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Foreword

“Laser Optics” is a branch subject, dealing with laser beam propagation
and transformation in space, Before the invention of the laser, the attent-
ion to the studies of the characteristics of beam propagation through optical
systems was mainly focused on the beams with uniform amplitude, whereas
the laser beams determined by resonator modes are those with non-uniform
amplitude, bringing about some mnovel propagation characteristics, which
are of interest to the laser scientists, And the Gaussian beam propagation
is one of the typical examples,

By skillfully using matrix optical methods and combining them with the
diffraction theory in optics, the author of this book gives a comprehensive
and clear-cut description of the laser beam propagation and transformation,
Especially, the analysis of the beam characteristics in resonators is more
systematic and complete in this book,

The author, Prof, Baida Lii,has devoted himself to studying beam pro-
pagation and transformation for a long time and mastered the fundamentals
in this field deeply, This book is a summary of the results of his research
and teaching in laser optics in more than ten years, Moreover, the step-by-
step—organized material is believed to be useful for the beginners in this
field, Hereby I am pleased to recommend this worthwhile book to the
republication,

Shanghai Institute of Optics

and Fine Mechanics, Academia Sinica

May 20, 1992

Prof, Ximing Deng
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Preface to the Second Edition

Since 1983, the author has been giving lectures on “Laser Optics” and
related courses to the undergraduate and graduate students majoring in
Optics at Sichuan University, In 1986, the book #“Laser Optics” , which
was compiled and organized on my lecture manuscripts, was published
by Sichuan University Press and used in several universities and institutes
in China, In preparing the republication, some revising and enlarging work
has been done based on the first edition, according to reader’s comments,
so as to include the recent advances in laser optics these years,

Laser optics deals with laser beam propagation and transformation throu-
gh optical systems, in various media,such as homogeneous/inhomogeneous,
isotropic/anisotropic and nonlinear ones, as well as resonator physics and
technology,so as to realize beam quality control, Since the first laser in het
world was discovered in 1960, the propagation properties of the optical bea-
ms generated by lasers,and the physics and technology of optical resonators
have been paid wide attention to, the relevant research work has develo-
ped vigorously, There are quite extensive subjects, quite a lot papérs to
read, and the application aims are quite explicit, The revised edition is
composed of two parts, of which the first part, containing chapters 1-3
and 6-7, i,e,,introduction to laser optics, matrix methods in optics, Gau-
ssian beams, simple two-mirror resonators and diffraction integral tﬁeory
of optical resonators, is the basic one that provides elementary theories
and useful analytical tools of laser optics, The second part, i,e,, the rest
five chapters, is concerned with some specific topics and advances in laser
optics, e, g, Gaussian Schell-model beams, diffraction-free Bessel beams,
generalized diffraction theory in the time-space domains, multielement res-
onators, dynamical properties of resonators with an internal thermal lens,
phase-conjugate resonator, axis-asymmetric resonator, misalignment chara-
cteristics of optical resonators, and thermal effects in optically pumped
lasers etc,,from which readers can choose what they need according tyd th-
eir own purposes, when “Laser Optics” is used as a textbook, References,
problems and related illustrations are included at the end of each chapter,

My lecture manuscripts used each year and a great number of papers
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published both in China and abroad are referred when 1 revise this bodk,
intending to reflect the research results obtained by the Chinese laser sci-
entists and engineers in this field in more details, While studying the whole
book, the following monographs and books are espécially worth recommen-
ding.

1. R, K, Luneberg, “Mathematical Theory of Optics” , University
California Press, Berkeley, Calif,, 1964,

2, A, E, Siegman, “Lasers” , University Science Books Mill Valley,
California, 1986,

> 3, H,Weber, “Optische Resonatoren” ,Festkorper-Laser-Institut Ber-
lin GmbH, 5, Aufiage, 1988,

4, D, R, Hall and P, £, Jackson, %The Physics and Technology of
Laser Resonators” , Adam Hilger, Bristol and New York, 1989,

