INDEX

Abbreviations, xix—xx

ABL. See Airborne laser

Accident and incident registry, 14

Accident cases, 54-65

Acronyms, xix—xx

Adams, Major Dolph O., MD, PhD, 8

Advanced Research Projects Agency, 27, 32

Advanced tactical laser, 39

Aero-optic beam controller, 39

Afterimages, 100, 105-106, 124-125

AGMs. See Air-to ground missiles

Aidman Vision Screener, 13

Aiming lasers, 31, 32

Air Force Research Laboratory, 6, 14

Air-to-ground missiles, 29

Airborne laser, 39

Airborne Laser Laboratory, 33

Akers, André, 16

AMC, US Army Materiel Command

AMEDD. See US Army Medical Department

American National Standards Institute, 156, 177-179, 191-192,
214, 246

AMRDC. See US Army Medical Research and Development Com-
mand

AN/GVS-5, 27-28

Animal models, 72-93, 150-166, 173-182, 204-213, 244-245, 256

ANSI. See American National Standards Institute

ANSI Accredited Standards Committee for the Safe Use of Lasers,
16

Argon lasers, 196-197

Armored Medical Research Laboratory, 8

Army Medical Department. See US Army Medical Department

Army Medical Research and Nutrition Laboratory, 7-8

ARPA. See Advanced Research Projects Agency

AVS. See Aidman Vision Screener

B

Ballistic and Laser Protective Spectacles, 12
Base Realignment and Closure, 6

Beam riders, 30

Beatrice, Lieutenant Colonel Edwin S., 7, 8, 9, 10
Bedel, Major R. Bruce, 7

Bigler, First Lieutenant Duane, 7

Biomedical research team, 5, 6

Blaser tracking simulator, 9-10, 123, 124, 126-127
Blinding Weapons, 143

Blink reflex, 99-100, 117-119

Bloch’s law, 105

Bloom, Kenneth, 7

BLPS. See Ballistic and Laser Protective Spectacles
BOLT-117, 28

Bombs, laser-guided, 28

BRAC. See Base Realignment and Closure
Brightness enhancement, 100

Broas, Reynaldo, 16

Broca-Sulzer effect, 100

Brooks Air Force Base, 14

Brown, Major Jeremiah, Jr., 16

Brownell, Arnold S., 7

Bunsen-Roscoe law of reciprocity, 105

Butts, Calvin, 7

C

C-CLAW. See Close-combat laser assault weapon
C-RAMD, 41
Cameo Bluejay, 36
Cannon-launched guided projectiles, 29
Carbon dioxide lasers
cornea endothelial injury thresholds, 264
cornea epithelial injury thresholds, 256-265
corneal stromal effects, 264-265
Carpino, Eugene D., 7
Carver, Charles T., 7
Cataracts, 156-157
Chemical oxygen-iodine laser, 15
Chirped pulse amplification, 241-242
CIE. See International Commission on Illumination
CLGPs. See Cannon-launched guided projectiles
Close-combat laser assault weapon, 35
Coastal Riverine Squadron THREE, 69
Cobra, 36
COIL. See Chemical oxygen-iodine laser
Color discrimination, 52, 62
Complementary afterimage, 104
Confocal scanning laser ophthalmoscopy, 50-53, 56-60
Continuous-wave lasers, 220, 221
Contrast sensitivity, 52, 54-55, 58, 62
Copperhead antitank round, 29
Corneal injuries
action spectra for laser effects, 152-153
anatomy of the cornea, 254
animal models, 256
beam diameter and, 260
carbon dioxide lasers, 256-265

comparison of thresholds from helium-cadmium and krypton-

ion lasers, 162
corneal clouding, 152
corneal stromal effects, 264-265
cumulative effects of laser radiation, 155-156
endothelial injury thresholds, 264
epithelial injury thresholds, 256-263, 268-270
erbium glass laser radiation, 268-269
exposure duration and, 256-260
healing response to deep stromal burns, 265
Holmium laser radiation, 269-270
injury thresholds, 256-265, 268-270
keratocyte injury thresholds, 264-265
permissible exposure limits, 256-265
photoablation, 153-154
photokeratitis, 152
pulsewidth dependence of laser effects, 154-155
repetitive pulse exposures, 260-263
response criteria, 255-256
temperature measurements, 265-268
thermal models, 265-268
thresholds for transient opacities, 156
wavelength dependence of infrared absorption, 254
Coronet Prince, 36
Cross, Michael, 16
CSLO. See Confocal scanning laser ophthalmoscopy
Cunningham, Roosevelt, 16

