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FOREWORD 

The work described ,n thxs report was accomphshed by the Techmcal Development and 
Evaluatmn Center of the ClvlI Aeronautics Admmlstratmn under U. S Air Force P=OJeCt 

No. R656-2115-10 The necessary funds and equpment were supplved by the U.S. Air Force 
mder Purchase order NO. (33-600)-52-4354-E. 

Al1 of the exper,mentaI systems tested were assembled from components of the standard 
U S. Air Force portable high-mtenslty runway hghtmg system. This served a threefold 
purpose, viz.. 

1. It provided rna~lmum flenb,hty of expermental systems with a m,nmnum of manhours. 
2. It Insured that any system recommended would be practicable and capable of umnedmte 

praductmn and mstallatmn. 
3. It provided valuable operatmg experience wxth the standard components of the U. S. Al= 

Force system under controlled cond,txons not avaxlable elsewhere. 

Al1 lnstallatlons, tests, and analyses of data were closely supervIsed by Wright A&r 
Development Center engmeers, and al1 conclusu,ns and recommendations were reached by 
mutual agreement. The report has been revrewed and IS approved for publxatlon. 

G. M. Kevern 
Chef, Llghtmg Sectmn 
ElectrIcal Branch 
Equipment Laboratory 
Wright Air Development Center 



A LIGHTING PATTERN FOR RUNWAY ZONE IDENTIFICATION* 

SUMMARY 

Th,s report descrtbes an ,nvest,gatlon of var,ou~ methods of prowdIng a pIlot w,th wsual 
lnformat,on for determ,n,ng h,s long,tud,nal pos,t,an along the runway 

The runway zone-mark,ng system wh,ch ,s recommended ut,l,zes add,t,onal colored 
hghts located in the sect,on at each end of the runway to def,ne a safe touchdown area on the 
approach end and a cautmn area an the far end 

INTRODUCTION 

When a p,lot land,ng an arplane has passed a certan pa,nt ,n h,s approach. he must 
dectde whether he ~~11 be able to land w,th sufflc,ent runway length avalable on wh,ch to f,n,sh 
h,s landmg roll safely If th,s ,s not poss,ble, he xv,11 normally pull up and try another ap- 
proach In many types of a,rcraft, a p,lot ,s comm,tted to land very early ,n h,s approach If 
th,s ,s the case, he must land and. If necessary, take emergency measures to stop the a,rplane 
before ,t reaches the end of the landable area The p,lot of an arplane an take-off 1s con- 
fronted w,th a s,m,lar problem, that ,s, at some t,me dur,ng h,s take-off run he must dec,de 
whether he ~111 be able to become a,rborne or whether he must attempt to stop the a,rplane 
before ,t gets to the end of the runway 

In order to make sound dec,s,ons both on take-off and land,ng, the p,lot must know h,s 
long,tud,nal pos,t,on along the runway W,th runways as long as 10,000 feet ,n use today, ,t ,s 
often ,mposslble for h,m to see the full length of the runway because of terra,n or because of 
atmospheric cond,t,ons Even ,f cond,t,ons are such that the whole runway ,s v,s,ble, the lack 
of reference scale makes It d,ff,cult for h,m to determ,ne h,s Iocat,on w,th respect to the ends 
of the runway Th,s ,s especially true because of the var,at,on ,n wtdths of runways 

On runways equ,pped for all-weather mstrument operatmn, mark,ngs are somet,mes 
pa,nted an the runway surface to ,nd,cate 500-foot mtervals along the first and last 2,000-foot 
lengths These markIngs serve to ,nd,cate to the p,lot h,s pos,t,on wh,le near the ends of the 
runway, and they are very effect,“= m dayl,ght even under relat,vely poor v,s,b,l,ty cond,t,ons 
They become obscured by ram, snow, or d,rt. however, and often become obl,terated by t,re 
scuff marks 

