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Preface

When I began writing Explorations: An Introduction to Astronomy, many people
asked me why I was writing an astronomy book. Much of my motivation comes from
wanting to share my own sense of wonderment about the Universe. I hope that in an
astronomy course, students can get some sense of where they fit in the astronomical
Universe—a sense of location in the cosmic landscape. I also hope that students will
come away from such a course with a sense of the richness of the Universe. When we
look around us on our own planet, we see incredible biodiversity. So, too, when we look
at the heavens, we see incredible astrodiversity. Stars, moons, and planets are as strange,
colorful, and wonderful as tropical butterflies. Finally, I hope that students will gain
some appreciation of the methods by which such tiny beings as we are have learned so
much about the Universe. Those methods are not just laboratory techniques. Far more
important is the process of learning: the steps by which we go from observation to
hypothesis and then on to what we hope is understanding.

But why write your own astronomy book when so many already exist? Most of the
current books have so much material that they are impossible to get through in a sin-
gle semester, and much material is omitted. I therefore decided that my first goal was to
make a book that was short. However, as I worked at it, I kept finding things that I didn’t
want to leave out, material such as calendars and the history of astronomy. But how
could I write a short book and still include such topics? The solution was to organize
the book so that instructors and students could omit the unwanted sections without
interrupting the flow of ideas. Thus, I placed a number of topics such as time keeping
and exo-biology into Essays that may be easily skipped. I also tried to make the book
short by limiting its scope. Rather than covering everything, I have tried to focus on
only what at the time seemed to me the most important ideas.

Another goal I set myself was to give simple explanations of why things happen. Such
explanations generally involve physical principles that are unfamiliar to nonscience stu-
dents. However, many even very complicated physical ideas can be appreciated, if not
fully understood, by appeal to analogy or to similarities with everyday phenomena. For
example, diffraction effects can be seen by looking at a bright light through a lock of
your hair pulled over your eyes or through glasses that you have fogged with your breath.
By tying physical principles to everyday observations, many of the more abstract and re-
mote ideas become more familiar. Thus, I have used analogies heavily throughout the
book, and I have designed the illustrations to make those analogies more concrete.

An additional aim throughout this text is to explain how astronomers know the
many curious things they have learned about our Universe. Such explanations often
require mathematics, and so I have included it wherever it is crucial to understanding
a method of measurement, as in the use of the modified form of Kepler’s third law to
determine a star’s mass or in Wien’s law to measure its temperature. However, because
math is so intimidating to so many students, I have tried to begin these discussions by
introducing the essence of the calculations in everyday language. Thus, if the student
or instructor chooses to omit the math, it will not prevent an understanding of the
basic idea involved. For example, Wien’s law relates the temperature of a hot object to
its color by a mathematical law. However, the consequences of the law can be seen in
everyday life when we estimate how hot an electric stove burner is by the color it glows.
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Similarly, I have tried to work through the math problems step by step, explaining that
terms must be cross-multiplied, and so forth.

As a final goal, I have set many of the modern discoveries in their historical context.
[ want to demonstrate that science is a dynamic process and that it is subject to con-
troversy. Ideas are often not immediately accepted, and to appreciate those that scien-
tists finally settle on, it helps to understand the arguments for and against them, as well
as the train of reasoning that leads to the “accepted” answer. On this point, I must di-
gress and reveal my own amazement (and naiveté) at how many widely accepted ideas
have such flimsy underpinnings and how many widely quoted values for astronomical
quantities are very imperfectly known.

NEW TO THIS UPDATE

NEW! Interactives McGraw-Hill is proud to bring you an assortment of outstanding
Interactives like no other. These Interactives offer a fresh and dynamic way to teach the
astronomy basics. Each Interactive will allow students to manipulate parameters and
gain a better understanding of such topics as blackbody radiation, the Bohr model, a
solar system builder, retrograde motion, cosmology, and the H-R diagram by watching
the effect of these manipulations. Each Interactive will include an analysis tool (inter-
active model), a tutorial describing its function, content describing its principle
themes, related exercises, and solutions to the exercises. Plus, you'll be able to jump be-
tween these exercises and the analysis tools with just the click of the mouse.

