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a.te Maingo Vi~~ proacdizt Under zovrvy blt odton,1zeen

1iadifig becomes i--asingi hazadcI- because of the Act tlbat Liz rrnivay
may not b-- seen witil Lite aircraft is ithin a -fow hundred feet of the growxi.
Thie 'ilot norm~ally miakes 17.is 'jlde pat61h appra20 Oil instrumenits under such
COU'Aitxow-ZI aaid remains oh iastrudents until iVhc rurnway is clearly visible.

Th-e it"azd Involvei in such ba-Ideather flying, ai w~ell as tae
operational costs aad ie Lose of alreadv croaed field failiLies. clearly
indicate the desirability of a night, landing simulation device. Because of
thze relatively swall luiber of externial visual ztimuili requairet! to be
p~resented, iLt was felt tbaE a suitable traLina Uevice could readily be created
by the a,,tacimwnt of a --rjectiou system to a ccavoitional fali!ght im:;lator.
Fartheraore, sint e Ibasic prablen is limited primarily to L. proc n
landiaig. the equi~eiiv should be oi a sowweiat simplified naturo in comparison
to other visual projectioa sy~stems. Results of a design study progjram devoted
EO SolUtiCoif tLjese requirtomeflLs are presantvd heretzi.

B. Simulatgr ftguire~sias.

G'eraLioi:al i-equireraeats for a runwsy ig3tipg ataient were
c s Labl is ixAi by the Air Force aiid presensted in detail In Ex~I3blt UaCIE-3-l7,
"Ataicaest, Runway Lighting, foar Aircraft. Flig;)a Simulastor*. ';the essential
requirw.Ants, whic;; xv-re used as a basis for determinatioa of tiie extent and
Alrection of tis s;tud;' progrnm, are restated here as a Cuide to the teceinical
diicussioa~ prtsciitLd i,.i subsequent sections of this report.

T.,e runmway lighiitig attac~erti is i:nL-cnded to present Lo the pilot
(n0i1,i copilot, if anty) of a fli~at simulator tiia visual effects of approachingJ
a lighted runwiy at aiij.a. inder viaryiuV conditions of cloud culil ano
visibility. Desigjn ei thea proj-- ctioa system should bo 3ucii Uliat tho following
oq.eratin features ar i.aitdod:

1 Ruway a,,~c may be started irom a pot-it 6 miles out (tiaxiinum)I
and 3*YJ i.CeL alitituie (MaXIMUM).

.iii posici;. oil runwany %;Itzi respect to the aircraft path

may be .reset by tczc iiustructor :it~ia the limits oi the systems.

~.Clouo ceilinij ma be viriod from~ 0 to 3OWu feet ailtit.

I. Ituctor U~i cause Ltue cenaiaU aircraft to emer~e from theL
clovd ecilingj oa ce:itr or to rigat or le-ft o.- center wluin

Manucrit rleaed y athos 2 March 1956 for publication as a WAflC



~.Go arouad san be only zupen verbal Iastr~tction, an' visu l
prese~ntatioiI shall iade out.

Anaysi ofLi~sedesired charcteristics indicates that LA*e visual
presentatioai is requird cal, whea the aircraft is within t"enra ld
path or at a point 'from waicl; recovery aud a reasoaably straighit-in approacri
can be made. liicn the pilot reaches-the eiid of the runway, or pulls up to go
around, the presentation shall autonatically fade out. The system concepts
Investigated daring the course of the study prg mre based upon this
iaterprL tation of 'the Exaibit as tvritteu. All other detailed requiremnts
have been cuissidered In order to assure satisfactory fullfillment of the
training requiretwunts.

The desli sitdy prooram for ie Runway Ligati.g Attaciaent proceeoded
In iour listiaict btit Interrelated phases consistiny of (1) iavestigation of
special film projection techiques, point light sources, and discrimination of
xmagjes by polarized ligbt.. (2) Investigation of parallax and screeln corilour
effects, (3) dewtertinatioa of basic part coafigaration for applic -ationu to the
N*-I simaulator, and (4) deyolujuent ol interconnection system betWeen *-I
flight coordiaate data anid ruuway lightiag attacL=uert.

Investigations dfvoted Lo Lhe special film projection techniques and
OA point light so;)rces %,ere primarily concerned with correction of the Ima~je
for glide path errors. Experience acquired In -revious simulation deveiapaient
projects, using various oft-e tehius a ndicated that the projector
system proposed by Raern-Philadclphila and described in Section IX waQs best
suited to Viis application. The study was therefore concentrated upoi
determination of fts feasibility. Parallax and scrien contour effects are
particularly inm,.or~ut ia view of the pilot position desired and the long
straight lines presented in %hic!. deviatioas would be easily detected. Vie
relative merits of curved and flat screens rwere evaluated with roijard to both
toe accuracy and the adequacy or exteiit. of visual presentatioln.

Attac~et of t) 1 device LO thie ME- simulator and tibc pick-off of
the coordi1nate flight. da-ta i:'iolve the more conventioaal design problems only.
These portions of the study -Lall loigically into place when thlO basic parameters
aave been e.stablisilied.

Section HI swuarizes Lhe essential results of the study program
and presents cte recomnendatious of thme contractor with re'qard to the proposed
device. Section III Liiroui.lh X presents the detailed analysis of the problem~
ana Uescribes the experimental procedures followed ila arriving at those
reawiendatiomis.
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(; o arouad saloll be only .*Pcn verbal Iastractiam ad isLn
preseuflatioai Saall iade out.

Analysis of L !ase desired chiaracteristics indicates 1th t Le visual
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p~ath or at a poi.t rm icrevry aud a reasonably straight-i approactA
cars be made. When the pilot reaches -toe ead of the runway. or pulls up to -jo
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interprLetation oz 'the Exaibit as urittea. All other detailed requirements
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special film projection teclulques. point light sources, aud discrimination of
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system proposed by Racean-Philadclpiia and described in Section IX "Wns best
suited to this application. The Study was therefore conceatraved upon
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AtLaceut of Vh- device wo the XE- . simulator and tie pick-off of
the coorainate flifjht da-La Involve the moro conventioaal desigri problems only.
These portions of tifte study fall loigically iato place when tho basic Parameters
4ave boen eFzt bli hod.

