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SOME CONSIDERATIONS OF HIGH INTENSITY APPROACH LIGHTING 

SUMMARY 

This report dlccusses the high intensity 
approach lqhtmg problem and var,ous types 
and appllcatrons ofllghts that are bemg 
offered ms solutux~s to the problem. 

It show s that under condltlons of re- 
stricted vlslblllty a light havq a relatwely 
moderate candlepower value can be seen from 
a certal” rnaxx”~m distance. As this candle- 
power 1s multlplled many tnnes, the distance 
from which the light can be dlstlngushed 1s 
uureased very little, ,v.U & lunxt ,s reached 
beyondwhlch It 1s lmpractx.al to mcrease the 
candlepower. There are other factors which 
enter Into the case. The background ~lluml- 
natlon 1s very Important, as a lqht that could 
be see” against a bright background such as 
prevails 1” daylxghtwould be so uncomfortably 
glarmg as possibly to blind a pilot trying to 
land at “lght wzth lamps of that brightness, 
and, conversely, lights of proper brllhancy 
for no rma 1 nvght flylug would be lnvlslble 
under dayhght condltuans These facts, known 
to engmeers, deterrmne the lmuts to which 
the designer may go 1” select,“g his tools for 
solving the problem. 

Itls obvious that there 1s need for brrght- 
“ess varlabo” control to provide adequate 
brightness for vwblllty under diverse con- 
drtions. such as those preva~lnig durmg day- 
time fogs as compared with nlghttune. 

Varmus approach llghtmg systems that 
have been, or are bang tried outare dlscussed 
and crltlcz.ed. The old systems had faults 
which the new systems attempt to ellmlnate 
by various mea”% There are dlfferentmethods 
for accompllshlng the same results 

The only system which attempts to m- 
dlcate to the pIlot his posItIon with respect to 
the glide path IS the proposed CAA slope-lme 
system. Thrs 1s thoroughly dIscussed and 
explamed. 

With the ald of knowledge gamed through 
exhaustive expermxntatmn. It IS believed that 
the englneerzng professmn soon ~111 find the 
optmnxn solution to the approach light problem. 

INTRODUCTION 

Although recent congressional dlscus- 

s,o”s and their attendant publlclty have 
brought to general notlce the matter of hgh 
lntenslty approach llghtmg. the SubJeCt 1s not 
a new one. 

Of all the types of llghhng that Interest 
an a, r p o r t llghtmg engineer, hagh mtenslty 
approach llghtmg has evoked more argument 
and heated d 1 s c u s s 1 on than have all of the 
other types together. Fortunately, these dlf- 
ferences of oplnlon among the experts arise 
“otover theneed for better mtenslty approach 
llghtq but over what such llghtmg 1s to ac- 
compllshand over the design and type of light 
and the method of znstallatmn that ~111 best 
solve the problem 

Allexperts (pllots. radio engmeers, and 
lqhtlng engmeers) are agreed that tbe landlng 
of a” alrcraft, safely, m all kmds of weather 
wlllnot beaccompllshed with certainty by any 
s,“gle dewce or method, but will require the 
c or,, b I” e d use of a number of facll1tles m- 
cludxng various radio devrces, visual ads 
such ~1s lvghtmg. and I” smne cases fog dls- 
persal. 

Brlefly, theproblem of landing a” air- 
plane when vwb&ty 1s restrlcted involves 
the use of radm landmg ads to lead the BIT- 
plane Into the approach path, and to brmg It 
to wlthln approxmwately 200 feet of the ground, 
and the” the use of visual alds on the ground 
to enable the pllot to complete his landmg. 

The followng dlscussmn IS notpresented 
for the purpose of glvlng the reader a com- 
plete and exbaustxve coverage of the SubJect 
of approach llghtmg, but rather to show the 
over-all pxture of the problems mvolved. 

WHAT IS HIGH INTENSITY APPROACH 
LIGHTING ‘7 

Let us consider what 1s meant by the 
t e r m “h,gh 1 n t e n s 1 t y approach llghtlng I’ 
Lights used as visual aIds are employed as 
s1 gnal lights rather than as Illumlnants. A 
s lrn p 1 e defnutlon of approach llghtmg 1s “a 
system of signal lights m&catl”.g the path to 
a runway.” By “high mtenslty” we mea” 
lights that are too bright for comfort I” clear 
weather. 

A formula has been developed to deter- 
mine the brightness needed for vwblllty of a 
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lightfor any required distance and III any fog. 
A layman, knowng of this formula, could 
assume that all that 1s reqmred of a llghtmg 
engineer m deslgnmg a light for approach 
llghtmg, is to p r o VI d e lights of sufflclently 
hzgh mtenslty to be seen ln the worst weather 
antlclpated, and the b r 1 g h t e r the hght, the 
better it will be Unfortunately, this 1s not the 
case, as there are other facts and llmltmg 
factors whlchmustbe taken into conslderatmn 

LIMITS WITHIN WHICH ENGlNEER 
MAY WORK WITH LIGHTS 

Ithas been found that there 1s a lumting 
distance for each degree of fog beyond whxh 
,t 1s unpractrcal to make a light vlslble. Such 
a distance may be achieved with relatively 
moderate candlepower, and even a ten times 
increase or 1OOtnnes mcrease m this candle- 
power ~111 give very little added distance. 

