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THE SLOPE LINE APPROACH LIGHT SYSTEM 

SUMMARY 

Th,s report describes a three-dunen- 
slonal pattern of 1,ghts developed as an ap- 
proachhghtsystemfor landmg aIrcraft under 
condltmns of restrxted vmlblllty In this 
design the lights are hnear ,n form, and are 
mountedin two geometmc planes wh,ch mter- 
sect at right angles along the lme of the ap- 
proach path Thm system of approach lights 
provides a pllot with a unque and dlst>nctlve 
pattern which can be ,dentlf,ed readily as an 
approach light s y s t e m and which mdlcates 
visually h I s att,tude and pos,tmn relat,ve to 
the proper approach path 

With the ald of these md,cat,ons a p,lot 
IS enabled to make a v I s u a 1 contact landq 

I 
under vlslblllty condltmns matenally more 
restrlcted than has h,therto been possible 

I 
The slope line approach lqht system 

has been adopted as standard for the Un,ted 
States by the Ax Force-Navy-Clvll Subcom- 
mtttee for V,sualA,ds to A,= Nawgatlon, and 
conflrmed by the Alrcraft Comm,ttee of the 
Mumtxons Board 

INTRODUCTION 

Approach hghts were developed ongl- 
nally to assist a pllot to line up w,th a runway 
in weather that was clear or nearly clear 
Their effectiveness was judged by the appear- 
ance of the 1,ghts as seen from a distance of 
several nules Lack of facxhtles for Instru- 
merit flymg restrlcted avmtmn operatmns to 
perwds when vlslblhty was reasonably good, 
andemphasls in the design of approach light- 
mgwas placed onconsplcultyanddlst,ngu,sha- 
blhty 

Radio navlgatmn atds now have been de - 
veloped to a p o in t where ,nstrument flymg 
has become routine and such alds can gu,de 
an alrcraft on the landmg path safely, to a 
pomt near the ground It ,s a funct,on of the 
approach hghts to supplement the radm a,ds 
byprov,dmgvlsual gudes for the fmal stages 
of approach (the last 200 feet of letdown) and 
the actual contact w,th the runway The em- 
phasls 1s now onapproachlqhts to g,ve accu- 
rate v I s u a 1 mformatmn to the pilot who 1s 
makmg a letdown in th,ck weather 

Muchwork has been done an thu prob- 
lem I* the past Breckenrldge and Douglas 
have reported on experImenta work done at 
the Clvll Aeronautics Admmlstratmn Tech- 
meal Development and Evaluatmn Center at 
Ind,anapolls, Ind , and atNantucket. Mass l, 
and Kevern has r e po r t e d on work done at 
Newark. N J and at Wright Field, Dayton, 
Ohm’ The Navy, Bureau of Aeronautuzs, 
has conducted eutens,ve experimental work 
onapproach hghts at Patuxent, Md , and has 
reported the results3 Cutrell, of Amer,can 
AmImes, has done a conslderable amount of 
bad-weather f 1 y I n g w,th the Air Transport 
Command and later as a c,v11,an4 The late 
A J Sweet made an mtenslve study of the 
problem. and the results of his work are in- 
eluded in this report The Air Transport 
Assocmtxon has been very Interested in ap- 
proach light development. and has fxnanced a 
ma,or portmn of the mstallatlon of two ex- 
penmental patterns of a p p r o a c h lights at 
Newark, N J 

The study of approach hghtmg has pro- 
duced more w,dely varymg suggestIon than 
any other phase of avlatmnhghtmg The axml 
smgle line system and the multIrow system, 
consxtmg of evght parallel rows, represent 
extremes towhlchdeslgners have been forced 
by the logic of the elements ta wh,ch they at- 
tribute most Importance Relatively low 

lF C Breckenr,dgeandC A Douglas, 
“Development of Approach - and C on t a c t - 
Light Systems,” Illummat,ng Engmeermg, 
Vol XL No 9, November 1945 

