
Fiber interferometric sensors: 
Technology and applications 

By F. Bucholtz and A.M. Yurek 

Interferometric fiber sensors have 
generated a great deal of interest 
during the past decade. The abili

ty to resolve phase changes caused by 
external disturbances to less than 10-6 

radians in a flexible, lightweight, elec
tromagnetically-immune opt ical 
waveguide system offered, at the very 
least, the potential to provide sensors 
for certain applications that were im
possible with existing technology. At 
best, it offered the potential to signifi
cantly affect sensor technology in gen
eral. 

This article will focus on a relative
ly small but important niche of the 
field of fiber sensor technology—fiber 
sensors based on Mach-Zehnder in
terferometers. Related articles on the 
fiber gyroscope, on sensors for medi
cal applications, and on multiplexing 
techniques appear elsewhere in this is
sue. 

Rapid growth in research 
The first papers on interferometric 

fiber sensors appeared around 1977 
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soon after reliable single-mode optical 
fiber became available. 1 Important 
early work was performed on acous
tic sensors by Cole at T R W and by 
Bucaro at the Naval Research Labo
ratory (NRL) , and on temperature 
and pressure sensing by Hocker at 
Honeywell. The period 1980-1985 
saw a rapid expansion of work on fi
ber sensors 2 , 3 for almost every imag
inable parameter, with major work 
performed in the U.K. at the Universi
ty of Kent at Canterbury, University 
College of London, Southampton 
University, and at Plessey, Roke Man
or, and in the U.S. at N R L and a host 
of industrial laboratories including 
Gould, MacDonnell Douglas, Optical 
Technologies, Honeywel l , Mar t i n 
Marietta, and Battelle. 

The rapid growth in this period 
was strongly coupled to the increas

ing availability of single-mode fiber 
primarily for the communications in
dustry. It is still true today that the 
fiber sensor community has little eco
nomic clout compared to the commu
nications industry and must generally 
work with optical components de
signed specifically for communica
tions. 

During the last four years, the em
phasis has shifted to some extent 
from purely laboratory experiments 
to demonstrations of systems that 
work outside the laboratory. 4 - 6 As 
expected, the transition to the "real 
world" has not been simply an engi
neering detail, but has opened whole 
new areas of research and develop
ment. Significant advances have been 
made in the areas of acoustic and 
magnetic sensors and in demodula
tion and multiplexing techniques. 

Every interferometric sensor relies 
on the generation of a differential 
phase shift between two arms of an 
interferometer by the parameter to be 
measured (the "measurand"). Since 
the increase in the phase of light prop
agating a distance L in fiber is given 
by Φ = nkL, where n is the index of 
refraction and k = 2π/λ is the propa
gation constant, a change of the phase 
in one arm can be accomplished by 
changing any one (or some combina
tion) of the parameters n, k, or L. In 
most cases, the most efficient way to 
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change Φ is to change L using a trans
ducer to which the fiber is attached. 
The transducing material is chosen to 
respond specifically to the measurand 
of interest and the interferometer sim
ply responds to the change in the 
length of the fiber, regardless of the 
type of transducer employed. As such, 
the interferometer serves as a sophisti
cated—and extremely sensitive— 
strain gauge. 

Examining the theory 
Interferometric fiber sensors have 

employed a wide variety of configura
tions, from polarimetric to classical 
two-beam and multiple beam inter
ferometers to hybrid systems.4 One 
common configuration is the two-
beam Mach-Zehnder interferometer 
(see Fig. 1) in which a single beam 
from a laser source is divided into two 
spatially separate but coherent 
beams. One beam travels along the 
reference fiber that is made insensitive 
to the parameter being measured, 
while the other beam is sent along the 
sample arm containing a transducer 
that responds strongly to measurand 
of interest. Light from the two paths 
is then recombined into a single out
put beam that contains information 
on the relative phase. This informa
tion can be extracted by coupling the 
output beam onto a photodetector. 
Since the photodetector output is pro
portional to the intensity, rather than 
the amplitude, of the incident light, 
the output depends on the cosine of 
the difference in phase of the two 
beams at the point where they were 
combined. 

