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Introduction

Lasers have been on the modem battlefield for decades. They are used primarily as
rangefinders and target designators, however, in the past the high cost and technologica
sophidtication of lasers have limited ther fidding to naiond amies Their large Sze and power
requirements have further limited their presence on the baitlefidd.

Within the last few years, however, technologica advances have reduced significantly both
the sze and power requirements of lasers. Instead of lasers operated at only a few fixed
waveengths, they now can emit energy virtudly anywhere within the eectromagnetic spectrum
and the cogt has plummeted. Low power laser pointers operating in the visua region of the
gpectrum can be purchased through mail order companies and in loca discount stores.

Within the military community, especidly in avidion, lasers are a mgor potentid threat to the
aviaor's mogt important source for gathering information, his or her eyes. Vison is of
paramount importance to the aviaor in flight. Either through hodile intentions or through
training accidents, the aviator's vison has been susceptible to damage through exposure to lasers.
Today, this potentid threst has increased Sgnificantly with the easy availability of low-cost laser
pointers.

The U.S. Army recognizes the need to address the issues of lasers, laser protection and laser
injuries. The former Letterman Army Inditute of Research, the Presidio, San Francisco, CA,
initiated a series of conferences, “Lasars on the Modem Baitlefidd.” The first conference was
held in 1979. These conferences brought together researchers, medica personnd, and the Army
user community to address laser issues. The XXII Lasers on the Modem Battlefidd Conference
was held a Brooks Air Force Base, San Antonio, TX, in February 2001, hosted by the U.S.
Army Medica Research Detachment.

While a consderable amount of knowledge has been acquired over the years on issues
regarding lasers, this knowledge does not dways reech the fidd. Aviators often do not have
aufficient awareness of changes in the laser threat, of what is available to protect againg it, and
of the most recent medical advice on deding with laser exposure. The U.S. Army Aeromedical
Research Laboratory, Fort Rucker, AL, and the office of the Product Manager, Aircrew
Integrated Systems (ACIS), Redstone Arsend, AL, often fidds questions in these areas. As a
result of these questions and the gpparent need for a more informed aviation community, a three-
part series of questions and answers on laser topics has been written for publication in the U.S.
Army Safety Center's avidion safety newdetter, FlightFax. The questions used in the series were
divided into three areas Lasars on the modem battlefield, laser protection and laser injuries. The
questions answered. reflect those typicaly and repeatedly asked of the two organizations above.
This report collects these questions as presented in the three-part FlightFax series of articles into
a single resource.



Pat |: Lasars and aviation on the modem battlefidd

The US Army fidds a number of laser sysems. They are used primarily as rangefinders or
target desgnators The first systems were fidlded in the early 1970s. Ydt, even today, lasars ae
a source of much misunderstanding. This section, the first of three parts which look a lasars,
laser protection and laser injuries as they apply to the aviator in the cockpit, atempts to address
this confuson.

Q: How does laser light differ from “normd” light?

A: While “light” is “light,” light produced by a laser has three unusud properties. The fird is
thet laser light (energy) is emitted dmost a a single wavdength (actudly a very narrow band of
wavdengths). A second property is that laser energy can travel greater digances with vay little
Soreading out (divergence). Laser beams have been bounced off the moon. The third property is
cdled coherence, which means the light waves from a laser are in step (or in phase) with one
another.

Q: How are lasers named or dassfied?

A: A given leser can be classfied in severd ways One way is by the region of the
dectromegnetic spectrum in which the laser energy is emitted; eg., visble, infrared (IR), or X
ray. This is defined by the laser’'s wavelength (measured in nanometers [nmy]). Ancther way is
by whether the laser produces a continuous beam or a series of pulses. Or, lasers can be named
according to the opticd medium used within the laser to produce the light; eg., ges olid-date,
dye, etc.

Q: How far awav from alaser do | have to be to be totdlv safe?

A: The digance from alasr beyond which the maximum permissble exposure (MPE) is not
exceeded is known as the “Nomind Ocular Hazard Distance (NOHD)". For military lasers, this
distance can be up to 10 kilometers for the unaided eye and up to 100 kilometers if viewed
through unprotected optics.

Q: How do lasgrs vary in power?

A: Las power is measured in units caled “watts” Lasers, such as those used in science
clasyooms, are measured in thousandths of a watt or “milliwatts” Indudrid lasers can range in
the thousands of watts or “kilowatts” Pulsed lasers can ddiver power in the “megawaits per
pulsg’ range. Lasrs can be dassified by therr power output (Class 1,2,3,0r 4). The lowest power
lasers, Class 1, are those that, under norma conditions, cannot cause damege even when viewed
directly. Class 4 lasars are high power lasers capable of causing fires, damage to the skin, and
damege to the eye, potentidly even from reflections.

Q: What is a vighle laser?

