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This repors was writtern zn 1946 for trne Seientific War Records ar
Uonograpa YVo. .3.07 It is divided into threc sectilons, the first of
salch Geals

1th the propertics of the derl-adapted cyve and ihe rules
then, the secoid

=

curivew from

1bo oo layout of the cockpat, and the

thard with “he sistorical dovelopaent of the feornniques ugetr for the
Iightarn: of the coctnit,

The Tual Systcem romains the steardard coclpit Tighling aystem for

Zratish alrceraft beth civil snc walatary, tut as foreshadowed in the
oport, cases aro A0 arigio,

annot boe Found.

[

in ~hich suspeonsien points for the Lampe
Variovs wetnods of red wndircel ligh<ing are thercfors
cin< wnvaestig . Zed Jor possitle Muture use.
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1 introductzon

1.1 Tt is the peneral opinton throughout the Sexvice that the stendord
of cocknit Lighting n British and American srrceraft durng the war

zcll far short »f cerfection. TIn wvicw of the altentron which was grven
to the desien and conatruction orf arvcraf't 1nstruments in all countrics
even before the war, 1% oy seens surorising ihat so Littlo attention was
gaven to the lighting of them, winecc 4 ig from these inshruments that
the dhgerver drows bv visual mosng the vital mf'ermotion whaich they were
go carafulty degiensd 1o gve.  Indeod unt il those engagod in night
f2ghting operat cong Corced dtontion to the problom in the carly vart of
1940, the Lighlb g g nol conoioerad to be wmportant envugh 1o be taken
into accourt in the wablial leyoul ol the cocloit, and the recult was
that at the cutbreak of sar many tyoes of awcraft, probably indced =
majoraty, had cockeoits shicl: could not be ol quately lighbed by any
known mothod witheut considerable siructural alterat:ions. Dven now some
new typer of wareralt voach the protoryec gioge with cockprts whicn, Trom
the point of view of lighting, have fuaults which could heve been obviotud,
or at lewsh mitigolcd 1f the neeeopary rules had been borne zn mind when
the cockplit was firet loid ouwl, Tn this monograph particulur cmphass

is 1n13 on those sopeots of the problem which direetly affect the iayoutb
of ithe cockpit, since b 19 hure that the lighling engincor has to link
e with the eiyeraf't constructor, the dusigneors of the instrments -ond
radio gear, and ll the other mtorests soncerncd in the layout o the
cockpilt,

2 Nature of problem

2,1 Whon an sircroft 1z din Flight, rarticul-rly an azrceraef't orgaged 1n
m1lirtary operations, ihe pilot's attention 1o largely concentrated on
obirets outorde the ~ireraft, bul from time to time he locks ot his
instruments =and notes therr readings ond the pesition of various controls,
This 18 true of both day ond night fly ne, but at night the pilot us
perhaps ~ore degandont on hes instrumerts,  There arg, horever, twoe reasons
why the pilot moy bPove difficuliy in zecing cobjocts outside the cockput.
These aye as Tollows--

{a) The arstruments and contrels, 1n order to be chscyvable, muct tave

a bighor brightness than the cutzi-de werld, oo that on locking un rrom

the parcl, the prlet moy £ond thd s eyes are fomporarily less sensilive
than af'ter they have become adepted to the cutsine brightncss, vhich will
normally be that of the msight swy. Bwen when tully acaptoed, he - 1ll
at1ll bo dretrocted by ceoins, the brieht mrrkanes of the anstruments in
the "tual of ko cye", Just bodoo hie tine of sipht, Trore effcels will
be famil ar to nnyone vho b tried Lo leck sul of o lzghted room ot
night.

(b} Thoe .1iot iz suwrroundud by wind and G1ew screcn., the polished

gurf aces of which refleet tniges of the wnetrumont markinsg and other
braight cbjects side the cockzit, Images of bhe Llamns usced to wlluminate
the cockolt may wlsc by meCleesed n tlhe covor glisses of the instruments.
Similar rof'l ctions can bo soon wn the piude wandows of motor-cars when

the 1nstrument paned Liglhts are o, bub the eoffect 10 much greater in an
arrcraf't owmng to the larpe zane of the panel, and the smount of control
snd radio goar at the gudes which «lego bav o be 1ilumipated. These
images wre cf'ten ruch brighter (hon the cbaccts cuteide the cwkpit, and
1f they are 1n the line of sight they will prevent him Jrom scoing the
object, Tven whin tho 1o wi cre nob 1n the Le of sight they can strll
be very Jistracting.



2.2 The Turst of tne above reasons 1o bound up wilh the propertiez of
the dark adapted eve, and the second with the geometrical relations
between the pilot's viewpoini, the lamps, tlhie pancl and the wind and side
screons. TR monograph ls thercfore divided into threc secticns, the
Tirst deals with the propertics of the dark adapted cye and the rales
deraved from theom, the sccond wvath the iayout of the cockpit wth par-
tlouler roforence to the Dual System, ané the third waith the historical
development of the technigques used for the liphting of thoe cockplt. It
i1s the second scetlon vhich chicefly concerns the aircraft constructor,
and the writer has tried to make this complcfce in itsclf co thal lhose
who have to lay cut the cockpal can resdily fina out from 1t how their
proposed errangements arc affeeted by the regquircments for goed cockpit
Itghting

SECTION T

Propertics ol the eyc ang rulcs dcraved from them

3 Dark adaptation and light adaptation

3.1 Depending on the brightness of the Zield of wviewv and the previous
exposure to light, the aves can exist in two conditzocns knovn as the
light adzpled and dark adapted stafes. Tne condition of the eyes
probably changes continuocusly ag the braightness vicwed is slowly reduced,
but at a brightncss of the order of 0.C01 candics per squars loot, whico
is momewhat less than the bricntness of rmoonlit cloud, there cccurs a
changc in tho general character o vision wnlen may te descrabed as thoe
transition from light adaptation to dark adaptation. In the dark saspted
stale, the cye 1s morc scnsitive to light, responds differ-ntly to the
various colours, {(the Purkinj. phcnomenon), and sces an obJect most
casily when the 1inc of sight is somewhat to the side of the objuct.

3.2 These propertiez of the eye are explained with reference to Fig.
w1ich is a diagramma®ic section through the eve givang the names of
thoge parts which ars releveant to this discussion. [t is now renerally
agrecd that the retina, vhich corrcsponds lo the £ilm in & camora,
contains two kinds of sensory elements, Tmown from thelr chape as "rods™
and "cones", which are diztributed across the retina in come such
menner as that shown 1n fig. 7. Visiorn 1is tiaough®t to be dependent on the
concentration in the rods and cones of various photochemicel substancss
which are contimicusly being bleacned by light and restored bty the beody,
until eguilibrium is reached for any given level of brightness. In tho
lipht adapted cye, the photochemical substance in the rods, (which has
ween isolated srd 1s kmown as the "visusl purple"), 1= bleached to such
an cxtent that tne rods bucome inactive, and vision is entircly througn
the medaum of the cones. In the dars sdapted eve, both rods and cones
are in use, but the rods predominate because of thelr much greater
seng1tivity to light. The rods, however, arc incapable of giving a
sharp image, and the fovea with .1bse tightly packed conez rust be used

in order to distinguish detanl.

b Response of derk adspte. eve to light of wvarious colours

4.1 Now the state ent made obove as to tnoe greator sensitivity of rode
to light as comparcoa vith the cones, or wiat is prectically the samc
thing, of vhe parafovea as compared to the fovea, needs to be qualified
by sayang that this 1s true only for<light of wovclengths less thon about
620 millamicrons. This 1s a sovewhat ro@dish oreage, sc tnat the horter
wavelengths include yellow, green, bluc and vwiclout., The relative
sengitavity of the parsfovea for lacht of varicus colours s illustrated
in Fipg. 3 for a test point in the ricld of view 30° below the centre of
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Fixstior. (The vetinel ime.e of this tess poilnt 1s on tre parafovea, LO
goove the vigual axis, the vasua® .xis beias the line Joining the optical
centre of the lcns fto the m1llle of the Zoveas.) ™hese curves arc for

two observers FFR and JRES, ard woere teken in the following mannser. Two
stencalled zrosses, O 33' hean ov 0 350 wade by 0,06" thaick, werc set

up side by side, anu viovd ot 2 ciolance of 2 feet.  One cross was
1iluminatied by mcnochroms 1c orange of wavelength 605 millamicrons, and

the otavy by lipht of 1the colour under tesil The illuminstion on the
toy crossas vas adijusted until Lech Al Jus t legiosle wauen the observer
looked dircatly et 11, The observer thon loosed up ac a faxation »oiat

309 above the crossos and anJustel the brigoinces of thue orangs cross
antil 1t cquallced that o the tesl crons. ali the while kecping his
vyas on the fizavion p01n=, A% thin s a dafricudt judgment to make,
the two crogsges werce cocanged w0 agpecr in the zane glace slturnetelv,
th. clhange from onc to the other beony made every half sceond or zo.

L 2 These curve. chow that 10 Tour <oactly ~Iriler dials werce praced

S ide, onu wiba blue markiisz, one with greon, one with orang.

and one wivh decp rec, and 10 11 were coually casy to roal, then when

the ocoscrver leol od ooy frow Sheq, the bluc airel would gcppear about

100 tures an origst as tone oronge, the green abeout 20 tlawes as bright,

end the decp red aboan 1/10th ag braent I%5 elso folis.s that the ora ht-
reas of the Llue and rreon < ockineg eon e reluced untis they or. anvisible

vhen looked ab darccotly waf oyl cacils vosible i the "fanl of che 2y
as 5000 a8 G crvel lools arey Jrop ther.  The frplice“ilons of thas

.

ane
for cockopis lighta are osl amportans and ore discussed further in the
noxt paragraphp

5 Daslractive 1.

5.1 Tt 12 a Tect of every dav expericace that af one is peerin into the
dackres: trvins to = i oitline o sore obiect just bacelw vaisaible,
andl 1f at the game tie oere oo brichtor objects snywrocroe in the f_uL

0 Viiw, thon are oouatlausily b to resret the tendency to direct ono'’s
raz2 tovards thece brarhter cojects.  This sfrect of the brighter objects
in forcing attent1o. to themsclves against ithe ~w1ll of the obzerver 1
nown az "distraciive glare! It varies ccrslacracly [rom cne person to
another, and is subiect to varia aong cven in the saiw ingividual
duperdans on his state of anxisty or Tfaticve.  Although it s of o psz;ho-
losieal and intangibic nature, the writer nes no doubt toat 1v lies ot

the root of mony of the corplaznts made by pilots eath regerd to the
lighting of thoir cockpits

5.2 % the beginnin~ of the war, and for most of 1uvs duraiion, insirument
mark lngs were 10 green self-ITw inous paint welen emitted limt havic. he
spuctral wpergy daistribution choa on the left in Vig.o. that 1z the
lig.t vas hall Flue ard halZ grcon Vhen the pilot i1s lookzos out, he

18 conscloos G thesoe mar.ings "in the taxl o his oye", sinec the retainal
mapges of thum Tall on the sacafovea al argles of from 12° to 50Y froe tac
vigual axl: A canlaned sbhove, tne parsdovea is particulerly scnsitive
to bluc-sresn, and the distrazefave glare on dack nighis 1y very rroct,
Waight Taphter pilots cowmpainse bitterly of <his glare, «nd also of he
Tact that they —ere haunted 2y elusive loages of the markinpgs 1o the wim
ard side screcns, ti.sc waagcs dilsapbearing waca uvhe pllot lookud at thom,
and corine ack agaln vaon he loo'.cd away fror them.