Section Hi summarizes the essential results of th~e study program
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device. Section III Liirouijh X p)resenits the detailed analysis of the problema
anti describes the experimental procedure-s followed ia arriving at those)
reoouindatioiis.
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3. 5601 i

For a siagle imwj projection systea, it is re mended that a flat scre
b. used. Viti this type of sUeen tW dirtortios in the Inage are linear and
caa be finiized to an soeptable arut. Vae flaz sdreen is capable of azifith
covormge up to 90 degrees (t 45 degrees). This is sufficient to cover Sbe
•orm! field of view tbro"h the d-idshield.

4. LJamt; of vst, VA*i Ale

Since the specification, %1EQ 3-17, does not specify the limiting valuos
of tbe systca variables such as the vlsual field. pitch, roll. and beadin,.
a logical basis for establis.ing eath limit was construated. It is recomended
that the limits given in Section IV be accepted as meeting the requirements of
tW6 specif ltations and the scope of this program.

S. Comrrtion with tkA *-I Elfgat Sinullo!

The only difficulty involved in making electrical and mechanical connections
to the E-1 Fligt Simulator is in Incrteasing the length of t-ze electrical cables
from the cockpit to the simulator computer racks, This involves considerable
labor. thich can be performed a this plant.

6. Ra M3g neg

0a the basis of these findings, it is recomwended that the base of the
study contract be broadened sufficiently to permit the analysis of alternative
projection systems beore coatemplation of construction of any hvrdware.- This
proceuure appears to be iu the best interest of the governme:nt at this ;.ife.

SECTION III

FILM SYSTEM CONEPT

A. VIMs-a ues a1s Undina at Niant

The image of the liqhted runway as seen from tale cockpit of a. airplane
can take many subtle skapes and orientations. It is these subtleties of shape
anu orientation which give the experiencad pilot Information ifecevsary to guide
the aircraft to a successful lasiding. For the purpose of developing a projection
system to simulate the Instantaneous image of the runway, it will be necessary
to resolve these quantities into their major components.

Considering the runway as a flat fixed rectangular plane and the
aircraft as a completely free body, the appearance of the runway will be a
function of the six degrees of freedom of the aircraft. Let the earth .oordinates
x,y.z be defined as follows:

x - The distance along the extension of the runway center line.

y - The distance transverse to the runwiy center line.

z - The distance above the earth's plaie (altitude).

WAJ N 56-15c, '



WU-e2 tim airmrf; is directly :i :ne accepted 9116P. paz, t.te izc

will be symerical 4r.lt- t;-. sides coamerglizo Wcard =~e anoiar. z

~a of co-a-ergece Is -a direct. fuzclicA of the % dtaae.CC ie site of "re

inoge and t.te ca.-erica 1z iV% mn c -Jr 1dictiW- 0f -ILSe La tze t3WCbLE;C*
Point.

The& alitgdr 3ifects mostly the total beiljnL or %! e ir.-r- in caszecw

4;' w~uith 0 x disf-a-ce: If the altitaje is zero !v lowte compresses Into a Etraigbit

noriontl lne4 ~hce Le altitade Als very -~g u.. image iS elcngateci velticaLly

in comaiisoa to t-ie x distac. Ibesc t= Inagie variables biale 3it; absolute

references ir. the aircrai. and tbe ilot is tbereiore compelled to resort to

memory and experience I= ji~jur tue alti-:We azdi ;ros.-d distanece.

1The trazzvcr,;a coordinate. j. afiects E!&-- siftri ci -r.-e image. For

dista±ces off tie center line of the ram-my vie Iaage Is skesmd accor~ia2gly.

Thi4 sa rev-resenlts an ab-lute reference for the pilot L-id co-seqvcntly can be

redtied to zero uIIIA avern-c flylao skill.

Isk, pitch. seaiL lg. ad roll ticgrees- of freedow effect Tzk-I positiona

oi the Image wst respect to &Ue vl3'shiell&. The railing motioai moates tbe

inage. the headii.9 itioa loCates tuw ira2j alonug ziie base -.f the rdind shie 4

aikd tie pitch notion locates t~e inwajc 21 onj the iertical of Uie -.indshield.

These eifects are absolutely rferc-ceL: in U.s cock~it. aad COZSequeesly can bie

adjusted to exactly tecorr.ct, valmcs by tho skille.; Pilot.

Th-ese six effects represent -chi hasic elemft.st to be sim;1ated iq Cze

projection system in co::action its-& tE~c coordizate iata generate.1 by Zte fil~ht

sim~ulator aid pilo.'Is coistral wtiaas.

B. Ba2SicCo.cO{e AL F I ?kMiCILS~

From tLie precedlur; discussion it is evident that the six de-greps M,

freedom of the image must be -jeacrated ir. tAae , rJectar. lzbe adveataf.e of

mtion picture filn is Ciat its leangb can represeaz one oi the degjrees 01

freedom. In this case tue logical cl:oicc Is that tbe x coordinate be represcit-

ed by the length of the iilc since t"'is che,,.es mast in a typical aUing. The

pitch. roll. aud hewti:vj motions can be uIrect sud a;;alogoas motiais of, th ilt-uH

projector. Viat is. the iila projector cani k- souated on a .iouble ri al aad

each axis driven by a direct electrical connectionl sita ti:e roll, ~iiLCh, a2d
heading angles developed In the ili~l~g simulator. Th:-e projected imagJe ill Vn

roll andl will be displaicw in a-1-zmth arid elevatio-a ir accordanace. %t tie pilot's

coatrol, motions.

Ttte rcmaaii degrees oi freedoam muast he Jeteloxed in *tuae optical

system use~i to project Oe ima-ge frcm the film to the screen. -Diat Is. t.'e effects

011 the image dife to displacement of th& sinulateu* aircraft alonc tne y and z

cooruinate axes umust be developed in tae projector by distolting the image on the

film ini accordlance witi L.'le 3cowmtric raquirement:. 'Ie c)G~t actood by which
this is accoiuplil.;cd depeadsi oa tile naLurc of t:.e image on the film.

To develo~p L:-w concept oE film projection furtiier. tlic (,ewnotry

Involved In imakinu the inuividtal film fra~e exposure. miust be t-iscussed. Consider

a point P. on L:-e Wdeal yjlide froai whic-c the ruiway is bei naj observed(Sec Fig~ure 1).

