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-BOOK REVIEW SECTION-

Fundamentals of mathematics. Edited by H. Behnke, F. Bachmann, K. Fladt and W. Suss.
Volume I: Foundations of mathematics: the real number system and algebra, vii +
549 pp. Volume II: Geometry, vii + 685 pp. Volume III: Analysis, xiii + 541 pp.
Translated from the German by S. H. Gould. The MIT Press, Cambridge, Mass.,
1974. $15.95 each volume, $40.00 the set.

This remarkable work is the product of about 150 authors and coordinators. Each chapter is,
in general, written by two authors: one a university professor active in research and the other a teacher
of long experience in the German educational system. The authors met frequently to coordinate their
progress. The product is an exceedingly well written (and excellently translated) work, thorougly
modern in spirit and emphasizing interrelations between the topics treated. It is abundantly supplied
with references.

The first volume opens with a section on mathematical foundations. It covers such topics as axio-
matization, the concept of an algorithm, proofs, the theory of sets, the theory of relations, Boolean
algebra and antinomies. The closing section, on the real number system and algebra, takes up rational
numbers, groups, linear algebra, polynomials, rings and ideals, number theory, algebraic extensions
of a field, complex numbers and quarternions, lattices, the theory of structure, and Zorn's lemma.

Volume II begins with eight chapters on the foundations of geometry, followed by eight others
on its analytic treatment. The latter include discussions of affine and Euclidean geometry, algebraic
geometry, the Erlanger program and higher geometry, group theory approaches, differential geometry,
convex figures, and aspects of topology.

The final volume, on analysis, covers convergence, functions, integral and measure, fundamental
concepts of probability theory, alternating differential forms, complex numbers and variables, points
at infinity, ordinary and partial differential equations, difference equations and definite integrals,
functional analysis, real functions, and analytic number theory. A concluding chapter examines "The

changing structure of modern mathematics".
W. Freiberger (Providence)

Theory oj branching of solutions of nonlinear equations. By M. M. Vainberg and V. A.
Trenogin. Noordhoff International Publishers, Groningen, 1974. xxvi + 4S5 pp.
Dfl. 112.

The theory of bifurcation or branching of solutions of nonlinear equations is certainly of utmost
importance in the applications. Since the pioneering work of Liapunov and Schmidt at the turn of the
century, there has been a tremendous amount of literature on this subject, and general methods have
been developed for the solution of this problem. This book is devoted to a description of these methods
for the local theory of analytic systems together with applications.

In an attempt to make the book accessible to a wide audience, the authors present in the first
six chapters the detailed theory of implicit functions and Newton's polygon with applications to integral,
differential and integro-differential equations. The abstract theory for Fredholm operators in a Banach
space with applications to other integral equations, partial differential equations and the perturbation
of eigenvalues is given in chapters 7, 8, 9. The last chapter is devoted to a brief discussion of other
applications.

Analytical computation of the bifurcating solutions is emphasized throughout. Although they are
very important, the reviewer feels this emphasis was carried to the extreme, especially in chapter 4
where about 50 pages are devoted to explicit general formulas for some coefficients.

In spite ot this, the book is an important contribution to the subject and should be required reading
for students in bifurcation theory. It contains the basic methods and many interesting applications.

Jack K. Hale (Providcnce)
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Introduction to control theory. By 0. L. R. Jacobs. Clarendon Press, Oxford, 1974. xii +
365 pp. $21.75.

This book gives an excellent and comprehensive introduction to control theory for discrete and
continuous, deterministic and stochastic systems. It covers both frequency response and state variable
methods, and optimization and stability. It does this quite well, assuming a minimum introduction
to elementary analysis, matrix algebra, and probability theory. The presentation is nontheoretical
and straightforward. There are good illustrations and problems (with answers) and sufficient references.
The book was designed for an undergraduate course in engineering science, but is not strictly an en-
gineering text. The subject is treated as a branch of applied mathematics and is a good introduction
for all scientists and science students. There are statements which are not completely correct, and some
definitions are not adequate (for example, stability on p. 209). But this is excusable, and there is no
pseudo-theory.