The worst fogs for which we expect to 
design approach llghtlng restrict vlslblllty to 
about l/l 6-m& or 330 feet. Under such con- 
dltmns a light of 10,000 candlepower can be 
seenfor adIstance of approxxnately 1100 feet 
anda hght of 100,000 candlepower can be seen 
for a distance of about 1270 feet. See Fig. 1. 
Even If the light Intens Ity 1s Increased to 
l,OOO,OOO candlepower the distance fromwhxh 
It 1s vlslble ~111 be only about 1335 feet 

The mz-,nnurn brightness at which a light 
canbe seenm the dark by a normal eye dark- 
adapted 1s known as “night threshold.” It 
would seem that once a threshold lllurmnatlon 
value has been establlshed, ltwouldbe a 
simple matter to make a light bright enough 
to stay above this lxnlt for a given distance. 
However, the problem IS not that simple, as 
the brightness of the background enters Into 
the picture. The threshold for day condltlons 
IS on the order of 1000 times the mght thres- 
hold, so that a light which 1s several hundred 
tzme s as bright as needed durmg the night 
could become lnwsxble during the day at the 
same distance. Under foggy cond,t,ons, with 
reported vlslbllity of l/16-mile, a certan 
light would be visible for a distance of 1000 
feet at mght, but this distance would be re- 
duced to 610 feet m the daytime under the 
same fog condltlon due to the difference in 
background brightness 

It has been found by expernnent with a 
number of observers that a light 1000 tunes 
threshold brightness produces an effect of 

glare whxh becomes uncomfortable to the 
pant of blmdmg as It increases above that 
value. This 1s partxularly marked as the 
t,me of exposure mcreases. Thus a light 
whl ch 1s barely vlslble by daylight. can be 
uncomfortably glaring at n 1 g h t Therefore, 
su,ce a hght bright enough to be satlsfactnry 
by mght can be lnvlslble by day. and one 
bright enough for daytnne vlslblllty can be too 
bright to be wewed wlthout dazzle by night. It 
1s apparent that the designer must provide a 
means for adjustlug the brightness of the 
approach hght system to the condltmns under 
which Itmust be used. By adjusting the 
brightness we do not mean doublmg It or m- 
creasmg It tenfold, we meanmcreasmg or de- 
creasmg It a thousandfold. 

Fig 1 Curves Showmg RelatIonshIp Between 
Brightness and Distance for Flxed 
V,slb&ty Values 

In statmg that a light 1s so bright that It 
can be glarmg or bllndmg, we do not mean 
that It 1s thereby rendered unusable A much 
brighter light can be tolerated momentarily 
than can be watched and studled. 

From the foregomg It 1s readily apparent 
that there are defmlte llrmts wlthm which the 
lighting engineer must work. First. we are 
lnnlted to a working distance of 800 to 1200 
feet from which the light can be made vlslble, 
and wlthln this d 1 s tan c e an approach light 
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pattern must be constructed to give the pllot 
all possible assistance in makmg his landmg. 
Second. the brightness of any light which ~111 
have to be seen more than momentarily must 
be held to a maxu,,urn of not more than 1000 
times threshold, or subject the pilot to un- 
comfortable or even blindmg dazzle. 

These fat ts are generally known and 
accepted by the llghtmg engmeers. 

How then, do the varmus experts attempt 
to apply this knowledge’ 

CAA STANDARD NEON APPROACH 
LIGHT SYSTEM 

Varmus patterns of approach lights have 
been de v e 1 o p e d and tested. Until recently 
there has been only one “standard” pattern of 
approach lzghtrng for clvll use. It consists of 
a angle row of fifteen, 6-foot long red bars 
(lighted neon tubes) spaced 100 feet apart and 
located a5 feet to the left of the center line of 
the runway extended, as vlewed on approach. 
A g r e en Incandescent “course light” at the 
end of the row of neon bars marks the end of 
the approach area See Fig. 2. Although this 
approach light system IS adequate at n 1 g ht 
under vlslblllty condatmns of three-quarters 
of a mile or better, It IS Inadequate under 
condltmns of more restrlctedvlslblllty. When 
this standard was adopted, about 1937, It was 
consldered adequate for the landmg s p e e d s 
and types of operation then m use, but with 
the advent of larger and faster alrcraft and 
mcreasmg emphasis an rellablllty of sched- 
ules, It became evident that further expert- 
mentatmnanddevelopmentwouldbe necessary 
in order to achieve the goal of satisfactory 
approach lightmg By no stretch of the n-n- 
aglnatlon can the present standard neon 
approach lights be consldered an example of 
ad e qua t e high mtenslty approach llghtmg. 
They are the only approved lights. however, 
thatare now avaIlable at most alrports CAA 
regulatmns require that they be turned on 
whenever the natural light mtenslty 1s eqmv- 
alent to that exlstmg between dusk and dawn, 
regardless of weather condltmns Operatmn 
of these lzghts 1s tied m with the operatmn of 
the Instrument Landmg System at all axports 
where the ILS has been mstalled by the CAA. 
It 1s 1 n t e n d e d that high mtenslty approach 
lights will supersede the neon lights on all 
mstrument runways. 

