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To Nancy



. many shall run to and fro,
and knowledge shall be increased.
Daniel 12:4



PREFACE

In studying quantum mechanics and especially quantum chem-
istry I found a little book written by Henry F. Schaefer III to be
especially useful in providing an overview of the subject, a guide
to its trends, and an easily researched compendium of important
papers in the area. In writing this new book in the area of quan-
tum Monte Carlo (QMC) I hope to have provided the same sorts
of services to those studying and working in the area of quantum
Monte Carlo methods.

Schaefer’s book is titled Quantum Chemistry and subtitled The
development of ab initio methods in molecular electronic struc-
ture theory [Oxford University Press, 1984]. In adopting a similar
approach to a review of QMC I hope that Professor Schaefer
considers my following his example as flattery.

The term “Monte Carlo” was first used to describe calcula-
tional methods based on chance in the 1940s, but the methods
themselves preceded the term by as much as a century. The com-
bination of “quantum” and “Monte Carlo” first appeared in 1981
and, similarly, was preceded by early developments of the methods.

In this book I have attempted to collect summaries of some of
the most important papers in the quantum Monte Carlo literature.
In doing so I have chosen those papers which describe the bases for
the many different methods within QMC, provide samples of the
works of many of those responsible for the development of QMC,
and illustrate the breadth of applications of QMC. The selection
is, of course, somewhat random, somewhat arbitrary, and surely
arguable. I express my apologies to those authors whose papers
may be underrepresented.

The success of QMC methods over the past few decades has
been remarkable, and the papers described in this book clearly
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demonstrate that success. For isolated molecules, the basic mate-
rial of chemistry, QMC methods have produced “exact” solutions
of the Schrédinger equation for very small systems and the most
accurate solutions available for very large systems. The range
of applications is impressive for other types of problems: fold-
ing of protein molecules, interactions in liquids, band structures
in crystals, quantum dots, enzyme structure, energetics of light
harvesting materials, potential energy surfaces for reactions of all
types, transition dipole moments, structure of a water droplet, fre-
quency shifts in heteroclusters, energetics of excitons, binding in
nuclei, and interdimensional degeneracies. Many of these are new
problems, approached successfully for the first time using QMC
methods.

One may certainly expect the further development of QMC
methods and many more applications. It is my hope that this book
will in some small way provide assistance to those engaged in the
effort.

I am happy to acknowledge the assistance of Dr. Nathan M.
Urban in producing the manuscript and of Professor Stuart M.
Rothstein and Professor Arne Liichow for their suggestions and
corrections.
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