WPJJC 'IN 5b-1-% 5



125a line =cOvnata ii~te eye Pal=t a:W eack ind1ividini Point 2 ther~ arn
SbUM-r,.A the iMstIAn rprcsn X.& Ab Fig=r t!-- ureVila -;) Z iMM -TAM
eizposed by tbesc ra;rs. lbe orieatatios af tim film plaae it respect to the,
,ro2Wd il %:eteuinla the iom sf the Ina~ A ~ 1 .O tke filo Lyme

orieales 1-vsslb1O. Vie o;2e patallel. Uo te ezrt%. ad tike 020e aamal tc the
ideal glide pat5 are of Interest ;or stv. oxmdiratioa of LILse 'll= frma
Paralll to &W ear") revelas Chat the liage o t.e r=Wsa oa' t~ic film Is 3
rectangular paumn ara c1 equa to tke pl= new ef zie reamay. -.ks Is
sigaicnt ia that soemtt"r Miat -tUe glift pa aalle, G, Is the Witj Is the
same. Vat Is, for exaqole, If G w-am 90 dagrces uit.: tbe point 1P directly aowe
ue temcldvm point. thikgc em tnhe film uwuld be U&~ sa as la he case sbmz.

ie sm cmnclusion Us arrivad at when c*6 I-deriag tbc poilit P displaced ia the
T directioa. Thereiore, Vie Iim frm parallel to Vie earth0 is of a aniversal
~awure and does not depead on a specific glide rsatb. If the oriezitato.2 jeometry
is mistalaid as them !a the fiure ai~d If a iensless projector Is used, the
prmJectiou of tbe ruinmy inage to a scree, -d11 :X- eriectly accomplisiWe with
zo dtstortizu for anay analogout value of xr, .and z.

The ruway Imge i~i the ffil fram normal to tbie glide path is a
symmtrical trapaauid with the rutnaq ligbts groued close together at the upper
cad. This image is nique for U-be particular set off coordiuates represeated
by the pointF. Tbas. If the Slide patb angle G tare civad to a large 'value.
sacii as 90I degrees. the Imag on the film would change oixteasivel,7. As a result
oi this characteristi1c. projectios of tL,- film fre by the leasiets point light
source metbod A11 only approximte the true Image wulen the simllnted aircraft
Is olf the glide path. Thsat Is, In normal operati oa the file fme carrespoadiag
to the Instantaneous value of x ili be expose.. for a specific value of altitude.
z. anad zero y. Vic projected image will be true oaly when the simulated altitude
Is c*qna to the films altitude and - is zero. If this ils not- true, the point
ight source mzst be maved relative to the filn wrsc to caupesate for the
difference In altitude aw... y. At best this nettod can only approximte the
required chane in imVg qeonetry over sra11 errors In glide path coordinate.

Thbe advantage of the file fir normal to the glide path over the
IIi= f - n paralle' to the earth is that It tsill permit light to be transnmiil
with a minlmi. of difficulty during projectioa. That is, since the film frame
Is perpeudicular to the light rays radiated by the point source. -the light rayis
will penetrate the .-1ossy surface oi the fila aud form the image on the screen.
lIn the case of the -film frym-e parallel to the earth" s -surface, bowever, tlm-
lighat Says v-te incident ou the glossy film surface at an angle equal to the
glide path angle, G, which Is generally 3 or 4 dogrees. At thi& 1W4 angle of
incidence no light ray can penetrate the film surface and must be reflected.
Coasequueatly. althougb the image of the runway would be perfect in theory, no
light will reach the screen. optical techniques are available to obviate this
di.lficulty bat lead to difficult design and cumbersm operation.

C, Practical Problem LUWe~at ia MRoiectioa System

1. PA A

The wist convenient place to locate the projector in the trainer Is
directly above the observer's head. ideally, the projector optical center should
be coincident wth~ the observer's eye point. Sinice this is Impossible, it is
necessary to minimize t~e distance between Lhe observer and projector and to

WAXC 'M 56-156 7



"UEsWn the Vffeot Of *U115 PiralaX *A the Vgeintry oi the projected Isit s
a fct-i of screen S"ap. -That Is. Ui the parallax distante tere zeros the
cemetry of: the Image wouid am, cbanwje rdth sciecu shape or aircraf t attitude
angles. Bader Uas eiredostance thme sbape of the screen can be choses to meet
OtueT reqIrdezats.

The presence of a significant parallax distance, homever, will introduce
distwtions; In the Vpjected insa! Mfte rsungyi In addit~ou. these distortions
ill cLang. as; the projector is rotated in headinU, pitch. and roll. 'TI6 problem

then It to mlnimize these effects by zuiniiniziag the parallax distauce, and, more
limortuatly. by thoswg the shape of screea whicha ull give least distortion.
In the case of a dital projector systen, a boisoatal partallax e.-ists ii the
screen sufrface Is carved. Thme horizontal parallax is- a fixed value of two -feet
for the T-31 cockpit aad cao not be Aini~zad. This wi11 introduce extidl~1y

* large distortions in the projected 16ege which will vary as the plijector rotates
in heading, pitch. and froll. The only screen shape few which the distortion due
to horizontal purallax Is zero and tme distortion due- to vertical parallax 4s
wmin Is the flat screen. however, because of the effect of polarizing the
screen foir dual Image projection, the spherical screea Is necessary. Thus, the
flat screen Is best for the* single projection system, and the spherical shape
is needied fort the dual projection system.

A concept -to be considered ia dealing with the _parallax distortions
is the use of back-Pirojection techniques. That Is. conisider a system which
employs a trauslUcent screen with the projectoks located behind the screen

and the cockpit on time front side oi the screen. 11 thme projectors are as far
behind the screen as the observars are in frout of the scten, the vertical
p~arallax can be reduced to zero. obvously, the flat screen is the only shapoe
applicable here. A major difficulty urith this system Is that It is applicable
to a narrow visual field system because of the directlvity of the translucent
screen and The reflection ra~ier then tranisiission of lijht at the back surface
at large projection angles. In addition, this system is not adaptable to polaroid
techniques because ao known translucent screen ill retain tho polarizationt o'&
the light waves after transmicssioai.

2. ZVUZ Ah

The only satisfactory' ixthod of discriminatinUj bcetween the pilot's
and copilot's runway imuages is by polarized light. Hwe~ver, this systmc
Introduces certain de~eterious effects o4 and restrictions of the systemi
performance. The introduction of the transmuitting and receiving polariod
filters roduces the brightness of the Image to 30% of its unpolarized value.
This greatly weakous the im~age nrlhii is at best are acceptable In brightness.
The acceptability of the resultait brightness cau only be evaluated by placing
the actuaal system In ;ervice for a length of time.

