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Preface

The basic subjects concerned with application research of high-
power laser are laser transmission, transformation and thermal act-
ing between laser beam and material.l have engaged in the project
research of this field since 1985.The author has kept a steady re-
search cooperation with Institute National des Sciences Appliquée
(France), Ecole Centrale de Lyon and Ecole Nationale Supérieure
des Arts et Méties de Paris. The author was charged with research
project of PSA Etudes et Recherches, French Pretty Motor Corpora-
tion and guided the Ph.D.students of France and China. At home,
the author has finished one after another the projects come from the
Excellent Young Teacher Fund of Chinese Education Commission,
The National Natural Science Fundation of China and Natural Sci-
ence Fundation of Yunnan Province.In research work, the author
realizes deeply that scalar diffraction theory, heat conduction theory
and computer technology play important roles in the region of laser
application research. The knowledge on laser as well as thermal act-
ing of laser and material is obtained step by step in using computer to
simulate and solve actual problem. .

Light is electromagnetism wave. The macroscopic physical pro-
cess of light propagation is the diffraction of electromagnetism wave
in space.Now, the application of laser nearly extends all over each
field of economic construction and national defence research.For
quantitatively describing the role of laser in application and research,
we have to concern with the diffraction calculation of light wave
field. However, the diffraction problem, in general, can be shown
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only as a multi-integral whose solution is hardly obtained. It is not a
simple thing for scientists and technologists who have very much
knowledge on scalar diffraction theory to complete diffraction calcu-
lation correctly.In recent years, diffraction calculation may be ac-
complished conveniently due to the fast development of computer
technology and popularity application of computer.Based on the
physical concept of light propagation and combining the characteris-
tic of numerical calculation, we have done the deep research on the
diffraction calculation and reported the main results in the jour-
nals. We think that it is very valuable to summarize our calculation
methods and the published papers and present them to readers,
which can offer convenience for the graduate students of related spe-
cial field and scientists or technologists. This becomes main reason of
writing this book.

The thermal acting between laser and material is influenced by
many definite factors. It is very difficult to compute accurately ther-
mal acting between laser and material with analytic calculation. The
better simulation on physical process of thermal acting is achieved
basically by pure numeric calculation. However, no matter calculate
time or cost using complex pure numeric calculation is not borne in
the actual application. Moreover, it is not easy to transplant the nu-
meric calculation model designed basically for specific problem into
similar research.To simplify research, the laser beam is usually re-
garded as ideal Gaussian beam with base-transverse-mode or some
ideal beam distributions, and the laser-radiated object is considered
as a semi-infinite medium whose thermal physical properties parame-
ters are some constants, and then one can educe some expressions
easy to calculation. A lot of hypotheses that are far from actual con-
ditions have been taken in simplifying research so that these research
results can not be usually directly served for actual applica-
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tion. Research on quick but credible calculation method is still a need
basic subject for controlling effectively the thermal acting process be-
tween laser and material . Under the financial support from The Na-
tional Natural Science Foundation of China and Natural Science
Foundation of Yunnan Province, based on the technique of fast
Fourier transformation ( FFT ) and the theory of semi-analytic cal-
culation, the author has developed a quick calculation method which
approaches relatively experiment results. A useful reference for engi-
neering technicians and graduate students may be provided by the
author’s research. This becomes another important reason of writing
this book.

Therefore, the major content of this book focuses on the calcu-
lation problems of laser propagation, transformation and thermal
acting between laser and material. The title of this book is decided as
“Diffraction of Laser and Calculation on Thermal Acting”.

Since the classical electromagnetic field theory is foundation of
scalar diffraction theory, in order to make things convenient for stu-
dents who did not major in optics, an essential introduction to the
classical electromagnetic field theory and the scalar diffraction theory
is given in the Chapter 1 and Chapter 2. As known to all, the classi-
cal electromagnetic field theory and the scalar diffraction theory were
formed more than 100 years ago.However, untill the appearance of
laser and computer, has the scalar diffraction theory gobtained a
great development in application research in recent decades. Not only
becomes it a important theory foundation of modern photo-communi-
cation and optical information processing, but, according to classical
Fresnel diffraction integral, a lot of diffraction formulas have pre-
sented which focus on some specific problems. The Collins formula is
a representation of them.For mirroring the new progress of diffrac-
tion calculation in this book, when writing these two chapters, the
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author referred mainly some of monographs that have published in
recent years. They are: Engineering Optics, writed by Mr.Yu
daoying (Tianjin University) and Mr. Tan hengyin (Zhejiang Uni-
versity) , Propagation and Cortrol of High-Power Laser , writed by
Mr. Lii Baida (Sichuan University) and Optique, writed by Marie
May and Anne-Marie Cazabat (published in France, 1996).

