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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 princi-
ples, 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 docu-
ments. The modular page-based presentation format
allows them to be 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
College of Optical Sciences
The University of Arizona
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Field Guide to Fiber Optic Sensors

Fiber optic sensor work began in the mid-1970s with a
variety of multimode fiber optic sensors and early itera-
tions of Sagnac and Mach–Zehnder interferometers. Con-
certed efforts developed fiber optic gyros and acoustics
sensors in the form of hydrophones; fiber gyros are
currently used for aircraft and spacecraft navigation,
including the Spirit and Opportunity rovers on Mars. They
are used for naval and land navigation, in robots that mow
soccer fields and clean floors, and in remote-controlled
helicopters that spray crops. Acoustic technology originally
developed for undersea surveillance is now used to support
oil and gas exploration and extraction operations.

In the mid-1980s the field of fiber optic smart structures
emerged as a way to monitor the health and integrity of
structures through the manufacturing process, during
installation, and throughout the lifetime of the structure.
Distributed sensors based on Raman and Brillouin scatter-
ing have been used to support cure monitoring on large
concrete structures such as dams and to monitor oil holes
and pipelines.

The continued improvement and reduction in costs associ-
ated with fiber optic technology associated with fiber
sensors permit application areas that were previously
inaccessible. These trends are expected to continue as new
techniques become available and older ones are success-
fully adapted to new applications.

This Field Guide provides a broad introduction to a variety
of fiber optic sensors that have been successfully developed
from the 1970s to the present. We hope that the included
examples inspire readers with ideas for new sensors and
applications.

William B. Spillman, Jr. Eric Udd
Floyd, Virginia Fairview, Oregon
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Glossary

a Fiber core radius
A Amplitude or some constant value
APD Avalanche photodiode
B Bandwidth
B Magnetic flux vector
c Speed of propagation of an electromagnetic wave
ce Effective speed of light
d Grating period, Bragg grating period, or lateral

misalignment
d0, d1 Chirped grating parameters
Di Distance from a photodetector to the ith element
dij Distance between optical elements i and j
e Electric charge or base of natural logarithms
E Electric-field vector
EH Hybrid mode with more electric field than

magnetic field ^ to the direction of propagation
f Frequency (in Hertz), or the lens focal length
F Finesse
F Power emitted by a blackbody
FBG Fiber Bragg grating
fD Disk rotation frequency
FDM Frequency division multiplexing
fM Modulation frequency
FTIR Frustrated total internal reflection
fs Material stress-optic coefficient
Ge Germanium
GRIN Graded index
h Height
h Planck’s constant
HE Hybrid mode with more magnetic field than

electric field ^ to the direction of propagation
He-Ne Helium-neon
I Optical power
i0 Reverse “dark current”
IB Background optical power
Id Dark current
is Photocurrent
k Wave vector
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kB Boltzman’s constant
L Length of a GRIN lens
LED Light-emitting diode
m Diffraction order
n Index of refraction
N Number of slots around a disk edge, or number of

excited electrons
NA Optical-fiber numerical aperture
neff Effective index of refraction
OD Optical density
OFDR Optical frequency domain reflectometry
OTDR Optical time domain reflectometry
p Pitch of a GRIN lens
P Pressure or detected optical power
PD Photodiode
Pe Photoelastic constant
Pmin Minimum detectable acoustic pressure
PVF Polyvinyl fluoride
r ^ distance from optical axis
r Position vector
R Electrical resistance or responsivity
R Reflectivity
RE, RT Fluorescent decay constants
RGB Red–green–blue
Rp p-polarized intensity reflectivity
Rs s-polarized intensity reflectivity
s Optical fiber longitudinal misalignment
s1 Distance of an object from the center of a lens
s2 Distance of an image from the center of a lens
Sn Fluorescent signal level
SNR Signal-to-noise ratio
t Time
T Absolute temperature
TA Fiber axial displacement fractional transmission
TDM Time division multiplexing
TE Mode with an electric field ^ to the direction of

propagation
TEM Mode with both magnetic and electric fields ^ to

the direction of propagation
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Ti Transducer function
TIR Total internal reflection
TL Fiber longitudinal fractional transmission
TM Mode with magnetic field ^ to the direction of

propagation
UV Ultraviolet
V V-number, or voltage
VB Reverse bias voltage
VOD Velocity of detonation
VR Voltage from a reference photodetector
W Watts
WDM Wavelength division multiplexing
z FTIR variable
a Fractional transmission factor, fluorescent decay

probability, or thermal expansion coefficient
am Angle of the mth diffraction order
b Mode-propagation constant, or FTIR variable
DE Energy-level difference in fluorescent decay
: Dielectric permittivity, or mechanical strain
� Thermo-optic coefficient
h Quantum efficiency
u Angle
uD Angle of diffraction
l Wavelength
lB Wavelength Bragg grating maximum reflection
L Microbend optimum deformer spacing
m Magnetic susceptibility
mW Microwatts
s Linear stress
t e–1 fluorescent decay time
f Phase
v Angular frequency in radians/sec
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