
Every planet in the Solar System, except Earth, takes its name 
from a Roman or Greek god. But it’s the Sun in particular that 
some ancient people worshipped. This fi ery globe provides 
the light, heat, and energy that make life on Earth possible.
© Sebastian Kaulitzki/Dreamstime.com
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“

Nicolaus Copernicus, De Revolutionibus
”

In the center of all rests the Sun. For who would 
place this lamp of a very beautiful temple in another 
or better place than this wherefrom it can illuminate 
everything at the same tme? As a matter of fact, 
not unhappily do some call it the lantern; others, 
the mind and still others, the pilot of the world. … 
And so the Sun, as if resting on a kingly throne, 
governs the family of stars which wheel around.
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For most of human history the Sun has been an 
object of mystery, of reverence and sometimes, 
of fear. Early civilizations learned about seasonal 

changes in the sky very early on. When the Sun is high 
up in the sky at high noon, it is summer and it is warm. 
When it is low in the sky at noon, it is winter and it is cold. 
They also learned that the equinoxes meant a change over 
to spring or fall would soon occur.

Historically, people thought that humans were the center 
of everything, and the acts they performed made them 
responsible for keeping everything going in this eternal 
cycle—through the seasons and through the years. Beyond 
that, most civilizations had some sort of mythology about 
the Sun. They either thought it was a deity of some sort or 
a supernatural force that demanded respect. In some grisly 
situations, there were sacrifi ces—not always pigs, dogs, 
and other animals, but human sacrifi ces as well.

It’s only been fairly recently, in the last few thousand years, 
that people learned that eclipses of the Sun resulted from 
the motion of the Moon. They came up with primitive 
ways to predict when eclipses would happen. Just as 
the Sun’s presence gives Earth light, the Sun’s absence in 
broad daylight or during the middle of the day has terrifi ed 
humans down through the ages. People who learned 
to predict when eclipses would happen became very 
powerful—they became shamans or early scientists. 

Once scientists developed telescopes and the ability to 
observe the Sun as an object—up close and in detail—they 
learned even more. After Galileo began using the telescope 
in 1609, the Sun was a popular item to study. It no longer 
was a mythical object in the sky, but became for the fi rst 
time a physical object scientists could investigate.

What are some of the 
differences in the way 
you regard the Sun, 
and the way an ancient 
Egyptian teenager would 
have regarded it?

• the Sun’s energy
• the Sun’s core, atmosphere, 

and sunspots
• the Solar System’s structure
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The Sun’s Energy
The Sun is the center of the Solar System in many ways. 
The Sun provides the light, heat, and energy that make life 
on Earth possible. 

People have wondered for thousands of years where the Sun’s 
energy comes from. Theories abounded on how to explain 
the source of the Sun’s energy. For example, some proposed 
that chemical reactions—such as the burning of a fuel—are the 
source of the Sun’s energy. We now know that this cannot be 
the case, simply because if the Sun were made of a fuel such 
as coal or oil, it would burn out in a few centuries at the rate 
that it is releasing energy. 

•  protons
•  neutrons
•  nuclear fusion
•  equilibrium
•  hydrostatic equilibrium
•  conduction
•  convection
•  radiation
•  photosphere
•  chromosphere
•  corona
•  solar wind
•  sunspots
•  solar fl ares
•  conservation of angular 

momentum
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78 CHAPTER 3 The Sun and the Solar System

It wasn’t until the mid-twentieth century that scientists were able to measure 
the amount of energy the Sun has produced for billions of years. The solar energy 
the Earth’s surface receives—assuming you could collect and harness it effi ciently—
is enough to cover the entire world population’s energy needs 10,000 times over. 

The Source of the Sun’s Energy

In the mid-19th century, Hermann von Helmholtz and Lord Kelvin proposed that 
the source of the Sun’s energy was a very slow gravitational contraction—shrinking 
caused by the force of gravity. They believed this compressed the gases inside the 
Sun, raising their temperature. It’s similar to the air in a bicycle tire getting warmer 
when you compress it with a pump. The theory said that when the Sun’s gases 
became hot enough, they began radiating energy out into space. 