2G M Kevern. “Approach and Runway 
Lqhtmg for Adverse Weather Cond,t,ons. 
Army Air Forces, A,r Techmcal Command 
Report TSEFE 656-1566, February 1944 

3A Soucek. ‘I Test ofHIgh-Intenslty Ap- 

proachand ThresholdLlghtxq, U S Naval 
Air Center, TED No PTR SE 209, September 
8, 1948. andTED-PTRTestNa 4333, 4333 I 
2 and 3 

4A E Cutrell. “All-Weather Flymg 
Fac,lttles, A pa pe r presented at the SAE 
AnnualMeetmg, BookCadIllac Hotel, Detl”,t, 
Mlch , January 7-11. 1946 
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brightness neon tubtng and condenser dis- 
charge l,ght s our c e s producmg flashes of 
manyrmllmn candlepower represent extremes 
of equipment currently suggested 

Manydlfferent patterns and systems of 
approach 1 I g ht In g have been proposed and 
s tudzed These Include, in add,t,on to the 
slope lme system. the followng patterns 

found to be m,posslble to ach,eve any degree 
of co-ordmatlonoithe results of such testmg 

1 Axial smgle row, with fIxed lqhts 
2 Ax,al smgle row with flashmg lqhts 
3 Axial smgle row, vath fxed and flashmg 

1,ghts 
4 Smgle row on the left parallel to axis, 

and wtth fxed hghts 
5 Smgle row on the left parallel to ax,s, 

and w,th f,xed and flashmg lights 
6 Two rows, parallel to and symmetrical 

w,th the ax,5 
7 Mult,rowpattern. lmes parallel to and 

symmetrIca w,th the ax15 
a Four row path-of-fhght system 

9 Two row path-of-flqht system with both 
rows on left 

10 Two row funnel system 
11 Funnel systemwth ax,all,ne and cross 

rows 5 

Systems 1, 2, 3. 4. and 5 are single 
dmxnsloned, and 6. 7, 8, 9. 10. and 11 are 
two dlmensmnal All of them cons,st basIcally 
of patterns of hghts m a level plane, that of 
the threshold of the runway These patterns 
Introduce dlfflcultproblems If the terramdoes 
not fit this levelplane If the ground falls off, 
the 1,ghrs must be elevated to brmg them up 
to the plane If the ground rises, the hghts 
must be mounted w, a series of parallel 
planes, lettmg down su< cesslvely to the plane 
of the runway 

The greatest Impetus to progress u, the 
solutIonto theproblemwas the establishment 
of a ,omt pro,ect by the Departments of the 
A,r Force, and the Navy, and the Clv11 Aero- 
naut,cs Admm,strat,onfor the ,nstallat,on and 
flqht testmg of low vlslblllty landmg atds at 
the Landmg A,ds Experunent StatIon. Arcata, 
Cal,f There, at an aIrport whose weather 
hIstory shows more consistent and frequent 
fog than any other avaIlable area, a complete 
systemoi radmand radar alds. fog dispersal 
eqwpment and var,ous systems of v,sual atds 
were mstalled, and are bemg fl,ght tested for 
ObJectlve datawhenever fog occurs The pro- 
,ect 1s under the technlcal superwslon of a 
steermg commltte composed of membels fran 
the Departments of the Air Force, and Navy. 
ClvllAeronaut,cs Adrmmstratmn, Clvll Aero- 
nautxcs Board. Air Lme PIlots Assoclatmn. 
and AI= Transport Assoc,at,on Careful at- 
tentmn 1s pa, d to obtammg factual data, as 
complete as possible, and to the recordmg and 
reportmg of s u c h data More than 500 fog 
approaches had beenmade up to the end of 1947 
and 600 addlt,onal fog approaches were made ,n 
1948, and dara have been tabulated and made 
avaIlable to the commlttee for study and to 
form the basis of recammendatmns 6 