VMDC TIN 56-156



A.;e polarized light Systm requires the use of a polsrIzlng
screen. Screens 0P this nature have-the charactoristic of scattering the
incident light without alterig the plane of polarizalioe. As a c00sequonce
tue scattering is not cosplete and the reflected lioht retains a directional
effect. The resultant effect of the directivity of the reflected light Is
that an obsertet will experience a shitp dectebse i spot brightness when observ-
Lul the spot at angle Ureater than 2D degrees off from the direct ray. At
45 degrees irm the direct ray, the spot of light appears to be almost extinguished.
A more detailed description of these effects It given in s5ction VI.

CION IV

LINI'S OF PROJE£CIOR

A. Nazismr visual iElld

The criterion for setting the caximum limits on the azimuth and
elevation angles of Uw ptojected image is the visual field allowed by the
windshield oi the T-37 airrtaft. Although an observer can see further fram the
side oi the cvaopy, the visual field established by the windshield Is of
imortance. On this basis direct measurements from the E-1 drat-Alng gives
the Aollowing limits from the straight ahead position:

Azimuth ; 44 degrees,

Elevation ± 30 degrees.

B. AuAwma Aircraft Attitude Lm tts

The W-1 flight instrament trainer is capable of extreme liits in
roll, pitch, and headinU attitudes. However, since the aircraft will start
initially at the beginning of a landing approach. the limits of these quantities
will be a minimum of:

Heading ± 450

Roll ± 450

Pitch t 300

C. Nxiruia CqvIinatcas

As given in the specification, the maximm ground rane coordinatex.
and altitde, z, will be 30,000 feet and 3.00 feet respectively.

"nte n,imum transverse coordinate,y. error developed in the *E-I is
t 2.kM feet. This should be increased to : ZIXO feet and linearly decreased
with the x coordinate.
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The lending -strip lighting to be simulated by the MiSght Lauding
Trainr is shma in Figure 2. This lghting eters a total of UjOO feet
divided tnto 3,000 1eet of appirO lighting and 5,0o fet of rumy light-
ing, it is felt that 5,000 feet whil* adittedly couirtison the sqf-
getd 6,00 feet. would he suffilient fre tiaining. Ons tho studit plot
timbedi 5.000 fet beyd the thtithold, tbi anding Is a s4iccss er failue
To ingdts6 fth eummy to O3.0W feet wld dd 37-1/.L to t"e total lightd
distane with th following riult: Sine the igi is IWited by a fited
film width, the 376-1/Z i.orm must I* absorbed by the scui faetor With
a degrading Offrit oni tbe Uage resolution.

Apj*dith lighting has bn pattsrneu4 afte Figure B of thl
.4ational StA.dMaid o Appes6h Lighting, dated 20 July 1953. The ipprih -
distAne is divided into- two sections, both mrked in Aviation URo Lights.

In order of obsurrence, the first section 'of approach lighting
consists of centerline Lars, 14 to 20 feet long, at 100-foot intervals along
the iktlnded runy centerline. The last bar heading toWard the rummy is
flinaid by crossets so tbat e total width of 100 foot is illuineted,

The second npproech section. celled the overrun ereS, is unsym-
metyilal in that the left hand Alts are wide up o three lUm*s covering
14 to 20 feet pependicular to the rummy enterline while the right hand
units ere single lights. These are placed an 10-foot speeings aloeg a
line parallel to, but 100 feet out from, the rumy conterline.

The Aviation Green threshold bars separate the overrun area and
the rummy proper. These are 40 feet long with their innermost edge in
line with the overrun lights.

The rummy prope is uzrked by Aviati White lights spaced at
200-foot intervals for 8,000 feet In line with the overrun lights (100 feet
off rumy center).

All lights stipulated as "rs" meust apper as a single linear
light when viewed from a distance of l,5O0 feet.

SElTl(m ViL

PARALMA AMD SCREEN SPIAM ,ALYS1S

A. YjVia Pax

Fijure 3A Illustrates the distortion of the Iwgo due to verti-
cal perallax nnd wrious screen shepes. The lines CA and Ui are the rays
connecting the far end A and the neer ed B of the rwmmy with the eye
point. Thus, the afjle AM equal to V is the true verticel angle an ob-
server would expect to see the imije intereopt from this position. If
the film has been Ladi without considering parmllax, the rays IT end ED
ewnsting frosa the center of the projector, P, will repwesont the rays
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EA And ZB. Th. projected rays WF and FV will diverg frori the 9oetor at
tin angle eqil to V. th. angle of the true imys.

Fr~a the intersectimn of timse rays ad the scbreen, tme parallax
distortion for each screew $on be plotted and icapared. In th e ase of the
flit~ screen It Is seen that Ft) Intersects the screen at D a point Consider-
Rbl9- below G. the true Intersection point. The result Is that the observer
at E soft a nabk longer tnd briidor rumy.

*ir the spherical scroen, the ray ?i) Intersects the screen at the
point C closer to G than D, Thum$ the l6eumatiosi of the Image Is less than
In the cast for the flat screen. flowevet eaimtion of the projected image
rieils that Straight lines representing the edges of the rummay are seen as
gilntle tuivs ftes the eyspolnt E lgvure, 3B3), To swurize It is seen frw
the aiber dirnsoiaa that both screens cause distortion In~ the ban due to
veftical alx itorti due to the flat seree" taue the film of Olin-
gati aiud broadealig of the binge. The spherical -screen hans the same effect
on the iage in a smiller degree but with the added distortion of curing the
inage, The distortion of curving the image Is by far the most cbjiftibloo.
At W4d angles *hen the, afixcrft Is about t-o' tcuchddfte this leffect 6an be so
Uteat as to be wmiccOptable.i Although the elongation and broadenubg of the
iumnge Is loss than for a flat screen. the Swmllest curva ture of the Wavge Is
easily detected by the observer. The linear distortion (elongation and
breeig due to the flat screeno can We reduced by anticipating this effect
when inagthe fillm. T1hat Ise IA. the film Is ukdo by Photographing a i"l
rummay* tn appreciable amount of ceunter-pmrallax can be inserted Intotk -

geosetry.

