BOOK REVIEWS

Introduction a I'Electrodynamique quantique. By
Daniel Kastler, Vol. 6 of Travaux et Recherches
mathématiques. 334 pp. Dunod, Paris, 1961. 68 NF.
Reviewed by Nicholas Chako, Queens College.

N the last ten years, a number of monographs and

books on quantum electrodynamics have appeared
in print, here and abroad. However, with one or two
exceptions, the subject matter has been treated from
the physicist’s viewpoint, Since some of the principal
difficulties encountered in the development and formula-
tion of a self-consistent and logical theory are mathe-
matical, it is unfortunate that mathematicians have
neglected to concern themselves with the mathematical
obstacles of the theory and to devise new methods for
the solution of these problems,

In order to stimulate interest among mathematicians,
and to bridge the gap—already wide—between the phys-
icist and mathematician, Kastler has formulated, so
far as rigor can be attained, parts of quantum electro-
dynamics in the language of modern mathematics. In
this respect, this book is addressed primarily to mathe-
maticians and mathematically inclined physicists fa-
miliar with the modern terminology of the Bourbaki
school.

To facilitate reading of the main body of the book
on the part of those unfamiliar with the Bourbaki
school, Dr. Kastler has devoted the first three chapters
and several appendices to the essentials of modern
linear algebra and vector spaces. These parts contain
a concise and clear exposition of the algebra and cal-
culus of operators and their transformation (invariant)
properties in various vector spaces, with different con-
nections (topological properties), to the physical con-
cepts of the theory., Of special importance are the
sections dealing with the transformation and group
properties of tensors (multilinear forms) in n-dimen-
sional and Hilbert spaces in which the operators (espe-
cially the so-called creators and annihilators) are de-
fined, and the essentials of spinor theory, which form
the foundation for a quantum mechanical treatment of
systems with infinite degrees of freedom,

The topics selected by the author include the second
quantization of the Schrodinger equation, the Klein-
Gordon equation and its generalization to a system of
free neutral particles (free scalar field of fermions and
bosons), the free Maxwellian field (vector theory of
photons), and Dirac’s theory of electrons and positrons
including the influence of an external field. Two chapters
are devoted to the main problem of quantum electro-
dynamics, the interaction of particles governed by the

Dirac equation and the Maxwell equations, ie., the
theory of electron and photon interactions, and the
construction of the field operators of the coupled fields
from the free fields described in the preceding chapters.
It is here that the principal difficulties of the theory are
encountered, namely, the procedures of constructing
the solutions of interacting systems from the free sys-
tems which involve divergent integrals. Although vari-
ous procedures (renormalization) have been devised
for eliminating these difficulties, the theory is still in an
unsatisfactory state when particles other than electrons
or photons are considered. The efforts of mathemati-
cians in cooperation with physicists toward the solution
of these problems would undoubtedly result in a better
understanding of the natural world.

Finally, the author gives an analysis of the Compton
effect, the scattering of an electron by an electron,
electron-positron annihilation, and a brief account of
Feynman's diagrams,

This formal treatment of gquantum electrodynamics
should appeal to the mathematician as well as the phys-
icist on account of the precise and simplified presenta-
tion of the topics under discussion, especially the
chapters devoted to free fields. On the other hand,
the omission of a critical discussion and explanation
of the subject matter acquired from experiments is a
drawback for classroom use. However, we recommend it
as forming the subject matter for discussion in a
seminar course which would have the active participa-
tion of mathematicians,

Low Temperature Physics (5th ed.). By L. C
Jackson. 158 pp. (Methuen, London) John Wiley &
Sons, Inc., 1962. $3.50.

Low-Temperature Physics. Summer School Lectures
(Les Houches, 1961). C. DeWitt, B. Dreyfus, P. G.
De Gennes, eds. 638 pp. Gordon & Breach, New York,
1962. Clothbound $20.00, paperbound academic and
student’s edition $9.50. Reviewed by Peter Grosewald,
The Pennsylvania State University.

