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2.2 The fxst of tne above reasonc. is lmuvd up wlih the propertie.? af 
the dark adapted eye, and the second m:h the g'xmetrlcal relatlorL5 
between the pilot's viewpoint, the lamps, the panel a& thu wnd md side 
SCrECIIS. %LS monograph is therifore divl&d into three sectmns, the 
l'irst deals l-,Lth the propertics of the dark adapted eye and thy mles 
dcr~wd from thorn, the smond T&h th< byodt of the cockprt mth par- 
ticuler rcfirencc to the Dual System, and the third \,ith the historical 
developmint of the tcchnrques us:d for the lichtmg of the cockpit. It 
is the second secticn vhxh chwfly ccnccms the alscraft constructor, 

2 

ati the writer has trxed to maki this complctc in itself ICO that those 
who have to lzy out the cockpit cm rcs?al~ find out from It hm theu 
proposer a.rrangcmeIitts a-c af;"cctcd by t.hc rcqu~.rimx~:s for good cockpit t 
llehtiq 
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self-lumuwus markings, and orange fluorescent markings excited by ultra- 
violet radiation, the spectral energy distributions of the two paints 
being as shown rn Fx.g.4. 

1 

-c 

6.2 The resul’;s obtained by Electrical%ngineering Department, R.A.E. 
are shown rn Frg.6 taktn from R.A.E. Report No. EL.1293. These results 
cover the semo orange fluorescent Tarkings when excited by ultra-violet 
radishon and when floodlit by red visible light. In the latter case the 
floodlighting was confmd to the instrument panel, whxh of course, ivas 
finished in natt black namt of vary low reflectivity, as were also the 
sides and floor of the cockpit. 

6.3 It was found in these experiments that comfortable working bright- 
nesses were about 0.0007 e~uiv;len', foot candles for the orange fluorescent 
markings, snd about 0.003 c.f.-. for ths red flocdllt markings. The self- 
luminous markings are, of' course, fixed at a brightness which depends on 
their age, but whLich during the first 6 months nay be taken as about 0.01 
e.f .c. Taking these values, the pack-up trmes for a control tuna of 2 
seconds we as follows.- 

No markwgs 2.0 seconas 

Green self-lw~cous 4.2 ‘( 

Crango fluorescent 2.4 1’ 

Red floodlit 2.0 1’ 
E 

6.4 As the pilot LS contmuclly looking down at his instruments, any 
lengthenug of’ the zrck-up tlm~s is ~ortantsnd must be avwded, 
but it should bc remombbercd that in practice it is unlikely that the pilot 

. will often look at his instrwcnts for as long as 10 seconds, partrcularly 
in the case cf the fluorescent markings because of the remarkable 
distinctness with which thosz stand o~ii. We may therefore say that orange 
flusrcscent and r-3d floodlit xrkings do not impair dark adaptation 
apprccLably unless tncir brightness ~3 substantially in excess of ths 
minimum required for comfortable wxking. 

6.5 A point of considcr,blc Lntcrcst is that the curve for the red 
markings in F1g.6 crosses the line fcr ratio unity at the point where the 
brrghtncss of the: panel equals th?t of the tirget background. When the 
panel bl*Lghtwss hx dropped ti C.C30'1 i.f.c., pick-up trnes are very 
slqhtly better than if the corkplt wrc 1x3 cmplttc; darkness. This 
agrees vnth the findings rf th< Adn~rr~lty Xcsoarch Laboratory that the 
final state of dark ~~d:lptat-Lon &tti:r ~xcposuro to weak red light may be 
slqhtly bettor than of adaptation hal tnkzn plxx in complete darkness. 
An rmportant pr?ctxal in~l;c:rti~n of this is that there is no objection 
to ultra vicict cockpIt lamps emitting a little rod light as well as 
ultra-violet rddiatlon, prov~dzd lrght coloured obJects which might oause 
distractive glare are excluded fro? the cockpit. 

7 Legrbllity of varkwgs il1uminato-d in dlffcrent ways 

7.1 With the type:" of lnst-umcnts avaIlable during the 's&r it was 
possible to render the markings vzsxblt: by any one of three different 
methods. The first method vas to use self-luminous paint, the second 
to use fluorescent paint and wradlate it with ultra-violet, and the 
third was to use whl.te paint snd floodlight it vnth vlsiblc light. In 
the first hro cases the brightness of the background against which the 
markings arc seen is nearly zero, since rt is substantLally the brrghtness 
of a black-painted obJect iliumrnated by the light from the night sky. 
In the ease of floodl@ttng, howvcr, the panel itself IS illuminated 



alon& v,qtth the markmgs, and cannot be made to have a brqhtness less 
than about 1/25th of that of "he narklngs, this being the ratlo of the 
reflectlvltles of the best black tind whIti Faints obtaInable. 