Two points need to be emphasized 
here. First, when using a simple sen
sor configuration consisting of a sin
gle interferometer followed by a de
tector, it is necessary for the light in 
the two arms to be coherent at the 
point of recombination, otherwise in
terference wil l not be observed. (It 
will still occur, but random fluctua
tions in the relative phase will average 

the observable effect to zero.) For the 
beams to remain coherent, the optical 
path length difference between the 
two arms must be much smaller than 
the coherence length of the source. 
Second, phase information impressed 
upon the light in the sample arm is 
present in the output beam, regardless 
of the degree of coherence or relative 
state of polar izat ion of the two 
beams—that is, regardless of whether 
the interference is observable with a 
simple detector on the interferometer 
output. It is almost always possible to 
recover the phase informat ion 
through suitable manipulation of the 
output and input light beams. 

As shown in Fig. 1, the general ex
pression for the output intensity I in 
terms of the phase difference Φ is 

1 = A + B c o s Φ (1) 

where A depends on the average opti
cal intensity and B depends on the op
tical intensity and on both the state of 
polarization and the degree of coher
ence of the light beams in the two 
arms when they recombine. 

The total phase shift generally con
sists of a number of frequency com

ponents and is typically written 

Φ = Φo + ΦωCOSωt (2) 

where Φω contains information on the 
parameter to be measured and Φ0 in
cludes everything else, such as the 
static path length difference between 
the two arms as well as phase shifts 
resulting from low-frequency thermal 
and mechanical disturbances. When 
this expression is substituted into Eq. 
(1), the result is 

where the Jn are Bessel functions of 
order n. It is instructive to consider 
only the ω frequency term 

Iω = - 2 B sinΦ0 J1(Φω)cosωt (4) 

Two problems in recovering the 
phase signal Φω from the output in
tensity are immediately apparent. 
First, the output depends on sinΦ0 

and, in general, the value of Φ 0 is nei-

FIGURE 1. Basic fiber optic Mach-Zehnder interferometer. 
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ther known nor constant. Second, the 
output is not proportional to Фω, but 
rather to J 1 ( Ф ω ) . A number of "de
modulation" techniques have been 
developed to overcome these difficul
ties and to yield an output voltage 
that is both linearly proportional to 

Фω and independent of Ф0. Demodu
lation schemes are discussed below in 
further detail. 

The overall performance of an in
terferometer in a sensor depends on 
the fringe visibility b = B/A and the 
minimum detectable phase shift Фmin. 

The fringe visibility depends on both 
the state of polarization and the de
gree of coherence of the two light 
beams and, in general, is independent 
of measurand frequency. It is entirely 
a property of the interferometer. The 
minimum detectable phase shift de
pends on a number of factors, both 
interferometric and non-interferomet
ric, including optical power, fringe 
visibility, and the total noise level in 
the system at the point where the out
put voltage is measured. 

Contributions to the total noise lev
el include phase and amplitude noise 
of the laser source, fluctuations in the 
phase shift and fringe visibility due to 
thermal and mechanical effects, shot 
noise, and electronic noise. Ф m i n de
pends strongly on frequency, typically 
exhibiting a 1/f power dependence. A 
very good fiber interferometer might 
exhibit 0 . 7 ≤ b ≤ 1 . 0 and Фmin<5 
µrad/√Hz at 1 kHz, while b = 0.4 
and Фmin = 20 µrad/√Hz at 1 kHz 
are quite acceptable values for many 
applications. 

Coherence length significant 
Proper operation of interferometric 

sensors requires an optical source 
with a coherence length greater than 
the interferometer path mismatch, if 
any. Early demonstrations of tem
perature and pressure sensors used 
helium-neon gas lasers that have long 
coherence lengths (>100 m) and low 
phase noise. While useful for labora

tory demonstrations, gas lasers are 
bulky and fragile and generally un
suitable for practical sensor applica
tions. 

The need for rugged, compact laser 
sources led to the widespread use of 
semiconductor diode lasers. These la
sers provide a compact, reliable 
source of single longitudinal mode 
optical radiation with a coherence 
length of several meters. In addition, 
since the optical emission frequency 
of diode lasers depends on the inject-

Fiber sensors generally do 
not require special optical 

detectors. 

ed current, these devices allow re
mote, passive interrogation and de
modulation of sensors through the 
use of FM-based techniques such as 
phase-generated carrier and synthetic 
heterodyne. One drawback to diode 
lasers is the level of low-frequency 
phase noise or frequency jitter that 
limits the minimum detectable phase 
shift in many systems. These devices 
also exhibit sensitivity to optical feed
back, further increasing low-frequen
cy phase noise. 