There ,s def,n,te need for a v,sual a,d that w,ll serve at mght and under the poorest 
v,s,b,hty cond,t,ons to supplement the ,nformat,on g,ven by the panted runway mark,ngs A 
runway ILght,ng system. together w,th the threshold l,ghts at each end of the runway, should 
tell the p,lat qmckly and pos,t,vely whether he ,s able to land w,thm an area where there ,s 
avalable suff,c,ent runway for land,ng roll It should also warn h,m when he ,s approach,ng 
the end of the runway where he must either become arborne or stop qmckly In effect a good 
runway l,ght,ng system, ,n add,t,on to ,nd,cat,ng the locatmn and d,rectxon of the runway. should 
define a safe touchdown zone on the approach end of the runway and a warmng or caut,on zone 
on the far end of the runway 

Efforts have been made to prov,de some of th,s ,nformat,on by means of quarter- or half- 
way markers and by yellow warn,ng hghts For the latter. ,t has been standard procedure to 
use 180’ yellow filters ,n the 1,ghts along the last 1500 feet of a runway These are potent,ally 
useful ,n ,nd,cat>ng to the p,lot that he ,s approach,ng the end of the runway They do not mark 
the se&on on the approach end of the runway on wh,ch ,t 1s safe to land Th,s system ,s also 
relat,veIy IneffectIve because of the lack of contrast between the clear runway 1,ghts and those 
w,th yellow f,lters This ,nadequacy of contrast ,s so great that many pIlots have been unaware 
that such a mark,ng system exsted 

Recogn,z,ng the need for more adequate zone-mark,ng, the Department of the A,r Force 
requested the CAA Techn,cal Development and Evaluatmn Center to study th,s problem In 
add,t,on to the zone-markmg ,nvest,gat,on, th,s project also ,ncluded a study of the des,rabll,ty 
of reduc,ng the spac,ng of runway 1,ghts to less than the ex,st,ng ZOO-foot standard The 
exper,mental system was ,nstalled on a comparat,veIy narrow (150-foot) runway, and ground 

* Manuscr,pt submItted for publ,cat,on May 1953 
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and fhght observations were made of the various systems Further work was then done to 
lnvestlgate the addltmnal problems arlsmg with wtde (300-foot) runways While the studies 
were conducted with primary emphasis on the problems of mlhtary alrflelds, the results are 
apphcable to c,vll mstallat,ons also 

THE PROBLEM 

The optimum runway and threshold hghtmg system should 

1 Provide posltlve ldentlficatmn of the runway 
2 Outlme the runway 
3 Dlstmgush between the touchdown zone, the center or mtermedlate zone. and the caution 

or marnlng zone 
4 Provide zone Identlflcatlan lnformatmn from one lme only 
5 Define the entrance threshold 
6 Define the exit threshold 
7 Require a mlnlmum of power 
8 Be susceptible to brightness control 
9 Be phystcally compatible with present runway hghtlng systems 

The primary purpose of a runway hghtmg system 1s to defme the hmlts of the area on 
which an alrplane can safely operate The system must be such that It 1s easily ldentlflable 
from the air as a runway, and It must also mdlcate to the pilot the locatmn, dlrectmn. and 
extent of the runway In order to achieve these ends, the hghts of a runway hghtmg system 
must be of such mtenslty and spacmg that the pIlot can see sufflclent pars of Ilghts to ldentlfy 
posltlvely the lmes of light outlxmng the IandIng area, even in restricted vlslblhty condztlans 

For reasons already set forth, an effective runway llghtmg system should provide means 
for dlfferentlatxng the touchdown zone, the warmng done. and the lntermedlate zone Identl- 
flcatmn should be contmuous as the pIlot approaches and passes through each zone The lights 
used to ldentlfy the varxous zones should be as conspicuous as economlcally posstble but 
should not detract from the effective functmnmg of the standard Ilghtmg system in outllmng 
the runway area 