D

Dallas, Alvin, 7
DARPA. See Defense Advanced Research Projects Agency
Dazer, 36

Xxxi



Biomedical Implications of Military Laser Exposure

Dazzling glare, 101

Debility syndrome, 135

Defense Advanced Research Projects Agency, 39
Dembrowski, Specialist John, 16
Deuterium-fluoride lasers, 269

DiCarlo, Lieutenant Colonel Cheryl, 16
Diode study, 223-224

Disability glare, 101

Discomfort glare, 101

Division of Non-lonizing Radiation, 7-8
Dixon, Captain Steven, 7

DPI. See Dual Purkinje image eye tracker
Dual Purkinje image eye tracker, 221, 224
Dye lasers, 200-201, 204-205

E

Edsall, Peter R., 16
Elliott, Roe, 16
ELREF. See Eyesafe laser rangefinder
ELTEP. See Emerging Laser Threat Eye Protection
Embarked Security Team, 69
Emerging Laser Threat Eye Protection, 12
Entoptic light-limiting responses, 117-120
Entoptic scatter model, 126-127
Equivalent background luminance, 101
Equivalent veiling luminance, 101
Erbium glass laser radiation, 268-269
Excalibur, 40
Exercise Iron Sword, 1
Experimental Psychology Group, 7
Exposure limit guidelines, 15-16
Extraocular scatter, 102-103
Eye injuries. See also Laser injuries; Visual performance changes
absorption properties of ocular tissues, 150-151
assessing in-vivo retinal morphology, 50-51
assessing visual function along the visual pathway, 51-53
confocal scanning laser ophthalmoscopy, 50-53, 56-60
corneal effects, 152-156, 254-270
diagnosis and treatment research for battlefield laser-induced
injury, 16
estimating thermal damage thresholds, 232-235
exposure duration, 178-179
functional metrics and structural correlates, 51-53
injury evaluation guidelines, 12-14
integrating imaging with visual function, 53
Laser Accident and Incident Registry, 14
laser accident cases, 54-65
laser glare, 9-10, 102-107, 120-123
laser radiation safety standards, 12-14
lens effects, 156-161
optical coherence tomography, 51
protective eyewear, 10-12
repetitive pulses, 179-182
research on effects of laser energy exposure, 8-9
retinal effects, 161-166, 172-182, 188-214, 225-235, 244-248
wavelength dependence, 174-178
Eye movements
diode study, 223-224
estimating thermal damage thresholds and, 232-235
eye movement maps, 53, 56, 58-60
eye movement plots, 221-223
fixation ellipse, 223-224
during fixation on a laser source, 221227
intensity effect, 224-225
laser study, 224-225
measurements at the US Army Medical Research Detachment,
221

xxii

Retinal Heating, Moving Eye program, 229-235
retinal heating during fixation on a laser source, 228-232
retinal heating during long-duration exposure, 229-232
during steady gaze, 220-221

Eyesafe laser rangefinder, 27-28

F

Farnsworth Munsell 100 Hue, 52-53, 55, 57
Femtosecond amplifier/oscillator, 241-242
Femtoseconds, 240

Fixation ellipses, 223-224

Flash blindness, 104

Flash parameters, 105-107

Fort Knox Armored Medical Research Laboratory, 4, 6
Frankford Arsenal, 6-7

Frisch, Georg D., 7

Fuller, Staff Sergeant Dan, 16

Functional somatic syndrome, 138-140

G

G-BAD. See Ground-based air defense directed energy on-the-
move
G/VLLD. See Ground/vehicular laser locator designator
Gallium arsenide radiation, 9
Gas dynamic lasers, 33
Gaze, 220-221
GBU. See Guided Bomb Unit
GDLs. See Gas dynamic lasers
Glare
dazzling glare, 101
description of, 100-101
disability glare, 101
discomfort glare, 101
equivalent background luminance concept, 101
glare recovery, 104-105
laser glare, 9-10, 102-107, 120-123
GLD. See Ground/vehicular laser locator designator
GLIS. See Green Laser Interdiction System
Green Laser Interdiction System, 116
Ground-based air defense directed energy on-the-move, 41-43
Ground/vehicular laser locator designator, 29
Group velocity dispersion, 241
Guided Bomb Unit, 28-29
Gurley, SPC Jameson, 147
GVD. See Group velocity dispersion