NOT unlike many other branches of science, the
studies which are grouped under the title of low-
temperature physics really could be as easily classified
under half-a-dozen other titles; and as such, in order
to keep up with current work, it would be necessary
constantly to peruse the current literature. The first of
the two books reviewed here is ideally suited as a sub-
stitute for the perusal of current literature for both the
student and the practicing scientist whose interests lie

PHYSICS TODAY

4




alements of fuel-oyele cout are the cost of fuel
eloment fubrieation and the net fuel burn-up
eost. The wnportance of these cost elemenis,
expressed in terms of their porcentage contyd-
buthim ta the total fuel-cyole cost, respectively
deerense und incrense with improved fuel
burn=up, Their combined econtribution, again
un i percentage basis, remains (airly constant
Fuel element fubriention eost: This category

‘ of fuel-eyele cost includes all steps in the man-
wlacture of fuel elements. The starting mne

CORE
FABRICATION
42%

(1) Depl

coEt bi ¥ | Y
(2) Inchudes transportation of spent [uel, reprocessing

eredit at $9.50/grum,

and reconvermon.
(8} Use charge at 4.75% per annum.

Fig. 140. Breakdown of fuel costs at aquilihrﬁJ?
for 300-MW boiling water plant 1062 design:
et ~ 19 milly KWH hased on 15000 MWD,
burn up 4

terial, in the cuse of enriched uranium fuek

elements, 1s enriched uranium  hexafluoride

(UFy) from one of the AEC's uranium enrich-
ment plants. The manufueturing steps thus
intlude the chemieal conversion of the hexa-
fluoride to urnnium dioxide or uranium metal
{sef uranium refining and conversion); the
metallurgical and mechanical operations in-
volved in forming and cladding fuel elements
(eee fuel element fabrication); the inspee-
tion and testing of completed fuel elements;
and the recovering of serap materials. The cost
18 the value added during these steps, including
the cost of cladding material and of any alloy-

NUCLEAR POWER- ECONOMICS

ing or diluent materinls added ah_: the [owl,

The unit cost of fuel element [ahreation
(usually expressed ns dollars per Kilogram of
fuel contuined in the final fuol olementa) * de-
pends on the partieulnr fuel-eloment configur-
ation; the cladding masterinl; the dimensional
Lolerances und other specifications; dnd the
number of fuel elements (nbriestod, Anatler
fuetor i the leval of enviohment of the fuel;
for example, the eriticality hasard (and henee
the handling cost) inereases with Ligher en-

riohmont,
Unit fuel element fabricgtion eosts sre sub-
Jeet Lo nonsiderable varinnoe, however, the fol-

Jowing figures are indicative of eurrent cost

levals for the types of fuel eloments now used
in water-eooled resetors

1. Stainless steel-elad oxide fuel elements
fabricated of uranium nssaying = 306 U4
$100/kg.

2, Zireonium-elad oxide fuel clements as
above: $140/kg, ;

3. For U™ pesays between 3 and 5%, add
$8/kg for each percentage point above 3.

The cost of fabricating fuel elements to
meet current performance stundards s ex-
peeted (o come down substantinlly with im-
provements in techp and volume n-
ereages. Chane ~ it materials and
w=up (for longer
¢ tempoerntures

G‘ on efficicney )

foett

\ﬁ‘% $ ieation costs

\t t EQQ wriormnance
ﬂ@l\ “‘}j:“ﬂ? vfu reduc-
"‘,-" watt-hour

ws fuel

m the

1 thle

L s

W ese

ul

felode an sllownner
nre fuel elements ns n

There are 673 fact-filled pages like this in

THE ATOMIC ENERGY DESKBOOK
by John F. Hogerton, Consultant to Arthur D. Little, Inc.

