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A Note to the Student

From Mike and Dana

We are excited that you are taking an as-
tronomy course and using our book. You
are going to see some amazing things,
from the icy rings of Saturn to monster
black holes. We are proud to be your
guides as you explore.

We have developed this book to help
you expand your knowledge of astron-
omy, from recognizing the moon and a
few stars in the evening sky, to a deeper
understanding of the extent, power, and
diversity of the universe. You will meet
worlds where it rains methane, stars so
dense their atoms are crushed, colliding
galaxies that are ripping each other apart,
and a universe that is expanding faster
and faster.

This book is designed to help you answer
two important questions:

What are we?

How do we know?

By the question What are we? we
mean: How do we fit into the universe
and its history? The atoms you are made
of had their first birthday in the big bang
when the universe began, but those atoms
were cooked and remade inside stars, and
now they are inside you. Where will they
be in a billion years? Astronomy is the
only course on campus that can tell you
that story, and it is a story that everyone
should know.

By the question How do we know? we
mean: How does science work? What is
the evidence, and how do you know it is

true? For instance, how can anyone know
there was a big bang? In today’s world,
you need to think carefully about the
things so-called experts say. You should
demand explanations. Scientists have a
special way of knowing based on evidence
that makes scientific knowledge much
more powerful than just opinion, policy,
marketing, or public relations. It is the
human race’s best understanding of na-
ture. To comprehend the world around
you, you need to understand how science
works. Throughout this book, you will
find boxes called How Do We Know?
They will help you understand how sci-
entists use the methods of science to
know what the universe is like.

One reason astronomy is exciting is that
astronomers discover new things every
day. Astronomers expect to be astonished.
You can share in the excitement because
we have worked hard to include new im-
ages, new discoveries, and new insights
that will take you, in an introductory
course, to the frontier of human knowl-
edge. Huge telescopes on remote moun-
taintops and in space provide a daily dose
of excitement that goes far beyond enter-
tainment. These new discoveries in as-
tronomy are exciting because they are
about us. They tell us more and more
about what we are.

As you read this book, notice that it
is not organized as lists of facts for you to
memorize. That could make even astron-

omy boring. Rather, this book is orga-
nized to show you how scientists use evi-
dence and theory to create logical
arguments that show how nature works.
Look at the list of special features that
follows this note. Those features were
carefully designed to help you understand
astronomy as evidence and theory. Once
you see science as logical arguments, you
hold the key to the universe.

As teachers, our quest is simple. We want
you to understand your place in the
universe—not just your location in space,
but your location in the unfolding history
of the physical universe. Not only do we
want you to know where you are and
what you are in the universe, but we want
you to understand how scientists know.
By the end of this book, we want you to
know that the universe is very big, but
that it is described and governed by a
small set of rules and that we humans
have found a way to figure out the rules—
a method called science.

To appreciate your role in this beau-
tiful universe, you must learn more than
just the facts of astronomy. You must un-
derstand what we are and how we know.
Every page of this book reflects that
ideal.

Mike Seeds
mseeds@fandm.edu
Dana Backman
dbackman@sofia.usra.edu
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Key Content and
Pedagogical Changes for
the Sixth Edition

Every chapter has been reorganized to focus on the two main
themes of the book. The What Are We? boxes at the end of
each chapter provide a personal link between human life
and the astronomy in that chapter, including, for example,
the origin of the elements, the future of exploration in
the solar system, and the astronomically short span of our
civilization.

The How Do We Know? boxes have been rewritten to be
more focused on helping you understand how science works
and how scientists think about nature.

Every chapter has been rewritten to place the “new terms” in
context for you rather than as a vocabulary list. New terms
are boldfaced where they are first defined in the text of the
chapter and reappear in context as boldface terms in each
chapter summary. Those new terms that appear in Concept
Art portfolios are boldfaced in the art and are previewed in
italics as the portfolios are introduced.

Guideposts have been rewritten, shortened, and focused on
a short list of essential questions that guide you to the key
objectives of the chapter.

Every chapter has been updated to include new research,
images, and the latest understanding, ranging from discover-
ies of how planets form in dust disks around young stars to
the latest insights into the nature of dark energy.

Special Features

What Are We? items are short summaries at the end of each
chapter to help you see how you fit in to the cosmos.

How Do We Know? items are short boxes that help you
understand how science works. For example, the How Do
We Know? boxes discuss the difference between a hypothesis
and a theory, the use of statistical evidence, and the con-
struction of scientific models.

Concept Art Portfolios cover topics that are strongly
graphic and provide an opportunity for you to create your
own understanding and share in the satisfaction that scien-

A NOTE TO THE STUDENT

tists feel as they uncover the secrets of nature. Color and
numerical keys in the introduction to the portfolios guide
you to the main concepts.

Guideposts on the opening page of each chapter help you
see the organization of the book. The Guidepost connects
the chapter with the preceding and following chapters and
provides you with a short list of essential questions as guides
to the objectives of the chapter.

Scientific Arguments at the end of many text sections are
carefully designed questions to help you review and synthe-
size concepts from the section. An initial question and a
short answer show how scientists construct scientific argu-
ments from observations, evidence, theories, and natural
laws that lead to a conclusion. A further question then gives
you a chance to construct your own argument on a related
issue.

Celestial Profiles of objects in our solar system directly
compare and contrast planets with each other. This is
the way planetary scientists understand the planets, not as
isolated unrelated bodies but as siblings with noticeable dif-
ferences but many characteristics and a family history in
common.