RUNWAY\ , 

NEON 
APPROACH LIGHT 

Fig. 2 Diagram of Standard Approach Light 
system 

BARTOW LIGHTS ONE OF THE FIRST 
ATTEMPTS AT SOLUTION OF HIGH 

INTENSITY APPROACH LIGHT PROBLEM 

The earllest type of high mtenslty ap- 
pro a c h !Ight system was that developed by 
John Bartow. HIS concept of approach light- 
mg was to provxde two rows of lights equally 
spaced and syrnmetrlc about the approach 
path The candlepower dlstrlbutmn of these 
lights was so deslgned that to a pllot on the 
c o r r e c t approach path. all bghts appear of 
equal brightness. Bartow deslgned a llghtmg 
umt conslstlng of a housmg mwhlch was 
mounted a lamp, reflector and lens, with 
brightness adjustment. producing a beam of 
about 300,000 candles maxunum. The lamps 
were movable m the optic by means of small 
synchronous motors. so that the beams could 
be rotated about the vertical axis from about 
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twodegrees toe-outto aboutnme degrees toe- 
n-a. See Fig 3 In good vlslblllty weather the 
beams were toed out, and when fogs occurred 
the beams were toed ,n to intersect the @de 
path closer to the lights. 

RUNWAY 

7 

0 

0 

Fig. 3 Diagram of Parallel Lme Approach 
Light System 

Although this type of Bartow light was 
mstalled at the CAA ExperImental Statxon, at 
IndIanapolls and given ewtenslve flymg and 
observatmn tests. Itwas not generally adopted 
When the Umted States became mvolved ID 
World War II, however, the Army and Navy 
adopted another form of Bartow l,ght, known 
as AAF type D-l This lqht had beams m 
opposite dlrectlons, with some light emltted 

mall dIrectIons The light was fixed. wltb no 
p r o v, s 10 n for beam control, and produced 
about 40,000 candles m the clear beams. or 
7000 candles when equipped ur1t.h red filters 
A number of mstallatlons of these lqhts, usmg 
the u-at with a red filter as an approach light. 
and without the f,lter, or with split yellow 
filters for runway marker lights, were made 
by the armed serv,ces m various parts of the 
world, and as a result there were many suc- 
cessful airplane landmgs made under condl- 
tlons of low vlslblllty 

HOWeVer, on many occasions III bad 
weather, p,lots mlssed seemg the approach 
lights entuelyand Itbecame endent that there 
was stzll need for further development, espe- 
clally III the dire&on of wider beam dlstrl- 
butIon. Many Ideas have been off e red and 
studled and the solution 1s not too far out of 
hand. Let us examine some of these Ideas 

SINGLE ROW APPROACH LIGHT 
SYSTEMS 

One promment p,lo t has advanced the 
theory that a pilot needs only a smgle row of 
11 g h t s of suffxlent brrghtness to mark the 
center lme of the runway extension. In order 
to test this Idea the Air TransportAssoclatlon. 
with the assistance of the CAA. has made two 
test mstallatxons at Newark, New Jersey. One 
mstallatlon, Illustrated m Fq. 4. consists of 
a lme of units us ~ng a 5-KW mcandescent 
lamp in an optx glv,ng w,de spread both ver- 
tlcally and horizontally Part of the lme co,,- 
slsted of two umts set eight feet apart horl- 
zontally All of these un,ts have red filters 
The other mstallat~on, Illustrated xn Fq. 5, 
coralsted of combmatlons of neon bars and 
c on d e n s e r dlscharge flashq tubes, which 
may be used m various combmatlons as de- 
sired Some techmcxans belleve that the brll- 
llance of the flashmp lqhts, and the suddenness 
of their mc,dence ~111 be too great for com- 
fort Manycommerc~al transporturcraft are 
bultwlth such restrlcted fields of v1slon from 
the cockplt. that with a smgle lme arrangement, 
m very restrIcted weather, the first light 
“1 s ,ble from the pxlot’s seat 1s beyond the 
vlslble range, too far to be seen by the pllot, 

These neon and flashmg lzghts now have 
been removed from Newark and transferred 
to the Landmg Alds Experiment St at 1 on at 
Arcata. Callforma, for comprehens,ve testmg 
1x1 every kmd of weather, m order to check 



their effectzveness agamst other systems and 
desqns 

Another smgle row approach light 
system, developed by the Westinghouse 
Electrx Cgrporatlon, 15 bang procured for 
mstallatlon at Arceta This sy s tern, con- 
slstmg of eather steady-burnmg or flashmg 
neonumts, alternatmg with krypton condenser 
discharge lamps, ~111 be mstalled at the left 
side of the approach lane. 

An axial smgle row mcandescent light- 
mg system was mstalled at Arcata m 1947, 
and also ~111 be tested. 

RUNWAY 

00 

00 I 

e&on 
00 

00 

00 

0 SINGLE INCANDESCENT 
APPROACH LIGHT 

00 DOUBLE INCANDESCENT 
APPROACH LIGHT 

Fq. 4 Diagram of ATA Smgle Lme 
Incandescent Approach Light System 

RUNWAY 

-T 

- NEON APPROACH LIGHT 

TI FLASH-TUBE APPROACH LIGHT 

CKlE 
THIS OIASRPIY *HOwS OWE OF 
VARIOUS COYSINATIONS OF LISHTS 
USED IN THIS SYSTEM 

Fig. 5 D1agre.m of ATA Smgle Line 
Comblnatlon Neon and Flash Tube 
Approach Light System 

PERSPECTIVE EFFECT 

As a pilot sees the approach marker 
lights from several hundred feet dlstfmce. his 
bmocular depth p e r c e p tl o n 1s pr=ctx=lly 
useless. and a perspectwe analysis of the 
pattern seen by h,m gxves an accurate repre- 
sentatlonof whathe cansee anduse. Further- 
more. although he has been approachmg on 
mstru,,,ents with h,s wmgs level. any maneu- 
vermg to adJUSt his course after he picks up 
the 1 I 8 h t s necessitates his departure from 
level Hence. to enable him to regam a level 
attitude It 1s necessary 

(a) To be able to readlust his eyes from 



6 

the bright approach lrghts to the mstrument 
~llommat~on level, and correct his at t It u de 
by reference to the Instruments, or 

(b) To be able to see some lights OI marks 
on the horizon for a reference, or 

(c) To haveone manwatch for lights while 
the o th e r stays on mstruments and adlusts 
the attitude of the aIrplane. or 

(d) That he be given suffxwnt mformatlon 
by the approach hght pattern to determme a 
horzontal reference, and to correct his attl- 
tude by the appearance of the lights. 

