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Preface

‘ » ith human footprints on the Moon, radio tele-

scopes listening for messages from alien creatures (who
may or may not exist), technicians looking for celestial
and planetary sources of energy to support our civiliza-
tion, orbiting telescopes’ data hinting at planetary sys-
tems around other stars, and a suddenly revised world
order of nations struggling to repair damage to our
planet, an astronomy book published today enters a world
different from the one that greeted books a generation
ago. Astronomy has broadened to involve our basic cir-
cumstances and our enigmatic future in the universe.
With eclipses and space missions broadcast live, with
Russia occupying a permanent space station, and with
American and Russian leaders discussing cooperative
missions to Mars, astronomy offers adventure for all
people —an outward exploratory thrust that may one day
be seen as an alternative to mindless consumerism, ide-
ological bickering, and wars to control dwindling re-
sources on a closed, finite Earth.

Today’s astronomy students not only seek an up-to-
date summary of astronomical facts; they ask, as people
have asked for ages, about our basic relationships to the
rest of the universe. They may study astronomy partly
to seek points of contact between science and other hu-
man endeavors: philosophy, history, politics, environ-
mental action, even the arts and religion.

Science fiction writers and the special effects artists
on recent films help today’s students realize that the un-
seen worlds of space are real places —not abstract con-
cepts. Today’s students are citizens of a more real, more
vast cosmos than that conceptualized by students of a
decade ago.

In designing this book, we have worked with the
Wadsworth editors to respond to these developments.
Rather than jumping at the start into the murky waters
of cosmology, we have begun with the viewpoint of an-
cient people on Earth and worked outward across the
universe. This method of organization automatically (if

loosely) reflects the order of humanity’s discoveries
about astronomy and provides a unifying theme of in-
creasing distance and scale.

This arrangement aims to give an unfolding, ever-
expanding panorama of our cosmic environment. We
hope it unfolds like a story in which each chapter provides
not only a new facet but also a growing understanding of
the relationships among the elements of the whole.

The subtitle refers to three separate cosmic jour-
neys that we undertake simultaneously. First, we travel
through historical time, where we see how humans
slowly and sometimes painfully evolved our present pic-
ture of the universe. Second, we journey through space,
where we see how our expanding frontiers have revealed
the geography of the universe. Beginning with an Earth-
centered view, we study the Earth-Moon system, the
surrounding system of planets, the more distant sur-
rounding stars, our own vast galaxy, and the encompass-
ing universe of other galaxies. Finally, we travel back
through cosmic time. Familiar features of the Earth are
typically only a few hundred million years old. The solar
system is about 4.6 billion years old. Our galaxy is
roughly 12 to 15 billion years old. The universe itself
began (or began to reach its present form) an estimated
15 billion years ago.

Because astronomy touches many areas of life and
philosophy, we have allowed the text to encompass a wide
range of relevant topics, including space exploration,
financing of science, cosmic sources of energy, the
checkout-counter’s barrage of astrology and other pseu-
doscience, and the possibility of life on other worlds, as
well as the conventional “hard science” of astronomy.
This variety of topics shows how basic scientific research
touches all areas of life —hopefully in a way that lets
readers ponder the relation between science and priori-
ties in our society.



Using This Book

The arrangement of text material into eight parts and
27 chapters, plus an optional enrichment essay, should
give instructors some flexibility in tailoring a course ac-
cording to their interest. For example, those who are not
much interested in historical development could use Part
A only as assigned outside reading. It would also be pos-
sible to omit the interesting but challenging material on
the early universe contained in Chapter 27.