End-of-Chapter Review Questions are designed to help
you review and test your understanding of the material.
End-of-Chapter Discussion Questions go beyond the text
and invite you to think critically and creatively about scien-
tific questions.

This book also offers the following online study aids as op-

tional bundle items or for separate purchase:

Enhanced WebAssign. Assign, collect, grade, and record
homework via the Web with this proven system, using more
than 1,000 questions both from the text and written spe-
cifically for WebAssign. Questions include animated activi-
ties, ranking tasks, multiple-choice, and fill-in-the-blank
exercises.

Virtual Astronomy Labs. These online labs give you an
exciting, interactive way to learn, putting some of astrono-
my’s most useful instruments into your hands—precise
telescope controls to measure angular size, a photometer
to measure light intensity, and a spectrograph to measure
Doppler-shifted spectral lines.
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Here and Now

= Guidepost

As you study astronomy, you will learn about yourself. You are a planetwalker, and this
chapter will give you a preview of what it means to live on a planet that whirls around a star
that drifts through a universe of other stars and galaxies. You owe it to yourself to know
where you are. That is the first step to knowing what you are.

In this chapter, you will meet three essential questions about astronomy:

Where are you in the universe?
How does human history fit on the time scale of the universe?
Why should you study astronomy?

As you study astronomy, you will see how science gives you a way to know how nature
works. In this chapter, you can begin by thinking about science in a general way. Later chap-
ters will give you more specific insights into how scientists work and think and know about
nature.

This chapter is just a jumping-off place. From here onward you will be exploring deep
space and deep time. The next chapter begins your journey by looking at the night sky as
seen from Earth.

This bar denotes active figures that may be found at academic.cengage.com/astronomy/seeds.

Guided by detailed

observations and
calculations, an artist
interprets the birth of a
cluster of stars deep inside
the nebula known as the
Lynx Arc. Light from these
stars traveled through
space for 12 billion years

before reaching Earth.
(ESA/Space Telescope—European
Coordinating Facility, Germany)



The longest journey begins with a single step.

LAO TSE

@ Where Are We?

As YOU STUDY astronomy, you are learning about yourself, and
knowing where you are in space and time is a critical part of the
story of astronomy. To find yourself among the stars, you can
take a cosmic zoom, a ride out through the universe to preview
the kinds of objects you are about to study.

You can begin with something familiar. m Figure 1-1 shows
a region about 50 feet across occupied by a human being, a side-
walk, and a few trees—all objects whose size you can under-
stand. Each successive picture in this cosmic zoom will show you
a region of the uni- mFigure 1-2
verse that is 100 times
wider than the pre-
ceding picture. That
is, each step will
widen your field of
view, the region you
can see in the image,
by a factor of 100.

Widening  your
field of view by a fac-
tor of 100 allows you
to see an area 1 mile
in diameter (m Figure
1-2). DPeople, trees,
and sidewalks

become too small to

have

m Figure 1-1

Michael A. Seeds

PART 1

THE SKY

This box m represents the relative size of the previous frame. (USGS)

m Figure 1-3
NASA

_Infrared image

see, but now you see a college campus and surround-
ing streets and houses. The dimensions of houses and
streets are familiar. This is still the world you know.

Before leaving this familiar territory, you should
make a change in the units you use to measure sizes.
Astronomers, as do all scientists, use the metric sys-
tem of units because it is well understood worldwide
and, more importantly, because it simplifies calcula-
tions. If you are not already familiar with the metric
system, or if you need a review, study Appendix A
before reading on.

The photo in Figure 1-2 is 1 mile across, which
equals 1.609 kilometers. You can see that a kilometer
(abbreviated km) is a bit under two-thirds of a mile—
a short walk across a neighborhood. But when you expand your
field of view by a factor of 100, the neighborhood you saw in the
previous photo has vanished (m Figure 1-3). Now your field of
view is 160 km wide, and you see cities and towns as patches of
gray. Wilmington, Delaware, is visible at the lower right. At this
scale, you can see the natural features of Earth’s surface. The Al-
legheny Mountains of southern Pennsylvania cross the image in
the upper left, and the Susquehanna River flows southeast into
Chesapeake Bay. What look like white bumps are a few puffs of
clouds.

Figure 1-3 is an infrared photograph, which is why healthy
green leaves and crops show up as red. Human eyes are sensitive
to only a narrow range of colors. As you explore the universe, you
will learn to use a wide range of other “colors,” from X-rays to
radio waves, to reveal sights invisible to unaided human eyes. You
will learn much more about infrared, X-rays, and radio energy in
later chapters.
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At the next step in your journey, you can see your
entire planet, which is nearly 13,000 km in diameter
(w Figure 1-4). The photo shows most of the daylight
side of the planet. Earth rotates on its axis once a day,
exposing half of its surface to daylight at any particular
moment. It is the rotation of the planet that causes the
cycle of day and night. The rotation of Earth carries you
eastward, and as you cross into darkness, you see the sun
set in the west. The blurriness you see at the extreme
right of the photo is the boundary between day and
night— the sunset line. This is a good example of how
a photo can give you visual clues to understanding a
concept. Special questions called “Learning to Look” at
the end of each chapter give you a chance to use your
own imagination to connect images with the theories that describe
astronomical objects.