5.7 It follo ¢ Jra the Tact thet thoe parafoves 1z relatzvely lasensitive
te rod Lzrht thot Sigtract ive glere nd Jlusive 1maco. can bo grcailf
roduced - or tae 3ec angtrwnent 1o abolits by oghiftia, the ecolour o the
maricin g to Aris Lre ol Lfr o The spoctrums.  (me 11l bo explaircd belos,
this shalt .o sgceor. loch 4 h The use of ultra-vielet radistion 44 con-
»ooroance Iluor ccent semmt havire the speetral wrergy

&
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digtribuiion shown on the rasht In rig.d.. A still redder raint would
have been chosen had the resporse of the red Zluorescent paints to
ultra-viclet been safficlently hirh). ilor the sare reason the colour
of any visible laght ussed i1n the cocipit should also be red. This

Pl

reduction in distractive glare s, in tie writer's oginion, tne most
mportant advantage of red light.

5.4 Another wey of looking at the matter 1s to say that 1 orange or

red markings are used, and their brightnezs is controllable, then their
brigntness can be incrcased until they stand out with great elaraty

witnout the distractive glare resching anything like the level aszociated
with green sclf-luminous markings at the threshold of legibilaty. ™ilots
wiaer flying tend fo uze rather hagher brishinesses than would he consicercd
adcquate in the laboratory, and they arc provably justificd in doiang so.
bzcause there is some evidence that dark adaptation 1s less impaired by
glancing at fairly “raight narkings for a short btime than by peering for a
longer tmme at merkirgs which are just above the threshold for legibility.
The greater clarity of the oranre and red markings will also rcduce ocular
fatiguc, which is = point of great wmportance in the cas. of pilots
returning from nighl oporations.

5.5 There are twe other reasons for choosing red as the colour of the
cockpit illuw.inant, although nepthoer of tnem arce as important as the
rocauction of distractive lare. The tairst of these rcasons 1s tnat 1t
takes half-gn-hour or morce in completc darxness for the eyes to beoamc
thoroughly dark adapted after expogsure to light of high intensity, and a
careless pilot might takxe of at night with his eyes only partially dark
adapted. In zuch o case darls asdeptatzon will toxe place more quickly it
there 1s some weak red light 1 the cocipit, arnd the Tinal state may cven
be a little better than would have »cen reached in complete darkness.

the sccond additiongl reason for cnoosing red iz that tne light scattercc
fron the objeets 1llurinated 1z less 1i.cly than lisht of any other colour
To gave avay the posztzon of the aircralt Lo agy enemy. Thils 1s becausc
the enemy will use his porafovea for searching at naght. oad az explaimed
above, the parafovea 1s rolatively ingensitive to red lipght

6 tweovery of darl adsptation affor obsoervation of markings of various
colours at varicuas brizgantness levels

Vhavever the colour of @ne mar-~angs, 1t .z to be sxpected that
prolorged cbservation of them —ould impalr Gerk adaptation o some extent,
and direet cxverirments werce made both Ly Eleeirical Zngircering Department.
A B, oand by the n.4.¥. Physiological Laborztcry (now the R,A.17, Institute
of Aviation hcdicinc) to measure this mrepalrrert.  The condations under
vhich these cxpuriments vere madc corresponded closcely o2 those which
obtain 1n a single scat cockpit when the pilot 1s trying to maxe contact
with als tarpsot during nipght operations Tne gubject sat in o dummy
cockpit and studliecd 2 typical pancl of instrwicnis for a certain fixced
turz, end then at a gaven signel locked up at a target alrcraft and statcd
1ts attitude as soon as he coula sce it well enough to decids what its
attitude vas., The target was o black silhouctie superposed on a background
having a braightnoess of 0.0001 cguivalent fcot candles, ohich corresponds
to the braghtnuss of the sturlit sky neer sho horizon. The time for
studying the instrurments wvas 10 geconds, vhick 18 longer tasn the pilct
would takc in practicc, but shorter times could not be used ~ithout
reducing the cffeet of the merkings to such 2 low valuc as Lo prevent itz
buing measurca with azay accuracy. The times tokeon teo pick up the target
viere comparcd ot intervals with "econtrol timce®, which arc the fimes
teken to pick up the target witn the cocikpit 1n complete darkrness.

6.4 The results cotoaned by R.. .. Physiological Laboratory are showm in
F1g. 5 taken fror R.A.F. 2 L. Lot Lo.28/12.  These results cover green
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self=luminous markaings, and orange fluorcscent wmarkings cxcited by ultra-
violet rediation, the spectyal energy distributions of +the two paints
heing as shown in Fig.l.

6.2 The results obtained by Electrical Engineering Department, R.A.E.
are shown i1n Fig.b taken from R.A.E. Report No, EL.1293. These results
cover the samc crange fluorescent markings when excited by ultra=violet
radiation and when floodlat by red visible light. In the latter case the
floodlighting was confined to the instrument pancl, which of course, was
finished 1n matt black raint of vory low roflectiviiy, as werc alsc the
s1des and {floor of the cockpit,

6.3 It was found in these experiments ihat comfortable working bright-
nesses Were aboutv 0.0007 eguivilen® foot candles for the orange fluorescent
markaings, and about 0,003 o.f.~, for the ped floodlit markings. The sclf-
luminous markivgs are, of coursc, fixed at a brightness which depends on
their age, but which during the first 6 menths may be taken as about 0.C1
e,f.c., Taking these values, *the pick-up times for a control time of 2
seconds are as follows, -

No markings 2,0 seconds
Green self-lumincus L.2 "
Orange fluvrcscent 2.4 "
Rad floedlyt 2,0 "

6., As the prlot 1z continuelly looking down 2% his instruments, any
lengthening of the cick-up times s wportant -and must he avouded,

but 1t should be remerbered that in practice 1%t 18 unlikely that the pilot
will often lock at hiz znstruvernts for as long as 10 seconds, particularly
in the case o the fluorescent markings because of the remarkable
distinctness with which these stand ouwt. We may therefore say that orange
flucrcecent and red floodlat markings do not wmpalr dark adaptaticn
apprecelably unless tncir brightness 1o substantaally in excess of the
minimunm regulred for comfortable working.

6.5 A point of consider.ble interest 1s that the curve for the red
markings in Fig.,6 crosses the Iine for ratio unity at the point where the
brightness of the panel equals that of the target background. When the
panel brightruss hos droppsd to 0,000% c.f.c., prck-up times are very
slightly better than 1f the corkpit were in complete darkness. This
agress with the findings o the Admiralty Rescarch Laboratory that the
final stete of dark ~daptation offtor exposure tu weak red light may be
slaghtly bettcr than 1f adaptafion had taksn olace 1n complete darkness.
An mportant practrcsl irplication of this wg that thers is no obgsction
to ultra viclet cockolt lamps cmitting a little red light as well as
ultra-violet radrat.ion, providad light coloured cbjects which might cause
digstractive glara arc sxcluded from the cockpit,

7 Legibalaity of markings 1lluminated in difforent ways

7.7 With the types of instrumonts availoble during the war 1t was
possible to render the markings vzzsable by any one of three different
methods. The first method was to use self'-luminous paint, the second

to use fluorescent poaint and wrradiste b with ultra-violst, and the

third wag to use white paint and floodlignt zt with visable light., In

the frrst two cases the brightness of the background agaiunst which the
markings are seen 1s nearly Zero, since 1t 1s substantially the brightness
of a blackepainted object 1liuminated by the light from the night sky.

In the case of flocdlighting, however, the panel i1tself 18 alluminated
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along with the markings, and cannot be made to have a brightness less
than sbout 1/25th of that of “he markings, this being the ratio of the

[=Tagly J

reflectivitieas of +the best black and white rpaints cbtailnabls.

7.2 0Of the three methods, the second givec by far the most distinct
markings, and has bcen preferred by the great majority of pilots to
either of the other +wo, whatever arguments, practical or scientific arc
put forward ir their favour. {Ses repcrts on the results of Service
Trials, paragraph 19 bolow). The reason for thear dislike of the flcod-
11t markings is presumably their low contrast, which makes them appear
flat and unintercstaing. The rceason for their dislike of self-luminocus
markings 19 the blurred and indistinct outline whach such markings appear
to have when viewed by a normal cbserver., Thas lack of distinctness 1s
mentioned in R, AF. P.L. Note Ke, 3&/12, and was tre subject of many
complaints from night fighting pilots. The effect may be due to the

fact that the raint 18 bwlt up on top of the markings and 1s thicker at
the middle than at the cdges. Since the luminosity 1s due to radicactive
elements within the paint, this would result in the marking beang brighter
at the mddle than ot the edge, and this, combined with a scintillating
effect at the sdge, might cousc the "ovut of Toous" effect sc often
complained of with sclf-luminous markings, However this may be, 2t 18
certain that self-lurmincus paints are only furtable for bold markings,
that 1s, markings wore than 1" nigh and having a height to thickness
ratio of about 7 to 1. If used un smaller markaings they are almost
11legible to start with, and zoon become altogether 1llegible as the
paint detcriorates.

