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under the direction of ths ¥right iir Derslommsant Center, Azrynautical

Accessories Laboraiory, Training Eguipment Brench, with L. R. Gross actlsg
&s Projsct Enginser, Tiis report covers Item 1 of ihe subiset contract only.
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Rignt lamding usder clear gky coaditioss wiere tiae ruawey ligins
are visibie from ize normel glide path steriing pel:x: 15 {airly safe procedure
whes performed by a skilied uilet, Since i has @ iair degree ot ground visies
alter making tie anproaci. Jader z0Or visibiliily coadiiiocas, iowever, nignt
landing becomes isersasiasgly bazardous because of the Jzct that the ramvay
a2y 29t br seen antil ihe alveralt is witidn o few hundred feet of the grouad.
The pilot normaliy makes kis glide nath anproach on instruments uader such
corditions, and rusains on isstrumests until ihe runway is elearly visible.
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‘The aazards iavolved iz such had-teather flying, as well as tae ]
operational costs aad tie usc of alread; crowied field facilities, clearly
indicate the desirability of 3 night landing simuletion device. Because ol
E tie relatively small namber of exterasl visual ciimuiti requirec to be .

- vresented, ii was felt thst a suitable irafaing device could readily be created !
by the attacament of @ srnjectioa system i6 a coavestional flight simulator. :
Furtheracre, sincc the basic problem is limitved primarily to the agproack and
landiag, the equijweit should be of a3 somexiat simplified nature iu comparisocu ‘
to sthor visusl projectivia sysiems, Resulis of a design study program devoted -
to suluticn of these requirements are presented herefn. :

B. jimulator I .

Goevational requiremeats {or a rudway lightipg attaciment were
establisnsd by i Alr Foree asd presented fu detail 1a Exbiibit WCLEG-3-17,
. "Atiaclment, Runway Lignting, {or Atrcreit Flignt Simulaicr®. Tue essencial
rvequiramants, wiles wsre used as a basis for determinatiocn of tue extenti and
sireetion of iuis stud; program, are restated illere as a guide o tie technical
uiscussion presentud iu subsequent sections oi ithis repart, j

) Tue Tuniay lightiug attacimedt is {:nieaded to preseat to the pilst

: (aua copllot, if any) of & fligat simulator tihz visual effects of approaching
f a lighted runway at aighe wnder varying conditicas of cloud ceiling and
visibility., Desiga of ths projoction sysiem should be suchi that tne following
operating {eatures are | rovhdeds

i. Runway approach may be started from a point & miles ocut (maxiieum)
and X00J ieel altitute (maximum).

ial position of runway witl respect to the afrcraft path
may be reset by tac iustruetor withia the limits of the system.

e Clous ceiliny ma, be vuried irom O to 300u [cet altitulie, ‘

4o Tastruector ma, gause Lue uecendiag aircraft lo emerge {row the
cloud ceiling va ceaieér or to rigat or left ol cealer wituin
the sysien limics,

Manusoript released by authors 24 March 1956 for publication as a WADGC
Technical Note,
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3. Go arouad shall be only upen werbal fastructien aud visual
presentation shall rade out.

Analysis of tiese desired ciaracieristies fndicates tuat tie visual
preseaigtion is required only when ihe sircraft is within the sormal ylide
paith or at a point irom vialch recovery zud a regssonably siraigai-in approsch
can be made. Wien the piloi reaches tie ead of ihe ruaway, or pulls up to go
sround, the presentation shall auitomatically fade oui. The system concepts
investigated during the course of the study proyras :xre based upon this
intergretation of ihe Exiibit as writteu. All other detailed requirements
have been cunsidered In orier to assurc satisfaciory fullfillment of tiie
traialug requiranents. .

C.  Study Program

The desiyn study program for the Runway Lighting Attacimeat procceded
in Zour distiaet but luterrelated phases censisting of (1) iavestigation ef
special film projection tecuuiques, point 3igut sources, and discrimsiasation of
images by polarized lignt, (2) investigation of parallax and screea ceitour
eficcts, (3) deiermination of basic part configaration for application.to the
-1 simulator, 2ad (4) develupwent oi jnterconnection system beiween ME-1
£flight coordinate daitas and ruawsy lighting attaciment,

Invesiigations devoied Lo iie special film projection techniques and
of point light sources were primarily coilcerned with correction of tie lmage
for glide patlh ervors. Experieuce acquired in rrevious simulation development
projects, usiag various oiher tcchniques, had indicated that the projecior
cystem proposed by Rucem~-Philadelpuia and described 1n Section IX wos best
suited to this application, The study was therefore coaceatrared upon
determination of itg fessibility. Parallax and screen contour efiects are
particularly imcoriant ia view of tie pilot position desired and the long
straight lines presenied in whieh deviatioas would be easily detected. The
relative merits of curved and flat screeus werc evaluated with reyard to both
tbe accuracy aiud tbe adequacy or exteat of visual presestatioi.

Atlachment of the device 1o tihe ME-Y simulator and ite pick-off of
the coordinate {light Jdaia isvolve the moro conventional desiga probiems only.
These portious of tite study fall logically ianto place when thc basic parameterxs
have heen esteblisied.

Seciion Il summssrizes the essential results of the study program
and presenis chie recommendations of tie coutractor with raqard to the propescd
device., Section III tarough X preseats tie detailed analysis of the problen
and describes the experimenial procedures followed {a srriving at these
resomrendations.
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3. Go arguad shall be only upen verbal {astruction and wisual
presentaticn siall fade out,

Analysis of tiese desired ciiaracteristies indicales tuat tie visual
preseatation is required cnly wienr tue aircraft Is witbin tic normal glide
path or at a poiat irom wihich recovery zud a regsonably straigai-in approsch
c¢an be made. Waca the piloi reaches tne ead of the runway, or pulls up to go
around, the presentatios shell automatically fade oui. The system concepts
investigated daring the course of the study program were based upoa this
intergrétation of ihe Exuibit as writteu, All other detailed requirementis
have been gunsidered in order to assure satisfaciory fullfillment of the
trainlug requirawnts. .