Of these alternates, (a) mvolves a delay 
m eye adlustment at a very crltice.1 time, (b) 
xs lmposslble In tluck weather, and (c), while 
It IS generally used, reqmres two men’s 
attention and makes It dlffxult or hazardous 
for a smgle operator to land the airplane. It 
would appear that (d) 1s the safest and most 
practical procedure. If the llghtmg system IS 
deslgnedto furmshthe necessarymformatlon. 

A perspective analysis of a smgle lme 
and of two or more parallel lxes mdlcates 
that It IS lmposslble to dlstmgulsh between 
the appearance of the pattern when the pilot 
IS off Ime, as compared with the appearance 
when the axplane IS banked. 

In recogmtron of this, several systems 
have been developed that are Intended to pre- 
sent to the pIlot a pattern of lights that ~111 
give lnm all the necessary mformatlon as to 
altitude, attitude. dlrectlon and progress. 

AAF FUNNEL SYSTEM 

The Army Air Forces have tested at 
Arcata. Callforma. with some degree of suc- 
cess, a so-called funnel system of approach 
Ilghtmg. See Fig. b This system makes use 
of the same mcandescent llghtmg umt that the 
Air Transport Assoclatlon Installed at Newark 
but arranged m two lmes that converge until 
a pant 700 feet from the runway IS reached, 
after whwh tbe lmes are parallel up to the 
last par of 1qhts before the end of the ran- 
way It has been found m testmg these lights 
that some means xv111 have to he provided to 
msure that the pilot will be more certam as 
to which row of lights he sees when. durmg 
low vlsdxllty. he sees only one row. Also. It 
might be sad that the pilot 1s not given 
enough mformatlon by the hghts alone to de- 
termme ins correct lateral and vertlce.1 path 
whenvls&nllty perrmts only a few lights to be 
seen at one tmne. 

The mstallatlon atArcata has been mod- 
lfwd recently to co n f o r m to a parallel row 
patternand IS berg tested under condltlons of 
restrxted vlsllxllty. 

RUNWAY 

li 1 
K 192’ 

? 

I b 
I 
I 
9 

APPROACH 

Fig b Diagram of AAF Funnel Type 
Approach Lqht System 

WHAT COLOR SHOULD 
APPROACH LIGHTS BE? 

Before gomg Into a dlscusslon oiaddltlon- 
al approach light systems, let us reconsider 
for a moment the umts used In the systems 
described thus far It will be noted that they 
make use of a mmlmum number of llghtmg 
units, on the order of fifty or less, and wltb 
the exception of the flash tube system all 
employ the color, red, which was selected as 
standard years ago by representative CAA 
personnel and pilots There have Smce been 
repeated unsuccessful attempts to change tlus 
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color, the argument bang that red IS a very 
meff,clentcolor, requ~rrng considerably more 
electrical energy to produce the same candle- 
power as wh,te, for nxtance Also, su~ce red 
1s the standard for obstructIon lights. a pllot 
mlghtm,stake the obstructmnllghts of a power 
high-lme for an approach light system The 
lnternatlonal agreements on colorsfor 
approach lights cover only low mtenslty ap- 
p r oa c h lights whxh may be either red or 
ydlOW 

BARTOW MULTI-LINE SYSTEM 

The U. S Navy. Bureau of Aeranautlcs. 

has mstalled another proposed type of ap- 
proach llghtmg system for a trnl lnstallatlon 
at the Naval Air Statmn at Patuxent RI v e r , 
Maryland. This mstallatmn u-t Its latest form 
employs 158 lights of the Bartow D-l type 1.1 
multiple rows, See Fig. 7. In practxe, If this 
system 15 adopted. the lights would be pro- 
vlded wrth controllable beams, the beams of 
the r e s p e c t I v e rows bang controllable III 
varymg planes, each row tlltn-,g at a higher 
angle than Its r,ner ne I g h b o r . Also, It 1s 
planned m this system to provide all of the 
lights on the right side with green filters and 
all those on the left side wltb yellow filters. 

Although It 1s very complxcated and re- 
q u I r e s a multlpllclty of lzghts and controls 
whlchwouldmcrease the cost of anmstallatnx, 
to a considerable degree, this system 1s based 
on the concept of a 1,ghted area as contrasted 
with a llghted channel. It also prondes a 
method of dlstmgulshmg one side of the path 
from the other by means of color It provides 
a greater degree of lateral tolerance III 
locatmg the approach path, by virtue of the 
arrangement of the lights 

An mstallatmn of the Bartow multi-lme 
system m modlfxed form has been made at 
Arcata, usmg a different 1,ght source. 