This 2004 update also includes some new images, revised figures, and updated
material in several areas. I have expanded several topics, for example, the material on
extra-solar planets, where I have added discussion of the transiting planet and some
images of preplanetary disks. In that discussion, I have also emphasized that much of
the motivation for studying extra-solar planets is to better understand planet for-
mation. (I have not, however, tried to keep the number of such planets current, a hope-
less task.)

Another area that I have updated is the discussion of what causes one forming
galaxy to become a spiral, while another becomes an elliptical. Likewise, I have revised
the section on whether the Universe will expand forever or recollapse, eliminating the
distinction of “open” and “closed” universes. This was necessary because if the cosmo-
logical constant is not zero, the previously relatively simple relation between curvature
and whether or not the Universe expands forever no longer holds.

As an experiment, I have also revised a number of the Re-Modeling boxes. These
boxes were originally designed to show how new evidence leads astronomers to
modify their ideas. The revisions to the Re-Modeling boxes are meant to show how
scientific ideas are subjected to testing. Hence, these revised boxes have been renamed
“Science at Work.” I hope this will help students better see how the scientific method
operates.

The above updates were built upon the changes to the Third Edition, which include:

+ Migration of the giant planets within the Solar Nebula

+ The shape of planetary nebulas

+ Evidence from the cosmic microwave background that our Universe is flat
+ Evidence for “recent” water flows on Mars

* Hypotheses for why Earth and Venus have such different surfaces

+ The discovery of numerous brown dwarfs and low-temperature stars

I have made two shifts in the organization of the material. The discussion of seasons is
now in chapter 1, and the chapter on telescopes now follows directly the chapter on
light. Both these changes were urged by many reviewers, and, to be honest, I myself
have generally discussed seasons with the material on aspects of the sky. Most of the
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other changes in this edition are minor or are corrections of typos or other points
raised by reviewers. Foot and margin notes add a few topics that are of more special-
ized interest but that I wanted my own students to know of.

CUSTOM OPTIONS

Primis Online

Customize this text in print or in an electronic format to meet your exact course needs.
Through McGraw-Hill’s Primis Online simply select your desired chapters, preferred
sequence, and supplement them with the many science items on our database. Visit
www.mhhe.com/primis/online to begin today.

Volumes

Now one of the best-selling astronomy textbooks is available in smaller versions.
Great for one-semester courses, these textbooks (Volume 1-Solar System; and Volume
2= Stars and Galaxies) contain the same great writing, the same great pedagogical tools,
and the same great technology package.

LEARN WITH OUTSTANDING FEATURES

Along with providing the most current information available, the third edition of
Explorations has much to offer within the framework of the text:

* New Illustrations—Stunning, full-
color images emphasize text
content and reflect current in-
formation and astronomical
developments.

Overviews—These overviews
provide generously illustrated,
brief previews of the mate-
rials in the following block of
chapters.
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¢ InterChapter Essays—
These optional readings
focus on topics of gen-
eral interest, such as time and life
in the universe.

* Projects—Located throughout the text are non-intimidating activities that encour-
age participation.

* New! Science at Work Boxes—are meant to show how scientific ideas are subjected
to testing.
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* Analogy Sketches—These sketches provide visual clarification of important
textual analogies.

«  Extending Our Reach—These boxed applications address challenging topics
that go beyond the usual introductory astronomy coverage.