C.  Study Program

The destiyn study program for the Ruuway Ligating Attaciment procceded
in Ffour distiaet but {uterrelated phases consisting of (1) iavestigation ef
special film projection techuiques, point ligat sources, amd discrimination of
images by polarized ligut, (2) iavesiigation of parallax and screea coiutour
effccts, (3) deierminaiivn of basic part coniigaration for application.to the
-1 simulator, 2ad (1) develupment oi interconnecticn system beiween ME-1
flight coordiaate dais and rtumwmy lighting attaclment,

Investigatious devoted Lo iie speeial film projecticn teclniques and
of point light sources were primarily coiicerned with correction of tie lmage
for glide path ervers. Experieuce acquired in rrevious simulation development
projects, usiang various oiher teciniques, had indicated ithat the projector
system proposed by Rucem-Philadelpiuia and described ia Section IX wos best
suited to this application. The study was therefore concestrated upon
determination of its feasibility. Parallax and screen contour efiects are
particularly imporiant ia view of the pilot pesition desired and the long
straight lines presenied in which deviatious would be easily detscted. Tae
relative merits of curved and flat screeus werc evaluated with regard to both
tbe accuracy aud the adequacy ox exteat of visual presestatioi,

Atlacament oi the device (o the ME-} simulator and ibwe pick-off of
the coordinate {light Jdawa isvolve the morc conveniional desiga probiems anly.
These portious of tite study fail logiecally into place when the basic parameters
have been esteblisiied.

Seciion Il summarizes Lhe essential results of ihe study program
and presenis tlie recommendactions of the coutraetor with raqard to the propescd
device. Secvion III thirough X presents tue detailed analysis of the problem
ang describes the experimental procedurss followed {a srriving at these
resomendations.
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3.  Screen Siape

For a siagle immye projectioa system, it is recommended tiat a2 slat ‘sedees
be ased. Wit this type of séreen tie dictorticns fa tue image are linear nd
can be ainimized to an soéeptable amount. Toe fla: séreen is capsble of azimuih

coversge up to 90 degress (i 45 degrees). 7Tiais is sufficient to cover the
aorkal field oi view tbroug: the wiadshield.

4. Limits of Sysiom Yariables

Since the speciijcation, WRAEQ 3-17, does aot specify the limiting values
of the sysies variables such as the visual field, pitel, roll, aad seading,
a logical basis for establisikiag eath limit was construéted. It is recommended
iist the limits given in Seection IV be accepted as meeting ibe requirements of
tie specifications and tae scope of tiis progra.

5. Coansciion with tbe iF-1 Fligui Stsualior

Toe only difficulty iavolved in making eleeirical and mecianical coarceiions
to the ME~1 Fligat Simulator is in iacrcasing tae leugth of tic elecirical cables

frox the cockpit to tiae simulator computer racks, This involves cousiderable
labor, whkich can be performed gt this plaal.

6. Resompended Procedure

0 the basis of these findings, 1. is recowmnended that the base of the
study coniraot be broadened suificiently to permit the aualysis of slteraative
projection systems before contemplation of coustruction of any nardware.- Tiis
proceuure appears to be iu the best faterest of the goverument at this :iwe,

SECTION II1
FILN SYSTEM CONCEPY

o
A Yisuad Cues aud laadiac at Nigiit

The image of the lighted runway as seen from the cockpit of an airpleie
can take mamy subtle shapes end orientaiions, It is these subtleties of shape
aud orfentation which give thue experiencod pilot informaiion uccessary to guide
the aircrafi to a successful landing., For ihe purpose of developing a projectica
system to simuiate the fnstantaneous image of the rumsay, it will be peccssary
to resolve these quantities i{nte their major components.

Considering the runway as a flst fixed rectangular plane and the
aircraft as a completely free body, the appearance of the runway will be a

function of the six deyrees of freedom of the aircraft. Let the earth voordinates
X,¥e2 be defined as followss

x - Tie distauce along the exteasion of the rummay center line.
y - The distance traasverse (o the ruaway center line.

2z - The Jdistance above the carth's plare (altitude).
WADC IN 50-15¢ g .
a

[\




o~
p

TR g

RN

B S e T L

Weez thc airerafi is dirscily ca ize aceepied glige jaib, 1ke jmxje
%ill be symwsizical wiiz ibe two sides coavergizy toard oze 2olicr. e
#5033t Of eosvergeace is a direct fazciica of i3e x distaace. e size of ise
image and tie coavergeace is tic major indication of fictazee L3 ize toaculiu
paiat. .

The altitude 3ffects mostly tse lotal Bedyit of 1% ima3= in coszecdne
sith tae x distasee: §f iioe altitsde is zero lic image compresses fsto 3 siraigot
porizontal 1izgy where *Ze altitule is vers bigt tic image is clezgated verticaily
in comparisca to tie x distacec. Tsesc U imscc varisbles hase av absclute
refereaces it tbe airerait, and tiae pilot is tiereivre comzelled Lo resort 20
sewory aad experiesce iz judgiog the aliizude azG groazd Jistasce.

Tne trazsyerse codrdinate, j, ciiects Liz Symelry G ihe image. For
distances off iue center lise of tie rummay ide image $s skeix<s 2ecordingly.
This Teprescats aa s3colute refereace for the pilot and eozsoquestiy can de
reduces 10 zero ulth avarage ilying skill.

The pltel, seading, xad roll dgogrees of frecdom cifect iie positioz
of the image witid respect to tie wdudsiieid. Tae roliic; molios rotates 1ae
image, the Geadizg =otion locsies tue imaie along iie Base oi the wiad saiele,
aid the pitch motios locates tie imaus d ong the vertical of tie windshield.
These elrccts are absoluicly relercuees is tas cockzii, aud consequesily $aa be
adjusted to exactly the corrzct values by tie skilled pilet, .

reseat vié Easic eizaosis to Se simuiated iy ue

Trese six elfects reyp
by tbe iifght

projection system in cossection witsz tze coordizate date gemeraied
sinulator aad piloi's contrdl moiioas.

vl
(LUH

From the preceding discussion it is evideat that ithe six degregs
froedom of tie image must be yeacrated iv tie prejector. Zhe advantase &%
motion picture {ilm is tia: its leagih can represeal sae of lde degrses of
freedom. Io tbls case tie logical choiec is that iie x cooriinate be represcai-
ed by the length of the 1ile since tiis cranges most in a typical laading, The
piteh, roll, aund hesci:g mutions ca» be girect aud aualogous motions of the fila
projector. That is, the iilm projecior cas be mouated on & Jouble gimbal aad
cach axig driven by a diract electrical conuection »itd iue roll, pitea, and
heading angles developed ia tae iligit simslator. The srejected image will then
roll and will be displaces in acimuth sad elevaiion in aecordance wits the pilot®s

conirol motioas.