The system used to ldentlfy the zones should be apphed to both sides of the runway SO 
that lnformatmn 1s avaIlable from either lme of 1lEhts It should be b~d~rectmnal also so that 
the runway can be used for operations m either dl;ectmn 

The entrance and exit threshold patterns should be such that a umque mdlcatmn 1s pro- 
vxded to mark the begmmng and the end of the landable area Smce the threshold lights will be 
vlewed from many different angles. the pattern must be kept simple so that erroneous or mls- 
leadlng mformatmn 1s not gxven The entrance threshold lights should give an easily Ident,- 
fmble demarcation between the approach lights and the runway hghts The exit threshold 
Ilghts, m conJunctIon with the cautmn zone-marking hghts, should give an emphatic final 
warrung at the end of the runway They should be of a dlstmctlve color and confIguratIon m 
order to be suffxclently conspicuous among any miscellaneous lights that may be located 
beyond the end of the runway 

Both the basic runway hghtmg system and the threshold and zone-markIng lights should 
provide the best posstble gmdance to the pIlot at the least operating cost In order to com- 
pensate for varlatlons ln atmospheric vlslblllty, the system should be controllable as to 
mtenslty so that a hght sufflclently bright to be seen at an adequate dxstance dunng low-vulblhty 
condltlons ~111 not be extremely glarmg durmg clear weather The use of colored lights 
Introduces special problems when the brightness 1s controlled by varlatmn of lamp current 
Not only are the colored lights mherently less bright because of the absorption of the color 
filters. but the reduction in lamp current reduces the color temperature of the light emltted 
This produces a varlatlon ln the transmxsslvlty of the colored glass at Yarmus brightness 
settmgs A reductmn m hght color temperature mcreases the transmlsslvlty of filters ln the 
red-yellow end of the spectrum and decreases that of filters m the blue-green end of the 
spectrum 

The requirement that a modlfled runway llghtmg system should be compatible with 
present systems Includes the use of the same clrcults, controls, and equpment This 1s 
especially Important from a mllltary standpolnt for procurement and supply reasons. but It 
1s also advantageous m the case of clvl1 systems 
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TABLE I 

EXPERIMENTAL RUNWAY ZONE-MARKING PATTERNS 

IN-LINE PATTERNS 

Current standard system, clear l,ghts mformly spaced 200 feet 

Clear lights, 200-foot spac,ng ,n mtermedlate zone, loo-foot 
spacmg in end zones 

Clear hghts, 200-foot spac,ng ,n mtermedlate zone, alternate 
clear and colared hghts, IOO-foot spac,ng 1” end zones 

Clear lqhts. 200-foot spacmg ln mtermedmte zone, alternate 
clear and colared hghts. 200-foot spac,ng I,, end zones 

Clear lqhts, ZOO-foot spacing in mtermedlate zone, clear hghts, 
grouped spacmg ,n end zones 

Added 
Lxghts 

__ 

40 

40 

__ 

108++ 

SATELLITE PATTERNS 
(See Fig I) 

Fig 
NO - 

1A 

1A 

IB 

IB 

IC 

IC 

1c 

ID 

ID 

ID 

ID 

1D 

ID 

1D 

1D 

1E 

IE 

IO 

5 

5 

5 

10 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

Dumenslons (Feet) 
B C - 

5 

2 

3 

3 

3 

I 

3 

3 

3 

3 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

loo* 

loo* 

200 

200 

D - 

200 

200 

200 

200 

200 

200 

400 

200 

200 

200 

400 

500 

600 

400 

500 

400 

600 

40 

40 

80 

80 

40 

40 

20 

80 

80 

80 

40 

32 

24Cf 

80 

72 

60 

J6** 

*loo-foot spacmg of clear runway 1,ghts applms to end zones only 
**These fqures are based on the use of 1800-foot end zones 
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PROCEDURE 

