
appreciation of the importance of these
topics causes, quite literally, hundreds
of lost man-hours each year in his labo-
ratory. He has been forced to con-
duct, as he put it, "tutoring programs."
Some more emphasis in experimental
science on such topics might save both
hours and money as well as "strange"
data that keep showing up in graphical
presentations.

In conclusion, then, these books
could be very useful in a college or
university laboartory course, and of
similar importance and practicality in
an industrial laboratory. Despite the
great amount of experimental science
in the world, techniques and methods
are not always what they should be.

The reviewer is a physics professor at
Marquette University.

On intermolecular forces
ADVANCES IN CHEMICAL PHYSICS,
VOL. 12: INTERMOLECULAR
FORCES. Joseph 0. Hirshfelderf

ed. 643 pp. Interscience, New
York, 1967. $22.50

by I. Amdur

As early as the middle of the nine-
teenth century it was recognized that
a satisfactory description of a wide
variety of physical and chemical prop-
erties required a knowledge of the
character and magnitude of inter-
molecular forces. Until about the
1930^, however, quantitative treat-
ments of molecular interactions were
largely characterized by the use of
models chosen more for mathemati-
cal tractability than for physical real-
ity. The development of quantum
mechanics influenced the treatment of
these interactions by showing that for
certain systems and under certain
asymptotic conditions a theoretically
sound form of the intermolecular po-
tential could be deduced. As a re-
sult, semiempirical models were intro-
duced for which the potential func-
tions, although still mathematically
convenient, were, in part, physically
realistic. When used with an under-
standing of their limitations, these
semiempirical functions have proven
very useful for obtaining moderately
accurate estimates of the magnitudes
of interaction energies in simple sys-
tems, such as rare-gas atoms in their
ground states. To a smaller degree

these functions have also led to infor-
mation concerning the average inter-
action energies between atoms and
molecules or between molecules and
molecules. Although such average po-
tentials wipe out the details of the ef-
fects of spatial orientation and of the
internal states of the molecules, the
potentials are often helpful for corre-
lating experimental results and for pre-
dicting magnitudes of certain proper-
ties.

A survey of the nature of intermo-
lecular forces is given by Hirschfelder
and W. J. Meath in the first chapter
as they discuss the types of interac-
tions and the problems, conceptual
and practical, associated with the
theory. This is followed, in the next
five chapters, by treatments of special-
ized topics in the theory of intermolec-
ular forces. A. D. Buckingham dis-
cusses long-range forces, other than
retardation forces, between two poly-
atomic molecules. He shows that such
forces can be related to the permanent
and induced electric moments of the
isolated molecules. Alexander Dal-
garno reviews recent advances in cal-
culating long-range forces, except
those of retardation. He discusses a
priori and semiempirical methods and
shows that quite accurate results can
be obtained by using perturbation
methods and new mathematical tech-
niques. He ends the chapter with a
very useful table of recommended val-
ues of the attractive dipole-dipole in-
teractions for spherically symmetric
systems. The retardation forces omit-
ted from chapters two and three are
discussed by Edwin A. Power. These
forces come into play at very large
separations, of the order of 100 a(h in
systems involving like atoms in differ-
ent energy states, and are involved in
such phenomena as sensitized fluores-
cence in gases, fluorescence of cer-
tain aromatic or dye molecules, and
the resonant transfer of energy be-
tween impurity atoms in crystals. Ap-
plication of the reaction-field tech-
nique is discussed by Bruno Linder
from the standpoint of a phenomeno-
logical method for calculating weak in-
teractions. He shows that the use of
this technique permits inclusion of
manv-body forces so that the method
is of particular interest where such
forces are dominant, as in properties of
liquids. Oktay Sinanoglu treats in-
termolecular forces in liquids in chap-
ter six, the final chapter in the theoret-
ical section of the volume. He dis-
cusses pair potentials, effective pair

potentials, and many-body potentials
and their relation to the structure of
liquids. He obtains interesting nu-
merical results for nonpolar liquids.