Helmholtz and Kelvin’s calculations showed that gravitational contraction could 
have produced the Sun’s energy output with a reduction in the Sun’s diameter 
of only a few tens of meters per year. That’s a negligible amount throughout the 
course of recorded history. 

They assumed that the Sun formed from a large diffuse cloud. They fi gured that 
gravitational contraction could not have started more than a few hundred million 
years ago. This period seemed long enough in the nineteenth century, as scientists 
thought the Earth to be much younger than they now know it to be. Their theory 
seemed to be a good one. It fi t the available data.

Then, in the twentieth century, geologists discovered the Earth is not a few 
hundred million years old, but rather a few billion years—10 times older. Scientists 
abandoned the contraction theory. The source of the Sun’s energy was again an 
open question.

In the early twentieth century Einstein proposed his special 
theory of relativity, and scientists began considering that 
mass can be converted to energy, and energy into mass. In 
the late 1920s, scientists theorized that this process could 
be the source of the Sun’s energy. Then during the 1930s, 
Hans Bethe at Cornell University worked out a theory that 
explains how the Sun has produced its tremendous power 
for the past 4 billion to 5 billion years, and how it will 
continue this production for another similar period. 

The Nuclear Fusion Power of the Sun

Bethe’s theory requires an understanding of atoms. You may already know that 
an atom is made up of a nucleus surrounded by orbiting electrons. That nucleus 
is what you should consider when thinking about the Sun’s nuclear power. 
An atom’s nucleus, which is most of the atom’s mass, is made up of two kinds 
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Bethe was awarded the Nobel 
Prize in 1967 for his theory that 
stars, including the Sun, get their 
energy from nuclear reactions 
in which hydrogen is converted 
into helium.
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LESSON 1 ■ The Sun and Its Domain 79

of particles:  protons, positively 
charged particles; and neutrons, 
particles with no electrical charge. 
(Note that most hydrogen nuclei 
have no neutrons.) 

The Sun’s core is too hot to 
allow for complete atoms to exist. 
Instead, nuclei and electrons are 
separated from one another and 
bounce around at great speeds. 
In nuclear fusion, two nuclei 
combine to form a larger nucleus. 
They “fuse.” The primary source 
of the Sun’s energy, then, is a 
series of nuclear fusion reactions. 
Four hydrogen nuclei fuse to form one helium nucleus. 
In the process a small amount of the mass of the nuclei 
is changed into energy. This is where Einstein’s theory 
comes into play (Figure 1.1). 

In order for the Sun to produce its enormous power, 
a large number of fusions of hydrogen nuclei must take 
place every second. As a result, the density of the matter 
in the region of the Sun where fusion occurs is very high. 

The Sun’s Core, Atmosphere, and Sunspots
The same factors determine what the Sun’s core is like. Gravity holds the Sun 
together, just as the force of gravity holds the atmosphere of the Earth near 
its surface. The Earth’s atmosphere is denser near the surface, not simply because 
the force of gravity is greater there than higher up, but also because the pressure 
exerted by the gas above compacts the lower layers. Gases lower in the atmosphere 
have to support the gases above. 

The Sun’s Equilibrium

The same logic applies to the Sun. At any particular depth below the Sun’s surface, 
the pressure of the gas at that point must be enough to support the gas above. 
Thus, it is convenient to think of the Sun as having layers like the various layers 
of an onion, as shown in Figure 1.2. Keep in mind, however, that in the Sun there 
are no distinct boundaries between layers but rather a continuous change moving 
toward or away from the center. The Sun is in a state of  equilibrium, or balance, 
neither noticeably contracting nor expanding, so the pressure downward on any thin 
layer must be equal to the upward pressure on that layer. 
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Nuclei is the plural of the Latin 
word nucleus.
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80 CHAPTER 3 The Sun and the Solar System

The equilibrium conditions in the Sun 
are known as  hydrostatic equilibrium. 
“Hydro” refers to the fl uid state. This 
is basically just a more complex case 
of the situation with the infl ated bike 
tire. In that case, the stretched rubber 
holds the air inside in a compressed 
state. As long as the outward pressure 
of the compressed air inside is enough 
to support the inward pressure of the 
rubber, equilibrium is maintained.

The gas at the center of the Sun is 
supporting the weight of the gas all the 
way out to the surface, so you should 
expect great pressures at the center. 

