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DEVELOPMENT OF AIRPORT CONTROL TOWER LIGHTING 

SUMMARY 

This report describes the development 
of amethod for lighting airport control towers 

Earlwr experunents with ” b 1 a c k” or 
ultravmlet light were carried on at the 
R,chmo”d, V,rg,n,a, control tower. Instru- 
ments and dials were panted wulth iluores- 
cent paint which made them vlslble under the 
ultravmlet Ilght, while allowmg the eyes of 
the tower operators to remaz” dark-adapted 
Also Included I” these expermxnts was a 
study of the use of red light for tower light- 
mg. Operations were later transferred to 
the airport control tower at Weir Cook Al=- 
port, Ind~anapolrs, IndIana, where experl- 
ments were continued with ultravmlet, red, 
and white light I” various appllcatlons The 
recommendatmns for the a 1 r p o r t co” t r o 1 
tower llghtmg plan discussed m this report 
weremade aiterastudyoftheresultsoi 
these expermlents 

This plan involves the use of ultra- 
vmlet, also white and/or red light at the dls- 
cretmnoi the tower personnel I” order to al- 
low for d 1 f f e r en t psychological reactmns 
among the various people. The tower 1s dl- 
vlded Into seven working areas and speclflc 
treatment 1s recommended for each area 

INTRODUCTION 

Although the alrport control tower 1s a 
iamlllar sight to most people. and IS easily 
recognizable from the outslde, there has not 
yet bee” full sta”dard,zatmn 1” the lntermr 
design Some were constructed by various 
services of the Federal Gover”me”t, others 
by mu”x,pal,tws, and 1” some cases, prl- 
“ate en te r p r 1 s e has provided the faclllty 
Regardless of sponsorship. however. these 
various tow e r s all have the same purpose, 
the control of aIrport traffic throughout the 
day and “lght, although s o m e axports have 
de c r e a s e d actlvlty d u r 1 n g the “lght-tune 
hours For use during permds of darkness 
adequate llghtlng 1 s reqmred, and It 1s the 
purpose of this report to present a s et of 
1~ g h t I n g recommendatmns that may be put 
mto effect at any of these towers. 

There has long bee” a need for a satls- 

factorymethodof llghtingalrport control tow- 
er lnterlor areas Since the begmnmg, the 
operators have bee” troubledby poor llghtmg. 
which frequently IS a source of personal dls- 
comfort There has never been rrny dliflcul- 
ty 1” obtalnmg suiflclent light, but rather 1” 
prawdmg a proper degree of darkness Far 
any mght vlsua.1 actxmty the Ideal sltuatlon 1s 
the complete absence of light, with the eyes 
of a 11 p e r s on n e 1 thoroughly dark-adapted 
Such a condltm”, however, IS almost unpos- 
slble to achwve, as there are mstruments to 
be read, regulatmns to be looked up, notes to 
be Jotted down, flight plans to be recorded, 
and a variety of other mterrmttent actlvltles 
to be carrwd on, all requlrlng light 

At one tnne there was also the problem 
oil~ghtirom pants outsIde the tower. such as 
automoblle headllghts strlkmg the tower win- 
dews and reilectmg Into the operator’s eyes 
This problem was solved several years ago 
by sloping the wxndows Inward from the top 
I” the now f a m 11 la r characterxtlc design. 
This, however. does not elmunate the possl- 
blllty of dlfilculty caused by lights mslde the 
tower reflecting from the glass With the 
vastIncrease mnlght operatmns at most al=- 
ports the p r o b 1 em of proper llghtlng ha 5 
rapldly become a serious one, as poor light- 
Ing 1s a” added source of physlcal and mental 
hardshlp to those who mustat all times exe=- 
else alertness I” the visual control of trafix. 