7.2 Of ihe three methods, the second glv'c by far the most dlstlnct 
markings, end has been preferred by the great vqorlty of pllots to 
either of the other two, whatever ergumonts, practxal or sclentlflc are 
put forward 1~ their favour. 

, pare&raph 19 b;!l">fl). 
(Seti reports on the Msults of Service 

Trials The reason for their dzsllke of the flood- 
lit marklngs 1s presumably their low contrast, vhlch makes them appear 
flat end un1ntercstxJg. The rrdnson for their dlsllke of self-luminous 7 
markings 1s the blurred and indrstxxt outline wbch such markIngs appear 
to have when >rx?vied by a rrormal observer. Thxs lack of dlstlnctness 1s 
mentlsned in 9.A.P. P.L. Note KG. 38/12, and was the subJect of many 
cornplants from night fighting pIlots. The effect nay be due to the 
fact th&t the raint 1s built up on top of the markings and 1s thscker at 
thy middle than at I& tide,>s. Since tho lumrnosity LS due to radioactrve 
elements within the paint, this would result in thr: nlarklng beln& bqhter 
nt the 'nlddle ttin at this "dg,i,, and thx, conblned with a sclntlllating 
effect at the zdg~, mqht causz the "out of f"CUS'I effect so often 
complaln=d of with s&f-lunlnous mzrklngs. Nmwer this may be, It 1s 
certain that self-lur;lnous pants are only suxtable for bold marking:;, 
that 1.8, matings mart: th;n $" nigh and having a height to thickness 
ratlo of about 7 to 1. If usad un snlaller marklngs they are almost 
illegible to start vlth, and soon becomz altogether illegible ils the 
pant detenorntes. 

7.3 It rnlght be consxltred frorl cdragr-,phs 4 and 5 above, that the 
colour of the markings should be as dses a rod Lts 1s przctxable, that 
IS, rhould include no lqht sf ,navelt~ngths shorter than about 650 mill-L- 
mtLcrcns. There is soms ovtd~nce, however, that buth the fovea and the 
parafovaa arc rnvolved vhtJn a lx@ pumbcr of -Lnstruvcnts yath orange 
markings of 1.he s1.x now uced are qu-lckly scinne3, and If this 1s so, -it t 

may be that a charge to dean red would make It more dtif~cul: to spot an 
~nstruncnt which was y:v~'?g =n lndxc-tx!n rrquxrlng actlon. It would 
probably be advantageous on the >ih3le to go iis far tolmards the red as the 
orange-red of xvelt??gth 620 m~ll~m~crons, -1s this 1s the wavelength to 
which, on th" avuragi', the fox-. and p?rafovea are equally sensitive. If 
such n shirt becomes possible througk Cbe dlscwery of efflclent red 
phosphcrs, then it .*ould seen, d,slr:ibl,: to lnvcstlgate thns p"lnt more 
fully bcfsre ,:dont-Lnp than. 

8.1 When a light or lqhtcl !,ztch 1s zltuat+d I[?. th;: i'l~ld of view of ti 
observer, xts elfect 1s cquLvaLd?t to throwing z. vcll over the field of 
view and thereby r&uclng thL> contrast bctwicn the obJ‘.‘cts looked st and 
their background. The brqhtncss of ths v?d IS known 1s the vtlllng 
glare, rind for the dark Xln!.tal eye, may be calculatxd frun the formula 

where G 1s the velllng &lzre m candles ptir squire foot. 
c 

3 :s the lllumlnetion :t the cyo in foot candl.es produced by the 
glare sourct. 