This tremendous pressure pushes protons close enough together that hydrogen 
fusion can take place. Only near the center of the Sun are the temperature and 
density of hydrogen great enough to support fusion. The solar core, where fusion 
takes place, extends out to perhaps 25 percent of the Sun’s radius.

The fusion reactions in the core provide a heat source that scientists must take into 
account when calculating conditions within the Sun. When a gas is heated, it tends 
to expand. A balloon expands when its temperature rises, but then it stabilizes at a 
(different) equilibrium condition. Likewise, the Sun exists in a state of equilibrium, 
with the force of gravity balanced by forces tending to expand the gas. 

The Three Modes of Solar Energy Transfer

The ways in which the energy produced at the Sun’s core are transferred to the 
surface are the same ways heat transfers here on Earth. Indeed, the same process 
occurs everywhere in the universe.

If you put one end of a spoon on the 
burner (or in the fl ame) of a kitchen 
stove and hold the other end, you’ll 
feel your end of the spoon gradually 
getting warmer until it is too hot to 
hold. Energy is transferred by vibration 
through the metallic crystal structure of 
the spoon. This fi rst method of transfer 
is called conduction, the transfer of 
energy in a solid by collisions between 
atoms and/or molecules. 

(a) (b)

Atoms at 
cool end 
vibrate 
slowly

Atoms at
hot end 
vibrate
faster
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LESSON 1 ■ The Sun and Its Domain 81

Imagine the atoms near the end of the spoon on the fi re. As the spoon gets hotter, 
the atoms vibrate at a faster speed (Figure 1.3). These atoms exert forces on adjacent 
atoms of the metal, and cause those atoms to start moving faster. Gradually, the 
increased vibration spreads up the spoon until the atoms at the other end are also 
vibrating faster. In transferring energy by conduction, atoms do not move from one 
region to another. Instead energy from vibration—thermal energy—is transferred.

In order for conduction to take place, the particles of the substance must be in close 
contact. The same is true for the atoms in a solid. This is rarely the case in stars, 
so conduction is not a signifi cant factor in transporting energy from within the Sun.

The second method of energy transfer,  convection occurs when the atoms of a warm 
liquid or gas move from one place to another. You may have heard the expression 
“Heat rises.” Put your hand about a foot above a hot stove burner. You will feel 
hot air rising from the burner. This happens because hot air is not as dense as 
cold air, and therefore, the hot, less-dense air rises. 

On Earth, convection currents let hang gliders travel long distances, carried along 
with the rising air. In a star, convection between neighboring layers is signifi cant 
only when the temperature difference is great compared with the pressure difference. 
In the case of the Sun, this condition is met only in the region within about 125,000 
miles (200,000 kilometers) of the surface (Figure 1.4). In this region, convection 
constantly mixes the solar material as hot gas rises and cooler gas descends. 

The third method of energy transfer,  radiation is the transfer of energy by electro -
magnetic waves. If you hold the palm of your hand exposed to the stove burner, 
you can tell that your hand is being heated by something else besides the rising 
hot air. To emphasize this, hold your hand off to the side, where it is not in the 
stream of hot air, and you will still feel the heat. 

0.3

0.5

0.7

1.0
Radiative
zone

Convective
zone

Fusion core
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82 CHAPTER 3 The Sun and the Solar System

Radiation of energy occurs in all portions of the electromagnetic spectrum. Its 
effect on another object depends only on whether the receiving object absorbs the 
particular wavelengths of radiation the radiator emits. The air of your kitchen, for 
example, is transparent to most electromagnetic radiation produced by the stove 
burner and so is not heated by it directly. Your hand, however, absorbs the radiation 
and is heated by it.

Radiation is the principal means of energy transfer 
inside the Sun. If the Sun were transparent, the electro-
magnetic radiation produced in the core would travel 
outward at the speed of light and reach the surface in 
about 2 seconds. In reality, energy may take hundreds 
of thousands of years to reach the Sun’s surface. 

The Three Layers of the Sun’s Atmosphere

It might seem odd to say that the Sun has an atmosphere. But it does. It’s made up 
of material beyond the Sun’s surface that you cannot see with your eyes.