7.3 Tt might be considered fron paragraphs 4 and 5 above, that the
colour of the markings should be as deep a red us 1s procticable, that
18, chould i1ncluds no light of wavelengths shorter than sbout 650 m1lli-
micrcns, There 1s some ovidunce, however, that boih the fovea and the
parafovea are rnvolved whoen 2 Large rumber of 1nstrurents with crange
markings of ihe sizs now uced are quickly scanned, and 1f this 1s so, it
may be that o charge to deepn red would make 1t more dif'ficult to spot an
wnstrument which was giving 2n 1ndicetion requiring action., It would
probably be advantageous on the vhole to go ag far towards the red as the
crange~red of wivelength 620 willimlcerons, 28 this 1s thoe wavelength to
which, on tht average, the fovee and parafovea are cqually sensitive, If
such a shift becomes possihle through the discuvery of efficient red
phosphers, then 1t .«culd scen doisirable to anvestigate ths point more
fully before odonting them.

8 Veiling zlore from markings ebo. and veilive haze from ultra-violot
iomee
e L

8.1 When a light or lighted patch 1s situated in the f1old of view of an
observer, 1ts crfect 1s cguivalunt to throwing 2 veil over the field of
view and thereby ruducing the contrast between the objects loocked 2t ana
their background. The brightness of thus vo1l is known 2s the veiling
glare, and for the dark zdacted cye, may be calceulated from the formula

23
I
—
(RN

e

O

P

where G 18 the veiling glare in candles per square foot.

S s the 1lluminstion 2%t the cye i1n foot candles preduced by the
glare source.

9 18 the engle in dcgrees botween the glare source and the line of
si1ght.

¢ 18 2 constant having the voluc unity for white light, 10 for decp
red light, 3 for orange light, and 0.1 for blus-green light.
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8.2 In order to obtain = rough fizure for the veiling glare causcd by
the 1rstrutont mackings ir an sireraft cockpit, we will take the areo of
the morking w3 3 tq 1ng., their brightness ag 0,01 enuivalent oot
candics, ond thoir distance Irom $he prlotts eyer ws 2 foet,  Un thesc
asomptions

# U910 5e 0.000017 Foot condles.
¥ 4L

t
H
AN N

ww 2

aking 6 oo 309, the velling glare for bluc-precn markingz 13

16 = 0,000017
0.1 % 302

or 0.00000% cendles per og 5.

Thiz brishbacss 1o ~bout 1/10th of thet of the starlit sky and about
1/500tn that of mooniit clcud, mo that the veiling glare from grocn sclf-
luminous can rave little offcet oven or the derkest pight. Howowver, 1t
will be noted from the formulae that for the same brightness the veirling
glarc can be reluced by sbout 30 times by wsirg orange narkingsd, and by
gbout 1CO times by vring rod rarkings. In other words, as might be
oxpected, the messures whach rodusze distractive glare alsc reduce verling
glarc,

8.3 Other possible scurces of veil+ng glare cre the varicus indicater
lights, the light scurces and their imagos, speeular reflections from
glossy instrumoent besols, polished motal hanlles, light colourcd knubo
cte, Therc 1o, however, Llittle point v nssessing the veilling glare from
such sources sine2 1t 18 the gool of good cockpit lighting to eliminute
them complctely beecause of the distractive glore zssocrated with them.
The number of indicatur lights should be kept to lhe cbesoluie minisum,
and they chould not be mourted clese to the pulot's lire of sight, Thcy
should be dimred Tor night use by means of a duffueing neutral filter or
other surtcble methoar, and 1n the case of green indicators, the colcur
should be as yzllcowich ag 1t 16 possible for 1t to be whalo still boing
recognisablc 15 grech.

8.4 There w, however, ancbhoe kind of veilang offect, navely that due
to the zctror of ulira-violet radiction on the media of tho cye. The
cyebull, 3n common with tne skin wnd nzsls, flucresces when srradiated
by ultra-viclet, Jith the reoult that a olurcn hage cpresrs over the
whole f1e1d of v.ew, This orfecl wos 20 nobirreable in come Americon
nstallations thas consid.ratoon was piven to the woe of ultro-vielet
abgorbing goggles in oricr to preovent the wltroe-violet renching the
pilot’s cycs. The best mothods of ~revernting < yoball fluorescence are
frrstly to ure o flucrescont piwnt wabth o Figh responge to ultraw-viclet
so that the amount of ullra-vicl.t regquired 13 reduced t0 a minitum, and
scecondly to rourt the Trmos 50 that no irect roization ond ittle
geattere? radiation can reacl the vyes of *he npilot., The mebhods of
doing this arc discusscel in dute1l  1n connecticn with the layout of tle
cockplt, wnd providedl trey are alovied, veiling glare from thois cause 1s
ergraficant, I+ moy be mertioncd that yelstively large amounts of
ultra=violzt sufficrert to cruse considerablc ve_ling hazme Yo not injurc
thoe oye, ar the amount of riliaticr Drom ary type of ultra-viclet cockprd
Lamp 18 small compers” to thvt in sunlight,

g Instrument Dogslay

2.1 Mueh vork was Jore on this gubgjecl by the R.AF. Fhysiologieal Labora-
tory in conjuncticn with the Combridpe Psychological Laboratory, and the
recults haive been smbodied in Lnotrument Decign Nete ¥o.?. Bricfly the
positicn 2t the beginning of wair wvur it aireraft ingtruncnts had markings
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rather samilar to those used on lzboratory znstruments, that s, the
figurss were about 2.2" kigh by Jbout C.u2" thick, and there were
numerous intermediate graduations, The ~arkings on arrcralt instruments
are usually vicewed at 2 distance of ub.ut £ fect, or a littlie more, =20
that these figures subtended an angle at the pulot's eyes of about %°.
For orange markings of this anpgulor size, the brightness rocquired for
legibility varles inversely 25 about the square of the size, so that
within limite, thez size can be i1ncreused without increasing the total
light flux coring fyrew them, that is, without increasing the distractive
glere, It also follows tkat the in%ensity of the i1ilurirant can be
reduced as the square of the size, and this 1w of the uimost wmportance
1n keeping dovm the size of the larce apa reducing tle amcunt of vicible
light or ultra=violet seattered i the cockpit., Actually the height of
the Tigures was increascd to 0.35" for 32" drals, ard to 0.25" for 23
dials, the thickness being 2.06" and 0.03" regpectively. (The resulta
shown 1n Figs.,5 and & arc for a mixture <f rarkings of these §1785) .
With this difference in size, the ntensity of dircet ultra-viclet or
visible light required to maze the smallor markings legarble is about
twice as ruch ag would bo necescary 1f all wero of the larger suze. In
practice this 1s not a great disadvantage because the i1nstrarents with
the larger markings arc usually the rore wmnortant ones which the prlot
must desires to be able to read «t a glance. Ary instrurerts which have
to have markingss smallor thar 2% should be independently l.t.

9,2 It was also rsslirsed tnat undcr operational conditions ab night no
attemct can be made to read off the position of a nointer apgainst a large
numbcr of closely sznaced graduct.ons, and that 1t was casler and more
accucate to irterpolate between two Lold wmarkings, The number of markings
was therefore reducad to a minimur, and the finc ntermediate graduaticons
gliminated. However, i1t was trought thrat untrained pilots, learning to
T1ly irn the daytime, right tave difficulty witl wnstrumsnis which had

only a few markings, and extre mockingrs 2t groen peant wore therefors
added as rejurred, thereby ircidontzll; faciliiatirg calibration., These
grecn markings arz, of coursc, invisiole at nigrt under cither ultra-
violet or red fleecdliphiirz. 4 rhotograph comearirg an old dial with a
new ora 18 ghown in IFMig.”,

10 Brightness of instrurert markirss for various conditicons

10.1 It 15 covrenly bslacved, wnd ofteon stiate
the markings =tould be cortrollaple 3¢ kst 145 can be sct to sult tle
particular conditicns to which tre piluo's oyes are adapted, as for
nstarce tilzght, meonlight nd starlighbt, fthe assumption being that the
markings must have » higter brightness in order Lo be vizible 1n the
brighter condations. Fov ver, a little consideratien will bring to rmind
the fact thet any objgeuct 1w the open which 1s vasible in the middle of 2
very dark night becomes more visible as the dawm breaks, and that
thercfore any markw) ge which are ertificially 1lluminated to 2 brighbness
Just gufficicnt for the darkoest night will be bright cnougn [or any
condations up to full daylight without ony inerease in the artificial
1llununatior.  In other wordg, the light from the sky which causcs the
observer's cyves to lose their dark adzotatein elsc falls on the obgect
and 1ncreases 1te brightness, and 2t 12 a fact of overyday exoerience
that the balance between the two eftects 18 always such thot the cbgect
becomcs morce visable. Presumcbly the fallacy mentioned above arose
becanse the sclf=luninous markings, particularly whoen new, were brightor
than was neccssary, but fhe extra brightness was only noticed on dark
nights because 1t was only tkor that it became troublesome.

10.2, In order to demorstyrate this point, an sircraft fitted with white
pairted anstruments urd 1llumirated by reans of red flocdlaghting was
left out 1n the cpen, =2nd rcadings of the brightness required to read
the markings were token at intervals as twilight decpencd intc darkness,
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Six obsorvers were used and the haghest brightness recorded was 0.007
c.f.0, and tho lowest G.0035 o.f,¢, Thesc dif lcrences wore due to the
c¢hoice by the different dbservers of diffoerent working brightness levels,
the lovel chegon by o maven observer bulny inacpondent of the cutside
conditrons.