NBS PATH-OF-FLIGHT SYSTEMS 

S till another approach llghtmg system 
known as the “path-of-flight” 1s proposed by 
engmeers of the Natmnal Bureauof Standards. 
T h,s method III the symmetrical form (see 
Fig. 8) makes use of two parallel s t r a 1 g h t 
lines of 1,ghts with curved hnes mergxng n,to 
the straight lmes. The system 1s desxgned to 
p r o v I d e the pllot vnth lighted paths leadmg 
from every sectIonof the portal to the runway. 
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Fig 7 Diagram of Bartow Multi-Lme 

Approach Light System 

Eachlme 1s deslgned to be sufflclent guidance 
II, Itself, cons~stmg of paxs of lights whrch 
p r o v I d e the pllot with a horizon mdlcatmn 
The xnner lqht of each par IS white for max- 
nnurn visual range. The outer light 1s red or 
green mdxatmg an whxch side of the center 
the light 1s. The lights have approxnnately 
ZO-degree lateral coverage. The v e r t 1 c a 1 
spread 1s narrow to keep dazzling to a m,n,- 
mm. Like the muIt,-lme system this des,gn 
also provides a lqhted area. 

An o th e r versmn of this system 1s the 
“asymmetrical” system (see Fig. 9) wh,ch 1s 
predicated on the the o ry that the co-pIlot’s 
use of the lights 1s lmnted to dlscovermg them 
and that the p&t’s lights must be located well 
to his left to be vlslble through the cockplt 



wmdows. 

00 

CLEAR 
PROJECTOR - 

I 

Fq. 8 Diagram of Path of Flight 
Symmetrrcal Approach Light System 

CAA SLOPE-LINE SYSTEM 

Another type of approach light system 
1s the “slope-1x”e” system, proposed by Mr. 
A. J Sweet and the authors of tlus paper. This 
system 1s desrgned especially to mdlcate to 
the pllot the posltmn of his airplane 1~1th re- 
spect to the glide path. Thus mformatw” 1s 
not g oven by any of the systems prevmusly 
discussed, but 1s mdlcated by the “slope-lme” 
system If as few as two pars of lights can be 
seenatonetune. 

The deslg” of the “slope-1~~2 s ys tern 
provides that the lndlvldual lqhts ~111 be see” 
as lmes rather than as po,“ts. Each unit 1s 
made up of 10 lqhts arranged ~“a lme to form 

a composrte unit 14feetlong. Eachofthe 
component lights will have a falrlyvllde candle- 
power dlstrlbutmn laterally, wltl, a controlled 
“arrow distrlbutmn vertxally. The 1,ghts w.11 
be vlslble from the front through 180 degrees 
only, for the defxnlte reason that It 1s desired 
to elimmate as far as possible background 
llluml”aho” of the fog. 

RUNWAY 
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Fig. 9 Diagram of Path of Flqht 
Asymmetr,cal Approach Light System 

The “slope-lr,e” system derives Its 
name from the fact that the llghtmg umts fire 
mounted I” a geometrical pattern. the outslde 
ends of the un,ts bang nearest the ground, the 
inner ends bemg so elevated that the 14-foot 
long units make a 45-degree angle w,th the 
horizontal (see Fig 10) They are so arranged 
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that 11 the un,ts of any pair were extended 1” 
length the extenslans would mtersect on the 
glide path, as show” m Fig. 14. 

Fig. 10 Slope Lme Approach Light Left Side 
Unit (Front View) 

In order to carry out this design. then, 
as the begmnlng of the runway 1s approached 
the respective units of the pars of “slope-1me” 
lights are brought closer together so that the 
lntersectlo" of the lmaglnary extension 11nes 
always occurs on the glide path which 1s de- 
creasing UI elevatmn as the “ear end of the 
runway 1s approached. See Fig. 11. In this 
system It 1s “ot necessary for all the ,mlts to 
be on the same level. It 1s only necessary 
that each unit lx I” the same 45-degree plane 
as the other uuts on the same side. These 
planes, lntersectlng on the proper approach 
path, define that path. Thus, ,f the ground 
level 1s lower at one area of the approach, It 
1s only necessary to move the units farther 
from the center until they fall onthe 45-degree 
lme 8. 

When a p&at on the proper &de path 
looks ahead he sees all of the “slope-1x.e” 
llg h ts lying I” only two lmes. one line on 
either side of the approach as shown I” Fig. 
12. As soon as he devmtes from the proper 
path the lights break up Into echelon, the exact 
appearance of each echelon depending upon 
the amount and dlrectmn of devmtlon. This 
IS shown I” Fig 13 This 1s true regardless 
of pos,t.mn along the approach or the number 

of lights see”. It .a11 requre trammg with 
these effects, however, for the pllot to be 
able to determme readily his exact posltlo” 
,” the approach, but this 1s true to some ex- 
tent of any approach light system. When 
properly tramed I” Its use, a p&t ~111 have 
a most sensltlve tool I” this system, to aId 
hnn m maklng safe landrags 

At present it 1s ,&ended to use white 
lights of approxnnately 100,000 candlepower 
for the “slope-1,ne” sys tern. However. the 
color of lights 1s not crltlcal and the system 
can be adapted to whatever color 1s selected 
&s standard for h,gh xttenslty approach lrghts. 

