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Summary 

This report concludes work that has been m progress smce 1956 on runway and taxway 
guidance under contract FAA-BRD-4, particularly that phase havmg to do wtth an experimental 
llghtmg system at San Francisco Internatmnal Axport 

The concept of provldmg visual guxlance by means of closely spaced, low-wattage hght 
sources mounted on the surface of the runway or taxway m lmeal patterns 1s described m this 
report as well as m the prior reports related to this contract 

The centerlme llghtmg system at San Francisco International Axport was rehabllltated after 
the 1958-59 tests to permit further evaluation durmg the wmter of 1959-60 It turned out that 
the 1959-60 wmter season was very mild, there were, however, some periods of reduced VLSI- 
blllty wherem a llmlted amount of bad weather evaluatu3n was obtamed 

The 1959-60 test data verlfxd the prevmus observatmns m whxh very favorable pllot re- 
actmns were obtamed m clear weather operatmns The few observatmns that were made m 
poor vlslblllty also mdxate that the centerlme system 1s a desirable adjunct to the exlstlng 
llghhng system But an evaluation of the system in very poor vlslblllty condltlons 1s still m- 
complete 

Hardware development and mstallahon problems associated with the appllcatlon of small, 
low-wattage hghts have for all practxal purpose been solved through the work of various agen- 
cles The roughness has not proved to be a problem and new designs are now avallable with 
even lower projectIons above the runway 

The prmclpal problem that remains to be solved 1s what pattern and brightness xv111 best 
serve the visual requirements of the pllot ? The narrow-gauge arrangement now under evalua- 
tlon 1s only one of several which need to be mvestlgated In fact, there 1s some evidence that 
It may not be the best ConfIguratIon Work needs to be contmued on this aspect of the visual 
alds problem 



1. Introduction 

This report covers an extensmn of work on runway llghtmg that has pen underway smce 
1958 and prevmusly reported upon m an Interxn Report dated April 1959, as well as m a report 
on exit taxways dated August 1958 2 This report concludes the work on runway llghtmg under 
contract AMB-BRD-4 

The prevmus reports covered (1) the mltlal experunental work on taxlway guidance at 
McClellan Air Force Base, (2) the development work on patterns of light m an expenmental fog 
chamber, (3) the San Francisco Awport mstallatlon of the runway centerlme llghtlng system, 
(4) a pllot evaluation of the San Francisco mstallatlon, and (5) a report on the exploratory work 
on roll-Out gutdance that was done at the Dow Air Force Base m conjunction with PrOJeCt Narrow 
Gauge 

The present report covers the contmuatlon of operatmnal tests at the San Francxco Inter- 
nahonal Axport and other work that has been completed suxe the submlsslon of the Interim 
Report 

After rewewmg the Intenm Report, the Federal Avmtum Agency felt that it would be advls- 
able to contmue operatmg the centerhne llghtmg system at San Francisco for at least one addl- 
tmnal wmter season m order to get more pllot evaluatmn and experwnce on the mstallatlon m 
low-vlslblhty weather This declslon stemmed prlmanly from the fact that the evaluation by 
pllots had been largely under condltlons of relatwely clear weather In addltlon, It was thought 
dewable to obtam more pllot reactmns to the mechanical effects expenenced as aircraft trav- 
elled over the fxtures Fmally, addltmnal data on maWenance of the lights m the touchdown 
zone was deemed to be desirable 

2. Procedure 

A descrlptlon of the mstallatmn mcludmg the basic information on the llghtmg fixtures and 
the wlrmg 1s gwen m the previous Interim Report referred to above The layout of the system 
1s shown m Fig 1, and the lnstallatlon details are shown m Flg 2 

Because the ongmal mstallatmn was deslgned for experimental purposes, not for perma- 
nent operabons, contmuation of the project for another winter season required rehabdltatlon of 
the centerlme system This meant that all of the wires, home of whxh were prevKmsly taped 
to the runway surface, had to be embedded m the pavement This was accomplished by cuttmg 
grooves l/4 u1 wde and 3/4 m deep m the runway adlacent to the hne of fixtures, using a Con- 
crete saw details are shown m Fig 2 

Other changes Included soldermg all pIgtall connectors to the feeder lmes and soldermg all 
electrxal ]omts where the lateral supply lmes met to furnish power to the longltudlnal center- 
lme branch cwzults (after varmus types of solderless connectors had been trxd wlthout success) 
The varmble-spacmg clrcults previously used were ellmmated, provldmg an Installation m 
which all centerlme lights were swtched on or off together. The lights at the threshold end (m 
the 200-ft-long parallel Hnes) and m the transverse bars (on lOO-ft centers) could, however, be 