APPROACH LIGHT 
SYSTEM REQUIREMENTS 

Most of these systpms have been ,nstalled 
and flqht tested Serious dlif,cult,es were 
eqer,enced in attempt,ng to appraise the 
results ofthese tests, whlchwere made under 
various condltmns, at dliferent locatIons, by 
dlffercntp,lots andunder various procedures 
In most cases no accurate record of meteor- 
ologxcal condltlons wa 5 avaIlable. and few 
records of f 1 I gh t paths were made It was 

In cons,dermg the development of an 
approach 1,ght system, It 1s necessary i,rst, 
to establish the cond,t,ons under wh,ch It w,ll 
be used. and the ald whxh the system should 
g,ve the p,lot To a pIlot makmg a cxclmg 
contact a pp r o a c h the function required of 
approach lights 1s v e r y different from that 
r e cj u 1 r e d by a pIlot makmg an mstrument 
letdown Th,s does not meanthat one system 
of approachllghtq cannot fulfill bothfunct,ors 
but that the functmn must n e c e s s a r 11 y be 
adapted to the type of operation with wh,ch ,t 
IS employed The system of approach lights 
descrtbedmthls reportw deslgnedessentmlly 
to g,ve v,sual a,d to a p,lot makmg an tnstru- 

5E S Calvert. “Visual A,ds for Low 
Vtslb,l,ty Condltzons ‘I lournal of the Royal 
Aeronautical Society, July 1940 

6 Landmg A,ds Expermxnt Statlo”. “Au- 
field Lqhtmg ” FmalReports for 1946, 1947, 
and 1948 
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ment letdown in fog See Appendix I. Its 
applxatlon to other approach problems ~111 
be dIscussed also 

It should be borne m mmd that an ap- 
proach light system 1s only a part of the co- 
ordlnatedlandmg aids In order to use these 
lights effectively adequate radio gutdance. 
adequate threshold llghtlng, and adequate high- 
Intensity runway llghtmg als o must be pro- 
vlded The radlo alds are required to brmg 
the pllot wlthm sight of the approach lights , on 
approximately the correct course, and to a 
pomt wIthIn 200 feet of the ground See 
Appendix V The approach lights, by means 
of visual references , guide him correctly on 
the proper path down to where the threshold 
lights mark the begmnmg of the runway, and 
the high-mtenslty runway lights give him 
guidance and height reference for the fmal 
touchdown 

I 
Regmn of Guidance 

The Steermg Comrmttee for the Landmg 

I 
Atds Experiment StatIon, (Air Force-Navy- 
Clvll Subcomzmttee on V , s u a 1 A,ds to A,r 
N a Y I g a t 1 on ) appomted an Approach Light 
Eva lu a t 1 on Committee. which formulated 
OperatIonal Requirements for Approach Light 
systems These requirements are given 1” 
AppendxVII, and are based on test ilymg done 
up to the end of the fog season of 1947 The 
reglonof gutdance 1s defined m the OperatIonal 
Requirements for ApproachLIght Systems as 
the reglonfromwhxh the approachllghts must 
be efiectlve Thus regmn, as defmed, IS pre- 
d~catedonvlsib~llt,es not less thanonquarter 
rmle (402m)bydaytlme. andltls necessary to 
reconstder Its appllcatmn to a range of vlsx- 
bxlltles extendmg downto the ultimate through 
which It IS practical to make lights effective 