The remafniag degrees of freedom st he Jderzloped in tae opticsl
system used 10 project tae image Irom Lie film to the screen. Tuat is, lie eifects
on tie image due to displacement of the simulated airerait aloac tae y and 2
cooruinate axes musi be developed ia tae grojectoy by distotting the imaye on the
film in aceoriance witi Lie geomctric roquiremenic. Tae cxate nctnod by which
this is accomplislcd depends on iie nature of iie imoge on the fila.

Te develop tsc concepl of filwm projection furtuecr, inc yedmetry
invelved in making the individual rilm {raoe expogures must be iscussed. Consider
a peint P, on tie ideal glide {rom whick the ruaway is beiny observed{See Ficure i).

WADC TN S0-100 5




- RN

ATy o

A

L e g

1322 1liac eozuceiisg tie eye poizt a6 caek Iadivicnad pom!. 3 152 Puaksy 3re
stows, A tie instaat regrescaiec by Figare I, tiere will e z {ilm rane
exposes by Liese rajs. ’hc orieatatfos of tix fii=m slade with regpact t9 tic
roaad il c.eteuhc the icrm of the Inag 03 1ae frase. OF ise iils irae
orieatatioas possidle, t3e osze paralicl 16 toe exrt’i, aad tae ouc zoms! to the
ideal glide pati: are of imicrest ior studr. Exaciratio:z of tie Jilo irazc
parallel te 3¢ eaztd revelas t!nttheiagecz‘ tie raagy o3 *u2 £ila is 2
rectasjular patiern exacil;y eqaal tc tke plaz aew of ide ramsy. Talis is
sigsificaat Ia iist ae maiter waat-the glide yat: amgle, 6, Is iic image is the
same. That is, fet examols, if G »=ze 90 dagroes wit: tae poist P dizvectly above
i19e tewehiomn poiznt, tnei”;cutbfihmldbeuesauia ibe casc showm.
Tue same couclusion is arrived at xhen cousideriug the poist P displaced is thke
Y directios. Ttereiore, tue film framc parsilel to ibe 2artk is of a saiversal

ture aad does not deyead ca a speei::ic glide rata, If the orieatatisa goometry
is maistaiasd as showa i3 the figure azc i a icasless projeetor is used, Lie
rrejection of tie rummy isase to a serces il be perfectly zccomplisied with
=0 disiortiza for aiy smaligour valse of ¥, 3., asd z.

The Tuzuwsy imege sa tae {ils {rame normel :o tdbe glide ath is a
symetrical trapszoid with tae xusway ligats ygrouped close togeticr at tuz upper
cad. This imace is anlque for tae particalar sei of coordicates resresected
by tae poist P. Taus, if tde glide path angle 6 were ciamged t3 3 large value,
suca ac 90 degrees, the imajge oa toe filz would change éxtemsivel;. As a result
oi this caaracteristic, projection of tie film frage by tae leasiess point ligat
source method w111 osly spproximate tae irue image wien the simulated aircraft
is oif the glide pai2, 7Tazat is, in nommal operatioa the fila frame correspozdiag
to tbe fastantaceous w¥aluc of x will be exposed for a speeific value of altitade,
z, 3ad zero y. The projected imace will be true osly when the simulatec altitude
is cqual te the iile altitude and > is zero. If this is not true, the poiat
1ight source must be moved relative to the {ilp i{rame ic compeusatc ior the
differcace in aititude aaC y. At Dest tiais netiod cas only approximmte the
required cheage ia image geowetry over susll exrors is glide pathk coordinate.

Tauc advantage of the fiim irsae normal to tiac glide pati over the
£ils {raac paralle: %0 the eazth is that it will permit light to De trausmitted
witih 3 ninimue of diificuliy duriag srojection. Tnat is, since the f{ilm framc
is perpsudicular to the light rays radfated by tie point source, ihe light rays
will penetrate the ilossy surface of ize iilnm aud form the Image on the screen.
1i: tae esse of the 7ilm frame parallel to the carth’s_surface, aowcver, tic
ligat rays ove imcident oa the glossy film surface at an angle equal to tie
glicde path angle, G, which is generally 3 or 4 degrees. At this low angle of
ineidence no iigit ray cen penctrate tie iilx surface and must bz reflected.
Consequeatly, altbough the image of tie rumway would be perfect in taeocry, zo
light will reach the screen. Ostical teciniques are available to cbviate this
dii{iculty bat lead to &iificult design and cumberscme operation.

C.  Practical Problems Inheccnt ig Projection Sygtens
1. Parallaxes
The most convenient place to locate the projector in tae traiuner ls
directly above the observer's hesd. Ideally, the projector optical conter sheuld

ho coincident with the observer's eye point, Siiice tials is lmpossible, it is
necessary to minimize tue distance betweeca the observer and projector and to

WADC TN 56-15G 7
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estimate tue z{feet of nuie perallax o the goometr;y oi the projected image as
8 f=s3iid8 of screen shape. Toat is, if the parsllax distaate were 2279, the
ceomelry of the image wouid a0t caange xita sciecn shape or aircraft attitude
axles. Dader tuis cirvcumstance the shape ci the screea can be chosen to meet
otier requiremexnts.

The presence of 2 signiflcaat parallax distasce, however, will irtroduce
distortions in the pr¢jected inage of tie rumisy. Ia additiou, these distortions
will ciange as the prejector is rotated in beading, pitch.and roll, The problem
then is to uininize taese efiects by winimfzing t!xe perallax disiauce, and, more
importsatly, by ekoosing tue shape oi screea which will give least distortion,

In tse case of a dugl projector system, a hoFizontal -parsilax cxists if the
screen surface is curved. The horizontzl parsllax is a fixed value of two -feet
ior the T-37 cockpit axd can not be minimized. This will introduce extiemély
largs distorticas in tiue pfojected imege which wiil va¥y as tse p¥ojecior rotates
ia beading, piteh, and foll. The oaly screen shape fet uiick the distortion due
to sorizoatul parallax is zcre and tiue distortion due to vertical parsllax is
mizimes is tic {lat scfeen. However, because of tie effect of polarizing the
scredn for gual Image projection, the spherical serces is necessary. Thus, the
flat screen is best for the single projection sysiem, and the spherical shape

is needed for the dusl projection system,

A coucept to be considered in dealing with the paraliax Jdistortioas
is the use of back-projection techniques. That is, cousider a system which
eploys a translucont screen with the projectos lecated behind the screen ©
aad the coekpit on the frout side of the sercon. Ii the projectors are as {ar
behind the seree:n as the observers are in freut of the sciwen, the vertical
parallax can be reduced to zero. Obviously, the flat scfeea is the only shape
applicable nere. A major difficuliy with this system is that it is applicable
to @ narvow visual fleld system hecause of the directivity of the transiuceat
screen and the reflection ratser than transmission of light at ilic back surface
at large projection angles. Ia additien, this system is not adaptable to polaroid
techniques because a0 known transluceint screen wiil retain the polarization of
the light waves after transmissiou.

