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Introduction

Classical mechanics is the backbone of quantummechanics. The highest level of insight
into quantum systems can be had only through a good grasp of classical mechanics.
On that principle, this book first presents the key foundations of classical mechanics
necessary to semiclassical insight. In this, we loosely follow the best book on the
subject,Mechanics, by Landau and Lifshitz [2]. While we do not give a full treatment of
classical mechanics here, neither do we offer just a subset of the usual topics. Included,
for example, is a discussion of the time evolution of classical manifolds and continuous
phase space distributions, classical processes formulated as probabilities, and classical
resonance theory not found in most texts.

Empowered by classical mechanics, the middle part of this book develops the
Feynman path integral, passing to the stationary phase approximations linking
quantum mechanics with classical mechanics, giving birth to semiclassical theory.
Here we learn to construct much of quantum mechanics, qualitatively and sometimes
quantitatively, out of classical mechanics. Much deeper insight into quantum tunnel-
ing, interference, entanglement, decoherence, spectroscopy, and quantum dynamics in
general becomes possible. Even when classical and quantum mechanics are differing
qualitatively and perhaps by orders of magnitude, the underlying answers are often
still classical in origin, using classically determined amplitude and phase interference.

It is very satisfying to gain a deeper appreciation and intuition for quantummechan-
ics through a semiclassical understanding. The highest reward is the computational
and intuitive insight into important experimental realms. The last part of this book
is about applications, especially to spectroscopy of several kinds, including molecular
spectroscopy, for which we need the Born-Oppenheimer approximation. We also take
up subjects important to nano-physics, such as electron imaging, and the modern
understanding of the connections between classical chaos and the quantummechanics
of the same systems.

Tunneling and diffraction are by definition both nonclassical phenomena, but we
can include them as semiclassical by analytic continuation of classical mechanics, and
the trick of “uniformization” (replacing a key stationary phase integral by an exact or
numerical one). This often yields great insight still underpinned by classical mechanics.

In several places we focus on tunneling phenomena, including diffraction, called
“dynamical tunneling,” to distinguish it from the ubiquitous potential barrier tun-
neling. Diffraction entails quantum allowed, classically forbidden processes without
a potential barrier to burrow through.

Semiclassical approximations are often amazingly accurate, as seen in many places
in this book, and as they are always guided by classical trajectories, a new level of
understanding of quantum mechanics is born.
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xviii Introduction

This book is written for a wide audience, but not in the sense of the general public.
It is wide in the sense of the kind of mathematics, physics, and chemistry background
onemight bring to making use of this book. Admittedly, this should not be the reader’s
first book on classical or quantum mechanics. There are quite a few “special topics”
that are treated at the back end of the book, but they are often not given an exhaustive
literature context and preview. The back-end topics are not necessarily to be read
through linearly or exhaustively, but rather the topics are meant as a menu to choose
from that the reader might already know a bit about. Nonetheless, if some topics
are new to the reader, they are written (I hope) so as to interest, engage, and form a
launching pad for further study for those who find them interesting.

This book is not a textbook in the sense of chapter summaries, exercises, and lesson
plans given to instructors. Nor is it a monograph exactly. I hope it will find itself on the
shelf of graduate students and their professors alike as a reference and for enrichment
of courses taught or research undertaken. Much of the book is meant to be suggestive
of areas of research interest and of pregnant topics where progress is imminent.
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