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TECHNICAL NOTE

Focus Adjustment Effects on Visual Acuity
and Oculomotor Balance with Aviator
Night Vision Displays

JOHN C. KOTULAK, O.D., M.S., and STEPHEN E. MoRSE,
O.D., Ph.D.

KortULAK JC. MoRsE SE. Focus adjustment effects on visual acuity ity for an emmetrope (an individual without refractive
and ocuioffoor balance with aviator nigit vision dis•Plays. AviM. error) is achieved when the instrument eyepiece is set toSpace Enviroo. Mead. 1994; 65:348-52.Spsce environ. m wM. wev given. trning o 6 a low minus power rather than to infinity (zero power)

,,,g-M om a.ijq w A* i m visi j, gim (me ), or to a high minus power (12,13). This suggests that an
shewed = I*pe e8 e. In vhel emily with fI edlwusue adjustable focus eyepiece could serve a useful role in

pmiared 6 ia m f miy fers ..It-M i a -TheIe m weftet compensating for instrument myopia and improving vi-
ffern edlesensee. en vials.i oWe met meresdi hweaver, ed-a. .-. ..rn Wee fa. m ft be 9@~n1 d ombn I sion, provided that the user of the instrument has the

UihI bond ed - -,,,m and, .Wi , p necessary skill and training to focus it properly. On the
de4 ned f, 1, ples. thte we se te a ow mtne pew other hand, the misadjustment of eyepieces by un-
,nmy pet0y pe-01 fer h6me1-mee mYm p-. bet Ovy -my trained or unskilled users can lead to visual problems
ew P, -1 Viuea nl e .Y t .Su eatem tbo . Wusfle fewn (5). This paper will address three questions of aeromed-
or""-se des. EyPee edlusitnee peion 0-Y with preseetMg Vision deose "a e Ipreved thrlgh i 1 he. ical interest regarding the focus of eyepieces on aviator

hasee rUnung to "lM W" l Po n" a,"S 26We pw. night vision displays:
tremigt O hi.. dimplays s ee ifern misilsmene 1. How effectively do aviators make eyepiece adjust-

by pea e aeutle m o m aeraslg 1 1 i 1 p eqet,- ments with current equipment?
nmow unge., emd a feweIng h e h l 2. What would be the effect of using fixed-focus eye-

pieces in future night vision displays?

3. What can be done to make aviators more profi-
A, N OFIICAL INSTRUMENT that is equipped with cient with focus adjustment with present and future dis-

an adjustable focus eyepiece typically is focused as plays?
though the user of the instrument were myopic, regard-
less of the user's true refractive status. This phenome- How Effectively Do Aviators Focus Eyeec?
non has given rise to the notion that instrument viewing Efect of Adjustment on Visual Acuity
induces a transient myopic state; hence the term, "in-
strument myopia." Instrument myopia has been ob- One way to Sauge the effectiveness of aviator eye-
served with telescopes (16), microscopes (14), binocu- piece adjustment is to measure visual acuity before and
lan (4), helmet mounted displays (1), and night vision after adjustment, given that before adjustment the eye-
goggles (NVG) (8). Its presumed mechanism is exces- piece is focused at infinity. Such a comparison was done
sive a (8,14,17). with 16 emmetropic Army aviators using generation III

Although adjustable focus eyepieces have been in use binocular NVG's (6). Each subject received refresher
for a long time, little is known about their efficacy in training on eyepiece adjustment technique prior to data
improving vision. We do know that optimum visual acu- collection. Fig. 1, which is modified from Kotulak and

__...._Morse (6). shows that visual acuity was better when the
rot. uiss visai Sciewncs ornci. U.S. Amy Aeromedca Re. focus was adjusted by the user than when the focus was

muc Labatory. Fort Rvacer, AL fixed at infinity. The difference in acuity between fixed
This inclipt wis received or review in April 199"3. It w- re- and adjustable focus was statistically significant for all

vised sed incqpied ftr pubicejon in June: IM9.
Addrms reprin requset w LTC John C. Komua. Reeri Op. target conditions (Table 1).