The reglonof gutdance can be consIdered 
from several different standpomts One of 
these 1s the maneuvermg lxnztatlons of the 
aircraft. and a second 1s the lwrnts m diver- 
gence of aIrcraft from the correct approach 

path, experienced when operating by mstru- 
ment gutdance 

Inconsldermg the region of guidance m 
connectlonwlth the maneuvermg ablllty of the 
alrcraft, lt 1s obvious that the lxmlts of the 
regtonneednotbe setanyiarther from the ap- 
proach path. laterally or vertxcally. than the 
maximum distance wtthln which an alrcraft 
can safely be maneuvered for a landmg in the 
dls Lance avatlable Any lxghts which may be 

vlslble from outslde this area can serve only 
as mdxatmns of rmssed approaches 

Inconstdermg the lateral displacement 
from which a” axplane can maneuver to the 
approachpath wIthInthe space from the outer 
end of the approach 1,ghts to the threshold of 
the runway, and make a successful landing, a 
study was made of the path of an alrplane at 
various speeds and at various angles of bank 
This ,s shown I” F,gs 1 to 3 ,nclus,ve The 
curves rep r e s en t the path of a” alrplane 
makmg a banked turn, and are independent of 
the t y p e of alrplane Some alrcraft can be 
slipped or skidded to achieve a. somewhat 
greater lateral correctlo”. but It 1s belxved 
that such a maneuver would be ltttle used so 
close to the ground and mweather thick enough 
to be crItIca In many dxcussmns with pllots 
farmlIar with transport aIrcraft. none ex- 
pressedwlllmgness touse abankof more than 
1O’after he had slghted approach lights durmg 
a letdown 1” fog From these data It IS be- 
lleved that, mthlckweather, a transport air- 
plane more than 150 feet to one side of the 
proper approach path, could not normally be 
brought I” to this path from 3. 500 feet out, m 
time to make a s UC c e s s ful landmg This 
hmltatlonwlll becomemore and more severe 

Ftg 1 Radius of Curvature of Path of 
AIrplane Plotted Against Angle 
of Bank 
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Fig 2 Maximum Lateral Dewatlon of 
AIrplane From Orlgmal to Parallel 
Path Wlthln 1. 000 feet Forward 
Travel at 120 mph With Varymg 
Angle of Bank 

wIthlarger and faster alrcraft See Appendtx 
VI 

The upper llmlt of the required region 
of gutdance 1 s estabhshed automatlcally by 
the maxmnxn desirable rate of descent for 
alrcraft If the rate of descent 1s lmnted to 
700 fpm the height of an alrcraft approachmg 
at a speed of 120 mph can not exceed 280 feet 
above the runway level as It crosses the 
middle marker (3.50Ofeetfromthe threshold) 
This 1s 80 feet above a normal ILS glide slope 
,**ta11at,0* 

Smce the purpose of the approach lights 
1s to supplement r ad 1 o guided approaches, 
the region of guidance throughout whlcll the 
approach lights are required to be eifectlve 
should not exceed the lmnts of the accuracy 
with whlrh normally skxlled mstrument pdots 
follow such gutdance Data are avaxlable from 
many test approaches under the hood See 
Appendix II A series of such ihghts. con- 
ducted by the All-Weather Flymg Serwce of 

the USAF at the C 11 n t o n County Air Force 
Base, was tracked mstrumentally by recordlrg 
theodohtes7 The results of aserles of these 
flights are shownm Fig 4 From thus It can 
be seen that 46 per cent of the flights were 
wlthm 50 feet, 73 per cent wlthln 100 feet, 
and 97 per cent wlthm 150 feet horizontally, 
of the approach path at a distance from the 
threshold correspondmg to the locatIon of the 
middle marker, and approxtmately at the be- 
gmnlng of the approach pattern 

In consldermg the height of the area to 
be served by the approach lights. an exam,- 
natIon of Fig 4 ~111 show much less varlatlon 
from the approach path vertically than horl- 
zontally Nmety-three per c en t oi the ap- 
proaches are wxthm 50 feet of the approach 
pathand99percentarewlthm lOOfeet These 
data tndlcate that the regxon of guidance should 
extend up to 50 feet above the glide slope at 
3, 500 feet from the threshold. 

