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Lenses are used in a great variety of applications, ranging from photography to 

fiberoptic communications systems. This book is a comprehensive introduction 

to lens design, covering the fundamental physical principles and key engineering 

issues. It describes clearly how to carry out the design of a lens, from the initial 

layout to the final analysis and tolerance evaluation. In illustrating this process, 

several practical examples of modern computer-aided lens design are worked out 

in detail from start to finish. 

The basic theory and results of geometrical and physical optics are presented 

early on in the book, along with a discussion of optical materials. Aberrations, 

and their correction, and image analysis are then covered in great detail. Sub

sequent chapters deal with design optimization and tolerance analysis. Several 

design examples are then given, beginning with basic lens design forms, progres

sing to zoom and aspheric lenses, and to advanced systems, such as gradient 

index and diffractive optical components. 

In covering all aspects of optical design, from the fundamental physical prin

ciples through to the use of modern lens design software, this book will be 

invaluable to students of optical engineering as well as to anyone engaged in 

optical design at any stage. 
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PREFACE 

The purpose of this book is to provide an introduction to the practice of lens 

design. As the title suggests, successful design will require the application of 

individual creativity as well as artful manipulation and thorough comprehen

sion of the numeric tools available in lens design programs. The technology, 

user connection, and breadth of the commercial lens design programs have 

reached a very high level. The availability of inexpensive, high-speed personal 

computers and user-friendly operating systems has brought the computa

tional tools within economic reach of any individual. 

This book covers the basics of image formation, system layout, and image 

evaluation, and contains a number of examples of lens designs. There are 

several excellent books in existence that are principally a compilation of the 

results of the design of several types of lenses. In this book, it is my intention 

to describe the process rather than the results. The explanations of the basics 

are provided here in a practical manner and in a level of detail sufficient to 

provide an understanding of the principles. The selected examples of designs 

include a narrative of the thinking and approach toward the decisions that 

need to be made by the designer when carrying out the work. The principles 

are, of course, independent of the software used. Each example shown does 

provide the opportunity to exploit different avenues of approach to the 

design. 

Several different lens design programs have been used to provide the 

majority of the illustrations in this book. All of the programs can handle 

most of the problems posed in this book, but of course in somewhat different 

ways. The capabilities of the programs do, of course, differ, and some pro

grams will be easier to use for a specific purpose than others. The selection of 

the programs for a given purpose was almost random, but knowledge of the 

program properties did play some role. The reader is not to presume that any 

program is better in certain operations or different from the others except as 

may specifically be mentioned in the text. In general one or another program 

is used consistently for a specific design example, although in some cases it is 

useful to show the same or similar data as it appears from different programs. 

In order to give credit to the software supplier, the source of the information 

-
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.. PREFACE 

used in each figure will be identified with the program. In several cases, to 

improve clarity within the page space limitations of this book, the graphical 

output of the program has been rearranged to retain just the significant 

information. 

It is important to note the following. CODE V® is a trademark of Optical 

Research Associates Inc.; OSLO® is a trademark of Sinclair Optics, Inc.; 

ZEMAX® is a trademark of Focus Software, Inc.; Excel® is a trademark of 

Microsoft Inc. The programs used were in versions current in 1995. 

There are so many possible optical design problems in existence today that 

only a few examples can be covered in a single book. The exposition of the 

principles and approaches discussed here will serve as a basis for a designer 

exploring other regions of design space. I hope that this book is helpful in 

conveying the reasons why lens design is done the way it is, and that it 

provides insight helpful for any designer or design student to understand 

how to go about the process of lens design. 

Tucson, Arizona; January 1996 
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