Womusrist. U.S. Army Awadsi Rsca Lsn at. P.OO.Box Fig. I also plots data from another study (10) in which
m0Sm,. Fort Ruaerw, AL 36362.-77. acuity was measured with generation U NVG's, which
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EFFECTS OF FOCUS ADJUSTMENT-KOTULAK & MORSE

1.4 500 TABLE II. MULTIPLE COMPARISON TESTING FOR
, m-•m , DIFFERENCES IN VISUAL ACUITY BETWEEN FIXED1.2 C n.-w ,u FOCUS GENERATION I[ AND ADJUSTABLE FOCUS

200 GENERATION III NVG.

0.8 Target Contrast
O.S Night Sky Condition High Low

0.4 50 Full Moon p = 0.3 p - 1.0
No Moon p = O.OO0 4  p - 0.00040.2

0.0 a20 The p-values were adjusted for alpha inflation.
PVmm Ms mm rwaN fM-

11 u" Ii = 8The accommodative system, which maintains clear vi-
TaOW candM sion by controlling the refractive power of the lens of

n& 1. Visoul acuity threugh fixed mad adjluustah focus third the eye, and the convergence system, which maintains
and muAlataue Ima u snd night viso single vision by controlling the alignment of the lines of

em..is as a unctiom of targt oomet&so mad night sty coaditial.
emuity exrs as o h We o te tin sight of the eyes, can be dissociated only to a limited

n migl el ( 6MAR)mW linl .e 0-4 T. degree, beyond which either blur or double vision re-
m.n hurs op memm 1 10. suits. Jones (5) has proposed, based on a computer sim-

ulation, that the limit of dissociation between accom-
are markedly inferior to those of the current generation modation and convergence is ±2 units, when
HI with respect to resolution. Despite this, fixed focus accommodation is expressed in diopters and conver-
generation HI performance was no better than adjust- gence is expressed in meter angles (numerically equiv-
able focus generation 11 performance for half the con- alent units since both are reciprocals of distance in
ditions tested. Thus, without an adjustable focus eye- meters). However, Jones pointed out that comfortable
piece, the leap in technology between generations of vision is probably not possible at the upper limit of the
NVG's is not fully realized. Table H gives the results of dissociation range, and has suggested that ± I unit is a
the statistical analysis. more practical limit based on clinical considerations.

The focus adjustments that generated the improve-
Effect of Adjustment on Oculomotor Balance ment in acuity shown in Fig. I stimulated on average

only 0.55 diopters of accommodation (7,8,9). Conver-
The data in Fig. 1, which were obtained immediately gence during this experiment was 0.17 meter angles be-

after the eyepieces were adjusted, do not represent cause the test distance was 5.8 m (1/5.8 - 0.17). There-
whether or not visual acuity is likely to degrade over fore, the mismatch between accommodation and
time. Degradation could occur if the eyepieces were convergence was only 0.38 units (0.55 diopters-0.17
focused to excessive minus power, which for a binocu- meter angles), which is well within the tolerance of I
lar display can take on two forms: 1) both eyepieces unit proposed by Jones (5). Fig. 2 shows that the mis-
could be "'overminused" by roughly equal amounts, match between accommodation and vergence (relative
which creates a mismatch between accommodation and accommodation) remains well within the limits pro-
convergence (5); and 2) one eyepiece could be overmi- posed by Jones over the entire range of operationally
nused more than the other, which creates unequal ac- significant target distances. This, when combined with
conmodative demands between the two eyes (8). the data in Fig. 1, suggests that properly trained aviators

Mismatch between accommodation and conver-
gence: The first problem, the mismatch between accom-
modation and convergence, occurs if the eyepieces are
overminused to the extent that they cause the eyes to 12
accommodate (focus) to a point which is sufficiently I
different from the point to which they are converged 1.oo ............ ....... .................
(aimed). The term "relative accommodation" is used to
describe the degree to which accommodation is mis- E 0.75
matched with convergence under these circumstances. 8

O .5O,0....0

TABLE 1. MULTIPLE COMPARISON TESTING FOR 0 00
DIFFERENCES IN VISUAL ACUITY BETWEEN FIXED AND 0.25

ADJUSTABLE FOCUS EYEPIECES. c O"

co ý0.00
TargeutContras 10 100 1000

N'gt Sky Comdido Hish Low Tor"t dista (-)
p•. 2. •mimatc h~m SoldmemN m~l~

Fun Moon p - 0.01 p - 0.003 qW o - smok I hiwefm 1ms1010`4 1a 01 dionesmmm
No Moon p - 0.008 p - 0.003 Vlle" oewmmo •. •e mmmme es mmmdmllm• •me