H

Handheld laser markers, 29-30
Haze, 103
Health Hazard Assessment Program, 14
Heathkit H8 computer, 9
Helfrich, James, 7
Helicopter-launched, antitank munitions, 29
Helium-cadmium lasers
ocular thresholds, 162
retinal injury thresholds as function of retinal irradiance
diameter, 195
Helium-neon lasers, 199, 204-205
HELLADS. See High-energy liquid laser area defense system
HELs. See High-energy lasers
Henrichs, Sergeant Connie, 16
Hersch, Katheryn, 7
High-energy laser technology demonstrator and mobile demon-
strator, 40
High-energy lasers
advanced tactical laser, 39



aero-optic beam controller, 39
airborne laser, 39
Airborne Laser Laboratory, 33
comparison of laser testbeds, 34
criteria for, 32-33
Excalibur, 40
ground-based air defense directed energy on-the-move, 41-43
high-energy laser technology demonstrator and mobile dem-
onstrator, 40
high-energy liquid laser area defense system, 40-41
high-mobility multipurpose wheeled vehicle laser ordnance
neutralization system, 40
Laser Weapon System, 41
Maritime Laser Demonstration, 41
midinfrared advanced chemical laser, 34
mobile Army demonstrator, 33-34
mobile tactical high-energy laser, 39
mobile test unit, 33
multipurpose chemical laser, 33-34
Nautilus, 38-39
shipboard lasers, 41
Solid-State Laser Technology Maturation program, 41
tactical high-energy laser, 38-39
tactical laser system, 41
Tri-Service laser, 33
Unified Navy Field Test Program, 34
High-energy liquid laser area defense system, 40-41
High-mobility multipurpose wheeled vehicle laser ordnance
neutralization system, 40, 42
HMMWYV. See High-mobility multipurpose wheeled vehicle laser
ordnance neutralization system
Holmium laser radiation, 269-270
Homochromatic afterimage, 104
Hoxie, Sergeant First Class Stephen, 16
Hydrogen fluoride lasers, 269

I

ICNIRP. See International Commission on Non-Ionizing Radia-
tion Protection

ICRC. See International Committee of the Red Cross

IEC. See International Electrotechnical Commission

Indoor simulated marksmanship trainer, 32

Injury evaluation guidelines, 12-14

Interferometric measurements, 243

International Commission on Illumination, 98, 102-103, 164-166

International Commission on Non-Ionizing Radiation Protection,
178-179, 191, 214

International Committee of the Red Cross, 134-135, 143-144

International Electrotechnical Commission, 191-192, 211, 214

Intraocular scatter, 102, 120-123

Intraretinal scar formation, 50, 54

Intrinsically photoreceptive retinal ganglion cells, 117

ipRGCs. See Intrinsically photoreceptive retinal ganglion cells

IRSEF. See Intraretinal scar formation

ISMT. See Indoor simulated marksmanship trainer

J

Jaguar, 36
Jensen, Ruthanne, 16
Jensen, Specialist, 16
JLST. See Joint Laser Safety Team
JLTV. See Joint light tactical vehicle
Joint Laser Safety Team
creation of, 6-7
Frankford Arsenal location, 6-7
keys to success, 7

Index

Letterman Army Institute of Research move, 7
mission of, 50
Joint light tactical vehicle, 42

K

Keller, Jack B., Jr., 16
Keratocyte injury thresholds, 264-265
Kerensky, Charles, 7
Krypton-ion lasers
ocular thresholds, 162
retinal injury thresholds as function of retinal irradiance
diameter, 199

