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Chapter 15

The Solar System
Earth is a planet that is just right for living things — and among
them are people who have long wondered if other planets have
life. Mars and Europa (a moon of Jupiter) are good candidates
for having extraterrestrial life, but are only just candidates.
Space probes have explored only a tiny fraction of the surfaces of
Mars and Venus looking for signs of life, and the small amount
of evidence collected gives no definite answers. If you were asked
to describe a creature that could live on each of the planets (or
moons) in the solar system, what characteristics would it have?
What would it eat? How would it move? A creature on Venus
might have to live at a surface temperature of 500°C. Neptune’s
environment is frozen; what type of creature could live there? In
this chapter, you will learn about the vast, unexplored
territories that are the planets and moons of the solar system.

1. What is the solar system and how does it stay
together?
2. How do the other planets in the solar system
compare with Earth? Could they support life?
2. What else is there in the solar system besides the
sun and planets?
Footnote: On August 24, 2006, the International Astronomical
Union (IAU) passed a new definition of a planet. The new
definition excludes Pluto as a planet. According to the new
definition, Pluto is classified as a “dwarf planet.”
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15.1 The Solar System
Ancient observers noticed that five bright objects seemed to wander among the stars at
night. They called these objects planets, from the Greek word meaning “wandering star,”
and named them Mercury, Venus, Mars, Jupiter, and Saturn. In A.D. 140, the Greek
astronomer Ptolemy “explained” that planets and the moon orbited Earth. For the next
1,400 years, people believed those ideas, until science proved Ptolemy wrong.

planet - a massive object orbiting a
star, like the Sun. A true planet has
cleared the neighborhood around its
orbit and has enough mass so that its
gravity forms it into a spherical shape.

How the solar system was discovered
Planets shine Today we know that planets are not stars. Stars give off their own
by reflecting light. We see the planets because they reflect light from the sun. For
sunlight example, Venus appears as a crescent like the moon, becoming dark
at times. This is because Venus does not give off its own light. When
Earth is on the same side of the sun as Venus, we see Venus’s
shadowed side (Figure 15.1 top). The phases of Venus were
discovered by Galileo in the 1600s and were part of the evidence that
eventually overturned Ptolemy’s model of the solar system.
Changing ideas Almost 100 years before Galileo, Polish astronomer Nicolaus
about the solar Copernicus had proposed that the planets orbited the sun, but few
system believed him. Then came Galileo, using a telescope he built himself to
make two discoveries that strongly supported Copernicus’s ideas.
First, he argued that the phases of Venus could not be explained if
Earth were at the center of the planets (Figure 15.1). Second, he saw
that there were four moons orbiting Jupiter. This showed that not
everything in the sky revolved around Earth.
Discovery of the The distant planets Uranus and Neptune are far from the sun and
outer planets don’t reflect much light back to Earth. These planets were not
discovered until telescopes became large enough to see very faint
objects. The dwarf planet Pluto is so far away that even today we
have only a blurry image of it. Astronomers believe that many objects
like Pluto may orbit the sun beyond Neptune’s orbit in the Kuiper
Belt. These objects reflect so little sunlight that the two largest
(Pluto-sized) ones have only just recently been discovered.
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Figure 15.1: Two of Galileo’s
discoveries that helped prove that Earth
and the other planets orbit the sun. The
top diagram shows how the phases of
Venus are due to its orbit around the sun.
The bottom diagram depicts moons
orbiting Jupiter. This observation proved
that not all objects revolve around Earth.
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CHAPTER 15: THE SOLAR SYSTEM

Organization of the solar system
The sun, planets, Today, we define the solar system as the sun and all objects that are
and other gravitationally bound to the sun. The gravitational force of the sun
objects keeps the solar system together just as gravity keeps the moon in orbit
around Earth.

The solar system includes eight major planets and their moons (also
called planetary satellites), and a large number of smaller objects
(dwarf planets, asteroids, comets, and meteors).

Inner and outer The solar system is roughly divided into the inner planets (Mercury,
planets Venus, Earth, Mars) and the outer planets (Jupiter, Saturn, Uranus,
Neptune) The dwarf planet Pluto is the oldest known member of a
smaller group of frozen worlds orbiting beyond Neptune. The diagram
above shows the orbits of the planets to scale (the planets, however,
are really MUCH smaller than shown). Notice that Neptune is farther
from the sun than Pluto over part of its orbit.

solar system - the sun, planets,
and their moons, and other objects
that are gravitationally bound to
the sun.
planetary satellite - small body
of matter that orbits a planet.

The orbits of the planets are not
true circles, but ellipses. While the
actual paths are close to circles,
the sun is not at the center, but is
off to one side. For example,
Mercury’s orbit is shifted
21 percent to one side of the Sun.
15.1 THE SOLAR SYSTEM
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Comparing size and distance in the solar system
Relative sizes The sun is by far the largest object in the solar system. The next
largest objects are the planets Jupiter, Saturn, Uranus, and Neptune.
As you can see from the scale diagram below, the planets Mercury,
Venus, Earth, Mars, and the dwarf planet Pluto appear as small dots
compared with the size of the sun.

150 million km
=1.0 AU

58 million km
=0.39 AU

Earth

SUN

Mercury

Figure 15.2: One astronomical unit

(AU) is equal to 150 million kilometers.
If Earth is 1.0 AU from the sun, then
Mercury, with a distance of 58 million
kilometers, is 0.39 AU from the sun.