Im aoMof thae a mmua oE .m..vmu..m. The WMON of somoomrle
Tlb p-mas were adjted far abpa iam. V1im0 is from Jones (s).
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EFFECTS OF FOCUS ADJUSTMENT-KOTULAK & MORSE

are capable of adjusting eyepieces in a manner that im- display, have adjustable focus eyepieces. However, the
proves acuity and that does not disturb the relationship expected increase in complexity of future displays will
b•aween accommodation and convergence, make the incorporation of adjustable focus eyepieces

Unequal accommodative demands: Another way in difficult. Fixed focus eyepieces will eliminate user mis-
which overminusing can cause problems with binocular adjustment as a source of visual problems; however,
instruments is by creating unequal accommodative de- they suffer from weaknesses that adjustable focus eye-
mands between the two eyes through the inappropriate pieces do not.
focusing of the two eyepieces to different powers. When
this occurs, the accommodative response is usually gov- Non-Infinity Fixed Focus Eyepieces
erned by only one of the eyepiece settings, rather than The effects of fixed infinity focus eyepieces on visual
by a compromise between the two (6). As a result, the acuity have been explained already in Fig. I and Tables
retinal image is in focus in one eye and out of focus in I and U. However, fixed focus eyepieces may be set to
the other. a dioptric value other than infinity; e.g., to a low minus

If the between-eye discrepancy in retinal image clar- power (13). This would provide some compensation for
ity is too great, then the eye with the greater amount of instrument myopia without the risk of eyepiece misad-
defocus is suppressed; i.e., visual perception in that eye justment. However, because the amount of instrument
is inhibited by the cortex (15). However, suppression accommodation varies greatly among subjects (6) (Fig.
does not occur when the focus difference between the 4), non-infinity fixed focus eyepieces may not optimize
two eyes is less than about 0.5 diopters (15). Also, ste- vision to the extent that adjustable focus eyepieces do.
reopsis is not compromised until the focus difference especially when the latter are in the hands of skillful
exceeds about I diopter (3). The between-eye differ- users.
ences in focus adjustment for the generation M] sub-
group of subjects from Fig. I is given in Fig. 3, as well Hyperstereopsis in Future Displays
as the thresholds for suppression of large and small tar- Currnt aviator NVG's have the image intensifier
gets from Simpson (15). Fig. 3 demonstrates that the C unt a iator n have the iae intener
mean between-eye focus discrepancy for all target con- sensors mounted directly in front of the eyes. However,ditonsfais biowthethrshod fr spprssin o smll future helmet-mounted displays may have these sensors
ditions falls below the threshold for suppression of small mounted on the sides of the helmet, which will cause thetargets. However, the variability of the focus disrep spacing between the sensors to exceed the normal in-
ancies is large enough to sugest that some individu terocular separation. When this happens, a condition
may suffvr from monocular suppression of small tar- known as hyperstereopsis results. In hyperstereopsis
getIn summary, the data suggest that aviators focus their apparent depth relationships are exaggerated, and tL..nvot toein- eyes converge to a point that is closer than the point toeyepieces on binocular displays well enough not to in- which they accommodate (2).
terfere with the balance between accommodation and Fig. 5 demonstrates this effect. The y-axis, which is
convergence, but not well enough to be free from all labelled "relative convergence," is the amount of con-
monocular suppression. vergence that is in excess of the amount of accommo-

What Would Be the Effect of Uuing Fixed dation, assuming that the amount of accommodation is
Focus Eyepieces? zero. It can be seen that relative convergence varies

Future Aviator Night Vision Displays directly with the degree of interocular separation and
inversely with target distance. The dotted line defines

Present U.S. Army aviator night vision displays, such the limit of comfortable vision, which comes from Jones
as NVG's and the Apache helicopter helmet-mounted (5) and was discussed earlier. Relative convergence val-