ANALYSIS OF THE PROBLEM 

From the ioregolng It can be recognued 
that control towers cannot be 11 g h t e d 1n the 
samemannerascanofflces, iactor1es or 
other ordinary workmg areas The 1lghtm.g 
engineer must provide light while mamtam- 
Ing darkness suiflclent for dark adaptatmn, 
truly a paradoxical problem He must cope 
with the likes and dlsllkes of different people, 
taking into account the various factors I” the 
mdlvldual psychologxal and physlcal make- 

UP 
In order to plan successfully the light- 

1ng of control tower areas, It 1s necessary to 
study the wsual tasks 1 n v o 1 ve d so that the 
proper solutmn can be applied to each mdlvl- 
dual “seemg” problem. The functmns of the 
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dlfierent control tower areas must be con- 
sldered, as well as the dutws of the operators 
occupymg the se areas Followmg 1s a de- 
scrlption of the functions of each area. 

Area I - The local control posltmn desk top, 
which ~smostly occupied bymstrument d,als, 
except for a small wrltmg space used by the 
local control operator whenlottmg down occa- 
smnal notes This area gets Its greatest use 
durmg relatively ialr weather when the oper- 
ator spends most of his warkmg time watchmg 
planes on the ileld, on approach, take-off and 
clrclmg, while referrmg to the mstruments 
and relaying mformatmn to the pllots, at the 
same time k e e p In g his rough note s (See 

Fig 1) 

Area II - The top of the ILS momtor on which 
mstruments are mounted Occasmnal reier- 
ence to these Instruments 1s necessary 
(See Fig 2) 

Area III - The flight data posltmn desk top, 
at which all of the clerical work 1s done by 
the flight data clerk-operator, who records 
illght plans, weather, clearances and other 
mformatlon This area 1s in constant use at 
a busy arport (See Fig 3) 

Area IV - The approach controlposltlon desk 
top which n o r m a 11 y contams only a flight 
progress board for use m mstrument weather. 
Under this condltlon. the desk becomes the 
center of activity and 1s takenover by the 
approach control operator. (See Fig. 3) 

Area V - One to three radio receiver racks 
which have vertical surfaces WI th mounted 
dials These mustbe referredto mfrequent- 
ly when receivers require tumng (See Fig 4) 

Area VI - The gene r a 1 area I” front of the 
three posltlons where desk drawers contam- 
mg supnlles are pulle6 out occasmnally, and 
regulations mounted on slloe boards some- 
times must be read 

Area VII - The general area occupied by the 
recorders. These require infrequent 
servlclng. s u c h as changmg of records 
(See Fig. 5) 

Fig 6 shows the locatIons of these 

areas m the Indlanapolls control tower. It was 
found after experiment that the llghtmg of such 
areas can be accomplished neither by the use 
of general llghtmg. nor by a smgle type of 
lummalre, as the visual tasks are not consist- 
entwlth each other and require, for the most 
part, speafic localized treatment 

DARK ADAPTATION 

It has long been known that seemg in 
relative darkness can be best accomplished 
by eyes that are “dark-adapted” by bemg kept 
unexposed to light for at least 30 mmutes 1 
Experiments in connection with “black-out” 
workdurmg the recent war mdlcated that the 
visual acuity suffered little if, instead of being 
exposedto complete darkness, the eyes were 
exposedto a very low degree of red light, and 
further, thatvlsualacultyismuchbetterunder 
a low red than under any other colored light 
of the same mtenslty However, alonger time 
1s r e q u I r e d for dark-adaptation under red 
light than under complete darkness 

While dark-adaptation of all tower 
personnel 1s desirable, It isnotentirely nec- 
essary As the local control operator does 
visual work mvolvmg the use of the eyes m 
darkness, It follows that he should have the 
maximum feasible degree of dark-adaptation 
Itls recogmxd that many aIrport ramps are 
brlllmntly flood-llghted, most r un w a y s are 
llghted. the airport beacon frequently sweeps 
the tower, and many times airplane landing 
lights happen to be amed at the tower Under 
such condltmns, which at p r e s en t are pre- 
valent at most arports, It appears that full 
dark-adaptationby any tower personnel 1s 
unattamable 