The Sun’s atmosphere has three levels—the photosphere, the 
chromosphere, and the corona. The fi rst is the photosphere, 
the visible part of the Sun and that part of the solar atmosphere 
that emits light. The photosphere is the level you see when 
you look at pictures of the Sun. 

The photosphere is about 250 miles (400 kilometers) thick. 
The variation in brightness is a result of hot areas within 

the photosphere rising and falling within the region—variations in temperature 
produce variations in brightness.

The next layer within the Sun’s atmosphere is the chromosphere, the region between 
the photosphere and the corona (Figure 1.5). This is where solar fl ares and eruptions 
come from. This region is only visible from Earth during a solar eclipse, when the 
Moon covers the photosphere, creating a bright red fl ash. 

The fi nal layer of the Sun’s atmosphere is the corona, which is the outermost portion 
of the Sun’s atmosphere. This region extends for hundreds of thousands of miles from 
the Sun and can be seen during total solar eclipses. Centuries ago, when scientists 
were fi rst exploring the Solar System, they believed the corona was actually an 
optical illusion caused by the eclipse instead of a real region in the solar atmosphere. 

As you read about the various layers and regions of the Sun, keep this in mind—
the boundaries between them are artifi cial, and were named this way to distinguish 
between them based on certain selected properties. Although the boundaries 
between various regions appear sharp in the graphics and pictures, in reality, they 
are not as well defi ned. This is especially true of the outer limits of the corona, 
where the coronal material becomes the solar wind.
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The speed of light is 186,000 
miles per second.
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Warning: To prevent severe 
damage to your eyes, never 
look directly at the Sun.
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Moon

(a) SUN

Earth

(b)
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84 CHAPTER 3 The Sun and the Solar System

The Solar Wind

This  solar wind is a continuous outfl ow of charged 
particles from the Sun, mostly in the form of protons and 
electrons. Moving at about 249 miles (400 kilometers) 
per second near Earth, it plays a signifi cant role in space 
weather activity. One of its effects is to cause comet tails 
to point away from the Sun as its particles sweep comet 
material along with them. Another dramatic effect is 
the auroras you can see near the Earth’s poles. You read 
about these in Chapter 2, Lesson 1. 

The Impact of Sunspots and Solar Flares on Earth’s Climate

Another important feature of the Sun is the dark spots people have observed for 
thousands of years.  Sunspots  are the dark spots appearing periodically in groups on the 
Sun’s surface. The Chinese reported seeing sunspots as long ago as the fi fth century 
BC. Europeans, though, did not report seeing sunspots until Galileo observed them 
using his telescope. 

Alexander Wilson proposed in the late eighteenth century that sunspots were 
actually windows of a sort, showing glimpses of a cooler surface beneath the 
hot outer layer of the Sun. William Herschel, who discovered the planet Uranus, 
even suggested that the interior of the Sun might be cool enough to support life. 
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Space weather is the conditions 
and phenomena in space—especially 
in the environment near Earth—
that may affect space assets or 
space operations. Space weather 
may affect both spacecraft and 
ground-based systems. Solar fl ares 
and solar wind affect space weather 
signifi cantly.
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LESSON 1 ■ The Sun and Its Domain 85

Modern science has determined that sunspots are about 1,227 degrees C cooler 
than the surrounding photosphere, but are still far too hot for life to exist. They 
appear to be dark because they emit roughly three times less radiation than 
the surrounding area. 

While sunspots put out less radiation than the surrounding area, they also have 
a much stronger magnetic fi eld. (See the pictures below.) Scientists in the early 
part of the twentieth century determined that the magnetic fi eld in a sunspot is 
about 1,000 times stronger than the surrounding photosphere. Also, sunspots often 
appear in pairs, with each pair having opposite polarity, one north and one south, 
like the magnets you may use in science classes. 

Sunspots are also only temporary. They can last a few hours or even a few months. 
Sometimes many sunspots are visible, and sometimes there are none. German 
chemist and amateur astronomer Heinrich Schwabe discovered in 1851 that there 
is a fairly regular cycle in the number of sunspots. Single sunspots don’t last very 
long, but Schwabe found the sunspot cycle lasts about 11 years. 

