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This established textbook provides an accessible but comprehensive intro-

duction to the quantum nature of light and its interaction with matter. The

field of quantum optics is covered with clarity and depth, from the under-

lying theoretical framework of field quantization, atom–field interactions,

and quantum coherence theory, to important and modern applications at

the forefront of current research such as quantum interferometry,

squeezed light, quantum entanglement, cavity quantum electrodynamics,

laser-cooled trapped ions, and quantum information processing. The text

is suitable for advanced undergraduate and graduate students and would

be an ideal main text for a course on quantum optics. This long-awaited

second edition builds upon the success of the first edition, including many

new developments in the field, particularly in the area of quantum state

engineering. Additional homework problems have been added, and con-

tent from the first edition has been updated and clarified throughout.

Christopher C. Gerry is Professor of Physics at Lehman College, City

University of New York. He was one of the first to exploit the use of

group theoretical methods in quantum optics and is a highly regarded

researcher and lecturer in the field. He has written well-regarded books,

both for advanced students and researchers, and for a more general

audience.
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a past President of the Institute of Physics (IOP), 2004 President of the
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Technology Programme Strategy Advisory Board, and Chair of the

Quantum Metrology Institute at the National Physical Laboratory. His

research centers on quantum technology and quantum optics and he has

been the recipient of several prestigious awards, including the Thomas

Young Medal and Glazebrook Medal of the Institute of Physics,

Optica’s Frederic Ives Medal and Herbert Walther Award, the Royal

Medal of the Royal Society, and the Faraday Medal of the Institution of

Engineering and Technology.
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“Quantum technology is transitioning from the research laboratory into

the commercial world. Scientists and engineers are learning new languages

to understand how quantum will impact applications. Beyond the math,

what I love about this book are the words highlighting both the intuitive

and non-intuitive science, essential understanding for progressing the

transition from quantum science to quantum technology.”

Professor Miles Padgett FRS, The University of Glasgow, UK

“The book is absolutely a pleasure, with a wide coverage of the field

including important developments such as optical tests of the foundational

aspects of quantum mechanics, Heisenberg limited metrology, quantum

gates, and decoherence. The simplicity with which deeper concepts are

introduced is truly remarkable. It deserves to be on the shelf of everyone

interested in the new quantum revolution of the twenty-first century.”

Professor Girish S. Agarwal FRS, Texas A&M University, USA
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Preface

The first edition of this book, published in 2005, was intended to be

a readable text for students interested in the nature of light fields and

their interaction with atoms at the fundamental level, focusing on concepts

and ideas. At that time we noted the vibrancy of the field, and in the

subsequent 20 years it has grown and flourished, with major insights

being uncovered on the nature of quantum light, on entanglement, and

much else. The award of the 2022 Physics Nobel Prize to Alain Aspect,

John Clauser, and Anton Zeilinger for their work on quantum optical

entanglement highlights the central role the subject has continued to play

in modern physics. Many universities now offer courses on quantum

optics, some for final-year advanced undergraduates and many more for

graduate students, and it is to these that we address our book. The text is

designed for students taking courses in quantum optics who have already

taken a course in quantum mechanics, although we do cover some key

elements that they may not have encountered before, such as the Schmidt

decomposition – so useful in describing entanglement, and some key ideas

in quantum measurement theory.

The presentation continues to be very much concerned with the quant-

ized electromagnetic field. As in the first edition, topics covered include

single-mode field quantization in a cavity, quantization of multimode

fields, quantum phase, coherent states, quasi-probability distribution in

phase space, atom–field interactions, the Jaynes–Cummings model, quan-

tum coherence theory, beam splitters and interferometers, nonclassical

field states with squeezing and so on, tests of local realism with entangled

photons from down-conversion, experimental realizations of cavity quan-

tum electrodynamics, trapped ions, decoherence, and an introduction to

applications to quantum information processing, particularly quantum

cryptography. We have made many updates to the text and included new

sections on the quantum phase operator in Chapter 2, a detailed discussion

of the connection between the photon number parity operator and the

Wigner function in Chapter 3, a major expansion on beam splitters and

interferometers in Chapter 6 – to include more details on how to obtain

beam splitter output states for any given number-state inputs. This chapter

also includes a discussion of the use of the SU(2) (angular momentum)

formalism in the Schwinger realization for the description of beam splitters

and interferometers. The homework problems for this chapter have been

significantly revised. In Chapter 7 we have added material on the distinc-

tion between Gaussian and non-Gaussian states and the significance of
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that distinction, and we have added a section on the so-called pair coherent

states, a particular example of a two-mode non-Gaussian state. We have

added a section on entanglement generation by beam splitting, and

a section on quantum state engineering by photon-level operations on

Gaussian states. In Chapter 8 we have added a section on modeling losses

with fictious beam splitters, where we show how thismethod can be applied

to number states. The section on decoherence has been reworked from this

point of view. In Chapter 11 we have added sections on the no-signaling

theorem and the no-cloning theorem. Also added is a section on an

experiment in quantum optical interferometry where a squeezed vacuum

state is mixed with a coherent state to generate a superposition of the so-

called N00N states. A section has been added on using photon number

parity as the observable in an interferometric experiment with coherent

light. In the section on quantum random number generation (QRNG) we

have added a discussion on the use of measurements of the photon number

parity operator in moderately intense laser light for generating random

numbers and of the experiment that was performed in connection with this

idea.

We took a decision to remain focused on quantum optics and resisted

the temptation to extend substantially our coverage of quantum informa-

tion processing, which has developed into a field of its own covered by

excellent specialist texts. As theorists, we felt it would be inappropriate to

go into the details of experiments, rather we concentrate on the basic

theoretical ideas.

The book contains many homework problems, suggestions for further

reading, and a comprehensive bibliography of the key papers that we feel

students would benefit from accessing. Feedback from colleagues around

the world has been invaluable as we worked on this second edition; we

hope it will continue to be a useful guide to an exciting part of contempor-

ary physics.

xiv Preface
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