n
(that is, Y i*); of Napier’s calculation of

logarithms; of Newton’s formulation of
the binomial series; of Leibniz’s
‘‘arithmeticai quadrature of the circle”’
(that is, #/4=1-13+ 15— 17+
...) by means of transmutation of

areas.
On the one hand, then, Edwards’s

books adds nothing new to current un-
derstanding of the history of the calcu-
lus. Drawn substantially from secondary
literature in English, it portrays the same
figures and, for the most part, the same
aspects of their work as any one of sev-
eral standard histories (such as that of
Carl B. Boyer); here as elsewhere the
rich problem structure of early analytic
mechanics remains untouched. Yet, on
the other hand, the book stands on its
own as a contribution to the literature,
especially to that part of the literature
addressed to the use of history in the
mathematics classroom. For in his em-
phasis on problem-solving rather than on
theory-building, Edwards treats past
methods as serious mathematics in their
own right, worthy of detailed and sympa-
thetic exposition aimed at showing what
they accomplished rather than at judging
their limitations in comparison with
more recent techniques. Edwards en-
courages his readers to explore the mate-
rial for themselves by tackling exercises
either drawn from the historical sources
or designed to point up special features
of the technique in question. As perhaps
no other book outside the monographic
literature does, Edwards’s survey shows
vividly that doing the history of mathe-
matics means doing mathematics, often
with challenging variations in the rules of
the game.

But doing history of mathematics also
means doing history, and at a certain
point Edwards ceases to meet that chal-
lenge. It is the point at which, to convey
the content of past mathematics, he
strips it of its context, most notably by
translating it entirely into modern nota-
tion, and hence inevitably into modern
concepts. One example will have to suf-
fice here. On p. 15 Edwards begins his
presentation of examples from Book XII
of Euclid’s Elements with a proviso:

In order to spare the reader a heavy burden of
geometric algebra and Eudoxian proportions,
our exposition will make free use of real num-
bers and modern algebraic notation. How-
ever, in order to preserve the original flavor
and spirit as carefully as possible, we will fol-
low closely both the geometrical construc-
tions and the logical sequence of the proofs
presented by Euclid.

The original flavor and spirit of Book XII
of the Elements rest on Eudoxus’s and
Euclid’s elaborate circumvention of the
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conceptual hurdles that in Greek mathe-
matical thought separated discrete num-
ber from continuous magnitude. To
sweep those hurdles aside by the free use
of real numbers is to abandon both flavor
and spirit and to make the logical se-
quence of the proofs seem strained at
best.

MICHAEL S. MAHONEY
Program in History and Philosophy of
Science, Princeton University,
Princeton, New Jersey 08540

Chain Polymers

Scaling Concepts in Polymer Physics. PIERRE-
GILLES DE GENNES. Cornell University
Press, Ithaca, N.Y., 1979. 326 pp., illus.
$38.50.

Pierre-Gilles de Gennes is a master of
the simple, apparently easy, explanation
of complex phenomena, and this book
shows off his skills in a brilliant fashion.
The systems treated, chain polymers, in-
clude molecules with very complex
chemical structures. Yet, as was shown
by the early workers in the field, notably
Flory, when the molecular size is large
enough new simple features emerge. In
particular there appear univeral laws de-
scribing the static and dynamic proper-
ties of the system. This is somewhat
reminiscent of the universality embodied
in the thermodynamics of macroscopic
systems. Our understanding of these uni-
versal laws has been greatly extended,
experimentally and theoretically, in re-
cent years. De Gennes has played a key
role in these developments, and in this
book he tries to describe them in an in-
tuitive, albeit mathematical, form. In this
he greatly succeeds, and the book is a
most welcome addition to the literature
on the subject.

The book is divided into three parts:
Static Conformations, Dynamics, and
Calculation Methods. The first part,
which makes up about half of the book,
consists of chapters on single chains,
polymer melts, polymer solutions in
good solvents, incompatibility and seg-
regation, and polymer gels. As may be
seen from the chapter headings, the book
deals primarily with the theoretical as-
pects of the physical properties of long
flexible chains in solution, melts, and
gels; crystallization kinetics and glass
transitions are examples of subjects not
treated at all because ‘‘in these areas we
do not know whether or not scaling con-
cepts will be really useful.”

The key to the understanding and deri-
vation of universal laws for polymer

chains as developed in the book is in-
dicated in the title. It is the concept of
scaling, which is used over and over
again in a variety of forms. An example
of a scaling law, first discovered by
Flory, that plays a central role in all parts
of the book is the power law dependence
of the size R (root mean square of the
end-to-end distance) on the number N of
monomer units in the chain. For N large
enough R = KaN" with v a universal ex-
ponent very close to its Flory value of .6.
It is the same for all kinds of polymer
chains in a good solvent at very low con-
centrations, ideally an isolated chain. A
good solvent is one in which there is a
net repulsive force between two mono-
mers that depends on their spatial dis-
tance from each other—no matter how
far their chemical distance along the
chain. This repulsion is further assumed
to be characterized fully by a single ‘‘ex-
cluded volume’’ parameter ua®; u enters
into the coefficient K(#) and a is the co-
herence length in a chain without ex-
cluded volume interactions (a = unit
size in a completely flexible ideal chain)
when R = aN%. Note here the supposed
abrupt change in the exponent » at
u = 0; it is /2 for an ideal chain and /s
for a chain with excluded volume. This
is of course possible only because the
scaling law refers to the asymptotic,
very-large-N, behavior of the size R.

