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AN ANALYSIS OF THE CANDLEPOWER 
DISTRIBUTION REQUIREMENTS OF RUNWAY LIGHTS 

SUMMARY 

This report discusses the runway lxght 
candlepower dlstrlbutmn based on the innc- 
tmnal requrements for adequate gudance of 
various types of commercml axcraft durmg 
clrcllng. approachmg. Iandmg, taamg. and 
take-off operatmns conducted in accordance 
with Clvll Air Regulatmns 

Indlvldualalrcraitcharacterlstlcswere 
consIdered in establxhmg pos~tmnal lxmts 
between which dliferent types of alrcraft 
might be expected to operate durmg various 
maneuvers After consultation with a nurn- 
ber of pilots. assumptmns were made con- 
cernmg which lights a pllot should be able to 
see for gudance durmg each operatmn. The 
dlrectmns and distances between the lights 
and the successive axcraft posltmns were 
then calculated and tabulated 

Crltlcal atmospheric transmlsslvltles 
were assumed I,, coniormty with exlstmg 
regulations gavernmg operatmns under 
various weather m,n,mums, and the corres- 
pondmg candlepower requxrements were then 
determmed These candlepower requre- 
ments were then evaluated m order to deter- 
mine their practlcablllty and I” order to 
determme whether lntensltles needed for 
some axplane posltmns in space would cause 
glare at other posltmns 

Fmally, acceptable candlepower (cp) 
values were plotted as lsacandle curves which 
can serve as a basis for performance specl- 
ilcatmns for mproved runway lights 

INTRODUCTION 

The need far runway lights to outlme 
runways as an aId to ear navlgatmn was rec- 
ogmzed many years ago Many types of 
lights embodymg the Ideas of dzfierent de- 
signers have been developed Those I,, the 
high-lntenslty category are generally 
classlfled on the basis of their candlepower 
dlstrlbutmn as wide beam, narrow beam, or 
movable beam umts. and considerable un- 
certamtyand confusmn exist concermng their 
relative eifectlveness and proper appllcatmn 

The essentv.1 functmn of the runway 
lights 1s to mark the posltmn and lmuts of 
the runway In order to be useful these lights 
must be made vlslble to the prospective user 
at various stages of landmg am3 take-off 
operatmns It would appear then that a logl- 
cal approach to the problem of runway 
llghtmg would be to study alrcraft operatmns 

with a view to establlshlng approxunately the 
paths described by arcraft during various 
maneuvers and to calculate the candlepower 
dlstrlbutmn requued, in order that pllots can 
see the necessary llg hts from aIrcraft 
iollowmg those paths. 

Since operations and procedures are 
more or less standard, bang governed by 
regulatmns as well as by arcraft charac- 
terlstxs and lmutatmns, It 1s not an xnpos- 
slble task to deternune the general dlrectmn 
and dxstance from any runwayl~ght to an al=- 
plane during the course of any speclfx 
operatmnal procedure The required candle 
power of the light in the dlrectmn of the 
pllot can thenbe determmed mathematxally. 

In this study use was made of the 
characterlstlcs of typical commerc,al al=- 
planes whose maneuvermg paths lie farther 
out from the runway.whose turnmg radu are 
greater, and whose demands on the lights 
are therefore more crltlcal than those of 
smaller a1rcrait Any lights designed for 
commercml airplanes should be satisfactory 
for most of their mllltary counterparts and 
for .wnaller aircraft 

The authors wish to emphasvx that 
this analysis has mvolved conslderatmn of 
certam IntangIble factors which cannot be 
deimed exactly In dealmg with such factors 
an attempt was made to arr,ve at reasonable 
assumptmns through dlscussmn with qualliled 
persons The study 1s Intended to serve as a 
gude I,, the development and design of new 
llghtmg units 