L

LADS. See Laser area defense system
LAIR. See Letterman Army Institute of Research
Landers, Captain Maurice B., MD, 7
Landolt rings, 74-82, 85-89, 92
Laser Accident and Incident Registry, 14
Laser accident cases, 54-65
Laser area defense system, 43
Laser countermeasures system, 37
Laser glare
extraocular scatter, 102-103
factors affecting laser glare effects, 102-104
factors affecting visual recovery time, 105-107
flash intensity and duration, 105-106
flash source size and location, 106-107
flash spectral content, 107
glare recovery, 104-105
intraocular scatter, 102, 120-123
military performance and, 9-10
retinal light distribution, 102-103
task luminance, 103-104
transient effects of laser exposure, 107-108
visual task parameters, 103-104
Laser-guided bombs, 28
Laser-guided Maverick, 29
Laser-guided munitions, 29
Laser-induced breakdown, 241, 246-248
Laser injuries. See also Eye injuries
effective response to, 140
immediate an appropriate care for, 141
importance of accurate information, 141-142
issues of scale, 142-143
media reports and, 143, 144
planning for future laser casualties, 140-141
politics of, 143-144
positive therapeutic relationship and, 142
psychological effects, 135-140
skin damage from ultrashort lasers, 248
surveillance program, 144
training and, 144
treatment challenges of, 142-144
Laser markers, 29-30
Laser navigation systems, 38
Laser ordnance neutralization system, 40
Laser radiation
absorption properties of ocular tissues, 150-151
action spectra, 152-153
corneal effects, 152-156
cumulative effects of, 155-156
lens effects, 156-161
military relevance, 150
overview, 150
photoablation, 153-154

xxiii



Biomedical Implications of Military Laser Exposure

photokeratitis, 152 Loveday, Staff Sergeant Janis, 16
pulsewidth dependence, 154-155 Low-energy lasers
retinal effects, 161-166 Cameo Bluejay, 36

Laser research close-combat laser assault weapon, 35
animal models, 72-93, 150-166, 173182, 204-213, 244-245, 256 Cobra, 36
bioeffects research team accomplishments, 5 Coronet Prince, 36
BRAC moves, 6 Dazer, 36
civilian research, 26 Jaguar, 36
directions for the future, 17 laser countermeasures system, 37
exposure limit guidelines for laser radiation, 15-16 laser navigation systems, 38
Frankford Arsenal, 1968-1974, 6-7 laser spot tracker, 38
high-energy laser weapons, 32-34, 38—43 LX-5 Laser Diode Illuminator, 37
inventing the laser, 26-27 nonweapon lasers for the modern battlefield, 37-38
laser bioeffects research team accomplishments, 5 Qutrider, 36
Letterman Army Institute of Research, 1974-1992, 7-14 pocket laser communicator, 37
low-energy laser weapons, 35-38 rapid optical beam steering, 37-38
militarizing the laser, 27-32 Saber 203 Laser Illuminator, 37
military research, 27 Stingray, 35-36
radiation safety standards, 12-14 target location and observation system, 37
reinvention and mission reset, 6 weapons-mounted lasers, 36-37
safety and performance limits, 4-6 Lund, D. Jack, 7, 8,9, 15, 16
USAMRD-WRAIR, 1992-2010, 14-16 Lund, Dr. Brian J., 15

Laser safety LX-5 Laser Diode Illuminator, 37
guidelines, 191-193
historical empirical basis for laser safety guidelines, 193-195 M

issues of, 188-189
safety and performance limits, 4-6
safety standards, 12-14
Laser Safety Program, 73
Laser spot tracker, 38
Laser training devices, 31-32, 33
Laser Weapon System, 41
Lasers, military. See Military lasers
Lasers on the Modern Battlefield conference, 10, 11
LAV-AD, 27-28
LaWS. See Laser Weapon System
LCMS. See Laser countermeasures system
LED. See Light-emitting diode
LELs. See Low-energy lasers
Lens injuries
cataracts, 156-157
fluorescence, 158-161
thresholds for transient opacities, 156
transient clouding of, 156-157
Letterman Army Institute of Research
BRAC moves, 6
Division of Non-lonizing Radiation, 7-8
injury evaluation guidelines, 12-14
Laser Accident and Incident Registry, 14
laser glare, vision disruption, and military performance, 9-10
laser radiation safety standards, 12-14
Lasers on the Modern Battlefield conference, 10, 11
Multiple Integrated Laser Engagement System, 9
protective eyewear, 10-12
research officer talent and leadership, 8-9
Levine, Major Rick, 9
LGM. See Laser-guided munitions
Li, Guo, 16
LIB. See Laser-induced breakdown
Light Armored Vehicle-Air Defense, 27-28
Light-emitting diode, 224
Lightweight laser designator rangefinder, 30-31