De Gennes gives, in the first chapter, a
clear exposition of Flory’s derivation of
this scaling law. He then outlines in the
last chapter a more systematic method
for finding R when N is large. The meth-
od is based on renormalization group
ideas used for critical point phenomena
and makes strong use of the idea of scal-
ing; the chain is repeatedly divided into
groups of g units, after m steps there are
(N/g™) blocks, and R is assumed to satisfy
the self-similar relation for all m

R, = a,fIN/g™, uy)

with a,, and u,, determined recursively
starting from a, = a, u, = u. This leads
to a ‘‘fixed point”’ for the block-block in-
teraction u, — u* and f(N,u*) = con-
stant X N¥. ;

The book’s smooth style may some-
times lull the reader into a false sense of
confidence in his or her grasp of the ma-
terial. A true understanding requires dili-
gent reading and much thought—the
concepts only appear easy. The author,
like many other brilliant expositors, is
not above slipping one by the unwary
reader. For example, Eq. 1.24 defines
the probability distribution for the end-
to-end distance r for » >> g but the form
is then used in Eq. 1.29 for r = a to de-
rive relations between certain ex-
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ponents. These exponents, denoted by
Greek letters, v, a, B8, v, are ubiquitous
in the book. They are, of course, very
reminiscent of critical phenomena, and
in chapter 10 de Gennes very clearly de-
scribes the analogy, first discovered by
him, between the two. Briefly, N~ plays
the role of (T—T.)/T, the deviation of the
temperature from its critical value, and R
is analogous to the correlation length
which diverges at T,; v = } then corre-
sponds to a mean field exponent.

The above is intended to give some fla-
vor of the calculational complexity in the
book. The book in general contains very
few computational details. The author
steadfastly keeps his eyes on the univer-
sal features and ignores ‘‘numerical co-
efficients in most formulas, where they
would obscure the main line of thought.”
As further stated in the introduction the
book ‘‘is meant for experimentalists in
polymer science who wish to incorporate
the recent advances into their modes of
thinking.”’ In my opinion ‘‘experimental-
ists’’ is far too restrictive. I recommend
the book to all scientists, experienced or
beginning, interested in the subject of
polymers.

JoeEL L. LEBowiITZ
Department of Mathematics and
Physics, Rutgers University,
New Brunswick, New Jersey 08903

Control Theory

A History of Control Engineering, 1800-1930.
S. BENNETT. Published on behalf of the Insti-
tution of Electrical Engineers by Peter Per-
egrinus Ltd., Stevenage, England, 1979 (U.S.
distributor, INSPEC/IEEE, Piscataway,
N.J.). x, 214 pp., illus. $35. IEE Control Engi-
neering Series 8.

Applications of the concept of feed-
back developed in three stages. The first
extended from antiquity to the invention
of the mechanical governor at the end of
the 18th century; the second was the de-
velopment of control theory as a scien-
tific discipline, before the advent of elec-
tronic control; and the third runs from
around 1930 to the present. The first pe-
riod was the subject of Otto Mayr’s Ori-
gins of Feedback Control, which MIT
Press published (in translation from the
German original) in 1970. The present
volume traces the second period, with
some overlap at either end. The history
of the third period remains to be written.

Although control theory is regarded
largely as a branch of electrical engineer-
ing nowadays, it is appropriate that this
account, which was commissioned by
Britain’s Institution of Electrical Engi-

6 JUNE 1980

neers (IEE), was written by a mechani-
cal engineer. From him we learn that
control theory was first elaborated on the
basis of mechanical devices such as reg-
ulators of the speed of steam engines and
other prime movers; that the use of the
governor by scientists led them to study
its dynamics and to formulate stability
criteria; that the first servomechanisms
were steam steering engines that came
into use in the 1860’s, closely followed
by hydraulic servos for the control of
torpedos and ship stabilizers, decades
ahead of the gyroscopes developed by
Sperry and others in the early years of
the 20th century; and that the first elec-
trical applications were in the control not
of rotating machinery but of the gap
width of arc lights. To be sure, Bennett
does not merely chronicle ‘‘firsts’’ (al-
though they are recounted and meticu-
lously documented), he takes us through
a catalogue raisonné of the contribu-
tions made by Airy, Poncelet, Maxwell,
Vyshnegradsky, Stodola, Lyapunov,
and above all Edward John Routh (1831-
1907), the Canadian-born mathematician
who was senior wrangler in the Cam-
bridge mathematical tripos of 1854, the
year Maxwell came second. In recent
years Routh, who was Airy’s son-in-law,
has come to be regarded as the founder
of stability theory and his Treatise on the
Stability of a Given State of Motion,
Particularly Steady Motion (1877) as a
seminal work. In the U.S.S.R., he is rec-
ognized as Lyapunov’s precursor; and in
1977 the IEE commemorated the cente-
nary of the Treatise by a Routh centen-
nial lecture, which was given by E. 1.
Jury of Berkeley.
" The principal discoveries are painstak-
ingly traced in two long chapters, ‘“To-
wards an understanding of the stability
of motion”’ and ‘‘The development of
servomechanism,” which occupy half
the book. The book is in no wise a popu-
larized account; differential equations
and engineering drawings abound, as do
references and notes (216 in these two
chapters alone) and extended quota-
tions. Some of the quotations are set
rather abruptly at the head of chapter
sections, without exegesis; and one
could have wished for the dates of birth
and death of the engineers and scientists
mentioned. But these are minor faults of
an otherwise fine book, packed with in-
formation and full of illuminating insights
by an engineer who is also an expert his-
torian of technology and of one of its par-
ent sciences, mechanics.

CHARLES SUSSKIND
College of Engineering,
University of California,
Berkeley 94720
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