use the mechanisms. Robinson states,
however, that though the role of the
Golgi apparatus is well established in the
synthesis of the plasmalemma in animal
cells there is no direct evidence that it
plays a similar role in plant systems.

This excellent book not only will be
extremely valuable to the student but
will be an essential source book for the
cell and molecular biologist, the plant
physiologist, and the plant biologist. The
book is well written and concise, and it
raises many exciting questions that will
be important to future research in the
field.

RANDALL S. ALBERTE

Department of Molecular Genetics
and Cell Biology,
University of Chicago,
Chicago, Illinois 60637

Fractals

The Geometry of Fractal Sets. K. J. FALCON-
ER. Cambridge University Press, New York,
1985. xiv, 162 pp., illus. $32.50. Cambridge
Tracts in Mathematics, 85.

The word “‘fractal’”’ was coined by B.
B. Mandelbrot in 1975 to describe a class
of sets that arise in mathematical models
appropriate for describing phenomena
observed in a wide range of scientific
disciplines, from astronomy to fluid me-
chanics to biology to economics. Scien-
tists have now learned to recognize a
fractal, though there is still no consensus
about a precise definition of one. There
are several distinct procedures leading to
a fractal index or dimension for a set
without interior. The reviewer thinks
that the term ‘‘fractal’’ should be re-
served for sets whose index is the same
when calculated by any of these meth-
ods. We can then use the most conve-
nient method for analysis. The book un-
der review uses Hausdorff measures,
which result from the most highly devel-
oped of the mathematical theories rele-
vant to a rigorous study of fractals.

The main achievement of the book is
that it gives a structured, readable ac-
count of the development of the interac-
tion between geometry and measure the-
ory, which was discovered initially by A.
S. Besicovitch (many papers from 1924
to 1948) and generalized by H. Federer
(Geometric Measure Theory, Springer-
Verlag, 1969) and his school. Falconer’s
book develops the theory rigorously but
avoids complicated notation and jargon
and emphasizes the geometrical content
of the results.
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When the dimension of a set E in n-
space is an integer k < n, the local geom-
etry of the set can be used to classify sets
into those that are ‘‘regular’’ and those
that are ‘‘irregular.”” Only the irregular
sets of integer dimension satisfy the intu-
itive properties of a fractal. For example,
a regular 1-set is curvelike in the sense
that it has a tangent at most points and its
projection onto every line (with one pos-
sible exception) has positive length. On
the other hand, an irregular 1-set inter-
sects every rectifiable arc in a set of zero
length, has a tangent almost nowhere,
and projects onto almost all lines in a set
of zero length.

The study of sets of dimension s when
s is not an integer shows that such sets
are always geometrically irregular. The
author gives precision to the idea of
geometric irregularity by obtaining both
positive and negative results about s-
sets. Cartesian products are considered:
in general the dimension of A X B is at
least the sum of the dimensions of A and
B, and a strong regularity condition on at
least one set is needed for equality. The
author also discusses capacity dimen-
sion, which is defined by the use of
potential theory, and shows this to be the
same as Hausdorff dimension. The Besi-
covitch solution to the Kakeya problem,
which gives a set in the plane of zero
area that contains a unit line segment in
every direction, is also explained.

For the nonspecialist, the last chapter
of the book may be the most interesting.
Here a range of examples of fractals is
described and precise arguments are giv-
en concerning the determination of the
Hausdorff dimension. A set E is called
self-similar if a suitable scalar magnifica-
tion of a neighborhood of each point
yields the whole of E. Such sets have an
easily computed dimension and include
the ‘‘snowflake curve’’ of von Koch and
the classical Cantor set on the line.
Beautiful pictures of a mildly random
version of self-similar sets can be found
in Mandelbrot’s book The Fractal Ge-
ometry of Nature (Freeman, 1982).
There is a proof that the trajectory of
mathematical Brownian motion in space
is a fractal of dimension 2. The author
also studies attractor sets arising from a
dynamical system and the residual set
remaining after efficient packing of space
by geometrically similar sets.

The book is written primarily for
mathematicians, and all the main results
have complete proofs. However, scien-
tists who become interested in fractals
would also benefit from a precise defini-
tion of a fractal, and the book develops
both theory and geometrical intuition to

this end. It is by far the most accessible
mathematical account available and
therefore is an invaluable addition to the
literature.

: S. JAMESs TAYLOR
Department of Mathematics,
University of Virginia,
Charlottesville 22903
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