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A great creator of theoretical concepts teaches
Pauli Lectures on Physics

Wolfgang Pauli (C. P. Enz, ed.)
Six volumes. MIT Press,
Mass., 1973. $9.95 each

Cambridge,

Reviewed by Ellen Yorke and Ivan Kramer

Victor Weisskopf concludes his fore-
word to this six-volume set of notes
from Wolfgang Pauli's lectures given at
the Swiss Federal Institute of Technol-
ogy in the late 1940's and early 1950's
with this wish: "May this volume
serve as an example of how the con-
cepts of theoretical physics were con-
ceived and taught by one of the great
men who created them." On the
whole the wish is fulfilled. The logical
structure of each branch of physics
covered is clearly delineated. General-
ly Pauli is very careful to point out the
assumptions and approximations that
are needed to derive a particular re-
sult. The mathematics is rigorous but
clearly explained and is generally at a
level that a senior or a graduate stu-
dent can follow. One is rarely made
aware of the fact that these are lecture
notes—the text is coherent and reads
smoothly. An appendix to each vol-
ume clarifies some points, makes his-
torical comments and updates the lec-
tures with references to recent litera-
ture.

It should be stressed that these
books are all highly theoretical. Prac-
tical applications of physics are omit-
ted entirely or dismissed in a few sen-
tences. There are no numerical exam-
ples, making it difficult for someone
who is not familiar with the topic of
the lecture to get a feeling for the scale
of phenomena under discussion. There
are no problems for the readers to
work, and the few pictures are almost
all schematic. For these reasons, none
of these volumes would be suitable as a
main text for even an advanced course.
However, all are concise, clear, refer-
ence reading, particularly for graduate-
level, theoretical courses. And all are
a worthwhile addition to any physics
library—departmental or private. Our
review of each volume follows.

Electrodynamics, Volume 1. Pau-
li's approach to the presentation of
electrodynamics consists of building up

PAULI

Maxwell's equations from experimental
laws. To summarize, his presentation
consists almost exclusively of a concise
mathematical development and exposi-
tion of Maxwell's equations to their
most general form. This approach is
theoretical and mathematical as op-
posed to physical and practical, and
therefore this book is of little use as an
introductory book for physicists or en-
gineers. At its best it supplements
material found in standard textbooks,
but cannot replace it.

The chapter on electrostatics and

magnetostatics is clear and is logically
developed, but the presentation as-
sumes a familiarity with gradient, di-
vergence, and curl operators.

From a knowledgeable theoretician's
viewpoint the chapter on steady-state
currents contains much material that
is novel and interesting. There is an
excellent discussion of the different
ways of mathematically formulating
the Biot-Savart law, ending with Pauli
appealing to experiment to decide the
question. Unfortunately, there is no
circuit analysis of any consequence in
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this text—the book is not a practical
handbook for experimentalists.

Optics, Volume 2. This is an in-
tensely theoretical book in which the
bare bones of the structure of optics
are clearly revealed. Geometrical op-
tics is introduced via Fermat's princi-
ple, and the analogy between the prin-
ciple of least time in optics and least
action in mechanics is carefully ex-
plored. The scalar wave equation is
used to discuss some standard exam-
ples of diffraction theory. More than
half the book is a thorough discussion
of the propagation of light in isotropic
and anisotropic media starting from
Maxwell's equations. There are no
discussions of applied optics and no
photographs of any of the phenomena.
However, at each point it is made clear
exactly how much understanding of the
detailed nature of light and matter is
needed to explain a phenomenon, and
it is this logical clarity that gives this
book its greatest relevance to the prac-
titioner or physics student.

Thermodynamics and Kinetic
Theory of Gases, Volume 3 and Sta-
tistical Mechanics, Volume 4. Vol-
umes 3 and 4 are companion volumes
that give a clear and crisp survey of the
main points of these closely allied
subjects. A pleasing feature of these
books is that whenever several ap-
proaches to a topic exist they are all
thoroughly discussed. Pauli always
deals with the more phenomenological
approach first and then the more axi-
omatic. The second law is first formu-
lated in the "engineering" language of
Clausius and Thomson and then in the
axiomatic language of Caratheodory.
A similarly dual approach is taken in
the fairly long section on chemical
equilibrium. Volume 3 concludes with
a careful discussion of phenomenologi-
cal kinetic theory, and volume 4 be-
gins with a derivation of the
Boltzmann equation. There is a dis-
cussion of the virial theorem, including
applications—something rarely seen in
a textbook.

