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of conventional chemical reactions; and
there are experiments on photoinduced
chemical dynamics. In some experi-
ments, such as laser light diffraction
from colloidal crystals, the behavior of
light is the central theme of the meas-
urement, while in other cases, such as
column chromatography, the refraction
of laser light is used as a tool to reveal
other physical phenomena. Though
many topics in laser physics are absent,
the chosen experiments will be suffi-
cient to excite the students and expose
them to the laser.

There are five major chapters: scat-
tering from disordered systems, dif-
fraction from ordered systems, refrac-
tion, electronic structure of matter and
photochemistry. Each chapter begins
with a short, introductory section that
uses simple models to elucidate the
theory needed to understand the ex-
periments of that chapter. These in-
troductory expositions are a strong
point of the book. The discussions are
very clear. Each experimental write-
up also has a supplementary discussion
that further clarifies the ideas of that
particular measurement.

The experiments are concept ori-
ented and generally quite simple, with
straightforward, step-by-step instruc-
tions. The authors also provide a use-
ful grading of the experiments in terms
of their conceptual and technical diffi-
culty. With instructor assistance, high
school students can probably do the
easier experiments, but generally I
think the book is better suited for col-
lege freshmen and sophomores. Ex-
periments utilize low-power helium-
neon lasers, store-bought chemicals
and inexpensive optical components
such as polarizers, mirrors and sample
cells. The first chapter of the book is
devoted to important details, such as
safety equipment and equipment costs
and manufacturers.

Among the most interesting experi-
ments to physicists are those connected
with colloids, emulsions and gels.
These experiments exploit simple op-
tical effects to measure the instabilities
of complex fluids. Thus experimenters
gain exposure to some fascinating ma-
terials as well as the means to study
these systems. Later sections, on fluo-
rescence spectroscopy and photochem-
istry, provide stimulating introductions
to chemical physics. These experiments
teach students about energy levels, and
it is at this point that a more extensive
discussion of lasers is finally provided.

Overall, I heartily recommend this
book as a source of experiments and
ideas for those of us teaching optical
physics and chemistry to undergradu-
ates. The combined experimental and
theoretical approach that the book of-
fers is not common, and I think it is
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likely to have a very positive effect on

students through the sense of scientific
adventure it engenders.

ARJUN G. YODH

University of Pennsylvania

Philadelphia, Pennsylvania
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Here, in a thorough and straightfor-
ward style, is the full current story of
the algebraic method of describing and
analyzing molecular rotation—vibra-
tion spectra. This approach is based
on expressing the Hamiltonian of the
system in powers of the creation and
annihilation operators of the degrees
of freedom in which the Hamiltonian
is cast. Francesco lachello, Raphael D.
Levine and their colleagues have been
developing these ideas for over 12
years, as they point out in their preface.
When the first papers appeared, some
spectroscopists asked why they should
pay attention to this new method, since
the traditional phenomenological
methods had been so successful. Alge-
braic Theory of Molecules should settle
the question.

The first chapter reviews the quan-
tum mechanical description of diatomic
molecules, familiar to molecular spec-
troscopists but not, in this depth, to
most other readers. The second chap-
ter and the appendices lay the basis of
the algebraic theory and of Lie alge-
bras, which are familiar to a different
part of the audience but not to molecu-
lar spectroscopists. For the spectro-
scopist, this chapter shows familiar
material in a form very different from
the traditional and should be the basis
for crossing into the new approach.
Then the book goes into polyatomic
molecules, with a brief general excur-
sion into the mechanics of polyatomics,
followed by a full development, so far
as it has gone, of triatomic, (linear)
tetratomic and many-body systems in
successive chapters. The seventh
chapter explores the connection be-
tween quantum algebraic theory and
the classical limit, including mean-field
approaches. A short, concluding chap-
ter tantalizes the reader with subjects
less developed, such as scattering prob-
lems and coupling of electronic and
vibrational degrees of freedom.

Algebraic Theory of Molecules pro-
vides a number of comparisons of re-
sults of traditional phenomenological
descriptions and their algebraic theory