1 Fmch, Dan M , Horonjeff, Robert, Ahlborn, Gale, Howard, Jerry. and Dunlop, Don A,, Evaluation of 
Surface Mounted Lights for Runway Guidance An lnternn Report wnducted for the Operations Analysis 
DIrectorate, Bureau of Research and Development, Federal Aviation Agency, Contract No FAA/BRD-4 
Api- 1959 31 PP 

2 Horon]&. Robert, Flnoh, Dan M , Belmont, Dame1 M and Ahlborn, Gale Exit Taxway Location and 
Design A Research Project conducted for the Airways Modernization Board, Contract No Am-4 
August 1958 90 PP 



Fq 1 - Installatmn at San Franc~sco Internatmnal Amport after Dee 15, 1959 (extensm to Runway 28R completed) 



Fig 2 - D&a11 of fmture and wlrmg connectmns 
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swtched separately Each llghtmg cwcult was mdependently fused and supplled by Its own 
transformer at the side of the runway (prevmusly, several c,rcu,ts had been mterconnected 1” a 
parallel system) The separatmn facllltated trouble-shootmg and mamtenance 

Pnmary dxtrlbutmn wres were placed along the edge of the runway, lymg on the ground 
The supply wwes were all bussed together and addltmnal copper was added to the ““tml system 
to reduce the voltage drop at the threshold end of the runway Addltmnal copper was provided 
m several parts of the system to reduce prevmusly observed voltage drop 

In order to determme how many times the system was used and how long It was I” use each 
time, a set of counters and time registers were added to the control system L” the Field Llghtmg 
Bulldmg 

Fight questmnnawzs were agal” dlstrlbuted to the arlmes The Operatmns OffIce of each 
awlme was asked to have a few key pilots use the hghtmg system preferably under condltmns of 
IFR (poor vwblllty) and to fill out the questmnnalres A sample of the questuxmalre 1s mcluded 
I” the mterlm report 

The control tower personnel were asked to obtam comments of the pllots durmg low vxlbll- 
Ity weather condltmns whenever feastble 

Arrangements were also made to fly m a small awcraft (Cessna 310) eqmpped with full I”- 
strument landmg facllltles, so that observatmns and photographs could be made by pro]ect per- 
sonnel dunng condltmns of m,“lmum vwblllty 

The lights were I” place on runway 28R contmuously from the start of the pro]ect 1” October 
1958 Between March 1959 and December 1959, they were avaIlable to the pllots, but they were 
not mamtamed on a regular basis The rehabllltatmn of the centerlme llghtmg system was corn - 
pleted on December 15, 1959, the counters and time registers were 1” operatm” on December 16, 
1959, and the hghts were I” operatmn through March 7, 1960, after which they were dmconnected 
and dmmantled 

3. Results 

The total usage for landmgs as automatically recorded 1s shown 1” Table 1 It ~11 be noted 
that the low brightness settmg was requested 4 times for 3 5 hours, medmm brightness, 34 
times for 22 5 hours, and high brightness, 33 times for 17 0 hours In 79 days, 71 landmg ar- 
craft requested the use of the lights They were I” operatm” for 43 hours, always 1” co”]u”ctm” 
with the approach and runway edge Ilghts 

The requests were made dwectly to the control tower by the pllots No record 1s avallable 
of the vxlblllty condltmns when the requests were made It 1s known, however, that poor “H- 
blhty condltmns did prevail at times durmg the 79&y permd 

On the assumptmn that at least some of the landmgs occurred I” poor weather, the large 
number of requests for medmm and high brightness would seem to mdlcate that the low brightness 
setting was not satisfactory for condltmns of restrlcted vwblllty 

Under condltlons of partially restrlcted vlslblhty the medmm settmg was probably sahsfac- 
tory, while for the more severe weather condltmns - “ear the m~nmmm permlsslble for landmg 
at San Franc~sco (ZOO-ft cellmg and l/2-mde vw~al range) - the high brightness settmg was 
apparently desrable 

Unfortunately, there were very few permds durmg the wmter of 1959-60 when mlmmum 
weather condltmns were encountered Thus the questmn of the bnghtness reqmrement still re- 
ma,“s unanswered 

On December 11, 1959, between 9 45 and 10 15 a m , eight arcraft landed when the weather 
was “ear l/Z-m& visual range and ZOO-ft cellmg The weather was clearmg rapldly toward the 
end of the interval The awport had been closed for more than a” hour because of ground fog 
There were a number of arcraft 1” the stack waltmg to land The pllot of the fwst axcraft re- 
quested that the centerlme lights be turned on at the high brightness settmg More axcraft 
landed later 1” the morning, but both the wsual range and cellmg were rlslng rapldly Each 
time a” awcraft landed the control tower personnel sohated comments from the pllots concern- 
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TABLE 1 - RECORD OF USE OF CENTERLINE LIGHTS 