Volume 4 is very meaty for its size.
Even though these notes were taken
in 1947, Pauli frequently discusses
fluctuations and displays the richness
and physical content of these phenom-
ena, which are now recognized as being
of such importance in understanding
critical phenomena. All the results
that are routinely covered in a statisti-
cal mechanics course are incorporated
in Pauli's lectures—and some that are
rarely mentioned. There is a thorough
chapter on Brownian motion. The
revelation of wave-particle duality in
the energy fluctuations of black-body
radiation is discussed, as is the experi-
mental observation at high tempera-
tures of the existence of zero-point
energy in crystals.

The last few pages of this volume are

a hasty discussion of quantum statis-
tics. This subject is taken up again in
the Wave Mechanics lectures, and its
lack in volume 4 is all that prevents
the third and fourth volumes from
being a self-contained set covering the
most important theoretical aspects of
thermal physics. They are excellent
resource material and good sound read-
ing for any physicist.

Wave Mechanics, Volume 5. This
is not an introductory textbook in
quantum mechanics; rather, it is a
mathematical summary of the basic
structure of the theory. It is concise
and sophisticated, often leaving the
student to fill in background mathe-
matics for himself.

The Schrodinger equation is pulled
out of a hat with no justification given.
The text is mathematical as opposed to
physical, and there is no attempt to
demonstrate how the final theory was
developed.

Virtually all the discussions would
be better understood and appreciated
if the student knew quantum mechan-
ics beforehand. There is a clear and
concise development of the connection
between Schrodinger's functions and
operators versus Heisenberg's vectors
and matrices.

There is a long section on the con-
fluent hypergeometric function, the
two-dimensional linear harmonic oscil-
lator problem is solved in cartesian and
polar coordinates, and the hydrogen-
atom problem is solved both in para-
bolic coordinates and in spherical coor-
dinates.

There are excellent discussions of
classical versus quantum statistics, the
connection between physical require-
ments of the theory and the mathe-
matical requirements of operators, the
relationship between quantum expec-
tation values and classical equations of
motion, symmetry classes and the ex-
clusion principle.

Finally, for some reason when this
text uses the symbol h it really means
what every other text denotes by h.

Selected Topics in Field Quantiza-
tion, Volume 6. This text represents a
highly distilled, mathematically com-
plete presentation of Lagrangian field
theory.

The discussion of the Dirac equation
cannot be understood unless the reader
is already familiar with it. Field theo-
ry is of necessity very mathematical.
That is why it is especially important
to try as much as possible to keep
track of the physics—no real attempt
is made in this direction here. It is ex-
tremely advantageous to know the
subject already and understand the
value of a particular mathematical de-
velopment to appreciate this book.

It is often hard to separate out the
easy and important from the difficult
and esoteric in this presentation. A
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discussion of particles with zero spin
follows a very long mathematical dis-
cussion on vacuum expectation values
of expressions bilinear in the current.
Pauli is best when he does not try to
be as concise as possible and includes
more discussion; but this is rare—a
pity-

Since the contents of this book rep-
resent a series of lectures Pauli gave in
1950-1, it does not include any of the
more modern field-theory formulations
(LSZ or Wightman). Although the
text devotes a small chapter to Feyn-
man's approach to quantum electrody-
namics, nowhere does he exhibit a sin-
gle Feynman diagram!

In summary we have here a technical
book written for a narrow audience.
To appreciate it you have to think
like Pauli (few do!). If you know what
you want to do, Pauli will show you
how to do it, but the necessity for
doing it must be found elsewhere.

However, its mathematical com-
pleteness makes it a useful supplemen-
tary book to any of the better, stan-
dard treatments in the field.

Ellen Yorke and lean Kramer are faculty
members at the University of Maryland
Baltimore Caunt\. Yurke works in theoreti-
cal solid-state physics and Kramer in ele-
mentary -particle physics.

Acoustics: Historical and
Philosophical Development

R. Bruce Lindsay, ed.
465 pp. Dowden. Hutchmson & Ross,
Stroudsburg, Pa., 1973. $24.00

This volume is a most impressive se-
lection of classics in acoustics ranging
from Aristotle to Wallace Sabine, with
contributions from many of the great
figures of physics throughout the entire
period, including Galileo. Boyle. New-
ton, Euler. LaGrange. Laplace. Fara-
day, Green. Joule, Stokes, Helmholtz,
Rayleigh. Each selection is introduced
by R. B. Lindsay with an explanatory
paragraph; illuminating footnotes pro-
vide essential continuity and clarifica-
tion.