Part I (166 pages) covers deterministic linear systems. In the preface the author says, "Control

theory is similar to other branches of applied mathematics in that the majority of solved theoretical
problems are linear and the majority of real control systems non-linear." Part II (63 pages) deals with
nonlinear systems and Part III (107 pages) with uncertain systems, including a brief review of the
required probability theory. The dual treatment of both discrete and continuous systems is an out-
standing feature of the book, as is its broad coverage of control theory.

Highly recommended to all scientists and students as an introduction.

J. P. LaSalle (Providence)

Mathematical problems in biology. Edited by Pauline van der Driessche. Springer-Verlag,
Berlin, Heidelberg, and New York, 1974. iv + 280 pp. $11.50.

This is the second volume of a new series of Lecture Notes in Biomathematics. The aim of the
series is "to report new developments in biomathematics research and teaching" and to do so "quickly,

informally and at a high level". This volume is a partial collection of papers (about 50%) which were
presented at the conference "Some Mathematical Problems in Biology" held at the University of Victoria,
Victoria, B.C., on May 7-10, 1973. The contributors are mathematicians interested in biological problems
and scientists engaged in developing mathematical models in biology and biomedicine. The volume should
be of interest to the same people and to teachers of students in the biomedical sciences.

The fields of mathematics represented are differential and difference equations (stability, limit
cycles and asymptotic behavior in general, and diffusion and wave propagation), stochastic models,
optimization and optimal control, some game theory and numerical methods, and general discussions
of mathematical modelling. Applications are to the dynamics of competitive populations, epidemics,
mechanochemical systems, bioeconomics and ecology in general, and morphogenesis, among others.

The list of problems posed is disappointing (two on combinatorial optimization, one on statistics,
and one on limit cycles in 3-space). The bibliographies following the papers and the one at the end
of the volume are useful. The lack of titles and pages in some references is annoying.

The invited lectruers were: J. J. Blum, J. Lubiner, C. W. Clark, J. D. Cowan, C. S. Holling, N. D.
Kazarinoff, D. Ludwig, Z. A. Melzak, E. C. Pielou, and A. T. Winfree.

J. P. LaSalle (Providence)

Nonlinear differential equations of higher order. By R. Ressig, G. Sansone, and R. Conti.
Noordhoff International Publishers, Leyden, 1974. xiii + 669 pp. Dfl. 180.

In 1963 the authors published a book (Quantitative Theorie nichtlinear Differentialgleichungen,
Edizione Cremonese, 1963) which was an excellent selection and presentation of results for second-order
equations. They decided then to continue their collaboration and to write a similar book devoted primar-
ily to equations of third and fourth order. This is a translation of that book (Nichtlineare Differential-
gleichungen hdhrer Ordnung, Edizione Cremonese, 1969), and considering the range of specialized results
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is an amazingly fine and stimulating report on what is known. While useful, a survey or simply a collec-
tion of facts can be absolutely boring. The authors, all experts with a wide knowledge of their subject
and access to the world's literature, succeed where most of us would fail.

Any scientist whose work involves differential equations should find the book useful and interesting.
Anyone involved in research on differential equations will find something new and will find specialized
results to ponder. Anyone teaching the subject will find good illustrative examples of general results
and general methods. A serious student can learn a great deal from it. The translation is uniformly good.

The first three chapters are devoted to general qualitative methods (stability, boundedness, oscilla-
tions, comparison theorems, and behavior of solutions near singular points (equilibria), limit cycles
and infinity). Chapters 4-6 are the study of specialized equations of third and fourth order and contain
recent results not easily accessible elsewhere. Stability and boundedness of solutions of systems of
arbitrary order with nonlinearities in separate variables are discussed in chapter 7. Chapter 8 is a concise
treatment of the Lur'e control problem (absolute stability).. At the end of each chapter there is a list
of references. As the authors point out, "the lion's share of these research results belongs to the USA
and USSR". Their presentations are their own and often are improvements of the results of others—
improvements not only in content and proof but in exposition—and have a unity and uniformity that
does not exist in the original papers.

J. P. LaSalle (Providence)