A: Any lasx oparating a a wavelength between 380730 nm can be seen by the human eye

You can expect to encounter a variety of “colors’ from common laser pointers ranging from blue
(480 nm) to green (532 nm) to red (670 nm).

Q. Are there lasars | can't see?
A: Yes military laser rangefinders/designators  operate at longer wavelengths and are not
vighle Such lasars emit at wavelengths greater than 780 rm and are refared to as infrared




lasrs. Even though you can't see infrared lasars, the eye can ill focus this energy on the retina
creding the potentid for injury.

Q: Can a laser change its wavdength?

A: Curently, dl lasers you might encounter are single or “fixed wavelength” lasers. However,
“tunable or agil€’ lasars exigt in the laboratory. These lasars have the ahility to change the
wavdength a which they produce energy. These lasers use an organic dye materid as the laser
medum and can emit energy over a continuous band of wavelengths.

Q- What type of laser is used on the AH-64 and OH-58D?

A: The rangefinder/designator  on the AH-64 and OH-58D is a NeodyniumYAG pulsed laser. It
is a liddate laser usng an ytrium-duminum-gamnet (YAG) crydd as the laang medium. It
produces nonvishle laser energy pulses in the infrared a gpproximately 1064 nm. Pulsed lasars
put out energy in a single pulse or in atran of pulses The important characteridtics of pulsed
lasars are thar pulse frequency rates (PFR) and their energy or power per pulse. The mog
common pulsed laser is caled a Q-switched laser. Its pulses are typicdly 20 hillionths of a
second long but can deiver a million watts or more of power per pulse.

Q: Are lasers a threat to me?

A: Yes dthough lasars have been around for a long time, today they are chegper, smdler, more
eedly obtained, and produce more energy than in the past. The number of reported laser
incdents to date is amdl, but the potentid for such incidents is growing sgnificantly. Of
greatest concern to the aviator is the impact of laser exposure to the eye, the results of which
could indude dazzle, flash blindness, and retind damage.

Q: Does my aircraft windshidd stop laser energy?

A: In gengd, no. The typicd arcraft windshidd is highly transmissve to both visble and near-
infrared lasers. It will stop ultraviolet and far-infrared lasers, but these are the leest likdy to be
encountered.

Q: Is there such a thing as an “eye safe’ lasar?

A: The dam of bang “eye safe’” means that you supposedly are able to view the laser directly
without incurring damege to the eye This phrase is often misused. A wise philosophy is never
to intentiondly look directly into any laser device

Q: Should | worry about the laser pointers being sold in depatment stores?

A: Yes and no. Laser pointers are inexpensive ($5 to $500) and readily avallable They produce
laser energy in a variety of colors (wavelengths), mostly green and red. These devices are vary
low power and unlikely to be a source of damage to the aviator. However, they are capable of
producing dazzle (a temporary loss of vison that will return immediately when the light source
Is removed) or fladblindness (again, a temporary loss of vision, but this loss can persg for
sverd minutes even after the laser source is no longer present). These effects are Smilar to
bang “blinded’ by a bright light or flashbulb. It is obvious that even the temporary loss of
vigon in the aviation environment could have catastrophic results. The U.S. Army Center for
Hedth Promation and Preventive Medicine (USACHPPM) has developed an excdlent web-
based presentation on laser pointers available from their site at hitp:/chppm-




www.apgea.army.mil\laser\laser.ntml.  Safety officers can request it in various computer media
formats.

Q Where can | ge more information on lasers?
A: Quedtions about lasers can be answered by contacting USACHPPM, Laser/Optical Radiation
Program, DSN 584-3932 or COM (410) 671-3932.

Part 11: Laser protection

In Part |, we answered questions concerning the nature of lasers on the modern battlefield. In
this section, Part |1, we address questions about laser protection. The chalenge of providing
protection agangt an ever-changing laser threat, while not compromising peformance, is a
difficult one.

Q What is my greatest concern from exposure to lasers?
A: For the aviator, the greatest concern is potentid injury to the eye. While the skin does absorb
laser energy, much more energy is required for skin damage than for eye damage.

Q@ Why isthe eye a such great risk?

A: The eye is desgned specificdly to focus light onto the retina of the eye. For continuous wave
lasers, the eye will focus a higher concentration of energy on a very smdl area In addition, laser
energy can be absorbed by the various parts of the eye, causng therma damage. Pulsed lasers
can cause damage by a shock-wave effect, Smilar to that caused by a bullet.

Q@ What parts of the eye can be affected?
A: Ultraviolet and far-infrared laser energy can damage the cornea. Visble and near-infrared
lasers will be focused on and damage the retina

Q@ What are my chances of being serioudy injured by lasers?