Distance Astronomers often use the distance of Earth from the sun as a
measurement of distance in the solar system. One astronomical unit
(AU) is equal to 150 million kilometers, or the distance from Earth to
the sun. Mercury is 58 million kilometers from the sun. To convert
this distance to astronomical units, divide it by 150 million
kilometers (or 58 by 150). Mercury is 0.39 AU from the sun. Figure
15.3 lists the planets and the distance of each of them from the sun in
astronomical units.
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Planet

Average
distance from
the sun
(AU)

Mercury
Venus
Earth
Mars
Jupiter
Saturn
Uranus
Neptune
Pluto (dwarf)

0.39
0.72
1.0
1.5
5.2
9.5
19.2
30.0
39.4

Figure 15.3: Distances of the planets
from the sun in astronomical units
(AU).
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CHAPTER 15: THE SOLAR SYSTEM

Gravitational force
All objects The force of gravity that you are most familiar with is the one
attract between you and Earth. We call this force your weight. But

gravitational force is also acting between the sun, Earth, and the
planets. All objects that have mass attract each other through
gravitational forces. For example, a gravitational force exists
between you and this book, but you cannot feel it because both masses
are small (Figure 15.4). You don’t notice the attractive force between
ordinary objects because gravity is a relatively weak force.

Newton’s law of universal
gravitation - the force of gravity
between objects depends on their
masses and the distance between
them.

Gravitational It takes an extra-large mass to create gravitational forces that are
force is relatively strong enough to feel. You notice the gravity between you and Earth
weak because Earth’s mass is huge. We usually only notice gravitational
forces when one of the objects has the mass of a star or planet.
Gravitational Newton’s law of universal gravitation explains how the strength of
force and mass the force depends on the mass of the objects and the distance between
them. The force is directly proportional to each object’s mass. This
means the force goes up by the same factor as the mass. Doubling the
mass of either of the objects doubles the force. Doubling both masses
quadruples the force.
Gravitational The distance between objects also affects gravitational force. The
force and closer objects are to each other, the stronger the force between them.
distance The farther apart, the weaker the force. The decrease in gravitational
force is proportional to the inverse square of the distance from the
center of one object to the center of the other. Doubling the distance
divides the force by four (22). If you are twice as far from an object, you
feel one-fourth the gravitational force.
Gravity on Earth The strength of gravity on the surface of Earth is 9.8 N/kg. Earth and
and the moon a one-kilogram object attract each other with 9.8 newtons of force. In
comparison, the strength of gravity on the moon is only 1.6 N/kg. Your
weight on the moon would be one-sixth what it is now. The moon’s
mass is much less than Earth’s, so it creates less gravitational force.

Figure 15.4: The gravitational force

between you and Earth is stronger than
the force between you and your book
because of Earth’s large mass.
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Orbital motion
Why the moon Earth and the other planets orbit the sun. Why doesn’t the force of
does not fall to gravity pull the Earth into the sun (or the moon into Earth)? To
Earth answer the question, imagine kicking a ball off the ground at an
angle (Figure 15.5). If you kick it at a slow speed, it curves and falls
back to the ground. The faster you kick the ball, the farther it goes
before hitting the ground. If you kick it fast enough, the curve of the
ball’s path matches the curvature of Earth. The ball goes into orbit
instead of falling back to Earth.
Inertia and Orbital motion is caused by the interaction between inertia and
gravitational gravitational force. According to Newton’s first law, inertia causes
force objects to tend to keep moving in a straight line. Force is needed to
change an object’s speed or direction. Earth has a tendency to move in
a straight line, but the gravitational force from the sun causes its
direction of motion to curve toward the sun, into an orbit.
The size of an The radius of an orbit is a balance between gravity and inertia.
orbit depends on Gravity gets stronger as a planet’s orbit gets closer to the sun, forcing
speed and mass a tighter curve into the planet’s motion. Increasing a planet’s speed
or mass has the opposite effect. Higher speed or mass increase the
tendency of a planet to move in a straight line, resulting in larger,
less curved orbits. Each planet orbits at the precise radius where its
mass and speed are in balance with the gravity of the sun.
The shape of The sun’s gravity always pulls the planets toward it. This force would
an orbit create a perfectly circular orbit IF a planet’s velocity vector were
exactly at right angles to its radius from the sun. As the solar system
formed from swirling gases, interactions between planets caused
slight variations in velocity vectors. As a result, the orbits of the
planets are ellipses instead of perfect circles. Dwarf planet Pluto has
the most elliptical orbit. However, the deviation from circular is quite
small. Even Pluto’s orbit is “squashed” only about 4 percent out of
round. Much more significant, the sun is at a point called the focus
that is offset from the center. This causes the distance from the sun to
change as a planet orbits.
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Figure 15.5: An object launched at
8,000 meters per second will orbit
Earth.

Figure 15.6: Orbits are

mathematically ellipses but are close to
(shifted) circles.
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CHAPTER 15: THE SOLAR SYSTEM

An overview of the planets
Classifying the The planets are commonly classified in two groups. The terrestrial
planets planets include Mercury, Venus, Earth, and Mars. The terrestrial
(rocky) planets are mostly made of rock and metal. They have
relatively high densities, slow rotations, solid surfaces, and few
moons. The gas planets include Jupiter, Saturn, Uranus, and
Neptune. They are made mostly of hydrogen and helium. These
planets have relatively low densities, rapid rotations, thick
atmospheres, and many moons. Pluto is neither terrestrial nor gas,
but in a class of its own. Table 15.1 compares the planets.

terrestrial planets - Mercury,
Venus, Earth, and Mars.
gas planets - Jupiter, Saturn,
Uranus, and Neptune.