10,3 Nevertheless 1t 18 deziruble © e 2ble to comtrol the brightnezs
the markings, perticularly in night raghtors, bécause thore may be times
on long flightos #hon therce s Litilo nccd to leok outride, and ot such
times the priot will reducce his occular fatigue by lncrcaving the bright-
ness of the marvkings. Higher brighinesses are alsce required for checking
over the irstruments befors tnke=off, and 1n the tests roferred to Jbove,
the brightnesses used for this purnoce varicd fram 0,007 e, f.c. to 0,025
¢ e, Also the voltags may fall lue to a faglty or domapged ¢lcetrical
systom, cr the pilot my be dazzled by scarchlights, It 18 considored
that a rangc of about 100 to 1t 18 reguired for thooe reasons, 1,u. Lrom
abeout 0.0005 e¢.f.c. to 0.0% o.l.e. This rangme may be covered nartly by
an ulbra=vivlet system, and porily by a cel flcodlipht iz ayatem, one
acting us 2 stand-by lor the otler n the coase of foilure of the light
3ourecs,

11 Sources of furthuer .n. ormation on propertree o the eye

11.1 The acccunt givon 1n parscraphs 3 and 4 above is incemplete since b
1s confinud to thoze preperfties of the oye wbich have 1 direct bearing o
the preblem of cockpelt lighting, Tor further informatwon refcrence should
bz made to R & M 1793, entitled "Visaibilrty or light signals with svecial
reference bo wwintion lighte", This 12 2 most convenivnt and practical
revicy of exisgting kowleage un to 1937, and was pro arel for the
Agronautical Reosearch Corrttec by W, S5, Stilee assigbed by LG, Bennctt
and H. N, Green., Tov recont sork on the rroveriics of the coye in relation
to red laght, refoersvc ghouls be w le to Report To. ARL/RT/0,255 by the
Admaralty Toescarch Leboratory, Toeddings:n, cibitled "The uzss of red and
oranee light 1 the Servicou™, Thig sepost ineludesg on account of the
methods uced 1p the photor-try of coloured light at low bimgbinceses,
which 15 particularly v.lusble 11 view nof the foot $ht the woe of
Lneorreet ~etholis of photom iry lac vitioted the wecults of many werkers
in thes ficld,

SECTION 11
Tha geometracal selotionchips noresssry 1n o cockprl o provont

reflecb rns and yermit of 1t being rlluminsted by o syatem of
irree® laghtone such o the Dual Syston

13 Genoral roguirecrionta (o be mot

The rules for good cocksit lightirg which dervve from the propertico
of the eye and Ffrom the other constlerationz set oul 1p Scetion T may bo
summarisced ag followr, -

(a) The colour ot the markings sheuld boe ovange or roed in crder to roduc.
distractive glore and provent clueive mmagee 1n the side screoens,

(b) Tol light chould be used for wnelllary oo reaulring to be 1liumineted
by means of visible I1rht.,  The rensors for this ore that veak red 1aghd
dues not produce distrastive olore 2nd docg nod wrperr Jark adaptation,

(u) Fre wholo 1neiie off the scckpat, 1neluling mmstrument aials, bescls,
coptrol harlics ~ic., should be matt black, so 15 te roducce distractive
glare and kecp the goncrsl level of brightress below bthut of the naight sky,
which 18 the brightness te vhich the pileot's cyee wall become adapted when
he looss out.
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(@) Self-luminous markings should be avoilded bscousce they are nod
dagtinct cven whoen rew, and become almost urreadable in 2 yeers ¢r some-
times less, There are also production d2ffzculties with self-lumirous
markings ﬂub to the etrarpent precoutions which have to be taken against
radioactive poisoning.

(e} The parel nstruments should have fluorescent mark.ngs becauce, in
addrtrion fo cortrcllabilaity, grert distinctness 1s obtained, tharchy
reducing oeular f2tigue, ord enoblirg the anstrumert indications to be
appreciated at a glance. Production difficulting associrated -ith the
use of radio-active naints eare 2lso aveoided

(f) The nurber of windicator J1ghss ghculd bo reduced to the zbsolute
minimum, They ghould be limmed ot night, ond meunted awey from the
cilet's line of sight.

13.1 Trerc are two other reouivemcnts 1n 2ddition to thoss listed above,
which have no perticular corrcction with the propsrtics of the eye, but
which wre of the utmost importance. These 2ve as follows: -

(g) The pilot sheuld see no reflections in the windscreen whatever he
dees with has cockpit lighting and whotever rappens at the back of the
cockpit, Refleections in tre cover glasses of tho insdtruments should algo
be absent,

(h) Tkz brightness of the instrument markings should be uniform, since
1t 18 the brighiness of the damresl markings vhich controls ths working
level,

12.2 The root of the trouble 1in imoroving the lighting 1n existing typoe
of axrcraft lics in the fact that the ceckprts were all laid out and the
metruments designed on the assumwtion that the marxings would be self-
lurincus. As zocon a8 self-lumincuz rorkings are sliminated, alternative
means of i1ilumiration have 4o be provided, and this usually necessitates
changes citrer 1n the instru-erts or in the structure cf the nircraft.
For renscng which ars discusgsed more fully in the next raragraph 1i was
decided trat aliccations o the aireraf't would wnterfere less with
production thon alicpaticons to the instruments, and out of this decision
arcsc the Dual 3ystom of Cockrit Lighting., Tae rest of this secticn 8
chiefly devoted to a doscription of the type of cockprt ilsyout associated
with this system,

1 Gopreral remorks on moethods of wesling the zbove roquirements

1,1 Therce are sbout huelf-n-dozen affercrt nethods of 1llurninating
instrunevts ntrer than by the use of sclf-lumnous paiint, buat they can
all be groupced urdcr ths healings “Jircet" and "indirect". In the direct
systers, of which the Dusl Svstem 18 one, the r11lumzination is provided

by meens of relatively few fittings siturted some distence above and in
front of the narcl. In the irnlivect svatomz, the 1llumination 18 provided
by & pelatively Jarge numbor of licht souwrcos, usuwally mintature tungston
filamert lamve, ~ourted on or behird the vancl, amd the light as
distributed over thu dial by buing led through medla guch as perspex, or
hy bewng reflected fror the whitered surfacce of & false pansl 1n front

of the instrument panel croper.

14,2 Now 1f wne of the dircct systems 1s chosun, the layout of the cock~
prt 2dlmost cortainly hos to bo lteweﬂ boecause oczitlions for mounting the
lamps have to be found #hich comply with reauirement (g) abrwe, and thz
normally irvolves structural ”lfmf&uluns end the recosltioping o various
1tens of equipment. I, on the other hand, cne of thoe indirect systoms
18 chosgen, this pormally means alterations to the instrument cases and

& very large increasc in the number of man-hours token up in wirlng the

- 13 -



anel, Indwed every krown system boristles with procticel difficultics,
and 1f o fresh start were being made, it would be a rice queation to
decrde which gystem, when ginerelly applicd, would give tho leoast
digsatisfaction. huwevee, there 1o nover any qu.stion of sturting afrosh
during a war, ond an thes cale 14 was decided that alterations to 1nstru-
ment cases and ~endls were ouwt o the question., Tn other worls o direct
systiem was the only procticable choles in the circumatances, and mount ings
for the Llamps had to be orovidod with the leost possible altcration to
the structure of the acccraft., Tie ifochniciang charped with the lighting
of the cockpits {h.:cfore becanu the target o complaints both from the
aircraf't constructor who 31d not wish to albter Ime cockpif, and from the
operators who desmanded perfoel lizhtung.

14,3 Fertunaicly, howcver, 1t turned cut tbh2at the tyre of cockplt layout
which hag to be adogtod 1n order tn prevert roflections 1n She windscruen
automatically provilos mouwflngs for the lapa, LU s for this reason
that the wraiter belioves et clthouph the chiciee of a durcet systom was
dictated by errcunigttnees, 21U 18 nevertholcgs the one which is moat
generally surtable for the 1lluminat.on ol rorerdlt cuekpits, pnst and
present, It mny be, of cours., that the divect moethod will prove to be
unsuitable for the cockyite of 1he more Jistant futvre, but {or the
presemt and immedis §C futuru, Aodr poszible to achiove sctisfactory
Lighting installatione by apzlying in the exly stascs of the desipn the
principles sct out belew,

15 Methed of preventing rollections in the wandecrein, ard wn the cove
glassoa of tbe instrunents

15,1 A tyrical arrarsorent of wnlse
beginning of the war is shoin .n Friof, 5
were mounted in tho Tonf, bl n simpio gent cockpits this was impossible,
end they were mounted ot the cade of the fu°~“~bb. The windscroin wWos
ag close to the pilet's face oo could conversontly be wranged, as this
gave a wide ngle of view Creo from obatmetiorz, and wvas suppesal o be
better for scewng through in rom nl fog.

=
L

recn and 1o trament pancl at tle
H., In twe sent cockpids the lamps

15,2 Now 1f rays from the paloet's oyeo to the vorious pomnts op the
windscreen anl canopy are drawn as shown dobted 1o Fig.C, :t will be
found that these rays fter roflsction ond up on such 3t~"° ags Thu
throttle box, the trimmers, ths control cclumn, the prlut's hands and
knseg, and various uvthor guar on the floer of the cockpil., It volliows
that 1f any of these nre L1luminated, (eni in practice thoy alwnys Worc),
then the pilot will sec Mg s of then tn the wmrdserc.n, "n’ the brighter
hey are, the worse these lmapes will be.  So lony as the porkings wera
gelf-lundipnous the pilot could Lliminate thedec 1mages by owitching hag
Lampa off and this io whol e usually A1-1, but when the self-luminous
markings wore obolished, he wag forecel to Lﬁc ms lomes 211 the time, i
2 methet for Droventlng these cofloctiens hnd v be deviged. The
solubion which was adopted was, firvstly, to usc ulira~violet in cenjunc-
tion with fluorescint murkings, anl secenlly, to it an dntl-ffn‘lr‘ct Lox
coaming wdsrncath the wandscreen. Faig.9 shouvs such - coaming aJied 1o
the arrangsment sho'm in Fig.8, Tho particular ocamln gbo»m in Fig,9
only prevents reflections 1n the bottorm half of the w1n350rcbn, mh;ch
is about the best whoeh eould be lonce with the layouls which were in uso
at the boginning <L the var, In most new Adssigne the whole of the Wlndn
sorcen mnd crnopy can be cleared of rofloetions by usine the nrrangenen
shown 1n Fig,10, This kind of arvengement is nlsc shown in groator dut&il
1 Fig.15,

15.35 The princirle on which the ceaming s bused is thoe same sg that of

the reflectionluss shop=window, and may be cxpleained 2s fullows:  Any
polished surface will reflect wmoges of whatover objects happen to bear
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thce correct geometrical relationship with the cobscrver's cyes. Tno only
way of preventing thosc images from being scen 12 therefore to reduce
their brightn.ss to 3 very low volue, This can be done only by reducing
the braightness of the cbjects themsulves to a low value, thet 18 by
painting them black. In the casc of rarcraft with an anti-roflecticn
coamirg the object which 1= rcfiectced in the windscreen 1s the top surface
of the coamirg, ard 1t 18 thi: surfacc which thercfore has to be »ainted
black., A black poanted cocmiry 18, of course, effective by day as well

as by night.

15.4 The chov—winiow case 18 Lllustrated dicgranaticelly in #ig.1l, which
represents an chserver lo kzrg in through an crdinary vertical winiow.