AIRPLANE PATHS DURING APPROACH. 
LANDING, AND TAKE-OFF OPERATIONS 

Runway lights are used durmg ap- 
proaches and landmgs to pravlde visual 
gudance to a pllot for a penod which begms 
after he has started his approach and ends 
as he leaves the runway after completmg his 
landmg. The area wlthln which gudance 1s 
requred depends largely upon the type of 
approach he 1s makmg The runway light 
lntenslty requred depends upon the distance 
from which the lights must be seen and upon 
the wslblllty condltlon prevalmg Runway 
lights are also used during take-offs while 
the axplane IS on or above the runway 

The types of approaches that may be 
made under certam lmutmg vlslblllty condl- 
tmns are governed by Cl”11 Ax Regulatmns. 
Mmnnum operatmg condltmns vary some- 
what at dliierent alrports chleily because of 



differences in obstructions Represe”tat,“e 
mlnlmums are summarized In Table I which 
shows those I” effect at Wexr Cook AIrport, 
Indlanapohs, Indiana 

It can be seen fromTable I that clrcllng 
approach minimums applicable to commer- 
clal arcraft generally vary from 400~and-l 
to 500-and-1 l/2 Th,s means from a 
400-foot ce111ng and 1-mile v,slb,l,ty to a 
500-foot celling and 1 l/2-m,le vlslbll,ty 
Daylight vlslblhtles are reported on the 
basis of the observed visual range for large 
solld obJects Night vlstbzlltles are based 
on observations of a 25-candlepower lamp 
The most commonly applied m,“~mums for 
straight-m ILS approaches and landings are 
300~and-3/4, although at one specially 
equpped aLrport qual,fxd commercial p,lots 

have been permItted to make instrument 
approaches and landings with mlnlmums of 
100~and-l/4 Straight-xn approaches from a 
radio faclllty are generally permltted at 
400-and-1 Both cuclmg and straight-m 
approaches are also made under unrestrlcted 
vwblllty candlt,ons Take-off m,n,mums 
vary generally from ZOO-and-l/2 to 
300-and-1 

The several types of approaches 
mentioned I” the regulations do not make 
ldentlcal demands upon the lights For the 
cxclmg approach, which may be started 
from any dlrectlon, guidance over a wide 
a=& 1s requred from the lights Far the 
straight-,n approach from a radio fac,llty, 
the horxzontal path llmxts are narrowed 
since straight-,n approaches are permltted 
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FIE. 1 Plan View of Runway and Approach Showmg Dtrectlonal Guidance Areas Requred 
from Runway Marker Lights 

only when the angular dlfierence between the 
runway dIrectIon and a course from the navr 
gatlon aid to the approach end of the runway 
15 30” or less For the straight-m ILS 
approach the llrmts are further narrowed to 
a regxon relatively close to the localizer 
course which the pllot 1s iallowmg m his let- 
down For thus type of approach there are 
approach lights to gude him before he 
reaches the area where the Imuted coverage 
of the runway lights xv,11 be v,slble The 
dlrectlonal gudance areas to be served by 
runway lights are shown in Fig 1. 

The Clrclmg Approach 
In order to determme distances through 

which the light must travel to reach the 
pllot’s eye, conslderatlon must be given to 
the clrcllng procedure before establlshmg the 
llmlts of the possible paths of an approachmg 
airplane This procedure 1s requred when a 
pilot first establishes wsual contact with the 
alrpart from a pomt not sutable for his imal 
approach It may also be necessitated %y 
traffic condltlons. 

Durmg the down-wind leg of the ap- 

proach, the altitude of the airplane ~111 be 
Ilmlted by two factors (1) the minimum 
clearance that must be mamtamed above the 
tallest obstructmns m the alrport vlcunty, 
and (2) the maxImum height from which a 
pllot can descend m comfort and safety. At 
most axports the mxnmum height above 
ground for clrclmg IS establlshed at 500feet 
A let-down rate of 500 feet per minute may 
be consIdered a maximum for axcraft not 
pressurized, although this rate could be In- 
creased in an emergency On this basx, a 
he,ght of 2,000 feet may be consldered a 
maximum for normal approaches and might 
be Increased to 4,000 feet for emergency 
condltlons 