1 - ,",. 8M t w N 0.• -510 -- OIft ,- -O.4 fb 1.2 DS1.5 . ......................................................... a-0. lot - Of - -4J ft 1.4; 0

S0.5. 211.0. ME ii045125 16
-0.75 -0.15 0.05 0.45 0.85 1.25 1.65No -wag NAo,. owa L M , CGe mIdpoedn (doOPto of ... ommndado)

Tg 4. P qeey deeW 11 ,,e1 -- of In,.vnn. suewedeem
Tw~t onhio forixed IMMfly I -esafmgt vbile. geggleeN, MeNe velees -

Mg. I. ewem.ey. dlffere le in es Me amme, of twoge ke fewku li emiem k1peP0 nmpemnee. Pel~•e - ge
emmlgie.. uppeeue ihoke eý fými Sklupee (14). be"W fe lueuw-me- eoesmmedutleoL To deeemlu~ pumeent fe
km re emwt I ML eyeple R noee. k d.w now be seeeue
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EFFECTS OF FOCUS ADJUSTMENT-KOTULAK & MORSE

4 1. which the opposite eye is occluded, and the other in
A 0-0 '4 I which the opposite eye is slightly blurred. If one eye is
A --0 2X W• & occluded, the focusing technique is referred to as "mon-

3 A-A 4xbmmoa .• ocular," and if one eye is blurred, the technique is
A called "binocular." Although the U.S. Army teaches
A both techniques, we found that 15 out of 16 aviators

2 A tested used the monocular method. The results reported
earlier in this paper revealed improved visual acuity

owith focusing (when the monocular method was used)
.................... compared to the fixed infinity focus control, with ocu-•l A Iomotor balance remaining mostly within acceptable

0- limits. However, the binocular technique holds the po-ol : - tential for further improvement in visual performaalce
0 5 to 15 20 because it facilitates the control of instrument accom-

Target distance (m) modation through the mediation of "vergence accom-
nw s. m, b , - ,. W modation." When the lines of sight of the eyes are par-

finelw displas wi* sod whtv, yp, ea. me allel, as with NVG's, innervation from the vergence
N e e-, ofume dissemee. Reative Convergence in vr en- oculomotor system tends to reduce the amount of the
Vies (MA) Is tme sminat of minvsme ths Is In exms of m- aggregate accommodative response (11).eummedmdn, givhmen itt tfhe Omega ef eeIermneduteua is er.
The limit O4 sina e vis s from I m (S. Engineering Controls

Behar et al. (1) also recommended that a detent beues above the line are likely to result in symptoms. Fig. added to the focusing knob to help locate the infinity
5 demonstrates that hyperstereopsis disturbs the bal- position. A tactile zero marking, such as a detent, would
ance between accommodation and convergence, but be especially valuable in night vision displays, which
predominantly at distances less than 5 m. However, are often focused when it is too dark to read the eye-
operationally significant target distances can be as little piece scale. However, for the detent to be useful. the
as 2 m for helicopter aviators; e.g., clearance of obsta- manufacturing tolerances would have to be small (e.g.,
des during nap-of-the-earth flight. -0.125 diopters). In addition, misadjustments could be

It is significant that the mismatch between accommo- controlled if the eyepiece adjustment range were limited
dation and convergence that is created by hyperstere- to the physiologic realm, which is probably from + I to
opsis is opposite to the one caused by eyepiece misad- -2 diopters (Fig. 4). NVG's and the Apache helmet-
justments. Eyepiece misadjustments typically increase mounted display have considerably larger ranges. Fi-
accommodation relative to convergence, while in hy- nally, a diopter adjustment that is too fine or too coarse
perstereopsis, convergence is increased relative to ac- increases the risk of inaccurate focus. The entire range
commodation. A paradoxical result is that in displays of 3 diopters should be accommodated in approximately
with hyperstereopsis, focus misadjustments could actu- one turn of the adjustment knob.
ally reduce the mismatch between accommodation and
conveence (because they typically stimulate accom- R i for Improving
modation), and thus help restore the normal relationship AdJ=W't Proflehiecy
between the two. Conversely, fixed infinity focus eye-
pieces, which may be used with future helmet-mounted Present Night Vision Displays
displays, would promote a greeer mismatch between 1. Training on eyepiece adjustment should empha-
accommodation and convergence than adjustable focus size reaching a most plus endpoint.
eyepieces if the display produces hyperstereopsis. 2. Research is needed to establish the efficacy of the

binocular eyepiece adjustment technique. If the binoc-
What Can Be Done to Improve Focm ular technique is found to be superior to the monocular

A4JuxnM t ProuMCY? technique, the binocular method should be given train-

Training ing emphasis.