counterparts for the assignments and
interpretations of the rotation—vibra-
tion spectra of specific molecules. The
case is well made that algebraic theory
reproduces observed spectra at least as
well as or better than does the more
conventional Dunham expansion and
with somewhat fewer parameters. (I
hope we shall see more experimental
papers in which the interpreters of
molecular spectra use the algebraic
method to analyze their results.)
Some sections of the book would
have been clearer and probably more
persuasive to experimenters if the
authors had expanded their discussion
and given fuller physical interpreta-
tions to the formal material. To cite a
few examples: In their discussion on
page 34 of the double well, about re-
ducing the symmetry from U(2) to O(2),
the authors could have discussed the
role of tunneling and how algebraic
theory incorporates it. For spectro-
scopists, some discussion would have
been valuable in chapter 4 of Coriolis
interaction and centrifugal distortion
and how they appear in algebraic theory.
More discussion of the physics of the
position-dependent mass in chapter 7
would have been both interesting and
enlightening to me. Overall, this chapter
is less didactic than the earlier chapters;
I found the discussion of new directions
of research particularly stimulating.
One other minor carping criticism
that I have is the occasional “hard-sell”
rhetoric, which I found unnecessary
and a bit embarrassing. The work is
quite strong enough to stand on its own
merit, and many of us will simply have
to learn and use it.
R. STEPHEN BERRY
University of Chicago
Chicago, Illinois
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Atomic and molecular spectroscopy is
a vast subject with applications rang-
ing from the detection of fluctuations
in the cosmic background radiation to
the identification of molecular species
in biochemical analyses. Spectroscopic
techniques have been used recently in
the creation and detection of Bose—Ein-
stein condensation in weakly interact-
ing atoms (PHYSICS TODAY, August 1995,
page 17). Spectroscopy permits the
determination of the potential energy
curves of diatomic molecules and the
structures of complex polyatomic mole-
cules. The extraordinary resolution
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that can be achieved is exploited in
tests of the fundamental laws of phys-
ics and provides the experimental sup-
port for quantum electrodynamics.
Because spectroscopic data offer a
specific identification of the emitting
or absorbing species, they are used to
learn the compositions of gases and
plasmas and are of unique value in the
study of remote objects. Spectroscopic
data can be acquired at wavelengths
across the electromagnetic spectra
from x rays to radio waves, and they
reflect the properties of materials at
temperatures from near zero to a hun-
dred million degrees Kelvin. Spectro-
scopic line intensities yield information
on energy-level populations of atoms
and molecules, from which inferences
can be drawn about the temperature,
the density and the radiation environ-
ment; if magnetic fields are present,
their strengths can also be derived.
The diversity of the applications, the
variety of experimental techniques, the
complexity of the theoretical frame-
work and the sheer vastness of the
data base would require many volumes
to give a comprehensive accounting of
the material. For any one book on the
subject, therefore, stringent choices
must be made. In Spectra of Atoms
and Molecules, Peter Bernath empha-
sizes the development of the theoretical
basis of spectroscopy, and the spectro-
scopic data presented are largely to
illustrate the theoretical concepts.
The title refers to atoms and mole-
cules, but the attention given to atoms
is limited. In discussing line theory
absorption and emission spectroscopy,
Bernath gives a conventional account
of semiclassical radiation theory, but
he incorporates instructive discussions
of the responses of a two-level system
driven by laser radiation and of line
shapes and line-broadening mecha-
nisms. A brief description of the en-
ergy-level structure of the hydrogen
atom, derived from the Schrodinger
equation and the empirical addition of
electron spin, serves as an introduction
to the independent-particle model of
many-electron atoms. The coupling of
angular momenta and the construction
of the terms of a configuration are
illustrated, and formulas are written
down for the effects of spin—orbit in-
teractions in fine structure and hyper-
fine structure and for the Zeeman ef-
fect. The formal apparatus of angular
momentum theory is avoided. Selec-
tion rules are explored but only for
electric dipole transitions, and no men-
tion is made of forbidden transitions.
The substance of the book is mole-
cules, diatomic and polyatomic. For
polyatomic molecules, group theory is
mandatory, and it is provided here at
an accessible level with a clear descrip-

tion of molecular symmetries. The
heart of the book is an extensive dis-
cussion of the classical and quantum
mechanics of rotational and vibrational
motion in diatomic and polyatomic
molecules in ground and excited elec-
tronic states. The presentation is co-
herent and well-organized, and the dif-
ficulties and subtleties are elucidated.
The examples are of interest mostly to
chemists. The utility of spectroscopic
data in deriving the structure of polya-
tomic molecules is made apparent.
Spectra of Atoms and Molecules con-
tinues with a brief chapter on rotation—
vibration Raman spectroscopy and con-
cludes with an important and extensive
presentation of the spectroscopy and
the rotational and vibrational struc-
ture of excited electronic states of dia-
tomic and polyatomic molecules. The
different angular momentum coupling
schemes for diatomic molecules repre-
sented by the different Hund’s coupling
cases are described. For polyatomic
systems, an account is given of the
Herzberg—Teller, Jahn—Teller and Ren-
ner—Teller effects. The chapters con-
tain a very clear exposition of parity
in molecular eigenfunctions.
Spectra of Atoms and Molecules is
a textbook. Its value as such is en-
hanced by a careful selection of prob-
lems in which stimulating questions
are asked. The book is written in a
lucid, explanatory style at a level that
should be accessible to readers having
some minimal knowledge of quantum
mechanics, and it will serve as an
excellent introduction to the spectra of
diatomic and polyatomic molecules.
ALEXANDER DALGARNO
Harvard-Smithsonian Center
for Astrophysics
Cambridge, Massachusetts
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Volumes 19 and 20 of Advances in
Photochemistry are the lastest contri-
butions to the longest continuing series
of reviews of recent developments in
photochemistry. The editorial policy
articulated in the initial volume (edited
by J. N. Pitts, G. S. Hammond and
W. A. Noyes in 1963) was “to explore
the frontiers of photochemistry
through the medium of chapters writ-
ten by pioneers who are experts.” By
and large the series—roughly one vol-
ume a year—has maintained a quality