In constdenng the length of the regmn 
of guidance. the height of the glide slope IS the 
1ml1t1ng factor It has been found that a pllot 
normally can e xp e c t to see approach lights 
whenhe 1s not over 200 feet above the level at 
whlchthe lights are mounted Most approach 
paths, as establlshed by ILS. place an ax- 
plane 200 feet above the level of the threshold 
at the rmddle marker. at 3. 500 feet from the 
threshold If the length of the approach light 
systemis made 3. 000 feet, It would appear to 
extend as far as It can be made effectxve m 
crItIca weather 

OperatIonal Requirements 
The visual gutdance required to assist 

a pIlot m landmg an aIrcraft under low YEI- 
blllty condltlons can be constdered under the 
followmg elements (1) longrtudmal, (2)lateral, 
(3)vertlce.l (4)attltude or roll, (5) dIrectIonal, 
and (6) ldentlflcatlon All of these elements 

7Alr Force All-Weather Flymg Dlwslon, 
“Measurements on the FlyabIlIty of the AAF 
Instrument Low Approach System ” Report 
No AWTL-6-2. dated August 22, 1947, and 
‘Measurements on the FlyabIlIty of the AAF 
Ground Control Approach System and Com- 
partson with the Results Obtamed for USAF 
Instrument Low Approach System ” Report 
No AWTL-6-3, dated March 17. 1948 



Fig 3 Mav~mum Lateral Dev,at,on of Axplane From Or1guw.1 to Parallel Path WIthIn 
1.000 feet Forward Travel With 15’ Bank and Varymg Speeds 

are requred ln some degree Longltudmal guidance are essential They are so mter- 
gudance has been given little nnportance ,n related that they c a nn o t be evaluated Indl- 
thepast.and, whlleitsneedisnowrecognlzed, wdually. and one cannot even exist m the ab- 
It still 1s probably the least nnportant element sence of one or more of the others vert,ca1 
Lateral guldanae. roll gutdance, and d,rect,onal guidance has been given little importance 1x1 
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the past, and has been Ignored or given only 
a mmor place mthe design of most other ap- 
proach systems Yet vertical guidance 1s of 
prxne nnportance and cannot be stressed too 
h,ghly A recent study8 states, “The most 
crItIca component of the pilot’s ,ob, as de- 
termmed from all sources, 1s that mvolvmg 
the skills of establlshmg and mamtaunng a 
proper angle of ghde, rate of de s c en t and 
speed of glide on the approach Fallure to 
perform this part of the job adequately was 
found to r e s u 1 t m three trnes as many ac- 
cldents as aoes failure to perform any other 
part of the Job ” 

Attitude guidance, or the establishment 
of avlsual horlzonreference by means of the 
approach light pattern 1s very Important. al- 
though It 1s I g n o r e d by the advocates of a 
smgle-lme pat t e r n , and Its xnportance 1s 
still largely overlooked or even denled stren- 
uously by some expenenced pllots ca1vert9 
attrlbutes great unportance to this function, 
and has, 1x1 fact, deslgned his system around 
It This function 1s dIscussed at greater 
lengthm Appendx II A horlzonreference IS 
best given by harlzontal lmes at right angles 
to the c our s e of the aIrplane It cannot be 
given by a smgle lme parallel to the course, 
or even by two or more lmes parallel to the 
COUTse The best horizon reference afforded 
by any of the approach light patterns proposed 
1s that given by the funnel system with an axial 
lme and a series of cross lmes described by 
Calvert 

Identlflcatlon 1s essentml be f o r e any 
other element has any meanmg, and 50 IS 
mterlmked w 1 t h every other element of the 
l,st 

It IS not p r act L c a 1 to try to evaluate 
these elements separately wIthout conslder- 
atmnof the Interrelatlonshlp of each with the 
other Efforts have been made to assIgn 
numerxal welghtzng to the “armus elements 
of vtsual gudance and to the adJectlve ratmgs 

oftheeffect,veness reportedbythetest 

s Thomas Gordon, “The Alrlme PIlot 
A Survey of the CrItIcal Requuements of His 
Job, and of PIlot Evaluation and S e 1 e c t I o n 
Procedure ” C,v,lAeronaut,= Admmlstraton 
Dlvlslan ofResearch, Report No 73, 
November 1947 