Date of 
Recordmg 

of the 
Registers 

Dee 18 
1959 

Dee 28 

Jan 9 
1960 

Jan 15 

Jan 21 

Jan 27 

Jan 30 

Feb 2 

Feb 12 

Feb 18 

Feb 19 

Feb 23 

Mar 2 

Mar 7 

NO Low Brightness Medium Brightness High Bnghtness 
Days 

1” No Times No Hrs No Tunes No Hrs No Times No Hrs 
Interval Operated Used Operated Used Operated Used 

0 0 0 0 0 0 0 

10 3 05 3 2 3 0 1 

12 0 0 7 15 3 4 1 

6 0 0 2 05 2 0 1 

6 0 0 4 3 3 01 

6 0 0 5 2 2 02 

3 0 0 1 3 3 19 

2 0 0 0 0 8 63 

10 0 0 0 0 1 18 

6 1 3 0 0 2 12 

1 0 0 0 0 1 07 

4 0 0 6 65 0 0 

8 0 0 5 3 0 0 

5 0 0 1 1 5 05 

TOTALS 79 days 4 times 3 5 hrs 34 times 22 5 hrs 33 times 17 0 hrs 

mg the expermental hghts The pIlots of the first two amcraft mdlcated that the lights were 
qute helpful m mamtammg alignment and m ldentlfymg the runway surface The other pllots, 
especially Nos 6, 7 and 8 m the sequence, mdlcated that the hghts were not of any partxular 
help to them This 1s understandable suce the fog was dlsslpatmg rapldly toward the end of the 
above permd and the pllots could clearly see most of the essential surface detail on the runway 
mcludmg the pamt markings, edges, etc Under such condltmns I” the dayhght It IS questmnable 
whether any llghtmg system 1s necessary 

0” October 22, 1959, a Pan Amerxan Anways axcraft landed durmg the early mornmg 
hours before daylight m “ear m,“unum vlslblllty condltmns After holdmg a nommal amount of 
tnne he was permltted to make an approach The centerlme lights were turned on at the high 
brightness settmg The alrcraft came m and landed The amport operations superwsor on duty 
at the time made a” entry in his dally log book of whxh the followng 1s an extract 

“Buldmg and areas quiet through most of this shift The celling and vlstblllty was 
up and down from mtdmght to about 0600 Pan Amer~an flight 516 arrwed about 
0500 wth a reported 300 feet and l/2 mile, while taxlmg m a specml was sent that 
showed l/2 mile and 100 feet Talked to the pllot and asked his opmmn of the center- 
hne lights and he stated that they were the answer to weather landmgs He also stated 
that wlthout them he didn’t thmk that he could have made It Thw Info might be for- 
warded to Mr HoronJeff The field constructmn Inspector was m and stated that 
they had a lot of work to do at the end of 28R and requested that the runway be closed 
for landmg This request was granted ” 
No extenswe crltlclsms have been received wth regard to visual problems created I” landing 

or take-off on lights unbedded 1” the runway Only a few pllots have objected to landmg on top of 
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a” array of lights The few ObJections were usually to the mltxl experience After a few trials 
the obJectlow usually subslded 

Durmg the year and a half that the hghts were on Runway 28R at San Francisco, pllots reg- 
lstered no complamts as to roughness, either with the operations offxe at the axport or wth 
them own company representatives Durmg mtervlews with pllots and m general dmcusslons on 
the subJect of roughness, It was brought out that the bumps were notlceable but not ob]ectionable 

In order to gam first-hand experience wltb the llghtmg system and to get some photographs 
of the mstallation, personnel of the proJect made test flights on February 24, March 2, and 
March 7, 1960 The March 2 flights Included several simulated landings, made at about 10 a m 
with a 300-ft cellmg and 1-mile visual range It was found m these tests that as soon as one 
broke through the well-defmed ceilmg and had more or less unrestricted forward visibility, it 
was not necessary to have any llghtmg on the field When the plane was at a substantial dwtance 
from the threshold, on the approach, the strobe bghts 1” the approach llghtmg system were help- 
ful, and at a later time, while still m the overcast, the regular approach hghts became vwble 
This occurred at about the tnne that the celhng was penetrated, and from there on m httle If any- 
thmg was gamed from any lights 

The landmgs were recorded on 16 mm film and are submltted as part of this report In 
addltlon, still photos were taken m clear weather at mght from various positIons along an ap- 
proach path (Figs 3 to 11) 