This is the first book of its kind on this subject, a monu-
mental dictionary-encyclopedia that brings together in one
volume more than 1000 subject entries on the principles
and applications of atomic energy. Major topics are cov-
ered in full length articles; definitions of terms are given
clearly and briefly, All entries have been carefully re-
Viewed and brought up-to-date just prior to publication.
They are alphabetically arranged and liberally cross-
3 referenced; two appendices permit the reader to lo-
cate specific topics quickly and easily. The Deskbook,

prepared under contract between Arthur D. Little, Inc.,
and the U.S. Atomic Energy Commission, is primarily
concerned with U.S. peaceful uses of atomic energy, but
also includes information on military applications and
foreign atomic energy programs. Technical Principles,
Program Information, Framework of Law and Policy are
thoroughly covered. Businessmen, students, scientists and
engineers will find it a comprehensive reference—a unique
work of vital interest on the most important subject of our
age, 1963,7 x 10,673 pages, $11.
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REINHOLD BOOK DIVISION, Dept. M-368, 430 Park Avenue, New York 22, N.¥.

Please send me copy(ies) of The Atomic Energy Deskbook @ §11 each for
a 30-day examination period (in the U.,S.A. only) under the following terms:

[ Full purchase price enclosed (Reinhold pays regular delivery charges) [] Bill me (plus delivery charges)

NAME___
p ADDRESS s
* CITY &ZONE STATE
SAVE MONEY! Enclose full payment with order and Reinhold pays regular delivery charges. Same return
privilege guaranteed. Please incls

udes sales tax on Calif., Ohio, Penna., and N.Y.C. orders. Do not enclose cash. oo
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Prysics oF ELEMENTARY PARTICLES
K. Nishijima J00 Pages

A lecture note volume which provides an account of the dis-
coveries of various elementary particles as well as the link
between elementary perturbation theory and more sophisti-
cated dispersion theory,

CLOTH $9.00/PAPER §5.95 IN PRESS

WEeAK INTERACTIONS AND
Dispersion Paysics
C. Fronsdal, Editor 350 Pages

1062 Bergen Lectures by G. Bernardini, V. L. Telegdi, S.
Fubini, S. B, Treiman, R. E. Behrends, A. Sirlin, L. Di Lella,
H. Primakoff, A. Fujii, E. Predazzi, M. Dresden, S. Kamefuchi,
P. G. O, Freund, MJ Fowler, C. Fronsdal, and S. Mandelstam,

CLOTH $5.00/PAPER §4.95 1963

NucrLear AND NUCLEON
STRUCTURE
R. Hofstadter 700 Pages

A reprint collection of eighty-three original articles with an
introduction. Emphasis is placed on the method of electron
scattering as a probe of nuclear and nucleon structure.

CLOTH $10,00/PAPER $6.95 1963

LLEcTURES IN MATERIALS SCIENCE
P. J. Leurgans, Editor 128 Pages

Comnell lectures by P. J. W. Debye, '"Macromolecules in
Solution,"” P. J. Flory, ""Macromolecules in the Solid State,"
N. Bloembergen, “Magnetic Resonance and Its Applications,"
and F. Bitter, “Flows in a Steady Plasma."’

CLOTH $7.00/PAPER $3.95 1963
INTERSTELLAR MATTER
IN (FALAXIES

L. Woltjer, Editor 326 Pages

Papers by L. Biermann, A. Blaauw, E. M. Burbidge, G. R.
Burbidge, R. F. Christy, G. B. Field, H. L. Helfer, S. von
Hoerner, F. D. Kahn, P. O. Lindblad, R. Liist, J. H. Oort,
D. E. Osterbrock, S. R. Pottasch, K. H. Prendergast, M,
Schwarzschild, L. Spitzer, B. Stromgren, L. Woltjer.
CLOTH $11.75 1963

INTERSTELLAR COMMUNICATION
A. G. W. Cameron, Editor 344 Pages

Considers the question: “How many technologically advanced
societies exist in our galaxy and how can we communicate with
them?" Contributors are I. S. Shklovskiy, E. Purcell, G.
Cocconi, A. G. W. Cameron, M. Calvin, S, S. Huang, F. J.
Dyson, P. Morrison, F. D. Drake, J. A, Webh, M. J. E. Golay,
B, M, Oliver, R. N. Schwartz, C. H. Townes, R. N, Bracewell,
J. P. T. Pearman, S, von Hoerner, R, Ascher, M. Ascher,

