
going research laboratories, and not
prescribing any particular course of
experimental work. . . because. . . you
do not teach physics in practical
work.. . . The only way you can do
this is to throw away the routine ex-
periments, throw away the laboratory
manual. . ." (S. C. Brown coauthored
the Taylor Manual of Advanced Un-
dergraduate Experiments in Physics,
sponsored by AAPT in 1959.)

E. Mendoza (University College of
North Wales): "Contact with staff
merely by mixing with their research
group is haphazard. What we are
trying to do is deliberately to teach
how to design apparatus, how to be
critical of apparatus, and how to or-
ganize a primary research project.
. . . It is a terrible criticism of us who
teach science in the universities that
graduates in English literature or his-
tory are found to have more logical
and analytical minds than scientists."

(d) N. Clarke (Institute of Mathe-
matics and its Applications, England):
"The term 'sandwich course' is in-
tended to indicate a course where pe-
riods of study in a university or col-
lege, extending over weeks or months,
alternate with periods in industry or a
government laboratory. . .. One of
the requirements is that the student

shall be engaged in industry on work
which is relevant to his studies and
which will help him to see the signifi-
cance of them. A second essential re-
quirement is that during the six
months in industry the student shall
be able to maintain appropriate con-
tacts with the college.... A further
feature. . . . is that the experimental
work in the college, especially in the
last year, has taken the form of proj-
ects. This is perhaps the feature more
than any other in which the colleges
have been pioneers in the United
Kingdom."

(e) G. S. Bosworth (English Elec-
tric Co. Ltd.): "A physicist taking a
post other than in a research laborato-
ry will inevitably become a technolo-
gist. Unfortunately, the feeling seems
to exist in the U.K. that technologists
are second class scientists, if not sec-
ond class citizens. The process of
analysis is more highly regarded than
the process of creation, but knowledge
and understanding have little purpose
if they are not used. Scientific knowl-
edge can only be of lasting value if it
is used in the constant struggle by
mankind to dominate his environment.
Man from the earliest times has been a
technologist, and we in industry wel-
come especially the scientist who
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wishes to use his knowledge in creat-
ing the means whereby this can be ac-
complished."

All participants in the Conference
are identified and a nine-page listing
of their mailing addresses is given. It
would have been helpful if addresses
had also been given for sources of the
films and film loops assembled by G.
R. Noakes (pages 98-125).

Anyone interested in the education
of physicists and the role of physics in
society should find in this book some
arresting new ideas and perhaps chal-
lenges to his present beliefs and prac-
tice.

Robert L. Weber is the author of a num-
ber of physics textbooks. He is an asso-
ciate professor at The Pennsylvania State
University.

Evolution of ideas
THE CONCEPTUAL DEVELOPMENT
OF QUANTUM MECHANICS. By
Max Jammer. 390 pp. McGraw-
Hill, New York, 1966. $10.50

by Eugen Merzbacher

Most physicists who are active today
studied quantum mechanics after
World War II when it had already be-
come a textbook subject, codified in
terms of a set of consistent physical
principles and mathematical tech-
niques, and taught efficiently by a
hardened pedagogic approach pio-
neered by Pauli (in his Handbuch ar-
ticle) and Dirac (in his Principles of
Quantum Mechanics). We are fortu-
nate that now an author of Max Jam-
mer's ability and experience has pro-
vided us with a thorough and readable
account of the genesis of the structure
of quantum mechanics. The appear-
ance of his Conceptual Development
of Quantum Mechanics is an impor-
tant publishing event in physics, and
the book is a fitting addition to its
publisher's distinguished green Inter-
national Series in Pure and Applied
Physics.

This is a study primarily of the evo-
lution of ideas and knowledge that in
the mid-twenties culminated in the
formulation of quantum mechanics as
we know it. As such it is a significant
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contribution to the literature in the
history of physics, but it is not, nor
does it claim to be, a full history of
quantum physics. Such a history,
when it is written, will be a more com-
prehensive work and will be based in
large measure on the spadework done
by Jammer and embodied in a most
impressive array of footnotes through-
out this book. Indeed, it is a pleasure
to peruse these footnotes which, often
in the original language, have been
edited painstakingly.

The body of the text is thus unen-
cumbered by detail not directly ger-
mane to the author's theme: the trac-
ing of the concepts of quantum me-
chanics from their origins, not only in
physics and mathematics but in philo-
sophical and psychological thought
patterns of the past, and a sharp and
clear exposition of the conceptual
change brought about by quantum
mechanics as it emphasizes the notions
of states of a system and of interac-
tions in place of the concepts of
properties and attributes of particles,
which played a dominant role in clas-
sical physics.

