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Prefdce

As James Van Allen wrote in his foreword to this book,
astronomy permeates our culture. Of all the sciences,
astronomy is the one that generates the most public
interest. There are hundreds of thousands of amateur
astronomers, two monthly astronomy magazines with
healthy circulation, and television specials about im-
portant astronomical discoveries. The demotion of
Pluto from planet to dwarf planet generation headlines
and editorials around the world. Part of the public inter-
est in astronomy is surely due to the dramatic scope of
the science. Part, | am sure, is because nonprofession-
als not only can understand astronomical discoveries
but also can make some of those discoveries. Ama-
teur astronomers regularly carry out important astro-
nomical observations, often with telescopes they have
made themselves.

The Goals of Astronomy: Journey to the
Cosmic Frontier

I wrote this book as a text for an introductory course in
astronomy for college students. I have taught such a course
for many years at the University of lowa and the Univer-
sity of Alabama in Huntsville. One of my main goals for
those courses, and one of my main goals in this book, is
to provide my students with a broad enough, deep enough
background in astronomy that they will be able to follow
current developments years after they finish my course.
This book is current with recent developments such as the
cosmological discoveries of the WMAP satellite and the re-
sults from the Mars rovers. But I want my students to con-
tinue to learn about astronomy long after these discoveries
have been succeeded by newer, even more exciting, ones.
I hope that years from now my students, and the readers
of this book, will be able to read and watch stories about
astronomy with confidence that they know what is going
on and why the story is important. I can guarantee that
future astronomical discoveries will occur at least as often
as they do today, and I want my students to be prepared to
enjoy future discoveries.

I hope that all the explanations and descriptions in the
book will not obscure the awe and sense of wonder that
all astronomers feel when they pause in their work and
think about the beauty of the universe. People have felt
that awe since prehistory and our wonderment has in-
creased as we understand more about the order and un-
derlying structure of the universe. If this book helps its
readers to value both the sheer beauty of planets, stars, and
galaxies and the equally beautiful principles that organize
the universe, it will be a success.

xviii

I would be grateful for any suggestions and advice for
improving this book. If you have any ideas to offer, please
contact me at the Department of Physics, University of
Alabama in Huntsville, Huntsville, Alabama, 35899, or
by e-mail at fixj@uah.edu.

What's New?

Content Updates and Additions As stated, one
of the goals of this text is to keep students up to date on
current astronomical events and discoveries. In doing so,
many new topics have been added to the fifth edition, and
several topics from previous editions have been updated.
Some of these include:

New Topics

* Sun daggers (Chapter 2)

* ALMA and SKA interferometric arrays (Chapter 6)

* Dwarf planets (Chapter 7)

* Plans for future Moon missions (Chapter 9)

* Messenger spacecraft capabilities (Chapter 10)

* Radar detection of buried ice on Mars (Chapter 11)

* The reclassification of Pluto as a dwarf planet
(Chapter 13)

* Two new satellites for Pluto (Chapter 13)

* Cuassini investigation of the icy moons of Saturn
(Chapter 14)

* Ice plumes on Enceladus (Chapter 14)

* The Huygens landing on Titan (Chapter 14)

* Deep Impact projectile impact on Comet Tempel 1
(Chapter 15)

* The discovery of Eris, a dwarf planet larger than Pluto
(Chapter 15)

* The Tunguska event in 1908 (Chapter 15)

* Dark matter in the “Bullet Cluster” (Chapter 25)

* Definition of life (Chapter 27)

* Extremophiles (Chapter 27)

* The Drake Equation (Chapter 27)

Updated and Revised Topics

¢ Temperature structure of Earth’s atmosphere (Chapter 8)

* Information on future eclipses (Chapter 9)

* Discoveries by the Spirit and Opportunity rovers on
Mars (Chapter 11)

* More icy bodies beyond Neptune (Chapter 15)

* Solar neutrinos and neutrino oscillations (Chapter 17)

* Magnetars and gamma ray—ray flares (Chapter 20)

* The fraction of stars in binary and multiple systems

(Chapter 21)
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Membership of Local Group of Galaxies (Chapter 24
and Appendices)

High redshift supernovae and the acceleration of ex-
pansion (Chapter 26)

WMAP results (Chapter 26)

Planets orbiting other stars (Chapter 27)

Additional Planetarium Activities More activities
to be integrated with the Starry Night Planetarium soft-
ware are now available at the end of most chapters.

New and Updated Images Including images from
Hubble, Spitzer, Spirit, Opportunity, Cassini, Huygens, and
Mars Global Surveyor.

Pedagogical Feat 6ures

Electronic Media Integration To help better grasp

® key concepts, this interactive icon

INTERACTIVE o  has been placed near figures and

selections where students can gain

additional understanding through the interactives on the
Astronomy Online Learning Center.