Two general systems of zone-markmg were consIdered The f,rst system utlllzed 
extra hghts ,n hne w,th the regular runway Ilghts This system employs a s,ngIe hne of I,ghts 
on each s,de of the runway One pattern of th,s general type ut,lleed groups of clear lights at 
varied spacings, this gave a possible advantage of mcreased gudance resultmg from closer 
spacmg of hghts and d,d not have the disadvantage of dependmg on colored lights In another 
pattern of th,s general type, colored lights were alternated w,th the clear runway 1,ghts 

In the second general system of zone-markmg, addItIona colored hghts called satellites 
were located ad,acent to the regular runway hghts on a hne perpendxular to the runway 
centerhne Varlatlons ln number. locatmn, and spacmg of the satellites were tested for 
effectiveness by groups of observers Some prelrmnary observatxons on a pattern of thzs type 
had been made at the Landmg Atds Experwnent Statmn, Arcata. C&forma, in 1949 

As a prelrmnary mvest~gatmn of the effectiveness of various zone-markmg systems, 
perspective stud,es of the patterns were made These were drawn to show what the pxlat’s 
vrew of the runway would be from several different lateral and longltudmal pos,tmns at var,ous 
altitudes 

With equpment furnIshed by the Department of the Air Force, an electrlcal substatmn 
was constructed and a runway llgntmg system was Installed on the North-South runway at 
War Cook Mumclpal A,rport at lndlanapohs The hghts used ln the lnstallatmn were U S 
Air Force Type C-l h,gh-mtens,ty runway lights w,th 200-w&t. 6 6-ampere lamps The cable 
and the rubber-covered xolatmg transformers had molded-rubber connectors for easy con- 
nectlon and dlscannectmn of the clrcuts The cable and the lsolatmg transformers were lad 
on top of the ground, and the hghts were mounted on cone bases so that they could be relocated 
wulthout dlffzculty Clear hghts were located at loo-foot spacmg w,th a double arcutmg ar- 
rangement, so that either lOO- or ZOO-foot spacmg could be used A third c,rcut consIsted of 
blcolored hghts These lights were Type C-l runway llghte with 180’ color filters so arranged 
that the colored lights ,n the touchdown zone appeared green and those tn the cautmn zone 
appeared red 

Table I hsts the 22 patterns studled in thxs evaluation The current Air Force standard 
conflguratmn, wh,ch was used far comparison. IS Included as pattern No 1, this pattern 
provtdes no zone tdentlficatmn Four of the patterns used extra hghts I” lme w,th the rov,s 
of runway hghts One of these patterns, No 2 consIsted merely of lOO-foot spacmg of clear 
hghts ,n the end zones and the normal ZOO-foot spacmg I,, the ,ntermedlate zone In pattern 
No 3, the alternate loo-foot spaced lights I” the end zones \vere colored Pattern No 4 was 
s,mllar to No 3 except that 200-foot spacmg was mantamed for the entlre length of the run- 
way Grouped hghts were used ln pattern No 5, these were located and shxlded so that lights 
in groups of threes were located ,n the touchdown zone and ,n groups of twos ,n the warmng 
zone 

Colored sateIl,tes were used in the other 17 patterns Flgure 1 shows the relative 
locatmn of these satellites with respect to the clear runway lights Table I lists the patterns 
observed and the d,mens,ons applymg to Fig 1 This table also hsts the extra lights needed 
for the mstallat,on of each pattern ln 2000-foot zones on the ends of the runway If a lO,OOO- 
foot runvray ,s bemg constdered. these figures also give the approx,mate percentage of extra 
lights needed 

Extensxve ground and fhght observatlans of all patterns were made Many of the later 
patterns resulted from suggestlox made by observers after vlewlng the earher patterns The 
prmclpal cnterla used by observers to Judge the value of the various systems were, the ablhty 
of the patterns to md,cate the zones. the lack of mlsleadmg guidance at various angles of vxev,, 
and the procurement and operatmg econom,cs of the systems 

