces Earth’s magnetosphere, which can trap charged atomic particles.

Glossary

basalt
igneous rock produced by the cooling of lava; makes up most of Earth’s oceanic crust and is found on other planets that have
experienced extensive volcanic activity

core
the central part of the planet; consists of higher density material

crust
the outer layer of a terrestrial planet

granite
a type of igneous silicate rock that makes up most of Earth’s continental crust

magnetosphere
the region around a planet in which its intrinsic magnetic field dominates the interplanetary field carried by the solar wind;
hence, the region within which charged particles can be trapped by the planetary magnetic field
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mantle
the largest part of Earth’s interior; lies between the crust and the core

seismic wave
a vibration that travels through the interior of Earth or any other object; on Earth, these are generally caused by earthquakes
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