Jammer's thesis is so well defined
and his style so lucid that he is able to
compress within less than 400 pages
his explanation of much of the physics
accomplished in the unbelievably pro-
ductive period from 1900 to 1930.
His historical erudition—especially evi-
dent in his illuminating discourses on
the background of some of our routine
mathematical methods—is matched by
his professional handling of intricate
physical problems. At the risk of ex-
posing his own ignorance, this review-
er gladly confesses that every page in
the book either contained information
new to him or served to illuminate
that which he already knew.

Without question, much of the
value of Jammer's new book lies in the
author's scrupulous objectivity as he
carefully substantiates his arguments.
In writing The Conceptual Develop-
ment of Quantum Mechanics he was
able to draw on a number of sources
previously not accessible. Among
these were the personal papers of Ein-
stein. Even more informative, ex-
cerpts from interviews with Dirac and
Heisenberg, among others, preserved
in the new Archive for the History of
Quantum Physics, add spontaneity
to Jammer's documentation.

DEVELOPERS OF QUANTUM PHYS-
ICS. The blackboard is Bohr's, who
wrote the inscription on the night before
he died: at the top a singularity of the
nonuniform function z1^; underneath it
the "Einstein box." The people are
(CW from lower left) Bohr, de Broglie,
Einstein, Planck, Heisenberg, Schro-
dinger, Dirac, Pauli.

While describing the attitudes of
the founders of quantum mechanics
toward the physical interpretation of
the theory with uncommon clarity and
brevity (and only with a slight loss of
depth), Jammer refrains from taking
sides in the continuing debate over the
problem of measurement in quantum
mechanics. This is proper, but one
may question the virtue of an exces-
sive neutrality with regard to some
of the past and present controversies
that surround quantum mechanics.
Fairness to all participants in an in-
tellectual dispute is of course wel-
come, but on occasion Jammer shows
an unwillingness to evaluate that
renders his analysis less useful than it
might have been.

Yet, on balance one is grateful that
he has erred on the side of caution, for

even when he is too mild in his criti-
cism he always confines himself with
good judgment to the description of
work that is relevant in the context.
By exhibiting the variety of approach-
es applied by "the questioners" to
problems that by training and habit
we ordinarily examine from but one
canonical point of view, Jammer uses
history in a productive manner—as a
means for showing us our science as a
living and growing body of physical
insights rather than the fixed orderly
doctrine that we teach our students.
Progress toward the next stage of
physical theory depends on the devel-
opment of new concepts and on our
ability to discriminate between false
starts and constructive innovations. It
is therefore well that we have before
us this fascinating account of the most
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Physics today Outstanding ne

BERKELEY PHYSICS COURSE: VOLUMES 1, 2
This course, when complete, will comprise five

volumes. The texts were planned as a three- or four-
semester sequence in physics for engineering and
science students, by an inter-university steering com-
mittee which met in May 1962 at the University of
California, Berkeley.

and 3; and BERKELEY PHYSICS LABORATORY.
The specific objectives are to introduce coherently

into an elementary curriculum the ideas of special
relativity, quantum physics, and statistical physics.
The course is designed for all who have had a high
school physics course and are taking calculus con-
currently.

BERKELEY PHYSICS COURSE: VOLUME 1 — MECHANICS.
By CHARLES KITTEL and WALTER D. KNIGHT, both of
the University of California, Berkeley; and MALVIN A.
RUDERMAN, New York University. 502 pp., 594 line draw-
ings, 40 halftones; $5.50.

This completely modern, stimulating text differs from
others in its detailed development of the consequences of
the special theory of relativity; emphasis on the motion of
charged particles in electric and magnetic fields; and the
presentation of elementary mechanics so that paths lead
to other parts of physics, astronomy, geophysics, and in
part to chemistry and biophysics.

Vectors, the conservation laws, the harmonic oscillator,
elementary rigid body dynamics, and the inverse-square-law
force are treated in the first part of the book. The other
half of the book is largely a clear, complete exposition of
the special theory of relativity, ending with chapters on the
equivalence principle and the particles of modern physics.
A Solutions Manual is available.

BERKELEY PHYSICS COURSE: VOLUME 2—ELECTRICITY
AND MAGNETISM.
By EDWARD M. PURCELL, Harvard University. 479 pp.,
470 line drawings, 2 halftones; $5.50.

This book develops the fundamental principles of clas-
sical electricity and magnetism, drawing on the background
in mechanics and relativity provided in Volume I:
MECHANICS.