Sunspots are important to the Earth and your daily life. Between 1645 and 1715, 
scientists saw very few sunspots. At the same time, the earth went through a “little 
ice age” when global temperatures were cooler than normal. There is also evidence 
that similar instances of fewer sunspots and cooler temperatures on Earth happened 
further back in history. These incidents suggest a clear connection between changes 
in solar activity and the Earth’s climate. 

The Sun’s turbulent magnetic fi eld also causes the colossal fl are-ups called  solar 
fl ares. A solar fl are is an explosion near or at the Sun’s surface, seen as an increase in 
activity such as prominences (bulges). In just a few seconds, fl ares can heat solar material 
to tens of millions of degrees. They also eject solar particles at very high speeds.

In the largest fl ares, these particles reach Earth in less than an hour. They not only 
cause spectacular auroras, but also disrupt radio transmissions on Earth.

(b)(a)
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The Solar System’s Structure
The Sun is obviously the dominant object in the Solar System. It makes up more 
than 99 percent of the Solar System’s mass. It is about 10 times larger in diameter 
than Jupiter, the largest planet. The Sun’s diameter is about 862,000 miles 
(1,390,000 kilometers), compared to Earth’s diameter of about 8,000 miles 
(13,000 kilometers). In other words, the Sun’s diameter is about 110 times 
that of Earth. 

To picture this better, think of the Sun as an object the size of a basketball, 
a sphere 9.4 inches in diameter. On this scale the Earth would be about the size 
of the head of a pin, one-tenth of an inch in diameter (Figure 1.6).

Jupiter is the largest planet in the Solar System, with a diameter about 11 times 
that of the Earth. On the scale of the basketball, Jupiter would have a diameter of 
about an inch. The dwarf planet Pluto has a diameter about one-fi fth that of Earth. 
In your scale model it would be a grain of sand, about 1/64 inch across. 

Now consider the distances between the planets. To continue the model in which 
the Sun is a basketball, put the basketball at one end of a tennis court. A pin 
at the opposite end of the tennis court would be the Earth. A one-inch ball one 
and a half football fi elds away would be Jupiter. Pluto would be a grain of sand 
a kilometer (six-tenths of a mile) away. Between these objects you put nothing—
or almost nothing. The only thing between them is the other planets, all smaller 
than Jupiter, as well as other smaller objects—asteroids and comets—that you’ll 
read about in later lessons. 

The Voyager Spacecraft

When scientists realized in the early 1970s that the four outermost planets—Jupiter, 
Saturn, Uranus and Neptune—would all be lined up close together facing the Sun for 
the fi rst time in more than 170 years, they decided to send out space probes to explore 
these planets. Since 1977 NASA scientists have been learning more and more about 
these outer planets and the farthest reaches of the Solar System from two separate 
spacecraft, Voyager 1 and Voyager 2.

These space probes gave scientists an up-close view of the planets and taught them 
about previously unknown moons and rings. Voyager 2 traveled within 3,100 miles of 
Neptune in August 1989. Since then both space probes have traveled outward, farther 
from the Sun and the Earth. By 2015, Voyager 1 will pass into interstellar space, outside 
the Solar System. Voyager 2 will follow fi ve years later. There is enough power on the 
two probes to allow them to continue to operate and send back information to NASA 
until at least 2020.

ThThe Vo

h
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How the Solar System Formed

So how did the Solar System come to be? The story begins more than 5 billion 
years ago, when the atoms and molecules that now make up the planets—
and your body—were spread out in a gigantic cloud of dust and gas.

A study of the Solar System’s beginnings is interesting as an example of the way 
science in general (and astronomy in particular) makes progress, because the 
theory is still in its early development, and many gaps remain.

The search for answers here resembles a mystery story in which there are many 
clues. New ones appear all the time, and some of the clues seem to contradict 
others. There are two main categories of competing theories to explain the origin 
of the Solar System: evolutionary theories and catastrophe theories. This section 
examines the evidence for each and shows why one is gaining favor among 
astronomers.

Any theory of the Solar System’s formation must explain the following data:

 1. All the planets revolve around the Sun in the same direction and 
their orbits are nearly a circle.

 2. All of the planets lie in nearly the same plane of revolution.

 3. All, except Venus and Uranus, rotate in the same direction as they 
circle the Sun.

Ganymede
(a moon of Jupiter) Titan

(a moon of Saturn)

JUPITER

VENUSPLUTO

EARTH

MOON

MERCURY

SUN

MARS
NEPTUNE

URANUS
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88 CHAPTER 3 The Sun and the Solar System

 4. Most moons revolve around their parent planet in the same direction 
as the planets rotate and revolve around the Sun.

