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A lucid introduction to molecular spectroscopy
The Spectra and Structures
ol Simple Free Radicals:
An Introduction to
Molecular Spectroscopy

By G. Herzberg
226pp. Cornell U. P.,
Ithaca, N.Y., 1971. $11.00

Reviewed by Edel Wasserman

This small volume provides a lucid and
useful introduction to the field of mo-
lecular spectroscopy by one who has re-
cently been cited for "his contributions
to the knowledge of electronic struc-
ture and the geometry of molecules,
particularly free radicals." The
subject matter in the present work is
broader than might appear from the
main title, as the author uses "free
radical" to refer to any transient
species, including those in singlet

After an introduction discussing
methods of observation and species
identification, there are chapters on
diatomics and linear and nonlinear po-
lyatomics. Rotational and vibrational
levels are discussed together with the
electronic states. The book closes with
a chapter on "Dissociation, Predisso-
ciation and Recombination." The
argument concentrates on gas-phase
electronic transitions. Occasional ref-
erence is made to the conclusions ob-
tained from other spectroscopies, such
as microwave and electron paramag-
netic resonance.

The contents are a distillation of the
author's treatise, Molecular Structure
and Molecular Spectra. Those three
volumes have been the standard refer-
ences in their fields since publication.
"i reducing the material by more than
j» order of magnitude the presentation
toe concentrates on fundamentals il-
lustrated by selected examples. The
"formal, almost chatty, style of the
j^ly sections reflects the origin of the
DO°K in the series of Baker lectures
g'wn at Cornell in 1968 and makes for
easy reading. As the complexities of
Wyatomic molecules are introduced

presentation becomes terser. The
ness of the field is clearly presented

"> few pages. The reader's progress
mav well be slower here. Frequent

reference is made to the more complete
discussions in the earlier volumes.
The particular molecules discussed
give a good view of recent interests in
the field, with many examples coming
appropriately, from the work of the au-
thor and his colleagues at the National
Research Council of Canada. The
publication schedule did not permit
consideration of the latest conclusions
as to the geometry of the ground state
of CH2;1 some small changes in future
editions will be desirable here.

In size and style the present volume
is similar to the author's 35-year-old
Atomic Spectra and Atomic Structure.
That superb introduction to its field
finds a molecular counterpart in many

sections of Free Radicals. I have no
higher praise. The earlier work has an
advantage in the comparative simplici-
ty of atomic spectroscopy. The vibra-
tional and rotational states involved in
molecular spectra lead to greater com-
plexity and a more rapidly paced pre-
sentation.

The two distinct levels of the book
make it an unlikely choice as the sole
text for a first course in molecular
spectroscopy. It would appear partic-
ularly suitable as supplemental materi-
al for a senior or graduate student, per-
haps as a reading period assignment.
In addition, the material fills the very
important need of an introduction and
guide to Molecular Structure and Mo-

High-resolution absorption spectra of flash-photolyzed diazomethane and deuterated dia-
zomethanes. The top spectrum shows diffuse lines due to CH2. The middle spectrum,
taken with 50% deuterated diazomethane, prominently shows the absorption band of CHD.
The bottom spectrum shows intensity alternation in the center band indicating that two D
atoms are present in symmetrical positions. It was taken with CD2. From the book re-
viewed on this page.
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Look to CRYSTAL TECHNOLOGY
(the crystal builders) for:

Acoustical Crystals
Lithium niobate and lithium tantalate pos-
sess large piezoelectric properties which
make them especially suited for both
transducers and resonators. They provide
higher electromechanical coupling, lower
impedance and a greater freedom from
unwanted modes than can be achieved
with quartz.

Surface Wave Crystals
Both lithium niobate and lithium tantalate
have been employed effectively in sur-
face wave applications such as delay
lines and filters. These crystals possess
high coupling constants, low propagation
losses, and low surface wave velocities.

Substrate Crystals
Both silicon and gallium arsenide epi-
taxy, in addition to other Ill-V com-
pounds, have been successfully grown
on magnesium aluminate spinel.
Gadolinium gallium garnet serves as a
substrate for various epitaxially grown
films of magnetic garnets. Such a combi-
nation finds application in memory de-
vices utilizing the magnetic domain bub-
bles created in the garnet film.