Edward A. Mason and Louis Mon-
chick review methods for determining
intermolecular forces, for the most
part, from experimental measurements.
They discuss the Rydberg-Klein-Rees
method of analyzing band spectra as
a direct approach to the determina-
tion of intermolecular forces and the
use of transport and equilibrium prop-
erties for finding parameters in em-
pirical potential functions. Mason and
Monchick conclude their comprehen-
sive survey with a discussion of the
relation of scattering molecular beams
to the determination of intermolecular
forces. This chapter is appropriately
followed by a discussion by Richard
B. Bernstein and J. T. Muckermann of
the specialized topic of determining
intermolecular forces from low-energy
molecular-beam scattering. The au-
thors give an excellent description of
the experimental basis of the scatter-
ing measurements and then proceed
to a detailed analysis of the classical
and nonclassical features of the scat-
tering measurements that are related
to interactions between beam particle
and scatterer. Presenting a clear pic-
ture of the relation between the theo-
retical and experimental features of
low-energy scattering, Bernstein and
Muckermann conclude with a very
complete inventory of scattering mea-
surements that include a tabulation
of systems studied, the type of scat-
tering measurements used and an ex-
cellent annotated bibliography keyed
to the tabulation.

In chapter nine George Birnbaum
shows that the pressure broadening of
spectral lines in the microwave and
infrared can be used to obtain infor-
mation concerning anisotropic inter-
molecular forces. Although some fea-
tures of pressure broadening are not
yet reconciled with theory, there is
no doubt that such experimental ob-
servations are useful as an aid to un-
derstanding intermolecular forces. It
is worth noting that good values of
quadrupole moments of molecules
have been obtained from studies of
pressure broadening. In chapter 10
M. Bloom and I. Oppenheim discuss
the use of nuclear magnetic resonance
measurements in gases as a means for
deriving accurate information about
intermolecular forces, particularly
about the anisotropy in the potential
that is responsible for changes in the
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Important Volumes in the Field of Physics from
SPRINGER-VERLAG NEW YORK INC.

ORDER AND DISORDER IN THE WORLD OF ATOMS
By A. I. Kitaigorodskiy (translated from the Russian)

Edited by S. Chomet
(THE HEIDELBERG SCIENCE LIBRARY, VOLUME 3)

An examination of the distribution in space of the atoms and molecules
constituting the world around us.

71 figures viii, 135 pp. 1967. Soft Cover. $2.80

" . . . as a first introduction to that part of the theory of matter that
treats crystals, their defects, their modifications and their transitions,
the book is highly satisfactory . . . the numerous and appropriate
diagrams and illustrations are extremely useful in giving . . . an
intuitive grasp of the nature of crystalline arrays and their defects."
— Lawrence Sklar, assistant professor of the philosophy of scence at
Princeton University in Physics Today, Vol. 21, No. 3, March, 1968.

THE NEW COSMOS
By Albrecht Unsold
Translated by William H. McCrea
(THE HEIDELBERG SCIENCE LIBRARY, VOLUME 5 / 6 (double-volume)

The authorized English translation of Professor A. Unsold's "Der Neue
Kosmos" first published in 1967. It provides a comprehensive introductory
text to present-day astronomy.

approx. 143 figures approx. 320 pp. Scheduled for publication in
early 1969. Soft Cover. $6.50
From a review of the German edition:

" . . . Unsold's work aims to tell the story of the new cosmology that
has been constructed during the 20th century. Within the framework
of a relatively small volume the author has achieved his purpose re-
markably well. By an ingenious combination of history, descriptive
astronomy and modern astrophysics, he has been able to make the
reader appreciate the most recent theories of the structure and
possible fate of the universe."—Bruce Lindsay, Hazard Professor of
Physics at Brown University in Physics Today, Vol. 21, No. 10,
October, 1968.

PHYSICS IN MY GENERATION
A Selection of Papers
By Max Born, second revised edition.
(THE HEIDELBERG SCIENCE LIBRARY, VOLUME 7)
Professor Born's selection of his most popular writings.

approx. 18 figures
in early 1969.

approx. ix, 191 pp.
Soft Cover. $3.80

Scheduled for publication

INTRODUCTION TO CELESTIAL MECHANICS
By Jean Kovalevsky (translated from the French)
(THE ASTROPHYSICS AND SPACE SCIENCE LIBRARY, VOLUME 7)

viii, 126 pp. 1967. Cloth. $6.40

After the launching of the first artificial satellites preceding interplanetary
vehicles, celestial mechanics is no longer a science of interest to a small
group of astronomers and mathematicians; it has become a special engineer-
ing technique. The author has tried to set this book in this new perspective,
by severely limiting the choice of examples from classical celestial mechan-
ics and by retaining only those useful in calculating the trajectory of a body
in space.

Distributed in North and South America by Springer-Verlag New York Inc. for
D. Reidel Publishing Company.