 5. The spacing of the planets forms a pattern as one moves out from the Sun. 
The outer planets are less dense than the inner planets.

 6. All the planets and moons that have a solid surface show evidence of craters 
similar to those on Earth’s Moon.

 7. All the outer (Jovian) planets have rings.

 8. Asteroids, comets, and meteoroids exist in the Solar System along with 
the planets. Each category has its own pattern of motion and location 
in the Solar System.

 9. Planetary systems in various stages of development exist around other stars.

Evolutionary Theories
There is no single evolutionary theory for the Solar System’s origin. But there are 
several theories that share common ideas about how the Solar System came to be 
as part of a natural sequence of events. 

These theories began with one proposed by René Descartes in 1644. He suggested 
that the Solar System formed out of a gigantic whirlpool, or vortex, in some type 
of universal fl uid. He suggested that the planets formed out of small eddies in 
the fl uid. This theory was rather elementary and didn’t explain the nature of the 
universal fl uid. It did, however, explain the observation that the planets all revolve 
in the same plane, the plane of the vortex.

During the next 350 years various scientists and astronomers debated and analyzed 
new discoveries and conclusions regarding the formation of the Solar System. But 
they refuted many of these ideas because the theories violated longstanding laws of 
astronomy and science. For example, Issac Newton showed that Descartes’s theory 
would not obey the rules of Newtonian physics. So by the mid-twentieth century, 
evolutionary theories lost favor to what became known as the catastrophe theory. 

Catastrophe Theory
In contrast to what the name may imply, catastrophe theory does not refer to 
a disaster. Rather, it refers to an unusual event—in this case, the formation of the 
Solar System by an unusual incident. In 1745, Georges Louis de Buffon proposed 
such an event: the passage of a comet close to the Sun. Buffon suggested that the 
comet pulled material out of the Sun to form the planets. Astronomers now know 
this was not possible, but it seemed plausible at the time. 

More recently, some thought that perhaps the Sun was once part of a triple-star 
system—three stars revolving around one another. Such star systems are common, 
so this is not a far-fetched idea. This particular catastrophe theory holds that the 
confi guration was unstable and that one of the stars came close enough to cause 
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a tidal disruption of the Sun, producing the planets. The close approach of this star 
also caused the Sun to be fl ung away from the other two stars.

Starting around the 1930s, however, astronomers began to fi nd major problems 
with catastrophe theories. First, calculations showed that material pulled from the 
Sun would be so hot that it would scatter rather than condense to form planets. 

Finally, as discussed later, other nearby stars have planetary systems around them. 
A catastrophe theory would predict that such systems are rare, since they are 
produced by unusual events. If planetary systems are found elsewhere, there is 
probably some common process that forms them.

Modern Evolutionary Theories
As these problems have become apparent, catastrophe theories have been 
nearly abandoned in favor of modern evolutionary theories. These hold that the 
formation of the Solar System resulted from gravitational forces and pressures on 
heat and mass. 

In the 1940s, German scientist Carl von Weizsaecker showed that different areas of 
a gas disk rotating around the Sun would not all rotate at the same speed. The inner 
portion would move faster than the outer. Eddies would form as a result (Figure 1.7). 
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The farther from the Sun, the larger these eddies would be. These eddies are the 
beginnings of planet formation (Figure 1.8). 

Scientists now believe that stars such as the Sun form from vast clouds of 
interstellar gas and dust. When the cloud collapses, any rotation that it had 
at the beginning greatly increased in the central portion. Newton’s laws predict 
this increase, which results from the law of  conservation of angular momentum. 
This law says an object will spin more slowly as resistance increases and spin faster 
as resistance decreases. Over millions of years, the material in the central portion 
becomes a star (Figure 1.9).