From a series of actual IlIght meas- 
urements conducted by TDEC engmeers. It 
had been previously determmed that durmg 
the clrcllng approach the maneuvering speed 
was approulmately 16/9 V , where V = stall 
speed For the several types of a?rplanes 
listed, the values would be approxnnately 
those shown in Table II There are many 
variables which affect these speeds, but for 
the purposes of this determlnatlon the values 
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given are sufflclently accurate 
At the end of the down-wmd leg, the 

pilot makes a turn of approxmately 180’ 
This turn 1s so executed that at Its comple- 
tlon the anplane ~111 be at a height of ap- 
prormately 500 feet above the rumaay level 
and I* posltmn to begm a fmal approach 
from a pant approxmately 3,500 feet dls- 
tant from the runway end Durmg the down- 
wmd leg the pilot mamtams the necessary 
horizontal distance from the runway to per- 
mlt him to execute the turn properly This 
distance IS about tvnce the radius of turn. 
and 1s depend?nt upon the degree of bank and 
the maneuvermg speed These factors are 
Interrelated as mdlcated by the equatmn 

where 

R = radius of turn (feet) 
V = maneu”ermg speed prmr to landmg 

(feet per second) 
g = acceleratmn of gravity (32.2 feet per 

second per second) 
4 = degree of bank For turns made by 

passenger-carrymg aircraft, 150 1s a 
normal and comfortable bank. 

Because of thelr greater speeds the large 
airplanes requre a larger turnmg radius, 
and pllots normally execute the down-wmd 
legs at a greater distance from the runway 

For this reason, Cl.,,1 AI= Regulatmns re- 
qulre higher m~nlmurr, vlslblllty condltmns 
for large aircraft 

From the data shown in Table II and 
the applxatmn of Equatmn (1). the theoretl- 
cal lmmts of clrclmg paths shown I=, Fig 2 
were determmed Figs 3A and 38 show 
some typlcal clrclmg approaches platted 
from actual field observatmns under good 
wslblllty condltmns These are prelmmary 
results from a collls~on course study now 
bemg conducted at this Center as one phase 
Of an mvestlgatmn concernmg the develop- 
ment of cockplt vlslblllty standards The 
results of this mvestlgatlon will be publIshed 
In a subsequent report While there 1s 
conslderable varmtmn between paths for the 
same model of amplane, the paths shown are 
generally consistent with the theoretIca, 
computatmns 

ASSUMPTIONS AND CALCULATIONS 

Before an aptm,um candlPpowe= dls- 
trlbutmn for runway lights can be determmed 
1t 1s necessary to arrive at a practical as- 
sumptmn comerrung the number of feet of 
runwa” a pllot should be able to see from 
“ar~ous pomts along his path It 1s under- 
standable that most pilots mght prefer to be 
able to see all the runway, or all the lights 
outlmng the runway, at all tmnps after 
statmg an approach Such a requrement 
would not be reallstlc, however, because It 
would mvolve excessive candlepower for low 
vlslblllty condltmns and would produce glare 
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durmg certam phases of the landmg opera- 
tmn Experience in low vlslblllty operatmn 
has also shown that such an Ideal sltuatmn 1s 
not required for safety A more reallstlc 
requirement must be based on a study of the 
actual needs for each part of the approach 
rather than on what might be consIdered 
desirable 

In arrlvlng at a tentative declsmn on 
this pomt, dlscusslons were held wItha group 
of pllots who mere asked to state their opm- 
mns about the mmunum length of runway 
necessary to be seen durmg each part of the 
approach The consensus 1s llsted in Table 
III The pllots stated that for all operations 
It 1s desirable to see the lights on both sides 
of the runway m order that the runway may 
be more readily recognized 

It ~111 be noted that for operatmns 
under clrclmg mmm,um~, where navqatlon 
after the break-through IS by visual mzans, 
the pilots desired to see a relatively lurge 
portion of the runway For the very re- 
stricted vlslblllty operatmns, such as 
straight-m ILS approaches, the requirements 
were reduced to 1,000 feet because the pilot 
IS guided by electronic equpment almost to 
the pant of fmal touchdown For the landmg 
roll, taxung, and take-off operatmns It 1s 
unnecessary to see large portions of the run- 
way This 15 because the airplane already 1s 
oriented along a defimte ground course or IS 
proceedmg more slowly than In the approach 