4. Other Developments Since Interim Report 

Smce the issuance of the Interim report, addItiona pilot questionnaires were received The 
questionnaire 1s shown in the Interim Report Table 2 summarizes the results of the addltlonal 
questionnaires The 10 responses shown m Table 2 are supplementary to the 60 reported in the 
Interim Report Although the llghtmg mstallatlon was designed primarily for use m low-visibility 
conditions, the 10 questionnawzs received since the Internn Report were all for clear weather 
The clear-weather performance of the system is generally very good as Indicated in Table 2 and 
I” the comments Included below The same reaction was noted previously in the Intern” Report 
We would now expect more of the same in any future clear-weather evaluation The unedited 
comments of the pllots on these supplementary 10 questlonnalres are as follows 

Centerline lights very good for directional gmdance 
These lights are a dtstmct assist and, I belleve, a better aid than the runway side bar or 
fluorescent llghtmg such as 1s Installed at DCA, which seems to me to Include leveling off a 
httle high 
This system IS far superior to any I’ve used to date 
Do not feel thx system any better than floods used at Washmgton Natlonal 1” ConJunctlo” 
with flashmg strob light on approach lights However, I have only used thw SF0 light 
system twxe and both times under CAVU condltlons It 1s posstble that using It under low 
vlslblllty - IFR condltmns wll brmg out Its best and new abllltles 
I have made three landings using the centerline lighting at San Francisco and find they were 
all effected by poor depth perceptmn due to reflection from the centerlme lights one m par- 
txular was made on a wet runway wtth light ram, reflectlo” distorted depth perception so 
bad that we found it necessary to apply power and drag the runway and feel for a landmg 
In my opmmon the system presents no Improvement over the conventional system having 
lights along the edges of the runway 
Runway approach lites, threshold lutes, and htes on touch down area are desperately needed 
wth faster equipment commg on and wet runways reqummg the Jet to touch down m the proper 
spot to make a safe stop A report on one landing, such as this, is not suffxlent to Judge a 
system I urge you to use your good offlces to set up many testmg and evaluation procedures 
so we can get good llghtmg and standard llghtmg so one can make the same safe approach and 
landmg no matter which termmal or runway he may be usmg 



TABLE 2 - SUMMARY OF PILOT EVALUATIONS 

Total of 1” questmnnalres 

Evaluation 

Number of Answers 

For dsytnne 
For n~ghttlme vlslblllty of vwblllty of 

More LeS8 More 
than 1 to than than 1 to 

2 nn1es 2 nnles 1 nnle 2 m11es 2 InlIes 

1 The centerlme l&t8 were fn-st seen 

a Before reachmg the mlddle marker 
b After reachmg the mlddle marker 
c Not until the runway threshold was seen 

2 Br,&tness of centerhne hghts at threshold was 

a Satlsfactoly 
b Too bright 
c Not bright enough 

3 Br&ness of centerlme hghts at flare-out was 

a Satisfactory 
b Too br,ght 
c Not br,ght enough 

4 The bar and parallel strw lights 

a Were a help m ldentlfymg the runway threshold 
b Were NO help m IdentIfylog runway threshold 

c Were a help lo allgmng axcraft wth centerlme 
d Were NO help m ‘I ‘I I1 II 

e Were an ad m percewmg he&t above runway 
f Were NOT an aId ,r, I’ ‘! ” ” 

g Helped m defmmg axcraft attitude 
h Were of NO help m defmmg alrcraft attitude 

5 Extension of the parallel strip and bar hghts 

a Would have been an aId to you m this landmg 
b Would have been of NO aid m th,s landmg 

6 Dlrectlonal gudance of centerline hght wae 

a Superior to convc”tlonal system of 11ghts along 
runway edges 

b NO xnprovement over the convent,ona, system 

1 Roughness caused by rolhng over the fLvtures 

a Was tolerable 
b Was NOT tolerable 

9 
0 
0 

9 
0 
0 

1 
2 
0 

3 
6 

8 
1 

8 
1 

1 
0 
0 

1 
0 
0 

1 
0 
0 

1 
0 

1 
0 
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7 This was my frst experxnce with these hghts and I thought they were great’ The DCIIC 
has very poor landing lights compared to previous arcraft I have flown and these new run- 
way lights lllummated the runway so that a better and safer landmg could be made 

I b&eve, from the frst experience, that the combmatlon of these lights and the con- 
ventlonal lights are better than either one alone There was no questlo” at any txne of 
exactly where one was - both I” last mmute altitude and distance down runway after landmg 
It 1s a lot sunpler to look ahead down runway rather than be glancmg sldeways at lights on 
edges of runway 

An extension would probably be a “refmed Improvement” but I would like more exper- 
lence on that before reachmg fmal declslon They should not be less than the 5000’ as durmg 
certam condltlons a long landmg might be made In that case It would be necessary to know 
how much runway remams With the present 5000’ of lights, after rollmg beyond them, the 
pllot then would know how much runway remamed and therefore with that knowledge would 
not have to execute a ‘go around ” 