As the gases in the disk around the forming star cool, they condense. These 
form small chunks of matter that attract more matter to their surfaces. Their 
orbits are elliptical, and they collide with one another, forming even larger 
chunks. These then develop orbits that are closer to a circle.
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Star POINTSSSSSSSSSSSSSSSSSSSStttaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaarrrrrrrrrrrrrrrrrrrrrrrrrrrrrrSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSStttttttttttttttttttttttttttttttttttttttttttaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaarrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPOOOOOOOOOOOOOOOOOOOOOOOOOOOOIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIPPPPPPPPPPPPPPPPPPPPPPPPPPPPOOOOOOOOOOOOOOOOOOOOOOOO
The word terrestrial comes 
from the Latin word terra, 
which means “earth.”

Star POINTSSSSSSSSSSSSSSSSSSSStttaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaarrrrrrrrrrrrrrrrrrrrrrrrrrrrrrSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSStttttttttttttttttttttttttttttttttttttttttttaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaarrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPOOOOOOOOOOOOOOOOOOOOOOOOOOOOIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIPPPPPPPPPPPPPPPPPPPPPPPPPPPPOOOOOOOOOOOOOOOOOOOOOOOO
Jupiter was named after the most 
powerful of the Roman gods. 
Jove is another form of the name 
Jupiter, and Jovian is an adjective 
form of the name. 

(a) (b)

These chunks develop gradually into miniature planets called planetesimals, 
which eventually become planets. Some of them have dust and gas orbiting them—
material that eventually condenses into their moons. Today’s asteroids are leftover 
planetesimals that Jupiter’s large mass and gravity prevented from pulling together 
into a planet. 

Classifying Objects in the Solar System

Scientists today classify the planets in the Solar System into three 
types. They call the four innermost planets—Mercury, Venus, Earth, 
and Mars—the terrestrial planets, because of their similarity to Earth. 
The next four planets—Jupiter, Saturn, Uranus, and Neptune—
are called the Jovian planets because of their similarity to Jupiter. 

The terrestrial planets are smaller than the Jovian planets. 
Only Earth and Mars have moons, whereas the Jovian planets 
have many moons each. The Jovian planets also have rings—
orbiting debris ranging in size from mere dust to objects 
several feet long. 

Until recently, people considered that there were nine 
planets in the Solar System. A few years ago, however, 
the International Astronomical Union reclassifi ed the ninth 
planet, Pluto. New data and discoveries of other objects 
in the Solar System caused scientists to reconsider their view 
of Pluto. Now scientists count only eight planets. Pluto is 
now considered a dwarf planet under the new rules. 
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What’s the difference between a planet and a dwarf planet? A planet:

• is a celestial body that orbits the Sun

• has suffi cient mass for its self-gravity to overcome rigid body forces 
so that it assumes a nearly round shape

• has cleared the neighborhood around its orbit. 

A dwarf planet, on the other hand, has the same fi rst two qualities, but has not 
cleared the neighborhood around its orbit. In fact, Pluto actually crosses inside 
Neptune’s orbit for about 20 years of its 248-year orbital period.

There is much more to know about the planets, dwarf planets, and other objects 
that circle Earth’s Sun. Scientists have gained much of this knowledge only in the 
last few decades. This means it’s an exciting time to learn about space! In the next 
few lessons you’ll read about the residents of the Solar System in more detail.
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Lesson 1 Review 
Using complete sentences, answer the following questions on a sheet of paper.

 1. How old is the Sun?

 2. What is the primary source of the Sun’s energy?

 3. Which forces are balanced so that the Sun can be in a state of equilibrium?

 4. What is the principle means of energy transfer inside the Sun?

 5. Where do solar fl ares and eruptions come from?

 6. What causes a comet’s tail to point away from the Sun?

 7. How long do sunspots last?

 8. Six of the eight planets rotate in the same direction as they revolve around 
the Sun. Which two planets rotate in an opposite direction?