A: To date, only a handful of laser injuries have been documented, and most of these have been
sf-inflicted. Whether damage will occur, and to what extent, depends on many factors. These
include the laser's wavelength and power, exposure duration, distance from laser source, pulse
repetition frequency (for pulsed lasers), and the nature of the exposure (direct beam or
reflection).

Q Do my sunglasses or standard flight visors provide any protection againgt |asers?

A: Your sunglasses and standard clear/tinted visors provide virtudly no “red” protection aganst
military lasers, no more than a sheet of paper would provide protection from bullets. However,
they will afford you some protection againg dazzle and flash blindness.

Q@ What form of laser protection is avallable to the aviator?

A: Both 2-notch (NSN 84 15-0O 1-394-8026) and 3-notch (NSN 8415-01-394-8024) laser visors
have been fidlded for the HGU-56P flight helmet. The 2-notch is “light green” in color; the 3-
notch is “bronze or brownish.” The notches cover the military laser wavelengths considered to
present the greatest threat. The 2-notch protection can be worn ether day or night, but the 3




notch protection is too dark to be worn safely at night. For the Apache aviator, a 2-notch visor
(NSN  1270-01-327-3 107) is available. Spectacles (made with pale green KG-3 or KG-5 glass)
protecting againg the AH-64's own laser are available,

Q: What is meant by a “2-notch or 3-notch" laser visor?

A: A “notch” refers to a section of the spectrum for which your visor offers protection.
Therefore, a "2-notch™ visor provides protection againgt two different lasers, a "3-notch” agang
three different lasers. However, you need to know which laser wavelengths your visor protects
agang. The 2-notch visor protects againg Ruby (visble red) and Neodymium YAG (infrared)
lasers. The 3-notch protects againgt these two and one additiond waveength that is classfied as
FOUO.

0: How is the protection levd of a visor rated?

A: Any laser protective device is rated by: @) the wavelengths it protects against and b) the
amount of protection for each of those wavelengths. The amount of protection is cdled the
“optical dengty” or “OD. " An OD vdue of 1 means 1/10th of the incoming laser energy gets
through; OD=2 means I/IOCth gets through; OD=3 means 1/1000th, etc. OD vaues of gregter
then 3 are usudly required to provide adequate protection.

QO How does laser protection work?

A: Current laser protection methods are generdly of two types absorption and reflection.
Absorption is achieved by mixing a dye with the standard visor during mading. The dye
absorbs the lasr energy that strikes the visor. Reflective coatings are typicdly “sandwiched”
between two layers of polycarbonate and reflect the laser energy.

Q: Does the protection level of my laser visor hold up over time?

A: No, mogt dyes used in absorption visors are affected by sunlight exposure. Current guidance
IS that absorptive visors should be replaced after 600 hours of sun exposure. To maximize the
life of laser visors wear them only when a laser hazard/threat is anticipated. Reflective coatings
are not known to degrade over time or with exposure to sunlight.

Q: Is there a parformance price for wearing laser protection?

A: Yes awy time you have to look through one more layer between you and the outsde world,
your visud peformance will be degraded, even if ever so dightly. In addition, Snce the
protective device may be desgned to block certain visble wavdengths, it may afect your ability
to view cockpit digplays and warning lights.

0: Do scratches on my laser visors affect my laser protection?

A: Minor scratches will diffract and defocus the intensity of the laser, which actudly increeses
the laser protection. Large scratches that might alow a laser to penetrate wil 1 be objectioncble
from a pilot's visud perspective and are easily identified.




Q. Can my mechanic/technician use my laser visor for protection while he is paforming
mantenance on the rangefinder.designator

A: No. Your visor was designed to provide you adequate protection a operationd combet
ranges. A technidan working on the system is working a point blank range. His OD
requirements are much greater than yours.

Q: Does looking through optics give me protection againgt lasers?

A: No, direct-view opticd systems do not provide protection . . . . unless they spedificdly have a
laser filter ingtalled, and, even then, they protect only againgt those laser wavdengths for which
the filter was designed.

Q: Do my NVGs offer laser protection?

A: Yes. Whenyou are looking in the direction of the laser, the energy does nat pass through the
goggles But, the goggles will bloom. And, of coursg, if you are looking under or around the
goggles, you are & risk.

Q: What can and should | do if | am exposed to a laser?
A: Next month, in the third and find- part of this laser series, questions regarding lasr injuries
will be answered.

0: Who can | contact for more information on laser visors?

A: HGU-56/P wearers can contact Mr. Jm Hauser, product engineer, PM-AES,

DSN 897-4267, (256) 313-4267, jim.hauser@peoavn.redstonearmy.mil  Apache aviators can contact
Mr. Lary Bed, Aircraft Armament Group Leader, DSN 793-2329.

Part I1l. Laser-rdlated injuries

In the fird two sections of our laser series, we answered questions on the nature of lasars and
how you can protect yoursdf from exposure. The find quesion remains What do you do if
you're in the wrong place at the wrong time . . . . if you think you've been lesed?