2. Polaxized Light

The only satisiactory method of discriminating between the pilot's
and copilot's runway images is by polarized light., MHowover, this system
introduces certaia Jeieterious eifects on awd restrictious of tiie system
periomsance. The introduction of the transmitting awd receiving polariod
{ilters roduces the brightness of the image to 30X of its unpolarized value.
This greatly weakons tite image whick is at best are acceptable in brightness.
The acceptability of the resultaat brightness cau only be evaluated by plaeing
the getual system in service for a length of time,

-
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Tae polariaed lighat system requires the use of a polsrizing
screen.  Screeas of this nature have the characteristic of scatieriag the
izcident light witiiout altering the plane of polarizatics. 4s 3 cenmmnec
tie scatteriug is aot complate aad the reflected light retains s directionsi
effect. Tie resultant effoct of the directivity of the reflocioc light is
that an observer will experience a sharp decrehse in $pot Drightness wien obsery-
iag the spot at angle greater than 20 degrees of{ irom the direct ray. At
45 degyrces irom the direct ray, the spot of ligut appears to be almost extinguished.
A more detailed description of these effecis is gyiven in Séetfon VI.

SECTION IV
LIKITS OF PROJECTION

A.  Maximum Yisyal Field

The criterign for setting the maximwe limfitg on the azimuth and
elevation angles of tis projected image is the visual {ield allowed by the
windshield of the T-37 airnrait. Althouga an cbserver can see further from the
side oi the canopy, the visual ficld established by tho wiandshield is5 of
fmportance. On this bsasis divect measuremenis {vom the HE-1 dravdag gives
tbe following limits from tie straight shead position:

Azimuth = 45 degrees,

Y

”

Elevation + 3O degrees.

B. b 1

The ME-1l flight instrument trainer is capable of extreme limits iu
voll, pitehs, and heading atiiiudes. However, since the sircraft will start

- faitially st ihe begluning of a lauding approach, the )imits of these quantities _

will be a minimws of:
Hoading 3 459
Roll + 45°
piteh 3 30°

C.  Ixinug Looxdinates

As given in the specification, the maximum ground range coordmate.x.
and altitude, 2z, will be 30,000 {cet and 3,000 icet roswctively.

e maximum transverse coordiaate,y, error developed in the ME-l is
& X000 feet. This should be increassd to 000 feet and linearly decrsased
withh the x coordinate. .

WADC 'IN 56-156 9
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SECTION ¥
KQWAY LIGHTING

The lending strip lightfng to be sinulsted by the Hight Landing
Ireiner 1s shown in Figure 2. This lighting eovers s total eof 8,000 feet
divided gno 3,000 féét eof sppreséh lighting and 5,000 fedt of ruwway light-
fag. It is felt timt 5,000 féét, while sduittadly & compremisé on the sug-
gested 8,000 féet, would be suffitiént fer t¥aining: Onee the stldut pllat
rétchds 5,000 foet beywd the thuckold, the landing is o sutédss oF failuFé.
To inbrénsé thé Yunwey to 3,000 feet would add 37-1/2% te thé total lighted
distande with the following vésult: Sincé the imige is linited by = fixed
f1ln wldth, the 37-1/2. fncrensé must be absorbed by the scalé factor wWith
s degrading effédt on the image resolution,

Appeoich Iighting bas been patterned after Figure B of the
Rational Standerd on Approsch Lighting, dated 20 July 1953, The appraaeh -
distence is divided into two séétions, both merked fn Avistion 2éd Lights.

In ordér of oeurrénce, the {irst seéction of appromch lighting
cougiits of conterline Lars, 14 to 20 feet lang, at 100-foot fntexvals aleng
the extended rinwoy centérline; The last bar heading towavd the rumey is
flénked Ly crossbaxs so that ¢ total width of 100 Int is fllunineted.

The seéad approach section,; celled the overtun erea; is unsym-
metyfeal in that the left hond wifits ave wide up of thiee lanps coveriny
14 to 20 feet perpendiouier to the rumamy centeriiue while the right hand
units ere single lights, These arxe placed on 100-foot spacings nlomg 2 -
1ine parallel te, but 100 feet out from, the xumvay centerline.

The Avistion Creen threshold bers separate the gverrun ares and
the ywamy proper. These are 40 feet long with their funerwost edge in
iine with the oveyrun lights,

The ruiwmy propex is merked by Aviation Wkite iights spaced ot
200-foot intervals for 8,00 feet in line with the overrun lights (100 fest
off rummy center),

All lfighte stipulated as “hars™ ust appenr os o single linear
Iight when viewed frus a distonce of 1,500 feet. X

SECTION Vi
PARALIAX AL SCHEEN SHAPE AMALYSIS
A, Ysrijics]i Paxsliax

Figure 3A {1lustrates the distortion of the imnge due to verti-
cal persliax and verious sereen shepes. The lines EA snd ES are the rays
conneotiny the far end A and the neer eid B of the rumay with the eye
peint, Thus, the engle AZU e¢qual to V is the trus vertfcel snple an eb-
server would nxpect to tee the imye intercept fro this position, If
the filu har been imde without considering paxmllex, ths rays I ond D
emxnating f{row the center of the projestor, P, will regresent the roys
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A ind 2B, The prejected reys If snd I will diverye froa the prejecter at
an angle equl to ¥, the zngle of the true xnys,

- Frem the $ntersection of these rays snd the sereen, the paraliex
distertion for eech screec can be plotted and cempared. In tie case of the
flat sexeen it is seen that FD Intersects the screen at U & polat counsider-
able belox G, the true intersection point. The resuit is that the observer
at £ seds 2 much longer ond bresder rummay,

" For the spherical scresn, the ray ID intersects the screen at the
point C cldder to G than D, Thus, the eJeugotlon of the immge is léss tham
in the case for the {lat screén. Homwevet, exauination of the projected immge
revéals tiat straight lines representing the edges ¢f the rumny are seen es
geutle éurves frams the eyepoint & Figure 38), To summerize, it is seen frow
the abové discusaien that both screens cause distortion in the isage due to
vertical parallax:. Disterticns due to the flat screen taks the fors of eléa-
gatfed ard b¥eadening of the immgé: The spherical screen hos the same effsct
on thé image in & smller degreé bwt with the added distortien of eutving the
trmges; The distortion of curving the immge is by far the most objestiemable.
At wide anglés when the airxeraft is abeut to touchdaws, this effect éan be so
gredt as to bé wmecoeéptable, Althamigh thé elongution amd breedening of the
funge 1§ leds than for a flat screen, the sumllest survature of the immge is -
énsily detected by the observer. The linenr distortion (elongation and
b¥oadening) due to the flat sereen cam be reduced by anticipsting this effect
when miking the filw, That is, 1L the fila is mide by photographing e medel
rumvay, &% appréciable amount of coéunter-parallax can he inserted iuto the):
goomotry.