The 3rd, 4th and 5th chapters have summarized various meth-
ods of calculating diffraction integral in space range and frequency
range, and introduced the space trace method on calculating diffrac-
tion field in the case of light wave passing through off-axis optical
system by equivalent by-axis optical system.Calculating diffraction
of light correctly is a most important content in the research of optic
information processing. In these three chapters, to confirm the feasi-
bility of each method, the author gave several actual examples of
comparing theory calculation with experiment measure-
ment. According to the calculation formulas in this book, readers
who have basic knowledge on science calculation and computer pro-
gram should get the same results and may solve the problems relating
to application research by writing programs.

Since diffraction calculation is concerned with the definition and
measure of laser beam parameters, in Chapter 6, the definitions on
beam parameters of Gaussian beam and general beam are discussed
using diffraction theory and two detection methods on power density
distribution of high-power laser are introduced briefly . In Chapter 7,
some typical beam transforming systems of laser process and heat
treatment are expounded.The diffraction calculation method that
was introduced in this book has comprehensive application in chapter
7.Readers can find out clearly that scalar diffraction theory can cal-
culate accurately space change process of light wave field when co-
herent light passing through the optical system.For the readers en-
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gaging in research on interaction of laser and material, they can form
more direct concept on beam intensity distribution that reaches actu-
ally material surface. The optical systems we discussed mainly met
the needs of process and heat treatment of industrial laser. In the ap-
plication research of high technology, however, the research on
well-distributed of high-power laser follows the same principle and
theory. We believe that the discussion in this book is also beneficial
for researchers who engaging in the application research of high-
power laser.

In Chapter 8, we introduced the semi-analytic calculation and
FFT calculation method on thermal acting between laser and materi-
al. In this chapter, we did not assume the laser beam has ideal distri-
bution and not regard the laser-radiated object as a semi-infinite
medium. Starting from the analytic solution of heat conduction
equation of infinite medium with constant thermal physical proper-
ties parameters, we dealt with boundary problem by introducing
various “image heat source” and discussed some quick calculation
methods that are closer to actual application and got the experimen-
tal support. We listed more detail calculation formulas and theoretical
proof for each kind of calculation method, and gave the comparison
of theoretical calculation and actual measurement.

The Chapter 9 includes brief induction of pure numerical value
calculation method and research on some more complex physical pro-
cesses between laser and material.In international cooperation,
Mr. Chen Qinghua and Mr.Fu Yunchang ( Kunming University of
Science and Technology ) performed study successfully in this field
by using abroad experiment condition. From this chapter written by
them, readers may understand the basic method and partial calculat-
ing examples for solving thermal acting problem by method of finite
difference and finite element, and know a lot of physical models and
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mathematical representatives on more complex thermal acting be-
tween laser and material. The more elaborate calculation formula has
been given for each calculating example. It is helpful very much for
graduate students and researches. In the end, the basic knowledge of
Fourier transformation and several special functions which concerned
with in theoretical calculation of this book were introduced briefly in
the appendix.

The author thanks Prof. Li Baida, Prof.Zheng Qiguang as well
as Prof. Liu Jianglong, who gave the enthusiasm support for author
and made the publication of this book obtain the financial aid of The
National Science and Technology Academic ‘Works Publication
Fund. At the same time, author thanks Prof.Qiu Junlin, who care-
fully read the book and gave advice for content and structure of this
book so as to a lot of problems got more strictly statement and re-
search.

The numerical value calculations involved in this book were per-
formed basically in computer by author’s programming, and the ex-
periments and management on experimental data were performed
under author’ s attendance. The greater parts of basic contents and
formula and calculation results in this book were selected from au-
thor’ s papers that published at home and overseas in recent years so
as to this published book can furthest reduce falsehood.Because of
limitation in knowledge and knowing level, however, the author

looks forward to getting reader’ s comment on unsuitable spots.

Li Junchang
Kunming University of Science and Technology, March, 2001
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