Like Volume 1, this volume departs from traditional
presentation. It treats the electric and magnetic fields of
moving charges and the transformation laws for the mag-
netic field as manifestations of relativity and invariance of
electric charge. Frequent use is made of symmetry consid-
erations, superposition, and physical phenomena seen from
different frames of reference. The book emphasizes the
nature of atomic and molecular dipoles, both electric and
magnetic, using a "microscopic approach."

Problems extend the discussion or introduce related
material. A Solutions Manual is available.

BERKELEY PHYSICS COURSE: VOLUME 3 (Preliminary Edition)—
WAVES AND OSCILLATIONS.
By FRANK S. CRAWFORD, JR., University of California,
Berkeley. 480 pp., $4.50 (soft cover).

The preliminary edition of this important volume is
available in limited quantities. As it deals with revolution-
ary concepts, the author wishes to avail himself of the
comments of his colleagues and to have the benefit of
classroom-testing as the definitive edition is being readied
for publication. The preliminary edition is produced at this
time in response to very real and substantial demand from
schools throughout the country.

Coming This Spring . . .
BERKELEY PHYSICS COURSE: VOLUME 4 (Preliminary Edition)—
QUANTUM PHYSICS
By EYVIND H. WICHMANN, University of California,
Berkeley. 579 pp., 83 line drawings $4.50 (soft cover).
VOLUME 5—STATISTICAL PHYSICS.
By F. REIF, University of California, Berkeley. Approx. 425
pp., 276 line drawings; $5.50.
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THE BERKELEY PHYSICS LABORATORY—LABORATORY PHYSICS.
By ALAN M. PORTIS, University of California, Berkeley

This laboratory series is specifically designed to com]
ment the BERKELEY PHYSICS COURSE. It is publishec
separate parts, designated "A," "B," and "C-D."

PART A. 127 pp., 218 line drawings; $2.25.
Experiments are organized in sets of four, perforu

around a single set-up of equipment with only inexpens
subsidiary components distinguishing the experiments.

PART B. 127 pp., 151 line drawings; $2.25.
This part extends the synthesis of experience in el

tronics with classroom study of analytical mechanics
students who have completed Part A. It refers to matei
in that volume.

PART C-D. (one volume).
127 pp., 93 line drawings; $2.25.

This third and final segment of the BERKELEY PHYSII
LABORATORY has been created for students who ha
completed Parts A and B, and some reference is made'
the earlier material.

ESI FILMLOOP SERIES. Twenty-three fi lms comprising -
three sub-series: COUPLED OSCILLATOR DEMONSTRA-
TIONS; VECTOR KINEMATICS; RIPPLE TANK WAVE
PHENOMENA.
By EDUCATIONAL SERVICES, INC. Excerpted
from demonstrations by ALAN N. HOLDEN,
Bell Telephone Laboratories; JAMES STRICK-
LAND, PSSC; and FRANCIS L. FRIEDMAN, late
professor at M.I.T.

Through the use of computers, the ripple
tank, and various other devices, difficult
abstract concepts are presented visually to
facilitate student comprehension.

INSTRUCTOR'S GUIDE
By V. G. DROZIN explains use of these films,
offers practice exercises, and is keyed to leading
McGraw-Hill texts.

THE SERIES -

A. COUPLED OSCILLATOR SERIES: 3 f i lms; $25.00.
1. Energy Transfer; 2. Other Oscillators; 3. Normal Modes.

B. RIPPLE TANK SERIES: 14 f i lms; $87.50.
1. Reflection of Straight Wave from Straight Barriers; 2.
Reflection of Circular Wave from Various Barriers; 3. Reflec-
tion of Waves from Concave Barriers; 4. Refraction of Waves;
5. Barrier Penetration by Waves; 6. Bragg Reflection of
Waves; 7. Doppler Effect; 8. Formation of Shock Waves;
9. Superposition of Pulses; 10. Interference of Waves; 11.
Effect of Phase Differences Between Sources; 12. Single Slit
Diffraction of Waves; 14 Diffraction and Scattering of Waves
Around Obstacles.

C. VECTOR KINEMATICS SERIES: 6 f i lms; $37.50.
1. The Velocity Vector; 2. Velocity and Acceleration in Cir-
cular Motion; 3. The Acceleration Vector; 4. The Velocity
and Acceleration in Circular Motion; 5. Velocity and Ac-
celeration in Simple Harmonic Motion. 6. Velocity and
Acceleration Free Fall.

Three series; 23 films; $150.00. (With Technicolor 800
Projector $219.00.)



edagogic Materials from McGraw^Hi

McGRAW-HILL SERIES IN FUNDAMENTALS OF PHYSICS: An Undergraduate Textbook Program.