B. lorizental Paxgllax

‘ Figure 4 fllustrates the distortion of the image due to herizontal
perallax, The points E and Eo represent the eye points of the first and
sec observers. The light “rays ave drawn fox ouly the ‘observer, E}, The

vertical parallax is aot seen in this view but is represenfed by the super-
position of points Ej end P; for the first obeerver ond points Ep and P2

for the second observer. The ray P]A end PpB are the true rays projeoting
the two lower cormars of the itmge. It is seen thet the flat soreen has uo
pertfoulsr effect because of its shape, wiicrees the spierical screen, because
of the assynmetry, will distort the imge rore on oue side than the ether.

C. Effagts Due 82 Polarizal Scxosms

Rays of light incident upon polarizod screens will be scattered
witheut altering the plane of polarizntion. The seattering of the light is
not as cauplete as in tha case of exdinary white screen suriace. The result
is thet the scattered rays are grouped together as shomn in Figure 5 for the
polarized screen. Comparing the twe reflective patterns of the figure, it
fs seen that an obsexrver melking areund the peint of incidence from right te
left will, in the case of the white screen, ses the point of fncidence et
all angles. In the case of the polsrized screen, however, the observer will
at first Laroly detect the prusence ¢ }{gkt at the right, As the peint A
is approeghod, the point of inecidenc. . somes progressively brighter, At
the point A, the brightness is about 3.5 times brighter than the wiite sereen.
Fassing beyond ihe poini A to the left, the brightness agoin declines to a
weak value, It is secn that the Aighest brightness range is in the viefnity
of the dizect reflected ray direstion. Within £ 25 deyroes of this direstion
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the brightness s st lenst as bright as the shite screen, wiile beyend these
11udts the brightness deslines rapidly.

The effect of the dirsstivity pettern is {llustrated in Figwe O,

Shom fs s plan view of & flat séreen and a spherics} screen with its center
at C. The twe ebservers’ oye polits sre E and £~ with the respective projec-
: ter seuters F) and P> direetly over the eye pai..:. Consider the ray PA
ommting from the first projector at P;. In the case of the Ilst soreen,
. - the ray of light {s scattered swmy from the obseyver at E;. if the engle -

EyAB s léss then 20 degrees, the funge will appesr bright. iiowever, as

e sngle luczésses to the valus shom (apprexirmtely 90 degrees); lrege
brigktness declines te an alaest inpatceptible value as viewsd frem Ej.

ST X {3

In the ease of the sphevierl screes, the ray from P} is insident
at D, The consequent scattering is directed Leck in the genersl diréction
of the obsexrver, In gendrel, the direct reflectod ray will be directed at
E2. Consequently; the sngle E1DE2 is nevér greater then 20 degrees sppro-
ximtely for the parausters shom, Therefore, the imge wili slwmys be
within the rejquired brightness tolernice.

SECTION VII :
LEISUSS PROJECTION AND #OINT LIGHT SOULCES
A, nximm panifiestion

leusless prejectio: teshniques generally ecploy an extremely in-
tense light scirce and s filn transpareney upon whick the desired angle is
fixed, In sppiicetion, the transparency is placed between the light source
and the screeu. The rays of light emsating {rem the light source pass
through the film {n regions ol transpsrency and eve nbsorbed or biocked in
opaque regions., A umgnified irmge of the tronsperency is thus projected to
the screen, with the magnification dependent on the distance from the light
source to the fils amd from the filw to the screen., The theoretical ad-
ventages of this technique in addition to its sfuplicity are: (1) regard-
less of the mgniffcation, the immge is always in focus on the screen, and
2) the Limge ic alwmys in fecus regerdless of the orfentstion of the filu
with respest to the lanp and screen, -

B. Reselutiel ef Proiscted Imace

Certain practical considerations restrict these theoreticsl ad-
vantages., The strength of the Light source in compurison with the avree
of its redisting surfase is the most izportant consideratiem, for if a lenp
were of suffieisnt strength to produce » bright enough immge and if the avee
of the radiating surface wers iniinitely simil, the full theoretical per-
forumnce of lensless projectiom would be realized. ilowsver, xenl lampe of
suffiefent strength have en appreciable radiating ares. The direct and over-
a1l result of this condition is timt the maximum magnilicatien of the systen
is linited. Or, in anether sense, the mmxinum veelizable scale factor eof
the imge e the filx fis linited.

Figure 7 illustretes the oporstion of » practica] iensless pro-
Jeotion sysiem., The ore lamp in the left las a finite avre length, x., The
filo 15 opegue exsapt for the transparent hole, f'} F2 of diameter d, The
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- screen is loeeted a distarce V from the 7ilms and recefves tie prejected imoge

at 51 52 of dieseter D, The upper edge A] of the sre will project the lowest
ray A} Fo S through the hole. The lower odge Ao of the sxe will projeet the
upper nost xsy Ap F) Sy through tae hole. The diameter O of the megnified
frage on the sercen is a fumction of the paremeters shown, whore

6=d (W/uél)éx €/u), Thet is, the dismeter of the spot is irvcreased by

thke feetor % X dve to finite are length, x, . P

The factor V/u in this equation may be defined ss the ceguiffcation.
Thus, if the maximn allomable spot disweter, D, is specified and if the mini~
e vaiues of d and x are set by the Fresusl effect, the mmxiuws mgnification
can be domputed by = & 0/d) £ x,

The uinfours practical volue: of @ snd x ore 0,010 and .01 inches
respeotively.