USE OF WHITE LIGHT 

It was recognized from the start that 
high levels of general llghtmg with white 1,ght 
would be ob,ectmnable, as they caused serlou5- 
ly confusmg and ob]ectmnable reflections from 
the wmdows and from varmus instrument glass 

1 Mathew L u c k 1 e s h and A H Taylor. 
“A Summary of R e s e a r c h e s m Seemg at 
Low Brightness-Levels.” Illummatmg Engl- 
neermg. Vol XXXVIII, 4. April. 1943 
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Fig. 4 Radio Receiver Rack 
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FLIGHT DATA APPROACH CONTROL 
POSITION POSITION 

-32 INCHES 

FOUR RECORDERS 

CD@ ILS 
MONITOF 
PANEL 

LEGEND 

0 SPOTLIGHT 
0 ULTRAVIOLET DOWNLIGHT 
0 WHITE DOWNLIGHT 
0 ULTRAVIOLET DESK LIGHT 

Fig. 6 Plan of War Cook Anport CAA Control Tower 



covers, andpreventedany effective degree of 
dark-adapt&on 

USE OF BLACK LIGHT 

It was thought at first that possibly all 
of the llghtmg could be accompllshed by the 
use of ultravmlet radmtmn or “black hght,” 
as It 1s co-only known. Accordmgly. all 
mstrument dials and p o lnte r s and any lm- 
portant references were parnted wrth fluo- 
rescentpamt, and ultravmlet lumlnalres 
were 1x1s talled to lrradlate them. Specml 
fluorescent pencils were obtained and fur- 
mahed to the operators so that all of the work 
could be carried on under the “black hght.” and 
a degree of dark-adaptatmn provided for all 
towerpersonnel. However,after some usage. 
“a r 10 us ObJec~onS began to arise -- a high 
mtenslty of g e n e r a 1 light, preferably white. 
was required on Areas VI and VII, as It was 
lmposslble to fmd small objects or read or- 
dmary prmtmg under black light unless flu- 
orescentmk 1s used, some operators objected 
to the hazy appearance of the atmosphere, a 
phenomenon caused byfluorescence of the 
eyeball under ultravmlet radlatma2t.be flu- 
orescent pencils could not be used for normal 
writing as they were too soft,wh& the forms 
and charts required fme wrltmg Then, too. 
considerable work was required to apply the 
fluorescent pa In t to all of the controls and 
marked references. 

USE OF RED LIGHT 

In v 1 e w of the wartIme experience III 
black-outs. It was decided to use general 
llghtmg conslstmg of downlIghts with red 
lamps and red filters This found favor with 
some of the personnel. Unfortunately, how- 
ever, many of the tower operators obJected 
qute vigorously to the red lxght for purely 
psychologxal r e a s on s, and I,, many cases 
would remove the red lamps and filters, re- 
placmg them with white lamps 

tiperators who wear g 1 a s s e s are not 
troubled by this phenomenon. as ordmary 
g 1 a s s 1s substantially opaque to ultravmlet 
radiatmn. 

LIGHTING THE LOCAL 
CONTROL POSITION 

In sp,te of the obJectlonS to black light 
for general Illummatmn, It was found that for 
local llghtmg, black light would provide the 
best results I., Areas I and II, and was quite 
satisfactory far use I” Area V 

A specml desk fixture was deslgned for 
mountmg above the slopmg panel at the local 
controlposltmn. This fixture 1s four and one- 
half feet long and 1s equipped with two T-8 
ultravmlet tubular lamps, one 15-watt and 
one 30-watt. mounted end to end It 15 pra- 
vlded with a C ornlng No. 5874 ultravmlet 
glass filter mounted in a hmged frame, fas- 
tened down by means of thumb screws A 
flxed alzak reflector 1s Installed behmd the 
tubes. A rheostat 1s provided for dlmmmg 
the lamps. Thas llghtmg fxture 1s lllustrat- 
ed in F,g. 1. The spectral transmlsslon 
characterlstxs of the glass used in the filter 
are shown in Fig 7. Allnumerals on II-,- 
strument dmls at the local c on t r o 1 posltmn 
were pamted wltb fluorescent pant, as were 
the meter-mdxatmg hands, mlscellaneou= 
switches. knobs, etc.3 