Each part gives some historical background, de-
scribes recent discoveries and theories, and then dis-
cusses advances that might occur if society continues to
support research. This more or less chronological ap-
proach has several purposes. Since there is often a cer-
tain logic to the order in which discoveries were made,
historical emphasis may help readers remember the
facts. Second, historical discussion allows us to introduce
basic concepts in a more interesting way than by reciting
definitions. It makes life richer to realize that some
seemingly modern concepts descend from knowledge of
ancient millennia and have thousand-year-old names.
Third, there is a widespread fallacy that the only prog-
ress worth mentioning is that of the last few decades.
Astronomy, of all subjects, shows clearly that, to para-
phrase Newton, we see as far as we do because we stand
on the shoulders of past generations. Exploration of the
universe is a continuing human enterprise. As we try to
maintain and improve our civilization, that is an impor-
tant lesson for a science course to teach.

Another principle we have followed is to treat astro-
nomical objects in an evolutionary way, to show the se-
quence of development of matter in the universe. Stars,
pulsars, black holes, and other celestial bodies are linked
in evolutionary discussion, rather than listed as different
types of objects detected by different observational tech-
niques. We have also not hesitated to mention nonscien-
tific approaches to cosmology and evolution, such as
“creationist” concepts encouraged in two states’ school
systems by their state legislatures but later thrown out
after courtroom battles.

The New Edition

This Fifth Edition is a major rewrite of the 1991 Edition
with a co-author added for the first time, bringing a
professional career focus on problems of galaxies and
cosmology, leading to rewrites of the later chapters.
The first three chapters give an unbroken chronology
of the events leading to our current view of the solar

system. Following the teaching style of many instruc-
tors, we concentrate the basic physical principles in two
early chapters, on gravity (4) and light (5). Scientific
exploration of the Earth-Moon system (6 and 7) leads
directly into our examination of the solar system, and the
outer planets beyond Jupiter get their own chapter (12)
to accommodate the recent explosion of data about them.
The discussion of stellar evolution (18 and 19) has been
further clarified, including current thought on black
holes, neutron stars, and evolution in multiple star sys-
tems (21). The galaxies section has been entirely refo-
cused, discussing the Milky Way in Chapter 23, the local
galaxies in Chapter 24, and large-scale structure and
quasars in Chapter 25. Cosmology is covered in two
expanded chapters (26 and 27). The book has been com-
pletely updated throughout.

In the main part of the text, mathematics is almost
nonexistent. The book can thus be used for a descriptive
course. Ten basic equations are distributed through the
book in optional boxes. The general content of each box
is included qualitatively in the text, but the boxes intro-
duce a higher level of physics and math, allowing a more
quantitative course to be taught. Sample calculations us-
ing these equations now appear in every box, and the
Advanced Problems at the ends of chapters use the op-
tional equations. The 10 basic equations are described in
more detail below.

Because color imagery plays an increasingly impor-
tant role in astronomy, we use color figures throughout
the book. Emphasis is on true-color imagery to give
students the best conception of astronomical objects’ ap-
pearance, though false-color image enhancement tech-
niques are also described. Many new images represent
information beyond the visible spectrum, at radio, in-
frared, and X-ray wavelengths. Astronomers’ grasp now
extends across the entire electromagnetic spectrum.

Interviews

This edition introduces a new feature, interviews with
scientists, under the heading “Talking About . . .” These
boxed interviews are not the career profiles of rather
inaccessible famous scientists, found in a number of
texts. Rather, we have created a small number of per-
sonal interviews with scientific workers from graduate
students to well-known professionals, both women and
men, representing several different countries and scien-
tific specialties. One objective is to show how science fits
into these peoples’ lives; another is that the student



reader should feel a certain satisfaction, as a result of
reading the main text, at being able to understand the
scientist speaking in his or her own words about prob-
lems on the frontier of research.

Illustrations and Text

1. In addition to the classic large telescope photos and

recent NASA photos, we have included three other cat-

egories of illustrations:
a. Photos from recently published research papers,
kindly provided by various authors and institutions.
b. Photos by amateurs with small and intermediate
instruments, often used to show sky locations of
well-known objects in the large-telescope photos.
These can help readers to visualize and locate these
objects in the sky, a difficult task if based on classic
large-telescope photos alone. Photographic data pro-
vided with many of these pictures may be used in
setting up student projects in sky photography.
c. Scientifically realistic paintings that show how
various objects might look firsthand to observers in
space. Discussion of features shown in the paintings
illustrates a synthesis of scientific data from various
sources.