Table 15.1: Comparing properties of the planets
Mercury

Venus

Earth

Mars

Jupiter

Saturn

Uranus

Neptune

Pluto
(dwarf)

4,878

12,102

12,756

6,794

142,796

120,660

51,200

49,500

2,200

4.9 × 1024

6.0 × 1024

6.4 × 1023

1.9 × 1027

5.7 × 1026

8.7 × 1025

1.0 × 1026

1.3 × 1022

5.44

5.25

5.52

3.91

1.31

0.69

1.21

1.67

1.75

Average distance
from sun (million km)

58

108

150

228

778

1430

2870

4500

5910

Major moons (#)

0

0

1

2

39

30

21

8

1

3.7

8.9

9.8

3.7

23.1

9.0

8.7

11.0

0.6

-170 to
+400

+450 to
+480

-88 to +48

-89 to -31

-108

-139

-197

-201

-223

59

243

1

1.03

0.41

0.43

0.72

0.67

6.4

Revolution period
(Earth years)

0.24

0.62

1

1.9

12

29

84

165

249

Orbital speed
(km/sec)

47.89

35.04

29.80

24.14

13.06

9.64

6.80

5.43

4.74

Property
Diameter (km)

Mass (kg) 3.3 × 1023
Density (g/cm3)

Strength of gravity
(N/kg)
Surface temperature
(°C)
Rotation period
(Earth days)
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Asteroids and comets
Asteroids

Between Mars and Jupiter, at a distance of
320 million to 495 million kilometers, there
is a huge gap that cuts the solar system in
two. This gap is called the asteroid belt
because it is filled with thousands of small,
rocky bodies called asteroids. An asteroid
is an object that orbits the sun but is too
small to be considered a planet. So far,
more than 10,000 asteroids have been
discovered and more are found each year.

Evolution As a comet approaches the sun, some of its ice turns into gas and dust
of a comet and forms an outer layer called a coma. The inner core of the comet is
the nucleus. As a comet gets closer to the sun, it forms a tail. A
comet’s tail can stretch for millions of kilometers into space and faces
away from the sun as the comet continues its orbit (Figure 15.7).
Each time a comet passes the sun, it loses some mass.
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Comet's
orbit

SUN

lar wind

Comets We believe comets are made mostly of ice and dust. The ones we can
detect are about the size of an Earth mountain. Comets revolve
around the sun in highly elliptical orbits. In 1997, the comet HaleBopp could be clearly seen in the night sky without a telescope.
However, we still know little about the composition and structure of
comets. Several recent spacecraft have made close approaches and
each new piece of evidence they gather has lead to new insights about
what comets are made of and how they formed.

comet - an object in space made
mostly of ice and dust.

So

The size Most asteroids are small — less than a kilometer in diameter — but
of asteroids many have been found that are over 250 kilometers in diameter. The
largest asteroid, named Ceres, is 933 kilometers (580 miles) across.
While the majority of asteroids are found in the asteroid belt, many
have highly elliptical orbits that allow them to come close to Mercury,
Venus, and even Earth. About 65 million years ago, a large asteroid
hit Earth near Mexico, leaving a huge crater. Some scientists believe
this event led to the extinction of the dinosaurs.

asteroid - an object that orbits
the Sun but is too small to be
considered a planet.

Figure 15.7: A comet’s tail faces

away from the sun and can stretch for
millions of kilometers in space.
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CHAPTER 15: THE SOLAR SYSTEM

Meteors and meteorites
Meteors Occasionally, chunks of rock or dust break off from a comet or asteroid
and form a meteor. Imagine a tennis ball traveling at about 30,000
miles per hour. That’s about the size and speed of most meteors. These
chunks of dust or rock travel through space and some of them end up
hitting Earth’s atmosphere. When this happens, meteors rub against
air particles and create friction, heating them to more than 2,000°C.
The intense heat vaporizes most meteors, creating a streak of light
known as a “shooting star.” Occasionally, larger meteors cause a
brighter flash called a fireball. These sometimes cause an explosion
that can be heard up to 30 miles away. If you live or find yourself
away from any city lights, look at the sky on a clear night and chances
are that, if you look long enough, you will see a meteor. On average, a
meteor can be seen in the night sky about every 10 minutes.

meteor - a chunk of burning rock
traveling through Earth’s
atmosphere.

meteorite - a meteor that passes
through Earth’s atmosphere and
strikes the ground.

Meteor showers When a comet nears the sun, a trail of dust and other debris burns off
and remains in orbit around the sun. As Earth orbits the sun, it passes
through this debris, creating a meteor shower as the small bits of dust
burn up in the atmosphere. During a meteor shower, you can see tens
and even hundreds of meteors per hour. Because Earth passes the
same dust clouds from comets each year, meteor showers can be
predicted with accuracy.
Meteorites

If a meteor is large enough to survive the
passage through Earth’s atmosphere and
strike the ground, it becomes a meteorite.
Meteorites are thought to be fragments from
collisions involving asteroids. Most
meteorites weigh only a few pounds or less
and cause little damage when they hit. Most
fall into the oceans that cover almost three-quarters of our planet’s
surface. Meteor Crater in Winslow, Ariz., is believed to have been
caused by a giant, 50-meter diameter meteorite about 50,000 years
ago. The Holsinger meteorite (Figure 15.8) is the largest known piece
of this 300,000-ton meteorite, most of which vaporized on impact.

Figure 15.8: The Holsinger

meteorite is a large piece of a much
larger meteorite that blasted out Meteor
Crater in Arizona about 50,000 years
ago. This meteorite, while no taller than
your thigh, weighs 1,400 lbs.
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15.1 Section Review
1.
2.
3.
4.

Do we see planets because, like the sun, they are sources of light?
Name the planets in order, starting nearest to the sun.
What is an astronomical unit?
Gravitational force gets weaker as _____ increases and gets
stronger as the _____ of the objects increases.
5. Gravity exists between all objects with mass. So why is it that you
don’t you notice the force of gravity between you and all of the
objects around you?
6. Is a satellite orbiting Earth free from Earth’s gravity? Why or why
not?
7. Which planet-like object is neither a gas planet nor a terrestrial
planet?
8. Use Table 15.1 to answer the following questions:
a. Which planet is the largest? The smallest?
b. On which planet is gravity the strongest? The weakest?
c. A day is the time it takes a planet to rotate once on its axis.
Which planet has the longest day? The shortest day?
d. A year is the time it takes a planet to revolve once around the
sun. Which planet has the longest year? The shortest year?
e. Which planet is the most dense? The least dense?
f. Which planet is approximately 10 AU from the sun?
9. Why are we able to see a certain comet one year but not again
until many years later?
10. What is the difference between a meteor and a meteorite?
11. What is the asteroid belt and where is it located?
12. Why are the orbits of the planets slightly elliptical instead of
being perfect circles?
13. Compared with Earth’s diameter, Saturn’s diameter is roughly:
a) the same b) 5 times larger c) 10 times larger d) 50 times
larger
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Use the data from Table 15.1 to
make a graph of surface
temperature vs. distance from the
sun for the nine planets. Graph the
distance on the x-axis and the
temperature on the y-axis. Use
these values for the surface
temperature of the four inner
planets:
Mercury 167 °C; Venus 465 °C,
Earth 15 °C, Mars -65 °C.
What does your graph show you
about the relationship between
temperature and distance from the
sun?
Do the planets perfectly follow this
relationship?
What other factors might affect the
surface temperature of the
planets?
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CHAPTER 15: THE SOLAR SYSTEM