Behar et al. (1), who studied focus adjustment with a Future Night Vision Displays
monocular helmet-mounted display, concluded that 1. Adjustable eyepieces should have a reliable scale,
overninusing could be reduced substantially with with zero diopters identified by a tactile marking.
proper training. Behar and his colleagues found that the 2. The dioptric adjustment range should be limited to
best results were obtained when the adjustment knob approximately + I to -2 diopters.
initially was rotated counterclockwise into plus dioptric 3. The adjustment knob should be considerably lesspower so as to blur the image, then rotated clockwise coarse than that of existing NVG's.
toward minus power, and finally stopped at the first
point at which the image cleared.

An additional consideration with binocular instru- ACKNOWLEDGMETM
eTi priatols for the expernmets demibed iw ths ppe weremeas, such as NVG's, is what to do about the left eye appied by dhe Hums. Use Comrurtee at be U.S. Amy Aerosd-

when the right eyepiece is being adjusted, and vice iW Rasem LAhorsy. The wsueisi were advised o ther riht to
versa. Two schools of thought have emerged, one in withdraw fiut the expetinst at my time, and pve ther imfored

Aviaon,. spece., and Emi'bmural M -edckm. Ape tow 351
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EFFECTS OF FOCUS ADJUSTMENT-KOTULAK & MORSE
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Fort Monmouth, NJ 07703-5305
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Director Harry Diamond Laboratories
Federal Aviation Administration ATIN: Technical Information Branch
FAA Technical Center 2800 Powder Mill Road
Atlantic City, NJ 08405 Adelphi, MD 20783-1197

Commander, U.S. Army Test U.S. Army Materiel Systems
and Evaluation Command Analysis Agency

ATIN: AMSTE-AD-H ATTN: AMXSY-PA (Reports Processing)
Aberdeen Proving Ground, MD 21005 Aberdeen Proving Ground

MD 21005-5071
Naval Air Systems Command
Technical Air library 950D U.S. Army Ordnance Center
Room 278, Jefferson Plaza II and School library
Department of the Navy Simpson Hall, Building 3071
Washington, DC 20361 Aberdeen Proving Ground, MD 21005

Director U.S. Army Environmental
U.S. Army Ballistic Hygiene Agency

Research Laboratory ATTN: HSHB-MO-A
ATTN: DRXBR-OD-ST Tech Reports Aberdeen Proving Ground, MD 21010
Aberdeen Proving Ground, MD 21005

Technical library Chemical Research
Commander and Development Center
U.S. Army Medical Research Aberdeen Proving Ground, MD

Institute of Chemical Defense 21010-5423
ATTN: SGRD-UV-AO
Aberdeen Proving Ground, Commander
MD 21010-5425 U.S. Army Medical Research

Institute of Infectious Disease
Commander ATTN: SGRD-UIZ-C
USAMRDALC Fort Detrick, Frederick, MD 21702
ATTN: SGRD-RMS
Fort Detrick, Frederick, MD 21702-5012 Director, Biological

Sciences Division
Director Office of Naval Research
Walter Reed Army Institute of Research 600 North Quincy Street
Washington, DC 20307-5100 Arlington, VA 22217

HQ DA (DASG-PSP-O) Commander
5109 Leesburg Pike U.S. Army Materiel Command
Falls Church, VA 22041-3258 ATTN: AMCDE-XS

5001 Eisenhower Avenue
Alexandria, VA 22333
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Commandant Chief, National Guard Bureau
U.S. Army Aviation ATITN: NGB-ARS

Lo'istics School ATTN: ATSQ-TDN Arlington Hall Station
Fort Eustis, VA 23604 111 South George Mason Drive

