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In 1981 [9], Iteviewed a book with a similar title [5] by the same author.
There has been considerable progress in this general area since then. Both
books focus on topics in equivariant topology, the study of spaces with
group actions, primarily actions by compact Lie groups.

In geometric topology, the study of high dimensional manifolds has
more and more come to focus on problems concerning smooth, PL, and
topological group actions, In algebraic topology, classical homotopy theory
has moved more and more in the direction of equivariant theory, although
there is still a little gap between those who approach problems from an
equivariant point of view and those who approach problems from a more
classical point of view.

Some of the most imiportant work in algebraic topology since 1981 has
concerned the Segal conjecture, the Sullivan conjecture, and various gener-
alizations and applications of those results. Much of this work is intrinsi-
cally equivariant in nature. Perhaps a little discussion of these results will
illuminate the difference in points of view one can take on these matters.

The Sullivan conjecture, in its generalized form, starts with a finite p-
group G, a contractible space EG with a free action by G, and a G-space
X. One defines the “homotopy fixed point space of X,” denoted X%, to
be the space of G-maps f: EG — X. To say that f is a G-map just means
that /(gy) = gf(y) for g € G and y € EG. If x is a fixed point of X, so
that gx = x for all g € G, then we have the constant G-map f, specificd
by fx(y) = x for all y € EG. There results an inclusion 1: X0 — X4G_ A
special case of the “homotopy limit problem” [12] asks how near this map
is to being a homotopy equivalence. Roughly speaking, the generalized Sul-
livan conjecture asserts that this map becomes an equivalence after p-adic
completion when X is finite dimensional. The conjecture has been proven
independently by Haynes Miller, Jean Lannes, and Gunnar Carlsson [4, 7,
10], and numerous authors have obtained interesting applications. While
the statement may seem technical and unintuitive, the fact is that the result
opens the way to a variety of concrete calculations in homotopy theory of
a sort unimaginable just a few years ago.

There is a slightly different, more equivariant, way of thinking about the
generalized Sullivan conjecture. One can consider the space Map(EG, X ) of
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all maps f: EG — X. This space admits the conjugation G-action specified
by (gf)(y) = gf(g~'y). One has a constant map f;: EG — X for any
x € X, not necessarily a fixed point. There results an inclusion of G-spaces
¢: X — Map(EG, X), and one can ask how near this map is to being a G-
homotopy equivalence. Since 1 = &%, the original version of the question
is obtained by passing to fixed point spaces.

In this case, the answer to the original “nonequivariant” version of the

. problem implies the answer to the “equivariant” version of the problem,
Again, roughly speaking, the G-map ¢ becomes an equivalence after p-adic
completion [6]. The connection between the two versions is given by the
equivariant Whitehead theorem, which asserts, essentially, that a G-map
a: X — Y is a G-homotopy equivalence if its fixed point map o is an
ordinary homotopy equivalence for all subgroups  of G. Technically, the
methods of attack developed by Miller and Lannes are basically nonequiv-
ariant in nature while the methods developed by Carlsson are basically
equivariant in nature.

The Segal conjecture can be viewed as the “stable” version of the equi-
variant form of the Sullivan conjecture. The relevant idea of stability
is described intuitively in [9], and a full dress treatment of equivariant
stable homotopy theory has since appeared [8]. There is a notion of a
stable G-space, technically called a “G-spectrum”. For a G-spectrum X,
there is a function G-spectrum Map(EG, X) and a natural G-map ¢: X —
Map(EG, X). For finite p-groups, the Segal conjecture asserts that & be-
comes an equivalence upon p-adic completion. It was proven by Carlsson
3], with lesser contributions by several other mathematicians. There is an
equivalent nonequivariant version of the result, but in this case genuinely
equivariant methods seem to be essential to the proof.

Moreover, in contrast to the Sullivan conjecture, the Segal conjecture
works perfectly well for general finite groups. One must replace comple-
tion at p by completion at the augmentation ideal of the Burnside ring
A(G); see e.g. {1}, which gives a much more general result. Here A(G) is
the Grothendieck ring obtained from the semiring of isomorphism classes
of finite G-sets. The problem of obtaining anything like the Sullivan con-
jecture for general finite groups seems to be quite intractable, although a
little is known [6].

The above is all something of a digression. A more geometric topologist
asked to review this book might have talked about equivariant surgery the-
ory, equivariant simple homotopy theory, the role of algebraic K-theory,
Weinberger’s theory of homology propagation [13], or any of a number of
other areas of recent activity. Some excellent survey articles may be found
in [11].

It is tom Dieck’s point of view that there really is a subject of “trans-
formation groups”, however broad and diffuse it may have become, and
that any good algebraic topologist needs to know something about it. With
that in mind, he has made a valiant effort to compile an introduction
that is broad enough to be useful both to the algebraic and the geomet-
ric topologist and yet focused enough to allow a coherent presentation.
The book concentrates on those topics that are essential preliminaries to
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both algebraic and geometric work, with more emphasis being given to the
algebraic side of things. One justification for the emphasis is that topics
which are covered in Bredon’s excellent and more geometrically oriented
introduction [2] are deliberately gone over lightly or omitted.

The first chapter is simply called “foundations” and gives capsule in-

‘troductions to a wide variety of the standard notions in the business. The

second chapter is called “algebraic-topology” and introduces G-CW com-
plexes, stable homotopy, Bredon homology, and obstruction theory. While
the Segal and Sullivan conjectures are not discussed in the book, a fair
amount of the relevant background material mdy be found here. For ex-
ample, the equivariant Whitehead and equivariant suspension theorems .
are proven, and equivariant spectra are introduced. This chapter also in-
cludes some more specialized material on represented spheres. While one
might quibble with a few of the choices and emphases, this is mainly very
basic information that everybody working in algebraic topology should
know, and little if any of this material appears in textbooks.

The third chapter gives a very nice treatment of localization in equivari-
ant homology theory, including the classical theorems of Smith and Borel
and an illuminating selection of computations and applications. This too
is basic material that every algebraic topologist should know and that is
not to be found in textbooks. The fourth and last chapter largely overlaps
the earlier book [5), although it does have some new material. It treats the
Burnside ring of a compact Lie group and its role in induction theory and
in the study of equivariant homology theory. The novice might find this
chapter hard going since there are few computations and examples. In fact,
there are few calculations 1n the literature at present, but there is a great
deal of work going on in this area. A later writer may well find that he has
a wealth of results to choose from to illustrate the force of the seminal
ideas presented here.
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