SUPPLEMENTS

NEW! Interactives McGraw-Hill is proud to bring you an assortment
of outstanding Interactives like no other. These Interactives offer a fresh
and dynamic method to teach the astronomy basics. Each Interactive will
allow students to manipulate parameters and gain a better understanding
of topics such as Blackbody Radiation, The Bohr Model, Retrograde Mo-
tion, and the H-R Diagram by watching the effect of these manipulations.
Each Interactive will include an Analysis Tool (interactive model), a
Tutorial describing its function, Content describing its principal themes,
related Exercises, and Solutions to the exercises. Plus you’ll be able to
jump between these Exercises and the Analysis Tools with just the click of

hlt})://www. mhhe.com/a rny

the mouse.

NEW! Digital Content Manager This multimedia collection of visual resources al-
lows instructors to utilize artwork from the text in multiple formats to create cus-
tomized classroom presentations, visually-based tests and quizzes, dynamic course
website content, or attractive printed support materials. Also included are over 75 an-
imations, Interactives and a PowerPoint lecture presentation. The digital assets on this
cross-platform CD-ROM are grouped by chapter within easy-to-use folders.

PowerWeb PowerWeb is a part of the Online Learning Center of Arny, Explo-
rations. This online resource provides high-quality, peer-reviewed content, including
up-to-date articles from leading periodicals and journals, current news, weekly up-
dates with assessment, interactive exercises, Web research guide, study tips, and much
more!

NEW! Links to New York Times™ astronomy articles are available via PowerWeb.

NetTutor NetTutor, an invaluable aid, offers all your students live, personalized
tutoring via the Internet. Using NetTutor’s powerful WWWhiteboard software, stu-
dents and tutors are able to use proper mathematical notation as well as other high-
lighting features—truly making this a unique learning experience. Students may also
post questions to an expert in the Q&A Center and receive a reply within 24 hours. The
Archive Center provides a browsable list of questions and answers maintained by the
subject tutor.
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NEW design! Online Learning Center—www.mhhe.com/Arny
McGraw-Hill is proud to offer you and your students a wealth of online  |s& c ;
features and study aids that will greatly enhance the astronomy teaching EXPL%!ONS AR R iffingenter
and learning experience. The new design will make it easier for your e :

students to take full advantage of the following tools: RS
Interactive Student Technology ;‘;:';;_”""‘ i
— NEW! “Interactive” astronomy applets — NetTutor
— NEW! Links to New York Times™ — Animations
astronomy articles — Constellation Quizzes
— PowerWeb
Text-Specific Features S B 3
— New! Astronomy Links Library — Key Term Flashcards
— Chapter Overview — Crossword Puzzles
— Essay Questions — Web Tutorials
— Questions for Review — Math Help
— Problem Solving — Web Links
— Online Quiz
General Astronomy Features
— Updated! Astronomy Timeline — Web Links
— Monthly Column — Further Readings

— Universally Speaking
Additional Instructor Resources

— New! Lecture PowerPoint Presentation — PowerPoint Presentation

— Instructor Manual — PageOut

Animation icon A feature of this edition is an animation icon placed next to topic
headings and images that have related animations on the Essential Study Partner CD-
ROM and the Online Learning Center. In addition, a description of the animation is
next to the icon. There are approximately 80 animations that will help bring each con-
cept to life as each shows its special simulated physical phenomena.

Essential Study Partner CD-ROM Accompanying the Arny, Explo-
rations text, the Essential Study Partner CD-ROM offers study aids orga- |25 e
nized by topic. Each topic includes animations, tutorials that model key
concepts, practice quizzes, math help for more difficult concepts, as well as
flashcards and crossword puzzles using key terms and glossary definitions. Astrononsy Basics. -
Also included are guest essays written by professors that expose students to e Loy
a different viewpoint on a topic or a new research project. For your conve-
nience, the six new “Interactive” applets also are available on the ESP. Fi-
nally, rounding out this complete study tool, The Earth-Centered Universe
planetarium software is provided. The Essential Study Partner is packaged
free with each new textbook.