B. lAdital Phaellax

Figure 4 illustrates the distortion of,the image duoe to horizontal
perallax. The points E: and E2, r#present the eye Points of the first and
second oservers. The light .rays are drawn fox only the *obeerver, El, The
vertical pmvellax io aiot seen Ini this view but is represented by the su~per-
position of points El and P1 for the first observer rnod points E2 and P2
for the seond observer. The ray PIA and P2B aro the true rays projecting
the two loner corners of the icuge. It is seen that the flat screen bes 13o
particular effect because of its shape* whereas the spherical screen, becme
of the nssyimtry. will distort the image ravre on nn side ta the *there

Rays of light Incident upon polarizad screens will be scattei'ed
without altering the plnne of polhrl-mition. 1'ho seritteriwg of the light Is
not as oulete as in the cause of ordinery white screen surface. The result
Is that the scattered rays are grouped together as shown In Figure 5 for the
polarisud screwn. Compring the two reflective patterns of the figure, It
is seen that an Observer wlking aroun the peint of Incidence from right to
left will, In the case of the white screen, see the point of incldence at
all angles. In the case of the polarized screen, batevers the observer will
at first baroly detect the prosence o* 3i glht at the right* As ttze point A
Is approtched, the point of Incideuc- bones progressively brighter. At
the point A, the brightness Is about 3.4 tims brighter then the Wzits screen.
Passing beyond the point A to the left, the brightnes again declines to a
vveak value, It is sesri thnt the ighost brightness rage Is in the vicinity
of the direct reflected ray direction. Within L 25 degrees of this direction



r

the brightness is at least as bright as the %Ite screen, while boeyd thee
SUnit the briujbtnss desliUs apdly.

The effet of the ditreetivlty pattern Is illutrated In Figure 6,
Shem is 8 Phn view of a flat se016 and a spherical screen with its genter
et C. The two obserwers eye points are E and E- with the respective proJe-
ter cdatiti P1 and directly over the eye paL;.j. Consider the ray PA
emnti0 from the first projector at P10 In the *ase of the flat scree,
the ray of light to seattered way frM the obseer at E1 . f te angle-
91kis los than 20 degree, the lrage will appear blghi. Nhnver, as

oisng resses to the value shtf (tpwuodotely 90 d)gr.s) in*
brightness dealinei to an aluest inifteptible value as vised frem El.

In the ease of the spboklael screem, the ray from P1 is Incident
at D. The coaiequent scattern Is directed look in the generl diretion
of the o "Oer. In gre. the direct reflected ray will be direed at
E2. Cmequtly, the angle EID£2 I8 never greater then 20 degrees a*to-
ximtely for the piraaiteus sham. Tlerefore, the iage will always be
within the required brightness tolonr-:e.

SE~ToN; VII1

W.,SL&3S iWOJ-nT0? AM~ iIn U~tUr SOUX;AS

Lasless projection techniques generally ".p loy an actrocoly in-
toe light syets and a fMil transparency upon which the desired angle is
fixed. In appAlestion, the trnsporeney Is placed between the light source
and the seresu. The rays of light ormanting frcm the light source pass
through the film in regions oZ transparay and re Prbsorbed or blocked in
opaque regions. A iagnified inage of the transparency is thus projected to
the screm, with the mgnificeation dependent on the distnuce frow the light
soure to the filmu and from the fil to the screen. Ie theoretical ad-
vantages of this technique in addition to its siplicity are: (1) rerd-
les of the mgnificatio, the ioge is always in focus on the screen, and
(2) the Inge i almys in focus regardless of the orientation of the fil
with respect to the lamp and screen.

Certain practical considerations restrict these theoretical ad-
vautages. Th strength of the light source In comparison with the ees
of its radiating surfae is the mat laWtant consideratim, for if a lap
were of suffleiist strength to produce a bright enough lmage and if the area
of the radiating surfmae were infinitely smll, the full theoretical per-
fammse of leless projectim would be realized. howver, real leape of
sufficient strength have on approciable radiating ares. The direct and ever-
all result of this condition Is that the tuximu magnificatien of the system
is liaited. Or, in anether sense, the maximm reelimble scale fectar of
the Ingo on the film is limited.

igure 7 illustrtes the operation of a practical lensless pro-
jection system. The rn lamp in the left has a finite are length, x. The
file is opaque emwpt for the transparent hole* F£ F2 of diameter d, The
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icreen Is loerted a dist'wce v from the film and receives thze projected iuwge
at ~l~2 ofd---ter 1). Thi upper edjte Al of the er. will project the lowest

Tay Al F2 S2 through the hole. The lwer edge, A-) of the are will project the
upper flot raY A,-, F1 Si through the hole. The diameter D of the magnified
U0,10 on the screen Is a fmiction of the Paue;ers shown, where
-0 z d WI.u A 1) A~ x (Y/). That Is. 04e dinueter of the spot Is increased by
the fetter V x di'. to trinite are lijngth, x.

The factor V/U In this equation may be defined as the Mi.'Mificatiwi.
Thusi If the sahiom allowable spot diameter, [,1 Is specified and4 If the mini-
mumi values off d and X reI set by the Fresnel, effect, the onximum vaiguification
oanbe tomuted by s to MA) Ax.

The oiuimim practical valuez ofl d and x are 0.010) and 0.011 incAs
respectively.

Vie nuxisim value of D muist be set by the -nature of the problem.
For example, when the rumny Is at far rage, the spots on the screen are
cl*e together. This requires Owen thast the spots be small In diueter. so
thet they eon be resolved. Let D) equal 1/2 Inch at long rnues. when the
rummny Is at close range, the spots are for apart and need not be small.
Let D equal 6 lushe's at short range; Then the wxxImu allowable long range
and short range .mgifioation are 25 and 300 respectively. These factors
are used in Section VIII to determine the Vemetris dinensional peremeters
of the two film system 3

The choice of these spot diameters is besed on the asolute awxi-
Sum which will allow sufficient clearance between spots to represent the
area between r"uMy lights. In ftulitye the rmwy lights will appear as
Infinitely smll points at all ranges up to toutbd"e. At touchdown and
ground roll, the real rumwy lights will subtend very small angular are
with respect to the pilot's eye. In Comparison with the large $Doles sub-
tended by the spot sives givem aboyv It Is seen that the projected image
of the runway Is only an Illusion io wicho lIudnoas spots are formed on the
screw n it pattern aus logous; to the pattern iorsa4 by the poin~ts of the
true scene

lamps used In lensless projection system ore, usially of the
electric arc type In which large electric currents forms a stmll but In-
tensely Iuinums are between two electrodes. The totel armount of light
radiated from the aire detormines the candle peor of the lamp. B~y defini-
tion, the candle power of a lamp Is equal to the Imens radiated divided by
4 for an smidireotional radiation. If the luminous radiation favors one
direction, the candle pow io greater to that direction.

