FLIGHT SAFETY FOUNDATION

HUMAN FACTORS &
AVIATION MEDICINE

For Everyone Concerned with the Safety of Flight

Vol. 37 No. 4 July/August 1990

Pilot’s Sunglasses. Mystique or Mandate?

Aviators' sunglasses are more than the symbol of a profession;
they can play an important part in safeguarding a pilot’s
most important asset — vision.
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Institute of Safety and Systems Management
University of Southern California

Sunglasses are as much a part of flying as the legendary white
scarf and leather jacket. The stature imparted by the classic
shape of aviation glasses with subtle gold frames is widely
imitated outside the aviation world. The sunglass choices
available are mindboggling. Plastic or glass. Gray, green,
brown, yellow or the newest addition to the family, rose.
Heavily or lightly tinted. Coated or uncoated. Mirrored or
plain. Polarized or unpolarized. Blue-blockers or regulars.
Self-darkening or fixed color. With or without anti-reflective
coatings.

In the movie “Top Gun,” sunglasses were the hallmark for the
fighter pilot who was a winner. (They were even worn in the
bar!) Not surprisingly, an unsubtle competition isevolving in
the market place to develop the “coolest” form of sunglasses
without regard for the adverse effects of diminished light
presentation to theretina. The pricebeing paid“ to look cool”
may beimpaired visual acuity. Visual acuity isirrevocably tied
to available light, and the indiscriminate use of sunglasses to
“protect” from high ambient light conditions impairs pilot
performance by compromising the retina's ability to present a
decipherable cerebral image.

There are several excellent reasons to wear sunglasses. It is
generally accepted that glare is harmful to the eye, and that
protection from glare is therefore therapeutic, even though
studies show that only 22 percent of the population reacts
adversely to glare. Eye fatigueis offered as a reason to wear

sunglasses, but thebiggest contributor to eyefatigueisnot light,
but refractive error, primarily uncorrected astigmatism. Expo-
sureto heightened level sof potentially harmful ultraviolet light
reflected fromtheaviator’ sfavoritemilieu, bluesky and clouds,
isalsolisted asareasonto wear sunglasses. Themost convinc-
ing reason, however, is the averse effect on night adaptation
when unaltered high ambient light level sareendured during the

day.

The older eye compares unfavorably with the younger one.
Since visua performance is directly related to image lumi-
nance, it follows that the older eye, which islessresponsive to
changesin light levels, is at a disadvantage. There are severa
reasonsfor this. First, thereislessincreasein pupilary sizewith
decreased luminance. Second, changesinthelensand vitreous
humor make the older eye more sensitiveto glare. Third, there
is an overal reduction in the transmission of light. This
translates directly to aneed for morelight to be ableto see, and
to age-related problemswith visual acuity in diminished light.
Behind their sunglasses, younger pilots will have more pupil
dilation than those who are older. Older pilots, therefore,
should wear sunglasses that allow the passage of morelight to
theretina. It has been reported that to obtain the same contrast
detection performance asa20-year-old, a40-year-old needs 40
percent more light, and a 60-year-old needs 100 percent more
light.

Visual performanceis not aconstant, even across a population




segment that passesthe samevisual acuity tests. Theindividual
diversity present within a specific age group shows sufficient
statistical variability to suggest that no one pair of sunglasses
will answer the needs of all members of that age group at the
same time, and that these needs change according to ambient
light conditions.

A high-level light source, such as glare, causes pupilary con-
gtriction. The smaller the aperture through which the eye must
see, the darker is the image created on the retina. Nearly 25
percent of the populationisexquisitely sensitivetoglare. Their
pupils are nearly pinpoints under such exposure. Diminished
retinal luminance causes measurable visual decrements. Sun-
glasseswill improve this visual acuity problem by counteract-
ing the amount of available light. Cornversely, another 11
percent are at the opposite end of the sensitivity spectrum.
These people actually have improved acuity under high glare
conditions, and seem to have no need for sunglasses. The
remainder of the popul ation does not care oneway or the other.
Glarefor them isanon-event in terms of altered visual acuity.

Eye fatigue can be agenuineissueif glare sensitivity includes
eyelid spasm, tears, photophobiaand squinting. Theastigmatic
eye, because of its commonality in the population and the
amount of effort required to “neutralize” it's flawed imagery
(however incompletely), is statistically a more important cul-
prit. Both victimswill appropriately complain of eye fatigue.
Prescription lenses will be required to correct the exquisite
sensitivity problem. Whereboth problemscoexist, prescription
sunglasses answer the need.

Sudden Light Changes

Glare a'so has the capability to produce other transient prob-
lemswith visual acuity. A sudden changeinimage luminance
such as experienced when driving into a dark tunnel, or when
exiting a movie theater into bright sunlight, or as experienced
whenfirst putting on sunglasses, will produceabrief interval of
reduced vision requiring increased caution.