15.2 The Planets
The eight major planets of our solar system together contain 250 times the surface area of
Earth. This vast territory includes environments baked by heat and radiation (Mercury)
and frozen colder than ice (Neptune). Venus, the most Earth-like planet in size, has a
surface atmosphere of hot dense sulfuric acid that would be instantly fatal to any form of
life on Earth. Our own crystal blue world is unique in having the right balance of
temperature and environment to sustain life — or is it? Might there be unusual kinds of
life unknown to us on the other planets? Scientists have recently discovered living
organisms that feed off hot sulfur emissions from volcanoes on the ocean floor. These
organisms might be able to survive on Venus. With a combined surface area 1,700 times
the size of North America, the planets are an unexplored frontier full of discoveries
waiting to be made.

Mercury
Mercury

Mercury, the closest planet to the sun, is the
smallest in both size and mass. Mercury
appears to move quickly across the night sky
because its period of revolution is the shortest
of all of the planets. Only 40 percent larger
than Earth’s moon, Mercury is a rocky,
cratered world, more like the moon than like
Earth. Like the moon, Mercury has almost no
atmosphere (except for traces of sodium).
Mercury has no moons.

Surface Of all the planets, Mercury has the most extreme variations in
environment temperature. The side of Mercury that faces the sun is very hot, about
400°C, while the other side is very cold, about -170°C. This is partly
because Mercury’s rotation is locked in a 3:2 ratio with its orbit. The
planet completes three “Mercury days” every two “Mercury years.”
This also translates into one day on Mercury being about 59 Earth
days long, and a year on Mercury being not much longer, about 88
Earth days.

Figure 15.9: Mercury was named for
the messenger of the Roman gods
because of its quick motion in the sky
(image from radar maps, NASA)

Type: Rocky
Moons: none
Distance from sun: 0.39 AU
Diameter: 0.38 of Earth
Surface gravity: 38% of Earth
Surface temp.: -170 to 400°C
Atmosphere: none
Length of day: 59 Earth days
Length of year: 88 Earth days
Shortest flight to Earth: 2.3 AU
Travel time from Earth: 3 months

15.2 THE PLANETS
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Venus

.

Venus is similar Venus appears as the brightest planet in the evening sky and is the
to Earth as a third brightest observable object (after the sun and moon). Venus was
planet named after the Roman goddess of love because of its beautiful, shiny
appearance. Of the planets, Venus is closest to Earth in terms of size,
surface gravity, and rocky composition. Venus is slightly smaller
than Earth and, like Earth, has volcanic activity indicating an active
geology. But there the similarity ends. The dense, acidic, furnace-like
surface conditions on Venus are not at all Earth-like.
Venus’s surface Venus has a thick
is unpleasant atmosphere which is
mostly (96 percent)
carbon dioxide at a
surface pressure 90 times
that of Earth. Carbon
dioxide traps heat; the
greenhouse effect makes
Venus the hottest planet
in the solar system. The surface temperature is more than 500°C, hot
enough to melt lead and zinc. Venusian clouds are not water, but
corrosive sulfuric acid (H2SO4) formed from the sulfur emitted by
many active volcanoes. The first successful landing on Venus was the
Soviet probe Venera 7 in 1970. This tough lander broadcast the first
images of the rocky surface in the brief 23 minutes it lasted before the
corrosive atmosphere destroyed it. More recently, Venus was studied
by the US Magellan (1989-94) and Messenger (2004) missions, and by
the European Venus Express orbiter (2005).
Venus day and Venus is one of three planets that rotate “backward,” that is, east to
year west. Its rotation is the slowest of all of the planets; Venus makes a
little less than one rotation for each revolution around the sun. This
means that a day on Venus is 243 Earth days, while a year is shorter
that that, just 225 Earth days. Like Mercury, Venus has no moons.
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Figure 15.10: This radar map was

colored to match Venus’s surface colors,
normally hidden by clouds. (NASA)

Type: Rocky
Moons: none
Distance from sun: 0.72 AU
Diameter: 0.95 of Earth
Surface gravity: 91% of Earth
Avg. surface temp.: 460°C
Atmosphere: dense, 96% CO2
Length of day: 243 Earth days
Length of year: 225 Earth days
Shortest flight to Earth: 2.7 AU
Travel time from Earth: 3 1/2 mo.
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Earth and moon
Earth Earth is a small, rocky planet with an atmosphere that is made of
mostly nitrogen (78 percent N2) and oxygen (21 percent O2). Earth is
one of only two bodies in the solar system known to have liquid water
(the other is Europa, a moon of Jupiter). Earth has an active geology,
including volcanoes and crustal movement. Earth’s atmosphere, along
with its vast oceans and moderate temperature range, supports an
incredible variety of life. As far as we know, Earth is the only planet in
the solar system to support life. Although space probes have begun
searching, the ultimate answer to the question of life on other planets
may have to wait until humans can look in person.
The moon Earth’s single rocky moon is about one-quarter the diameter of Earth.
At a distance of 385,000 kilometers, the moon is about 30 Earthdiameters away from the planet, completing one orbit every 29 days.
The seasons Earth’s orbit is within 2 percent of a perfect circle. The seasons are
caused by the 23-degree tilt of Earth’s axis of rotation relative to its
orbit. When Earth is on one side of the sun, the northern hemisphere
receives a greater intensity of sunlight because the sun passes nearly
straight overhead once per day, making it summer. Six months later,
on the opposite side of Earth’s orbit, the northern hemisphere tilts
away from the sun. This spreads the sunlight over a larger surface
area. The lower intensity of sunlight each day makes for winter.