9See footnote 5 

p&z&. and ta arrive at a numerIca ratmg 
of the systems bemg rompared at Arcata 
These ratmgs were asslgned by the test pllots 
andother partlclpatmgpllots, but the results 

showed anomahes and distorted comparison 
evaluatmns whxchwere widely at varxance with 
the opnuons andeffectIve results shown In the 
analysis of the flight data A more effective 
means of evaluatmg the guidance required of 
approachllghtmgls based on conslderarlon of 
the operatmg condltlons If the function of the 
approachllghtmgsystemls so consldered, the 
various elements can be appraised m their 
proper subordmate relatmnshlps to the baste 
functmn of the system 

AnaIrcraft makmg a landmg under law 
vlslblllty condltlons 1s guided to the portal, 
approxunately on course by the radio aids 
These alds mark a path In space which 1s 
essentially a straight lme The approach 
light system, whose functmn 1s to supplement 
the radio alds and toprovIde visual reference 
for a contact landmg. also should dehneate 
the same lme In space In order to defme a 
lme In space three drnenslons are necessary 
and any system of visual r e f e r en c e whxh 
does not posse s s three dlmenslons cannot 
defme such a lme 

Requrements d,scussed so far have been 
constdered on the basis of a straight-In ap- 
proach In thick weather The pllot makmg a 
clrcl,ngcantactapproachrequlres a different 
type of guidance Such approaches are made 
only whenvlslbllltxs are three-quarter rmle 
(1107m) or better The no r ma 1 procedure 
c on 5 IS t 5 of a down-wind leg, a 90’ turn, a 
base leg, aturn mto the lme of approach, and 
the fmal approach DurIngthIs procedure the 
pllot should be able to see the locatIon of the 
approach area from any angle up to 90” from 
either side and from a vertical angle of 30”. 
and also should be able to see a dlrectlonal 
marker mdlcatmg the line of approach Re- 
qulremenis for ctrclmg approaches are aut- 
1medmSectlons 4 4 and 4 5 mAppendlx VII 

FunctIonal Requlremenrs 
Lights used for gudance of alrcraft are 

used as luminous signals. and the light 
sources themselves must be made vlslble to 
the p,lot When vlslblhty 1s restrIcted, the 
distance from which a light can be seen de- 
pends on the br xghtne s s of the hght. the 
brightness of the background agamst which 
the light 1s seen, and the loss of hght In the 
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atmosphere between the hght and the observer 
F,g 5 shows the relat,onsh,p between 

the brightness of a l,ght, the transmlsslvlty 
of the armosphere. wh,ch IS the proportmn of 
1,ght penetratmg a umt d,stance, the equ,valent 
daytIme v,s,b,lity distance and the distance 
from wh,ch the light can be seen It IS more 
fullydescrtbed,nAppend,xIII The curves of 
candlepower ,n this chart are given double 
values. ane for a moonless starlIt n,ght, and 
one which applies to 1,ghts vwwed ,n a day- 
1,ght fog In heav,ly overcast weather 

The tabulatmn cm the r,ght of th,s chart 
15 ‘Equ,valent Object Vls,b,llty” By th,s 1s 
meant a degree of fog which would just per- 
m,t a tree or a house to be d,st,ngulshed at 
a d,stance mdlcated. and ,f observed by day- 
light Should the s ame degree of fog occur 
at mght, ,t would be de f 1 n e d by the same 
figure cm the chart, even though the house or 
tree would be con c e a 1 e d by the darkness 
“ObJect Vls,b,llty” as used In thx report re- 
fers to the “Equ,valrntOb~ect Vls,bll,ty” de- 
f,ned above, regardless of whether daylIght 
or dark cond,tlons are consIdered From 
the chart It LS ev,dent that ,n a fog restrlctlng 
object vls,blllty to 450 feet (137m) a hght of 
100. 000 candles can be seen from 1, 000 feet 
(305m) by daylIght and can be seen from 1,600 
feet (486m) d,stance ,f v,ewed at mght S,m,- 