I thmk they are excellent and contrlbute to better approaches, better landmg, and safer 
condltlons all around 

8 Roughness of ramed lights as nosewheel passed over same at high speed was margmal The 
Unpact was clearly felt 1” the a1rcraft 

9 Parallel lmes of lights would be more useful than smgle row 
10 Weather - overcast @ 50T - Very light ram - predawn 

Lights appear “grouped” @ middle marker - unable to pick out markers, etc Centerline 
hghts are bothersome - most pllots landmg to one side or the other to avold them 

The lack of visual assistance noted I” answers 4d, 4f and 4h 1” the quest~onnalre in correct- 
lng the attitude of the awcraft 1s explamed by the fact that a smgle centerlme ~111 not give com- 
plete mformatlon on bank, pitch, height, or distance-to-go along the runway It does provtde 
drectlonal guidance and I” conlunctlon wth the runway edge lights a centerlme ~111 fill m much 
of the needed mformatlon 1” attitude and height But more pattern on the runway such as the 
parallel lmes suggested by one pllot ~111 be requwed I” a flnal system 

The ob]ectlon to landmg on the lights as expressed by one pllot 1s a matter of experience and 
trammg With very few exceptlons, the commercial a~rlmes pllots us,“g the San Franc~sco m- 
stalk&on have not expressed any ob]ectmn to landmg on the llghted runway It may be noted, 
however, that at flare out III clear weather, a substantial percentage of the pllots ob]ected to the 
high brightness of the lights 

It was wth this I” mmd that the wattages were tapered from 15W to 1OW to 5W to 3W along 
the centerlme Perhaps the transltlon used at San Franc~sco was not rapld enough This feature 
should be noted by designers of runway hghtmg systems and cautlo” should be used I” placing 
high wattage, high brightness sources I” the flare-out regmn of the runway 

Smce the lnltlal concept of small button lights was Introduced, a number of slgmfxant de- 
velopments have occurred whxh have established the practlcablllty of the concept as follows 

1 The Dow AFB tests on Pro]ect Narrow Gauge have been completed * It was observed I” 
these tests that the 3, 000 ft of narrow gauge lights placed on a 60-ft gauge begInnIng at the 
threshold was not entirely adequate for landmg alrcraft durmg very low vlslblhty condltlons 
The arcraft were touchmg down at or “ear the end of the 3,000-ft “arrow gauge system 
The pllots needed addltlonal guidance beyond the end of the system A CenterlIne was I”- 
stalled using lo- and 5-watt lights spaced 12-l/2 ft centers The centerlme system provided 
adequate roll-out guidance for all awcraft 1” the test program and was a very desirable 
supplement to the narrow gauge lights Accordmgly the U S Ax Force 1s advocatmg the use 
of the small button lights for delmeatmg the centerhne of the runway beyond the “arrow gauge 
lights 

2 ~~hta~y speclf1cat~o” NO MIL-L-27237 [USAF), was Issued on September 9, 1959, sptxdy- 
,“g the button lights to be used on m111tary awflelds a umt approxunately 8 1” I” dximeter, 

* Strong, Co] Roy L Cutegory 111 Test of a” Inte~~ted Approach and LandmE Ald System Westover 
AFB. Mass lhghth Au. Force, June 1959 
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with a 45-watt quartz lamp, mstalled so that Its top 1s essentially flush with the runway sur- 
face This speclfxatmn, other than the power of the lights, 1s a direct outgrowth of the 
hardware and concept whxh was conceived at the Umverslty and tested at Dow Air Force 
Base (lo- and 5-watt lamps proved satxsfactory m the Dow tests) 
The U S Army Corps of Engmeers has developed a procedure for mstalhng the button lights 
at mllltary axfIelds This procedure 1s summarxed on drawmg No V-2 -17-1, “Installatlo” 
Details Pancake Centerlme Llghtmg I” Rlgtd Pavement Runway” whxh has been prepared by 
the Ohlo River Dlvlslon LaboratorIes, Marlemont, Ohlo, dated November 1959 The Corps 
of Engmeers has worked out details concernmg concrete sawmg, groovmg, cylmdrxal core 
cuttmg and the use of epoxy resins 
The Federal Avxitlon Agency’s reactmn to the concept of small, closely spaced, low-wattage 
lights has been favorable Usmg this concept, the FAA undertook to develop the hardware 
for general alrport use The FAA refers to these hghts as “pancake,” and to the experl- 
mental hghts developed by the Umverslty as “button,” over-all dnnenslons of the two ““Its 
are “early the Same 