Macula, 174

MAD. See Mobile Army demonstrator

Maritime Laser Demonstration, 41

Martin, Specialist Freddie A., 7

Mastroianni, Lieutenant Colonel George, 9, 10, 16

Maximum permissible exposure, 86, 91-93, 156, 177-179, 191-192,

212-214, 220

Maxwellian view, 189

Media reports, 143, 144

Memes, 141

Midinfrared advanced chemical laser, 34

MILES. See Multiple Integrated Laser Engagement System

Military lasers. See also Laser injuries; Laser research; Laser safety
case studies of psychological effects, 137-140
challenges of psychological effects, 142-144
immediate psychological effects, 135-136
media relations and, 144
preparing for future psychological effects, 140-142
surveillance of psychological effects, 144
training for exposure to lasers, 134, 144

Minimum visible lesion, 172-173, 179, 193, 209, 244-246

MIRACL. See Midinfrared advanced chemical laser

Mobile Army demonstrator, 33-34

Mobile tactical high-energy laser, 39

Mobile test unit, 33

Modular universal laser equipment, 29

Molchany, Jerome W., 15, 16

MPE. See Maximum permissible exposure

MTHEL. See Mobile tactical high-energy laser

MTU. See Mobile test unit

MULE. See Modular universal laser equipment

Multiple Integrated Laser Engagement System, 1, 9, 31-32

Multiple-pulse injury thresholds, 260-263

Multipurpose chemical laser, 33-34

Multiuse lasers, 30-31

MVL. See Minimum visible lesion

Line-of-sight antitank, 30 N

LLDR. See Lightweight laser designator rangefinder

LMav. See Laser-guided Maverick Nautilus, 38-39

LMB. See Lasers on the Modern Battlefield conference Naval Health Research Center Detachment, 6
LOSAT. See Line-of-sight antitank Nawim, Sergeant Maqsood, 16

Xxiv



Nd:YAG. See Neodymium-doped yttrium aluminum garnet laser
Negative afterimage, 104
Nemeth, Thomas, 16
Neodymium-doped yttrium aluminum garnet laser, 76, 80-84,
86-89, 197-198, 202203, 207-208
Nerve fiber layer, 73
Ness, Colonel James W., 15, 16, 116
Ness, Jonathan M., 116
Neuropsychiatric syndrome, 135
NFL. See Nerve fiber layer
NOHD. See Nominal ocular hazard distance
Nominal ocular hazard distance, 116
Nonionizing radiation
Division of Non-lonizing Radiation, 7-8
International Commission on Non-Ionizing Radiation Protec-
tion, 178-179, 191, 214
research officer talent and leadership, 8-9
Nonweapon lasers, 37-38

(@)

OCT. See Optical coherence tomography

O’Mara, Major Peter, 9

OPA. See Optical phased array

Optical coherence tomography, 13-15, 51, 58-59, 61, 121
Optical phased array, 40

Oscilloscopes, 243

Outrider, 36

Papillomacular bundle, 56-57
Penetar, Major Dave, 9
PEO-Soldier. See Program Executive Office
Performance limits, 4-6
Photic blink reflex, 117-119
Photoablation, 153154
Photochemical effects, 161-163
Photodiodes, 243
Photokeratitis, 152
Photometric system, 98
Photopic spectral luminosity, 98
Photoreceptor bleaching, 123-124
Photostress recovery test, 105
Picoseconds, 240
PLC. See Pocket laser communicator
PMB. See Papillomacular bundle
Pocket laser communicator, 37
Portable laser markers, 29-30
Positive afterimage, 104
Posttraumatic stress disorder, 135
Preferred retinal location, 61
Prevention and Medical Management of Laser Injuries, 13
PREF. See Pulse repetition frequency
PRL. See Preferred retinal location
Program Executive Office (Soldier), 12
Protective eyewear, 10-12
Psychological effects
beliefs and, 138-139
case studies, 137-140
challenges of scale, 142-143
effective response to laser injury, 140
functional somatic syndromes, 138-140
immediate and appropriate care for injuries, 141
immediate effects, 135-136
importance of information about laser injury and recovery,
141-142
importance of preexisting knowledge about lasers, 137

Index

laser exposure and, 136
media reports and, 143, 144
planning for future laser casualties, 140-142
politics of laser injuries, 143-144
positive therapeutic relationship and, 142
psychosomatic responses to laser exposure, 137-138
role of suggestion, 139
sick role, 139
stress and, 139-140
suppressive effects of laser use, 135-136
surveillance program, 144
training and, 144
treatment challenges, 142-144
Psychosomatic responses, 137-138
Pulse repetition frequency, 260
Pupillary constriction, 99
Pupillary responses, 119, 125-126