In ihis caso, our obscrvor secs roflectiorne of the sky af he looks upwards,
and reflcctiuns of the opocsite suwie of the strect or of the pavement 1f
he leooks straight in or duwmwerls, To pet ril of these he usually moves
closer to the glass until he can leok through the 1mage of s own foce,
which 1mage, being much loss braight than the sky, 1s casier to see through
If, however, the window is curved backwarls as ghown in Fig.12, and 1f o
black swrfacce 185 arranzed so thet the mys from the cbserver's cyes end

up on 1t after refleetion 2t the curved wirlow, tlen the troublosome
reflections will disappcar, arnd the obsegver will have the illusicn tha
theres 18 no glass at 21l botween haim an? the objoets inside. Tn this

cage he doos nol try to move closer to the glass,.

15,5 The fast that viszon throush o perpendiculnr sheet of gloss 18 mn'e
eag1er by bringing the road closer to 1t hee boen noticed by nearly every-
cnz and 18 probably largely rosporsible for the fiet that in the pest
windscreens ir airerift have besn broucsht s close ac possable to the
o1lot's head, Tt will, hovever, be clear Pror trC 2bove that 1f an
snti-reflection ccomirg 18 usel, chenges 1» “he listopes of the head from
the windscreen will have no effuct on vision unt2l the listance becomes
very small, If the distance could be reduced to sbout an inch or so,
vision through dirty windscroens might be slizghtly wmprovel, but coven this
13 Joubtful.

15,6 In existing types of epircraft =t quite ofton heppens that the lcpth
of the couming which can be fittcd 1o not sulfrcient to provent rerlsctions
1 the canopy ~and upper part of the winiscrecn, In such crnses the sourcces
of these reflections shoull be traced out by holding a Ilignied lamp agalinst
various ports of the cockpit. Vieable fight -ust thon be prevented fron
folling or the cbgects refleetel, ond specinal core tokon to eoc that tley
are painted black or screened off altogether by rmeans of a blask curtain.

15.7 Reflactions f the cockplrt lamps 1p the cover glasses of the
instruments can be averded by mountirg the lamns as high up ag the ton
row of instruments, Sonetmes this proves wmpossible, and a reflection
appears Ln a particular inmsteurent, This refleection can wsually be
glurinated by diltirg fthas instrument, cr by wnterchancing 1t with soma
object such as a switch which nas no cover pglass, Sometimes & very small
change 1n the inclanation of a panel will cntircly eliminate very broeubls-
some reflections, Tt 1 therefore clcar that the arrcraft designer should
always check whether tho positions of the lamps are such as fo give risce
to reflections before finalisaing the layout of the cockoit,

1€ Effect of mounting position and panci shape on wniformity of
1llumination

16,1 The unmiformty of the 1lluminaticon of any surfacc 1is always lmproved
by mounting the lampsz furtler from the surfuce, and 1t wag for this rceoson
that the larmps 1n tweo-scat cockpits were originally mounted in the roof.
The intensity of the ultra~violct lamps 1s net, however, sufficicnt to
permat them tc be mounted at a distance of more than about 18" from the
panel, but in any casc, 2t would be undesirable to mount sithoer the
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ultra~viclet or red lamps in the ceof vscauce of the increassd scatber,
«nd the possibility of goving away the ~osition of the s.rceraft. The
la~ps have therefore to be rmounted eirther underneath the coaming, or on
the s1de of the fuselape, or both, according to the sive of the covkp:i.
Trese cogitions are usually guite satisfactory for single-seat cockputs
because these now have vory sloping windscrecns, ~nd thore ig po ditTi-
cully in providing a coaming 12" dsep, or ever despir, In two=rssal
cockprte a decp ccamang iz dufficult to provide without cubting off =some
of the view on the side remote from the pilot, and as a result, the lumps
which 111luminate the middle of the renel kave 1n wany cases to be mounted
ciloscr to the panel than il desgireble for vven 1llurinaticn, It 22
mainly for thig rcason that the cockpit lighbting on Lincoln and York aire
craf't is so poor.

14.2 In order to shov how uneven the 1llumination may be with the lams
mounted close to the panel, we may compare the amount of light reaching
the eye of the prilot from a marking of given area situslcd at the top
and botton of a2 pancl arranged as chown in Fig.1). Tn this arrangemond,
the light reaghing the pirlot's eye from a marking at point P 1s propor-
tional to cos? @ cos B, and the ratio of the valucs obtained tor poinrs
at tre top and bottor of the 1 <21 may be called the "diversity ratio”.
In a typical medern cockpit the masimum valucs of o ard B arc aboub
600 and 45° rcs-ectively the minimum value for both beirg dbout 15°.
These valucs give 2 diversity rehin of about 10, which s so large az to
leave no doubi at all us to the necessity of keeping a4 a8 small ag
possible, 7% 18 considered that « <hould never exceed 0609 if at all
vossible, which mears that the veriical depth of the oanel should not
cxceed twicc the desth of the cozming.

6.3 Wow 1f the bottom of the pancl s tilted forward by an anzle 8

e&s ghow in Fig.14, the diversuty ratio over the f:ited portion #1ll Dbe
reduced by rather move than the ratic of cos{a ~ °) coe(B - € to

cos ¢ cos B. In an actual cockpit 6 can be about L5° without causing
images of the Tanps Lo anpezr wn lhe cover plasses of the mnstruments on
the tilted porticn, arnd the diversziy ratro can be reduccd teo about L.
Thig 18 o large reduchtion, but 1n additicn, the filting mokos 1t eagier
for the pilet to read the lowor instrumoenss, and reduces the lakelihood
of shadows from the bozels dveuring Lhe markerss ap the too of the dials,

17 Layvout of cockpid for dar.et lichting Lystung

17.1 For a dareet Loghtueg sveton tle rulos For laying out the cockpit
g0 a8 to obioip pood lishting moy thercrfors bo zurmarised as follows:-

() Arranec a coom rg wndernuith the windscroon, pairt the vpper surface
matt black, and make ot dedr enourh teo clear tke whole windscreen of
reflectione.

(o) Mount the lumps es far awa, fron tho pancl as possible up o a
1imit of 18",

(c) Mount the larps underneoth the coaming, or on the sides of the
fuselage approximat ly lovel vnth top rcow nf instrumerts. I any of tho
lamps have 10 be mounted much lower than ihis, chock for rcflections,
and adjust the peometercal relationshipe so ag to climincte thom,

(3) Kcep the vertieal depth of the pan<l tu the minimum, and tilt the
bottom part {orward,

(¢} Wherever possible locat: the 1nstrumerts ot the top of the pancl, .nd

the switches ote, 4t the bottom. The smaller the markings on an ainstrument,
thc more necessary 1t 18 to locate 1t near to = Lamp.
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(£) Aveoid projecticrs on the ineirument pansl 2s these ~ast shadows on
everything below therm,

17.2 The above rules arc erbodied zn the two lasoubs shown in Fireg.i5,
which 18 self-explanatery. Tt 1s ermpbasised that this diagram 1s

intended merely to 1llustrate the rulss set out acove, and to give some
1dea how these work out dimensionally. Tt may /ell be that specaal
requircments or future militory aircreft, such as cutomatic seat ejection,
may make this kind of leyout 1mcossible, but 1f this should turnm out to
be the case, then there would apgear to be no slternative oxcert tec go
over to an indircct methed of lighting, ccostiy as thig will be.

18 Concluding remarks on Secti.on TI

18,1 The longer the range of an sircreft the more likely 1t 1s that a
large proportion of _*:¢ flyvirg hours will be spent at night, and the morc
necgssary 1t is that the burden on the pilet should be eascel by making the
lighting as perf.ct as posstble, It 0111 be clear fiom the above that
good lighting cannot be achieved unless a decisior as to the system of
lighting to be employed 1s tnken early ir the desion, and tho cockpit

la1d out to swit 1%,

SECTION ITT

Moethodes of cocgnat laighting

19 Historical survey of developments lcading to Dual 3ystom

19,1 Up to aboubt 1930 ni -kt lying n the 3,01V, was rmostly done on fine
mooniit nights, and under those conditiors 11ft4le “rouble was oxmerienced
frem the cockpit lightine, firstly beewuse the eye 18 not fully dark-
adapted in ~oonlight, (the rarcafoven scrsitiwity 18 orly abowt 1770tk
that attaincd 1n starlipsht), and secordly beciusz the brighiness of the
stray reflecetions 1s nct unduly high cormparcd with that of the cutside
world,  Ag more £17ing came to be Jdone on dark rights, complaints bepgan
to come in, arnd during 17295 the first investigation was wado of the
cffoets of the cockprt liphtang on derk adaplation. The results of this
invsstigation ace guven in 2, AN, Rerert Yoo D973 dated March, 1936,
This report 18 of wnwercst as shorng the wry bigh levels of 11lumination,
L.ce T to 16 foot cardles, which wiere 1n vsc at that time, At thosc
lev:ls darkeadaptution /ms irmpaired for az long 8 30 sceends after
Llocking at the instrumont pan-1, but this veg not consijered to bo
excesgive sircee 1t wng supposed that o1tots would nover use thear cockpit
lamps 1n oporations, bul would rely or their s 1f-luminous markings, and
this wag 1n fa2t what thoy aud. In thes 1nvectigzotion the offcets of rod
gnd whitc light were comporad, bub no advantogoe vas found for red laght.
Thig regult 12 now consideraed o have boen due partly te 1the high 1llurina-
tirng uged, and pertly to the faect that the red light was superimposcd on
gresn self-luminous morkinga,

19,2 In 1938 and 1539 night flying greatly increased, 2nd many complaints
began to ecome 1n, but 41l that could be done wes 6 12zue o mimorandum,
(Vemo No, BL.536 deted Tune 1920), giviag instructiors o to hov to moke
the best of the exusting fittines., In the winter of 1940-44, the
German night bombing offensive reachad 1te wodk, and car night-fighters
rad to atteunt wntercopticns ~ven on the darkest rmights. As 2t was
nocessary to make vicuel cortzet wrth “he turget 1n ordst to attack 1t,
the distractive glare from the solf-lumincus markings, and from the
clusive images to whach they oftrn gave risc, pecame intolerable, Some-
thing had to be donc to rrprove mathire, and as a first step, existing
mght-faghters, which were then mostly Beapfrghters, wers fitted sith
extensive anti-refloction coamings, and r<d lacgucrcd bulbs ‘vre fitted
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wn the cockpit lamps, As 2 second step, Beaufighters, ani the Mosguito
night=fighters which were nooinming o replace them, werc {a1tted with a
n3w ultra~viclet syctem of Iiehiing which hed been Jeveloped as a result
o1 oxrorimental work begun in 1900 ab the reguest of Faghter Command.