Enlarge your field of view by a factor of 100, and you see a
region 1,600,000 km wide (m Figure 1-5). Earth is the small blue
dot in the center, and the moon, whose diameter is only one-
fourth that of Earth, is an even smaller dot along its orbit
380,000 km away.

These numbers are so large that it is inconvenient to write
them out. Astronomy is sometimes known as the science of big
numbers, and soon you will use numbers much larger than these
to discuss the universe. Rather than writing out these numbers as
in the previous paragraph, it is convenient to write them in sci-
entific notation. This is nothing more than a simple way to
write very big or very small numbers without using lots of zeros.
In scientific notation, 380,000 becomes 3.8 X 10°. If you are not
familiar with scientific notation, read the section on powers of 10
notation in the Appendix. The universe is too big to discuss
without using scientific notation.

m Figure 1-5

When you once again enlarge your field of view by a factor
of 100, Earth, the moon, and the moon’s orbit all lie in the small
red box at lower left of m Figure 1-6. Now you can see the sun
and two other planets that are part of our solar system. Our solar
system consists of the sun, its family of planets, and some smaller
bodies such as moons and comets.

Like Earth, Venus and Mercury are planets, small, spherical,
nonluminous bodies that orbit a star and shine by reflected light.
Venus is about the size of Earth, and Mercury is just over a third
of Earth’s diameter. On this diagram, they are both too small to be
seen as anything but tiny dots. The sun is a star, a self-luminous
ball of hot gas that generates its own energy. Even though the sun
is 109 times larger in diameter than Earth (inset), it too is nothing
more than a dot in
this diagram.

This  diagram
represents an area
with a diameter of
1.6 X 10% km. One
way  astronomers
simplify calculations
using large numbers
is to define larger
units of measure-
ment. The average
distance from Earth
to the sun is a unit
of distance called the
astronomical unit
(AU), a distance of
1.5 X 108 km. Now
you can see that the

Enlarged to show
relative size

e

Earth Moon

m Figure 1-6
NOAO

Enlarged to show
relative size
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average distance from Venus to the sun is about 0.72 AU, and the
average distance from Mercury to the sun is about 0.39 AU.
These distances are averages because the orbits of the planets
are not perfect circles. This is particularly apparent in the case of
Mercury. Its orbit carries it as close to the sun as 0.307 AU and as
far away as 0.467 AU. You can see the variation in the distance
from Mercury to the sun in Figure 1-6. Earth’s orbit is more cir-
cular, and its distance from the sun varies by only a few percent.
Enlarge your field of view again, and you can see the entire
solar system (m Figure 1-7). The details of the preceding figure are
now lost in the red square at the center of this diagram. You see only
the brighter, more widely separated objects. The sun, Mercury,
Venus, and Earth lie so close together that you cannot see them
separately at this scale. Mars, the next planet outward, lies only
1.5 AU from the sun. In contrast, Jupiter, Saturn, Uranus, and
Neptune are farther
away and so are easier
to place in this dia-
gram. They are cold

Figure 1-8

worlds far from the
suns warmth. Light
from the sun reaches
Earth in only 8 min-
utes, but it takes over
4 hours to reach Nep-
tune.

When you again
enlarge your field of
view by a factor of 100,
the solar system van-
ishes (m Figure 1-8).
The sun is only a
point of light, and all

Figure 1-7
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Figure 1-9

the planets and their orbits are now crowded into the
small red square at the center. The planets are too
small and too faint to be visible so near the brilliance
of the sun.

Nor are any stars visible except for the sun. The
sun is a fairly typical star, and it seems to be located in
a fairly average neighborhood in the universe. Al-
though there are many billions of stars like the sun,
none are close enough to be visible in this diagram,
which shows a region only 11,000 AU in diameter.
The stars are typically separated by distances about
10 times larger than the distance represented by the
diameter of this diagram.

In m Figure 1-9, your field of view has expanded to
a diameter of a bit over 1 million AU. The sun is at the
center, and at this scale you can see a few of the nearest stars. These
stars are so distant that it is not reasonable to give their distances
in astronomical units. To express distances so large, astronomers
define a new unit of distance, the light-year. One light-year (ly) is
the distance that light travels in one year, roughly 10" km or
63,000 AU. It is a Common Misconception that a light-year is a
unit of time, and you can sometimes hear the term misused in
science fiction movies and TV shows. The next time you hear
someone say, ‘It will take me light-years to finish my history pa-
per,” you can tell that person that a light-year is a distance, not a
time. The diameter of your field of view in Figure 1-9 is 17 ly.

Another Common Misconception is that stars look like disks
when seen through a telescope. Although stars are roughly the same
size as the sun, they are so far away that astronomers cannot see
them as anything but points of light. Even the closest star to the
sun—Alpha Centauri, only 4.2 ly from Earth—Ilooks like a point
of light through even the biggest telescopes on Earth. Furthermore,
any planets that might circle other stars are much too small, too
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faint, and too close to the glare of their star to be visible
directly. Astronomers have used indirect methods to de-
tect over 200 planets orbiting other stars, but you can'
see them by just looking through a telescope.

In Figure 1-9, the sizes of the dots represent not
the sizes of the stars but their brightnesses. This is the
custom in astronomical diagrams, and it is also how
star images are recorded on photographs. Bright stars
make larger spots on a photograph than faint stars, so
the size of a star image in a photograph tells you not
how big the star is but only how bright it looks.