Successive observations were made to compare the varmus patterns Some of these were 
elunlnated after ground abservatlons ,nd,cated that they gave rmsleadlng or madequate mfor- 
mat,on After prelrmnary observatmns were made, the remamlng patterns were further 
evaluated by flight abservatmns When the most satisfactory pattern was determmed. an m- 
formatmn sheet descr,b,ng the pattern and Its purpose was dxstrlbuted to Interested agencies 
V,sltmg U S Air Force and U S Navy pIlots and TDEC pilots who observed the system were 
requested to f,ll out a carefully prepared questmnnare and to comment on the system in an 
effort to gather a cross-section of opmmn The mformatlon sheet and the questmnnaue are 
shown I,, the Appendm 

As a supplementary study to the runway zone-markmg problem, observations were made 
to determme the ,ncreased gudance afforded by shorter spac,ng of runway lights under low- 
vlslblllty cond,tlons To sxmulate these cond,tmns. the threshold lights on one end of the runway 



Fig 1 Satellite Zone-Markmg Patterns 

were disconnected Observers were statIoned on the runway a few hundred feet from,and facing, 
the threshold This simulated the visual lmuts rnposed by very poor vlslblllty condltlons, that 
1s. with only two or three pars of runway lights vlstble 
the runway-light spacing to 100 feet were then turned an, 

The extra lqhts necessary to decrease 
and the observers Judged whether the 

Increased number of lights I* the same distance more accurately mdlcated the posltlon and 
dlrectlon of the runway 

DISCUSSION OF RESULTS 

With the exceptmn of one I”-lme system, 
present standard runway-hghtmg system 

all the patterns were simple addltxons to the 
Therefore, they sat,shed the requirements of 



pravldmg positive ,dentlficatlon of the runway and of outlmng the ru,way Since all the pat- 
terns were apphed to both sides of a runway. they all provided the necessary ,nformat,,,n fram 
one hne only All patterns used standard U S Air Force equpment and thus were completely 
campat,ble wtth present systems The ma,~r cnterla, therefore, on which the patterns were 
Judged were (1) the adequacy of zone-marking gutdance and (2) ec~n~m,c conslderat,ons 

About 200 ground observations and 500 fhght observatmns were made 01, the “a~,c,us 
patterns From these observatmns. It was found that thein-hne patterns, Nos 2, 3, 4, and 5, 
did not provide as good an lndlcatlon of the lumts of the zones as did the satelhte patterns 
The pattern, No 2, with clear lights at loo-foot spacing I” the end zunes and 200-foot spacing 
,n the IntermedIate zone did not pro”,de a satisfactory hne of demarcatmn between the zones 
Therefore, this pattern was not consIdered usable, although It was somewhat more suscepttble 
to brightness control because It used no colared 1,ghts The two III-hne patterns, Nos 3 and 4. 
using alternate clear and colored hghts in the end zones were superior to the sumlar pattern 
with no colored hghts, but they did not provide as good a signal as the satellite patterns 
Pattern No 4 with alternate clear and colored lvghts at ZOC-foat spacing was also somewhat 
lnfermr under the runway ldentlflcation and outlx,e crlterla, since the clear lights were located 
400 feet apart 

It was found from the perspective studies that a pattern. No 5, utll,zx,g long,tudu,ally 
grouped hghts would not be very effective unless the spacing between the hghts ,n a group 
was very small compared to the spacing between groups 

In all the patterns usmg colored hghts, the clear lights were somewhat more conspicuous 
than the colored lights when all clrcut controls were adlusted to the same brightness settmg 

In general, satellites located outsIde the 1,ne of rumvay hghts were much mire effectI”= 
than those located between the runway edge and the clear lights, because those InsIde the row 
of runway lights tended to merge Lntto and become lost I,, the 1,ne af clear 1,ghts This el,mx- 
nated further work 01, configurations of the type shown 11, Figs IA and 1B. patterns Nos 6, 7, 
.3. and 9 