0 IS the rngle in degrees bctwoen the glnri; source and the lxne of . 
sight. 

P 1s B constant havlng the value urnty for white light, IO for deep 
red light, 3 for orange light, and 0.1 for blue-green light. 
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16 2ffect of mountwg posltlon and pan;1 shaw on umformlty of 
illumlnat1nn E 

16.1 The un?fomlty of the ~llumlnatlon "f any surface 1s always Improved 
by mour:tmg the lamls furt&.r frsm the surfLice, and it was fzx tha rczson , 
tt2ct the lar?ps 111 tM0 -wat cocki)its acre orqlnnlly x"untcd in the roof. 
Tha utens~ty of tl-y ultra-vlolct lamps 1s not, hcwevcr, suffxxnt to 
permxt them tc be mounted at a distance of more than about 18" from th" 
panel, but In any C~SC, ,t would bc undcslrsble to mount crthcr fhc 
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"Later lamps have bulbs of red glass. 
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the lightrng varxd rvlth the type of' alrcraf't and Its operational functions. 
Types other than mght fzghters ha3 vrhlte lights in the cabins and also 
In the co&pit for general Illumlnatlon, but these latter were presumably 
very little used in the a~. The instruments vero lit \aCh ultra-vlol~t, 
and if the arcraft had any operational duties, the flying lnstrunents 
were lit wth red light as well. &clllary apparatus such as controls 
were lit vath red light. The Ed llghtmng ~2s controllable, but the 
ultra-violet had only trio positrons, bright and dim. 

25.3 In the case of night f'lghters and aircraft lath similar dutxs, red 
light vas used for evrrythm&the roaaons given for this being as follow:- 

~~,s~:',~~~~~c~~~~~th i' least znpiaxment of dark adaptation, g-ves good 
e AS ocular fatigue on long tourneys. 

(b) Red light czc be used xn cmblnation tvith red goggles to increase 
flyxng safety in swrohllght beans. 

Ultra-vxolet, if Installed nt all, was used only for instruments 
whzh weru not in the f~cld of view of the pIlot. 

25.4 The llghtmg flttlngs used by the Germans ve descrzbed in Construc- 
tlon D~rcctlons No.6. In the ultra-vlolct lamps, the light source ww !. 
small tubular mercury vapour lxnp with sn envelope of ultra-vlolot gl3s0, 
supplied direct frcun the 24 volt system through .? ba-rettcr. The dim 
positI% was obtained by rotntlng the shutter of the lanp. The size of 
the complete flttmg was 4" lung by 0.g" dlan?eter. 

25.5 It appears from this that the Gerrrmns used filtm-violet mxKLy as n 
-substitute for the mdxoxtlvs mater14 in th<+ luminous paint, and tid 
r,ot rcalluc that It ctiuld b? wad to retduce dlstrxtlva glare by merely 
chnng:ing the coli;ur ot the narkmgs from green to orange. Iiowever, their 
prmtlce ‘:s stmng conf'~rm;ltlon cf our cwn flndlnz:: that red light, used 
at the lowat lewl for ccmf'ortabl~ wcridng, ha no measurable effect on 
nl&t vx310n. It 1s not clar ,&ether the ~onnans realised that green 
fluorescent markIngs diJ z,l.+tly InIp,ilr dark Itiptatlon on dark nights, 
because wmg to thelruse of red *into-swrchlxght goggles, they were 
forced to us* red Ughtmg:, ancti ::reen markInds -wuld not be vrslble 
through those goggle:;. it IS nl;o of atcrest to noti! that the Germans, 
like the fimcrican,~ at one parlod , :pt over the newssty for emcrpxy 
llghtlng by usmg fluorlOcanC plant ;Tlth 1 long After-glow. Tnls, of 
course, has the dzs'idv,int:rgc that the rlxrmlng is so very sluggish that 
the brzghtncsa of the markings must in effect be preset, irrespcctlvc Of 
Irhcthcr the &rrun~ng on the lamps IC. lnflnltely vanable or not. 

26 Further Developments 

26.1 In the cxx of transport axcmft, Lt LS likely that It ~~11 be 
posnlble for a considerable tirnc to cow to USC a coamlng errangcd as 
descrlbcd xn Section II ~bovc, and to these xrcrcift the dual systc>x ~~11 
reman applicable. In the cas‘ of mllltary awcraft, rcqulremcnts such ns 
automatic cjcctlon mny prcvcnt the ccanng cxtendrng sufflcx3ntljj f3r m 
front of the pmcl to enable the lamps to ~llurrmnatc It wxth the requlrod 
degree of unlforrmty. 

In sqch cases It would seem necessary to revert to self-luminous 
pant, (but orange instoad of green), or to xlopt an mndzect system of 
llghtmng, modifying the ~struments tc suit. The wrltor 18 of the opimon 
th?t lndxrect methods of llglltxng are llkcly to be considerably extended in 
the future, pnrtxularly to r~dlo nppvztus and to egulpment whhlch is nut 
continuously w&r observntvx, A tisouss~or. of the VLT*IOUS posslbllltles 
1s outside the scope of this monogmph, but saw work along these lmei; 
has already btxn publlshcd, notably by the Adrmralty Research Uboratoly 
m thcz sports Nos. A.R.L./R2/2/0.255 and A.R.L.m/O.255. The former 
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FIG I & 2 
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FIG 1. SECTION THROUGH HUMAN EYE (DIAGRAMMATIC) 
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FIG.2. TOPOGRAPHY OF THE LAYERS OF RODS 8 CONES IN THE 
HUMAN RETINA. 