Intrinsic brightness of a laop Is the rmtio of the candle power
to the aee of the radiating are. Thus, 14' a I"m is oC 400 coadle power
and the art Is 2" millimeter square, the Intrinsic brightness Is 100 candle
power per square illimeter. Rho parameters of lensless projection systemi
depend to great extent upon the intrinsic brightness of the laiV4 to be used.
For example. the ixi~m nlloimble magnification Is Inversely proportion to
the diameter df the light source. If the diameter were zero, the smgalfi-
cation would he limited only by the Fresnel effects, the fdonl operating
conditicn. Htowever, the swellect 11Vht soirce of dastic mukv witli the
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lest POssible Inatrins'ic hrightness Is the high pressure short mercury arc

These lamps nre'seld In large sizes and rpted at 500 candle paw
per squaire uIdlimeter. The sunilest lane wide is 10,00 watts with nn art
lenqtb of I3 mi.iIxter. This is much too lare AIOr Instrment. npplt*ttMOS.
*td mot be reduced In sts-le by dew.nifientlon. rigure 0 Illutriates the
optical toolinique used to devagnify the electric are. The glass bvlb is
silvered on the left side in ader to double the latritisie bightne of the
are in the direction of tle optical system. 111s increases the Intrisic
brightness to 1000 candle power per square miliieteri The *Mp leni
iinges the art In spae with a ragni ficatitoo 6f unity. The objective leas
then refocuses; the spse izwmi~. of the ane to a diameter of O041l inoWe *An
a tiultaut 6andle power of 100. The oieti Ions is a lou piosr xicriO.
3COO objective which Is optically corrected fur an application sick as
this.* With this type of 1e1s, the rays of light forMing the deragnified
i=Uge of the are diverge at an angle greater than 90 degrees which Is to-
quired for tide angle projection.

GLIDE PArll 11G COrRBTnP)S

A.CoMUMecth '9Z U*r M1IX W=hEro

The element of =Jor Iiupotanc. in the prjection systo" Is the
simulation of Ilso~ie thir, .e due to tho aircraft being off course io Its
glIide preth. If the vircraft, is too high or too low In altitude for a given
ground raruje to touchdcwn, the Irnge .should be elowpited or oaupessed no-
cordin~ily. Likewise, If the aircraft Is to the right or left of the run-
way centerline, the iage should skew to the right or left respectively.
In order to create these effects with photogrophic film projection, It Is
necessary to obviate the fixed optics of ordiniry projectors andt subctl-
tuto the free ond flexible lensless projection techique. Two types of
filin gjewxetry were colisidered for this purpose, and the major difficulties
of eath nrec presented bw.

1. Film. F 1M M. trMI tg the CIL& Pat

In this systen the plane of the film ftre is oriented normeI
to the .3lide path durinq exposure. Each fi frme, represents a discrete
point 9long the Ide.-I jjlide path. The resultant bIrme on each frave is an

-iry of transparent spots surrounded by or. opaque rren. The dots repre..
sent ench light on the runway and approach, and forrm a sycw~mtrital trnp-
zoid pattern.

To simulate the offts of glide path errors (altitude and off-
centerline errors), It is necessary to change the oUeametry of projectioni.
That Is, Wien the smulated aircraft Is on the proper jlide path, tke pro.-
Jectr elements are in their nonml positions and the projected fUnije Is
:.orjlal. Whon the simslated aircreft develops glide path errors, it Is
necessary to move the proj ector elemeuts re3.setive to one ianother in Order
to ,slutulate the chantgds in the inn;e.

One Liethoci of aecorplishingj this we~ld be to move the whole
projector yent distrpaces In the space nbout 'the cockpit. To be In ac-
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t~ord with the sea"e of this program 6:4d to achieve wide -swjle pro iectlon,
hoeveer, It is necessary to hold the projector !ixed, In s~i Z SA#ePt for
TO@taION about Itt own Oenter. Thereforeo, the altemuati e eiurse of SCtUM
Is to develop, xubtle motion within the @Otical eloents of the projector.

The st-Iest motions possible Witch could be antlogous to th two
glide path erncrs are shown io Fimue 9. t~ounion of the film f'rnaie Pbout
the horizmntal exi* coMl be aftlogous to altitude error. Thant Is. if thoq.
stui.uated altitude is lewi than the 1Ido eltitatde, the vortical size of
the Inage must be ceipressod. In rigure 9A* the icage an the. film frara
Is represented by the arrw. This Is projected to the arrow an the sfre..
If the arro bead Is rotated to the right, the aa t1e Intercepted 1,y the* licit
rays will be smaller and the imge on the xcreen will be compressed. Al-
thougk the toeanssion Is not perfect for all P'Oilis. the MuJor effect, that
of cmnpressing the Imags, Is aooxiplshed.

On the other kand, if the altitude is too high, the bege* of the
runwy oust be elongated. This Is not atocomplixhed In the system of Figure 9
unless sertsin changes aire made In the initini fll. character. Instead of
WeIOim the Lila freies nlong the NIdl glide Path, the path of expare
is obses twio that of the ideal glide path. Th,%# will represent a con-
stant bias angle In thed systen. Thus, If no simulated altitude error exists
during projection, the filis frame~ will b~e roteted to the left to correct
the tuige, Now, If the sim~ulated Atrcrnft should develop an nltiude .Xreetu
than the Ideft.1 glide path, the filmi frame cAn be rotated to the left* This
will vzoduce the desired effect of elongatimg tho projected ivmge.

r loure 9BIillustrates a riethod of skewing the longe for off-
rumy centerli-ae error in the simulated aircroft position. The film frame
Is rotated aboat the vertical axis clockwise or counterclockuise for a left
or right noway coterlima ofror. This will cause saie skewing of the
trmapnzoidal image besause the vertical axis of rotation Is not In the plane
of the film. '"bile the skewing Is not is great ns nead be, no iniprovemient
can be Duds In this effect without -tawging the filla "fiwetry completely.
A film geometry of this nature Is ounsidered Lvloti.

2. USl Ernftn"Al t wvP

In this system the plane of the "Mibnm'au Is parallel to the
plane of the funmay. The film and the liqht source are directly analogou'
to the runway rAd pilot observer. The Inge on the iMo is a ifouled down
plan view of the rummy nodi the position of the projeoting 11ignt source
with respect to the film frame Is directly niilogous to the simuilated riir-
craft In space.