Q

Q-switched pulse lasers, 72, 74-93
Q-switched ruby laser, 27

R

Radiometric system, 98
Randolph, David, 8
Rangefinders, 27-28
Rapid optical beam steering, 37-38
Raulston, George, 7
Repetitive pulse exposure, 179-182, 260-263
Research. See Laser research
Research and development laboratories, 27
Retinal Heating, Moving Eye program, 229-235
Retinal injuries. See also Eye injuries; Visual performance changes
assessing in-vivo retinal morphology, 50-51
assessing visual function along the visual pathway, 51-53
comparison of thresholds from helium-cadmium and krypton-
ion lasers, 162
computer models, 200-204
confocal scanning laser ophthalmoscopy, 50-53, 56-60
damage mechanisms, 245-248
distribution of energy, 225-227
estimating thermal damage thresholds, 232-235
exposure duration, 178-179
historical empirical basis for laser safety guidelines, 193-195
image diameter, 190-191
image size, 189
images with complex profiles, 211
integrating imaging with visual function, 53
laser accident cases, 54-65
laser glare, 9-10, 102-107, 120-123
laser-induced breakdown, 246-248
laser safety guidelines, 191-193
laser safety issues, 188-189
model results, 204-208
nanosecond to femtosecond minimum visible lesion thresh-
olds, 244-245
overview, 172-174
photochemical effects of lasers, 161-163
physical models and calculations, 195-211
proposed time dependence of the maximum angular subtense,
212
refractive errors impact on image size, 189-190
repetitive pulses, 179-182
Retinal Heating, Moving Eye program, 229-235
retinal heating during fixation on a laser source, 228-232
retinal heating during long-duration exposure, 229-232

XXV



Biomedical Implications of Military Laser Exposure

retinal hemorrhage, 175

retinal injury thresholds, 195-208

retinal irradiance diameter, 195-208

retinal laceration, 116

retinal radiant exposure pattern, 225-227

self-focusing damage, 245

simple models, 195-200

stimulated Brillouin scattering, 245-246

supercontinuum generation, 246

thresholds for ultraviolet exposures, 162

ultrashort lasers, 244-248

variations to fit the small spots, 208-211

veiling glare, 163-166

wavelength dependence, 174-178
Retinal nerve fiber layer, 50, 56

Retinal pigment epithelium, 173-178, 200, 208-209, 227-230

Retinal scar formation, 73

Rhesus monkeys, 74-93

RHME. See Retinal Heating, Moving Eye program
Rim of the Pacific, 69

RIMPAC. See Rim of the Pacific

RNFL. See Retinal nerve fiber layer
“Roadrunner,” 35

ROBS. See Rapid optical beam steering
Rodgers, Specialist, 7

RPE. See Retinal pigment epithelium
Ruby lasers, 200-201, 204205, 207
Ruiz, Sergeant First Class Sally, 16

S

Saber 203 Laser Illuminator, 37

Saccades, 221

Safety. See Laser safety

SBS. See Stimulated Brillouin scattering
Scales, Lieutenant Colonel David, 16
Scanning laser ophthalmoscopy, 13, 14, 15
Scatter model, 123-127

Schawlow, Arthur L., 26

Schmeisser, Major Elmar, 9
Schuschereba, Dr. Steven T., 16

Second harmonic autocorrelator, 243
Self-focusing damage, 245

Shipboard lasers, 41

Sick role, 139

Skin injuries, 248

Sliney, Dr. David H., 14, 16

SLO. See Scanning laser ophthalmoscopy
Small Angle Disability Glare Equation, 102
Snellen acuity, 78, 80

Soft kills, 35

Solid-State Laser Technology Maturation program, 41
Solid-state lasers, 41

Somatic syndrome, 135

Spatial induction, 100

Spatial summation, 100

Special Operation Forces, 29-30

SSLs. See Solid-state lasers

Stamper, David, 9, 15

Stanislau, Helen, 7

Stimulated Brillouin scattering, 245-246
Stingray, 35-36

Streak cameras, 243

Stuck, Bruce E., 7, 8, 16

Supercontinuum, 241

Supercontinuum generation, 246

XXVi

T

Tactical high-energy laser, 38-39

Tactical laser system, 41

Target designators, 28-30

Target location and observation system, 37
Task luminance, 103-104

Temporal induction, 100

Temporal summation, 100

THEL. See Tactical high-energy laser

TIE. See Total intraocular energy
Titanium:sapphire lasers, 207

TLOS. See Target location and observation system
Total intraocular energy, 54, 56, 60, 62, 116, 191-194
TOW missiles, 10