19.3 Tn these farsid experiments a Dlenbeum arrcrafl was uvsed, znd the
ultra=violet wi cbtained from 20 watt dungsten filarent Lamps mounued

wn the roof, These lamps did not mive sufvicient yntensity for the

small markings then in voe, due to the considerable aistance from the
panel at which in this arrersft they had to be mounted. Abeout the end of
1940, another source was tried, nwely a cathode glow, arzon/nitrogen
fiulled, 5 watd lamp, ag normally uvsed {or rains operotion, These gave
sufficient intensity, bubt required o high voltage, necessitating the usc
of en Lnvertir., In addition, they suffized from the disadvantages of
iterge size, unsatisfactory diumming, radio interflerence, limited production
facilities, increascd weight and pencral unrclisbility, Jevertheless a
g.milar system, uszing a 110 veld Cluoroscont mercury vapour lamp as
soures was wide ly adopted n Amsrica,

9./ Tre whele situation as repards ultra-viovleb suddenly changed in
Februery 1547 when Dr. Lldington o' Siemens Ltd. disclosed that he had
developed @ new and quite small mercury vapour lunp which would run
dircctly from Zi volt cireurts. EBxpoerimertal fittings were quickly made
up and instalicd in 2 Beaufiphter, and in July 1241 2 report wag recsived
to the effect that tr< rew syctem wa: salasfactory. As & result of this,
the syster wag adopied for Benufighters, and thre noew Mosqurio night-
fighters wire loid out for tias systom., It should be noted that thesc
lemps were dimmed by means of shubters.

19,5 Tt was sbout thes time 1hat tte work of the Cambridge Psychological
Laboratory on the sise and shape of the markiugs camc to fruition. Also
1n Decerboer 1041, R.AF, Paysiclogieal Laboratory 13swed thoir Nete No.
38/12 showing thot tre grecn welf-lumineus wmarkings, o addxtion to belng
ndidtinet, irterfered apprcerzbly wibh nizht viegrton, whorcas orange
fluorescent warkings aft the low.st Tevel for comfuertablce working besides
being vory distinet, it rforcd substantiolly lugs. A mesting includirg
representatives fyom All troe Comeands was thareicre held ot RLAVK, 1n
Fevruary 1942 +o consider the penerl nuestr»w of instrument markings,
ard 2lso whsth v ble ultrneviclet syztem rhould be adop®od {for night
fighters. Py this {time 1t had beon realigod by Zlecirical Enginecring
Department that vod “locd=lvshing wae a pessible alternalive to ulbtra-
vinlet, provides olvoys that an adcoarks coaming could be fitted. The
pesrtion 22 1t cxigted 2t thal time 1¢ iescribed in Lemo N, EL.727,
Tssue o, dated Aoric 1942, _rd 1r o AU, E.T. Note §o, BG/38715 dated
February 1042,

19.6 T4 wes deeided «t this mooting that the choice between ved light and
ultra-violct could only be ptade aft-r ©fuli gc:de trrials. A Hurricanc was
accordingly 11ttcd with an manil-rericctiron cosming, and it by means of
rad floodlighting on white painted rarkinge. This axrcral’t was flipght
tested by the Fighter Intercoptuon Unit war ell 28 the Beaufighter
mentioned sbove. Boeth anstallatzons recoived geood reporte, but the ultro-
violet was strongly preferrcd by 1l pilots on the grounds that 1t was by
far "the clearest and least btiring kind of inatrument lighbing which they
had used®. Thesc trials are covered by B, L.U. Deports Nos. 122, 125 and
126, all dated June 1942, At the same time, controlled tests were made in
the leboratory to measure the interferonee with vision of red flocdlighting
58 compared with ultra=-violet, The results of these tests are coversd by
Report Nc. BL.1293 dated July 1942, ond have alreedy boen discusecd 1n
dstzil 1n ocaragraph 6 abuve,

19.7 By this time the ultra-~violet systen wsing the low voltoge mercury
vapour lamp had becn wn limzted production for about o year, the cutput
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being just about sufficient for the Hesufighters and losquito night-
fighters. As scon as the attempt was made to step up sroduction of the
light sources and obtain a <scond source of supply, great difficulty was
encountered Jduc to the faet that in order to obiain relisblc clartine
characteristics, the larps had to e hand-made, and zufficient skillca
Labour did not exist. Owing, howevcr, to the adoption of the bold
markings and the general wmprovements ir the methods of applying the
Tluorescent paint, 1t became possible to revert to turssten filament lamps
as the gource of ultra-viclet, provided tncy w.rc used in conjunctlcn
with an cfficient roefliector and could be mounted withain 19" of the pancl.
Tungsten filament lamps also had the very great advantarcs that they could
be dirmed by rheostats, did not cause radic interfercnce, arnd did not
require ballast resistsnces and special starting switcnes. This reant
that the ultre-viclet system cczsed “o be any worce com.licated than other
gystoms of dircet laghting, and could be gencrally adopted for all tyges
or aircraft, provided al.ays that the requircements of Scotion IT as
regards cockpit layout coula be met. Thne position at thic time 1s fully
described in licmo lio. EL. 827 dated Scptember 1942, and 1t wes in this
momorandun that the name "Dual Systom" sras fairei used. The final Fligat
tests on the dusal syste: ucrs made by barghter Intercept.on Urit on a
Beaufrgnter as representing na-hilaghters, and by Bomber Develcopnent Tnut
on a Lancaster as representing bopbers. The resultz are given in F.1.U
Reports Noe 179 and 185 dated ruspectively January and Fubruary 1943, and
mn B.D.U Report Mo 11 dated Apiil 1943, Thoge roports wore apain vory
favourable to the ultra-viclct systom, and on 13th oy LA, a ancgeting
which included representatives of all the Commends unanimoasly decided %o
adort the duel sysiten for all typez of aircralt.

20 Historical survey of develovments in Anorics

20.1 The firsl informaticon on ultra-viclet lightaing was receivedl from
fmerica in May 1940 1n the form of a ™ulletzn deseribing the 110 vaolt
fluorescent larmp system mentioned in varograph 19 3 above. This bulletin,
which wags published by the Electronic Laboratorica, Inc. of Indianapolis,
merely deacribed the fittiops and control gear owtc , and gave as the
reason for ibs iatroducticn the fact that ho ever eomplicated 1t nmipght kol
the complication was still less thon 1n the case of the indircet systems
then beaing vecd,  The pleetronic syeton vag not locked upon vith any favour
in this country ior vany roasons, smongot wnilch woy B¢ wabloned tne size
of the lamps, which veore 15 diaicter by 9% long.

20,2 Betwcoen Scptarber 1947 and the ond of 1943 scveral other Amcracan
reperts were reccived Theso aoseribed various cxperirontal cockpit
lighting irstallazaons, and the Jittings uwscd. but made Little attenpt
to reduce practice to priaciple. The most important 1tem of incernation
was the deseription of an ultre-violet systam using s.osoll flucrescunt
saoereury vapour larps rated av 2l volts.,  Thesz swerc developeda by the
Grarws llanufactur g Co. of Urbanz, Chio, about the buginning of 1%.2,
and vere oventually odoptea as standard in the U.8 A.4.2. One of these
reports, writteon by nartlince and chonald o the Uriversity of Pennsylvan.a,
described tests on ultra-viclet absorbins gogsgles.  This zecwd to indi-
cave that in sore instellacions ar czccesiv: ancunt of ultra-violet was
being used, and thet the lamps ~orc not properly scrocned.

<0 3 The jrericans were also uging four different paints on their markings.
This rade the interchenge of instruments 1mpossible and created confusion
in production and in the supply of sparco Copies of our Report No.

EL. 1293 =snd our memoraadw Vo. _JL.827, vogether with samples of our
fittings. were tnercfore cunt to 4 erica in the latter part of 1942, and
durang 1543, any demonstrations o tnoe Dual Systor were pgiven to

officers of the American Army and i'-7v. At the end of 1943, a complete
2-scat demonstration cochkpit was origped to Ameraca, and in Aupgust 1944,

a paper sctiing out the sclent_lic basiz of the Lual & slem was prescnted
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at the Lus Angcles meeting of the Amcrican Irstrtute of Blectrical
Engineers.® fGhe inlornntion averloble at the time of writing (i .d 1946)
1ndicetes thot the american Aemy bas now adopted a systim similor to the
Duel Systom exce pt that Los voltsge mercury vapour rlucrzsc.nt lamps arc
used w3 the source of the ultri-—viclet. The Americen lLavy, on the other
hund, 18 procuddire with the devolopnent of an 1adireot system ueing ood
light, but will usc the stme paints for Lhe instrument markings as th
Aymy, The latest Arcrican and BHritish instrumonts are therefore inter-
el wngcable as regords cocaplt lighting.

21 Descrintion of Dual System and methoa of opirat con

21.1 In this systom the triphtong of the cockplt may be dwvided for
purpcses of description into four cections ag follows: =

(a) Instrument panel [iphting, (ultra-violcth)

The parel 15 Lreadi.ted with ultre-viclet obtaincd from two lamys
.n the case of a @mall cockpit, or feem four or s1x lumws in the casc of
a large cockprs, Bach veir of lomps 1s controlled by neans of o dimr.r
switeh, As has already buen explained, the ingtrument rorxings arc in
crance Fluor. scent naink, This paint 28 not self-iuminous, and the
filorescence does not persist for an apprecizble time fter the scurce of
the radiation i1s romoved,

(b) General Cockpit Lichtirs {red)

The wholc cockpLt, r.e, panel and sides, 18 floodlit with red light
obtained usually Jror e small lamps mourted underneath the coarming,
This rnairr of lamps "¢ controlled by meane of a swngle dimmey switch.

(¢) Ancillary Luightine (red)

Instrunents suwh ag the mignetic comsaas, and controle such ag the
trimmers, whick cannot bo adeguatcly 1lluminated by {a) or (b), or which
do nut reguire to bo ulluwnnut.d contuinuous lv, are Tit by soparaste red
lights, oach contrelled by means o wis o dieror swibch,

(3) Imergency Lnghtine, (oranpo)

As (a), (b) and (c) rre 91l supclied frow Lihs reneral arrcraf't suoply,
fotlure of this would mean that the piulod wenld be unuble to read s
inetruments. One cddotione] ilomp, sup lied from o separate alkaline
sccurul vtor, L8 thurcrorse mounted over by flyang inotrument ranel. As
orange filters tvaremet wmore Lokt ther red, ogange hos bien chosen for
the colour of tive liprt in oricr 2o congerve the charge n the accumulator.