Recently, diode-laser pumped solid 
state N d : Y A G lasers in nonplanar 
ring cavities operating at 1319 nm 
and exhibiting at least three orders of 
magnitude reduction in low-frequen
cy phase noise compared to laser di
odes have become available. Prelimi
nary research also suggests that the 
frequency stability of these lasers is 
much less susceptible to degradation 
due to optical feedback. Compact, 
rugged lasers with these performance 
advantages have great potential for 
use in future fiber interferometric sys
tems. 

Fiber sensors generally do not re
quire special optical detectors. The 
active area of the detector must be 
chosen with system bandwidth in 
mind and the optical power budget 
must be optimized such that the reso
lution of the sensor is not limited by 
detector shot noise. 

Linear and nonlinear 
transducers 

Transducers for interferometric 
sensors come in two basic types: lin
ear and nonlinear. Linear transducers 
produce a change in fiber length di
rectly proportional to the measurand; 
in nonlinear transducers, the strain 
depends nonlinearly (typically qua
dratically) on the total measurand. 
Each type has advantages and disad
vantages. The specific parameter to 
be measured and the frequency range 
over which the measurement must be 
made generally dictate the type of 
transducer to be used. 

Linear transducers offer the advan
tages of straightforward implementa
tion and direct use of the demodulat
ed interferometer output. However, 
in applications requiring high-resolu
tion measurements at low-frequencies 
(<10 Hz) , they are unsuitable be
cause of 1/f noise. Nonlinear trans
ducers overcome the 1/f noise prob
lem by mixing the signal at frequency 

with a carrier or "dither" at a much 
higher frequency ω, thereby upcon
verting the information of interest to 
a frequency region (w± ) where 1/f 
noise is not significant. The cost of 
this improved low-frequency detec
tion capability is the requirement for 
the dither, which must be applied di
rectly at transducer, and additional 
signal processing at the output to re
move the carrier. 

Linear transducers have been su
cessfully incorporated into M a c h -
Zehnder interferometric sensors for 
the measurement of strain, tempera
ture, and acoustic fields. The basic 
transducer design consists of either a 
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mandrel around which fiber from the 
sample arm is wrapped, or a coil of 
fiber manufactured with a special 
jacketing material to enhance its re
sponsivity. In either case, the refer
ence arm is made less responsive ei
ther by physical isolation or by a suit
able jacketing material. 

Until 1986, the metallic glass-based 
transducer for fiber magnetometers, 
in which the magnetostriction de
pends quadratically on applied mag
netic field, was the only example of a 
nonlinear transducer. Recently, non
linear transducers based on a geomet
ric arrangement of fiber and linear 
transducing material have been devel
oped for the low-frequency measure
ment of displacement, pressure, and 
acceleration. A comparison of the op
eration of the two transducer types is 
shown in Fig. 2. 

Consider a transducer consisting of 
L meters of fiber attached to a materi
al that undergoes strain eωcosωt. The 
amplitude of the resulting phase shift 
at frequency ω/2π is given by 

Ф ω = (2πnξ/λ)eωL (5) 
where ξ is the strain-optic correction 
factor that accounts for the fact that 
when the fiber is stretched, the index 
of refraction of the core n changes as 
well . ξ = { 1 - ( 1 / 2 ) n 2 [ ( 1 - µ ) 
P 1 2 — µ P 1 1 ] , µ is the Poisson's ratio of 
the fiber and Pij are elements of the 
strain-optic tensor. For silica fiber, ξ 
= 0.78. In an interferometer employ
ing L = 10 m of fiber running at λ = 
0.83 µm, 1 microradian phase shift 
corresponds to strain in the material 
e ω 10- 1 4. 

Demodulation important 
Many techniques have been devel

oped for recovering the relative phase 
shift from the nonlinear transfer func
tion in fiber interferometers.7 The de
sign of such a recovery or demodula
tion scheme is nontrivial because, as 
seen in Eq. (3), random, low-frequen
cy temperature and pressure fluctua

tions between the arms of the interfer
ometer cause drift in the interferome
ter bias point Ф0. Three demodulation 
techniques widely used at present are 
active homodyne (phase tracking), 
phase-generated carrier, and synthetic 
heterodyne. 

Active homodyne demodulation 
employs a piezoelectric stretcher (or 
other suitable phase modulator) in 
one arm of the interferometer. The fi
ber stretcher forms part of a feedback 
loop that nulls out phase shifts up to 
some cutoff frequency that can be 
chosen to be either well below (low-
gain operation) or well above (high-
gain operation) the frequency of sig

nals of interest. Phase resolution on 
the order of 1 |xrad and below has 
been achieved at frequencies above 
approximately 100 H z with this de
modulation scheme in a (nearly) zero 
path difference interferometer. To 
achieve this performance, the tech
nique requires relatively large fiber 
stretchers and fast reset circuitry, 
which in itself can be a source for 
noise in the event of rapid environ
mental changes. 

