
Preface

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, I 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 Iowa 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 fi nish 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 confi dence 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.

 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 fi fth 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)
•  Cassini 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)

xviii
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 Preface xix

•  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 
has been placed near fi gures and 
 selections where students can gain 

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

To help better understand key con-
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 scientifi c 
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 ex amples. The  examples in the 
boxes show how and when to use each  equation 
and tell why the equation is important.

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 scientifi c method of discovery.

A N I M AT I O NA N I M AT I O N

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 
accuracy that it was used for nearly 1500 years.

Jupiter
Orbital distance 5.2 AU
Orbital period 11.9 years
Mass 318 MEarth � 1.90 � 1027 kg
Diameter 11.2 DEarth � 142,980 km
Density (relative to water) 1.33
Escape velocity 60 km/s
Surface gravity 2.54 g
Global temperature 125 K
Main atmospheric gases H, He
Rotation period 9.9 hours
Axial tilt 3�
Known satellites 63
Distinguishing features  Most massive planet, 

 conspicuous cloud 
 features

Table 12.1

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

Equations
4.1 and 

4.2

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 PEarth � 1 year, Equation 4.1 is

1

P
  � 

1

(1 yr)
 � 

1

(1.5 yr)
 � 

(3 � 2)

(3 yr)
 � 

1

(3 yr)

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 

0.25 years. For P � 0.25 years and PEarth � 1 year, 
Equation 4.2 is

1

(0.25 yr)
  � 

1

(1 yr)
 � 

1

S

Rearranging this equation to solve for 1�S gives

1

S
 � 

1

(0.25 yr)
 � 

1

(1 yr)
 � 

4

(1 yr)
 � 

1

(1 yr)

 � 
3

(1 yr)

for which S � 1�3 year.
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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.

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
In this theory, the Earth was struck by a Mars-size body. The collision vaporized the body and part of the Earth. Some of this 
debris fell into orbit about the Earth and then condensed to form the Moon.

The birth of the MoonA N I M AT I O NA N I M AT I O N

A

Primitive Earth

Mars-size
body

B C D

Most of the vaporized material then jetted away from the 
Earth in the same direction that the impacting body had 
been moving before the collision. Some of the ejected mate-
rial fell back to Earth, some escaped into interplanetary space, 
and some began to orbit the Earth as a ring of hot gas. Hy-
drogen and other easily vaporized materials escaped from the 
cooling gas during this time, which accounts for the lack of 
water and volatiles in the Moon. After about a thousand 
years, solid particles began to condense from the cooling gas, 
and the Moon began to accumulate. The collision took place 
after the Earth’s iron core formed, so the Moon is iron poor 
compared with the Earth, because only the Earth’s outer lay-
ers contributed to the material from which the Moon formed. 
The Moon and Earth are similar in composition because a 
fraction of the Earth’s mantle was ejected by the impact and 
became part of the ring of gas from which the Moon formed. 
The differences in composition between the Moon and the 

Earth’s crust are accounted for by the presence of material 
from the impacting body in the gas from which the Moon 
formed. The giant impact theory may not be the ultimate 
answer to the mystery of the Moon’s origin, but as of now it 
seems to account for most of what is known about the his-
tory of the Moon and its chemical composition.

Older theories of the origin of the Moon all suffer 
from serious difficulties. A newer theory, in 
which the Moon formed from debris after a large 
body struck the Earth, seems better able to ac-
count for the history of the Moon and the Moon’s 
chemistry.

• The rotation 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 
toward the Earth. (Section 9.1)

• The distance to the Moon averages 384,400 km but 
can be as large as 406,700 km and as small as 356,400 
km. The Moon’s diameter is about 1⁄4 that of the 
Earth. (9.1)

• The two parts of the shadows of the Earth and the 
Moon are the penumbra, within which sunlight is 
partially blocked, and the umbra, within which sun-
light is completely blocked. Total eclipses occur 
within the umbral shadow. (9.1)

• The Moon’s umbral shadow is only about 150 km 
wide where it reaches the Earth. During a solar 
eclipse, the Moon’s umbral shadow sweeps rapidly 
across the Earth, producing an eclipse track that cov-
ers less than 1% of the Earth’s surface area. (9.1)

• Eclipses can occur only when the Moon is in its new 
or full phase and when the Moon is near the ecliptic. 
Eclipses occur in series in which successive eclipses 
are separated by 18 years 111⁄3 days, the saros period. 
Using their knowledge of the saros, ancient astrono-
mers were able to predict eclipses. (9.1)

• Tides cause the day to lengthen and the Moon to 
recede slowly from the Earth. In the remote future, 
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the day and month may become equal in length. 
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 earlier 
impacts. Little or no volcanic activity has taken place 
for more than 3 billion years. (9.3)

• Analysis of lunar samples has shown that they are 
similar to the surface rocks of the Earth but lack 
water and are deficient in easily vaporized elements, 
such as chlorine, zinc, and lead. Lunar rocks range in 
age from 3.2 billion to 4.5 billion years. The terrae 
are about 1 billion years older than the maria. (9.4)

• Measurements of the crater densities of regions of 
the Moon that have different ages have been used to 
show that the Moon experienced an early period of 
intense bombardment. The relationship between 

crater density and age for the Moon has been ap-
plied to other planets and satellites to estimate their 
ages. (9.4)

• The Moon has almost no atmosphere because any 
gases that enter the atmosphere escape almost 
 im mediately. These gases come from the solar wind 
and radioactive decays in lunar surface rocks. When 
comets strike the lunar surface, vaporized water mole-
cules form an atmosphere, some of which eventually 
condense at the lunar poles to form ice deposits. (9.5)

• The Moon is mostly rocky with a small metallic 
core. Seismic studies show that the Moon’s interior 
is virtually inactive. The crust and lithosphere of 
the Moon are both very thick compared with the 
Earth’s. (9.6)

• Old theories of the origin of the Moon all suffered 
from serious deficiencies. A new theory, which pro-
poses that the Moon accumulated from debris from 
an impact of a large body with the Earth, accounts 
much more successfully for what we know about the 
history and composition of the Moon. (9.7)
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 Conceptual Questions
 1. Suppose the Earth orbited the Sun in 225 days. What 

effect would that have on the length of the Moon’s 
synodic period? Explain your answer.