DIAGRAMS ILLUSTRATING PROPERTIES 
OF HUMAN EYE. 



FIG- 3 

1000 I I I I I I I I 

500 I51 

WAVELENGTH OF LIGHT USED TO ILLUMINATE TEST MARKlNGS 

NOTES- (I) TEST MARKINGS IN FORM OF CROSS 0.35”WIDE X 0 35” HIGH X O-Oti THICK 

(2) MARKING,%3 VIEWED AT 2FEET. EYES FULLY DARK ADAPTED. 

(3) THE BRIGHTNESS OF ME MARKINGS WHEN ILLUMINATED BY LIGHT OF ANY 
PARTICULAR WAVELENGTH IS GIVEN RELATIVE TO THEIR BRKiHTNESS 

WHEN ILLUMINATED BY LIGHT 0~ w~V~~~a77-4 605 MIU~MICRONS. 

FIG.3 BRIGHTNESS BY PARAFOVEAL VlSlON OF 
MONOCHROMATIC MARKINGS WHICH ARE JUST 
LEGIBLE BY FOVEAL VISION 
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FIG.4. SPECTRAL ENERGY DISTRIBUTION FOR SELF LUMINOUS AND 
FLUORESCENT PAINTS USED IN COCKPIT LIGHTING b 



FIG. 5. 

SUBJECT 8. SUBJECT G. SUBJECT I? 

CONDlTlONS’- SILHOUETTE SEEN AT DISTANCE EQUlVALENT TO AIRCRAFT AT 750’ 
BACKGROUND BRIGHTNESS 0 0001 E F.C 50% CONTRAST. 
INSTRUMENT PANEL GAZED AT FOR IO SECS BEFORE EACH TRIAL 
VALUES SHOWN ARE MEANS OF IO TRIALS 
STANDARD ERROR OF SUBJECT 8 = 0.201 SEC 
ULTRA-VIOLET OBTAINED FROM MERCURY VAPOUR LAMPS 

FIG.5 EFFECT OF ORANGE - FLUORESCENT AND GREEN 
SELF-WMINOUS MARKINGS ON PICK -UP TIMES FOR 

AIRCRAFT SILHOUETTE: 
TAKEN FROM R.A F. t?L NOTE 38/l2. 



FIG. 6. 

52 

!*07 w GREEN SELF LUMINOUS 
MARKINGS. VALUE TAKEN 

I.0 FROM RRFPL NOTE No 3811; 

-I 
PANEL IS AS BRIGHT AS TARGET 
BACKGROUND WHEN REO MARKINGS 
HAVE THIS BRIGHTNESS 

-8 I I I I II IIIll 1 , !, ( , , ( , ,// I I OII 
.0002 4loo5 .OOl 402 .003 *ow fJo5 -01 -02 .03 %l4 *05 

BRIGHTNESS OF INSTRUMENT 
MARKINGS. (EQUIVALENT FOOT- CANDLES). -APPROXIMATE BR&HTNESS 

OF SELF LUMINOUS PAINT 

NOTES. 
(I)TESTS MAOE IN SIN%!5 SEAT COCKPIT FITTED WITH d’COAMIN6. 
(2)COCKPlT LAMPS MOLINTEO ABOUT 18” FROM INSTRUMENT PANEL. 
(3)MARKINGS IN TWO SIZES, 0.35” HIGH, AND 0.25” HIGH, OEiSERVAl-ION TIME IO SE%. 
(4) ERIGHTNESSES MEASURE0 ON PHYSICAL SCALE RELATE0 TO NORMAL 

PHMOMETRIC STANOAROS 
(2’5 FOR REO FLOOOLIGHTINF APRROX. 

(5) BRIGHTNESS OF hlARKlN~S/BRIGHTNESS OF PANEL++000 FOR u/g 
(~)TARGET WAS A REPRESENTATION OF VERNIER 215 AS SEEN AT 500 YARDS. 
(~)TAR~ET BACKGROUND BRIGHTNESS WAS 0.0001 EFC. 