In m Figure 1-10, you expand your field of view by
another factor of 100, and the sun and its neighboring stars van-
ish into the background of thousands of other stars. The field of
view is now 1700 ly in diameter. Of course, no one has ever
journeyed thousands of light-years from Earth to look back and
photograph the solar neighborhood, so this is a representative
photograph of the sky. The sun is a relatively faint star that
would not be easily located in a photo at this scale.

If you again expand your field of view by a factor of 100, you
see our galaxy, a disk of stars about 80,000 ly in diameter (m Figure
1-11). A galaxy is a great cloud of stars, gas, and dust held together
by the combined gravity of all the matter. Galaxies range
from 1500 to over 300,000 ly in diameter and can contain over 100
billion stars. In the night sky, you see our galaxy as a great, cloudy
wheel of stars ringing the sky. This band of stars is known as the
Milky Way, and our galaxy is called the Milky Way Galaxy.

How does anyone know what our galaxy looks like if no one
can leave it and look back? Astronomers use evidence and theory as
guides and can imagine what the Milky Way looks like, and then
artists can use those scientific conceptions to create a painting. Many
images in this book are artists’ renderings of objects and events that

Figure 1-11

© Mark Garlick/space-art.com

are too big or too dim to see clearly, emit energy your eyes cannot
detect, or happen too slowly or too rapidly for humans to sense.
These images are not just guesses; they are guided by the best infor-
mation astronomers can gather. As you explore, notice how astrono-
mers use their scientific imaginations understand cosmic events.

The artist’s conception of the Milky Way reproduced in Fig-
ure 1-11 shows that our galaxy, like many others, has graceful
spiral arms winding outward through its disk. In a later chapter,
you will learn that stars are born in great clouds of gas and dust
when they pass through the spiral arms. Our own sun was born
in one of these spiral arms, and if you could see it in this picture,
it would be in the disk of the galaxy about two-thirds of the way
out from the center.

Ours is a fairly
large galaxy. Only a
century ago astrono-
mers thought it was
the entire universe—
an island cloud of
stars in an otherwise
empty vastness. Now
they know that our
galaxy is not unique;
itis only one of many
billions of galaxies
scattered throughout
the universe.

When you ex-
pand your field of
view by another fac-
tor of 100, our gal-
axy appears as a tiny

luminous speck surrounded by other specks (m Figure 1-12).

Figure 1-12

Milky Way Galaxy
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This diagram includes a region 17 million ly in diameter, and
each of the dots represents a galaxy. Notice that our galaxy is part
of a cluster of a few dozen galaxies. Galaxies are commonly
grouped together in such clusters. Some galaxies have beautiful
spiral patterns like our own galaxy, but others do not. Some are
strangely distorted. One of the mysteries of modern astronomy
is what produces these differences among the galaxies.

Now is a chance for you to correct another Common Mis-
conception. People often say “galaxy” when they mean “solar
system,” and they sometimes confuse those terms with “uni-
verse.” Your cosmic zoom has shown you the difference. The
solar system is the sun and its planets. Our galaxy contains our
solar system plus billions of other stars and whatever planets or-
bit around them. The universe includes everything, all of the
galaxies, stars, and planets, including our own galaxy and our
solar system.

If you again expand your field of view, you can see that gal-
axies tend to occur in clusters and that the clusters of galaxies
are connected in a vast network (m Figure 1-13). Clusters are
grouped into superclusters— clusters of clusters—and the su-
perclusters are linked to form long filaments and walls outlining
nearly empty voids. These filaments and walls appear to be the
largest structures in the universe. Were you to expand your field
of view another time, you would probably see a uniform fog of
filaments and walls. When you puzzle over the origin of these
structures, you are at the frontier of human knowledge.

m Figure 1-13

(Based on data from M. Seldner, B. L. Siebers, E. J. Groth, and P. J. E. Peebles, Astro-
nomical Journal 82 [1977].)
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@ When Is Now?

ONCE YOU HAVE an idea where you are in space, you need to
know where you are in time. The stars have shone for billions of
years before the first human looked up and wondered what they
were. To get a sense of your place in time, all you need is a long
red ribbon.

Imagine stretching a ribbon from goal line to goal line down
the center of a football field as shown on the inside front cover
of this book. Imagine that one end of the ribbon is 7oday and
that the other end represents the beginning of the universe— the
moment of beginning that astronomers call the big bang. In the
chapter “Modern Cosmology,” you will learn all about the big
bang, and you will see evidence that the universe is about 14 bil-
lion years old. Your long red ribbon represents 14 billion years,
the entire history of the universe.

Imagine beginning at the goal line labeled Big Bang. You
could replay the entire history of the universe by walking along
your ribbon toward the goal line labeled 7oday. Observations tell
astronomers that the big bang filled the entire universe with hot,
dense gas, but as the gas cooled the universe went dark. All that
happened in the first half inch on the ribbon. There was no light
for the first 400 million years, undil gravity was able to pull some
of the gas together to form the first stars. That seems like a lot of
years, but if you stick a little flag beside the ribbon to mark the
birth of the first stars it would be not quite 3 yards from the goal
line where the universe began.

You would go only about 5 yards before galaxies formed in
large numbers. Our home galaxy would be one of those taking
shape. By the time you crossed the 50-yard line, the universe
would be full of galaxies, but the sun and Earth would not have
formed yet. You would have to walk past the 50-yard line down
to the 35-yard line before you could finally stick a flag to mark
the formation of the sun and planets— our solar system.