APPROACH 

- - 
- - 
- - 

4360& 

Fvg 11 Plan View of Slope Line System 

Several models of this type of llghtmg 
we r e studled, mcludmg a short length of a 
full-scalemodel whlchwas flight tested at the 
CAA Experxnental Statlon As the r e s ul t s 
seemed promlsmg, complete systems we r e 
mstalled both at Arcata and Indmnapolls, the 
s y s te m at Arcata makmg us e of 500-watt 
sealed-beam arrplane landing lamps, and the 
one at Indmnapalls using 50-watt, 12-volt 
speaal sealed-beam lamps. The latter, used 
with 30-degree spread roundels, have a rnax- 
unum candlepower of approxunately 40,000 at 
full brightness, less than one-half that of the 
Arcata uuts. However, as these hghts are 
bright enough to be seen approxnnately one- 
quarter mile durmg a nlghttlme wslblllty of 
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1/16-n&. andapprox1mately 3/16-m& duw-,g 
daytime v1s1b11,ty of l/16-mile. 1t 1s believed 
that they iv111 be suff1c,ently bright for the 
a v e r a g e airport. For alrpcrts where very 
he a vy fogs are mc1dent. the brighter 11ghts 
probably w1llbemore desirable. The brighter 
11ghts are now undergmng severe service tests 
at Arc&a, while those at Indianapolis are hang 
used and demonstrated nightly. 

RVNWAY A 
,’ 
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Fig 12 Glide Path “On Course” View of 
Slope Line Lights 

APPROACH LIGHT EVALUATION 
COMMITTEE 

In 1947 an Approach L 1 g h t Evaluatmn 
Commrttee was formed as a subcommittee of 
the A1r Force-NavyC1v11 Comrmttee on Av1- 
ationGround andSeadromeV1sual A1dsEqu,p- 
ment and Installations This committee 
s tud1e d the test results of the varxous high 
intensity approach 11ghts at the Landmg Aids 
Expe r1ment Statlo” at Arcata. Cal,forma, 
formulated the Operatmnal Requirements for 
ApproachLIght Systems (See Appendix I), and 
submitted a report to the parent committee, 
recommending the adoptmn of a s tan da r d 
system for high intensity approach 11ghts for 
v1s1b111ty conditions down to one-quarter n-ale. 
These recommendations are g1venm Appendix 

II. 
A minority report of the Approach Light 

Evaluatmn Committee was subrmtted a 1 so , 
obJect1ng to the two row system recommended. 
and favoring a single axial row. 

The dec1slon of the Aeronautical Board 
was to adopt the recommendatmn of the com- 
m1ttee for the two parallel rows as standard 
for vlsrb111tles down to one-quarter m,le, but 
that on airports for clvllla” use only, the 

right-hand row ~111 be ormtted for the present. 
After all of the systems installed at 

Arcata have been flight-tested and compared 
durmg the current fog season, rt 1s anticipated 
that a recommendation ~111 be prepared to 
amplify or to supersede the standard recom- 
mended 1” Appendix II. 

F1g 13 Approach “Off Course” View of Slope 
Lme Lights 

HOW SHOULD “BEST HIGH INTENSITY 
APPROACH LIGHT SYSTEM” 

BE DETERMINED AND USED? 

At this pant let us quote excerpts from 
a paper’whlch mostaptly describe extremely 
nnportant cond1tmns which must be taken mtn 
cons1deratmn 1” studying and evaluating tests 
on any system of approach 11ghts. 

“Even 1f we had avarlable today a system 
of ap p r o e c h 11ghts. . which had completely 
sat1sfled all the requirements of laboratory 
1nvestlgatmn and a comprehenswe series of 
field tests, including ample flight tests, the 
problem would St111 not be solved. The final 
solutmn of the problem reqrures the accumu- 
latmnof suff,c,ent successfulerper,ence under 
a c t ua 1 service conditions to warrant pilots 
generally 1” placing confidence m the system. 
This conf 1dence can only be acquired by 
actually makmg landmgs under cond1tmns of 
bad v1s1b111ty and great credit 1s due those . . 

’ Breckenr1dge.F.C.. andDouglas, C.A., 
“Development oi Approach-and Contact-Light 
Systems.” Illummat1ng Engmeermg. Vol XL, 
No. 9, Nov. 1945 
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who are attemptmg at tins time to carry out 
landings \ulth the systems wluch they have 

GLIDE PATH- ,’ ’ 
, 100’ 

‘~ LAXIS OF 

I’/ / 
, ’ 

‘,,APPROACH AREA 

PROJECTED AXIS OF 
SLOPE-LINE LIGHT 

/ 
/ 

Fig. 14 Perspectwe View of Slope Lme 
of Lights with Reference to the 
Approach Lights Showmg Posltmns 

available One word of cautmn, however. may 
not be mapproprmte To attempt to force the 
systems which they are usn,g beyond their 
capacity may set back rather than ad Y an c e 
pro g r e s s since one bad accident ~111 undo 
cne confidence accumulated ln a hundred suc- 
cessful landmgs. 

It 1s doubtful If any system of approach 
lights Will ever be satisfactory for a pIlot to 
“se m thxkfog unless he 1s thoroughly fanul- 
la= with It. Even with 3000 feet of approach 
Llghtmg .a @ot travelllng 120 rmles an hour 
IS over the system for only 17 seconds To 
this we may add from 4 to 13 seconds for the 
txne the first light 1s vlslble before the pIlot 
reaches It Whatever change in flrght path 1s 
to be made will have to be made ..vlthu, this 
pe rlod of 21 to 30 seconds and durmg thus 
tune the pilot does not see the entire system 
at any tmle. A successful landing requires 
that the pllat r e c o g n 1 z e at the first glance 

whatpart of the system he 1s seemg and what 
his p o s it 1 on 1s relative to that part of the 
system Such recogmtmncan only come from 
seemg the system frequently The chances of 
error will be mcreased If the same $otls 
called upon to use different systems m wulhxh 
the sameldea 1s expressedby dlfferentmeans. 
To allow the same means to have different 
slgmfxance in &f&rent systems used by the 
same pilots would certamly mvlte accidents. 
With frequent and consistent experience m 
clear and senu-clear weather, the pilot should 
be able to construct the whole picture of the 
approach-light system from the parthe 1s able 
to see m fog. 