Consulting Editor, E. U. CONDON, University of Colorado, Boulder, Colo.-Adisory Board-ARTHUR F.
KIP, University of California; and HUGH D. YOUNG, Carnegie Institute of Technology.

This brilliant series of texts has been conceived and written expressly to fulfill the
higher caliber of teaching talent now coming into its own in college level physics.

MEPTS OF MODERN PHYSICS. Just Published,
ised First Edition.
ARTHUR BEISER, Formerly, New York University. 420

„ $8.95.
This text is distinguished by its well-integrated logical
Dgression from relativity and quantum theory through
ims, molecules, solids, and nuclei.

NDAMENTALS OF ELECTRICITY AND MAGNETISM.
ARTHUR F. KIP, University of California, Berkeley. 432

., $8.95.
A first-course, sophomore level text on the phenomenol-
y and theory of electromagnetism, including solid-state
ientials and elementary quantum mechanics. Practical
imples of the operation of the laws are discussed through-
: the book to the extent that they clarify principles.

WAMENTALS OF OPTICS AND MODERN PHYSICS, (in Press).
HUGH D. YOUNG, Carnegie Institute of Technology.

.Unifies classical optics and contemporary quantum me-
anics with such fundamental concepts as the wave idea,
jerposition, and the various conservation principles. This
e-semester text follows the two in this series described
)ve. Its 300 problems range from simple to difficult.

Introductory Texts . . .
FUNDAMENTALS OF MECHANICS AND HEAT.
By HUGH D. YOUNG, Carnegie Institute of Technology.
656 pp., $8.50.

This resourceful introduction to mechanics and heat is
particularly stimulating as it conveys the author's enthusi-
asm for his "exciting and satisfying" subject for freshman
engineering and physics students. He concentrates on prin-
ciples rather than applications and stresses the use of
models as abstractions and idealizations of physical reality.

Upper Division Texts . . .
FUNDAMENTALS OF MATHEMATICAL PHYSICS.
By EDGAR A. KRAUT, University of California, Los Angeles.
500 pp., $11.00.

The necessary analytical tools for studying electromag-
netic theory and quantum mechanics are provided in this
advanced undergraduate/first year graduate text. The book
presents a wealth of advanced mathematical material essen-
tial to the study of contemporary physics.

FUNDAMENTALS OF STATISTICAL AND THERMAL PHYSICS.
By F. REIF, University of California, Berkeley. 671 pp., $12.50.

The disciplines of thermodynamics, statistical mechan-
ics, kinetic theory, and fluctuation phenomena are presented
in this text from a unified and modern point of view.

NCIPLES OF PHYSICS.
F. BUECHE, University of Dayton. 645 pp., $9.75.
This book can be realistically taught in a two-semester,
ee- to four-hour course that gives the student a complete
irview of general college physics. Unlike other books that
d to present a series of detailed, unrelated subjects, this

A gives a complete, systematic presentation, reinforced
'appropriate historical detail.

: ELEMENTS OF PHYSICS, Seventh Edition.
ALPHEUS W. SMITH, the Ohio State University, and

H[N W. COOPER, U.S. Navy Postgraduate School. 717 pp.,
'95.
A thorough revision of this classic text, it retains the
tures of example, illustration, clarity, and completeness

•?it have made the book a perennial favorite. The material
,i been extensively revised and reorganized with new
)blems, new illustrations and added material in modern

1 ysics and mechanics. Enough material for three semesters.

1LEGE PHYSICS, Fourth Edition.
ROBERT L. WEBER, KENNETH V. MANNING, MARSH

i WHITE, all of Pennsylvania State University. 720 pp.,
".75.
?his fourth edition presents the fundamental concepts
•1 methods of classical physics while stressing contempo-
y developments. A complete revision, expanding on
antum physics, adding a chapter on aerospace physics
1 updating the entire text for present usage and future
ids.

SEMICONDUCTOR DEVICES.
By JAMES J. BROPHY, IIT Research Institute. 128 pp., $2.95
(soft-cover).

This nonmathematical, accurate account of semi-conduc-
tors and semiconductor devices is unencumbered by quan-
titative details. The approach is based on the properties of
semiconducting materials and is sufficiently general so that
new devices can be understood as they are introduced.

COSMIC RAYS.
By BRUNO ROSSI, Massachusetts Institute of Technology.
225 pp., $2.95 (soft-cover).

These lively pages unfold a simple, accurate historical
narrative of cosmic rays: how physicists discovered them
and, after a half-century of hard work, analyzed their com-
position. They tell how a host of new particles, born out of
energy and living but a minute fraction of a second open
up the entire field of elementary-particle physics.