You would have to carry your flags a few yards further to the
29-yard line to mark the appearance of the first life on Earth—
microscopic creatures in the oceans. You would have to walk all the
way to the 3-yard line before you could mark the emergence of life
on land, and your dinosaur flag would go just inside the 2-yard line.
Dinosaurs would go extinct as you passed the one-half-yard line.

What about people? You could put a little flag for the first
humanlike creatures only about an inch from the goal line la-
beled 7oday. Civilization, the building of cities, began about
10,000 years ago. You have to try to fit that flag in only 0.0026
inches from the goal line. That’s half the thickness of a sheet of
paper. Compare the history of human civilization with the his-
tory of the universe. Every war you have ever heard of, every
person whose name is recorded, every structure ever built from
Stonchenge to the building you are in right now fits into that
0.0026 inches.

Humanity is very new to the universe. Our civilization on

Farth has existed for only a flicker of an eyeblink in the history



of the universe. As you will discover in the chapters that follow,
only in the last hundred years or so have astronomers began to
understand where we are in space and in time.

O Why Study Astronomy?

YouRr EXPLORATION OF the universe will help you answer two
fundamental questions:

What are we?

How do we know?

What are we? That is the first organizing theme of this book.
Astronomy is important to you because it will tell you what you
are. Notice that the question is not “Who are we?” If you want to
know who we are, you may want to talk to a sociologist, theolo-
gian, paleontologist, artist, or poet. “What are we?” is a funda-
mentally different question.

As you study astronomy, you will learn how you fit into the
history of the universe. You will learn that the atoms in your body
had their first birthday in the big bang when the universe began.
Those atoms have been cooked and remade inside stars, and now,
after billions of years, they are inside you. Where will they be in
another billion years? This is a story everyone should know; and as-
tronomy is the only course on campus that can tell you that story.

Every chapter in this book ends with a short segment titled
“What Are We?” This summary shows how the astronomy in the
chapter relates to your role in the story of the universe.

“How do we know?” That is the second organizing theme of
this book. It is a question you should ask yourself whenever you
encounter statements made by so-called experts in any field.
Should you swallow a diet supplement recommended by a TV
star? Should you vote for a candidate who warns of a climate
crisis? To understand the world around you and to make wise
decisions for yourself, for your family, and for your nation, you
need to understand how science works.

You can use astronomy as a case study in science. In every
chapter of this book, you will find short essays titled “How Do
We Know?” They are designed to help you think not about whar
is known but about Aow it is known. That is, they will explain
different aspects of scientific reasoning and in that way help you
understand how scientists know about the natural world.

Opver the last four centuries, scientists have developed a way
to understand nature that is called the scientific method (m How
Do We Know? 1-1). You will see this process applied over and
over as you read about exploding stars, colliding galaxies, and
whitling planets. The universe is very big, but it is described by
a small set of rules, and we humans have found a way to figure
out the rules—a method called science.

B

How Do We K];}tbvvﬁ’?: I Ll

LY a
-.\\..._ Eaay i

The So-Called Scientific Method

How do scientists learn about nature? You
have probably heard of the scientific method as
the process by which scientists form hypotheses
and test them against evidence gathered by ex-
periment or observation. Scientists use the sci-
entific method all the time, and it is critically
important, but they rarely think of it. It is such
an ingrained way of thinking about nature that
it is almost invisible.

Scientists try to form hypotheses that explain
how nature works. If a hypothesis is contradicted
by experiments or observations, it must be revised
or discarded. If a hypothesis is confirmed, it must
be tested further. In that very general way, the
scientific method is a way of testing and refining
ideas to better describe how nature works.

For example, Gregor Mendel (1822-1884) was
an Austrian abbot who liked plants. He formed a
hypothesis that offspring usually inherited traits
from their parents not as a smooth blend, as most
scientists of the time believed, but according to

strict mathematical rules. Mendel cultivated and
tested over 28,000 pea plants, noting which pro-
duced smooth peas and which wrinkled peas and
how that trait was inherited by successive genera-
tions. His study of pea plants and others con-
firmed his hypothesis and allowed the develop-
ment of a series of laws of inheritance. Although
the importance of his work was not recognized in
his lifetime, it was combined with the discovery of
chromosomes in 1915, and Mendel is now called
the “father of modern genetics.”

The scientific method is not a simple, me-
chanical way of grinding facts into understand-
ing. It is, in fact, a combination of many ways of
analyzing information, finding relationships, and
creating new ideas. A scientist needs insight and
ingenuity to form and test a good hypothesis.
Scientists use the scientific method almost auto-
matically, forming, testing, revising, and dis-
carding hypotheses almost minute by minute as
they discuss a new idea. Sometimes, however, a

scientist will spend years studying a single im-
portant hypothesis. The so-called scientific
method is a way of thinking and a way of know-
ing about nature. The “How Do We Know?” es-
says in the chapters that follow will introduce
you to some of those methods.

Whether peas are wrinkled or smooth is an inherited
trait. (Inspirestock/jupiterimages)
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What Are We? Part of the Story

Astronomy will give you perspective on what it
means to be here on Earth. This chapter used
astronomy to locate you in space and time. Once
you realize how vast our universe is, Earth
seems quite small. People on the other side of
the world seem like neighbors. And in the entire
history of the universe, the human story is only

the blink of an eye. This may seem humbling at
first, but you can be proud of how much we hu-
mans have understood in such a short time.
Not only does astronomy locate you in space
and time, it places you in the physical processes
that govern the universe. Gravity and atoms
work together to make stars, light the universe,

generate energy, and create the chemical ele-
ments in your body. Astronomy locates you in
that cosmic process.

