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Imagine astronomy without new discoveries, new theo-
ries, new instruments, or new images of distant objects.
Imagine an astronomy course that never changed year
after year. Astronomy is exciting because it has the poten-
tial to astonish us with new insights into the secrets of
the universe, but we pay a price for that excitement—we
must struggle to keep up with a swiftly changing field.

This new edition of Foundations of Astronomy
includes the newest discoveries and theories as well as
the more gradual changes in general opinion among
astronomers concerning such things as black holes, active
galaxies, and planetary origins. Yet the book is unchanged
in its overall approach. It attempts to present astronomy
as a unified system of understanding that relates the stu-
dent’s personal existence to the basic processes in the
universe.

MINIMUM TANGLE

The body of astronomical knowledge resembles a mari-
onette with tangled strings. Each fact, observation, or
principle is connected by inferences, assumptions, and
theories to other facts, observations, and principles. The
teacher’s task is to untangle this marionette and make
clear the logic of the connections. Just as a marionette has
inherent in its design an untangled state, the body of
astronomical knowledge has a state that makes the logic
of the inferences, assumptions, and theories clearest. In
this book, I have attempted to present astronomy in that
state of minimum tangle.

By considering stars, galaxies, cosmology, and the
solar system in that order, we simplify many of the evi-
dential arguments and intuitive concepts so important to
understanding astronomy. For example, by discussing star
formation before the solar system, students recognize the
solar nebula for what it is, a natural by-product of star
formation. More important, by studying stars, galaxies,
and cosmology first, students return to the solar system
with a cosmic perspective on nature that places them and
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their planet into the universe, rather than constructing a
universe around them.

Facts can be meaningful only when they are synthe-
sized into a consistent description of nature. Thus, this
book views the universe as a small set of natural processes
that are responsible for a wide variety of phenomena and
that explain a diverse assortment of objects. For example,
galaxies, star clusters, individual stars, and planets are all
expressions of the same process—gravitational contrac-
tion. Only the scale is different. This emphasizing of
processes presents astronomy not as a collection of unre-
lated facts but as a unified body of knowledge.

In addition, this text presents astronomy as a case
study in science. It distinguishes between observation and
theory, between evidence and conclusion. We want our
students to understand how science creates, tests, improves,
or discards models of natural phenomena and thus more
closely approximates a complete understanding of natu-
ral processes.

CHANGES IN THE NEW EDITION

Besides including new discoveries, we have carefully
refined the presentation of each chapter, in response to
comments from a great many instructors and students:

e Anew Chapter 1, The Scale of the Cosmos,
introduces students to the basic celestial objects
and their relative scales. Through its strong
graphical content, the chapter also presents the
metric system, the astronomical unit, and the
light-year.

e  Material in the early chapters has been
consolidated to better unify the discussions of the
celestial sphere, seasons, and lunar phenomena.
Coordinates and timekeeping have been retained
in Appendix A. Optical telescopes, radio and space
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telescopes are now discussed in a single chapter, to
emphasize the parallels in their design.

The material on relativity (once a separate chapter)
has been merged into various chapters where it
better supports the discussion of astronomical
phenomena.

At the suggestion of many instructors, a new
chapter has been added to discuss neutron stars
and black holes in greater detail.

The chapter on peculiar galaxies has been
extensively revised and updated to include new
observations and the growing synthesis of those
observations into a unified understanding of active
galactic nuclei.

The unit on the solar system now emphasizes the
solar nebula theory as a unifying theme. Thus the
discussion of each solar system object or
phenomenon relates the descriptive facts to the
solar nebula theory.

While the solar system chapters follow a
comparative plan, analyzing basic planetary
processes by comparing planets with each other,
the organization has been changed so that each
planet is presented separately. Data Files—
containing numerical, photographic, and graphical
information describing the sun, moon, planets, and
Comet Halley—have also been added. This
arrangement presents the unique features of each
body while still allowing a comparative analysis.

Observational Activities in Chapters 2, 3, 10, 12, 22,
24, and Appendix A encourage students to make
simple observations and guide them in analyzing
the implications of what they see. The related Box
8-1 on observing the sun and the supplement,
“Observing the Sky,” have been retained, with
updated tables.

Students and instructors have responded with
enthusiasm to the use of two novel types of
illustrations: Film-strip figures, which illustrate
temporal processes, and photographs paired with
“key” drawings that act as guides to the content of
the photographs. (These paired figures have
proven especially useful in elucidating complex
figures, and they avoid obscuring images with
obtrusive labels.)

At the urging of a number of reviewers, this edition
has more end-of-chapter problems spanning a
wider range of difficulty.

xXv

CONTINUING FEATURES

Many useful features have been retained and updated.
“Perspectives,” which appear at the end of several chap-
ters, introduce new and interesting ideas that allow stu-
dents to review and apply the principles covered in the
chapter. Some Perspectives discuss the development of a
theory, the synthesis of hypotheses from data, the testing
of theories by observation, and the meaning of statistical
evidence.