The use of satelhtes 1x1 pairs Instead of sxngly greatly increased their effect,“eness, but 
three satelhtes in a group were not materially superior ta two Therefore, single and trtple 
satellite patterns, Nos 10, 11. 12. 21, and 22,outslde the row of runway lights were eluxnnated, 
and the work was concentrated an the double satelhte pattern located outside the row of rurway 
lights, as shown ,n Fig 1D 

It was necessary to keep the nearer satellxte not more than five feet from the ad,acent 
clear 1,ght in order to form a recogmzable pattern If this spacing was less than five feet. the 
satelhte tended to become obscured by the higher brightness of the clear 1,ght Where multiple 
satelhtes were used, a spacing of three feet between them appeared to be apt,mum At this 
spac,ng, the multiple umts tended to gl”e the satellltee conflguratlon as well as a color 
d,stlnctl”eness Patterns Nos 15 through 20 are examples of this type 

It was found unnecessary to space the satellites less than 400 feet along the runway ,n 
order to provide contr,uous lnformat,on to the p&t One pattern was observed during a thick 
daylIght fog when the ob,ect “lsxbll,ty dxtance was only 600 feet With the lights operating at 
the highest brightness, both the clear lights and red satelhtes were “xlble for about 900 feet 
Thus, even ,n the worst weather cond>tmns, at least two pars of satellites spaced 400 feet 
apart along the rumvay should be “,s,ble from wlthln the end zones Patterns w,th satellites 
spaced less than 400 feet (No 15) were thus somewhat superior but were consldered unecono- 
m~cal Patterns wvlth satelhtc spac,ng as much as 600 feet (No 18) did not provide adequate 
gudance 

The use of 500-foat spacing of satelhtes (patterns Nos 17 and 20) was lnvestlgated 
because the panted runwav marklnes are spaced 500 feet apart in the end zones However. 
w,th the ru&ay lights on iOO-foot ;pacmg, -some of the satellztes were ad,acent to clear hghts 
and some were not Th,s presented a confusmg pattern When the runway-light spac,ng was 
decreased to 100 feet, the 500-foot spaang of satellites was nearly as effective as 400-foot 
spacrlg 

Table I ltsts the extra hghts necessary for lnstallatlon of the “ar~~us patterns None of 
the patterns that used less than 40 add,t,onal lights to mark the zones were consldered ade- 
quate Although some of the patterns that used as many as 80 extra lights were shghtly 
superior, the advantages galned by the use of more than two satellites I,, a group or by locating 
the satellites at less than 400-foot spacing were nat consIdered sufflclent to ,ustzfy the 
addItIona cost of these patterns 

Of the patterns usmg 40 extra hghts, the one shown ,n F,g 2, pattern No 16 xn Table I, 
was consIdered optunum This pattern was kept ,n operatzon for three months. and “lsltlng 
p,lots were ,n”lted to observe and comment on the system 
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Twenty-rune completed questmnnares were returned by the U S Air Force, U S Navy, 
and TDEC pllots who had observed the zone-markmg lnstallatlon A summary of these answers 
follows 

Questmn 1 “Did you see the green satellites 7” 

Yes 2.8 No 0 No Answer 1 

Quest,“” 2 “Did you see the red satelhtes 7” 

Yes 27 No 1 No Answer 1 

Questlo” 3 “If landmg, ,n which zone d,d you touch down?” 

Quest,on 4 “If takmg off, I” which zone d,d you become airborne?” 

Questions 3 and 4 were designed to deternnne whether the pilots understood the purpose of the 
system and whether they could use the system to determ,ne their positmn along the runway 
E,ght pllots answered that they only made low passes and had neither landed nor taken off 
Two pllots did not answer these questmns, and one pllot sad that he d,d not know h,s pos,tm, 
Incidentally. this pllot was the same one who did not see the red satelhtes, his comments Indl- 
cate that he did not know the purpose of the system at the txne of abservatmn Also, he did 
not answer questmn No 8 The other observmg p,lots who gave answers to questmns 3 and 4 
lndlcated that they knew their posltmn at the time of touchdown or take-off 

QuestIon 5 “Do you ObJect to colored lights along the runway?” 