Havmg assumed which lights It IS 
desirable for a pllot to see in order to keep 
hmself properly oriented durmg the dlffer- 
ent operations, the next step was to calculate 
the distances and angles from these lights to 
the varmus airplane posltmns In making the 
calculations ,t was assumed that the &de 
angle 1s 2 65”. the touchdown pomt 1s 800feet 
from the runway end, and the runway width 
(when necessary to be considered) IS 
200 feet 

Transmlsslvltles along the slantmg 
paths between the alrcraft and the lights 
were assumed to correspond to thehorwontal 
vlslbllltles given m Table III For clrclmg 
approaches. the vlslblllty condltlon for aper- 
atlon of a given airplane was taken from 
Table I No conslderatmn was given to the 
effect of cellmg height, smce clrclmg ap- 
proaches are permltted only when an air- 
craft 1s below the celling 

After the calculatmns of angle and 
distance were made. the candlepower values 
requred to make the lights vlslble from the 
maneuvermg path were read from nomographs 





Fig 3B Plan View of Clrclmg Approach Patterns Followed DY V~~LOUS ~~~hners 



published prevmusly 
1 

These values, 11sted 
I* Tables IVa and IVb, were used to plot 
1socandle curves The 1socandle curves 
shown 1” F1g 4 cover the requrements for 
clrcl1”g approaches Figs 5 and 6 show the 
candlepower requrements for straight-1n 
approaches under selected conditions 

Intensltles mh1ch are only high enough 
for threshold vls1b111ty from one point 1n the 
maneuvering space may be glarmg to the 
same pilot or to other pilots when viewed 
from some other pomt 1n the same dlrect1on 
but at a shorter dxstance For example. a 
light which was barely visible to the p1lot on 
the down-wind leg of his approach might be 
glarmg during the landing roll While 1t 1s 
possible to vary the mtenslty of 11ghts to 
some extent for vary1”g weather conditions, 
1t 1s not practicable to vary 1t for d1ffere”t 
stages of a” approach, because several pilots 
at different points may be us1”g the 11ghts 
slmulta”eously 

1 
M S Gilbert and H J Cory Pearson, 

“A Study of the V,s,b,llty and Glare Ranges 
of Slope-Line Approach Lights,” CAA Tech- 
n1cal Development Report No 150,November 
1950, pp 6-7 

Calculat1onsof glare rangesforvar1ous 
values of light mtenslty were based on the 
assumption that glare can be produced by 
candlepowervalues approx1matelyl,OOOt1mes 
those producm& threshold 1llumlnatmn at a 
given d1sta”ce Glare diagrams show” I” 
Figs 7 and 8 are based an intensities re- 
qured for seemg 1,000 feet of runway from 
the middle marker and from the l,OOO-foot 
portal durmg a l/4-mile night v1s1b111ty ton- 
d1t1on The glare diagrams 1n Figs 9 and 10 
are based on intensities requred for see1”g 
1,000 feet of runway from the l.OOO-foot por- 
tal during lj4- and 1/2-m& day vls,bll,ty 
candltlons As a result of field tests, all 
candlepower values of 200 or less were co”- 
s1dered to be non-glaring for short-range 
viewing regardless of the v1s1b1llty condition 

DISCUSSION 

A study of the tabulated candlepower 
data, 1socandle curves, and glare diagrams 
In$cates. that the candlepower values re- 
qured to satisfy the various co”d1tlo”s out- 
11ned 1” Table III are w1th1” practical 11m1ts 

‘Ibzd , pp 5 and 8 
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Fig 4 Isocandle Curves Showmg Mmnmum Candlepower Requnements of Runway Lights 
for Night Operatmns Under C~rclmg M~nrnums 
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F1g 5 Isocandle Curves Showing Mmmnm Candlepower Requirements for Day Operatmns 
Durmg 1/4-M& Vls,b,l,ty Cond,tlon b. 1 
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Fig 6 Isocandle Curves Showmg M,mmum Candlepower Requirements for Night Operatmns 
Durmg 1/4-M& Vlslblhty Condltlm 