In the long run, the @ot must be sat- 
IsIwd If he cannot use the llghtmg system. 
no one else Will . ..For flight testing, the pilot 
IS obvmusly md~spensable. In the acqulsltmn 
of service experience It 1s the @at alone who 
counts. But after allowing for the @at’s 
nnportance m all of these aspects of the work, 
the orgameatmn of the program 1s stllla prob- 
lem for the engmeer It 1s ta the en g I” e e r 
that we must look for the development of 
techmques whxh will eln-mnate preJu&ce and 
chance from our results, for when we get be- 
yond the lmutatmns of laboratorylnvestlgatlo~ 
prejudxe and chance are our greatest dlfh- 
cultles. It 1s the engn-ieer who must study the 
pilot’s observatmns and determine what 1s 
relevant and what 1s accidental.” 

CONCLUSION 

If the unportance of the above prmclples 
1s kept m mmd, It should be possible, with the 
a 1 d of knowledge gamed through exhaustive 
expermwntatmn, for the engmeermg profes- 
smnto fmd the correct solution to the problem 
of approach llghtmg Most of the prelmunary 
work has been done. It remams yet for the 
s eve r al proposals to be weighed, carefully 
appraised and put to practuzal applxatmn 

Onone requrementall of the authorltws 
andall of the proposed high mtenslty systems 
agree. They all call for 3000 feet of approach 
llghtmg for every instrument landmg runway. 
Hence, provlsuan for 3000 feet of land m the 
approach should be xncluded with every air- 
port where scheduled operations are antlcl- 
pated, and 500 feet addltlonal to allow for the 
rmddle marker 
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APPENDIX 1 

OPERATIONAL REQUIREMENTS FOR 
APPROACH LIGHT SYSTEMS 

1 DEFINITIONS 

As used In this statement of operatmnal 
requrements, the followmg terms are to be 
understood as defmed below 

1.1 LIMITINGVISIBILITY, themeteor- 
o lo g 1 c a 1 vlslblhty for which the approach 
light system 1s deszgned 

1 2 REGION OF GUIDANCE, the regmn 
of space wltlun which It 1s essentw.1 that the 
visual ads be suffaclently wsrble to the pilot 
to p r ovld e adequate guidance for the safe 
approach of arcraft for lan&ng. 

1.3 AXIS, a horuontal line extendmg 
the center line of the runway through the 
approachway, that 1s. m the same v e r tx c a 1 
plane as the centerlme and mtersectmg It. or 
comcldmg with It at the approach end. 

14 THRESHOLD, a horizontal lme 
perpendxular to the axis markmg the approach 
end of the runway and also the vertical plane 
through this lme 

1.5 PORTAL, an area, through whxch 
axcraft may be expected to pass, lymg In the 
vertical plane perpendicular to the axis and 
3500 feet from the threshold. (The middle 
marker 1s generally located In this plane ) 

1 6. GLIDE PATH, a path determmed 
by electronic ads and deslgned to be followed 
by alrcraft m landmg. The slope varies be- 
tween two degrees and four degrees. and the 
mtersectionwlth the runway lies at a distance 
offrom 500feet to1500 feetfrom theapproach 
end. 

2 LIMITING VISIBILITIES 

2.1. For the purpose of these requre- 
men&, two Lmutmg vlslbllltzes are recogmzed 

21 1. For direct Instrument ap- 
proaches. the limitmg vlsiblllty 1s l/4 mile 
dayllght o b J e c t vlslblllty (Transm~sswty, 
0.375 per 100 meters ) 

2.1.2 For all other approaches and 
clrcllng, the hmltlng vlslblllty 1s 3/4 mile 
(Transmlsslvlty, 0 722 per 100 meters.) 

2.2. These operational requrements 
are based on vlslbllltles of l/4 mile unless 
othervase stated 

3 IDENTIFICATION 

3 1 At all pomts wlthm the regmn of 
gudance (SectIon 4). the lights vlslble shall be 
lmmedlatelyldentlflable as part of anapproach 
light system. 

3 2 At all pomts wlthm the regmn of 
guidance (Sectmn 4), any Lights on either side 
of the 3x1s shall be xm-nedlately dlstmgulshable 
from any lights on the other side of the AXIS. 
and any Lights on the axes shall be recognizable 
as such. 

3.2.1 This ldentlflcatmn shall be ac- 
compllshed wlthout possible confusmn with 
any means used to mark any portion of the 
runway, or with other lights In the area. 

3 3. At al1 pants outslde the regmn of 
guidance (Sectmn 4). any approach lights 
vlslble shall mxnedlately mdlcate to the pllot 
that he IS left or right, and If possible, above 
or below the regmn of guidance respectively 

4. GUIDANCE 

4 1. For mstrumentlandlngs. the regmn 
of guidance shall have the form and dunensmns 
shown In figure 1 of Appendix I. 

4 2. At all pomts wIthIn the regmn of 
gudance sufflclent lights shall be visible to 
mdxate the locatmn and dlrectmn of the axis. 