F itu= 10 Illustrates th3 gewiotry of projection of this systom.
In t side view (A), It is seen that the distance of the leup above te
plane of the film is anlogous to the Instanteneous altitude of the simuu-
lasted airersift.' This distance Is equal to the simulated altitude divided
by the stale factor of the runway Image on the film. Thbe distaize of the
lamp frota the touchdown point on the film~ is equal to tie -jround raile
divided by the scole -Ac'Ntor. In the plan view (fl), the ludicated motion
of the N.MP Is Rnelogous to the distance oic the centerline of the 3slim-
lated aircrft.

This system will yield ni perfect ing~e of the -runwny Iut. is1*
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- r Ws~tieal betause of tbo size of the film and the sur.asee reflectivity. Soe-
eiut* %be inxiui ua*gsificetisn Is linisedo the size Of tbe ifege -g tka file
hfui 06inet be Smlle? then 32 A as big aud 0.6 incliss wide. Mwe -xial
~mbsims 4sed In "~Ion picture wrojecters euazt, be mdpted to this six*
of ilu. iniied, beftuse the flin frame Is so large, It Is advisable net to
ehapg range by 4disoreet film~ bams, but te losve-me sim~le 1fraus nd owe
VA*e laa t4imid the film to sii~late detmesing emA4 ranrge. l~never. this
v"d lead to-ene actrawly aoliez n expowivo prjestar.

-.be sumns reniectivity of UMe film Winl n2Z Ferit tramssla
Of -te light it aiftry eirew~stanwe. in order to obist. this diffi-

Gulty tue thck- plat.' of gliss =*t be ised. I-he glass plates would be exs
lonzg wd several tbUs wider t1Wfi Vie 'ilm. The glass V12ta should be
platmd wean too of the otior wId.h the film-r betccm. -ie glass will
14w, ikepwld. a meduium ~tsanuist1U. the Mght thri& the Mif. -the 0d-
ditim of the Uhss blobk father coup~ctes the systea.

)* rof Laaes 'r1tai

Zsimj the MiU trams U, %Iu to thle --i1de path typ af ProjePtion
system would resualt in the siuphst mstanlcal -Pastor. lwuewr, tho es-
restem of t1* glid path error wwlA be laoftlst an~d iusnffioent In eag-

tuie. ona the Gune hands USIng the fili ra Panuell to the rwssy typo
of ireJe~to. systu eal r4 esialt in P sirsile Ul~z. frnr pruijeter. 7ke r-
sultant sathsnioal casplication mko the projector prebibIlively expszsive.

The La11c amrageat clt~en for the sight lawUng traiver Us
shea. Its fgloues 11, 12, 13 and 14 and paces -tie cockpit in a ligh1t tight
*26l449ue, oe surface of w'hich to~r lses the Srojectip' scee=. "17e total
space required Is an area 30 by 30 feet including exclere tracing aanI
sIzalatW cablfeL access space. Since this access 13 require on both sies
Of the0 simulator cabhinets, the cockpit m~ust be Shite- ou; to proviIc suf-
floist clearance for the light tigtit enclos are. ;.his reluires, additlsml.
wire duct and cLle to cover aout s1: x-re feet, plus all air duct commat-
lug tho cockpii. atr conditioner t o the afea OUtsii-e the encl~zawe.

'he light tight enclosixe, is constructed of plywtod panels in an'
aluuin'. frame. Thase panels, of stawlard plywood sizes. fare bolted to-
gotho ttrougli the aluium frame witio the p'lywood faciiig Insid*. The roof
of the oelasuwe Is cade from canvas. The ponel bases are f itted with
leveling fittIim?3. to compensate for any floor irregularities. and pl~stic.
gasketing for Udght leaks. Acoess to the enclosure Is by a door iti the
rear by the pilot's side of thea cockcpit. I

Awo screen types are shwn; a flat figizes 11 igm-l l2'screes avid
a sog~met of a sphere. figures 13 am' 14. iloth take approxiaately the
sam~e setup space., although the enclosed area of the spherical type Is quite
less, '1he flat screen is for single projector application a*d the sphwical
typo for dual projection, polarizod applications.
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Tim spherical scee~ Is of fibergliss iupr-qnatcid ith polyester fesia.
coeitucti with a 10 fo.ot inzside radiu. it is borizoatally s)nrerical in
front 0i -the cockpit and Is ceatei&~ abouz a poiat 16 inchei above the middle of
a line connecting t6- piloxt and copilot's eyes. 11we ali ized screen surface
coters a total of -900 In V.ie borizontal directioii aad 300 abdve eaw 30P below

thbe ihoizontal plaae. This gives in enclosuare ceiling helobt olf 12 feet.
Ioflat screea utilizes the jplyod pawls, suitably bra~ced to support

a -regulatr white iatte pfrojeeliod screeu 14 feet highi by 20) feit idei This ;s
lield %g-ut by lacing aiocW~ the edoe td A rigid ftaq. The flat screen Is cenhtered
abit the projeitor pilot F'oint at a perpendicuiar distaace of 10 feet,

!rne pylba sttedd~es the rear of the cock-At. Its-prine P.Wctico I s t;
spoth tkqpidjectar. alzhwajh tebase Is convenicat for housar. tjae electronic

rollauts "~d piejector pousmr supply. 'The stractial aeibers of Lae pylas support
the ~Jotorby ma-ns, of bearia~s carrying the roll axis sbat. this shaft

is I-,cated parallel t6 trul 36 laches *above the pilot's forrard visual axis. -, b
pitch axis end yae axis 42terset '6w roll 3xis as. a &-mint directly over tWa pilot'

e-s hse7" ihrm e s ate the basis of a 2iwhbal riag -givizi the times angualar
49tiont to. the proijector. 11wM screen area arid projectur-Zo-pilot 4istance are

Itui diawl Ui twOf-i e of thee angles -iicla are given iz section IV.
It I deflible'o pb"e the project _eater Q$ celose as practical- to tbe pilot's

vye.; ffmsit*ir. the- ombiatiorn of thesre iotions limits tbis vertical patillax
distance to a aid1liwwof 36 incheS.

Tao electror'c-wits izousWelin the yon isist of -tt servo aijificrfs
and- pwer- uIkppll~ ecesr to coantrol the projecor.