Fig 7 Outlmes of Glare Area, at Designated 
Distances from Axplane, of aRunway 
Light Based on Candlepower Required 
to See 1,000 Feet of Runway frxn 
M,ddle Marker 
V,slblllty l/4-Mile. Night (25 cp) 

with the followmg exceptIons 
To make 8,000 feet of runway “I~I- 

ble=from the middle marker (3,500 feet 
out from the runway end) for mght “IS,- 
bIlltIes below 1 l/2 rn,les would requre 
lmpractxal candlepower values which 
would also produce glare areas 

b To make 1,000 feet of runway “1s- 
lble from the middle marker during 
l/2-mile day “lslblllty wouid also require 
excessxvely hxgh candlepower values To 
make the same length of runway vlslble 
from the same pomt durmg l/2-mile 
n,ght “xslblllty would m”ol”e glare at 
other posltlons,although the candlepowers 
would be relat,“ely low and easy to obtam 

c To make 1,clOO feet of runway v1s- 
lble from a pomt 1,000 feet beyond the 
threshold durmg l/4-mile mght “lslblllty 
would also result in glare Reducmg to 
600 feet the length of runway to be seen 
would correct this condltmn 

The requrement that the lights on 
both sides of the runway should be vlslble 
from a given pomt gives rise to some pomts 
of conflict The dlfllculty 1s particularly ap 
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Fig 8 Outhnes of Glare Area, at Designated 
Distances from Auplane. of a Runway 
Light Based on Candlepower Reqmred 
to See 1,000 Feet of Runway from 
the l,OOO-Foot Portal. 
Vlslblhty l/4-Mile, Night (25 cp) 

parent 11, the case of the candlepower d,s- 
trxbutlon requued by a pIlot on the doun- 
wmd leg ofa clrclmg approach These values 
are much too high for a taxung pIlot who 
sees the lights at the same angles If the 
requrement were modzr,ed to make only the 
lights on the near side of the runway “x,ble 
to the pllot on the down-wmd leg, this dlf- 
fxulty would be elunlnated 

In order to cover “ar~ous sltuatlons 
and “,slbll,ty condltlons, It appears that 
several candlepower dlstrlbutlon patterns 
,wll be requxed from the run..“ay lights A 
dlstrlbutmn throughout a 360’ horizontal 
range and with no high mtenslty beams, as 
shown mFlg 4,w111 beneeded on all runways 
durmg mght “lslbllxty condltlons of one mile 
or more in order to provide gudance durmg 
(1) cxclmg approaches, (2) approaches from 
a radio faclllty, (3) deceleratmn after touch- 
down, (4) taxung. and (5) take-off 

For strught-m ILS approaches there 
~111 be requued from lights mthe touchdown 
area a different pattern consxtmg of a high 
mtenslty beam through relatively narrow 
1,m,tr. In order to malntam a margm of 
safety for a landmg axplane which might be 
somewhat off course prmr to crossmg the 
threshold, the beam spread should be suf- 
flclent to cover a portal 300 feet wide at a 
distance 1,000 feet out from the runway end 
‘ihe lsocandle dmgram Fig 5a. rllustrates 
the minimum candlepower needed for the 
l/4-mole “~s~bll,ty condxtmn, the most 
restrIcted condltlon consIdered ,n this stud” 



Fig 9 Outlmes of Glare Area, at Designated 
Distances from AIrplane, of a Runway 
Light Based on Candlepower Required 
to See 1,000 Feet of Runway from 
the l,OOO-Foot Portal 
Vxlb&ty l/4-Mile. Day 

This high mtenslty beam of 30,000 cp IS 
based on the assumptmn of a need for seemg 
1,000 feet of runway from a pomt on the 
1 .ooo-ioot portal 

