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WY1 Reversible optical liber damage induced 
by ultraviolet radiation

GREGORY HALL, ELSA GARMIRE, U. Southern 
California, Center for Laser Studies, Inglewood, CA 
90302.

Optical damage resulting from color center for­
mation in fused silica fibers has been investigated 
at 193 nm. The observance of optical bleaching 
to reverse the induced absorption is reported for 
the first time for UV-irradiated fibers. A maximum 
recovery of 70% initial transmission was obtained 
when samples damaged by ArF radiation were 
bleached with 13 J/cm2 of XeF light. A simple 
mathematical model, based on the kinetics of color 
center growth, correlates well with the observed 
induced absorption curves. Two quantities, the 
absorption saturation limit and the damage rate 
constant, characterize the fiber’s performance in 
specified experimental conditions. Their depen­
dence on input fluence, fiber length, and manufac­
turer is documented. A color center damage 
threshold near 2 mj/cm2 is identified. (12 min)

WY2 Time-reversal principle and fiber-optics 
coupling

TOMASZ JANNSON, JOEL NQ, Physical Optics 
Corp., 2545 W. 237th St., Torrance, CA 90505.

Using very general phase-space formalism ap­
plied to a Hamiltonian model of monochromatic 
light rays with an axial z coordinate as a parame­
ter,1"3 it is shown that there is a fundamental rela­
tion between intrinsic optical losses of expanded- 
beam fiber-to-fiber coupler/connector and the 
boundary shape of its 4-D phase-space volume 
located in the symmetry plane of the system. This 
relation, based on the so-called time-reversal prin­
ciple, holds for all axially symmetrical expanded- 
beam connectors with two twin parts representing 
the collimator and concentrator. Thus this princi­
ple can be applied to any practical fiber-fiber con­
nector including both imaging and nonimaging2-3 
optical systems. The proof of the time-reversal 
principle is based on comparison of geometrical 
rays reflected either from phase conjugate or con­
ventional mirrors situated in the symmetry plane of 
the coupling system (including Liouville theorem).
It is shown that for ideal couplers, the angular 
spectrum of light at any point in the plane of sym­
metry should have inversion symmetry. (12 min)
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WY3 Generalized gauge-invariant perturba­
tions of optical fibers

A. J. FENNELLY, Teledyne Brown Engineering, Ap­
plied Science Branch, Cummings Research Park, 
Huntsville, AL 35807.

Review of the effects of different perturbations

of optical fibers shows that their physical effects 
are generally identical: that usually is the transfer 
of the lower-order modes (as measured in the far 
field) to the higher-order modes of the fiber. This 
is so for the general classes of microbends, ma­
crobends, pressure variations, temperature varia­
tions, and chemical changes. This means that 
rather than being truly different perturbations, they 
are physically really the same thing. Each repre­
sents a true gauge-invariant perturbation plus a 
piece that is merely a gauge transformation. Each 
perturbation is then transformable, and their appar­
ent differences are physically trivial. We take as 
our points of departure the perturbed fiber discus­
sions of Snyder and Love1 and Hill’s2 analysis of 
differential equations from their group invariance 
properties. We analyze the modal structure of 
unperturbed fiber in terms of the invariance group 
of the wave equation for the appropriate fiber ge­
ometries and boundary conditions and then show 
how their perturbations consist of a true physical 
piece and insignificant parts that are just gauge 
transformations of each other.

Applications of this to fiber-optic signal-to-noise 
performance and optical fiber figures of merit are 
discussed. (12 min)

1. A. W. Snyder and J. D. Love, Optical Waveguide
Theory (Chapman & Hall, London, 1983), Chap.
18, pp. 374-406.

2. J. M. Hill, Solution of Differential Equations by
Means of One-Parameter Group (Pitman, Bos­
ton, 1982).

WY4 Brillouin scattering spectra for oxide and 
halide glasses: intrinsic Brillouin linewidths and 
stimulated Brillouin gain

JOHN SCHROEDER, L. G. HWA, M. D. CHYONG, 
Rensselaer Polytechnic Institute, Physics Depart­
ment, Troy, NY 12180-3590; D. A. THOMPSON, 
Corning Glass Works, Research & Development 
Division, Corning, NY 14831.