Figure 15.11: Earth is the only

planet not named after a Roman god. Its
name comes from Old English “oerthe,”
meaning land or country (NASA photo).

Earth at a glance
Type: Rocky
Moons: one
Distance from sun: 1 AU
Diameter: 12,800 km
Surface gravity: 9.8 N/kg
Avg. surface temp.:10°C
Atmosphere: dense, N2, O2
Length of day: 24 hours
Length of year: 365.25 days
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Mars
Mars The fourth planet out from the sun, Mars appears as a reddish point
of light in the night sky. Mars is a relatively small rocky planet with
a mass only 11 percent the mass of Earth. Mars has two tiny,
irregular-shaped moons named Deimos and Phobos. Both are much
smaller than Earth’s moon and are more like asteroids.
The surface of The surface of Mars has
Mars deserts, huge valleys, craters,
and volcanic mountains even
larger than those on Earth.
However, Mars’s “air” is mostly
carbon dioxide and less than
1 percent the density of Earth’s
atmosphere. Like Earth, Mars
has polar ice caps, but they are
made of a combination of water
and frozen carbon dioxide.
Because of the thin atmosphere
and the planet’s distance from
the sun, temperatures are below 0°C most of the time. Because it is
tilted like Earth, Mars also has seasons. A day on Mars (24.6 hours)
is similar in length to an Earth day. But Mars’s larger orbit makes a
Martian year (687 days) almost twice as long as an Earth year.
Mars was Mars is cold and dry today, but there is strong
different in the evidence that Mars was much wetter and had a
past thicker atmosphere in the past. Aerial photos of the
Martian surface show erosion and patterns of
riverbeds similar to those formed by flowing water
on Earth. Even today, there is evidence of water
beneath the Martian surface. Several robot space probes have landed
on Mars searching for life but the results have been inconclusive. As
Earth’s nearest match in climate, Mars will probably be the first
planet in the solar system to be explored by humans.
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Figure 15.12: Mars was named
after the Roman god of war. (ESA
photo)

Type: Rocky
Moons: 2
Distance from sun: 1.5 AU
Diameter: 0.53 of Earth
Surface gravity: 38% of Earth
Avg. surface temp.: -50°C
Atmosphere: thin, CO2
Length of day: 24.6 hours
Length of year: 687 Earth days
Shortest flight to Earth: 2.7 AU
Travel time from. Earth: 3 1/2 mo.
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Jupiter
Jupiter The fifth planet out from the sun, Jupiter is by far the largest.
Jupiter’s mass is greater than the combined mass of all of the other
planets. Jupiter also spins the fastest, rotating about once every 10
hours. In composition, Jupiter is much different from the rocky, inner
planets like Earth. Jupiter’s average density is only 1.3 g/cm3
compared with Earth’s density of 5.1 g/cm3. Jupiter is a gas planet
composed mostly of hydrogen and helium, similar to the sun. In fact, if
Jupiter were larger it would be a star, like the sun.
Jupiter’s Jupiter does not have a solid surface. In fact, Jupiter is more liquid
environment than gaseous or solid — more than half of its volume is an ocean of
liquid hydrogen. Its atmosphere is about 88 percent hydrogen, 11
percent helium, and 1 percent methane, ammonia, and other gases.
The atmospheric pressure below Jupiter’s thick clouds is more than a
million times that of Earth. A huge storm called the Great Red Spot
has been observed in Jupiter’s atmosphere for more than 300 years.

Jupiter’s With 63 known moons, Jupiter is like a mini solar system. In 1995,
fascinating when the US Galileo probe took these photographs, the four largest
moons moons became some of the most fascinating objects in the solar
system. Io, Europa, Ganymede, and Callisto are like small planets.
Because it is heated by gravitational forces from Jupiter itself, Io looks
like a boiling pizza and is covered with smoking sulfur volcanoes.
Europa has a surface layer of ice as much as 20 kilometers thick.
Beneath the ice is a vast ocean of liquid water that may even be warm
enough to support life. Ganymede, the largest moon in the solar
system, has a magnetic field like Earth. No other moons have this
feature. Even pock-marked Callisto has many mysteries.

Figure 15.13: Jupiter was king of

the Roman gods. The planet’s brightness
inspired its name. (NASA photo)

Type: Gas giant
Moons: 63 plus faint rings
Distance from sun: 5.2 AU
Diameter: 11.2 × Earth
Surface gravity: 253% of Earth
Avg. atmos. temp.: -108°C
Atmosphere: 90% H, 10% He
Length of day: 10 Earth hours
Length of year: 11.9 Earth years
Shortest flight to Earth: 12 AU
Travel time from Earth: 15 months.
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Saturn

.

Saturn Saturn, at almost 10 times the size of Earth, is the second largest
planet. Similar to Jupiter’s, Saturn’s atmosphere is mostly hydrogen
and helium. Saturn also spins quickly, with a day on Saturn lasting
about 11 Earth hours. As with Jupiter, Saturn’s rapid rotation is one
contributor to huge planetary storms in its atmosphere. Because of
its distance from the sun, a year on Saturn is about 29 Earth years.
Saturn’s rings

The most striking feature of Saturn is
its system of rings, which are visible
from Earth with a telescope. Saturn’s
rings are made up of billions of particles
of rock and ice ranging from microscopic
to the size of a house. Although they are
hundreds of thousands of kilometers
wide, the rings are less than 100 meters
thick (NASA photo).

Figure 15.14: Because of its slow
orbit around the sun, Saturn was
named after the Roman god of
agriculture and time.