1.~1~. w,th a 300-foot (924 obJect v,s,b,llty 
th,s s am e 1,ght could be seen from 700 feet 
(213m) by day or from 1, 250 feet (38Om) by 
mght 

It ,s obvious that a light signal deslgned 
for effect,ve use ,n fog, and w,th a brightness 
of 80, 000 to 100, 000 candles 1s entirely too 
br,ght to be tolerated ,n clear weather In 
order to avo, d uncomfortable glare* , It ,s 
necessaryto be able to reduce the brightness 
of these hghts by degrees to the order of 100 
candles for use ,n varymg degrees of fog and 
haze up to clear weather Far th,s purpose 
br,ghtnPss control ,s necessary 

In o r de r to be able to use hghts for 
gutdance. ,t ,s essential that a p,lot be able 
to ldentlfyand d,st,ngulsh the hghts he sees 
The v a r 1 ou s means whereby lights can be 
ldentlfled are by shape, pattern, color, and 
flashmg character,st,cs These means for 
,dentlfy,ng and d,st,ngu,sh,ng hght s,gnals are 
dIscussed and compared ,n Appendlr IV 

SLOPE LINE SYSTEM 

Bas,c Concept 
The slope 1,ne approach hght system 1s 

the result of a new and radically d,fferent 
concept of a solut,on to the problem of guldmg 
an alrcraft to a landmg This concept rec- 
ognlzes that the problem ls basically one of 
def,n,ng the pllot’s relatwnshlp to a line .n 
SpCC?, the necessity of provtdlng three dl- 
mens,ons to defme such a lme, and of pro- 
vtdmg the p,lot w,th a v,sual gu,de that ,s 
poslclve and easily followed 

The most effective means of defln,ng a 
1,ne ,n space, where the defmmg elements 
are necessar,ly located remotely, 1s to de- 
fme two planes whose mtersectlon forms the 
desired line The v,sual deflrnng elements 
convenvzntlyconsist of parallel lines ly,ng ,n 
the two planes Planes tntersectmg at right 
angles were chosen, as shown In Fig 6, be- 
cause the sensltlvztyof the deflnltlan reaches 
a maxlmurq when the planes are at right 
angles to each other 

Conflgurat1on 
The slope 11 n e approach 1,ght system 

cons,sts of two rows of 1,near hght un,ts. One 

* The matter of g 1 are ,s of vital ,n,- 
portance, as e v e r y o n e who has driven an 
automoblle at night can apprec,ate Brecken- 
ridge and Douglas discuss the problem of d,s- 
trlbutlon of 1,ght mtens,t,es w I t h respect to 
dazzle onpage 814 et seq anddevelop a chart 
shown as Fig 21, page 816 of their report, 
(see footnote 1) Th,s chart ,nd,cates that 
glare or dazzle occurs when a light IS approxl- 
mately 1,000 t,mes threshold brightness 
Kevern(see footnote 2)recogmzes glare, but 
accepts It as a necessary evil Glare IS af- 
fected by several factors, lnclud,ng the 
background ,llummatmn. the relative bright- 
ness of the hght source and the threshold 
brightness, the part of the ret,na On which 
the 1,ght falls, and the duratmn of exposure 
of the eye to the 1,ghts Lacking sufflc,ent 
data to evaluate the s e var,ous factors, we 
can St,11 recogntze that glare or dazzle ,s 
objectwnable and even dangerous, and that 
every effort should be made to avo,d ,t 
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I LENTERLlNE OF RUNWAY 

