Glenn’s legacy to science is contained

in that sentence. He was a great sci-

entist, administrator, and public fig-

ure, whose remarkable success was
largely attributable to hard work.
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Oak Ridge, Tennessee
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The molecular electronic-structure
problem lies at the heart of chemistry
and of molecular physics. The full elec-
tronic Hamiltonian in the Born—Oppen-
heimer approximation can be solved
exactly only for the hydrogen atom, but
the development of powerful approxi-
mate methods over the past 70 years
has invalidated P. A. M. Dirac’s famous
statement that “the underlying physical
laws for understanding . . . all of chem-
istry are thus completely known, . .. it
is only that application of these laws
leads to equations much too complicat-
ed to be soluble.”

A number of commercially available
programs now exist that use different
methods and approaches to solve for
the ground-state electronic structure
of small- to medium-sized molecules in
the nonrelativistic limit. Some of these
programs also extend to excitation
properties, relativistic corrections, and
semiempirical and density functional
schemes. While many discussions are
also available in the textbook, review,
and journal literature concerning elec-
tronic-structure theory, in the authors’
view, no “comprehensive, up-to-date,
technical monograph” on the subject
has been written.

Molecular Electronic-Structure The-
ory, by Trygve Helgaker, Poul Jgr-
gensen, and Jeppe Olsen is, as is
pointed out in its preface, precisely
such a comprehensive monograph. Up
to now, no single source has provided,
in a unified form and with a unified,
convenient notation, a comprehensive
description of the actual methods for
carrying out ab-initio electronic struc-
ture. This book will be useful to those
workers who wish to use such calcu-
lations with more than “black-box”
knowledge. In its 900 pages, it gives
detailed, clear, numerically illustrat-
ed, and extensively discussed presen-
tations of “all the important aspects of
modern ab-initio non-relativistic wave-
function-based molecular electronic
structure theory.”

This text is focused and, within its
focus, quite complete. In the first 15
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chapters, it covers second quantization,
exact and approximate wavefunctions,
standard models, atomic basis func-
tions, Gaussian basis sets, molecular
integral evaluation, Hartree—Fock the-
ory, configuration interaction theory,
multiconfigurational self-consistent
field theory, coupled cluster theory, and
perturbation theory. The sixteenth
chapter, roughly 100 pages long, many
times the length of any of the others, is
devoted to calibration of electronic
structure models. In this chapter, a set
of sample atoms and molecules is
examined for various strengths and
weaknesses. It also contains sections
on errors in quantum mechanical cal-
culations, equilibrium distances, equi-
librium structures, dipole moments,
atomic and molecular energies, atom-
ization energies, reaction enthalpies,
and conformational barriers.

The formal presentations and der-
ivations are quite complete. Referenc-
ing is adequate. A particular strength
of the text is the presence in each
chapter of a set of comprehensive
exercises accompanied by the solu-
tions to those exercises. Most of these
exercises are formal and manipula-
tive, rather than numerical.

Although a number of electronic
structure codes were used in the writ-
ing of this book, there is very little ref-
erence within the text to specific codes.
Rather, the authors discuss the prin-
ciples involved in electronic structure
theory at the ab-initio level, and how
those principles can be utilized in the
derivation and optimization of algo-
rithms for such calculations. Indeed,
the authors suggest in their preface,
“you will be able to write a computer
program without too much difficulty.”
This is a strong statement, but both
the detail and the precision of the text
make it a correct statement. The book
also has a useful list of acronyms and
a very well-constructed index.

Because of the tight focus on ab-ini-
tio methodology and analysis of molec-
ular ground state properties, the text
misses some subjects that might have
been expected. For example, both den-
sity functional theory and relativistic
corrections are largely absent. (Density
functional theory is discussed briefly in
the last few pages, and some examples
of relativistic corrections are given in
the last chapter.) Because this is large-
ly a book on formal derivations and
methodology, several of the interpreta-
tive aspects that one might have expect-
ed are absent: There is no population
analysis, no Bader analysis of bonding
properties, no discussion of the Moroku-
ma energy partitioning, no physical dis-
cussion of bonding properties. While the
standard textbook analysis of Koop-
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mans’ theorem is extended to include
electron affinities as well as ionization
energies, the authors do not point out
that the electron affinities are almost
always substantially worse numerically
than the ionization energies. Nor do
they explain why this is true.

Other aspects that do not appear
include semiempirical theories and
energy derivative methods. Despite the
extremely important work that these
authors have done in the development
and application of response theories for
the calculation of excited state proper-
ties and molecular response properties,
no extended discussion of the response
properties appears in the text.

The specific problem of molecular
electronic-structure theory and models
requires analysis at many levels. On bal-
ance, this text provides what I believe to
be a comprehensive, careful, meticulous,
and clear development of the formalism
of wavefunction-based ab-initio elec-
tronic-structure theory for molecules. It
is the most complete and satisfying pres-
entation of the actual armament in-
volved in the computational approach to
electronic structure that I have seen,
and should be available to all students
and researchers who wish to understand
the basis of contemporary molecular
electronic structure methods.

MARK A. RATNER
Northwestern University
Evanston, Illinois
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TIan Duck and E. C. G. Sudarshan’s
100 Years of Planck’s Quantum is an
unusual hybrid of a reprint volume
and a running commentary on the
papers being reprinted. The authors,
who are “interpreters” as much as edi-
tors, believe that one should have as
a basis the actual words of the scien-
tists as they went through their cre-
ative processes. At the same time,
they are aware that history has
selected the important from the unim-
portant, changing the emphasis from
what the creators might have thought
was important to what seems impor-
tant in light of subsequent events. In
some cases of course, the originators
had it exactly right!

Duck and Sudarshan believe that
their selection requires a continuing
commentary to place the papers with-
in a modern historical context. Their
aim is clearly not to provide the read-
er with a historical document as such.
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