INIUCOMEC-1OR WIMi ME.;, FL1G1Tf PISRUWEff SIMAXICS

-1he sigaals required by the Runway i-jALiatt Aiiacima~t arde iectrical
analogue data repritsening Cie simflated aircraft's Iflqbt. r.e ata specifically
required arn pitch, roll. ad headin disewaet coordinates wlui r-espcct to
the ruiway. ad glide patii errors (up-4iin. left-rigiht). Aithoxh iie E-I Fli~ght
lustruat Siadlator was aot t:C-signed to supply dats sleaals to the viStai
attadmat. no particular difficulty wll be ecx rieitced to accooodate this
reqjireneut. Sam aechanical changes, suich as the aidition olf syiciiro transmitters
to Sam of the computer shats will have to be appl.ie-d to the IF-. Electrically.
the only cbauoes will be the Wdittion of ires to c Az4.c the data signal to te
rumay lightina.2 atschunt. 'Tl requaired daIta aud necessary aluaptation to the
1-_l Is iver in the follwing paragrapbs.

A. DispA212MontCQordizaateC

Figure 15 Ulustrates the grow-d coortiinate systms used in the ME-1.
The rawge of the coordinates are 56 miles truje north and ;W) z,:iles true oast.
Trhe rumay Is arbitratilly placed Jan this area by locatiag the localizer station,
S. at some point given by : wnd ,. in tbe fig1ure.
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esalihAt the point S iasge i aorti Jirctios Is arbitrarily chese to
estaliskthe er-eticcooW~ate= U. jybe P m lated aircraft Is sad* to

fly is the iajoetic owriaze s5$stes6 Te sindator ms amailable voltages
rcea'afg trae uort; oarinets x. y. aad trse aa Lic: courdiaates A06'c

Ve zaway Ugating £tac~xs req~ares ccovidiunte data reezAds to
theruw~rceAter lize. In ttie SIT-m Lbe ;oiat 7 weprs*!ts tUm igsta'atanees

posi-tion oi the aircraft -rojecwd into Cwa groad plame. This psItIea is eirea
ia the reqIrai eonm nte syszin :di' esctt eiali~tsa~ .b-h
co~su x. aa' yrb wler Xr Is Vhe distaite aloag tbe rmraj weter Mic frmw
the statl~wS t ie.0 projectioa of P into the ce -erline, .a yi heam
distace ina~r the co~terlize to tbe point P. Ini E-l aa clatare. the cooralisate

s dosiquatei as the -range 2, and 4.40coor-11ate )r Is desigazed as tae Pat%.
errok E. '.Mr limtiaq value of E is ± 3M ioet. libese data arc available as
de voltages popoutlo.-a to tlne respective -dist.aoces. -Aese ei-gaals eo be
condoeted directl7 into Vie -' sad yr servo systn af ?the Iamy ihij ache-

Altitude dats rewincd are zhe ;=1tzaneows altitude abase &~be Ifield
and the glide altitwt~e 3s a i-ft~xti= of xr. Thje alzi1ure zbove th ield is
available as the de ooLpuz ol t-u1 tizude poteatliwter. The~ Vliae altitudIe
as a fuziction of xris available as a 'A-s~a rs~bfe lfr hs
signals caa he directly coauct~-W to the afti~ale s-rvo al tac Imay Llgtlag

C. Pitch- R aud g"ai~

V~piteia. aijie data Is available as a de si~1ual frau aa electrw~ic_
integrator ~wdhn the ME-l.Tae sigzal is condecacze to the itch servo oilb
lo~ay Lighting Atac-wat.

Roll anI !IeadinG data am available as neckanical shat positious In
the roll aad heading servos of te ME-l. -11w preseatkl; Iistallet! syinchro
traasmiuers are caimble ofT z-'riviij aic core control traazsforaer -each in Wlilfoa
to the present load. Taese control traaslorwrs are to be the falils-up devices
oa the roll aiii.eaiJ serwo: of t~e 3zaiay Lightiatj Aitaclavnt. !Ae syncliro
roll and ae 4iu al" mzst be caadad fron the W-1 to Oe resp-etive cona.rol
transfomers i-- Ruay Liqhd~j Atacnet.

ii Rference 51inAiS

Referesice sleguals for bothI ac atid ac operatiou will be conducted to thle
Runiwaj Li-,ht1,.1- Au~ac,-nent.
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Scrz1 xi

3 Ift Precaiiiig sectio;s bove described the exteat and direction of tws
N1ILi. La.aiig Simlflor sLGwSy progrm to date. Al1so presented are Vie results
of the -v.~erImental Jc-ilopw~at and a2alysis. as well 35 the cwthods nd
tLecJLaqwes cmi2lye.

Ti ztbiny Progr ias PIrsued Ndthia the scope estubliswe by the
a~jlicable Exbibj&i..nEQ 3-17. and tbe scope of tbe coatract. Results and

-recounezaflons prcseate are based upw1 careful appication of accepted
scientific priraciples.

-- IM" ea.ia a ~nclusioa to be diram froga this study Is tkat
Silx prese atA492 iethods, are .ot suited for the stud~et-patitipation type of
Lraiui~q device. Even though l airle complex projection tecbuiqucs aim es~1oyed
zo improve tba laherest imitations of s!Lrip film TALh regard to aspect and
perspective in thbe Iumge, the avirwz of .flexibility qaineid thereby Is not
safficlent to provide positive training In the task. For emoiple., It Is not
possible to saie landing procedure turns In a visual -simdatioa device lasingi
strip '&rlm6nes the turn Is progred Atnta he iWStial Production Of the
Mrls. Faftbezuwre. It Is zot yossibla to w'aiate itemn te gjlider-path by umore
Chan approxmately b(P before serioas diffic;dties ore encwinterecl i,- the
q~ality of Imasie.

S~~ais edutaircety at Amns X*Ucal Ldwratories at AM have

sbma uz t tiae coafastou created oai the part all tba, student la3 trying to re~olve
Lke cizanges in iuaije due to czaowjas iui aircraft bai-k angle as caspared to chajes
due tG spatial displacmuent fro2a thie Slidejatb.- is so severe that aegative
trafaiigs is producald.

in LVae ligbt of ali thiesi coa-siderations. this contractor feels tbat
no reconerdation Xfor uso of film presentatiou wsthods gun be' made. Instead,
iL is felt that. an alternateme~thod soon to bae proposed wi11 solve tkis problem

Ihe es!Lsee of tVA gavWeShin.
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