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FRONTISPIECE: The large-scale pattern of the galaxy distribution. Each white square
represents a sky cell about one degree by one degree in the Lick sample. The size of the
white square is proportional to the number of galaxies brighter than 19th magnitude
in the cell. The cells are arranged along lines of fixed right ascension and declination.
The north pole of the galaxy is at the center of the map and the equator along the edge.
(Map by J. A. Peebles and P.J.E. Peebles.)
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PREFACE

From the first developments of modern cosmology people have recognized
that an important part of cosmology is the large-scale clustering of matter
in galaxies and clusters of galaxies. The point was largely eclipsed by the
debate over homogeneous world models, but in recent years there has been
a considerable revival of interest in the large-scale mass distribution and
what it might tell us about the nature and evolution of the universe. The
purpose of this book is to review our present understanding of these
subjects.

Chapter I is a history of the development of ideas on the large-scale
structure of the universe. As is usual in science the story is a mixture of
inspired guesses and rational progress with excursions down paths that now
seem uninteresting. What makes it somewhat unusual is the slow rate of
development that has left ample time for the growth of traditions that are
more than commonly misleading, and so it seems worthwhile to examine
the evolution of the ideas in some detail. This is a history in the rather loose
convention of scientists, that is, it is based on what I could glean from
published books and journals. The few conversations I have had with
participants have left me only too aware of how limited that is and how
much more could be done. On the other hand, the published record is what
was readily available to most people who might want to work on the
subject and might want to learn what has already been done, though the
actual use of the record was just as erratic in the 1930s as it is these days. I
have tried to give a complete account of the important developments since
about 1927 and have added enough more recent references to serve as a
guide to the literature.

Chapter II deals with the behavior of a given mass distribution in the
Newtonian approximation. This is only a limiting case of the full
relativistic theory, but it is discussed first and in detail because it is a good
approximation for most practical applications and is much simpler than
the full relativistic theory. There is a considerable variety of methods and
results in the analysis of the Newtonian limit. I have collected all those
that seem to be useful and interesting.

The statistical pattern of the galaxy distribution is discussed in Chapter
II1. The descriptive statistics that have proved useful and are analyzed in
this chapter are n-point correlation functions (analogs of the autocorre-
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lation function and higher moments for a continuous function). The
general approach has a long history but it is only in the last several years
with the application of fast computers to the large amount of available
data that the technique has been extensively developed and applied. This
chapter surveys the main theoretical results and observational methods.

The n-point correlation functions have proved useful not only as
descriptive statistics but also as dynamic variables in the Newtonian
theory of the evolution of clustering. This is discussed in Chapter IV. The
functions are generalized to mass correlation functions in position and
momentum, and the BBGKY hierarchy of equations for their evolution is
derived. This yields a new way to analyze the evolution of mass clustering
in an expanding universe. Of course, the main interest in the approach
comes from the thought that the observed galaxy correlation functions
may yield useful approximations to the mass correlation functions, so the
observations may provide boundary values for the dynamical theory of
evolution of the mass correlation functions. The test will be whether we can
find a consistent theory for the joint distributions in galaxy positions and
velocities. The subject still is in a crude state because adequate redshift
data do not yet exist. I present some preliminary considerations on how the
analysis of the data might proceed.

The full relativistic analysis of the evolution of mass clustering is
presented in Chapter V. The important application is to the behavior of the
early stages of expansion of the universe when the high mean density
would have made even modest density fluctuations strongly relativistic.

The last chapter describes some of the attempts to trace the links
between theory and observation showing how the character of the matter
distribution we observe developed out of reasonable conditions in the early
universe. This is the main point of the subject, but it is not treated at length
because I think there are too many options, all apparently viable but none
particularly compelling. It seems likely that the game of inventing
scenarios will go through several more generations before a secure picture
emerges. Perhaps the best we can hope is that the final answer will draw on
significant elements of the theory and observations as we now think we
understand them.

I have limited the range of the discussion to length scales no smaller
than the nominal size of a galaxy or else redshifts no smaller than the
epoch at which mass concentrations comparable to present day galaxies
appeared, thus excluding the structure and evolution of galaxies. I have
excluded a few topics relevant to other areas of cosmology, such as the
effect of mass clustering on the standard cosmological tests, and some
obviously important subjects where I could find nothing very useful to
report, such as the question of intergalactic gas clouds. I have omitted all
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discussion of the possibilities offered by nonstandard cosmologies not so
much because I am sure the big bang picture is the most likely candidate
as that I expect it is neither reasonable nor likely to expect that people will
pay much attention to these alternatives until we have a much clearer
picture of what the standard model has to offer and what it must deal
with.

The choice of emphasis on topics within the boundary conditions, of
course, reflects a personal judgment of what is promising. Perhaps the
largest omission is the primeval turbulence picture. I have described its
origins and some general and well-established results but have not
discussed any specific scenarios. That seems reasonable because 1 doubt
the merits of this picture, and there are others who can serve as better and
more enthusiastic advocates.

I have provided a short guide to symbols and conventions in the
appendix. It probably will prove best to look this over before reading much
of the main text. I have given short summaries of concepts of cosmology as
they appear in the text, but have left out details available in the standard
books. References to my book, Physical Cosmology, are indicated by the
letters PC.
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I. HOMOGENEITY AND CLUSTERING

1. HOMOGENEITY AND CLUSTERING

Modern discussions of the nature of the large-scale matter distribution can
be traced back to three central ideas. In 1917 Einstein argued that a closed
homogeneous world model fits very well into general relativity theory and
the requirements of Mach’s principle. In 1926 Hubble showed that the
large-scale distribution of galaxies is close to uniform with no indication of
an edge or boundary. In 1927 Lemaitre showed that the uniform distribu-
tion of galaxies fits very well with the pattern of galaxy redshifts. The
homogeneous model, when generalized to allow for evolution, yields a
linear redshift-distance relation consistent with what Hubble was finding
from his estimates of galaxy distances (as summarized by Hubble in
1929).

The evolving dynamic world model quickly won attention and in the
following decades, before the idea became commonplace, it generated
some lively discussions. The following sections trace the development of
several questions. The first question is whether the universe really is
homogeneous (after averaging over a suitable clustering length). Assum-
ing it is, must we be content to say only that this happens to be a reasonable
approximation to our neighborhood ‘at the present epoch? Could the
homogeneity of the universe have been deduced ahead of time from
general principles? Or might it be a useful guide to new principles? The
matter distribution in any case is strongly clumped on scales of stars,
galaxies, and clusters of galaxies. This clustering is a fossil of some sort, a
remnant of processes in the distant past as well as an on-going phenome-
non. How does the clustering evolve in an expanding universe? What is its
origin? What does it tell us about the nature of the universe?

2. IS THE UNIVERSE HOMOGENEOUS?

In 1917 the phrase “the large-scale distribution of matter”” was gener-
ally taken to mean the distribution of stars in the Milky Way galaxy. For
example, the title of Eddington’s (1914) book on the latter subject is
Stellar Movements and the Structure of the Universe. It was considered
well-established from star counts that the stars are concentrated in a
flattened roughly spheroidal distribution, the Kapteyn system (after the