Active homodyne demodulation is 
ideal for laboratory experiments and 
for applications where extremely 
good phase resolution is absolutely 
critical. However, the presence of an 
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FIGURE 2. Comparison of phase shift Ф resulting from (a) linear and (b) non
linear and transducers in the sample arm of a fiber interferometer. M and m 
are the amplitudes of the measurand and dither signals, respectively. 
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active electrical device in the fiber in
terferometer itself is disadvantageous 
in many applications. This factor led 
to the development of remote demod
ulation techniques with the goal of 
achieving an "all-optical" interfero
metric sensor. 

Among the techniques developed 
for remote demodulation are phase-
generated carrier and synthetic het
erodyne. These two techniques elimi
nate the problem of signal fading due 
to environmental drifts by introduc
ing a large amplitude (>1 rad) phase 
shift that is at a frequency well above 
the signal band and carries as side
bands the signals of interest. The 
phase shift can be applied remotely by 
employing an interferometer having a 
significant static path mismatch ΔL— 
typically a few cm—and modulating 
the current (and, therefore, the optical 
frequency) of the diode laser source. 
Given a frequency modulation dv, the 
resultant shift d Ф is given by 

d Ф = (2πn/c) ΔLdv (6) 

where c is the speed of light. For ex
ample, with a Hitachi H L P 1400 di
ode laser (~3 GHz/mA) and a 4 cm 
optical path difference interferometer, 
1 mA peak current modulation to the 
laser produces approximately 3 radi
ans peak phase shift. Using relatively 
simple electronic signal processing to 
remove the carrier, these demodula
tors have demonstrated minimum de
tectable phase shifts in range 1-20 
µrad, depending on the technique 
and the frequency range of interest, 
limited by the phase noise of the di
ode laser source driving the unbal
anced interferometer. In many appli
cations, the advantage of remote de
modulat ion is wel l worth the 
increased noise level. 

Dealing with polarization 
In our earlier discussion of the 

Mach-Zehnder interferometer, we 
noted that the performance of the 
sensor depends on fringe visibility b 

and, hence, on the state of polariza
tion (SOP) of the light in the two 
arms of the interferometer. ft is maxi
mized (b = 1) when the two beams 
have exactly the same SOP at the 
point of recombination while b be
comes zero if the beams are in orthog
onal SOPs. A system in which ft re
mains constant, even if it is not maxi
mized, is generally acceptable and can 
usually be achieved fairly easily in the 
laboratory. Obviously, a situation 
outside the laboratory in which the 

Active homodyne 
demodulation is ideal for 

laboratory experiments ... 

fringe visibility drifts or fluctuates in 
time is not desirable, since these 
changes w i l l be indistinguishable 
from a real signal. 

The SOP of light in an optical fiber 
can be affected in general by mechani
cal effects such as bending and twist
ing and by the application of magnet
ic fields (Faraday effect) and electric 
fields (Kerr effect). Changes in ft in 
sensors result from these perturba
tions acting on both the input fiber to 
the interferometer and on the fibers in 
the interferometer itself. It has been 
demonstrated recently that, under 
certain conditions, fluctuations in the 
input SOP affect not only the fringe 
visibil i ty, but can result in actual 
phase fluctuations in the interferome
ter output. 

Two distinct approaches to the 
problem of polarization fading have 
been developed. The first attempts to 
prevent changes in the SOP from oc
curring at all through the use of po
larization maintaining fiber. Howev
er, slow development of the necessary 
ancillary polarization-maintaining 
components, especially fiber couplers, 

has prevented widespread implemen
tation of this technique. The second 
approach accepts the presence of po
larization fading and employs either 
active control of the input SOP or se
lection of the proper output polariza
tion state. Techniques of this type in
clude output polarization diversity 
techniques, input polarization con
trol, depolariztion, and polarization 
controllers. 

A single-longitudinal mode semi
conductor diode laser is generally sus
ceptible to coherent optical feedback 
that may introduce such unwanted ef
fects as line broadening, increases in 
phase and amplitude noise, and 
mode-hopping. The type and severity 
of the effects depend on the amount 
of feedback, with mode-hopping and 
increased phase noise being the most 
serious effect as far as fiber sensors 
are concerned. Phase noise directly af
fects the interferometer's phase reso
lution, while mode hopping effective
ly decreases the coherence length of 
the source. 