21,2 It should be appreciated that strictliy speeking this system can only
be applied to cocxpits Laitd ou* as descrived :n Section II above. I the
cockpits arc not laid out ip fhas mannsr, or caniot bo suitably medificd,
then 1t may be dssirable to rentrict the z2rea iiluminated by the seneral
cockpit lighting in order to reduce the possibility of stray roflcctioms
1n the wind and side screens. It 18 always desirable, lowover, to
wstall the pencral Lighting since tre ultra-viclet and gercral lighting
syastems may each be regarded as a stond-by for the other wn the svent of
lamp fai1lures.

*Mhhe seientifie basis for the nas British systom of cockpit lighting”
by F.3.! Calvert., Published »n Transacticne of A, LE.YW, for December, 1944
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21.3 As has alrsady been explaaincd 1p Section I, the rod general lighting
1f used 2% the lowest level at which tho mearkings can bo comfortably rued,
causes no mearsaraeble mteorfoerences with vision, but the markings appear
flat, 2nd cannot be aporccinted it a glance, Ultra-vioclet, on the other
hand, causcs some slight interfervnce iith visicw, but gives markirgs
which stand out with great distincitness Tt 1e thawefore counsidered that
the best way to use the duszl =zystem 18 1o turn ur tar red gensral lirhting
urt1l the controls ete. can Juet be durly seen, =nd thop to turn up the
witra-violet urtil the markings stand out wnth sufficient f1stincéness for
comfortable working. The ultra-vizlet, hecause of its carpac:ty to produce
gyeball flucrescence, should be used sraringly in condityors Where scoing
out of the cockpit 1s the primery requicement, but may be turned or full
when tlyang 13 mainly by ipstruments, One reascn for having red and wltra-
violet on togother g that 1f the ultra-vielet lamps feil, the cockpit 1s
not thrown into complete darkness., TMevertheless, the ultra-vielet can
quite well be uscd alone 1P the pilet prelurs to bave 1t smo, as many of
them do, bewng converwed thet any visible light, whataver 1ts colour,

must wnterfere with nouht vaision., Cn the other Yand, 1t may be found ~hat
1f the ultra=violct 1s used alone on dark rigrts, the markings Jill appear
to move sbout after a time., This offect can be orevented by turneng up
the rcd a little so as to show the dir outlines of the frawework wothin
which the maerkings zre set,

214 In 3 properly laad out cockpit, and with the red lomps turned down

to the lowsst lewvel for comfortable worling, the red glow due to scatfcyed
light from the ccckolt 18 visible only in dirccirons more or lesg dircclly
above the aircraft and only from distancts of cbout 200 feed, On dark,
clear, storlat nights, the siluouctte of an awrcraft con boe secon agoinst
the ground ot distances of from 00 te 400 fent, so that the dual system
of lighting duce not i1rercasc the distavcs 2t which the .arcraft can be
picked up b the cpowy. [t should be reted, however, thet thae rongs of
200 feet piven foove 13 for foveal vision, and that a lipght whose positicn
18 noct krewn to the chgoerver 1s uspoelly leeated by means of parafoveal
vision. As alrcady explazrasd 1ir Sectian 1, <he parafovea g relotively
inscrsrtive te ved lipht, and the charces of packing up this scattercd
light are thevrelore reducrd s411L further.

22  Lamps used in Dusl Systen

22,1 The lzop uwend for goreradl, anctllinry and smercency ligbting 1= Lamp,
Cockprt Floodlight, Tyee €, and 12 shown wn section in Fig, 10, The scroens
are cut by the aircer fi contracior Lo surt ~he gob, from which 1t follows
that a particular =2t of screcns o8 asgoci ted with eteh sirceraft, zrd a
particular scrcen vtk ecch lapp in the awrcveft,” The red ooliur 1s
obtaired by divoiag the bulb 1n red locguer, ho filament lomps cre rated
at 12 velts, 2.2 watto, or 24 wolts, 2,3 o ts,

22.2 The radi~tion used to exeite the flucrescoert paint consists of 2

band of wavelengtns trc lamits of which ~re Just oute:rdc and Just wnsiude
the vioiet cnd of the visible spactrum. Tris radiation 1z obtained fronm

a tungsten filament lemp wsed 1n combination with © filter laving a tro £-
miesioh curve of the kind shown n firg.i?. This cowbinntion pagses
little red laght, bot as cxplained in peragroph 6,5 2beve, thig 18 a ahght
advantoge vrovided 2lways thet light eoloured cbyccts arc ocxcluded fror

the ceckpit., Thiz combairation 15 inerfieient as regerds altra-violot
cutout per wett, but thas 2s of little mpoertsance hen balarced againet

th: great cracticcl adventope of boing able to dum 1t to extinction by
meang of zimple rhecstoty of smell sive, The filament lamy 18 rated at

12 volte, 7 watts, and tas an efficiency of 9.5 luscng per watt st 13 volts.

o]

*In later designs only & small number of stardard scrocns arc usod.
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For 12 volt circraft the lemps are connccted in parallel across the
gupply 1n the usual way, Ir 24 volt awrcraft the lamps are connscted in
series, ~nd the poir are trhvn comnected acrogs the supply. The reason
for this 18 “hat 12 volt lanps arc more resiatant te shock and vibrobion
than 24 volt lamps, and ctand up better to the temperature conditions
inside the £fitbtings.

22.3 The corplete fitting s <mown as Lamp, Cockpit, Ulitra-Viclet, Type
B and 1g shown in Fuig,13¥. Tt consists of a moulded Jampholder, an
ancdised aluminiue roflector, ~n ultra-violet Filter glass, and a bezel
ring, The bescel ring heolde the glass in place by weans of three tabs
presscd wnto a groove roumd the Lirn of the reflcetor, and 18 cxbended in
front o the lamp so as 1o provont ultra~violot radiation cntering the
prlot's cyes directly., The larp 1s made with two different reflcectors
giving divergences of 50Y and 90°, the lamps boing known No.1 and No.Z2
reepecktively.

23 Some results of expericncs gained with the Dual System

23,1 Up to the prescnt, 1.0, mid 1946, thore has boen little difficulty
in wndtalling this systcm 1 new types of zircraft because propoer
provision for 2% has been made ot an carly stage 1n the design, DBxisting
tyres, however, arc quite another matter, sincc the cockpits of thusc
aircraft invariably contain irstruments with highly polisted bezels,

some coloured red, yellow or bluve, controls with red, yesllow or other
coloured handles, fixing screws with bright hiads, cellulose acetate
covers or pailnts which fluorcsce under ultve~violst, and many othcr 1iows
which cause drstractive glare ond raflect 1n wind and side screens. In
such cases a coaming large vnough to clear the whole windsercen of reflec-
trons 1s particularly necessary, bubt 1n many cases cannot be fitted, The
result 1z that the system of lighting i1s blamed instead of the layout .nd
finish of the cockpit, irstrumcnts and couwrpmcut, I1 18 thereforc ncees-
sary to emphasise that in cases where 1t hos been possible to make a good
ingtallation, thig hes invaricbly boen due to the fact that 1t was possiblo
te P11 an adequate coaming and to make whatever chonges were necessary to
gliminate the worst sources of glare, Hevertheless the good rosults
obiained were almost always attridbuted by pilots to the use of vltra-
viinlet, and as - cons.quence, ulira-violet has come to bue rogerded as an
unfarling panacca, Tndeed the fuct 1e that the large sizce of the ultra-
violet lamce, cormbired with their lJumited divergence, makes 1t vory
diffreult te find suitablo susoengion pewnts Tor them.

23.2 As repards the i1ttt inos, the chief frouble has besr faalurc of the
f1lament lemps 1n the ultre-violch lamps.  Cwing to the fact that the
f1lver stops so much of the rediation both 1 tle vigible and infra-red
recgions of the gocetrum, the fitting rots hottor than 1t would with an
ordinary glass from,, The consequert high tumpiraturse anside the bulb
dyives out varicus imourities occluded in the inside surface of the bulb,
and these attack the filament, ond causc 1t to pcoome brittle and to fail
urder vibration, This difficulty was largely overcomc by prolonged pumps-
1ng of the larps Juring manufacture, ard by working ot an cbjective
effr1ciency not sxciedirg 9.5 lumens per watt, Tr the future 1t 1s hered
to overcome this difficulty complotely oy using 2 "eealcd beam' type of
lamp, that 1s, o Larne zn which gart of the bulb ic used as the reflector,
Thrs would permit an increass in orffwricnay, which in turn would lead to

a substantial incresse 1n the output of ultra=violet, which in the or.sont
dosign 18 roather low. Tt woy alseo e possible to reduce the size some=
what, which s of the utmost rractical amportance,

23,4 Another trouble has beoen scratching of the red Jacquer on the bulbs

of the red filament lamps, The usce of lacouer wag 2 wartlime measure
ncecssitated by the foct that the red glasses avarlsble were not surtable
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Tor the manufacturirg nreocesses us~d wn the large scalce nroduction of
rinioturs lamps, Howsver, 1t 18 boged that rea glase bulbs witlhk the
des.red charactcristics will be ave.l4ble 1n the futare,’ [t 15 of
irterest that miniature larpge wilh red glass buelbs wors found 1n Germany
in July 1%45.

23.5 It may be nuvted that coth red and ultra-vioiet lamps have faixed
brackets, Thlas was dore by intertion, as 1t was consideréed that ths
correct course waz to find the best directzons ror ‘he lamps, and fix

them in these positions once and for all. Every effort was made to do
thiz, but 2t wus found thatl w.th different marks of airersft, the veri.us
differences and modifications caussd the lamps 0 poirt v dLrections
very dilfferent Frov those which nad been faxcd at the traal anstallations,
As the ultra-viclet lamms have a lirited divergence, this caused setious
complairts, and Lt 15 now croncsed to provide these lamps with umversal
adjustment over at Ileasts 100 aboul = mean axas.

