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Introduction to the Series

Welcome to the SPIE Field Guides—a series of
publications written directly for the practicing engineer or
scientist. Many textbooks and professional reference
books cover optical principles and techniques in depth.
The aim of the SPIE Field Guides is to distill this
information, providing readers with a handy desk or
briefcase reference that provides basic, essential
information about optical principles, techniques, or
phenomena, including definitions and descriptions, key
equations, illustrations, application examples, design
considerations, and additional resources. A significant
effort will be made to provide a consistent notation and
style between volumes in the series.

Each SPIE Field Guide addresses a major field of optical
science and technology. The concept of these Field Guides
is a format-intensive presentation based on figures and
equations supplemented by concise explanations. In most
cases, this modular approach places a single topic on a
page, and provides full coverage of that topic on that page.
Highlights, insights, and rules of thumb are displayed in
sidebars to the main text. The appendices at the end of
each Field Guide provide additional information such as
related material outside the main scope of the volume,
key mathematical relationships, and alternative methods.
While complete in their coverage, the concise presentation
may not be appropriate for those new to the field.

The SPIE Field Guides are intended to be living
documents. The modular page-based presentation format
allows them to be easily updated and expanded. We are
interested in your suggestions for new Field Guide topics
as well as what material should be added to an individual
volume to make these Field Guides more useful to you.
Please contact us at fieldguides@SPIE.org.

John E. Greivenkamp, Series Editor
Optical Sciences Center
The University of Arizona




The Field Guide Series

Keep information at your fingertips with all of the titles
in the Field Guide series:

Field Guide to Geometrical Optics, John E. Greivenkamp
(FGO01)

Field Guide to Atmospheric Optics, Larry C. Andrews
(FG02)

Field Guide to Adaptive Optics, Robert K. Tyson &
Benjamin W. Frazier (FG03)

Field Guide to Visual and Ophthalmic Optics, Jim
Schwiegerling (FG04)

Field Guide to Polarization, Edward Collett (FG05)
Field Guide to Optical Lithography, Chris A. Mack (FGO0G6)

Field Guide to Optical Thin Films, Ronald R. Willey
(FGO7)

Field Guide to Spectroscopy, David W. Ball (FG0S8)
Field Guide to Infrared Systems, Arnold Daniels (FG09)

Field Guide to Interferometric Optical Testing, Eric P.
Goodwin & James C. Wyant (FG10)

Field Guide to Illumination, Angelo V. Arecchi; Tahar
Messadi; R. John Koshel (FG11)




Field Guide to Lasers

Within the nearly five decades since the invention of the
laser, a wide range of laser devices has been developed.
The primary objectives of this Field Guide are to provide
an overview of all essential lasers types and their key
properties and to give an introduction into the most
important physical and technological aspects of lasers. In
addition to the basic principles, such as stimulated
emission and the properties of optical resonators, this
Field Guide discusses many practical issues, including the
variety of important laser crystal properties, the impact of
thermal effects on laser performance, the methods of
wavelength tuning and pulse generation, and laser noise.
Practitioners may also gain valuable insight from
remarks on laser safety (emphasizing real-life issues
rather than formal rules and classifications) and obtain
new ideas about how to make the laser development
process more efficient. Therefore, this Field Guide can be
useful for researchers as well as engineers using or
developing laser sources.

I am greatly indebted to my wife, who strongly supported
the creation of this Field Guide, mainly by improving the
majority of the figures.

Dr. Rudiger Paschotta
RP Photonics Consulting GmbH
Zirich, Switzerland
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Glossary of Symbols

Ho W

E sat

fro

Fsat

area (e.g., the cross section of a laser beam)
brightness (radiance) of a laser beam
velocity of light in a vacuum

electric field strength

saturation energy (e.g., of a laser medium)
focal length (e.g., of a thermal lens)
relaxation oscillation frequency

fluence (energy per area) of a pulse
saturation fluence (e.g., of a laser medium)
gain coefficient

small-signal gain coefficient or initial gain
power amplification factor (= exp(g))
Planck’s constant

optical intensity (power per unit area)
saturation intensity (e.g., of a laser medium)
wave number (= 21/ A)

loss coefficient

(e.g., for round-trip losses of a resonator)
length (e.g., of a laser medium)

beam quality factor

refractive index

number density of ions in energy level 2
numerical aperture

optical power (e.g., of a laser beam)

radial position (= distance from beam axis)
radius of curvature (e.g., of wavefronts)
round-trip time of a resonator

output coupler transmission

beam radius

beam radius at the beam waist

position coordinate along a laser beam
Rayleigh length of a laser beam

x1



Glossary of Symbols (cont.)

linewidth enhancement factor
optical phase or azimuthal angle
divergence angle

thermal conductivity
wavelength

optical frequency

optical bandwidth

absorption cross section
emission cross section
upper-state lifetime

x11