Yes 0 No 28 No Answer 1 

Quest,on 6 “Would you prefer red exit threshold lights?” 

Yes 8 No 16 No Answer 5 

This questmn was deslgned to determ,ne whether the red satelhtes 1” the cautmn zone and the 
green cult-threshold hghts at the end of this zone would give a confusmg sIgna However, 
most of the pllots seemed to prefer the green lights for exit as well as for entrance thresholds 

Questlon 8 “Is the advantage gamed by thm pattern sufflclent to JUStlfy a recommendation 
for Its adoptmn as a standard? ” 

Yes 15 No 5 No Answer 9 

Most of the replies to these questmns mdlcated that the observers favored the adoptmn of the 
system Also, four of the five who answered question 8 I” the negative zndlcated that they felt 
that the system would be of more value If present weather-m,nlmum restrlctlons were lower 

The observations described were all conducted on a comparatively short (4,600-foot) and 
narrow (150-f”&) runv/ay Under these condltxre the Type C-l runway light with colored 
filters served adequately as the satellite Further observations on a 300-foot runway showed 
that the selected zone-marking pattern was entirely satisfactory The beam w,dth of the Type 
C-l light was not as great as desired but was usable For clvll systems where the procure- 
ment and supply problems are not as acute, satellite units could be designed that would be 
somewhat more effective and efficient than the Type C-l 1,ght 

It was determxned from lzm,ted ground observations that the locatlan of lights at lOO- 
foot spac,ng Instead of the normal 200-foot spacing on the approach end of a runway should 
materially increase the guidance given to the approach,ng pllot during hmlted-vwblhty con- 
dltlons If a pIlot were able to see SLY pars of lights Instead of only three. even though the 
distance to the last vls,ble light were the same, he would be better able to deternnne the 
posltlon and dIrectIon of his axplane with respect to the runway Under visual-flight-rule 
(VFR) condltons, however, the closer spacing 1s not necessary. and a few of the p,lots who 
observed this system under these condltlons expressed a preference for the normal spacing 
The recommended zone-marking pattern can be applied to either normal or short-spaced 
runway-hght systems wulth no var,at,on If the reduced spacing IS applied to the approach end 
of a runway, the pant where the spacr,g changes 1s not read,ly apparent to a” lncomlng pllot 



CONCLUSIONS 

The results of the study of runway zone-markmg systems show that the desired Indl- 
catlons can be obtamed from a simple addlt,on to the presznt standard runway hghtmg system 
The pattern recommended, No 16 ln Table I and shown I” Fig 2, fulfills the necessary re- 
qulrements adequately and can be used on both narrow and wide runways A large majonty of 
the pllots who observed the system gave favorable comments on the gmdance afforded by the 
recommended pattern 

For mllltary ,nstallatlons, where It 1s highly desirable to standardize and slmpllfy the 
equipment for reasons of procurement and supply, the Type C-l runway hght with a red- and 
green-color filter can be used as the satelhte Although the width of the beam of thxs light 1s 
not sufflclent to cover the complete width of wide runways under the worst vzlblllty condltmns, 
It ~111 cover enough of the runway so that at least one lme of lights 1s vls,ble from any lateral 
pos,t1on 

For use at clvll mstallatlons. equally effectxve satellite u”,ts could be designed that 
would be cheaper and more efficient than a standard runway llghtlng urut 

Observations of runway hghts on loo-foot spacmg, as compared to the normal LOO-foot 
spacmg, mdlcated that the shorter spacmg would give increased guidance under poor-vxlblllty 
condltlons It 1s recommended that loo-foot spacmg be adapted where there are frequent 
permds of extremely restrIcted v,slbll,ty The recommended zone-markIng pattern ~111 serve 
equally well wulth either lOO- or 200-foot spacmg of runway hghts 