FIG.6 CURVES SHOWING RECOVERY OF OARK ): 
ADAPTATION AFTER OBSERVATION OF 

INSTRUMENT MARKINGS. 
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YANOPY FIG. 8,9 
WINDSCREEN 

COCKPIT LAMPS 

THROTTLE BOX ETC. 

0. 

FIG 8 TYPICAL ARRANGEMENT OF WINDSCREEN & INSTRUMENT PANEL 
AT BEGINNING OF WAR SHOWING HOW THROTTLE BOX ii 
BOTTOM OF PANEL ARE REFLECTED IN WINDSCREEN. 

MAT-I- BLACK 

COCKPIT LAMPS 

FlG. 9 SAME COCKPIT AS FIG.8 BUT WITH COAMING ADDED. NO 
REFLECTIONS IN BOTTOM PART OF WINDSCREEN. 

FIG 10 LAYOUT ADOPTED IN NEW TYPES OF AIRCRAFT. 
WINDSCREEN FURTHER FORWARD. 
BOTTOM OF PANEL BENT TOWARDS PILOT. 

FIG.@9 &IO DIAGRAMS SHOWING TYPICAL 
COCKPIT LAYOUTS. 



FIG.1 I % 12. 
J, WINDOW 

/- 
X /’ 

/X’ 
/’ 

‘. 
‘\ 

ROADWAY ‘-. 

FIG. i 1. DIAGRAM SHOWING REFLECTIONS IN VERTICAL SHOP WINDOW 

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

FIG. 12. DIAGRAM SHOWING REFLECTIONLESS SHOP WINDOW. 

REFLECTED RAYS ALL END ON BLACK SURFACE 
OBSERVER SHOWN IS ABOUT MINIMUM HE\GHT 

FIG.1 I& 12. DIAGRAMS SHOWING HOW REFLECTIONS ARE 

PRODUCED 8, PREVENTED 



FIG 13 & 14. 

PILOT% VIEWPOINT 

NORMAL LINE OF SIGHT 

FlG.13. ARRANGEMENT OF PANEL AND COAMING GIVING A 

DIVERSITY RATIO OF IO. 

FIG.14. ARRANGEMENT OF PANEL AND 

OF PANEL 
FORWARDS 

COAMING GIVING A 

DIVERSITY RATIO OF 4. 

FIG. I3 & 14. DIAGFtAtvlS SHOWING EFFECT OF BENDING 
BOTTOM OF PANEL FORWARDS. 



ANY POINT ON WINDSCREEN OR CANOPY WILL BE 
LOCUS OF IMAGE OF END 

THAN THESE ELLIPSES 
FREE FROM REFLECTIONS UNOER &j= CONDITIONS 
PROVIDED RAYS FROM THE EYE TO THAT POINT ENO UP 
ON A BLACK SURFACE AFTER REFLECTION. IN 
DIAGRAM ALL RAYS AFTER REFLECTION END ON 
UPPER SURFACE OF COAMING. THIS 5URFACE MUST 
THEREFORE BE PAINTED WITH A MATT BLACK PAINT 
OF THE LOWEST POSSIBLE REFLECTIVITY. 

NORMAL LINE OF SIGHT 

RAYS FROM EYE OR LAMP SHOWN FULL. g 
. 

REFLECTED RAYS SHOWN DOTTED. 2 
‘. 

IMAGES SHOWN CHAIN -DOTTED. 
DIMENSIONS ARE APPROXIMATE. 

‘FIG. IS V 
DIAGRAM SHOWING METHOD OF ELIMINATING REFLECTIONS FROM WINDSCREEN (I 
CANOPY, FOR WINDSCREEN INCLINATIONS OF45’8 60” TO HORIZONTAL. THE PATHS 

OF THE REFLECTED RAYS ARE TRACED FOR THE 4S” WINDSCREEN. 
, I * c 



FIG. 16. 

SCREEN CUT TO SUIT FILAMENT LAMP 

I 

IZV, 2 2 W OR 24V, 2.8W. 

FULL SIZE. 

FIG. lb. LAMP, COCKPIT FLOODLIGHT, TYPE ‘C’ 
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FIG. 17 TYPICAL TRANSMISSION CURVE FOR ULTRA-VIOLET FILTER 
USED IN LAMP. COCKPIT U.V., TYPE 6 



FIG. 18. 

FILAMENT LAMP, IZV, 7 

FULL SIZE. 

FIG. 18. LAMP COCKPIT ULTRA-VIOLET TYPE l3. 
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