The “pancake” lights have been mstalled on a runway and a taxlway at the NatIonal 
Avlatlon Faclhtles Experunental Center* at Atlantic City, N J along with other types of 
hghts The evaluation of the “pancake” hghts IS now under way under the project name of 
“Operation White Way ” The pancake light utllmes a 45-watt lamp 
0” February 2, 1960 the New York International Axport placed I” servxe a new runway 
(4R-28L) that 1s equipped with centerhne lights of the Elfaka design on lOO-ft centers This 
runway has four high-speed exit taxlways (two m each dlrectmn) that are also equipped with 
centerlme hghts, these are pancake type on 20-ft centers It 1s expected that operatIona 
results ~111 be avaIlable soon Prelxnmary InformatIon from the Port of New York Author- 
1ty engmeers and personal observations by our personnel mdlcate that the guidance system 
on the runway and the exit taxlways 1s worklng very well Pllots regarded the centerlme 
lights on the exit taxlways as too bright when they were operated at the full 45-watts, they 
have .smce been operated at about lo-watts 
A centerlme llghtmg system conslstmg of small 5-watt, button-type lights spaced 25-ft has 
recently been Installed on a 1500-ft taxIway at San Francisco International Alrport It 1s 
planned to have the swltchmg arranged so that the centerlme or edge lights or both ~111 be 
avaIlable PIlots’ opmlons of the mstallatlon ~111 be obtamed 
A number of foreign aIrport operators are experrnentmg with the button lights At Malmo, 
Sweden, a combmatlon of centerlme hghtmg and moddxd runway edge flood llghtmg 1s bemg 
used At Stuttgart, Germany, a research group has several of the Umverslty of Callfornm 
lights and 1s experunentmg with the centerlme patterns and hardware I” England, several 
fmms are bulldIng button-type umts for experimental use I” France, several axports m- 
cludmg OrlyAlrport at Paris are experxnentmg with the button hghtmg concept 
Manufacturers of the lighting fixtures and components have been busy durmg the Interval 
smce the completion of the Interun Report The manufacturers of low-wattage bulbs m 
Europe, namely, Osram, Phllhps, and Lucas, at our suggestlo”, have worked on xnprove- 
ments m tubular bulbs We now have samples of the Improved bulbs m all wattage smes m 
the same sme glass envelope so that the 3-, 5-, lo-, and 15-w&t bulbs can easily be mter- 
changed A treated glass 1s now avaIlable which ~111 improve the thermal shock character- 
IstIcs The end cap contacts are attached with a waterproof cement to provide better weather- 
l”g These Improvements should elunmnate many of the servxe failures expenenced durmg 
the mltlal mvestlgatlons Several American manufacturers (General Electric Co and the 
Tung Sol Electric Co ) have also developed tubular-type bulbs that ~111 serve both for arport 
llghtmg ““Its and for automotive purposes 

I” the field of higher wattage bulbs, the quartz-mcandescent lamp has appeared I” 25-, 
45-, loo-, and 200-w&t smes These are currently bemg made by the General Electrx and 
Sylvama campames The quartz lamp has several features that are clamxd as advantages 

* Along the centerline of the enbre runway on ZO-ft centers, and along the centerline of one high-speed exit 
tax”vay on lo-ft centers 



It operates on a” lodme cycle wtuch keeps the bulb walls clean on the InsIde by removing the 
black tungsten deposits that normally occur If operated at the desx&n temperature the bulbs 
remal” almost constant I” brightness throughout thew life The quartz envelope 1s xnper- 
wous to thermal shock, as from ram, snow, cold blasts of am, etc The surface tempera- 
ture of the quartz bulb 1s said to be high enough to burn up dwt accumulations on the surface 
(tins claim remains to be verdIed by serwce testmg) The 45-watt quartz lamps are bemg 
used m the NAFEC tests and 1” the lamps Installed at New York on Runway 28L-4R Serv~e 
test results should be forthcommg 1” the “ear future 

Manufacturers of transformers and ser~xe components have mdxated a wlllmgness to 
build dwect-burlal transformers to FAA specdxatlons for use wth the 45- and lower wattage 
bulbs A tentative design has been worked out by one of the manufacturers for the 5-watt 
lamps to be Installed 1” the taxway centerlme of the San Francwco International AIrport 

l%lm cut-out umts have been made avaIlable for the 45-w&t bulbs, permlttmg their use 
I” seruzs circuits If one lamp burns out, the film cut-out ~111 short and the remalnlng lamps 
1” the crcult will contmue to operate Serws cwcults have the advantage of smpler wring 

5. Observations and Conclusions from Tests 

1 PIlot reactIons to the hghtmg system set 1” at the San Francmco International AIrport on 
Runway 28R have generally been favorable for the mghttrne and semi-dark concht~ons, 1” 
clear weather and I” the few tmxs when vmlblllty was restrxted Many personal lnterv~ews 
with pilots who have used the hghts have corroborated the above co”clus~on The test pro- 
gram 1s mconcluswe Insofar as very poor vwlnl@ conchtlons are concerned 