The meximum value of 0 must be set by the nsture of the probles,

For example, when the rummy i at Inr range, the spots on the screen are

olese together, This requires then that the spots be smell in disneter.so
thet they san be resolved. Let D equal 1/2 inch at long rauges, When the
rumwey is at close range, the spots are fsr apert and need not be sumll,
let U oqual 6 inches at short Yange: Then the mximm allowable long renge
end short range wmgnifications are 25 and 300 respectively. These factors
are used in Seetion VIII to deternine the gedanetric dinousionzl pexcmeters

of the two filx systeis. -

The ehoice of these spot dinmeters is besed on the osbeolute zmxi-
aw: which will aliow sufficient clesrance between spots to represent the
ares beiween runwmy lights, In rémiity, the rummy lights will appesr as
infinitely somll points at all ranges up to touthdown. At touchdowm and
ground rell, the veal runwey lights will subtend very smmll sngular ares
with respect to the pilot's eye. In cemperiscu with the lerge sngles sub-
tended by the spot sfuves given above, it is seen that the projected imge
of the runway is only an fllusion in which luminous spots are farmed on the
screen in a pattern sualogous to the pattern farsied by the points of the
true seerio.

C. Exeiestion larms

Lamps used in leusless projection systems sre usunily of the
eleotric are type in which large electric ourrents form s smll but in-
tensely luminous ave Letween twe electrodes., The totel amount of light
radiated from the are deternmines the candle powsr of the lamp, By defini-
tion, the candle power of n lsmp is equel to the lumens radiated divided Ly
4 for on wmnidivectional rndistion. If the luminous radiation favors oue
direction, the candle pawer is grenter in that directios.

Intrinsie brightness of a lamp is the ratfo of the candle power .,
to the axes of the radiating are., Thus, 15 a lacp is of 400 eandle power
and the are is 2 nmillioeter square, the intrinsic Lrightness is 10C candle
power per square willimeter, The peraneters of lensless projection systess
deperd to great extent upon the intrinsic brightness of the lawp to be used,
For exanple, the onxiumw nllowable magniffcation s inversely propovtion to
the dioueter of the light source. If the dinmeter were zoro, the magniff-
cation would be limited only by the Fresnel effeets, the ideal operating
sondition. liowever, the smmllest 1iyht source of damestic mmke with the
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hivhest possible intrinsic hrightness is the bigh pressure short sexcurey are.

These larps nre seld in large sizes and rated at 500 eandle power
per square uillineter, Tle sunllest lanp mede is 100C watts with an ase
leagth of 3 milliueter, 7This is much too large for instrument npplicasiens,
oud nust be reduced in sczle by demegnifieation. Tigure 8 illustrates the
optical toeinique used to desngnify the elestric sre. The glass buld is
silvered on the left side iv order 2o double the intrinsic beightness of the
arc fun the direction of the optical system. This Imcrcases the intriusic
orightness to 1000 candle pover per square mfillineter: The sopy lens
irzyes the arc in spece with a magnification of unity, The objective lens
then refocuses the space inmpe of the arc te a diameter of 0;011 inches and
a resultant candle power of 100. The objestive lens is s low power micre-
scope ebjective which is epticelly corrected for an application such as
this, With this type of lens, the rays of light forming the demeguified
imge of the arc diverge at an sngle grester than 50 degrees, which is re-
quived for wide angle projection,

-

SECTION VI
GLIDE PATHi IMAGE COPRECTIONS

Ao Coryections roy Gligde Path Frxors

The element of major importance in the projection systex is the
simulation of lmoce elianges due to the niroraft being off course im its
glide path, If the sirveraft is too high or to6 low in altitude for & given
ground ronye to touchdewn, the imge .should be elongnted ox campressed ac-
cordingly, Likewise, if the afrcraft is to the right or left of the run—
way centerline, the fange should skew to the right or left respectively,
In order to ereste these effects with pho‘tlgmphic film projection, it is
necessary to ohvinte tie fixed optics of ordinary profectors and substi-
tutc the free and floxible lensless projection technique. Two types of
{ilm geometyy were considered for this puapese, and the mmjor difficulties
of cath arc presented below.

1. '.11'3F ! :\1

In this systen the plane of the {ilm frore is oriented normal
to the glide path during exposure. Easch (ilm fyawe ropresents a discrete
point along the fdeal glide pethe The resultant imge on each fyrame is an
array of transperent spots surrounded Ly en opaque aren., The dots repre-
sent each light on the runway and appronch, and form a syrmetrical trapa~
zoid pattern, .

To simulate the effists of glide peth exrors (ititude ond off-
centarline errors), it is necessary to change the gemetry of projestion,
That {s, when the simulated aircraft is on the proper glide path, the pro-
Jector elaments are in thely normal positions and the projested iinge is
rorile When the simulated afrcraft dovelope glide path errvers, it is
necessary to move the projector elemeuts relative to one snether in order
to siuulate the ehanges in the limge.

Oue methed of accomplishing this wapld Le to meve the whole
projector yrent distnnces in the spoce abaout the cockpit. To be fn ac~
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tord with the scope of this pregran and to ach!eve wide 'uule projsction,
however, ft is necessary to bold tlie projector #ixed in spgce ewiept for
zotatisns abeut it own eentey, Therofove, the slteruntife ceurse of actien
is to develop subtle motion within the optical elonents of the projector.

The sinplest mgtions possible which could be annlojous to tlic two
glide path crrors arc shown in Figuze G, :otation of the {ilm fraue nbout
the herizontal 2xis could be analogeus to altitude errer, Tiat is, if the
sirulnted altitude is lowe? than the idool eltftude, the vortical sfze of
the fmge sust be cwmpressed. 1In Figure M, the immge on the fila fraue
is represented by thue arrew. This is projected to the arvow au the scipeits
If the arrew ixead s ratoted to the right, the ancle intercepted iy the light
rays will be sualler and the imge on the screen will be compressed, Al-
though the comprossion {s not perfeéi for all poiuts, the major cffcect, that
of copressing the iamge, i mocamplished.

On the other hand, if the altitude is too high, the imge of the
rutwsy mist be elongated, ‘n:is is not accomplished in the systonm of Figure 9
unless eertain changes are mede in the initinl £l charzcter. Instewd of
exposing the Iilm fremws nlong the fdeel glide path, the peth of exposure
is cheten twice that of the ideal glide path, This will represent s eon-
stant biag angle fu the system, Thus, if no sinulated altitude error exists
during projection, the {{lm frawc will be rotated to the left to correét
the iznge, Now, If the sinulated Alrcrnit should develop an altitude ,reater
than the $denl ylide path, the film frame e¢an be votated to the leit, 7his
will produce the desired effect of elongating the projected imge,

I'igure 9% fllustrates s methad of skewing the fmge for ofi-
rucwey centerliue errer in the simulated aircyaft position, The {ilm (rame
it retated about thoe vertissl axis clockwise or counterclosikwise for a left
or right zumey centerline etrex, This will eause sone skewing of the
trapnzoidsl imsgo besause the vertizal axis of rotation is not iu the plane
of the fila. Zhile the skewfng is not as great as reed be, no fuprovement
¢an be unde in this effect witheut thanging the filn (eometry completely.