Townes, Charles H., 26

Tracking simulator, 9-10

Training devices and systems, 31-32, 33
Transient localized visual desensitization, 104
Transillumination, 102

Traumatic brain injury, 135

Travis, Major General Thomas, 12

Tri-Service laser, 33

TSL. See Tri-Service laser

U

Ujimora, Sergeant Veronica, 16
Ultrafast, ultraintense lasers, 248-249
Ultrashort lasers
damage mechanisms, 245-248
generation with chirped pulse amplification, 241242
interferometric measurements, 243
laser-induced breakdown, 246-248
measurement of, 242-243
nanosecond to femtosecond minimum visible lesion thresholds,
244-245
peak power, 241
retinal injuries, 244-248
self-focusing damage, 245
skin injuries, 248
spectral content of, 240-241
stimulated Brillouin scattering, 245246
supercontinuum generation, 246
traditional measurement techniques, 242-243
ultrafast, ultraintense lasers, 248-249
Ultrashort-pulse laser technology, 240
Ultraviolet laser radiation. See Laser radiation
Uncertainty principle, 240
Unified Navy Field Test Program, 34
US Army Center for Health Promotion and Preventive Medicine, 14
US Army Institute of Surgical Research, Joint Base San Antonio,
Fort Sam Houston, 6
US Army Materiel Command, 6
US Army Medical Department
BRAC moves, 6
eye protection programs, 12
Joint Laser Safety Team, 6
role in laser development and use, 4
US Army Medical Research and Development Command, 6
US Army Medical Research and Materiel Command, 14-15
US Army Medical Research Detachment
BRAC moves, 6
diagnosis and treatment research for battlefield laser-induced
eye injury, 16
exposure guidelines for laser radiation, 15-16
eye movement measurements, 221
laser research, 14-15



USACHPPM. See US Army Center for Health Promotion and
Preventive Medicine

USAMRD. See US Army Medical Research Detachment

USAMRMC. See US Army Medical Research and Materiel Com-
mand

USNS Rainier, 69

A%

Van Sice, Charles W., 16
Vehicle-mounted laser markers, 29-30
Veiling glare, 163-166
VEPs. See Visual-evoked potentials
Visual acuity, 51-54, 58-59, 62, 74-92
Visual disruption. See Laser glare
Visual-evoked potentials, 107, 163-164
Visual Function Laboratory, 14
Visual performance
assessing performance, 125-127
Blaser visual pursuit system, 9-10, 123, 124, 126-127
blink reflex, 99-100
entoptic light-limiting responses, 117-120
entoptic scatter model, 126-127
eye movement, 119
glare and, 100-101
light-limiting strategies, 124-125
mechanical mechanisms, 99-100
modeling intraocular scatter, 120-123
monocular lid closure, 119
neurophysiological processes, 100
normal visual adaptation, 98-100
partial lid closure, 119
photic blink reflex, 117-118
photochemical mechanisms, 100
photometric quantities, 98
photoreceptor bleaching and performance, 123-124
pupillary constriction, 99
pupillary responses, 119, 125-126
radiometric quantities, 98
resolving power of the eye, 119-120
scatter model validation, 123-127
spot size to intensity relationship, 118-119
temporary changes in visual sensitivity, 100-108
units of measurement, 98
Visual performance changes. See also Eye injuries
animal models, 72-93
data analysis, 76
discrimination task, 74-75
laser exposures, 75-76
laser glare, 9-10, 102-107, 120-123
test results, 76-89
testing apparatus, 74
visual performance test system, 9-10

\%

Walter Reed Army Institute of Research
BRAC moves, 6
diagnosis and treatment research for battlefield laser-induced
eye injury, 16
exposure guidelines for laser radiation, 15-16
laser research, 14-15
Wang, Dr. Heuy-Ching Hetty, 16
Weapons-mounted lasers, 36-37
Whitmer, Lieutenant Colonel Deborah, 16
Wire-guided TOW missiles, 10
Wood, Claudia, 16
Wood, Fremont E., 16
WRAIR. See Walter Reed Army Institute of Research

Xenon arc lamp, 205-207

Zeus, 40

Zuclich, Dr. Joseph A, 15, 16
Zwick, Dr. Harry, 7, 8, 14, 16
Zwicker, William, 7

Index

XxXVii