WlthSylvanla “Blackllte” lamps mstall- 
ed m this f 1x tu r e, the llghtmg arrangement 
has been verysatlsfactory The glass enve- 
lope of tbls type of lamp 1s made ofCarnmg 
glass No. 504, which 1s a mixture of a red- 
purple cobalt glass wlthquartz. This 1s a 
dark, ultravmlet f 11 te r glass w1t.h the same 
transmlssmn characterzstlcs as the No. 5874 
filter. The amount of vlslble light transmlt- 
ted 1s held to amxnlmurn. thereby keepmg the 
brightness down to a mx,-um also. When 
standard f luo r e s cent ultravmlet (3bOBL) 
lamps were used, the dmls plowedtoo bright- 
ly because of too much ultravmlet lrght emls - 
smn,and use of the rheostat to cut the volt - 
age down for dlmmmg caused the lrght to go 
out before It was low enough m brightness. 

There 1s no apparent dlfflcultywlth 
stroboscopx effects, as the fluorescent pant 

3Fluorescent pa 1 n t and pencils we r e 
purchased from Switeer Bros of Cleveland, 
Ohm. 
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Fig. 7 Spectral Transmlssmn Character- 
IstIcs of Glass Used m Black 
Light Filter 

continues to glow, while the lamp flickers due 
to its current passing through zero value 
during each cycle The light 1s turnedon 
and properly adlusted at dusk, after which It 
1s operated all mght wltbout further attention 
With this llghtmg the local controller has no 
dlfflculty lottmg down roughnotes for his own 
use with a fluorescent pencil His eyes are 
sufficiently dark-adapted to enable him to do 
his Job satisfactorily and m comfort 

LIGHTING THE ILS MONITOR PANEL 

Area II, the ILS monxtor panel. was 
lighted by means of a s p e c 1 a 1 surface type, 
cellmg-mounted downllght, camp le te with 
baffles andusmg a loo-watt Type EH-4 ultra- 
vmlet spotlxghtlamp. The various instrument 
dials were pamtedwlth fluorescent paint as 
n the case of Area I The lamp was pravid- 
ed with a brightness adjustment to give the 
operator proper control, see Fig 8. 

LIGHTING THE FLIGHT DATA AND 
APPROACH CONTROL POSITIONS 

(FLIGHT PR~GRES~B~ARD~) 

Some timeago the use of a par of spe- 
cial spot or proJectlo” lighting units was ad- 
vocated by Mr. Russell L Blermann. Chief 
Controller at the Tulsa, Oklahoma, Control 
Tower. The se lights we r e to be mounted 
above Areas III and IV, the flight data and ap- 

preach con t r o 1 posltmns, to light the flight 
progress boards. They were to be located, 
one to the left and one to the right of the board, 
as shownmFlgs.9andlO.and werede- 
slgned so as to prolect sharp overlapping 
rectangular beams of light on the flight prog- 
ress board. Thus there would be a mmlmum 
of light spllled about the room and the light 
source would not constitute an unp 1 e a s ant 
bright spot. There still would be some sec- 
ondarylight reflectedfrom the flight progress 
board. but this p rob ably could be held to a 
minimum Mr Blermann advocated a light 
wlthout lenses and submitted a design Such 
a light requires a pomt source lamp for sharp- 
est cutoff of be am s and ehmmatmn of spill 
light After attempts tomodlfyMr Blermanris 
design. to obtam a unit that would not over- 
heat and yet provide enough brightness for 
use with a red filter, It was decided that a 
umt with a lens system would be more prac- 
t1ca1 