A {ila geometry of this nsture is gonsidered below,

2. FilmFrame Parnllel to :iwepy Plaue

In this systeam the piane of the filr {remo is parallel to the
plane of the funwey, The film and the light source are directly analogous
to the runwmy and pilot observer., The immge on tho film is a scaled dowm
plan view of the rumway and the position 07 the prejesting ligut source
with respect to the film frane is diroctly anclogous to the simulated aix- -
oeraft in space,

Figyure 10 fllustrates tho gegmetry of projection of ibis systow.
In the side view (A), it is seen that the diztaice 6. the lsup above the
plaze of the filis is analogous to the instanteneous altitude of the simu~
Iated alreraft, This distance is equel to the simulated altitude divided
by the seale factoy of the runwmy fimge on the film. The distaunce ol the
laup {rom the touchdewn point on the filw is equal to the yround reuye
divided by the scole {actor. In the plan view (i), the indiented motion
of the lwuzp is analoycus to the distarce oi{ the centerline of the siwmu-
lated a‘nmfto

This system will yicld o perfect limye of the runway but is in-
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prectical betause of thic size of the filx and the sur’ace rerlectivity, BGe~
ssuce the meximam zagnificatioen is linited, the sice of the fmge of the film
frave sémet oe smeller then 2 imehos leng aud GG inches wide. The meinml
msthenisrs uied in nition picture projectons eauaot be sdapted to tifs size
of filn, indoed, betause the filn fraxe is so lsrge, it is advischle net to
chkange Yange by diserest il fyames, but te lave-oue single Syaue sud meve
tie lamp tomxd tie filo 0 sinulate decreasing greund vange, lovever, tiis
weuld lead to one extravely canplex 2nd expensive projestor.

The surfnds reilectiviiy of the fiim will rot permit transmission
of the light dnder ovdinary circusstances. in order ta otwiste ihis diffi-
culty twe thick pleates of glass oust be used. The ylass plates would be zs
long zud ‘several tines wider than the Ziln, The gisss piztes should be
Plaéed oce en iop of the otiier with thc filu in Detween, The glsss will
‘theu provide s asdium 7or transzittfing the light thwéugh the 78ivw, The ad~
ditien of the glass blacks further canplicates the syste,

Using the iflu frone nermal to the glide path type of prejectiem
systent would result in the simplest mechanical prolzctor. Lousver, the cor-

_ vectim of the glide path error would be Iaperiest and insuZficient fn mag-

aftude, On the othar hend, using the ilm Irans jerzllel to the rTummy type

of projection systes weuld resulit in o single il frsus prejecier. 7TNe xe-,

sultant mechanicel complicetiems meke the projector probibitively expensive.
:

SECTION X
RUMAY LIGHILG ATIACHBENT CO G168

The bagic arramgesient chasen far the night lamding trainer ia
shown in figures li, 12, 13 and 14 axd places ihe coekeit i a 1ight tight
2unclosurs, ene surface of xhich comerisas the wojectios screes. The total
space required is am arez 32 by 30 fect iacludim) ewclosire ixacing and
similater cabinet access sprca, Simce this access s requirad ow both sides
of the simulator cabimots, the cockpit must be shifted oui ts mrovidc suf-
Tiolent clearance fer the light tight emclosure. rhis roquires additieml
wire duct and c:ble to cover about six zore feet, plus anm air duct coamest~
Ing the cockpii air comditioner t 0 the ares sutsile the encicsure.

The iigat tight emclosure is comstructed of plywoo! pawels iw an
alominum frame. These panels, of stamdard plywood sizes, are Holted te-
gethcr thwough the aluninus frame with the plywood Zacing insids., The rosf
of the enclosure is mdc froo canvas, The pamel buses are fiited with
leveling fittings, to compensate far amy {iomw drregularities, and plasiic
gesketing for iight leaks. Acoess 1o the enclosure is by 2 door in the
reer by the pilot's side of the cockpit. : y

Mo screen types are shawn; a flat figures 1i and 12°screem and
a segment of a sphere, figures 13 and 14, Both take approximtely the
same setup space, although the cnclosed arem of the spherical type is quits
less. The flat screem is for simgle pojectar avplication and the spherfcal
type for duml wojection polarized applicatioms. -
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The spherial screeu 15 of fiberylass iupreynated witi: polyester resm
coustructien with a 10 foot fuside radius. It is zxoxizontally syzmetrical in
front of the cockyit auc is centefdd about a poiat 15 inciies sbove the middie of
a lise connecting the pilor- and copilot’s eyes. The aluBinized .,creen surface
covezs a toial of 900 ia the horizontal directios szd J0° above zsa 30° below
tise so¥izoatal plaae. 7Tals givec an enclosure ceiling acigit of 1Z feet. .

'I:e flat screen utilizes the plymood jasels, switably braced to snppor*
3 Tegular wiite matte projection séreen 14 fect Ligh by 20 feet wide: This- is

seld taut by lacing around tie cdje to a rigid frame. The flat screem is centered

. aboit tlie projecter pivot ;oint at a perpendicular distaace of 10 nee;.

l‘ae ;),lo.z stsadiles the rear 9; the cock;:it. Its prive luskctiou is ©
support the projector, slthough the base is convenicat Ior housing the electidaic
rollouts aad projector power supplj. The stractuzal measbers of tie pylos support
she projector by mcans of beariags can-,*iasr the roll axds sasft. This shaft

oo
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is located gatcllel to and Jb iaches above the pilot’s forvard visual axis. The 3
pite axis aud yaw axis diatersect {ue roll axis av a poiat dir‘-cu, over iue pilet’s
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eycs. Taese turce aves are the basis of a glebal ring yivisg the turee aagularx
wotions to. the projecior. Tiae scrcen area aid pmjccsor-to-pilot #istance are

" bota diciated b the imggaitude of iheve asgles whick are given iz sectioz IV.

It is dssirable 1o place lie ,:ro,;ecwr ceuter a5 cluse as practical-to tie nilot's

" aye; However, tic combination of thesc moiions limits tiis vertical parzllax

distance to a:aiifmm. of 36 inckes.