Arlington, VA 22204-1382
Headquarters (ATMD)
U.S. Army Training Commander

and Doctrine Command U.S. Army Aviation and Troop Command
ATIN: ATBO-M ATIN: AMSAT-R-ES
Fort Monroe, VA 23651 4300 Goodfellow Bouvelard

St. Louis, MO 63120-1798
IAF liaison Officer for Safety
USAF Safety Agency/SEFF U.S. Army Aviation and Troop Command
9750 Avenue G, SE library and Information Center Branch
Kirtland Air Force Base ATTN: AMSAV-DIL
NM 87117-5671 4300 Goodfellow Boulevard

St. Louis, MO 63120
Naval Aerospace Medical

Institute Library Federal Aviation Administration
Building 1953, Code 03L Civil Aeromedical Institute
Pensacola, FL 32508-5600 Library AAM-400A

P.O. Box 25082
Command Surgeon Oklahoma City, OK 73125
HQ USCENTCOM (CCSG)
U.S. Central Command Commander
MacDill Air Force Base, FL 33608 U.S. Army Medical Department

and School
Air University library ATTN: library
(AUL/LSE) Fort Sam Houston, TX 78234
Maxwell Air Force Base, AL 36112

Commander
U.S. Ait Force Institute U.S. Army Institute of Surgical Research

of Technology (AFIT/LDEE) ATTN: SGRD-USM
Building 640, Area B Fort Sam Houston, TX 78234-6200
Wright-Patterson
Air Force Base, OH 45433 AAMRL/HEX

Wright-Patterson
Henry L Taylor Air Force Base, OH 45433
Director, Institute of Aviation
University of lllinois-Willard Airport
Savoy, IL 61874
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Product Manager Commander
Aviation Life Support Equipment Code 3431
ATTN: SFAE-AV-LSE Naval Weapons Center
4300 Goodfellow Boulevard China Lake, CA 93555
St. Louis, MO 63120-1798

Aeromechanics Laboratory
Commander and Director U.S. Army Research and Technical Labs
USAE Waterways Experiment Station Ames Research Center, M/S 215-1
ATTN: CEWES-IM-MI-R, Moffett Field, CA 94035

CD Department
3909 Hails Ferry Road Sixth U.S. Army
Vicksburg, MS 39180-6199 ATTN: SMA

Presidio of San Francisco, CA 94129
Commanding Officer
Naval Biodynamics Laboratory Commander
P.O. Box 24907 U.S. Army Aeromedical Center
New Orleans, LA 70189-0407 Fort Rucker, AL 36362

Assistant Commandant Strughold Aeromedical Library
U.S. Army Field Artillery School Document Service Section
ATrN: Morris Swott Technical Library 2511 Kennedy Circle
Fort Sill, OK 73503-0312 Brooks Air Force Base, TX 78235-5122

Mr. Peter Seib Dr. Diane Damos
Human Engineering Crew Station Department of Human Factors
Box 266 ISSM, USC
Westland Helicopters Limited Los Angeles, CA 90089-0021
Yeovil, Somerset BA20 2YB UK

U.S. Army White Sands
U.S. Army Dugway Proving Ground Missile Range
Technical Library, Building 5330 ATTN: STEWS-IM-ST
Dugway, UT 84022 White Sands Missile Range, NM 88002

U.S. Army Yuma Proving Ground U.S. Army Aviation Engineering
Technical library Flight Activity
Yuma, AZ 85364 ATIN: SAVTE-M (Tech Lib) Stop 217

Edwards Air Force Base, CA 93523-5000
AFFTC Technical Library
6510 TW/TSTL Ms. Sandra G. Hart
Edwards Air Force Base, Ames Research Center
CA 93523-5000 MS 262-3

Moffett Field, CA 94035
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Commandant, Royal Air Force Director
Institute of Aviation Medicine Army Personnel Research Establishment
Farnborough, Hampshire GU14 6SZ UK Farnborough, Hants GU14 6SZ UK

Defense Technical Information U.S. Army Research and Technology
Cameron Station, Building 5 Laboratories (AVSCOM)
Alexandra, VA 22304-6145 Propulsion Laboratory MS 302-2

NASA Lewis Research Center
Commander, U.S. Army Foreign Science Cleveland, OH 44135

and Technology Center
AIFRTA (Davis) Commander
220 7th Street, NE USAMRDALC
Charlottesville, VA 22901-5396 ATTN: SGRD-ZC (COL John F. Glenn)