The combination of Areas III and IV re- 
q u 1 r e d a rectangular s pot of light approxl- 
mately 18 by 40 mches to give proper cover- 

a&r= Accordmgly. several inexpensive com- 
mercial units of this type were pur chased 
and 1 n s t a 11 e d m the Indmnapolls tower, as 
illustrated in Fig 9 These units are e- 
quipped with a triple lens objective system 
and red color filter They use a standard 
400-watt or 250-watt G30-120 volt spotllght 
lamp. Operated through a varlac, they may 
be used at lower-than-rated voltage so as to 
p r o 1 on g the lamp 11 f e and to provide lower 
brightness, as needed After their mstalla- 
tmn the o p e r a to r s removed the red filters 
and are now gettmg satisfactory results with 
the lights dimmed to produce lllumlnatlon on 
the order of 0 8 to 1 0 foot-candle of white 
light on the flight progress boards At mid- 
night when it is customary to check the rec- 
ords to make a traffic count, these lights are 
b r I g h te ne d to produce approximately 4.0 
foot-candles on the flight boards for a permd 
of 15 to 20 minutes The arrangement pro- 
duces no sharp shadows, and provides suffl- 
c 1 en t lllummatlon for Areas III and IV At 
some locatmns, such as the Chicago tower, 
where larger flight progress boards are em- 
ployed, It may be necessary to use two pairs 
of spotllghts Although the umt illustrated m 
Fig 9 1s a flush type adapted to surface 
mounting. a surface type appears to be more 
practical. and 1s recommended for existing 
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Fig. 9 Ceiling Mounted Spotlight for Lighting Flight Progress Boards 
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tower 5 While flush-mounted spotllghts are 
des~rable,U”derwrlters’Laborator~es 
approvedtypes were not obtaInableat the tnne 
of these tests Because of fire hazard due to 
excessive heat this 1s a” important conslder- 
at1on. 

Some s 11 g h t ob,ectm” to the yellowish 
color of the light was regIstered by control- 
lers when the lamps operated at low voltage 
However, th,s 1s not consIdered to be serious 
enough to dlsquallfy this type of llghtmg 

It may seem surprxsmg that under such 
levels of lllum”at,on c 1 e r 1 c a 1 work can be 
done ,n comfort, especially when recognued 
general offxe 11 g h tl” g requlreme”ts are I” 
the range of 30 to 50 foot-candles It must be 
remembered, however, that I” this case the 
eyes have become accustomed to surround- 
lngs that are ~“complete darkness so that the 
effect of a very low degree of lllumlnatlo” on 
this area 1s comparable to a higher degree of 
~llummatlo” on another area with surround- 
mgs that are light but yet lower 1” brightness 
than the workmg area Itself Eve” though the 
lllumlnatlon levels requredare low, in 
makmg lnstallatlons of these lights care must 
be exercised to avo,a causing unpleasant glare 
through x”proper placement of the units In 
order to reduce glare at Indlanapolls, ,t was 
found necessary to move the 1,ghts away from 
the windows and shghtly toward the operator, 
after they had been operated a short tu”e 

LIGHTING THE RECEIVER RACK 

Area V, the vertical surface of the re- 
celver rack, 1s llghted by spllled light from 
the unit that lights Area II. At Indlanapolls 
this rack does not stand directly below the 
light, but 1s offset approxm,ately three feet 
horizontally which puts the light at a conven- 
lent angle. At other aIrports It may not be 
possible to light both Areas II and V with only 
one lurmna~re, II, which case It ~111 be “eces- 
sary to provide separate ““Its. Where more 
than one rack 1s used, and they are Installed 
11, a row, one light source frequently ~111 
serve the group. The various dials and knobs, 
of course, must, be treated with fluorescent 
pantinthesame mannerasintheother 
ultravmlet light appllcatlons 

Several other methods for lllummatlng 
the r e c e 1 v e r s have bee” suggested by Mr 
John H HIlton, Chief Axport T raffle Control- 
ler at Indlanapol,a One method mvolves the 
use of 1” t e r n a 1 ly-lIghted dials These are 
now prowded on the BC 639A receiver A*- 
other methodmakes use of small, hooded, 
white hghts “n the faces of receivers, w1t.h 
lndlvidual switches on each to permit momen- 
taryuse of alight while adjustments are bang 
made This IS the method that was used in 
s”me GCA trailers St111 another solution to 
the problemis to employ generalwhzte ~“can- 
descent lvght of a” x,te”s,ty so low that there 
~111 be no serious Interference with dark a- 
dapt&on on the part of tower personnel 