: To help better understand key con-
m, cepts, this animation icon has been
placed near figures and sections

where students can explore additional information on the
Astronomy Online Learning Center.

Chapter Introduction Every chapter begins with an
introduction designed to give the historical and scientific
setting for the chapter material. The overview previews
the chapter’s contents and what you can expect to learn
from reading the chapter. After reading the introduction,
browse through the chapter, paying particular attention to
the topic headings and illustrations so that you get a feel
for the kinds of ideas included within the chapter. Also in-
cluded in the chapter introduction are questions to explore
while reading the text.

Worked Examples Boxes This book, like my course,
presumes that many of its readers are not science majors
and may not have had a college-level science
or mathematics course. The book provides a
complete description of current astronomical
knowledge, neither at an extremely technical
level nor at a level that fails to communicate the
quantitative nature of physical science. I have
used equations where they are relevant, but fol-
low the equations with boxes containing one
or more worked examples. The examples in the
boxes show how and when to use each equation
and tell why the equation is important.
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Preface XIX

Historical Emphasis  Throughout the book I have
emphasized the historical development of astronomy to
show that astronomy, like other sciences, advances through
the efforts of many scientists and to show how our pres-
ent ideas developed. In the main body of the text there
are many comparisons of what was once known about
a particular phenomenon to what we now know about
it. These historical comparisons are used to illustrate the
cycle of observation, hypothesis, and further observation,
which is the essence of the scientific method of discovery.
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The epicyclic model perfected by Ptolemy used
combinations of circular motions to reproduce
the motions of the planets. The model could pre-
dict the positions of celestial objects with such
hacicuracy that it was used for nearly 1500 years.

Planetary Data Boxes

These boxes include summaries of planetary data making
this information easy to access.

Table 12.1 7588
netdry ata“
Jupiter
Orbital distance 5.2 AU
Orbital period 11.9 years

Mass
Diameter

Density (relative to water)

Escape velocity
Surface gravity
Global temperature

Main atmospheric gases

Rotation period

Axial tilt

Known satellites
Distinguishing features

318 Mearth = 1.90 X 10?7 kg

11.2 Dgarth = 142,980 km

1 38

60 km/s

2544

125 K

H, He

9.9 hours

30

63

Most massive planet,
conspicuous cloud
features

Sidereal and Synodic Periods

Equations 4.1 and 4.2 can be used to calculate

the synodic period of a planet from its sidereal

period or vice versa. Suppose there were a supe-

rior planet with a synodic period of 1.5 years. For

S = 1.5 years and Pggrth = 1 year, Equation 4.1 is
1 1 1 _B=2_ 1

P (y) (5y) @Byl @Byn

Thus, P, the sidereal period of the planet, is
3 years. This is the hypothetical planet described
in Figure 4.6. As a second example, suppose there
were an inferior planet with a sidereal period of

for which S = 1/3 year.

0.25 years. For P = 0.25 years and Pgarth = 1 year,
Equation 4.2 is
1 1 i

+
(0.25yn (1yn S

Rearranging this equation to solve for 1/S gives
1 i 1 4 1

S 2y (y) Ayl (y)
8

(1yr)
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End of Chapter Material

Chapter Summary highlights the key topics of the

chapter.

Key Terms listed here are defined in the text and in the

end-of-book glossary.

Conceptual Questions require qualitative verbal answers.

Problems, involving numerical calculations, test the read-

er’s mastery of the equations.
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Figure-Based Questions require the reader to extract the
answer from a particular graph or figure in the chapter.

Planetarium Exercises let the reader investigate key ideas
of the chapter using the Starry Night planetarium software
on the CD that accompanies the book.

Group Exercises encourage interaction between students
as they work in groups to discuss different viewpoints on
chapter-related issues or to complete small group projects.

FIGURE 9.30
The Giant Impact Theory of the Moon's Formation

th was struck by a Mars-size body. The colision vaporized the body and part
bit about the Earth and then condensed to form the Moon.

o \

tory of the Moon and its chemical

S
Older theories of the origin

from serious difficulties.
which the Moon formed fror

body struck the Earth, seer
count for the history of the
| chemistry.