A narrower beam of lower mtenslty 
~111 suffice for the landmg roll. taxlmg, and 
take-off durmg v,s,b,llty condltlons below 
one mile See Fig 5b The peak of 380 cp 
In this low mtenslty beam 1s based on a re- 
qulrement for seemg only the 1,000 feet of 
runway Immedxately ahead of the pilot after 
the alrplane touches the runway Should It 
be considered necessary toextend this latter 
range of vlslblllty, higher beam candlepower 
values obviously ~111 be needed The maxz- 
mum may be as high as 30,000 cp should It 
be necessary for a p&t to see 2,000 feet of 
runway from the touchdown pomt 

In the event that It 1s undesirable or 
lmpractxal to design a high-mtenslty llghtmg 
umt of sufflclent beam width for use In the 
touchdown zone. narrow beam umts with the 
same maximum candlepower can be used In 
groups of two or three along the touchdown 
zones so that the total w,dth oi the combmed 
beams ~111 be sufflclent to cover the portal 

The mten,Ity requirements ~111 be 
conslderably lower for operat1or.s at night, 
when the background brightness 1s low See 
F,g 6 Lights should be deslgned on the 
basis of the lntrnsltles required for the most 
exactmg combmatlon of transmlsslvlty and 
background brightness expected to occur at 
representative axports Lower mtensltles 
for less ex&ctmg condltlans may be obtalned 
through lntenslty control, either manual or 
automatic Smce mtensltxs up to 200 cp aan 
bP tolerated from the glare standpoInt under 
the best mght vlslblllty condltlons, It 15 not 

Fxg 10 Outlmes of Glare Area, at Designated 
Distances from AIrplane, of aRunway 
Light Based on Candlepower Required 
to See 1,000 Feet of Runway from the 
l,OOO-Foot Portal. 
Vlslblllty l/2-Mile. Day. 

necessary to use values less than this even 
though mmlmum requirements mdlcate use 
of lower lntensltles 

It may be possible to develop a smgle 
type of runway light to combme the dlstrl- 
butmns required for all or several functmns 
In any event, there IS little doubt that com- 
bmatmn or multiple units can be used to 
achieve the desired dlstrlbutlons Combmmg 
units to meet the candlepower requirements 
may also help m mltxgatmg glare under cer- 
tam condltmns through use of the most suit- 
able umt of the combmatmn for any speclflc 
vlslblllty condltlon 

CONCLUSIONS 

1 On the basis of the assumptions set 
forth m this report the theoretIca candle- 
power dlstrlbutlons nerded to meet various 
requirements and condltlons have been es- 
tabllshed The following condltlons cannot 
be met with reasonable candlepower re- 
qulrements wlthout producmg glare 

a To see 8.000 feet of runway from 
the middle marker In vlslblllty condltmns 
less than the 1 1/2-m& night condltmn 

b To see 1,000 feet of runway from 
the middle marker durmg the l/2-mile day 
or mght condltlon 

c To see 1,000 feet of runway from 
the l,OOO-foot portal durmg l/4-mile night 
vlslblllty To see 600 feet of runway 
wlthout glare would be theoretxally pos- 
slble 
2 It 1s not practxcal to see lights along 

both sides of the runway durmg the dowrrwmd 
leg of a c~rclmg approach under some “ISI- 
blllty condltlons, because this ~111 Introduce 
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elate to pilots of other alrcraft already on 
the runway 

3 Three types of candlepower dlstrlbutmn 
alca rrqu’red for runway lights The first 
a!111 cover the requirements for c~rclmg and 
otbel approaches under vlslblllty condlt,ons 
down to one mile by day or mght The second 
will be requxed fol the touchdown zone for 
stlalght-m ILS approaches The third ~111 
be required for the runway beyond the touch- 

down zone when the vlslblllty IS below one 
mile It may be necessary to use multxple 
fixtures In order to meet all condltlons 

4 Smce the dlstrlbutmns developed m 
this report are based entirely on theoretIca 
analysis, It IS recommended that they be 
given adequate service testing before they 
are used as a basis for speclfxatmn require- 
ments 
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B Above Glide Pathon covrse 