Although you are very small and your kind
have existed in the universe for only a short
time, you are an important part of something
very large and very beautiful.

Summary

»

You surveyed the universe by taking a cosmic zoom in which each field of
view (p. 2) was 100 times wider than the previous field of view.

Astronomers use the metric system because it simplifies calculations and
use scientific notation (p. 3) for very large or very small numbers.

You live on a planet (p. 3), Earth, which orbits our star (p. 3), the sun,
once a year. As Earth rotates once a day, you see the sun rise and set.

The moon is only one-fourth the diameter of Earth, but the sun is 109
times larger in diameter than Earth —a typical size for a star.

The solar system (p. 3) includes the sun at the center and all of the
planets that orbit around it— Mercury, Venus, Mars, Jupiter, Saturn, Ura-
nus, and Neptune.

The astronomical unit (AU) (p. 3) is the average distance from Earth to
the sun. Mars, for example, orbits 1.5 AU from the sun. The light-year
(ly) (p. 4) is the distance light can travel in one year. The nearest star is
4.2 ly from the sun.

Many stars seem to have planets, but such small, distant worlds are diffi-
cult to detect. Only a few hundred have been found so far, but planets
seem to be common, so you can probably trust that there are lots of plan-
ets in the universe including some like Earth.

The Milky Way (p. 5), the hazy band of light that encircles the sky, is the
Milky Way Galaxy (p. 5) seen from inside. The sun is just one out of the
billions of stars that fill the Milky Way Galaxy.

Galaxies (p. 5) contain many billions of stars. Our galaxy is about 80,000
ly in diameter and contains over 100 billion stars.

Some galaxies, including our own, have graceful spiral arms (p. 5) bright
with stars, but some galaxies are plain clouds of stars.

Our galaxy is just one of billions of galaxies that fill the universe in great
clusters, clouds, filaments, and walls —the largest things in the universe.

The universe began about 14 billion years ago in an event called the big
bang, which filled the universe with hot gas.

The hot gas cooled, the first galaxies began to form, and stars began to
shine only about 400 million years after the big bang.

PART 1 THE SKY

The sun and planets of our solar system formed about 4.6 billion years
ago.

Life began in Earth’s oceans soon after Earth formed but did not emerge
onto land until only 400 million years ago. Dinosaurs evolved not long
ago and went extinct only 65 million years ago.

Human-Like creatures appeared on Earth only about 4 million years ago,
and human civilizations developed only about 10,000 years ago.

Although astronomy seems to be about stars and planets, it describes the
universe in which you live, so it is really about you. Astronomy helps you
answer the question, “What are we?”

As you study astronomy, you should ask “How do we know?” and that will
help you understand how science gives us a way to understand nature.

In its simplest outline, science follows the scientific method (p. 7), in
which scientists expect statements to be supported by evidence compared
with theory. In fact, science is a complex and powerful way to think about
nature.

Review Questions

To assess your understanding of this chapter’s topics with additional quiz-
zing and animations, go to academic.cengage.com/astronomy/seeds.

1.

O 00 N O U1 N

What is the largest dimension of which you have personal knowledge?
Have you run a mile? Hiked 10 miles? Run a marathon?

. What is the difference between our solar system, our galaxy, and the uni-

verse?

Why are light-years more convenient than miles, kilometers, or astronomi-
cal units for measuring certain distances?

Why is it difficult to detect planets orbiting other stars?

What does the size of the star image in a photograph tell you?

What is the difference between the Milky Way and the Milky Way Galaxy?
What are the largest known structures in the universe?

How does astronomy help answer the question, “What are we?”

How Do We Know? How does the scientific method give scientists a way
to know about nature?



Discussion Questions

1. Do you think you have a right to know the astronomy described in this
chapter? Do you think you have a duty to know it? Can you think of ways
this knowledge helps you enjoy a richer life and be a better citizen?

2. How is a statement in a political campaign speech different from a state-
ment in a scientific discussion? Find examples in newspapers, magazines,
and this book.

Problems

1. The diameter of Earth is 7928 miles. What is its diameter in inches? In
yards? If the diameter of Earth is expressed as 12,756 km, what is its di-
ameter in meters? In centimeters?

2. If a mile equals 1.609 km and the moon is 2160 miles in diameter, what
is its diameter in kilometers?

3. One astronomical unit is about 1.5 X 108 km. Explain why this is the
same as 150 X 10° km.

4. Venus orbits 0.72 AU from the sun. What is that distance in kilometers?

5. Light from the sun takes 8 minutes to reach Earth. How long does it take
to reach Mars?

6. The sun is almost 400 times farther from Earth than is the moon. How
long does light from the moon take to reach Earth?

7. If the speed of light is 3 X 10° km/s, how many kilometers are in a light-
year? How many meters?

8. How long does it take light to cross the diameter of our Milky Way Galaxy?

9. The nearest galaxy to our own is about 2 million light-years away. How
many meters is that?

10. How many galaxies like our own would it take laid edge-to-edge to reach
the nearest galaxy? (Hint: See Problem 9.)

Learning to Look

1. In Figure 1-4, the division between daylight and darkness is at the right
on the globe of Earth. How do you know this is the sunset line and not
the sunrise line?