2. Key concepts are shown in boldface type. These are
repeated in Concepts lists at the ends of chapters and
defined in a Glossary at the end of the book.

3. The 10 optional basic equations are introduced in the
text as needed. Teachers offering a more quantitative
course can integrate them into the course work; teach-
ers offering more descriptive courses may skip over
them. They are set off in boxes for optional use. The
10 boxes discuss:
I. The Small-Angle Equation, useful for calculating
apparent sizes of objects at known distances.
Il. Newton'’s Universal Law of Gravitation, illustrat-
ing the simplicity of gravitational attraction between
bodies throughout the universe.
M. Calculating Circular and Escape Velocities, use-
ful for deriving speeds or masses in coorbiting sys-
tems (planetary, binary star, galactic).
V. Measuring Temperatures of Astronomical Bod-
tes: Wien’s Law, which shows how radiation measure-
ments can reveal the temperatures of distant objects.
V. The Definition of Mean Density, a simple concept
for gaining information about the nature of material
inside planets and stars.

VL. TDpical Velocities of Atoms and Molecules in a
Gas, by which we characterize temperature, as well
as collision energies when the atoms or molecules
smash into each other. These energies, in turn, con-
trol the types of chemical or nuclear reactions that
can occur.

VIl. The Doppler Effect: Approach and Recession Ve-
locities, which shows how spectral measures can re-
veal radial velocities of distant objects.

VIll. The Stefan-Boltzmann Law: Rate of Energy
Radiation, which shows how temperature and lumi-
nosity measurements can reveal sizes of radiating
sources.

IX. The Hubble Law and the Age of the Universe,
which shows how the relationship between the dis-
tance and recession velocity of galaxies can lead to
an estimate of the age of the universe.

X. The Relativistic Redshift, a modification of equa-
tion VII, to explain phenomena that occur at high
velocities close to the velocity of light.

4. Limited numbers of references to technical and non-
technical sources appear in the text. They are there
partly to help students and teachers find more material
for projects and partly to help instructors emphasize that
statements should be verifiable. Nontechnical sources
are included in the References section; others are in the
Instructor’s Manual.

End-of-Chapter Materials

1. Chapter Summaries review basic ideas of the chapter
and sometimes synthesize material from several preced-
ing chapters.

2. Concepts lists include the important concepts ap-
pearing in boldface in the text. Reviewing the Concepts
is a good way for the student to review the content of
each chapter.

3. Problems are aimed at students with nonmathemati-
cal backgrounds.

4. Advanced Problems usually involve simple arithmetic
or algebra and are often applications of the 10 basic equa-
tions. These can be omitted in nonmathematical courses.

5. Projects are intended for class use where modest
observatory or planetarium facilities are available. The
intent is to get students to do astronomical observing or
experimenting.



Supplementary Material

1. An Enrichment Essay on Astronomical Coordinates
and Timekeeping Systems can be used or not as instruc-
tors wish. An essay on Pseudoscience and Nonscience
can be found in the Instructor’s Manual.

2. Appendixes included are on Powers of 10 and Units of
Measurement. Supplemental Aids in Studying Astronomy
are listed in the Instructor’s Manual.

3. The Glossary defines all terms included in the Con-
cepts lists, as well as other key terms.

4. The References section includes nontechnical refer-
ences useful for student papers; widely available journals
and magazines are emphasized in this group, including
most astronomy articles appearing in Scientific Ameri-
can in recent years. Technical references are listed in the
Instructor’s Manual.

5. The Index includes names and terms.

6. Star Maps for the seasons are found after the index.
Since more detailed, larger maps are usually available in
classrooms or laboratories, these star maps have been
simplified, emphasizing the plane of the solar system and
the plane of the galaxy and indicating major constellations
mentioned or illustrated in the text.
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