Brillouin scattering measurements on various 
multicomponent halide and oxide glass composi­
tions were done as a function of composition, 
lattice temperature, and configurational tempera­
ture. The intrinsic Brillouin linewidth measure­
ments, Brillouin intensities, and Brillouin frequency 
shifts allowed the calculation of phonon attenua­
tions, the Pockels elastooptic coefficients, and the 
stimulated Brillouin scattering gain coefficients. 
From the parameters obtained in the above mea­
surements we are able to calculate the threshold 
energy for the onset of stimulated Brillouin scatter­
ing in halide and oxide glasses. Results show that 
the threshold power for stimulated Brillouin scat­
tering is larger in some of the halide glass compo­
sitions than some of the silica-based glasses. 
This finding has important ramifications as a selec­
tion criteria for halide-based glasses vs oxide 
based glasses in their use as possible single-mode 
waveguide materials. The phonon attenuation 
values of some of the halide glasses, as measured 
from the linewidth data, had magnitudes that corre­
spond more to a liquid than a solid. These anoma­
lous phonon attenuation findings are discussed in 
light of existing theories. (12 min)

WY5 Fiber-optic gyroscope using a SWAOM: 
a progress report

JING SUN, ANNETTE GROT, CHARLES IH, U. Dela­
ware, Department of Electrical Engineering, New­
ark, DE 19716; MARK MENTZER, ISC Defense 
Systems, Inc., Lancaster, PA 17604.

When a laser beam passes through the 
SWAOM, two laser beams emerge: a diffracted 
first-order beam and an undiffracted zeroth-

order beam \p2. The two beams are launched into 
the opposite ends of a rotating fiber loop. The 
diffracted beam passes through the rotating 
fiber loop and then back into the SWAOM. When 
the beam enters the SWAOM after traversing 
the fiber loop two beams emerge: a diffracted 
first-order beam ^3, and an undiffracted zeroth- 
order beam ^4. Similary the undiffracted beam yj/2 
passes through the rotating fiber loop and reenters 
the SWAOM. The beam also becomes two 
beams, a diffracted beam \f/5 and an undiffracted 
beam The two superimposed beams ^3 and i/-5 
can be detected by a photodetector.

If the acoustic driving frequency of the SWAOM 
is u)s, harmonics of «s are contained in the output. 
These harmonics can be detected and used to 
measure the rotation. Using this configuration, 
the optical gyroscope can be simplified.

(12 min)

WY6 Shifted modulation frequency technique 
for chromatic dispersion measurements

LUC THEVENAZ, JEAN-PAUL PELLAUX, U. Gene­
va, Applied Physics Group, 20, rue de I’Ecole-de- 
Medecine, CH-1211 Geneva 4, Switzerland.

A new technique for single-mode fibers chro­
matic dispersion measurements using phase-shift 
measurements is presented. The poor dynamic 
range and the perturbation of the rf interferences 
are the main drawbacks of the well-known method 
using a LED filtered by a monochromator as a light 
source and a vector voltmeter for the phase mea­
surements.1 These problems are overcome by 
our technique, which also uses a high-frequency 
modulated LED whose filtered light is launched into 
the fiber. This HF modulation gives rise to sensi­
tive phase shifts. But between the fiber and de­
tector the modulation frequency is downshifted to 
the kilohertz range, which enables a low-frequen­
cy ultrasensitive detection scheme to be used. 
Actual downshifting is performed by an acoustoop­
tic intensity modulator. The acoustooptic modula­
tion frequency is very close but different from the 
LED frequency, so that sum- and difference-fre­
quency signals are generated which conserve the 
phase of the initial signal. The LF detector only 
detects the difference-frequency signal whose 
phase is measured by a lock-in amplifier.

Group delay measurements, with a 10-ps accu­
racy were performed in a 200-nm spectral range 
around 1300 nm and with a 5-nm spectral width.

(12 min)

1. B. Costa, M. Puleo, and E. Vezzoni, Electron.
Lett. 19, 1074.
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