Instructor’s Testing and Resource CD  Available on CD-ROM in both
Mac and Windows platforms, this test bank uses Brownstone Diploma
software to quickly create customized exams. This user-friendly program allows in-
structors to search for questions by topic, format, or difficulty level; edit existing ques-
tions or add new ones; and scramble questions and answer keys for multiple versions
of the same test. For your convenience, the Instructor’s Manual and set of test bank
questions will be available in Word and PDF formats.
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Transparencies This collection contains 80 overhead transparencies of conceptually
based artwork from Explorations.

Instructor’s Manual The Instructor’s Manual is found on the Arny Online Learning
Center and can be accessed only by instructors.

PageOut™

Tens of thousands of professors have chosen PageOut to create a course website. New
features of the third release:

+ The PageOut Library offers instant access to fully loaded course websites with no
work required on your part.

+ Courses now can be password protected.

* You can upload, store, and manage up to 10 MB of data.

Learn more about this powerful third release at www.mhhe.com/solutions

HOW TO STUDY WITH THIS BOOK

Learning anything requires a certain amount of work. You certainly don’t expect to be
able to pick up a guitar and play it without practice, nor do you expect to be able to jog
5 miles without working out regularly. Learning astronomy also requires some work.
These steps will help you learn the material better and more easily.

In reading any assignment, begin by looking at the pictures. Turn the pages of the
chapter and familiarize yourself with what the objects you will be reading about look
like. Then read the introduction. Next, jump to the summary. Finally, start again and
read the assigned material through. As you read, make notes of things you don’t un-
derstand and ask your instructor or teaching assistant for clarification. For example, if
you are puzzled about why eclipses don’t happen every month, make a note. I would
urge you not to highlight as you read. Making a few short notes is much more effective
than highlighting whole paragraphs.

Look carefully at the pictures and diagrams. If the figure caption has a question in
it, try to answer it. Make your own sketch of diagrams to be sure you understand what
they represent.

In a first reading of a chapter, I’'d suggest that if you are troubled by math, you
should simply skip it for the time being. Be sure, however, to read the material leading
into the math so you at least understand what is being dealt with. When you encounter
a mathematical expression of a physical law, put in words what the law relates. For ex-
ample, the law of gravity relates the force of gravity to the mass of the objects and their
distance from each other.

If you encounter words or terms as you read that you don’t know, look them up in
the glossary or index. You are just wasting your time if you read a description of some
object and you don’t know what it is.

When you finish the assignment, try to answer the review questions. They are short
and are designed to show you whether you have assimilated the basic factual material
of the assignment. Try to do this without looking back into the chapter, but if you can’t
remember, look it up rather than skip over the question. You might find it helpful to get
a pile of scratch paper and actually write out short answers to the questions.

Having read the material once, go back and try to work through the math parts.
Then try a practice problem to see if you can work through the material on your own.

If you get stuck at any point, see your teaching assistant or professor for help. Don’t
be shy about asking questions. I wish someone had beaten this into my head earlier.
Learning is a thousand times easier if you ask questions when you get stuck.

Throughout the book, I have also tried to convey some of my own enthusiasm for
astronomy. Many astronomical objects are strikingly beautiful. Others conjure up a
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sense of amazement. To me, it is the ultimate wonder that within the Universe, life has
formed that can contemplate the Universe and ask what it is about. Seeing a clear night
sky spangled with stars is for me a nearly religious experience. And yet the beauty that
I see and my sense of wonder are enriched even more by an appreciation of the com-
plex processes that make the Universe work. I hope this book will similarly increase
your appreciation of our Universe’s wonders.

If while using this book you find mistakes or if you have suggestions about how to
make it better, please let me know. Write me at the Astronomy Program, University of
Massachusetts, Amherst, MA 01003-4525, USA. If you have access to e-mail, please let

me know that way. My address is arny@nova.astro.umass.edu. I really want your
feedback.
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As a final comment, let me add that a number of professors have commented on the
duplicate coverage of some topics. That repetition is deliberate and is designed to re-
fresh the material in students’ minds and allow the instructor to skip sections without
the students missing discussion of important ideas.
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