2, Lighting at crew stations other than cockpit

24,1 The corditions at tho olhey crew stations differ from those i1n thk
cockprt 1n that the crew member does not have to keep watch outside i
arrcraft and at the same time appreciate the situation revealed by o
large number of Lnstru nte which 2ll remain permanentily in his fi21d ol
view. For ipstorce, the rcoar punrer pay requlre to sce cbjects ocubsid
the aireraft cven morce than the rilot, but he doos not hnve the instrument
markings to diglract bim. On the cther hand, the wircless ooverator hac

a large number of wrstrurments to attond te, but does not, wimrediatily
after locking at toom, have to peer oubt of tre airvcraft, The lighting

at each crew station 1s thercfore a prodlem 1n 21tsclf, and all that can
be said 12 that red 1icht 1s usually best because 11 enables crew memburs
to move about the aurcreft waiirout reving thuir dark ad-ptation appréci-
ably 1mpaired, and bocausc the lignts uscd by any one mewber of the orew
are less distracting to the other members, IF colowr Aiscrimination 1s
necessary orange ligh% nay be used instoad of rod. Ultra-viclet 1s nct
sultable bLecause 1t does ot ghor up anything vhiek s not coated with
flugrescent paint,

24,2 In the casec of 1lhs rear cunner or bomb aimer., 1 mev not be possible
to mounl & lam 1n th® ~cortoeon roquerad for soce tlluminetion, and some

otrer device may have to be ¥ 31, w0 or orratencc, o osmall lamy wn the
palr of the plove, o a toron wrte o 'ons and s haeld for rewding maps
more clearly, A colf-recling vundey lanp may «ls8o ©e asplesed, bubt these
are rather bulkvy and 1-.-v, vd th din 7 neal ool ens have not preved to
be reliabie, Grecen 7.1 =lumoicus o arkirgs shoold only be used 1if the
markings are large, :nd 2 0 - couarn that the sguioment will never be

installed in the cockpit.

25 Gorman coeckpit lioi -ing practae.,

25.1 Cockpit lightang in Gormany was cortrolled by Devilopment Jub-Grouy ,
"Cockpit", which wasz & sub-group of Developmart Group, "“lanning of the
Aircraft Eguipment", corcegponding tc the standoraisation comm tioces
which have now been scet up wn this country, The information given below
is lergely taken from a document issued by this sub-group entitled
"Konstruktionsrichtlinicn", (Construction Dircetions), Wo.20, which took
effcet as from 28th Juna 1943,

25.2 The Gerrmans started the war with green sclf-luminous m«ckings but
later when they began tu uwse ultra-viclet, thy changed over to sreon
flvuorcscent markirgs with a lorg alter-glow. According to thiz dccument,

¥Later lamps hove bulbs of red glass,
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the lighting varied with the type of aircraft and 1ts operational functions.
Types cther than night fighters had white lights in the cabins and also

in the cockplt for general 1llumination, but these latter were presumably
very little used in $he 2ir. The instruments were 11t waith ultra~violld,
and if* the aircraft had any operational Jduticvs, the flying instruments

were 1it with red light as well., Ancillary apparatus such as controls

were lit with red light. The red lighting was controllable, but the
ultra-violet had only two positioms, briaght and dim.

25.3 In the case of night fighters and aireraft with similar duties, red
light was used for everything, the rcasons given for this heing as follovs:-

(8) Red light causes the least imparrment of dark adaptation, guves good
legabilaty, and reducesz ocular fatigue on long journeys.

() Red light can be uscd in combination with red goggles to increose
flywng safety in searchlight booms,

Ultra=violet, if installed at all, was used only for instruments
which werc not irm the ficld of view of the pilot.

25.4 The laighting fittings uscd by the Germans are descrabed in Construc-
tion Dircetrons No.6. TIn the ultra-vioclet lamps, the l:ight source was
smz1l tubular mercury vapour lamp with an onvelope of ultra-violet glass,
supplicd direct from the 24 volt system through i barretter. The dim
position was obtained by rotating the shutter of the lamp., The size of
the complete fitting was 4" long by C.9" diameter.

255 It appears froan this {hat the Germans uvsed ultra-violet mainly as a
-substitute for the radicactive materinl in the luminous paint, and dad
not realige that 1t could be used to reduce distractive glare by merely
changing the colour of the markings from grecn to orange, However, their
practice ts strong contirmation of our own findings that red light, used
at the loweat level for comfortable working, haa ne measurable effect on
ntzht vision. 1t 1s not clear Jhether lhe Cermans reallssd that groen
fluorcacent markings dild slichtly arpalr dark zdnptation on dark nightes,
because owing lo therr use of red anti-scarchlight goggles, they were
foreud to use red laghting, since zreen markings would not be visible
through these gogeles. [t 1s also of interest o note that the Germans,
Iike the Americons at one period, g0t over the necessity for emergency
Iighting by using {lucr..cent pzint with o long after-glov, This, of
coursc, has the dizadvantige thot the dirming is so very sluggish that
the traghtncss of the markings must in effcet ve presect, irrespective of
vhether the dimming on the lamps ic infimitely variable or not.

26 Jurther Developments

261 In the casce of tronspert aireraft, 1% 1s lakely that 1t wall be
peossible for a considerable time to come Yo usc o couming erranged as
deaeribed in Scetion II sbove, and to these aireraft the dwal system will
remain applicable. In the casc of milatary alrcraf't, requirements such os
antiomatic cgection may prevent the coaming cxtending sufficilently for in
front of the panel $0 eaable the lamps to 21lluminate 1t with the reguired
degree of uniformity.

In such cases 1t would seem necessary to revert to self-lumincus
paint, (but orangc instcad of green), or to adopt an 1ndirect system of
lighting, modifying the mnstruments to surt. The wraiter i1s of the cpimion
thet indarect methods of lighting are likely to be considerably extended in
the future, porticularly to radio apparatus and to eguipment which is not
continuously unddr cbservation, A discussion of the varicus possibilities
1s oubtside the scope of this monograph, but some work along those lines
has already been published, notably by the Admiralty Research Laboratory

in their reports Nos. 4,R.L./R2/0.255 and 4, R L./R3/0.255, The former
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report is a detailed account of an indirect rethed usarg sheetc of
perspex, and the latler 1s a general review of all the methods of light-
ing which nhave been used up to the wvroesent.

26,2 PFinally, 1t 1s pcinted out that the dual system of lighting was
primarily developed for night fighters at a tune when thelr success in
attac<ing thear target depernded on the uimost prescrvatzon of the pilot's
night visioa. Tnc pilets of transport aircra”t do not zave to pick up
and follow barcly perccptiblec targets, or indeod to concentrate heavily
on any object of low braghtness outside the cockpit eand they are therce-
fore likely to pay rather morce attention to tacir instruments. TFor
“ransport aircraft in peacctime, the wost critical oscration us probably
that of landing, and for this complete dork adsptation is unneccessary
since a pilot making o visual landing jJudges his hoight and dircetion by
means of changes in the soerspective mmages of the approach and runway
lighting pattern. In peacetime thuse lights arc so bright ag to bc visible
even 1f the cockpit lighting 1o much braigater than the ninimum required
for comfortable workinz. lor this reason the writer suggests that for
transport wircreft, the object to be ammed at should be to make all the
instruments capsble of teilng road at o glance, rather than to try te
prescerve the atmcst dark adaptation at the cost of incrcasing the strain
on the piloth,
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FIG.3

RELATIVE BRIGHTNESS BY 30° PARAFOVEAL VISION OF MARKINGS

WHICH ARE JUST LEGIBLE BY FOVEAL VISION
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RELATIVE ENERGY
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CANOPY FIG. 8,9 § 10.

WINDSCREEN

COCKPIT LAMPS

PILOTS VIEWPOINT

THROTTLE BOX ETC

FIG8 TYPICAL ARRANGEMENT OF WINDSCREEN & INSTRUMENT PANEL
AT BEGINNING OF WAR SHOWING HOW THROTTLE BOX &
BOTTOM OF PANEL ARE REFLECTED IN WINDSCREEN.

COAMING
MATT BLACK

COCKPIT LAMPS

FIG.9 SAME COCKPIT AS FIG8 BUT WITH COAMING ADDED. NO
REFLECTIONS IN BOTTOM PART OF WINDSCREEN.,

COAMING

FIG IO LAYOUT ADOPTED IN NEW TYPES OF AIRCRAFT.
WINDSCREEN FURTHER FORWARD.
BOTTOM OF PANEL BENT TOWARDS PILOT.

FIG.8,9&I0O DIAGRAMS SHOWING TYPICAL
COCKPIT LAYOUTS.



FIG.I1 & I12. T

1 ROADWAY ™~

FIG. Il. DIAGRAM SHOWING REFLECTIONS IN VERTICAL SHOP WINDOW

X 15 OBSCURED BY REFLECTION OF SKY.
Y 15 OBSCURED BY REFLECTION OF ROADWAY.

CURVED WINDOW

/
BLACK SURFACE

] ROADWAY

FIG. |12. DIAGRAM SHOWING REFLECTIONLESS SHOP WINDOW.

REFLECTED RAYS ALL END ON BLACK SURFACE
OBSERVER SHOWN (S ABOUT MINIMUM HEIGHT

FIG.II& 2. DIAGRAMS SHOWING HOW REFLECTIONS ARE
PRODUCED & PREVENTED



_‘NORMAL LINE OF SIGHT

FIG I3 & 14.

PILOTS VIEWPOINT

PANEL

B’

LAMP

FIG.I3. ARRANGEMENT OF PANEL AND COAMING GIVING A
DIVERSITY RATIO OF IO,

PILOTS VIEWPOINT

PANEL

BOTTOM OF PANEL
SLOPED FORWARDS

FIG.14. ARRANGEMENT OF PANEL AND COAMING GIVING A
DIVERSITY RATIO OF 4.

FIG. 13 & 14. DIAGRAMS SHOWING EFFECT OF BENDING
BOTTOM OF PANEL FORWARDS.



ANY POINT ON WINDSCREEN OR CANOPY WILL BE
FREE FROM REFLECTIONS UNDER ALL CONDITIONS
PROVIDED RAYS FROM THE EYE TO THAT POINT END UP
ON A BLACK SURFACE AFTER REFLECTION. IN
DIAGRAM ALL RAYS AFTER REFLECTION END ON
UPPER SURFACE OF COAMING. THIS SURFACE MUST
THEREFORE BE PAINTED WITH A MATT BLACK PAINT
OF THE LOWEST POSSIBLE REFLECTIVITY.

NORMAL LINE OF SIGHT
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LOCUS OF IMAGE OF END R
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FIG. 15
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INSTRUMENT P,

DIAGRAM SHOWING METHOD OF ELIMINATING REFLECTIONS FROM WINDSCREEN &
CANOPY, FOR WINDSCREEN INCLINATIONS OF 45°& 6O° TO HORIZONTAL. THE PATHS

OF THE REFLECTED RAYS ARE TRACED FOR THE 45 WINDSCREEN.
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SCREEN CUT TO sSuUIT

FIG. 6.

FIG. 16.

FILAMENT LAMP
12V, 2 2W OR 24V, 2-8W.
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FIG. 18.
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