The most common sources of opti
cal feedback in fiber sensors are Ray
leigh backscatter and reflections from 
cleaved fiber ends. Few interferomet
ric fiber sensors have been connector
ized to date and little data exists 
about the effects of reflections from 
connectors. Most workers have used 
careful optical design and sufficient 
optical isolation (>30 dB) between 
the source and fiber input to reduce 
the amount of feedback reaching the 
laser. 

The minimum detectable phase 
shift in interferometric sensors is typi
cally determined by the phase noise of 
the laser source itself. Figure 3 shows 
the phase noise as a function of fre
quency for a semiconductor diode la
ser. Other single longitudinal mode 
semiconductor diode lasers operating 
near 830 nm have similar phase noise 
characteristics. In the long wave
length (1300 nm) region, distributed 
feedback (DFB) lasers have been test
ed and found to have slightly higher 
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phase noise than the 830 nm sources. 
Additionally, DFB lasers have lower 
frequency modulation factors dv/di 
than the 830 nm lasers. This intro
duces a significant amplitude modula
tion term that becomes problematic 
for some demodulation schemes. The 
phase noise of N d : Y A G ring lasers is 
significantly lower than any of the 
semiconductor diode lasers, as shown 
in Fig. 3. Also since the frequency 
modulation is accomplished in these 
devices by physically changing the 
cavity length using piezoelectric ele
ments, no unwanted amplitude term 
is introduced. 

Thermal noise in the receiver cir
cuit and shot noise in the optical sig
nal are generally not limiting factors 
in Mach-Zehnder interferometric sen
sors. Baseband intensity noise of the 
laser source can be effectively elimi
nated through balanced detection of 
the two interferometer outputs. 

Underwater applications 
Low cost, high performance, and 

geometric versatility of the sensing 
head make underwater acoustic sens
ing an important area of fiber sensor 
research. Two approaches to coupling 
acoustic signals into optical fibers are 
compliant mandrel and coated fibers. 
Materials for acoustic sensors must 
be chosen such that the acoustic re
sponse is as large as possible while re
maining flat over the frequency, tem
perature, and pressure range of inter
est. 

In the mandrel case, optical fiber 
coated with a thin buffer layer is 
wrapped around a compliant cylinder 
and the fiber measures the circumfer
ential changes in the shape of the 
mandrel due to the acoustic signal. 
Much of the early work on mandrel 
sensors used nylon cylinders as the 
sensing medium. The normalized sen
sitivity of these sensors ΔФ/ФΔP 

-326dB re µPa-1 where ΔФ is the 
phase shift induced by a change in 
pressure p and Ф is the total phase in 

FIGURE 3. Laser phase noise as a function of frequency measured using an un
balanced fiber interferometer. The data for the semiconductor laser is typical 
of devices operating at 0.83 µm. (Data for the N d : Y A G laser is taken from 
K.J. Williams et. al., Electron. Lett. 25, 775, 1989.) 

FIGURE 4. Noise performance of a brassboard fiber optic acoustic sensor 
(1981). Also shown are noise levels corresponding to perfectly calm seas (sea 
state zero) and due to ship traffic. 
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the sensing fiber. 
The performance of an early 

(1981) nylon mandrel sensor contain
ing 30 m of fiber and operating at 
0.83 µm is shown in Fig. 4. The ob
served minimum detectable acoustic 
pressure is plotted as a function of 
frequency. Also shown are the noise 
levels corresponding to "sea state 
zero" (perfectly calm seas), noise due 
to typical levels of nearby light ship 
traffic, and low-frequency noise due 
to both local and distant ship traffic. 
The response did not change by more 
than ± 1 dB over the pressure and 
temperature ranges 0-1000 psi and 
0-35°C, respectively, and was essen
tially flat in the 100 Hz to 1 kHz fre
quency range. 

In applications where mandrel ge
ometries are not appropriate, coated 
fiber acoustic sensors may be formed 
into a sensing element of almost any 
shape, from a ball to a single length of 
fiber. For coated fibers, the normal
ized sensitivity is a complex function 
of the material properties of the coat
ing. For optimal sensitivity, high 
Young's modulus, low bulk modulus, 
and a thick, extrudable coating are 
desired. Nylon has been the material 

of choice and normalized sensitivities 
of - 3 2 9 dB re µPa-1 have been 
demonstrated with less than 1 dB 
variation over 0-30°C and 0-1000 
psi. 