Saturn has Saturn, again like Jupiter, has many natural satellites. There are
many moons eight bigger moons and 39 smaller ones known as of this writing.
Some of the smaller moons act as “shepherds” keeping the particles
in Saturn’s rings confined through a complex waltz of gravity.
Titan is the
largest moon
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Titan is Saturn’s largest moon, and like
Jupiter’s large moons, is like a small
planet. It has an atmosphere of nitrogen
and a surface pressure comparable to
Earth’s. Astronomers have found
spectroscopic evidence of organic
molecules in Titan’s atmosphere, raising
the possibility of life there. Titan is very
cold, with an average temperature of
-183°C. We know little about its surface
because of its dense cloud cover.

Type: Gas giant
Moons: 47 plus rings
Distance from sun: 9.5 AU
Diameter: 9.4 × Earth
Surface gravity: 1.06% of Earth
Avg. atmos. temp.: -139°C
Atmosphere: 96% H, 3% He
Length of day: 10.7 Earth hours
Length of year: 29.5 Earth years
Shortest flight to Earth: 22 AU
Travel time from Earth: 2.2 years
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Uranus and Neptune
Uranus and Both Uranus and Neptune are huge cold gas planets very much like
Neptune are Jupiter and Saturn. Both are about four times the diameter of Earth,
similar considerably smaller than Jupiter or Saturn. Like the other gas
giants, these planets’ atmospheres are mostly hydrogen and helium,
similar to the sun. Scientists believe all nine planets condensed out of
the same cloud of interstellar material as the sun. The smaller inner
planets could not hold onto their lighter gases (hydrogen and helium)
and their exposed cores became the rocky planets. Under their deep
atmospheres, the gas giants also have rocky cores.
Uranus The seventh planet from the sun, Uranus can
barely be seen without a good telescope and
was not discovered until 1781. It rotates
“backward” and has an axis that is tilted
98 degrees to the plane of its orbit. A day
on Uranus is only 18 Earth hours, but a
year takes 84 Earth years. Uranus has at
least 21 moons, all of them relatively small.
Titania, the largest, has only 4 percent the
mass of Earth’s moon.
Neptune Neptune, the eighth planet from the sun, is the outermost
of the gas planets. It was discovered in 1846 and its
discovery almost doubled the diameter of the
known solar system because of its great
distance from the sun. Neptune’s orbit is
nearly a perfect circle; only Venus has a
more circular orbit. Neptune has a series
of faint rings invisible from Earth but
that have been seen in photographs
taken by space probes such as Voyager.
Neptune has eight known moons, six of
which were found in photographs taken by
Voyager 2 in 1989. Of the eight moons, only
Triton is bigger than a few hundred kilometers.

Uranus facts
Type: Gas giant
Moons: 27 plus rings
Distance from sun: 19.1 AU
Diameter: 4 × Earth
Surface gravity: 90% of Earth
Avg. atmos. temp.: -197°C
Atmosphere: 82% H, 15% He
Length of day: 17 Earth hours
Length of year: 84 Earth years
Shortest flight to Earth: 43 AU
Travel time from Earth: 4.4 years

Neptune facts
Type: Gas giant
Moons: 13 plus rings
Distance from sun: 30 AU
Diameter: 3.9 × Earth
Surface gravity: 114% of Earth
Avg. atmos. temp.: -201°C
Atmosphere: 96% H, 3% He
Length of day: 16 Earth hours
Length of year: 165 Earth years
Shortest flight to Earth: 67 AU
Travel time from Earth: 8.1 years
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Triton, Pluto, and the far outer system
Triton and Pluto Triton is Neptune’s largest moon (Figure 15.15). Pluto is a dwarf
are similar planet, and most of the time the farthest from the sun. Triton and
Pluto are similar objects in both composition and size. In fact, Pluto is
slightly smaller than Triton and only a fraction larger than Earth’s
moon. Some astronomers believe Pluto may actually be an “escaped”
moon of Neptune.
Triton

Triton was not discovered until
1846 and not seriously investigated
until the US probe Voyager 2 in
1989. Triton is about three-quarters
the diameter of Earth’s moon, but
its mass is much lower. Triton’s low
density of 2.2 g/cm3 points to a mix
of rock and ice. Alone of the moons
in the solar system, Triton revolves
around Neptune opposite from
Neptune’s direction of rotation.
(NASA photo)

Pluto Discovered in 1930, Pluto was named for the Roman god of the
underworld. The first dwarf planet discovered, Pluto rotates slowly —
one turn every six days — and backward. Its orbit is strongly
elliptical and Pluto crosses the path of Neptune for about 20 years out
of the 249 years it takes to revolve around the sun. Because their
orbits are not in the same plane, Neptune and Pluto will never
collide. Because it is so far away, little is known about Pluto.
Are there 8, 9, or Outside the orbit of Pluto is a region called the Kuiper Belt. The
11+ planets? Kuiper Belt stretches to 1,000 AU and is believed to contain many
asteroid-size and a few Pluto-size objects. As of this writing, two
Pluto-size bodies have been found, nicknamed Sedna and Xena. To
avoid confusion, astronomers no longer count Pluto as a planet.
Instead, Pluto is grouped along with Sedna, Xena, and similar
distant bodies in the Kuiper Belt Objects (or KBOs).
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Figure 15.15: Very little is known

about Pluto since it is so far from the
sun. No space probe has yet visited this
cold icy dwarf planet. This image from
the Hubble Space Telescope shows Pluto
and its single “moon”, Charon (NASA
photo).