Fort Detrick, Frederick, MD 21702-5012
Commander
Applied Technology Laboratory Dr. Eugene S. Channing
USARTL-ATCOM 166 Baughman's Lane
ATTN: library, Building 401 Frederick, MD 21702-4083
Fort Eustis, VA 23604

U.S. Army Medical Department
Commander, U.S. Air Force and School

Development Test Center USAMRDALC Liaison
101 West D Avenue, Suite 117 ATTN: HSMC-FR
Eglin Air Force Base, FL 32542-5495 Fort Sam Houston, TX 78234

Aviation Medicine Clinic Dr. A. Kornfield, President
TMC #22, SAAF r .search Company
Fort Bragg, NC 28305 3016 Revere Road

Drexel Hill, PA 29026
Dr. H. Dix Christensen
Bio-Medical Science Building, Room 753 NVESD
Post Office Box 26901 AMSEL-RD-NV-ASID-PST
Oklahoma City,;OK 73190 (Attn: Trang Bui)

10221 Burbeck Road
Commander, U.S. Army Missile Fort Belvior, VA 22060-5806

Command
Redstone Scientific Information Center CA Av Med
ATTN: AMSMI-RD-CS-R HQ DAAC

fILL Documents Middle Wallop
Redstone Arsenal, AL 35898 Stockbririge, Hants S020 8DY UK
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Commander Italian Army Liaison Office
USAMRDALC Building 602
ATrN: SGRD-UMZ Fort Rucker, AL 36362
Fort Detrick, Frederick, MD 21702-5009

Directorate of Training Development
Commander Building 502
U.S. Army Health Services Command Fort Rucker, AL 36362
ATITN: HSOP-SO
Fort Sam Houston, TX 78234-6000 Chief

USAHEL/USAAVNC Field Office
U. S. Army Research Institute P. 0. Box 716
Aviation R&D Activity Fort Rucker, AL 36362-5349
ATTN: PERI-IR
Fort Rucker, AL 36362 Commander, U.S. Army Aviation Center

and Fort Rucker
Commander A TrN: ATZQ-CG
U.S. Army Safety Center Fort Rucker, AL 36362
Fort Rucker, AL 36362

Chief
U.S. Army Aircraft Development Test & Evaluation Coordinating Board

Test Activity Cairns Army Air Field
ATrN: STEBG-MP-P Fort Rucker, AT 36362
Cairns Army Air Field
Fort Rucker, AL 36362 Canadian Army liaison Office

Building 602
Commander Fort Rucker, AL 36362
USAMRDALC
ATTN: SGRD-PLC (COL R. Gifford) German Army Liaison Office
Fort Detrick, Frederick, MD 21702 Building 602

Fort Rucker, AL 36362
TRADOC Aviation LO
Unit 21551, Box A-209-A French Army Liaison Office
APO AE 09777 USAAVNC (Building 602)

Fort Rucker, AL 36362-5021
Netherlands Army Liaison Office
Building 602 Australian Army Liaison Office
Fort Rucker, AL 36362 Building 602

Fort Rucker, AL 36362
British Army liaison Office
Building 602 Dr. Garrison Rapmund
Fort Rucker, AL 36362 6 Burning Tree Court

Bethesda, MD 20817
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Dr. Christine Schlichting Director
Behavioral Sciences Department Aviation Research, Development
Box 900, NAVUBASE NLON and Engineering Center
Groton, CT 06349-5900 ATTN: AMSAT-R-Z

4300 Goodfellow Boulevard
Commander, HQ AAC/SGPA St. Louis, MO 63120-1798
Aerospace Medicine Branch
162 Dodd Boulevard, Suite 100 Commander
Langley Air Force Base, USAMRDALC
VA 23665-1995 ATIN: SGRD-ZB (COL C. Fred Tyner)

Fort Detrick, Frederick, MD 21702-5012
Commander
Aviation Applied Technology Directorate Director
ATTIN: AMSAT-R-TV Directorate of ( ibat Developments
Fort Eustis, VA 23604-5577 ATTN: ATZQ-CD

Building 515
Fort Rucker, AL 36362
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