Ivamiiialioii C opie* Available on lfc»c|iiest

McGKA\V~IIILL BOOK (OMPAM
330 WEST 42nd STREET, NEW YORK, N. Y. 10036
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PRENTICE-HALL'S 1967 books
focusing on EDUCATION in Physics . . .

principles of

college physics
2nd Ed., 1967
GEORGE SHORTLEY, Director,
Washington Operations, Booz,

Allen Applied Research, Inc., and
DUDLEY WILLIAMS,

Kansas State University
A rigorous introduction to physics

without the use of calculus.
Although the time honored

divisions of Mechanics, Heat,
Sound, Light and Electro-

magnetism are maintained, many
of the concepts of modern

physics, including Relativity and
Quantum Mechanics, are in-

tegrated in the text. New features
of the third edition: the treatment

of light is revised from the wave
point of view; material on

quantum theory is improved in
the text; new standards of length
and time are introduced; sections

of heat and molecular physics—
use of kilomoles to avoid

difficulties of MKS systems;
continues with many new

problems and all new numerical
data in all problems from last

edition; and contains the most
extensive set of Math Tables and
Tables of Physical Properties for
any book at this level. Answers

to odd problems will be included
in the book itself, and answers

to even numbered problems will
be in a separate pamphlet.

April 1967, approx. 976 pp., $11.95

introduction to
the special theory of

relativity
CLAUDE KACSER,

The University of Maryland
An introduction to the special

theory of relativity which stresses
understanding rather than formal

manipulation. The beginning
student is given a working

knowledge of the principles and
concepts underlying the theory

without sacrificing rigor. The
subject demands competence in

high school algebra, a willingness
to learn, and some knowledge
of Newtonian mechanics. A very
thorough treatment is given to
the problems of synchronization,
derivation of the Lorentz
transformations, the twin paradox,
and the invariance requirements
of the principles of conservation
of energy and of momentum.
A brief introduction is included
to the special theory of relativity
plus a translation of most of
Einstein's first paper on the
Special Theory of Relativity.
Both worked out examples and
problems are placed throughout
the book. January 1967,
232 pp., paper $2.60

the changing

concepts of
science
HUGH GRAYSON-SMITH,
Professor Emeritus, University
of Alberta, Canada
A general physical science
textbook designed for students
majoring in the humanities and
social sciences, and for
education students who are not
specializing in science. The
topics of physics, chemistry,
astronomy, and geology are
discussed, but are not divided
into separate disciplines.
Concentration and design are
placed on those areas which have
the same physical laws, with
stress placed on the historical
development and important
changes which have taken place
over the centuries culminating
in the twentieth-century revolu-
tion of scientific thought.
Technical terms and formal
mathematics have been kept
to a minimum. March 1967,
approx. 608 pp., $8.95

For approval copies, write: Box 903

prentice-hall
ENGLEWOOD CLIFFS,
NEW JERSEY
07632

recent heroic effort, the discovery of
the quantum of action and the subse-
quent invention of quantum mechan-

ics.

Eugen Merzbacher, a professor at the
University of North Carolina, is the author
of a textbook of quantum mechanics.

Fission-product dynamics

PHYSICS OF NUCLEAR KINETICS.
By G. Robert Keepin. 435 pp.
Add ison-Wesley, Reading, Mass.,
1965. $12.50

by Alvin M. Weinberg

Keepin interprets the "physics of nu-
clear kinetics" broadly. In the first
half of his book he reviews and com-
piles data on prompt neutrons and
gamma rays from fission, as well as on
the energy release and the mass and
charge distribution in fission. One
particularly welcome and germane
chapter reviews our knowledge of de-
layed gamma rays from fission, and
the yields of photoneutrons induced in
beryllium and deuterium moderators
by fission and fission-product gamma
rays.

The most important chapter—the
fourth—reviews in painstaking detail
most of what was known about de-
layed neutrons up to 1964. To this
task Keepin brings his own extensive
experience in measuring the yields of
delayed neutrons. His comprehensive
review is a model of patient scholar-
ship, and his tabulations of the yields
and periods of the delayed neutrons,
and particularly of the derived inhour
relations giving reactor periods as a
function of reactivity will be very use-
ful to reactor physicists and engineers
working on reactor kinetics.

The second half of the book is con-
cerned largely with the theory of re-
actor kinetics. Most of the exposition
is confined to linear theory, and in-
cludes outlines of the various static
and dynamic methods for determining
the reactivity of a reactor. The final
two chapters cover matters directly
concerned with assessing the safety of
a reactor: the transfer function and
nonlinear reactor dynamics.

Thus the book is in a way two
books: the first half a painstaking re-
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