LIGHTING THE GENERAL AREAS 

Areas VI and VII orlglnally were light- 
ed by speaal downlIghts, equpped with baf- 
fles, 40-watt red lamps, and red glass hlters, 
as show” l”Flg 11 When the red light 
proved ob,ectm”able the fllterswere removed 
and InsIde frosted white lamps were substl- 
tuted for the red lamps These lamps are 
wired on mdlvldual switches with brightness 
control and are turned on for lntermlttent use 
only, suchas for general cleanmg of the floor, 
search for dropped ob,ects, servlang of the 
recorders, reading of regulations, etc. For 
this use lllummatvx, o” the order of 3.5 to 
4.0 foot-candles IS required Three or four 
of these unxts may be placed about the tower 
at strategx posltums, provided with mdlvld- 
ual switch and brightness c on t r o 1 s Small 
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hooded auxlllary lights on flexible mountings 
also can be used to advantage for lighting the 
recorder servxmg operations 

Table I outlines the varmus llghtmg 
recommendations. 

Figs 12. 13, 14 and I5 are drawings 
of the varmus types of experlmental lqhtmg 
umts employedatlnd~anapohs These fixtures 

Fq. 12 UltravIolet Desk Lqht 

can be Improved by modxflcatlons m design. 
placmg special emphasis upon ease of man- 
tenance 

CONCLUSIONS 

Experience to date, as evidenced by the 
favorable reception of the llghtmg by tower 
personnel at Indlanapolls, mdlcates that the 
recommendatmns p r e s en t e d m this report 
offer a satisfactory solutmn to the problem of 
llghtmg control tow e r s . Many manor varl- 
atlonsofthe general systemareposslble. Re- 

gardless ofthe type of fixture used, particular 
attentionshould be glvenbythe engmeer to the 
problem of glare m order toprevent undesired 
eyestram and other discomfort to operating 
personnel. W h e r e ve r possible, white light 
fixtures should be deslgned to permit use of 
redflltersattheoptlonoftheoperators 

No kghtmg program should be under- 

Fig. 13 Ultraviolet Downllght 

taken wzthout full consrderatlon of the color 
s theme. Use of black on r e 1 a y racks and 
panels 1s to be avolded On the other hand the 
cellmg should not be too light The SubJ;Ct of 

pamtmg IS covered In detail elsewhere. 
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PROJECT-o-LITE 

CATALOGUE NUMBER 2935-c. 
SACK ACCESS SURFACE TYPE 

YOKE bDJ”STMENT NNOE ADJUSTABLE 
ENTILATION BAFFLE 

-WAY ADJUST 
ADJUSTABLE *WE SHUTTERS 

MOUNTING sR*CKET FOR SEPlW SHAPING 

LADJUSTABLE YOKE 
OPTICAL DATA 

OBJECTIVE U*.XIMUM M*.XIMUM AVERAGE CANDLEPOWER 

LENS CIRCULAR SPREAD AT 400 WATTS 250 WATTS 
SYSTEY BEAM SPREAD ONE FOOT SPOT LAMP SPOT LAMP 

TRIPLE 50’ OS3 FEET 600 300 

Fig. 14 Surface Type Spotlqht 

MEDIUM SCREW 
PORCELAIN RECEPTACLE 

JUNCTION BOX 

3 ANGLES FOR 
FILTER SVPPORT 

\ 

PLASTER RING 
7 ‘MS INCHES 

CEILING OPENING 

1. 4 INCHES4 

.s lNCHES * \ HINGE 

,-HOUSING 

-MATTE ALUMINUM 
REFLECTOR 

MOUNTING TAB-TO CEILING 
CONSTR”GTlON BY OTHERS 

Fig. 15 Downlqht for General Lqhrmg 
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