4.2.1. Wlthm the regmn of gmdance, the 
locatmn of the threshold shall be posltlvely 
identifledfor a maxnnum distance of 500 feet. 

4 3 Wlthm the regmn of gudance xt 1s 
highly desirable that sufflcientllghts be vlslble 
to mdxate the followmg 

4.3 1 The approxxnate heightabove the 
runway, or, alternatlvely, the departure ver- 
tlcally from the glide path 



QLIDE PATH --- 

1/z RUNWAY WIDTH 

FROM GROUND LINE TO 50’ 
ABOVE THE GLIDE FATH 

H3 300’ 

VALUES LISTED ARE PROVISIONAL AND L2 
CAA STANDARDS AND 

SUBJECT TO ARCATA FINDINGS LA TOLERANCES APPLY 

Fig. 1 Regmn Guidance for Approach Light Systems 

4.3.2. The approxxnate distance to the 
threshold 

4 3 3. The attitude of the arcraft with 
respect to the horizontal plane, both longltu- 
dmallyand laterally,prowded the means used 
shall not detract from the guzdance furnIshed 
to lndlcate the locatlon and dIrectIan of the 
ax18 and the location of the threshold 

4.4 Forvlslblllty condltmns of not less 
than 3/4 of a mile, dayllght object vlslblllty, 
the approach light system shall furrash guld- 
ante for a distance of 3/4 rmle along any path 
of the approach wIthIn 90 degrees left or 90 
degrees right of the axis, the vertex being the 
Intersection of the threshold and the axis * 

4 5 F o r a 11 vislblllty condltlons the 
locatlonof the middle marker, or the pomt on 
the axis 3500 feet from the threshold shall be 
mdlcated by a flashmg Ilght vlslble 3500 feet 
under l/2 mile dayllght obJect vlslblllty except 
~1 thin a sector dlrected toward the runway 
and extendmg 22 5 degrees either side of the 
a*15 * 

*This 1s a provlslonal requirement 
b a s e d upon currently avallable InformatIon 
and 1s SubJect to verlflcation obtaned from 
flight tests 

5 ILLUMINATION 

5.1 The lllurmnatmn provided at pants 
from whxch lights are requrred to be vlslble 
shall be adequate for wslblhty wltbout visual 
concentratmn m excess of what 1s read 11 y 
feasible for a pllot whose attention must be 
dlvlded among several responslbllltles 

5 2. The ~Llurmnatmn wsxble at pants 
on or above the level of the glide path shall 
not be excessive. (There IS no agreement as 
to the maxxnumacceptable degree of dazellng. 
and addItiona experimental results are ur- 
gently needed ) 

6 COLORS 

6 1 The number of different colors used 
In approach- and runway-light systems should 
be kept to a rnlnnnurn to avmd possible con- 
fusion. 

7. CHARACTERISTICS 

7 1 At present, only flxed lights have 
been found satisfactory for gudance to meet 
the requrements In Sectzon 4 

7.1 1 Flashing lights used as auxllmry 
lights or satellites maybe considered as 
meetmg the requrements for ldentifxatmn, 
(Section 3 ) 
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APPENDIX II 

PROPOSED A.N C STANDARD FOR 
APPROACH LIGHT SYSTEMS 

The followmg standard describes an ap- 
p roa ch light system deslgned for use with 
electronic alds and adequate runway lights to 
facllrtate the landmg of airplanes in weather 
normallycharacterlaed as not below l/4 mile 
vlslblllty. These standards are based on 
prov~mns contamed in the Operational 
Requrements (Appendix I). 

1. Configuration 
The system shall consist of two rows of 

lights horleontally parallel to the center lme 
of the runway 

2. Length 
The rows shall extend from the end of 

the runway proper -- a distance of 3000 feet 
I,, the dIrection from whxh landmg airplanes 
approach. 

3. Locatron 
The rows shall be symmetrxallylocated 

with respect to the center lme of the runwuay 
ata dIstanceof notless than100 feet normore 
than 125 feet from that center lme (extended). 
They shall be as nearly in the plane of the 
runway as 1s practicable. but If It 1s not prac- 
t 1 cab 1 e to locate all the lights m the same 
horizontal plane the echelon prmaple may be 
followed. 

4. Spacmg 
The lights shall be spaced NIL the rows 

preferably 100 feet, but not more than 200 feet 
apart. x, such posltlons that the lmes con- 
nectmg correspondmg units ln the two rows 
are perpendicular to the lmes of the rows. 

5. Characterlstlcs 
The lights shall be of the fzxed(not 

flashmg) type. Those 1.1 the left row. as seen 
by approachmg pllots. shall be red. Those III 
the right row shall be yellow. 

6. Coverage 
The mtenslty dlstrlbutlon of the lights 

shall be such as to provide satisfactory guld- 
ante throughout the regmn of space defmed 
byFIgure 1 ofAppendIx I when tbeatmospherlc 
transmlss1v1ty 1s not less than 0.375 per 100 
me t e r s, commonly called l/4 mile dayllght 
obJect vlslblllty 

7. Threshold 
In addltmn to the lights described above, 

the approach end of the runway shall be marked 
by a row of green lights of higher lntenslty 
than the threshold lights normally speclfled 
for runways which are not llghted for mstru- 
ment approaches. 

8. Obstructrons 
EachpaIr o-f lights shallbe locatedabove 

anyobstructlons mthe approach area between 
It and the runway threshold 