2 DaytIme operation of the centerlme hghtmg system wth cellmgs of 200 ft or more mchcate 
that under these concbhons the hghts are of questIonable benefit When a” axcraft breaks 
through a 200-ft or lugher ce~lmg 1” daytme, the Inlot can see the runway threshold, the 
edges, the markmgs on the surface, and other Items I” the surroundmg terram whxh @ve 
h”n the requwed wsual mformatron to proceed wtth the landmg The lights can be see”, but 
they add very little This conclusion does not imply that the lights would not be helpful m the 
daytme d the overcast extended to the ground Under such conchtlons the aircraft would not 
break out Into relatwely clear a”. and the wsual range would be restrxted all the way to the 
touchdown pomt Under such condltlons the lights would undoubtedly aid the PIlot 

3 The roughness of the button hghts on the surface of the runway m the touchdown zone and 1” 
the roll-out zone was not a problem wth any of the commercml aIrcraft The PIlots dtd not 
complam about the roughness, but when asked, stated that they could feel the hghts The 
surface roughness 1s more pronounced for smaller axcraft While no actual structural 
damage was rendered to any of the axcraft using the runway, the pilots may have had psy- 
chologxal reactions agamst the perlochc bumpmg caused by the hghts, especmlly If they chd 
not know what the bump was due to After the pilots had gamed a httle experience wtb the 
hghts and found they would not cause structural damage, there was practically no hesltatlo” 
I” using them and they merely moved shghtly to one side to elrmnate any psychologxal 
annoyance 

4 The mstallatlon techmques are now largely solved The electrxal cmcult for the system 
can be set up on e~tber a series or a multiple system Transformers, current regulators, 
and control gear are all wallable The wire ~lzes and connectIons have been worked out 
with practxal methods developed by the Corps of Engmeers, the Federal Aw&on Agency, 
the Port of New York Authority, and the Umverslty of Callfornla There are practxal 
methods of sawmg, slottmg, and counterbormg m concrete and asphaltlc materials, and 
epoxy materials have provided a means of settmg and holdmg the fxtures I” place 

5 Dwt accumulation was not a problem on taxways or on the roll-out area of the runway Pro- 
peller or let blasts tended to sweep chrt out of the lamp compartment In the touchdown 
zone, however, accumulation of rubber proved troublesome Upon tire contact at touchdown 
some rubber 1s vaporized,, ti”s vaporized rubber condenses on all oblects nearby - mcludmg 



11 

fxture and bulb If the pomt of contact happens to be near them After repeated tme contact 
bulbs became nearly black and sometimes almost opaque Cleanmg with carbon tetrachlo- 
ride by means of a small, power-rotated brush proved effective but somewhat laborious It 
1s possible that a better cleanmg techmque can be developed 

Proponents of the 45.watt quartz bulb mdxate that Its 350’F surface temperature, be- 
Ing high enough to evaporate rubber, may make eleamng unnecessary This would argue 
for use of thm bulb m the touchdown zone 

6 Snow was not involved “I the tests at San Franc~sco It 1s understood however that I” snow- 
plow tests at NAFEC and at New York International Awport llghtmg ““Its sealed m an epoxy 
resm stood up adequately Snowplows operated at up to 45 m&s per hour wth blades rest- 
mg on the runway surface wlthout structural damage to the llghtmg units or plows Ice, ram, 
snow, and other slush or muck condltlons ~111 not bother the electrical operatm” of the ““Its 
Adequate heat 1s developed I” even the low-wattage umts to melt ice under most temperature 
condlhons In extreme cold, It may be necessary to “se the higher-wattage ““its, such as 
the 45-watt quartz lamp Ram and slush ~111 not cause fallure due to thermal shock m any 
of the ““Its usmg “nproved low-wattage sources 

6. Concluding Remarks 

It has been several years smce the mltlahon of the fwst protect m this country concerned 
with placmg lights m the runway It may be helpful to rev,ew the accomplishments to date The 
experiments at Dow Air Force Base, at San Franc~sco International Arport, and the permanent 
lnstallatlo” at New York International Alrport all mdlcate that lights m the runway pavement 
proper are an xnprovement over the conventlana system of hghts along the edges of the runway 
Rapld strides have taken place m the development of the hardware for uxtallatlon m the pave- 
ment 

What 1s urgently needed 1s the establishment of the hght pattern which ~111 be most benefxlal 
to the pllot More mformatlon 1s needed on spacmg and mtenslty N&her has been demonstrated 
I” a ~o”~l”swe manner by the hve tests to date The fact that pllots are favorably mcllned to the 
“arrow-gauge pattern (as at Dow AFB) or centerlme (as at San Franc~sco) merely mdlcates that 
somethmg mstalled 1” the pavement surface 1s more desrable than nothmg at all 