2. Look at Figure 1-6. How can you tell that Mercury follows an elliptical or-
bit?

3. Of the objects listed here, which would
be contained inside the object shown in
the photograph at the right? Which would
contain the object in the photo?

stars

planets

galaxy clusters
filaments
spiral arms

4. In the photograph shown here, which
stars are brightest, and which are faint-
est? How can you tell? Why can’t you tell
which stars in this photograph are big-
gest or which have planets?

CHAPTER 1 HERE AND NOW
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The Sky

Guidepost

The previous chapter took your on a cosmic zoom through space and time. That quick
preview only sets the stage for the drama to come. Now it is time to look closely at the sky,
and answer three essential questions:

How do astronomers refer to stars?
How can you compare the brightness of the stars?
How does the sky appear to move as Earth rotates?

As you study the sky and its motions, you will be learning to think of Earth as a planet
rotating on its axis. The next chapter will introduce you to the orbital motion of Earth and to
a family of objects in the sky that move against the background of stars.

This bar denotes active figures that may be found at academic.cengage.com/astronomy/seeds.

Visual-wavelength image

The sky above mountaintop
observatories far from city
lights is the same sky you
see from your window. The
stars above you are other
suns scattered through the

universe.
(Kris Koenig/Coast Learning
Systems)




The Southern Cross I saw
every night abeam. The sun
every morning came up
astern; every evening it
went down ahead. I wished
for no other compass to
guide me, for these were
true.

CAPTAIN JOSHUA SLOCUM
SAILING ALONE AROUND THE WORLD

HE NIGHT SKY is the rest of the uni-
verse as seen from our planet. When
you look up at the stars, you are
looking out through a layer of air only a

m Figure 2-1

little more than a hundred kilometers deep.
Beyond that, space is nearly empty, and the
stars are spread light-years apart.

As you read this chapter, keep in mind that you live on a
planet in the midst of these scattered stars. Because our planet
rotates on its axis once a day, the sky appears to revolve around
you in a daily cycle. Not only does the sun rise in the east and set
in the west, but so do the stars.

@ The Stars

ON A DARK night far from city lights, you can see a few thousand
stars in the sky. The ancients organized what they saw by naming
stars and groups of stars. Some of those names survive today.

Constellations

All around the world, ancient cultures celebrated heroes, gods,
and mythical beasts by naming groups of stars— constellations
(m Figure 2-1). You should not be surprised that the star patterns
do not look like the creatures they represent any more than Co-
lumbus, Ohio, looks like Christopher Columbus. The constella-
tions simply celebrate the most important mythical figures in
each culture. The constellations named by Western cultures
originated in Mesopotamia over 5000 years ago, with other con-
stellations added by Babylonian, Egyptian, and Greek astrono-
mers during the classical age. Of these ancient constellations, 48
are still used today.

To the ancients, a constellation was a loose grouping of stars.
Many of the fainter stars were not included in any constellation,
and the stars of the southern sky not visible to the ancient as-
tronomers of northern laticudes were not grouped into constella-
tions. Constellation boundaries, when they were defined at all,
were only approximate (w Figure 2-2a), so a star like Alpheratz

The constellations are an ancient heritage handed down for thousands of years as celebrations of great
heroes and mythical creatures. Here Sagittarius and Scorpius hang above the southern horizon.

could be thought of as part of Pegasus or part of Andromeda. To
correct these gaps and ambiguities, astronomers have added 40
modern constellations, and in 1928 the International Astro-
nomical Union established 88 official constellations with clearly
defined boundaries (Figure 2-2b). Consequently, a constellation
now represents not a group of stars but an area of the sky, and
any star within the region belongs to one and only one constel-
lation. Alpheratz belongs to Andromeda.

In addition to the 88 official constellations, the sky contains
a number of less formally defined groupings called asterisms.
The Big Dipper, for example, is a well-known asterism that is
part of the constellation Ursa Major (the Great Bear). Another
asterism is the Great Square of Pegasus (Figure 2-2b), which in-
cludes three stars from Pegasus plus Alpheratz from Andromeda.
The star charts at the end of this book will introduce you to the
brighter constellations and asterisms.

Although constellations and asterisms refer to stars grouped
together in the sky, it is important to remember that most are
made up of stars that are not physically associated with one an-
other. Some stars may be many times farther away than others
and moving through space in different directions. The only thing
they have in common is that they lie in approximately the same
direction from Earth (m Figure 2-3).

The Names of the Stars

In addition to naming groups of stars, ancient astronomers gave
individual names to the brighter stars. Modern astronomers still
use many of those names. The constellation names come from
Greek translated into Latin— the language of science from the
fall of Rome to the 19th century—but most star names come
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from ancient Arabic, though much altered by the passing centu-
ries. The name of Betelgeuse, the bright red star in Orion, for
example, comes from the Arabic yad al jawza, meaning “shoulder
of Jawza [Orion].” Names such as Sirius (the Scorched One), and
Aldebaran (the Follower of the Pleiades) are beautiful additions
to the mythology of the sky.

Naming individual stars is not very helpful because you can
see thousands of them. How many names could you remember?
A more useful way to identify stars is to assign Greek letters to
the bright stars in a constellation in approximate order of bright-
ness. Thus the brightest star is usually designated alpha, the sec-
ond brightest beta, and so on. Often the name of the Greek letter
is spelled out, as in “alpha,” but sometimes the actual Greek let-
ter is used. You will find the Greek alphabet in Appendix A. For
many constellations, the letters follow the order of brightness,
but some constellations, by tradition, mistake, or the personal
preferences of early chart makers, are exceptions (m Figure 2-4).