Study aids for each chapter include a chapter sum-
mary, a list of new terms, questions, problems, and rec-
ommended readings. The first time the new terms appear
in the text they are bold face. These same terms are defined
in the glossary. The questions are nonquantitative and
could lead to essay answers or be used to stimulate class
discussion. The problems are quantitative or involve
mathematical reasoning. (Answers to even numbered
problems appear at the end of the book, and to odd-
numbered problems in the /nstructor’s Manual.) The rec-
ommended reading, which is intended for the student,
ranges from National Geographic to Science. Instructors
may wish to guide students in selecting appropriate read-
ing material.
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A NOTE FROM THE PUBLISHER

The excitement of astronomy lies in new understanding,
We see the nitrogen volcanos on Triton and suddenly
understand better how planets work in the rigid cold of
the outer solar system. To communicate that excitement
to students, we must show them how astronomy progresses.

Since 1987 when the previous edition of Founda-
tions of Astronomy was written, astronomers have made
impressive advances. One team seems to have found an
astonishing fast pulsar in the remains of Supernova 1987A,
Voyager 2 revealed complex circulation in Neptune's
atmosphere, complete rings with imbedded arcs, and a
strange, icy geology on Triton. Quasars have been found
with red shifts greater than 4, and striking infrared images
reveal stars in the act of forming. These and other dis-
coveries are changing astronomy.

In this 1990 edition of Foundations of Astronomy,
the author has included updates on Neptune (Chapter
23), new telescopes (Chapter 6), Supernova 1987A (Chap-
ter 13), gravity wave detectors (Chapter 14), quasars
(Chapter 17), extra solar planets (Chapter 19), SETI

(Chapter 25), and more. The author has added the most
recent photographs and diagrams, and has included the
latest information about space telescopes, probes to Venus,
Jupiter, and Mars, the greenhouse effect, and so on. Fol-
lowing the suggestions of professors who have been using
the book, he has also improved the clarity of many dis-
cussions. Also, thanks go to the Wadsworth editorial and
production team for this edition—Ann Scanlan-Rohrer,
Martha Branch, and Mary Douglas.

We view this revision as a necessary update, rather
than as a major change (which could require substantial
reorganization of an instructor’s outline). Therefore, we
have been careful to keep the original sequence, page
numbering, chapter length, and book length intact, and
we have integrated the new material smoothly into the
book’s original structure. We believe these changes will
assist instructors in teaching a current, accurate, and effec-
tive course in astronomy. And we hope that students will
continue to be fascinated and excited by learning about
the universe with the help of Foundations of Astronomy.



You will approach retirement around the year 2035, and
vour children about 2060. Your grandchildren will not be
retiring until almost 2100. You and vour family will live
through a century of exploration unlike any in the history
of this planet. You will see explorers return to the moon,
and your children could be the first colonists in lunar
cities. Your grandchildren may reach Mars, mine the
asteroid belt, explore the icy satellites of Jupiter and Sat-
urn, or leave the solar system bound for the stars. A cen-
tury ago the airplane had not been invented. Whatever
humanity is like a century in the future, we can guess that
it will be deeply involved in the exploration of the solar
system. Astronomy, the study of the universe bevond the
clouds, helps us understand what we will find when we
leave earth.

Living in the next century might be enough justifi-
cation for taking an astronomy course, but there are other
reasons. The coming years will see tremendous advances
in science and technology, advances that will confuse any-
one not familiar with how science progresses from data
to hypothesis to theory to natural law. Should your state
permit nuclear waste disposal sites? Should you support
construction of orbiting solar power stations? Should you
give your children massive doses of vitamin C to combat
colds? To resolve such technical issues, you need to apply
some of the methods of science. Thus, as you study astron-
omy in the pages that follow, look at it as an example of
scientific reasoning. Distinguish between data and theory,
and notice how hypotheses are tested over and over.

Yet another reason for taking an astronomy course
is to satisfy your natural curiosity. Having heard about
black holes, the expanding universe, or the rings of Sat-
urn, you may want to know more about them. Satisfying
your own curiosity is the most noble reason for studying
anything.

Curiosity might lead you to consider astronomy as a
career, but you should know that the field is very small

TO THE READER

and jobs are hard to find. Instead, you might consider
astronomy as a hobby—an activity for personal satisfac-
tion and enrichment. The magazines listed here will keep
vou up to date with the rapid advances in the field and
give you some ideas for further projects, such as telescope
building and astronomical photography:

Astronomy, 411 East Mason St., PO. Box 92788,
Milwaukee, WI 53202

The Griffith Observer, 2800 East Observatory Road, Los
Angeles, CA 90027

Mercury, Astronomical Society of the Pacific, 1290 24th
Ave., San Francisco, CA 94122

The Planetary Report, The Planetary Society, 65 N.
Catalina Ave., Pasadena, CA 91106

Sky and Telescope, Sky Publishing Corporation, 49 Bay
State Rd., Cambridge, MA 02238

All these reasons for taking astronomy are reasona-
ble, but the most important reason is astronomy's cultural
value. The one reason you should study astronomy, the
reason your school goes to the expense of teaching the
course for you, is that astronomy tells you about your
place in nature. It shows you our tiny planet spinning in
space amid a vast cosmos of stars and galaxies. It takes
vou from the first moment of creation to the end of the
universe. You will see our planet form, life develop, and
our sun die. This knowledge has no monetary value, but
it is priceless if you are to appreciate your existence as a
human being.

Astronomy will change you. It will not just expand
your horizons, it will do away with them. You will see
humanity as part of a complex and beautiful universe. If
by the end of this course you do not think of yourself and
society differently, if you don't feel excited, challenged,
and a bit frightened, then you haven't been paying attention.

MAS.
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