I wish to acknowledge my colleagues and students Working in our ins-
titute for their kind help during the past ten.years while this book
was being written, And I am indebted to:the following professors whose
suggestions and 'encouragements have certainly contributed toward improv-
ing the book in a number of ways; Profs, H, Weber, Ximing Deng, Suish-
eng Mei, Dianyuan Fan, Shouhuan Zhou, Yizhong Kuang, Qingyue Wang
Guanghui Wei, Shaomin Wang, and Yiaxong Lu, I am especially thankful
to Prof, Ximing Deng, who wrote the foreword for the second edition and
to Prof, Dr, H, Weber, who kindly sent me the research reports,diploma
theses and dissertations of Festkorper-Laser-Institut Berlin, which were
quite helpful while revising the book, My great thanks must go to. Prof,
Dianyuan Fan for our fruitful discussions concerning the beam transfor-
mation and applications to high power laser technology,

On account of the limitation of the author’s knowledge,there might be
some shortcomings and mistakes, Any criticism and corrections from the
readers are highly welcomed in order that the beok be improved when
republished again in the future,

Chengdu May, 1992

Baida Lii
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Preface to the First Edition

“Laser Optics” deals with laser beam propagation and transformaiion th-
rough optical systems, in various media and inside optical resonators, The
former includes the laser beam propagation through optical imaging systems
(lens, telescopic sysi;em, lens sequences etc, ), inhomogeneous medium,
anisotropic medium and nonlinear medium, while the latter forms the cont-
ents of optical resonator theory, It is necessary for laser scientists and
engineers to grasp these materials systematically,

The book is divided into two parts, containing ten chapters, Part
ohe, including chapters 1-5, is the basic part that introduces the basic conc-
epts of laser optics, of which three chapters are the key points, i.e..,
fundamentals of matrix optics, Gaussian beams, and diffraction integral
theory, In order to facilitate self-study, the main procedures of mathema-
tical reasoning are given in this part, The methods used and the results
obtained are explained physically, Part two includes the last five chapters,
i, e,, chapters 6-10, dealing with some special topics in laser optics, for
example, multielement resonators,ring resonator, misaligned characteristics
of optical resonators, thermal effects in optically pumped lasers and the
problems concerning resonator design, What is stressed in this part is how
to solve practical problems by means of these basic methods,

For practical purposes, this book focuses on the applications of the
theories, and methods which are easy to understand are used to elucidate
the theories, while more strict theoretical treatments can be found in the
reference literatures listed at the end of each chapter, Although the books
and literatures on laser physics and laser technologies have accumulated to
a certain degree all these past twenty years,the monographs on laser optics
and optical resonators are quite limited, The related literatures and mate-
rials both in China and abroad are widely referred to and elaborately sel-
ected according to the author’s need while organizing the materials, The
author’s personal views are also reflected in the book, Some reference
materials are recalculated and organized by the author and are not exactly
the same as the original ones, Problems and exercises are attached to the

end of each chapter, and further discussions of some special topics in the
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text are also put in the problems,It is much to be regretted that the contents
concerning the laser beam transformation and propagation in optiéal fibres,
wavegtides and atmosphere are not included, limited by the 'length of the
book, Fortunately, there are some excellent monographs in these areas to
be referred to, Readers with the knowledge of advanced mathematics, atomic
physics, methods of mathematical physics, optics, electrodynamics, and
principles of lasers will not encounter any essential difficulty when studying
this book, '

This book is corrected and revised based on the lecture manuscripts |
wrote for the class of undergraduate and graduate students majoring in Optics
of the Physics Department of Sichuan University and the laser seminars in
Chengdu, I am very indebted to Prof, Dr, H, Weber for much friendly and
enthusiastic help while both going on research work on optical resonators
at Kaiserslautern University of West Germany during 1980-1982 and writing
thig book, Besides,several fruitful discussions with Prof, Dr, W, Demtroder
are-also quite helpful, Some results in the research reports, diploma theses
and dissertations of the research groups leaded by these two professors of
Kaiserslautern University are used in this book, Here 1 wish to express
my heartfelt thanks to them, Prof, Yizhong Kuang, Director of the Insti-
tute of Laser Physics and Laser Chemistry of Sichuan University,examined
the manuscripts and gave some useful comments, Several valuable papers
are provided by Mr, Guanghui Wei of Beijing Institute of Technology and
Mr, Shaomin Wang of Hangzhou University, A lot of efforts are made
by Sichuan University Press to make sure that this book be published as
early as possible, I am especially thankful to all of them,

Although this book has been revised while being on trial, shortcomings
and mistakes are still inevitable since this is a research field which covers
wide areas and is still in development, Corrections of errors and misprints
from readers are highly welcomed and indebted to,

Sichuan University Dec,, 1985

Baida Lu
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