Ultraviolet light (UV) with a wave length of less than 315
nanometersisaknown cause of premature cataract formation.
Cataracts cloud an otherwise clear ocular lens, presenting a
physical obstruction to the passage of light through the eye to
the retina. Impaired light passage equates to impaired image
formation without regard for where the impairment originates.
UV light with awave length between 300 and 400 nanometers
interfereswithvisionby causing fluorescenceof the corneaand
lens, recognized as a bluish haze especially when the light
sourceisobliquely directed. Thus, alow lying sun need not be
in the direct line of vision to compromise performance. UV
light sourcesinclude both thesun’sdirect galacticradiationand
a clear blue sky, where these rays have been scattered as they
passthrough the earth’satmosphere. At theearth’ssurface, six
percent of the sun’s radiation is UV light. This percentage
increases by four percent for each additional 1,000 feet of

altitude, clearly presenting special hazards to aviators. There
are three recognized subsets of UV light: A, B and C. UV-A
passes through many types of glass and is the cause of sun-
related drug reactions. UV-B isthe sunburn-inducing, cataract-
causing carcinogenic segment. Ordinary glasswill block UV-
B passage. UV-B will penetrateto adepth of threefeetinwater,
and will passthrough athin cloud layer to produce sunburn on
an overcast day.

Itisnot necessary to wear lensesinside the aircraft to protect
a pilot from the injurious part of the UV spectrum because
canopy or cockpit windows made of polycarbonate will also
block UV-B. Acrylics, however, will not block UV effects.
(Open cockpit and ultralight fliers have a problem readily
solved by wearing either glass or polycarbonate sunglasses.)
UV-C is absorbed by atmospheric ozone and is not supposed
to reach the earth.

Bright Day — Dim Night

A day at the beach or on snowy bright ski slopes without
attenuation provided by sunglasses will provoke amemorable
evening drive home because vision will be severely flawed at
night. This deleterious effect commonly lasts for hours, even
though under normal conditionsfull night adaptationisachieved
inabout ahalf hour. Thisfailuretowear sunglasses on any day
having high ambient light bleaches the retinal pigments to a
point that their restoration for night use the same day is
significantly delayed.

The amount of light blocked by sunglasses is the key to how
much decrement takes place in visual acuity while the glasses
are actualy in place. This adverse effect exists only while the
glasses are actualy in place, and does not persist after the
glasseshavebeenremoved. Generally, thedarker thelenses, the
larger theloss. Thisisthe reason why baseball players delay
flipping down their sunglasses from beneath their cap visors
until they have located the arcing ball.

The“strength” of sunglassesis measured by how muchlightis
allowed to pass though the lens. A product that blocks 85
percent of availablelight, (the U.S. military specification stan-
dard for aviator’s sunglasses and tinted visors which may have
haditsscientificoriginsina“ best guess’ scenario morethan 50
years ago), allows 15 percent pass through for retinal image
formation. If ambient light levelsare extreme, such asfroman
overhead suninapartly cloudy sky withreflectancefrom water
or snow below, such sunglasses should be adequate for the
needs of the average pilot. The same circumstances|ater inthe
day for the same person may block too much light because the
angle of the sun alows for shadows that attenuate light expo-
sure, unless one looks directly at the source, or if presented
tangential to the eye. Thus, the sunglasses needed for mid-
morning or late afternoon may not betheonesbest suited at high
noon. A lensthat darkensor lightens according to theintensity
of ambient light, or truly photosensitive lens, would appear to
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be the most desirable, especially since the pilot needs metered
light abatement that is based on the severity of the exposure.
However, those lensesthat require UV-B to make them darken
will not darken whenworninsidetheairplane since UV-B does
not penetrate the canopy or windows. Thus, what appearsto be
the best answer to the changeable needs of the cockpit,
photochromatic lenses, turns out not to be an answer at al.

The range of light transmission blocked by a photochromatic
lensvariesfrom alow of 20 percent to ahigh of 85 percent, and
outside the cockpit these lenses appear to be a wonderful
solution to the glare problem. Department store sunglasses
made of soft plastic do not inhibit UV passage. These products
commonly block 75 percent of available light but none of the
potentially harmful UV-B.

Lenscolorsalter what isseenin different ways. Green or gray
aresaidtogivetheleast color distortion, and areavailablesingly
or in combination. Yellow has the capability of filtering
reflected shortwave blue which is found in air contaminants
such as fog, haze, smoke or smog; these airborne particulate
suspensions blur images by reflecting shortwave blue light in
such a way that the image on the retina is diffuse instead of
sharp, a phenomenon called chromatic aberration. In certain
conditions, therefore, yellow “blue-blockers’ can improve vi-
sual acuity, but not becauseit protectsfrom glare. Yellow glass
that cuts out more than 30 percent of ambient light will so alter
colorsthat thedistinction between greenand red lightscould be
ahazard on the airport. Many pilots dislike the world as seen
through yellow lenses, but a daylight flight in poor visibility
caused by smog, while wearing light yellow lenses, can be an
“eye-opening” experience. Military pilots who fly low-level
missions complain that depth perception is adversely altered
while using yellow lenses.