* The Moons umbral shadow if
wide where it reaches the E|
eclipse, the Moon's umbral s

+ The rocation period of the Moon is the same as the
period of its revolution about the Earth. This ar-
rangement keeps the same face of the Moon turned

Key Terms

the day and month may become equal in lengeh.
When that happens, the Earth will keep the same
face turned toward the Moon. (9.2)

* The Moon's surface is covered with craters. The

‘meteoroids that made the craters have pulverized the
Moon's surface layers and produced a fine layer of

debris. (9.3)

* The lunar maria were produced when vast volcanic

flows flooded the floors of basins produced by carlier
impacts. Litcle or no volcanic activity has taken place.
for more than 3 billon years. (9.3)

+ Analysis of lunar samples has shown tha they are

similar to the surface rocks of the Earth bur lack
in casily vaporized elements,
ind lead. Lunar rocks range in
4.5 billion years. The terrae
an the maria. (9.4)
sities of regions of

inense bombardme

* The Moon has almost no aumosphere because a

crater density and age for the Moon has been a
plied to other plancts and satelites o estimate thel
ages. (9.4)

gases that enter the atmosphere escape almol

Prablens

[T — 205

immediately. These gases come from the solar wi
and radioacive decays in lunar surface rocks. W
comets strike the lunar surface, vaporized water mol
cules form an aumosphere, some of which eventuall
condense at the lunar poles to form ice deposics. (9.5 2 Su
+ The Moon is mostly rocky with a small mell
core. Seismic studies show that the Moo’ interi
is virtually inactive. The erust and lichosphere
the Moon are both very thick compared with f
Earch. (9.6)
+ Old theories of the origin of the Moon all suffer 3
from serious A new theory, which pre
poses that th mulated from debris fror
anin h the Earch, accoun
e know about

L. The angular diameter and distance of the Moon are

niroll e to Apolly asro
nauts on the Moon, there was a noticeable time delay in

Table-Based Questi

the communications. How long does it take a radio
o travel o the Moon and back?
e angular diameter of the Earth as seen from

produced the Imbrium Basin?

June 2011

fission theory 201
h

1. Using Table 9.2, find the date of new Moon in Febru- 3. Using Table 9.2, find an eclipse season with three
ary 2008, eclipses.
2. Using Table 9.2, find the date of full Moon in 4. Using Table 9.2, find a year with three eclipse sca-

Activity

mascon 197
penumbra 186
195

fays 195
regolich 196

toward the Earth. (Section 9.1)

* The distance t the Moon averages 384,400 km but
can be as large s 406,700 km and as small as 356,400
km. The Moons diameter is about %4 that of the
Earth. (9.1)

* The two parts of the shadows of the Earth and the
Moon are the penunt
partially blocke
light s compl
within the umbral shadow. (9.1)

across the Earch,
ers less than 19 of the Earth's
+ Edlipses can occur only when
or full phase and when the Mof
Eclipses occur in series in whi
are separated by 18 years 1%
Using their knowledge of the
lip

de slowly from the

Planetari

separation of the Sun and Moon.
tion Tool to measure the angular

he time ste
n edlpse occurs

foon have so litde atmosph
nce that the

For More Infors

in the context of the rotation of the
Workin apl

bles have been dropped and h
e how.

idenify. Se

End-of-Text Material

lation maps for reference.

Supplements

McGraw-Hill offers various tools and tech-
nology products to support Astronomy:
Journey to the Cosmic Frontier, Fifth Edition.
Instructors can obtain teaching aids by
calling the Customer Service Department
at 800-338-3987 or contacting your local

McGraw-Hill sales representative.

Interactives McGraw-Hill is proud to
bring you an assortment of 23 outstanding
Interactives like no other. Each Interactive is

At the back of
the text you will find appendices that will
give you additional background details,
charts, and extensive tables. There is also a
glossary of all key terms, an index organized
alphabetically by subject matter, and constel-

Kepler's Sec:

P4

Visit the text website at www.mhhe.com/fix
for chapter quizzes, interactive learning
exercises, and other study tools.

A Keplers Second Law Interactive - Microsoft Internet Explorer

Introduction

ond Law ‘ - Not to scale

Countdowns / ‘

|

M AutoPause
M Pause Time

Interactive

Time: 1 yearé

Exercises | [ Solutions |

Area Swept Out:

Eccentricity: .02

ctors
w Bar Graph 5
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programmed in Flash for a stronger visual appeal. These
Interactives offer a fresh and dynamic method to teach
the astronomy basics. Each Interactive allows users to ma-
nipulate parameters and gain a better understanding of
topics such as blackbody radiation, the Bohr model, a so-
lar system builder, retrograde motion, cosmology, and the
H-R diagram by watching the effect of these manipulations.

Starry Night CD This planctar- [FEEEI

File Edt Go Settings Selection Sky
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Guides Window Help

ium software is now available free with  |a[a| njel@| ofr| ole| | &lalslzlzl &l @elwo ©

Preface xXx1

Each Interactive includes an analysis tool (interactive
model), a tutorial describing its function, content describ-
ing its principle themes, related exercises, and solutions
to the exercises. Plus, users can jump between these exer-
cises and analysis tools with just the click of the mouse.
These Interactives are located on the Astronomy Online
Learning Center.

every text. It allows users to manipu-
late and take control of the sky. They
become active observers and gain a
far better understanding of how the
sky works.

| @ 912812004

u 23519PM |4 Tl >

Online Learning Center www.mhhe.com/fix
McGraw-Hill offers a wealth of online features and study
aids that greatly enhance the astronomy teaching and
learning experience. The design of the Fix Online Learn-
ing Center makes it easy for students to take full advantage
of the following tools:

* Interactive student technology: Includes 23 outstanding
Astronomy Interactives, Animations, and Constellation
Quizzes.