I” the San Francr,co tests only a smgle centerlme was used This was consIdered to be far 
better than no centerlme and did g,ve alignment mformatmn and some feelmg for the surface m 
the central area of the runway AddItIonal parallel lmes have been proposed and have been tried 
on the DA LTO S mmlator at NA FEC The parallel lme pattern has been favorably recewed by 
most pllots that have used the smmlator Also, the contmulty or degree of dlscontmulty that a 
hne may have and still remam useful as a guldelme 1s still not settled 

The live tests that are contmumg at NAFEC and the mstallat~o” at New York International 
Amport ~111 possibly shed some light on the problem of mtenslty and spacmg but not much on 
pattern The llghtmg mstallatlons at both places are on ZO-ft centers and use 45-w&t lamps I” 
the llghtmg units 

The importance of the dlrectlon of the lmes on the runway 1s quite evident m the tests that 
have been made to date Both still photographs and motlon pxtures make It apparent that m 
restrlcted vlslbxllty the longltudmal 1”~s are more vlstble than the transverse lmes This state- 
ment has been venfled by observations of many people The longltudmal pattern provides a 
system where the mdwtdual hght sources add up to develop a higher effectwe bnghtness Thm 
effect occurs under both statw and dynamic condltlons If the longltudmal spacmg between light 
bulbs 1s close to the mmunum angle of resolutmn In longltudmal Imes, even though the spacmg 
1s quite substantm.1, the effect of motlon causes a foreshortemng m the longltudmal dmectlon and 
the persistent trace on the retma of the eye further merges these sources together to help develop 
a contmuous llghtmg pattern Transverse lmes, on the other hand, tend to be see” as mdwldual 
light sources The above effects under reduced weather condltlons are even more startlmg Our 
tests pomt out the desrablllty of bulldmg up the brlghtness pattern on the runway usmg longltudl- 
“al rather than transverse lmes 





\ . ; 

13 

3 



_- . 

14 

The need for meamngful patternmg of the lights m the runway 1s also evtdent from the tests 
and the photographs The supplemental mformatlon that was supphed by the small amount of 
addlhonal llghhng at the threshold 1s qwte slgnlfxant If one compares the visual mformatlo” m 
and around the threshold region with that after the threshold 1s passed This effect may be noted 
m the sequence of pxtures shown m Figs 3 to 10 There 1s evidence to show that the centerlme 
does provide dwxtlonal mformatlon m the air and adequate mformatlon on the ground for roll- 
out But It does not gwe enough mformatlon on height or rate of closure with the runway, or dls- 
tance left to go along the runway Also a smgle centerlme can be confusmg msofar as roll or 
bank IS concerned If one 1s not dwectly over or aligned with the centerlme pattern Under con- 
dltlons of lateral displacement, It 1s not xnmedlately evident from a smgle centerlme whether or 
not the arcraft 1s m a bank or 1s laterally to one side of the lme Such mformatlon becomes 
abundantly clear, however, when multiple 1”~s are present m the fwld of view Thus, the run- 
way edge lights plus the centerlme are adequate under normal condltlons to supply most of the 
vwual mformatlon needed On the other hand, when the weather 1s bad, addItIona llnear patterns 
and surface texture mformatlon m the pavement are quite desirable 

The questlo” that may arise 1s lust what has the San Francisco mstallatlon accompllshed7 
It has not settled any of the basic xsues (pattern, mtenslty, spacmg) previously mentloned How- 
ever, by exposmg the system to a wde cross-sectlo” of lme pllots and axcraft (mcludmg lets) 
the pro]ect has been useful m demonstratmg the practxablhty of usmg small closely spaced lights 
for guidance Sclenhflc analysis and experiments are important steps m research of this kmd 
but fmal acceptance must come from the operators of alrcraft We belleve that the mstallatlon at 
San Franc~sco has been useful I” this regard 

So far, only the runway and exit taxways have been dlscussed It seems to us that button 
lights are Ideal for general taxway guidance On other than high-speed exit taxways It would 
seem to us that a fixture more economical than the one currently developed for the FAA can be 
devised The taxway mstallat~on at San Francisco International Axport previously mentioned 
~111 provide mformatlon on this matter With centerlme llghtmg on taxways the need for con- 
ventlonal blue side hghts should be mvestlgated 

Fmally, there 1s a need to estabhsh the role of the conventmnal runway edge lights If lights 
are placed I” the pavement as a centerlme oi- I” other patterns, do they and the runway edge 
lights need to be high mtenslty 7 Our experiments and experience to date would lead us to ques- 
tlo” the need for high-mtenslty lights, except m the approach zone 