A SHORT TEXTBOOK OF PHYSICS
By W. H. Westphal

285 figures xvi, 347 pp. 1968. Cloth. $9.75

Deliberately designed for the student without higher mathematics (and, in-
deed, even avoiding simple calculus), this book nevertheless presents the
whole field of modern physics in a thorough and professional manner, with
no concessions to simplification or popularization.

Please note that books will be sent for text consideration on approval.
Standing Orders are invited for all serial publications.

You are invited to examine these and other
SPRINGER-VERLAG publications at the 17th Annual
Physics Show, Booth 95, New York Hilton Hotel.

0SPRINGER-VERLAG NEW YORK INC.
175 Fifth Avenue
New York, N. Y. 10010

Texts For Today's
Student From

Holt, Rinehart and Winston

ELECTROMAGNETICS AND PLASMAS
James R. Wait
A concise treatment of linear wave phenomena in
bounded plasma. The main theme is the method of
finding solutions of the electromagnetic field equations
in ionized gases or plasmas as they are now known.
1968/160 pages/$7.95

INTRODUCTION TO MODERN PHYSICS
Grant R. Fowles, University of Utah
Several recent developments in optics that have pre-
viously been discussed only in research literature or in
highly specialized books, have been incorporated into
this book of basic principles. 1968/320 pages/$l 1.95.

THERMAL PHYSICS
Edward A. Desloge, Florida State University
The author combines the postulational approach to
thermodynamics with the more standard historical ap-
proach by first using a molecular picture to obtain a set
of postulates, and then reexamining these postulates
from a historical point of view. The book stresses
the type of information necessary to a complete ther-
modynamic description of a system. December 1968/384
pages/$10.95 (tent.)

EXPLORATION OF THE UNIVERSE, Second Edition
George O. Abell, University of California, Los
Angeles
This descriptive account of both astronomy and the
methods by which astronomical information is obtained
is designed for the liberal arts student. The new edi-
tion offers substantially rewritten and reorganized infor-
mation on the results of rocket and satellite investiga-
tions and lunar and space probes, and much new material.
March 1969/640 pages/$l2.95 (tent.)

A BRIEF LOOK AT THE UNIVERSE
George O. Abell, University of California, Los
Angeles
Technical and highly specialized sections have been
eliminated from this shortened version of Exploration
of the Universe. The book discusses celestial bodies,
earth and sky, the moon and lunar eclipses, telescopes,
radiation and matter, the solar system and its planets, the
sun, galaxies, and cosmology. March 1969/416 pages/
$9.95 (tent.)

MECHANICS
Wallace Arthur and Saul K. Fenster, both of Fair-
leigh Dickinson University
To illustrate the universality of mechanics and the unity
of science, the authors apply the laws of mechanics to a
variety of systems (atomic, electromagnetic, nuclear).
January 1969/640 pages/$13.00 (tent.)

Holt, Rinehart and Winston, inc.
383 Madison Avenue, New York, New York 10017
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molecular rotations. The inclusions
of chapters nine and ten points up
very clearly the importance of inter-
molecular forces in a wide variety of
macroscopic and microscopic proper-
ties, since until relatively recently the
experiments described in these chap-
ters were not quantitatively related to
molecular interactions.

The feature that stands out most
strongly in this excellent treatise on in-
termolecular forces is its flavor of au-
thority and expertness. Not only the
editor, but each of the contributors is
known for his contribution to the un-
derstanding of intermolecular forces.
To be sure, other topics might have
been included and the treatment might
have been extended until a small li-
brary, rather than a single volume,
was produced. In a field as broad as
intermolecular forces it is only rele-
vant to ask if the topics chosen by the
editor and the contributors are repre-
sentative and important, and if the au-
thors have treated these topics clearly
and accurately. The answer to these
questions is definitely yes. Most se-
rious workers in the field, graduate
students and seasoned investigators,
will welcome the book enthusiasti-
callv.

The reviewer, professor of physical chem-
istry at the Massachusetts Institute of
Technology, has worked extensively on
the experimental determination of inter-
molecular forces from gaseous transport
properties and scattering of molecular
beams.