Q: What is the mogt important thing to remember if | am lased?

A: Remain calm. Being lased is comparable to being hit by a sniper . . . . it's sudden, unexpected
and potentidly highly dangerous  But, the odds are very much in your favor, Snce mogt
incdents produce temporary symptoms and no permanent loss of sght. While serious injuries
can occur, they are atypicd in flight scenarios.

Q: If | am lased, wha is the least effect | might experience?

A: A temporary dazzle effect, smilar to what you might expect from any sudden bright light in
your face, or flash blindness, which can last up to minutes, are the leedt injurious effects you may
encounter. While some loss of visud acuity may occur initidly, nether condition will result in
permanent loss of d9ght. However, a low dltitudes, this can have catastrophic results

Q: Wha is the range of symptoms associated with laser injuries?
A: Laser-rdaed injuries depend upon the type of laser involved, its power and range from
source. Injuries can range from temporary (minutes) loss of vison to srious retind burns and




hemorrhege (bleeding). Pain may or may not occur. Some of these injuries result in no
discomfort, other than a mild watering of the eyes. Injuries involving the comea, even rddively
mild ones can result in excrudiating pain. With or without symptoms, any laser exposure can be
serious and should not be discounted.

Q: What type of symptoms will | experience if | receive a retind bum or hemorrhage?

A: You may or may not experience pain depending upon the location of the injury. In the event

of aretind hemorrhage, your vision will begin to blur and become clouded as blood legks into
the middle of the eye. As hemorrhaging continues, vison may be totaly obscured in the afected
eye. While retind hemorrhages are sometimes treated surgicdly, and the eye may reman
clouded for severd months, the eye is remarkably good at repairing itsdlf.

For retind burns, some vision loss may occur, again depending upon the location of the
inury. In severe cases, such as those involving pulsed lasers, the intense heat produced will
Uperheat the tissue causing mechanicd disruption, spreading the damage to surrounding aress.
The mechanicd force involved can blow a hole through the reting, resulting in additiond

hemorheging and possible severe vision loss.

Q: Should physcd damege be my only concern?

A: As with any injury, shock and psychologica trauma adso can occur. This is egpeqdly true
with any type of reind hemorrhage. The trauma surrounding the event, and the fear of loss of
vidon, can be ovewhdming. Over the long term, the psychologica dress experienced will
depend upon the aviator's initid response to the injury, his knowledge and training about laser
weapons, and the trestment received. The emotiond sress received from a laser injury should
not be overlooked.

Q: If | suffer alaser injury, are there steps | can take to reduce its severity?

A: Although there is little you can do for laser exposures, there is a lot you should not do. DO
NOT RUB YOUR EYES. Casss have been reported where victims rubbing ther eyes have
actuely caused dorasons and worsened their injuries. Keep hands and fingers away from the
gyes to avoid possble contamination and sources of infection. Current medicd advice is not to
peich the eye.

Q: Once | have landed, what should | do?

A: Immediately report to the flight surgeon. While laser injuries can be minor, sgious injuries
are not dways readily apparent. Medica complications can often be avoided by immediate
treatment. It is important for the victim to remember that laser-relaed injuries ae sddom life
threstening and the chances for at least partid recovery are usudly quite good.

Q: Wha medicd trestment might | expect?

A: Initidly, expect a thorough eye examination by a trained ophthdmologist. This is Sandard
procedure and dlows for extensive examination of both the interior and exterior of the eye.
Burns to the cornea are often treated with antibictic cintments, mild pan rdieves ad
inramuscular - andgescs Smdl nonfoved bums with little or no hemorrhaging are monitored,
but no actud medica trestment is necessary. More serious bums and hemorrhaging may require
aurgicd  intervention.
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Q Where can | go for further information?

A: FM 8-50 Prevention and Medical Management of Laser Injuries (1990) is an excellent source
of information, though somewhat dated. Additional information can be secured from the U.S.
Army Center for Hedth Promotion and Preventive Medicine (http://chppm-

Www.gpgea.army.mil).

Summary

Laser rangefinderstarget  designators are a vitd part of effective tacticd wegponry, and,
therefore, accidental exposure is a serious potentid. The avalability of inexpensve laser
pointers increases the potential of laser exposure. While the externd threat of laser exposure is
increasing, it is worth noting that mogt laser eye injuries to date have been sdf-inflicted.

Laser protection is accessble and effective. Unfortunately, because of the variety of lasers
available, protective devices must be coordinated with the greatest laser exposure risks. No one
laser protective device can protect from al waveengths and energies.

There are no smple answers for laser protection. For the aviator, the potentia for laser
exposure is just another dtuation that requires vigilance, training, knowledge and a cool head.