To identify a star by its Greek-letter designation, you give
the Greek letter followed by the possessive (genitive) form of the
constellation name; for example, the brightest star in the constel-
lation Canis Major is alpha Canis Majoris, which can also be
written o Canis Majoris. This both identifies the star and the
constellation and gives a clue to the relative brightness of the star.
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(a) In antiquity, constellation boundaries were poorly defined, as
shown on this map by the curving dotted lines that separate Pegasus
from Andromeda. (From Duncan Bradford, Wonders of the Heavens, Boston:
John B. Russell, 1837.)

(b) Modern constellation boundaries are precisely defined by interna-
tional agreement.

Figure 2-3

You see the Big Dipper in the sky because you are looking through a group of
stars scattered through space at different distances from Earth. You see them
as if they were projected on a screen, and they form the shape of the Dipper.

Nearest

Actual distribution
of stars in space



The brighter stars in a constellation are usually given
Greek letters in order of decreasing brightness.

§ o Orionis is
i also known as
Betelgeuse.

In Orion B is brighter than o, * , =}~ -
and ks brighter than . Fainter ' - -
stars do not have Greek letters  ~

or names, but if they are located

inside the constellation boundarie_s',v:'
they are part of the constellation. -

u Figure 2-4

Stars in a constellation can be identified by Greek letters and by names derived from Arabic. The spikes on the star
images in the photograph were produced by the optics in the camera. (William Hartmann)

Compare this with the ancient name for this star, Sirius, which
tells you nothing about location or brightness.

It is fun to know the names of the brighter stars, but they are
more than points of light in the sky. They are glowing spheres
of gas much like the sun, each with its unique characteristics.
m Figure 2-5 identifies eight bright stars that you can adopt as
Favorite Stars. As you study astronomy you will discover their
peculiar personalities and enjoy finding them in the evening sky.

You can use the star charts at the end of this book to help
locate these Favorite Stars. You can see Polaris year round, but
Sirius, Betelgeuse, Rigel, and Aldebaran are in the winter sky.
Spica is a summer star, and Vega is visible evenings in later sum-
mer or fall. Alpha Centauri is a special star, and you will have to
travel as far south as southern Florida to glimpse it above the
southern horizon.

Naming stars is helpful, but to discuss the sky with preci-
sion, you must have an accurate way of referring to the bright-
ness of stars, and for that you must consult two of the first great
astronomers.

B Orionis is also
known as Rigel.

The Brightness
of Stars

Astronomers measure the brightness
of stars using the magnitude scale, a
system that first appeared in the writ-
ings of the ancient astronomer
Claudius Ptolemy about ap 140.
The system probably originated ear-
lier than Ptolemy, and most astrono-
mers attribute it to the Greek as-
tronomer  Hipparchus  (about
190-120 Bc). Hipparchus compiled
the first known star catalog, and he
may have used the magnitude system
in that catalog. Almost 300 years
later, Prolemy used the magnitude
system in his own catalog, and suc-
cessive generations of astronomers
have continued to use the system.
The ancient astronomers di-

vided the stars into six classes.
The brightest were called first-

magnitude stars and those that

were fainter, second-magnitude.
The scale continued downward to
sixth-magnitude stars, the faintest
visible to the human eye. Thus, the
larger the magnitude number, the
fainter the star. This makes sense if
you think of the bright stars as
first-class stars and the faintest stars visible as sixth-class stars.
Modern astronomers can measure the brightness of stars to
high precision, so they have made adjustments to the ancient
scale of magnitudes. Instead of saying that the star known by the
charming name Chort (Theta Leonis) is third magnitude, they
can say its magnitude is 3.34. Accurate measurements show that
some stars are brighter than magnitude 1.0. For example, Favor-
ite Star Vega (alpha Lyrae) is so bright that its magnitude, 0.04,
is almost zero. A few are so bright the magnitude scale must ex-
tend into negative numbers (w Figure 2-6). On this scale, our
Favorite Star Sirius, the brightest star in the sky, has a magnitude
of —1.47. Modern astronomers have had to extend the faint end
of the magnitude scale as well. The faintest stars you can see with
your unaided eyes are about sixth magnitude, but if you use a
telescope, you will see stars much fainter. Astronomers must use
magnitude numbers larger than 6 to describe these faint stars.
These numbers are known as apparent visual magnitudes
(my), and they describe how the stars look to human eyes observ-
ing from Earth. Although some stars emit large amounts of in-
frared or ultraviolet light, human eyes can’t see it, and it is not
included in the apparent visual magnitude. The subscript “V”
stands for “visual” and reminds you that you are including only
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Figure 2-5

Favorite Stars: Locate these bright stars in the sky and learn why they are inter-
esting.

Venus at
brightest

Hubble
Space

light you can see. Apparent visual magnitude also does not take
into account the distance to the stars. Very distant stars look
fainter, and nearby stars look brighter. Apparent visual magni-
tude ignores the effect of distance and tells you only how bright
the star looks as seen from Earth.

Your interpretation of brightness is quite subjective, depend-
ing on both the physiology of human eyes and the psychology of
perception. To be accurate you should refer to flux—a measure
of the light energy from a star that hits one square meter in one
second. Such measurements precisely define the intensity of sta