 2. On June 8, 2004, the planet Venus crossed the disk of 
the Sun. What part of the shadow of Venus were we in 
when that happened?

 3. When we see a total lunar eclipse, what kind of eclipse 
would be seen by an observer on the Moon?

 4. What is the phase of the Earth, as seen from the Moon, 
during a total solar eclipse?

 5. Describe the ways in which the chemical compositions of 
Earth rocks and lunar samples are similar and different.

 6. How do the ages of lunar samples compare with the 
ages of samples from the Earth’s ocean bottoms? What 
is the reason for the great difference in age?

 7. How has the crater density of the maria changed since 
the maria formed?

 8. The terrae have reached crater saturation. In the fu-
ture, how will the crater density of the terrae change 
with time?

 9. Examination of images of the surface of Jupiter’s satel-
lite Io has failed to find a single impact crater. What 
conclusion about the surface of Io can you draw from 
this observation?

10. Why does the Moon have so little atmosphere?
11. Summarize the evidence that the Moon does not have 

a large metallic core.
12. The giant impact theory of the origin of the Moon 

combines features of the three previous theories of the 
Moon’s origin. Describe features held in common by 
the giant impact theory and each of the three earlier 
 theories.

 Problems
1. The angular diameter and distance of the Moon are 

31 minutes of arc and 384,400 km. Use the small an-
gle equation to find the linear diameter of the Moon.

2. Suppose the Moon’s rotation period were half as long 
as its orbital period about the Earth. How long would 
it take the Earth to complete one trip around the sky? 
(Hint: One way to find the answer is to sketch the 
position of an observer on the Moon throughout sev-
eral lunar orbits.)

3. When flight controllers on Earth spoke to Apollo astro-
nauts on the Moon, there was a noticeable time delay in 

the communications. How long does it take a radio 
signal to travel to the Moon and back?

4. What is the angular diameter of the Earth as seen from 
the Moon?

5. If the Earth’s rotation continues to slow at its present rate, 
how long will it take for the day to lengthen by 1 hour?

6. If the month continues to lengthen at its present rate, how 
long will it take for the month to reach 47 days in length?

7. The Imbrium Basin is about 700 km in diameter. Ap-
proximately how large was the impacting body that 
produced the Imbrium Basin?

 Table-Based Questions
1. Using Table 9.2, find the date of new Moon in Febru-

ary 2008.
2. Using Table 9.2, find the date of full Moon in 

June 2011.

3. Using Table 9.2, find an eclipse season with three 
eclipses.

4. Using Table 9.2, find a year with three eclipse sea-

 Planetarium Activity
Turn off the daylight display. Open the “Planet” Palette, 
center on the Sun, and then lock on the Sun. Using 
the “Settings” button, set Orientation to Ecliptic. Using 
the “Settings” button, select Planet/Sun and turn off En-
large Moon Size. Set the date for March 1, 2003. Set the 
time step to 24 hours. Move ahead one step at a time until 
the Moon passes the Sun. Then set the time step to 
 15 minutes and move back and forth in time until you 
find the smallest angular separation of the Sun and Moon. 
Use the Angular Separation Tool to measure the angular 

 separation of the Sun and Moon. Then reset the time step 
to 24 hours and step ahead until the Moon again passes 
the Sun. Again find the distance of closest approach. Re-
peat until you find a time when the Moon and Sun appear 
to overlap. Check Table 9.2 to see if you have found the 
date of a solar eclipse. Set your geographical location to 
Reykjavik, Iceland. Turn on the daylight display. Set the 
time to 1 a.m. (Reykjavik time) and the time step to 
15 minutes. Start the clock and see if an eclipse occurs. 
Note the date and  compare with Table 9.2.
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 Group Activities
1. Walk in a circle around your partner while you keep fac-

ing the same direction. (Use a distant object to be sure 
you keep facing the same direction and aren’t rotating.) 
Have your partner note whether all or only one side of 
you can be seen during your “orbit.”  Discuss the results 
in the context of the rotation of the Moon (Figure 9.2).

2. Working with a partner, get a plastic dish of flour and 
some marbles. Stand over the dish of flour and take 

turns dropping marbles into the flour. (This may be 
messy, so be careful where you do the experiment.) 
 Retrieve the marbles after every couple of impacts, tak-
ing care not to mess up the flour with your fingers or 
obliterate any “craters.” Keep track of how many mar-
bles have been dropped and how many craters you can 
identify. See how long it takes to reach crater 
 saturation.

For More Information
Visit the text website at www.mhhe.com/fi x 
for chapter quizzes, interactive learning 
exercises, and other study tools.

xx Preface

End-of-Text Material  At the back of 
the text you will fi nd 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-
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 
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Starry Night CD  This planetar-
ium software is now available free with 
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.
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Online Learning Center www.mhhe.com/fi x  
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 specifi c 
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 fi les 
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.

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 watch ing the effect of these manipulations. 

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.
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and engage students. The CPS system allows   in struc tors 
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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