Type: Rock and ice
Moons: 1
Distance from sun: 39.2 AU
Diameter: 0.31 × Earth
Surface gravity: 2% of Earth
Avg. atmos. temp.: -223°C
Atmosphere: almost none
Length of day: 153 Earth hours
Length of year: 248 Earth years
Shortest flight to Earth: 88 AU
Travel time from Earth: 9 years
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15.2 Section Review
1. Which planet has the most extreme temperature variations?
2. Which planet looks brightest in the sky?
3. Mercury is most similar to:
a. Earth’s moon.
b. Pluto.
c. Venus.
d. Mars.
4. Which planet is closest to Earth in size, gravitational strength, and
composition?
5. What happened to the space probe that first landed on Venus?
6. What is the cause of Earth’s seasons?
7. Why do scientists believe the surface of Mars may have contained
liquid water in the past?
8. What important feature do Europa and Earth have in common?
9. What makes up Saturn’s rings?
10. Is Saturn the only planet with rings?
11. The gas giant planets have atmospheres made of hydrogen and
helium. What evidence does this give scientists about the
formation of the planets?
12. Why is Neptune sometimes farther from the sun than Pluto?
13. Which three planets rotate backward?

Suppose you were given the
opportunity to travel to another
planet or a moon of another
planet. Would you go? Why or why
not? Would you go to Pluto,
knowing the trip would last 20
years? What if you could bring
along anything and anyone you
wanted? Write an essay exploring
your answers to these questions.

FOOTNOTE:
On August 24, 2006, the
International Astronomical
Union (IAU) passed a new
definition of a planet. The new
definition excludes Pluto as a
planet. According to the new
definition, Pluto is classified as
a “dwarf planet.”
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Jupiter’s Volcanic Moon

Chapter 15 Connection

We know that volcanoes have shaped the Earth’s surface. A
volcanic eruption can quickly change the landscape of an
area right before our eyes. In fact there are several active
and potentially active volcanoes in the state of California,
Oregon and Washington. These volcanoes have shaped and
changed the environment of these areas.

The study of Volcanism
Volcanology is the study of volcanoes that combines geology,
physics, chemistry, and mathematics. Here on Earth
scientists study and monitor volcanoes in hopes of being able
to successfully predict volcanic eruptions. There are several
key techniques used to monitor volcanoes. On the Earth’s
surface monitoring can be done locally, observed remotely by
aircraft or by satellites orbiting Earth. Scientista measure
ground movement, emission of gases and changes in
temperature. Scientists from all over the world report their
findings of volcanic patterns and behavior monthly. The
Smithsonian Institution in the U.S. publishes them in the
Bulletin of the Global Volcanism Network.

NASA’s Galileo mission to Jupiter

Did you ever wonder if volcanoes exist on other planets?
There are scientists who study volcanoes throughout our
solar system. They are
called planetary
volcanologists. One such
scientist is Dr. Rosaly
Lopes, who studies
volcanoes on Earth as
well as other planets at
NASA’s Jet Propulsion
Laboratory in Pasadena,
California.
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Today scientists can explore volcanic activities far beyond
the boundaries of Earth. In 1989 the Galileo mission was
launched aboard the Space Shuttle Atlantis. The spacecraft
was equipped with cameras and scientific instruments
needed to collect data. The mission was named after Galileo
Galilei an Italian scientist. In 1610, Galileo Galilei
discovered the four major moons around the planet Jupiter.
The four moons named Io, Europa, Ganymede and Callsito
are also called the Galilean Moons in honor of Galileo.
The Galileo spacecraft was equipment with instruments
such as the Near-Infrared Mapping Spectrometer (NIMS),
Solid State Imaging System (SSI) and Photopolarimeter
Radiometer. These remote-sensing instruments provided
amazing facts and evidence about the fiery volcanoes on
Jupiter’s moon, Io.
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Flyby observations

In December of 1995 the Galileo spacecraft entered into orbit
around Jupiter. A series of “flybys” and “close encounters”
were the primary objective of the mission. The purpose of
these “flybys” and “close encounters” were to collect pictures
and scientific information. The spacecraft beamed the
pictures and data back to Earth for scientist to study. Dr.
Rosaly Lopes was a member of the Galileo Flight project. As
an expert on
planetary volcanism
she worked from
1996 to 2001 on the
NIMS team. She
helped to plan and
analyze data on the
fascinating moon Io.
She and her team
were responsible for
the discovery of 71
volcanoes on
Jupiter’s volcanic
moon, Io.

Dr. Lopes realized that flying too close to Io could be
dangerous because of
Jupiter’s magnetic field and
intense radiation. The first
planned “flyby” took place
in 1995, but no images were
recorded due to equipment
failure. Additional “flybys”
were planned and each
time volcanic eruptions
were observed. Dr. Lopes
realized that the plumes of
smoke and deposits were
responsible for the
changing appearance of Io’s surface. The brilliant red and
yellow coloring of the surface is evidence of sulfur and sulfur
dioxide. As the temperature of sulfur changes so do the
colors of the moon. Red is an indication of an active or
recently volcano on Io.

Today, Io is
considered to be the
most volcanically
active place in the
solar system. Some
of the first images of Io were beamed back to Earth from the
spacecraft Voyager in 1979. The surface is an array of colors
that include red, yellow, white, black and green. The moon’s
coloring lead to the nickname “Pizza Moon.”

The Galileo spacecraft was so successful that NASA
extended the mission three times. After 14 years and
4,631,778,000 kilometers the spacecraft was intentionally
destroyed on September 21, 2003. It will forever change our
view of the solar system as scientists continue to explore
alien territory.

Questions:

Chapter 15 Connection

Volcanic intensity on Io

1. How do scientist study volcanic activity on Earth?
2. What was the purpose of the Galileo mission?
3. Why was the appearance of Io’s surface constantly
changing?
4. Why was it risky for the Galileo spacecraft to fly close to
Io?
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Chapter 15 Activity

Alien Design
The plants and animals that live on Earth are uniquely suited to
Earth’s environment. As humans, our bodies are able to withstand
the Earth’s temperate climate. We survive by breathing the air in
Earth’s atmosphere, and by drinking the fresh water in Earth’s
rivers and lakes. Although no life has yet been found on other
planets, it may be possible for some form of life to live on another
planet in our solar system, and scientists are continually
brainstorming what life might be like on a different planet than
Earth. In this activity, you will create an organism that could live
on another planet. Follow the guidelines to develop your organism,
and be creative!