¢ Text-specific features: Includes Multiple Choice
Quizzes, Conceptual Questions, Problems, Figure-
Based Questions, and Crossword Puzzles.

* General astronomy features: Includes Planetarium
Activities, Group Activities, Astronomy Timeline,
Astronomy Links Library, Astronomy Picture of the
Day, and Further Readings.

* Additional instructor resources: Includes Instructor’s
Manual, PowerPoint Presentation, and Page Out.

Presentation Center

Build instructional materials wherever, when-
ever, and however you want! Presentation Center

is an online digital library containing assets such as photos,
artwork, animations, PowerPoint® presentations, and other
types of media that can be used to create customized lec-
tures, visually enhanced tests and quizzes, compelling
course websites, or attractive printed support materials.

Access to your book, access to all books! The
Presentation Center library includes thousands of assets
from many McGraw-Hill titles. This ever-growing re-
source gives instructors the power to utilize assets specific
to an adopted textbook as well as content from all other
books in the library.

Nothing could be easier! Accessed from the in-
structor side of your textbook’s Online Learning Center,
Presentation Center’s dynamic search engine allows you to
explore by discipline, course, textbook chapter, asset type,
or keyword. Simply browse, select, and download the files
you need to build engaging course materials. All assets are
copyrighted by McGraw-Hill Higher Education but can
be used by instructors for classroom purposes.

o
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B Conter

lack of complexity, complication, or difficulty.

The Presentation Center is a simple, yet powerful tool located within the text’s website.
Instructors can search, select and export from an extensive library of digital resources,
developed to enhance their course:
* Art collection
*  Photos
e Tables able to produce strong effect.
Animations

PowerPoint®lecture outlines
Video (MP4 files) and audio downloads (MP3 files)

improved, increased in worth.

Visit the MH Presentation Center at: www.mhhe.com/fix

1. SEARCH

one user-friendly navigation screen.

Search a variety of parameters
that allow you to control the
amount of information you
retrieve:

o Discipline/course area

¢ Author

o Text title/edition

o Chapter

Unsure of where to search? Shak
Simply enter the keyword and |

let the search engines do the
work for you. -

Or...enter the ISBN of the
book to immediately go to
those files.

Instructor’s Testing and Resource CD McGraw-
Hill's EZ Test is a flexible and easy-to-use electronic testing
program. The program allows instructors to create tests from
book specific items. It accommodates a wide range of ques-
tion types, and instructors may add their own questions.
Multiple versions of the test can be created, and any test
can be exported for use with course management systems
such as WebCT, BlackBoard, or PageOut. The program is
available for Windows and Macintosh environments. For
your convenience, the Instructor’s Manual and set of Test
Bank questions will be available in Word and pdf formats.

Instructor’'s Manual The Instructor’s Manual
is found on the Astronomy Online Learning Center
(www.mhhe.com/fix) and on the Instructor’s Testing and
Resource CD, and can be accessed only by instructors.

Classroom Performance System and Questions
The Classroom Performance System (CPS) brings inter-
activity into the classroom/lecture hall. CPS is a wireless
response system that gives an instructor immediate feed-
back from every student in the class. Each CPS unit comes
with up to 512 individual response pads and an appropri-
ate number of corresponding receiver units. The wireless
response pads are essentially remotes that are easy to use

—p—

the most valuable tool an instructor can have.

from a multitude of
digital assets.

Your results will be displayed -
for you to easily review and i e sm smmrrs ey 7
select items.

Click “add to library” below B =
each item to add items to your

library or create a download ’Fi "
BO w w

=T
5% i & ii”l iilH to fit your needs.

2. Click “export/save my list”
v and the items listed will be
saved/exported in one zip file.
“This zip download allows you
to easily gather and organize
information for a particular
lecture or subsection of the
course.

and engage students. The CPS system allows instructors
to create their own questions or use the McGraw/Hill-
provided astronomy questions.

PowerWeb Harness the assets of the Web to keep
your course current with PowerWeb! This online re-
source provides high-quality, peer-reviewed content in-
cluding up-to-date articles from leading periodicals and
journals, current news, weekly updates with assessment,
interactive exercises, a Web research guide, study tips,
and much more! PowerWeb is available packaged with a
McGraw-Hill text or for online purchase from the website
http://www.dushkin.com/powerweb.
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