 9. What are the three classifi cations of objects in the Solar System?

✔ CHECK POINTSCCCCCCCCCCCCCCCHHHHHHHHHHHHHEEEEEEEEEEEEEEECCCCCCCCCCCCCCCKKKKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIIIIIIIINNNNNNNNNNNNNTTTTTTTTTTTTTTTSSSSSSSSSSSSSSSCCCCCCCCCCCCCCCHHHHHHHHHHHHHHHEEEEEEEEEEEEEEECCCCCCCCCCCCCCCKKKKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIIIIIIIIIIIINNNNNNNNNNNNNNNTTTTTTTTTTTTTTTSSSSSSSSSSSSSSSCCCCCCCCCCCCCCCHHHHHHHHHHHHHEEEEEEEEEEEEECCCCCCCCCCCCCCCKKKKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIINNNNNNNNNNNNNTTTTTTTTTTTSSSSSSSCCCCCCCCCCCCCCHHHHHHHHHHHEEEEEEEEEEEEECCCCCCCCCCCCCKKKKKKKKKK PPPPPPPPPPPPPPOOOOOOOOOOOIIIIINNNNNNNNNNNNTTTTTTTTTTTSSSSSSSSSSCCCCCCCCCCCCCHHHHHHHHHHHHHHHEEEEEEEEEEEEEEECCCCCCCCCCCCCKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIINNNNNNNNNNNNNTTTTTTTTTTTTSSSSSSSSSSSS

 10. If scientists want to understand more about distant stars and planets, 
why is it important to understand as much as possible about the Sun 
and the Solar System?

APPLYING YOUR LEARNINGAAAAAAAAAAAAAAPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPLLLLLLLLLLLLYYYYYYYYYYYYYYYIIIIIIIIIIIIIINNNNNNNNNNNGGGGGGGGGGGGGGG YYYYYYYYYYYYYYYOOOOOOOOOOOOOOOUUUUUUUUUUUUUURRRRRRRRRRRRRRR LLLLLLLLLLLLLLEEEEEEEEEEEEEEEAAAAAAAAAAAAAARRRRRRRRRRRRRRRNNNNNNNNNNNIIIIIIIIIIIIIINNNNNNNNNNNNGGGGGGGGGGGGGGGAAAAAAAAAAAAAAAPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPLLLLLLLLLLLLLLLYYYYYYYYYYYYYYYIIIIIIIIIIIIIIINNNNNNNNNNNNNNNGGGGGGGGGGGGGGG YYYYYYYYYYYYYYYOOOOOOOOOOOOOOOUUUUUUUUUUUUUUURRRRRRRRRRRRRRR LLLLLLLLLLLLLLLEEEEEEEEEEEEEEEAAAAAAAAAAAAAAARRRRRRRRRRRRRRRNNNNNNNNNNNNNNNIIIIIIIIIIIIIIINNNNNNNNNNNNNNNGGGGGGGGGGGGGGGAAAAAAAAAAAAAAAPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPLLLLLLLYYYYYYYYYYYYYYYIIIIIIINNNNNNNNNNNNNGGGGGGGGGGGGGGG YYYYYYYYYYYYYYYOOOOOOOOOOOOOOOUUUUUUUUUUURRRRRRRRRRRRRRR LLLLLLLLLEEEEEEEEEEEEEAAAAAAAAAAAAAAARRRRRRRRRRRRRRRNNNNNNNNNNNNNIIIIIINNNNNNNNNNNNGGGGGGGGGGGGGGGAAAAAAAAAAAAAAAPPPPPPPPPPPPPPPPPPPPPPPPPPPPLLLLLLLYYYYYYYYYYYYYYYIIIIIIINNNNNNNNNNNGGGGGGGGGGGGGG YYYYYYYYYYYYYYYOOOOOOOOOOUUUUUUUUUUURRRRRRRRRRRR LLLLLLLLLEEEEEEEEEEEAAAAAAAAAAAAAAARRRRRRRRRRRNNNNNNNNNNNIIIIIINNNNNNNNNNNNGGGGGGGGGGGGGGAAAAAAAAAAAAAAPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPLLLLLLLYYYYYYYYYYYYYYYIIIIIIIINNNNNNNNNNNNNGGGGGGGGGGGGG YYYYYYYYYYYYYYYOOOOOOOOOOOOOOOUUUUUUUUUUUUUURRRRRRRRRRRRRRR LLLLLLLLLEEEEEEEEEEEEEEEAAAAAAAAAAAAAARRRRRRRRRRRRRRRNNNNNNNNNNNNNIIIIIIINNNNNNNNNNNNNGGGGGGGGGGGGG

89619_CH03_LS01_p074-093.indd   93 6/4/10   3:56 PM