_. Tae electro»ic usits koused. is tue :‘.;:lsn cousist of the servo amolifiers .
. po-er sup.;xies mssrw to coatral the arajector. I

sCitan X

INTERCONNECTION ¥ITH ME-1 FLIGHT INSTRUREKY SIMEAICR

Tie signals req:ired by ihe Rumiy Lighiing Mttacineuz are eiccirical
anzlogue dats xepreseut ag tae simulaied aircrafi’s fligit. Tue data specificsliy

- requived are piica, roll, 3ud heading displacewent coordinates with respect to

the rumay, aad glide pata crrors (up-dowm, leit-rigiit). Althouch tue ME-1 Flight
Iastrisent Simulator was ot cesigued to supply dsta sigaals to iac viscal
atiaclmeat, nd particular difficulty will be experienced to accomedate ihis .
reguiremeni. Some aechanical chuanges, such® as iic addition of syachro trausmitters
to soms of iile computer saafts will have to be applied to ithe ME-1. Electrically,
the oaly chauyes will be tie addition of wires to coudici tae data sigaal t6 tie
rucway lighting attackwent. The required data aud necessary afaptation to tie

¥E-1 is glves iu the following paragraphs.

A Displ L Cosrdisate
Figure 19 illustrates tie grouad cooruinziec system used in the ¥E-1.
The range oi tic coordinates are 56 miles true aorth and 6 iiles true east.

Toc yunway §s arbitraiilly placed in this area by locatiug tiie lecalizer statioa,
S, at some poiat glven by x und v ixn the figure. -
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A the point S, ide magretic aorts Jivectisa is arbitrarily chosea to
establish tke waguetic coordinate m sad ym. pae simlated aircraft is maie 1o
fly is tue magnetic cocrdizaie system. The simulator 2as available weltages
repraseatisng irae uorts coordinales x, ¥, aad trze =osvetic coordisates m, ;o

Y

Do ae (R EERG SRS AR PR VI SR VS M SRR SR WO

[N}

R LUy

Tae Baway Liygutisg Atlactzacsi requires coondizate daia pelereaced 10
the ruswey ceaster lize. In tie Zigure ihe zxiat P mpxes..nts the izstahtazeccs
position of the aircraft projecied i ato tae gromad praxe. Tais pesities is civen
ia the required coordinele system 1di% reszect 1o tae iocalizer siatfiem S, by-ide
coordiaatesx,amy,. ﬁetexris tsc distasce sloag iic romay cester lize lram
the station S to che projectios ol P izto the ceatcrlise, asd 7, is tie normal
distaace 1v0m iie coaterlize 30 tie soiut P Is ME-1 aeecclatsre, e cocriisate
Xp is daiquateu as ide range R, ad tie coordinaic yp 13 desigaated a3 tae paty
error E. Tiec iimiting value of £ is » 20 ieet. 7Taese data arc available as
de voliages aroponim.l 20 tae respective distances. Taese lgnals eas He
cendacted directly inlo tie xp 3ad 7y servo systems I tie Hamay LigMtizs Atiach-
meat.

T B ptitadc Data

Altisude Jats rc-qunc-d are ke Irsigntacecus alciiude above tae ficld
and the glide altitude as a friction of xp 'I‘.ne aliiusic 25ove the {feld is
avallable as the dc gutput of the sitiiade ;o.eatiane&er. Tie glide sltitude
as a fusction of x_ is availadle as 5 de sighal from 3 baifcr iiex. Tuese
signals cas be directly eomdacisd to the altitude servo of tiac Rummy wnighting
Atteciment.

C.  pitch, K5Ik, and Geadias
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Txe pited azqgle data is avalladle as 3 dc signal from aa eiectmic
fategrator withia the ME-1.7he sigral is conducted 1o the pit<a serwo 3i
fumaay Lighting Attacascat.

o

v

Roll asi Heading dste sve available 36 mechanical siaft positioss Iz
the roll and 2eading servos of tie ME-1. The preseatl;y fastalle? syncaro
traasmitiers are a,;aole of Zriving oce oore coutrel trazsiorser cach in sddision
to the present load. Taese coatrol traisiormers are to be tie follow-up devices
0a tbe roll aud Seadix; servos of ike Ruuway Lighting Aitacimcat. 7Tae synclro
roll and ieading data must be coacactad from the XE-1 10 t2e respeciive coz'rol
transiommers iz Bumay iiguthg Attachment.

d. Reference Signgls

Refereice signals for bota ac and dc operatiou will be condueteld to the
Runway Lightii 4 Atiaciment.

e Nty
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SECTION X1
SUBARY -

Tz precedisg seciioas Lave descrided the exteat and directien oi tie
Mchi Laxding Simalator stuiy projranr te cate. Alsc presentcd are the resulis
of ibe aperimental cicvelopeeat and aaalysis, as well as tine methods and
tecacigaes axploy=i.

Tae study progras was pursued withia the scope estchlished by the
appiicable Extibii, WOLEQ 2-17, and the scope of tie coatract. Results and
recosmendatioas preseated are based upen careful appiication of accepted
scieatific priznciples.

= iasigmsatal cozclusioa to be Grawm from ILiz study is tlat
Jilm prese. .atioa mcibods are aet suited ior the studeat-participation type of
wraiuing device. Fvea thosgh fairly complex projectioa techniques are esloyed
10 improve the isbcrent limiiations of sizlp film with regard to aspect and
perspective is the imepe, the amouat of {Jexibilisy galned shkereny is aot
suificiect to provide positive irainiag ia the task. For exsmple, it is not
pessible to make landing procedure turas ia a visual simulation device using
strip {ilm, aaless the tara is programmed jntc tie izitisl productiea of the
iile. Fartberwre, it Is sot possiblc to Gviiate irea toe glide path by mere
taac gpproximately 4° before serxious diificulties are encountered is the
q:ahzy of imase,

Stdies coiducted recenily at Aers Medical Laboratories at WADC have
shows taat tie coofusion created oz the part of the student i3 trying to resolve
iee ckanges ia imace :uve to cnaayes in sircrafe baxk angle as coupared to changes

due ¢ spatial displacement f{roz ihe glidepath, is so severe that aegative
traiaing is rodscez.

Iz ise lx,.n. of ali tihese ceusiderations, tiis contractor feels that
1o racommexdation for use of film preseniziica methods can be made. Instesd,

it is felt taal aa aiternate metaod s0058 to be proposed will soive tiis problem
iz the besi inlecrests of tie gevermmesui.

WADC TN S6-15G 33

" .
o i ‘wm‘.qm‘.“(n};& g