Sixteen of the papers have been
beautifully translated into English by
the editor himself from the Latin.
French and German originals. Lind-
say's fine "Story of Acoustics" has
been reprinted as the first entry and
provides an excellent historical intro-
duction, especially for physical acous-
tics. His unobtrusive, but authorita-
tive, scholarship is an essential ingre-
dient to the usefulness of this impres-
sive collection.

This introductory volume of the

"Benchmark" series on acoustics car-
ries the reader to the year 1900, and
ends with Wallace Sabine's great paper
on reverberation, which initiated so
many of the present developments in
architectural acoustics. The progress
in acoustics since 1900 will be present-
ed in some ten additional volumes
treating the specialized fields into
which acoustics has grown in recent
times. With few exceptions Lindsay's
choice of historical material is excel-
lent, although perhaps somewhat heav-
ily weighted toward his own speciality
of physical acoustics.

However, his choice of material from
Vitruvius is not the most helpful. The
choice is, of course, limited to the fifth
book of this famous classic, but the
omission of chapters III, VI, and VII, is
unfortunate for these together with
chapter VIII (which is included) pro-
vide the modern worker in architectur-
al acoustics with the only surviving in-
sights into the Greek contributions.
Lindsay's choice of chapter IV on har-
monics and Greek scales is under-
standable but his inclusion of chapter
V on "Sounding Vessels in the Thea-
tre" may well be misleading, especially
since he provides no footnotes to ex-
plain, on physical grounds, why such
sounding vessels could not have func-
tioned as amplifiers of sound as Vitru-
vius claimed. Not a single bronze ves-
sel of the type described has been
found in spite of diligent search.

I find several serious omissions from
the book. It would have been helpful
to include Fourier's great contribution,
even at the cost of selections by less
prominent scientists, J. J. Waterson for
example. To better balance the cover-
age, A. Kircher's famous tome "Mu-
surgia Universalis" might properly

Underwater acoustics apparatus of the 19th
century. This plate from Colladon's "Ex-
periments on the Velocity of Sound in
Water" appears in Lindsay's Acoustics:
Historical and Philosophical Development.

Published in 2 volumes:

Proceedings of the
International
Conference on

Nuclear

Physics
Munich. August 27-
September 1. 1973

VOLUME 1 : Contributed Papers
VOLUME 2: Invited Papers

edited by J DE BOER
Professor of Physics. Ludwig-
Maximilians Universitat. Munich, and
H J MANG. Professor of Physics.
Technische Universitat. Munich

Vol. 1: 1973.
805 pages. Dfl. 120.00
(about US $48.00)
Vol. 2: 1973.
ca. 850 pages, about Dfl. 120.00
(about US $48.00)

CONTENTS:

Volume 1
Nuclear Interactions Selfconsistent Theories
Nuclear Models Nuclear Properties Nuclear
Reactions Astrophysics Alpha and Beta De-
cay, Internal Conversion Atomic Aspects Ap-
plications and Apparatus Post Deadline
Papers

Volume 2
Trends in Nuclear Physics What can we learn
from High-Energy Interactions' Trends in Nu-
clear Physics The Challenge of Precision
Effective Interactions and the Nucleon-Nu-
cleon Force Selfconsistent Description of
Nuclei Nuclear Structure with Large Shell-
Model Calculations Electromagnetic Mo-
ments Cluster Structure Multinucleon Trans-
fer Reactions Elastic and Inelastic Scattering
Light Nuclei with Large Neutron Excess Nu-
clear Fission Synthesis of Superheavy Ele-
ments Rotation-Aligned Coupling Scheme
High Spin Rotational States and Nuclear
Structure Distribution of Charge and Mag-
netism in Nuclei Inelastic Electron Scatter-
ing Giant Resonances Electromagnetic Ex-
citation of High-Energy Nuclear States
Nuclear Methods in Archeology Direct Reac-
tions with Light Ions Pre-Equilibnum Pro-
cesses Intermediate Structure in Compound-
Nuclear Reactions Heavy Ion Fusion Experi-
ments Solar Neutrinos Thermonuclear Astro-
physics Nuclear Reactions with High-Energy
Protons K~ -Mesonic and Baryonic Atoms

NORTH-HOLLAND
P.O. Box 211 —
Amsterdam—The Netherlands

Sole distributors for [he USA and Canada
American Elsevier Publishing Company Inc
52 Vanderbilt Avenue. Hew York. /V Y tOOl?

Circle No 32 on Reader Service Card

PHYSICS TODAY DECEMBER 1973 5 5