Brown will enhance contrast aswell adoing amodicum of blue
blocking if it isnot too dark. Rose aso increases contrast and
blue-blocking; itisoffersanichein specialized applicationsfor
automobile use.

The Height of Cool

Mirror coated lenses represent the height of cool by the use of
attention-getting metallic depositsonthe surfaceto producethe
desired mirror effect. Aside from being fragile, such coatings
substantially decrease the amount of light transmission with
resultant lossof visual acuity if applied to an already dark lens.

Anti-reflective coatings on the inside surface of lenses are
designed to prevent the user from seeing an image of his own
eye reflected on the back side of the glass. Such imagesare a
nuisance under certain lighting conditions and present an un-
wanted distraction to a busy pilot.

Polaroidlensesshould beleftinyour boat. Their chief attribute
is that quality polaroid lenses will completely eliminate re-

flected glare coming from aflat surface that is at an angle of
approximately 53 degrees. A pilot wearing polarized lenses
seestheworld as constantly changing according to hisangle of
bank, or thetilt of hishead, astheangle of thereflected glareis
altered. Looking through a polarized window while wearing
polarized glasses can result in no retinal image.

Infrared rays should only be a problem only for sun gazers at
eclipsetime. However, any L ockheed C-130 pilot can attest to
the elevated temperatures on theflight deck that result fromthe
greenhouseeffectinacockpit withalargewindow area. Itisnot
known to be an eye hazard.

The Bottom Line

The amount of light that passes thorough a lens is the most
critical factor in selecting sunglasses to effect a compromise
between visua decrement, color distortion and glare or high
ambient light protection. Lenses are categorized as being
between aoneand afour according to percent of light transmis-
sionanditshasic color. Thus, you can haveaBrown 3, Gray 4,
Yellow 1, Green 2 or any combination of acolor and anumber.
A Number 1 lens cuts 20 percent of available light, barely
enough to be noticed, and except for yellow, useful only inthe
world of fashion. A Number 2 lens blocks 70 percent. A
Number 3 lens blocks 85 percent and a Number 4 lens blocks
95 percent. Thereisno placeinaviationfor aNumber 4 lensof
any color because of the severe decrement in visual acuity,
(though such lenses are available). A pilot with 20/20 vision
wearing Number 4 glasses has a visual acuity between 20/40
and 20/60 while airborne in his cockpit, even though he could
be a comfortable 20/20 on the sunbathed ski slopes using the
same glasses.

A Number 3 lens has utility only in unusualy high light
situations such asflying into the sun, or flying VFR just on top
in bright sun. Interestingly, it is Number 3 lenses that are in
common usage without regard for whether acuity suffers.
Visual acuity while wearing Number 3 lenses can be degraded
to an average of 20/30.

TheNumber 2lensshould betheaviator’sfriend, and then only
when judiciously worn. A 30 percent light transmission pre-
sents the world with the same amount of light asthat found in
a 70 percent eclipse of the sun. That iswhat these glasses do.
Subdued light istheresult. Visual acuity isreduced minimally.
Wearing Brown 2 glasses, the 20/20 pil ot remainsal most 20/20.
Looking for traffic, the pilot should remove them. Assoon as
meteorological conditions permit, they should be returned to
thecaseor pocket. Wear Yellow 1 glassesin hazeor inthe soup,
and then only if they improve vision.

“The effect of even a small difference in acuity on visual
performance is commonly underestimated.” So say the inves-
tigatorsat theU.S. Naval Aerospace Medical Research Labora-
tory intheir December 1986 report on the use of sunglassesand
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visorsby U.S. Navy fighter pilots. Visor wearerswereat a1.8
nautical mile disadvantage in sighting a target compared to
those not so encumbered.

Sunglasses should not be worn merely because they are avail-
able. Ambient light translatesdirectly intovisual acuity. Losses
in the former impact the latter.

Aviator’'s sunglasses should be glass or polycarbonate; should
transmit not less than 25 percent of available light; should not
distort colors, distancesor shapes; should nullify theblurring of
shortwave reflected blue; and should increase contrast without
misrepresentation. Their adverseeffect of visual acuity must be
known and they should not be worn during conditions of
diminished light. There can be special times when an adjunct
pair of Yellow 1 glasses (that are not sunglasses) can improve
vision. Remember, being cool has a price. 4
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Thereareold pilotsand there are bold pilots,
but there should be no old pilotswearing bold pilots’ sunglasses.
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