Planet

Temperature range

Weight of a 100 lb
Earthling

What you will do
1. Choose any of the planets in our solar system, except Earth.
2. Develop an organism or animal that can survive on this planet.
Make sure you explain how your organism overcomes the harsh
climate present on its planet. For example, if an animal lived
on Mercury, it would need special protection to survive extreme
hot and cold temperatures.
3. Explain how your organism exchanges elements with its
atmosphere or soil, and how it moves around the planet. For
instance, how does it “breathe” if there is no atmosphere? How
would an organism move around a planet such as Jupiter,
which does not have a solid surface? How would your organism
deal with the extra gravity on a planet such as Neptune?
Length of Day

Length of Year

Mercury

-300°F to 870°F

38 lbs

59 days

88 days

Venus

850°F

91 lbs

243 days

225 days

Mars

-190°F to 98°F

38 lbs

24 hours

687 days

Jupiter

-244°F

254 lbs

10 hours

11.8 years

Saturn

-300°F

108 lbs

10 hours

29.5 years

Uranus

-300°F

91 lbs

17.2 hours

84 years

Neptune

-370°F

119 lbs

16 hours

165 years

Pluto (dwarf)

-390°F

8 lbs

7 days

248 years

332

Interesting Fact
No atmosphere;
many craters
Dense atmosphere
mostly CO2 and N2
Water trapped in
frozen poles
No solid surface;
H2O and H2 oceans
No solid surface, icy
rings
Atmosphere mostly
H2, He, methane;
possible water
Atmosphere mostly
H2, He, methane
Cold, remote; Sun
looks like a bright
star in the sky
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Vocabulary

Concepts

Select the correct term to complete the sentences.

Section 15.1

Newton’s law of

terrestrial planets

solar system

universal gravitation gas planets

meteorite

meteor

light years

astronomical unit

comet

asteroid

1.

Copernicus suggested that the planets orbit the sun. What
discoveries did Galileo make to support Copernicus’ ideas?

2.

Why is the sun at the center of our solar system?

3.

Which is the best unit for comparing relative distances
within the solar system?

Section 15.1

1.

An explanation of the force that exists between all objects
with mass is given by ____.

2.

A rocky body orbiting the sun but too small to be called a
planet is called a(n) ____.

3.

The distance from Earth to the sun, often used as a unit of
measure for large distances, is named the ____.

4.

Jupiter, Saturn, Uranus, and Neptune, made mostly of
hydrogen and helium, are called the ____.

5.

A small piece of an ateroid or comet that breaks off and is
vaporized in Earth’s atomosphere is called a(n) ____.

6.

The sun and the eight planets and their moons orbiting the
sun are referred to as the ____.

7.

While traveling close to the sun in its highly elliptical orbit,
a(n) ____ develops a tail that can stretch for milions of
kilometers into space.

8.

The planets including Mercury, Venus, Earth, and Mars are
commonly called the ____.

9.

A meteor that does not burn up as it passes through Earth’s
atmosphere is known as a(n) ____.

Section 15.2

No vocabulary words in this section

Back

a.
b.
c.
4.

Astronomical units (AU)
Light years
Kilometers

Name the factors that determine the strength of the force
between two masses.

5. For each of the following, tell whether it reflects or emits
light:
a. Earth
b. Mars
c. The sun
d. The moon
e. Stars
6.

The moon appears bright in the sky, but it does not produce
its own light. Why can we see it shining so brightly?

7.

Why is it so difficult to see if there are planets around other
stars than the sun?

8.

What is the difference between a meteor and a meteorite?

9.

Compare asteroids to comets by filling in the blanks of the
table below:
Object

Size

Material

Orbit Shape

Location

Asteroid
Comet
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10. Why does a comet form a visible tail as it approaches the
sun?

2.

An astronaut has a mass of 60 kilograms.
a.
b.

11. Are the gas planets made up only of gas?

Back

Section 15.2

What is the astronaut’s weight on the surface of Earth?
What is the astronaut’s weight on the surface of the
moon?

12. Which planet has the most moons?

3.

13. Earth has a day that is 24 hours long. Which planet has a
day of about the same length as Earth’s?

The moon is approximately 385,000 km from Earth. What is
this distance in astronomical units?

4.

Newton’s law of universal gravitation explains the strength
of the gravitational attraction between Earth and the moon.

14. Mercury closer to the sun than Venus, but Venus has higher
surface temperatures. Explain why.

a.

15. Seasons are mainly caused by:
a. the distance between Earth and the sun.
b. the tilt of Earth’s axis.
c. the orbit of Earth.

b.

16. Which planet is the closest to Earth?

c.

17. How do Saturn’s rings stay in place?
18. Which planet has a day that is longer than its year?
19. Which planets, beside Earth, have an atmosphere?

5.

Neptune’s mass is about 17 times greater than Earth’s
mass. Would your weight be 17 times greater if you visited
Neptune?

6.

What is the relationship between a planet’s distance from
the sun and its orbital speed?

7.

The average distance from Earth to the sun is:

20. What is the Great Red Spot observed on Jupiter?
21. What is important about Jupiter’s moon, Io?
22. Name the three brightest observable objects from Earth.
23. Which planet has a climate most like Earth’s? What sort of
opportunity does this represent?

Problems
Section 15.1 and 15.2

1.

A moon rock weighs 8.5 pounds on the moon. How much
would this rock weigh on Earth? (strength of gravity on the
moon = 1.6 N)
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If the mass of Earth suddenly doubled, what would
happen to the gravitational force between Earth and the
moon?
If the mass of Earth and the mass of the moon were
both doubled, what would happen to the gravitational
attraction between them?
If the distance from Earth to the moon were doubled,
what would happen to the gravitational attraction
between them?

a.
b.
c.
8.

1 light year.
1 astronomical unit.
385,000 km

Why does the sun feel warmer during summer and colder
during winter in the northern hemisphere?