Optical Crystals
Modulators and frequency doublers for
lasers utilize lithium niobate and lithium
tantalate. The latter shows great promise
as a visible modulator because it has low
absorption losses throughout the visible
spectrum down to 4000A. In addition,
LiTaO3 exhibits a high resistance to op-
tically induced damage which is charac-
teristic of LiNbOj. In the near infrared
lithium niobate may be used as both a
modulator and a non-linear crystal.

Call or write our crystal building staff for
more detailed information.

Crystal Technology Inc.
2510 Old Middlefield Way
Mountain View, CA 94040
Telephone (415) 961-9311

Circle No. 29 on Reader Service Card
56 PHYSICS TODAY /JUNE 1972

lecular Spectra. The reader can ob-
tain an overall view of the field with
much greater ease from the present
work. The student beginning research
in the area will gain much from it.
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Mathematical Methods of
Quantum Mechanics
By G. Fano. L. F. Landovitz,
ed. of English trans.
428 pp. McGraw-Hill, New York, 1971.
$12.95

Our ideas about what constitutes an
adequate mathematical preparation
for graduate study in theoretical physics
have changed markedly in recent years.
Twenty years ago, the ability to solve
the ordinary and partial differential
equations arising from simple boundary
value problems in the usual coordinate
systems was considered the irreducible
minimum.

Changes of taste, style and emphasis,
as well as actual progress in our under-
standing of the physical universe require
today's student to be conversant with
functional analysis, analytic function
theory, group theory and distribution
theory in addition to the more classic
topics mentioned above, merely to pene-
trate the current literature of theo-
retical physics.

An interesting parallel development
is that the availability of large com-
puters has altered our concepts of
problem-solving, indeed, it has even
changed our notions of what constitutes
a solution. Efficient computer useage
demands a reasonable acquaintance
with computational mathematics—
functional approximation, finite-dif-
ference methods, probability theory,
optimization, and so on. By these
standards, most entering graduate stu-
dents are rather poorly prepared in both
types of applied mathematics and re-
quire some form of remedial study in
these areas.

How this should be administered is a
problem, especially in view of the well-
known reluctance of mathematics

departments to teach service courses in
applied mathematics. One would think
the times ripe for the applied-mathe-
matics equivalent of the "Course Bour-
baki" or the Landau and Lifshitz series.
In its absence most physics departments
try to cope with the situation by offer-
ing courses called "Mathematical Phys-
ics" in which smatterings of the above-
mentioned subjects are taught at the
level of "physical rigor." In due season
these various courses give birth to a
profusion of texts, each covering a sub-
set of the necessary material, each hav-
ing a decidedly parochial flavor reflect-
ing the biases and special circumstances
of the institution of its origin, and each
entitled by some permutation of the
words "mathematical," "theoretical,"
"methods" and "physics."

Mathematical Methods of Quantum
Mechanics by Guido Fano is a pleasant
departure from the norm in this field.
Both in philosophy and content, its
overlap with the standard texts de-
scribed above is small. Moreover,
rather than trying to be all things to all
men, the subject matter of this book
is unusually specific.

The first two chapters review the
properties of complex, finite-dimen-
sional linear vector space, while Chap-
ters 3, 4 and 5 survey the ideas and
results of functional analysis in Hilbert
space. A sixth chapter dealing with the
connection between Hilbert space and
the axiomatics of quantum mechanics,
as well as numerous useful exercises at
the ends of the chapters have been
added in the English-language edi-
tion. Advertised as ". . .written by a
physicist for the physicist," the book is
based on Fano's lectures at the Uni-
versity of Bologna, where he is Associate
Professor of Mathematical Methods of
Physics.

A more accurate description of the
book might be that it is a mathematics
text written for physicists, since the
format is the usual one of definitions,
lemmas, theorems, proofs and corol-
laries, all stated with mathematical
rigor. However, the book departs from
the ideal of extreme succinctness which
unfortunately permeates so much of
modern mathematical writing. The
author is discursive, gives simple illus-
trations of important points and ex-
presses himself with great clarity.

The major weakness of the book is
the dearth of examples or exercises
drawn from physical problems. For
example, the theory of compact opera-
tors is developed at length and is essen-
tial in the theory of potential scattering,
but no such application is given or
mentioned. Again, one of the most
useful and important applications of
functional analysis in quantum me-
chanics is the establishment of varia-
tional principles and, thereby, bounds
on quantities of physical interest.
This subject is not touched upon in this