APPENDIX 

The following descrlptlon of the proJect and of the recommended zone-markmg pattern 
was dxstnbuted to Interested clvll and mlhtary agencies Included with this sheet was a sketch, 
slmllar to Fig 2 of this report, shawmg the system as It was Installed at Indlanapolls V151hng 
mllltary pllots and pllots attached to the Techmcal Development and Evaluation Center were 
requested to f,ll out the questlonnalre after observmg the system 

EXPERIMENTAL RUNWAY LIGHT PATTERN 

“Present standard runway hghtmg systems make no attempt to ,ndlcate to the pIlot his 
longltudmal posItIon along the runway If weather condltmns are such that he cannot see the 
entlre length of the runway he has little or no idea whether he has plenty of runway ahead of 
him or whether he must take drast,c measures to stop the plane or get It off the ground The 
yellow filters which have been used m the past to mark the last sectmn (cautmn zone) of a run- 
way near the ex,t threshold were found to be unsatxfactary because they were seldom notlced 
by the p,lots Also no effort was made to mark the first sectmn of a runway (touchdown zone) 
JUSt InsIde the threshold hghts The lack of touchdown- and caution-zone ldentlflcatmn has 
been a contrlbutmg factor to many accidents 

“In view of the above, the Llghtlng SectIon, Equxpment Laboratory, WADC. USAF, has 
transferred funds and standard portable runway-light equipment to the TechnIcal Development 
and Evaluation Center, CAA. I” order to estabhsh a .,omt proJect for the development of a 
standard hghtlng system for Identlfymg the zones 

“The system must meet the followmg mayor requxements 

(1) Must provide posltlve short-range Identtlflcatlon of touchdown and caution zones It 1s 
cons,dered that long-range ,de”tlficat,on 1s not required and that the pattern can be effective 
m bad weather for as far as the runway lights can be seen 

(2) Must not Interfere with the performance of, or appreciably alter the appearance of, the 
standard runway lights 

(3) Should be a simple add,t,on to an ex,stmg system so that a maJO= change of clrcults or 
equipment would not be requxred 

“Many suggested methods have been znvestlgated durmg this proJect Ground and flight 
observat,on; have shown that the system on the attached sketch ~111 do the lob well, this system 
combines dlstmctlveness of pattern with color to Identify the touchdown and caution zones This 
patter” employs pars of colored runway lights, called satelhtes, on 400-foot centers These 
satelhtes are >n add,t,o” to the standard clear runway hghts The satellite colors are green to 
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mark the touchdown zone and red to mark the warnmg zone The satellites are mtended to 
provide contw,uous zone ldentlflcatlon wlthout lnterfermg with the contmulty of the lmes of the 
runway hghts The mstallatlon 1s bldlrectmnal with spht-color filters bang used in the 
satelhtes as shown on the accompanymg sketch Runway 18-36 of the Weir Cook Axport at 
IndIanapolls has been equpped with this system Because of the hmlted length of the runway. 
the touchdown and warning zone lengths are estabhshed at 1600 feet, but the pattern 1s readily 
applicable to mark 2000-foot zones 

“The ,nstallat,on 1s set up for ready control from the control tower and can be observed 
by rad,o request Smce the opunons of pllots vlelvmg any new pattern are the ultunate measure 
of Its value, It IS hoped that as many pllots as possible wvlll examine this pattern and ~111 leave 
their comments and suggestmns 

GENERAL INFORMATION 

Date 
Time of observation 
Type of a,rplane- 

RUNWAY LIGHTS 

1 D,d you see the green satelhtes? 
2 Did you see the red satellltes7 
3 If landmg, I,, which zone did you touch down? 
4 If takmg off, tn which zone did you become axrborne? 
5 Do you oblect to colored lights along the runway? 
6 Would you prefer red exit threshold hghts? 
7 COMMENTS 

8 Is the advantage gamed by this pattern sufflclent to ,ust,fy a recommendatmn for Its 
adoptmn as a standard? ” 