A conference on atoms
ATOMIC PHYSICS. Conf. Proc.
(New York University 3-7 July
1968) Benjamin Bederson, Victor
Cohen, Vernon W. Hughes, Francis
M. J. Pichanick, eds. 635 pp.
Plenum Press, New York, 1969.
$25.00

by Benjamin Bederson, Vernon W.
Hughes and harry Spruch

Atomic physics is one of the oldest
branches of modern physics, and the
study of atoms has played a central
role in the development of modern
physics. Atomic spectroscopy and
atomic collisions have provided the
principal testing ground for the devel-
opment of quantum mechanics, special
relativity and quantum electrodynam-
ics, and still provide an important test-
ing ground for fundamental physical

theory. The study of the structure and
collisions of atoms, based on known
forces and well-established fundamen-
tal principles, is also a broad and rich
field in itself; it is developing rapidly
after a long period of relative inactiv-
ity. The applications of atomic physics
to many other fields of science are ex-
tensive.

In the late 1940's the rapid develop-
ment of atomic physics included im-
portant discoveries such as the Lamb
shift and the anomalous magnetic mo-
ment of the electron. With precision
tools available from radar research,
measurements of atomic and electronic-
proper ties were vigorously pursued,
principally by atomic-beam magnetic
resonance and microwave spectros-
copy. The methods of optical pump-
ing and optical level-crossing spectros-
copy were introduced in the 1950's.
Simultaneously the field of atomic col-
lisions expanded rapidly by crossed-
beam experiments that were made pos-
sible by advances in technology; inter-
est in atomic collisions also was stimu-
lated by its relevance to space physics,
astrophysics, chemistry and gas dis-
charges.

The objective of the International
Conference on Atomic Physics held
3-7 July at New York University—to
our knowledge the first such general
conference on modern atomic physics
—was to bring together physicists
working in the various subfields of
atomic physics and related fields and
to review the state of fundamental re-
search in the entire field of atomic-
physics, emphasizing present advances
and future possibilities. This volume
contains 25 invited review-type pa-
pers on fundamental problems, atomic-
structure, atomic collisions, new experi-
mental methods and application of
atomic physics to other scientific fields.

Gerald Feinberg of Columbia Uni-
versity gives a stimulating discussion
on tests of Lorentz invarianee and in-
variance with respect to parity, charge
conjugation and time reversal. Al-
though some of the symmetry invari-
ants arose in atomic- studies, these in-
variants have not been as thoroughly
studied in atomic physics as in some
other fields. Feinberg emphasizes that
the observed equality of the magni-
tudes of the electron and proton
charges represents the situation of a
symmetry in search of an invarianee
principle. The present status of tests
of quantum electrodynamics in atomic
physics is discussed by Vernon W.
Hughes of Yale and Sidney Drell of

Stanford University. Theory and ex-
periment are now in rather good agree-
ment. New measurements of the fine-
structure interval in hydrogen appear
to disagree with the early result of Ed-
ward S. Dayhoff, Sol T. J. Triebwasser
and Willis E. Lamb. The new mea-
surements give a value of the fine-
structure constant that agrees with the
values determined from the ac Joseph-
son effect and from hydrogen hyper-
fine structure.

The relatively new field of mesic
atoms is reviewed by Valentin L.
Telegdi of the University of Chicago.
Muonic atoms are effectively single-
electron atoms and are therefore theo-
retically tractable. With advances in
gamma-ray spectrometry made possi-
ble by germanium-lithium detectors,
unusually detailed information about
nuclear structure can be obtained.

P. A. M. Dirac's speculation, some
time ago, that the gravitational con-
stant varies inversely with time, has
generated many interesting and many
exotic papers. (Is it true cosmologists
have more fun?) The variety of "con-
stants" that have been assumed to
vary either with space or time or both,
the attempts to put these ideas on a
sound theoretical footing by an appro-
priate modification of general relativity
theory and the experimental status of
these ideas are reviewed by Robert H.
Dicke of Princeton University.

On the subject of atomic structure,
Keith Brueckner of the University of
California, San Diego, reports on an
application of many-body theory to the
determination of the correlation en-
ergy, which is the difference between
the experimental energy and the Har-
tree-Fock energy. The correlation en-
ergy for atoms from oxygen to potas-
sium is overestimated by nearly a fac-
tor of two, and Brueckner concludes
that any agreement of the uniform
electron-gas theory with experiment is
fortuitous, because an expansion using
the density gradient as a perturbation
does not converge for atoms. The
powerful analytic tools and the insights
that many-body theory has provided
will surely yet prove very fruitful in
atomic-structure analyses. Though the
correlation energy is small its effect can
often be crucial. Oktay Sinanoglu of
Yale University and Orta-Dogu Teknik
Universitasi, Ankara, cites a number of
examples. He discusses the techniques
(and the justification) for the approxi-
mate separation of the N-electron prob-
lem into N(N—l)/2 decoupled two-
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