CLOTH #8.50 1963

THERMODYNAMICS OF
SMALL SYSTEMS
T. L. Hill 184 Pages

Explains how thermodynamics can be extended to nonmacro-
scopic systems, such as a macromolecule or colloidal particle,

CLOTH $9.00/PAPER $5.95 1963

Quantum THEORY OF
MorLecurar ELECTRONIC STRUCTURE
Robert G. Parr 500 Pages
A lecture-note volume containing thirty-two basic research
papers dealing with the calculations of both small and large
molecules.

CLOTH $9.00/PAPER $5.095 IN PRESS

CARGESE LLECTURES IN

I'meorETICAL PHYSICS
M. Lévy, Editor 450 Pages

Lectures on the many-body B;oblem and elementary particles
by D. Pines, A. Klein, N, M. Hugenholtz, P. Noziéres, M.
Bau:Luger, J. Bardeen, B, Jancovici, J. Bernstein, G. Charpak,
M. Gourdin, F. Zachariasen, G, F, Chew.

CLOTH $£10.00/PAPER $6.95 IN PRESS
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outside the field of low temperature/solid state, or for
those who would like a convenient review or introduc-
tion to the discipline,

Jackson's book covers the topic, “physics of low
temperatures”, at some length in chapters 1 and 2 and
devotes the other four to the physical properties of
matter at low temperatures, covering liquid and solid
helium and magnetic, electrical, and thermodynamic
properties of solids, It was first published in November
1934 and has been modified and updated with the
passage of time. Ideally suited as a refresher or as g
general introduction to the field, it attempts to cram
an entire discipline—without simplification—into a
small book. The author has succeeded in this aim but
at the cost of making a highly interesting subject seem
cut and dried.

The Les Houches lectures, on the other hand, are
meant for the specialist and to a lesser degree for the
graduate working in a field related to that covered in
a particular lecture.

The lectures cover current studies in a variety of
fields, and in many cases the connection with low tem-
peratures is somewhat tenuous. In fact, to quote J.
Friedel (Défauts ponetuels et irradiation), “The study

. at low temperatures is only a pretext to include
this lecture in the series.” More precisely, the 1961 ses-
sion of the summer school was devoted to recent prog-
ress in physics at low temperatures and to the solid
state, Dr. Pippard (Dynamics of Conduction Electrons)
shows how—with hindsight—it is possible to use “clas-
sical” physics and arrive at a correct explanation of
much of solid-state phenomena due to electrons, This

[ is the longest lecture and covers its subject in great

detail, Various aspects of superconductivity are covered
in two separate lectures, while four are devoted to the
magnetic properties of matter. Lectures on the proper-
ties of helium and the Mossbauer effect and its appli-
cation to the study of internal fields (by Abragam)
round out the collection,

Many of the works and papers in the journals now
are narrow as to discipline and dry as to presentation;
this certainly is not true of a lecture—or it shouldn't
he—and the editors have been ultracareful here not to
allow any of the liveliness to escape. Theoreticians and
experimentalists will both profit from perusing

| highly readable book. Between the covers of the two

books reviewed here, the subject matter listet.i by J. G.
Daunt in “Cryogenics” [Physics Today, April 1962, p.
26.] is quite adequately covered.

Non-Equilibrium Thermodynamics. By S. R. de
Groot and P, Mazur. 510 pp. (North-Holland, Amster-
dam) John Wiley & Sons, Inc, New York, 1962
Reviewed by Sangil Choi, Institute for the Study of
Metals, University of Chicago. !
IT is indeed a pleasure to read an excellent text writ
ten by two experts in the field. The book is divided
into two parts. In Part A, the authors discuss lhes’":
eral theory of irreversible thermodynamics incorporats
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