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The field of quantum optics has witnessed significant developments in recent
years, from the laboratory realization of counter-intuitive concepts such as
lasing without inversion and micromasers, to the investigation of fundamental
issues in quantum mechanics, such as complementarity and hidden variables.
This book provides an in-depth and wide-ranging introduction to the subject
of quantum optics, emphasizing throughout the basic principles and their
applications.

The book begins by developing the basic tools of quantum optics, and goes on
to show the application of these tools in a variety of quantum optical systems,
including resonance fluorescence, lasers, micromasers, squeezed states, and
atom optics. The final four chapters are devoted to a discussion of quantum
optical tests of the foundations of quantum mechanics, and particular aspects
of measurement theory.

Assuming only a background of standard quantum mechanics and electro-
magnetic theory, and containing many problems and references, this book will
be invaluable to graduate students of quantum optics, as well as to established
researchers in this field.
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Preface

Quantum optics, the union of quantum field theory and physical
optics, 1s undergoing a time of revolutionary change. The subject has
evolved from early studies on the coherence properties of radiation
like, for example, quantum statistical theories of the laser in the
sixties to modern areas of study involving, for example, the role
of squeezed states of the radiation field and atomic coherence in
quenching quantum noise in interferometry and optical amplifiers.
On the one hand, counter intuitive concepts such as lasing without
inversion and single atom (micro) masers and lasers are now laboratory
realities. Many of these techniques hold promise for new devices whose
sensitivity goes well beyond the standard quantum limits. On the other
hand, quantum optics provides a powerful new probe for addressing
fundamental issues of quantum mechanics such as complementarity,
hidden variables, and other aspects central to the foundations of
quantum physics and philosophy.

The intent of this book is to present these and many other exciting
developments in the field of quantum optics to students and scientists,
with an emphasis on fundamental concepts and their applications,
so as to enable the students to perform independent research in this
field. The book (which has developed from our lectures on the subject
at various universities, research institutes, and summer schools) may
be used as a textbook for beginning graduate students with some
background in standard quantum mechanics and electromagnetic the-
ory. Each chapter is supplemented by problems and general references.
Some of the problems rely heavily on the treatment given in a research
paper, leading students directly to the scientific literature. The role of
the references is to identify original papers, and to refer the reader to
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review articles and related papers for in-depth study. No attempt is
made to give an exhaustive list of references.

The book is divided roughly into three parts. In the first six chapters,
we develop the ‘tools’ of quantum optics. In the next eleven chapters,
these ‘tools’ are applied to various quantum optical systems. In the
last four chapters, we consider the application of modern quantum
optical physics to testing the foundations of quantum mechanics.

The book opens with the presentation of the quantization of the
radiation field by associating each mode of the field with a quantized
harmonic oscillator. The strong motivation to quantize the radiation
field in many quantum optical systems comes from phenomena such
as quantum beats, two-photon interferometry, and the generation of
nonclassical states of the radiation field, e.g, Fock states. Some of
these phenomena shed new light on our understanding of the elusive
concept of the photon. In the first part of the book, we discuss the
various states of the radiation field, e.g., coherent and squeezed states,
and introduce the distribution functions of the field which form a
correspondence between the quantum and the classical theories of
radiation. We then develop a quantum theory of coherence in terms of
the correlation functions of the field, which provides a framework for
discussing the outcome of interferometric experiments. We proceed to
develop the semiclassical and quantum theories of the interaction of
the radiation field with matter, with an emphasis on formulating a
theoretical framework directed toward understanding the many faceted
problems of modern quantum optics.

In the second part, we use this theoretical framework to develop
theories of atomic and field damping, resonance fluorescence, laser and
micromaser operation, and the study of the quantum noise properties
of such nonlinear optical processes as parametric amplification and
four-wave mixing. Atomic coherence effects in many novel systems
are discussed in detail. For example, the role of atomic coherence in
suppressing absorption leads to interesting effects such as lasing with-
out inversion and electromagnetically induced transparency. Atomic
coherence can also play a role in quenching Schawlow-Townes spon-
taneous emission noise in lasers, as in the correlated emission laser
(CEL). Such CEL systems have potential applications in, e.g., laser
gyro physics and ‘noise-free’ amplification.

In the third part, we move on to the application of modern quan-
tum optical physics to fundamental questions related to the founda-
tion of quantum mechanics. These include Bell’s theorem, quantum
nondemolition measurements, ‘which-path’ detectors, and two-photon
interferometry.
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