At frequencies above 10 kHz, the 
design of acoustic sensors must take 
into account the specific coil geome
try desired as well as the material 
analysis. A sensor designed to mea
sure pressure transients induced in 
water by a microwave source demon
strated frequency response of a few 
M H z and, because of its all-optical 
nature, was immune to EMI from the 
source. 

Magnetostrictive materials have 
been employed as the transducing ele
ment in interferometric fiber optic 
magnetic sensors.8 The strain e in the 
material depends quadratically on 
magnetic field H , e = C H 2 , where the 
magnetostrictive parameter C de
pends on the material and on excita
tion frequency, and includes such ef
fects as demagnetization and mechan
ical loading. The quadratic strain 
response mixes incident magnetic 
fields and can be used in a variety of 
ways to detect low-frequency (<100 
Hz) and dc fields, as well as high fre

quency (> 100 Hz) fields. 
To measure a low-frequency field 

given by H n cos t, a fixed-amplitude, 
high-frequency dither field hcosωt is 
simultaneously applied to the trans
ducer. The low-frequency field is up-
converted into sidebands of the dither 
by the nonlinear magnetostriction, re
sulting in phase shifts at frequencies 

ω± proportional to h H . The side
band amplitude can easily be recov
ered from the interferometer output 
using a phase sensitive detector refer
enced to the dither frequency ω cho
sen to optimize the performance of 
the transducer. 

Using a cylindrical magnetostric
tive transducer (Fig. 5) bonded to 
over 30 meters of fiber, fiber sensors 
have demonstrated resolution of ap
proximately 10-7 Gauss at 1 Hz in a 1 
H z bandwidth ( 0.2 ppm of the 
Earth's field). Figure 6 compares the 
intrinsic noise level of a laboratory fi
ber optic magnetometer, measured in
side a mumetal shielded enclosure, 
with the observed fluctuations in the 
vertical component of the Earth's 
magnetic field outside the shield. 

Alternatively, the sensor may be 
configured to measure ac magnetic 
fields. In this case, the high frequency 
dither field is replaced by a dc field 
H 0 and the external ac magnetic field 
hcosωt produces a phase shift directly 
at frequency ω proportional to Hoh. 
Near 25 k H z , minimum detectable 
fields as low as 5 x 10 - 9 /√HZ have 
been demonstrated. 

Fiber magnetic sensors have been 
configured as single-axis magnetome
ters and gradiometers, and a com
pact, ruggedized three-axis magne
tometer has been tested successfully 
at sea. A novel approach to magnetic 
sensing using fiber Mach-Zehnder in
terferometers employs the Lorenz 
force acting on current flowing in 
metal-jacketed fiber in one arm of the 
interferometer. 

The portable, laboratory-grade fi
ber seismometer shown in Fig. 7 was 
constructed with 80 m of fiber in each 

FIGURE 5. Cylindrical metallic glass transducer for fiber optic magnetic sen
sors. 
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arm of a Mach-Zehnder interferome
ter in a push-pull arrangement using 
liquid mercury as the proof mass. 
This device exhibited resolution of 
approximately 10-9 g in the 1 H z to 

100 H z frequency range and had the 
good fortune of recording the Apri l 
1984 Morgan Hi l l earthquake near 
Berkeley, Calif. 

By applying dithers of different fre

quencies to each transducer, three 
nonlinear transducers for the low-fre
quency measurement of displace
ment, pressure, and magnetic field 
were multiplexed on a single interfer
ometer driven by one single-mode 
633 nm He-Ne laser. Less than - 5 0 
dB crosstalk and greater than 80 dB 
dynamic range was observed. 

In summary, we have outlined the 
principles of operation of Mach-Ze
hender interferometric fiber sensors 
and have described a number of ap
plications of this technology for the 
measurment of a variety of parame
ters, including acoustic and magnetic 
fields, displacement, acceleration, gas 
concentration, and seismic signals, In 
spite of their extremely high sensitiv
ity, these devices will not universally 
replace existing non-fiber sensors. 
However, in applications where 
weight, electromagnetic interference, 
high resolution, and the need for ar
rays of sensors of concern, fiber inter
ferometric sensors provide a unique 
solution. 
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FIGURE 6. Resolution of a laboratory fiber magnetic sensor employing a cylin
drical metallic glass transducer as measured inside a magnetic shield, com
pared to noise in the vertical component of the Earth's field outside the shield. 
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using liquid mercury as the proof mass and employing a push-pull arrange
ment of fiber coil pressure transducers. (From C.M. Davis, J.G. Eustace, and 
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