F,g 6 Dmgram of Intersectmn of Planes 

on e,ther stde of the approach, each row 
conslstlng af a 5 e r le s of parallel lmes. all 
lymg in the same plane The tw o planes in 
wh,ch the parallel lmes 1 I e intersect on the 
approachpathas delineated by the radio alds 
This can be vxsualized as a skeleton of a 
roof. with the a p p r o a c h path formq the 
rrdge pale, and the lmpar lights formmg the 
lower part of the rafters To an observer on 
the r,dge pole, all of the rafters on both stdes 
Will lme up exactly If the observer moves 
from rhz pos,tmn, the rafters ~111 separate 
and break up ,nto s e r , e s of parallel 1,nes 
Thrse relalmnshlps are Illustrated ,n F,g 7 

The lmes formed by the IntersectIon of 
the plaes w,th level ground ,n the approach 
w,ll converge toward the threshold at double 
the vert,calangle of the approach path Each 
pal= of lrnear hght za our c e s also 1~s ,n a 
vrrt,cal plane wh,ch 15 normal to the axe, of 
the approach These vrrt,cal planes arc 

spacedat loo-foot mtervals for a distance of 
3, 000 feet mto the approach 

The spacmg of the pa,rs of lqhts III a 
dlrectmn parallel to the approach ax,s 1s af- 
fected by several factors 

(a) The distance between pans should be 
short enough 50 that at least f,ve pa,rs 
are vlslble at one time under the lowest 
v,slb,l,tws with whxh the system ~111 
be used, 1 n order to develop clearly 
the characterlstx brokerrlmepattern 

(b) The distance between pa,rs should be 
great enough to mamtam an angular 
separatmn between successive pairs. 
andpreventover-lap as seen from the 
glide slope 

(c) The pairs should be close enough so 
that the characterlstlc pattern IS 
easily Interpreted 

Referrmg to Fig 8, It can be shown that the 
followng relatmnshlp applws 

Cos 0 = 2+-L) + 2H(H-S) + W 2 + U”} 

X 2<D-L)2 + W2 + (H-S)2}-1’2 

X (D2 + U2 + H2)-1/2 (1) 

Where 

H = he,ght of the observer above ground 

D = d,stance of a g,ven pa,r of light units 
ahead of the observer 

L = d,stance between pa,rs of light un,ts 

S = vertical proJectlo* of the lqht unit 

U : lateral dls tance to the outer end of 
light at D distance 

W = lateral dts t ant e to the ,nner end of 
light at D-L distance 

LI = angle subtended at the eye of the ob- 
server between the end5 of lights at 
distance II and D-L 

Ifwe a5sume anobserverona 2 4”gllde slope, 
3, 000 feet from the end of the runway, ob- 
servmg the angli between lmear lights 14 
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!hg 7 Charactermtlc Perspectlw “tews of Slope Lme System Letters Represent Relative 
Locatmns of Observer 

feet longand 900 and 

then 

H = 180 feet 
D = 1,000 feet 
L = 100 feet 
s = 10 feet 
u = 140 feet 
w = 134 feet 

I. 000 feet ahead of hum Subst,tutmg these values 11, equatmn (1). we 

get 

co* (I = 1 0 approxmately. and m = 0 

In other words, the 1 I ne a r l,ghts at that 
dlstanre w,ll tend to form c, conlmuous lznr. 
w,th no break and no over-lap when the 
system ti 1 n s t .+ 11 e d on Level ground The 
angle w,ll b- mcreasmgly greater on closer 
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Fig 8 Dxagram Showmg Angle Between 
Adlacent Unxts Subtended at Eye 
of Observer 

lights. whereas the hghts ~111 over-lap on 
others more than 1 OOOfeetdlstant A 
spacmg of 100 feet between pairs of lmear 
lights appears to satisfy adequately require- 
ments (b) and (c) and also satlsfxes well re- 
quxement (a) Lights of 100,000 candles, 
whIchare economlcallyavallable. canbe seen 
from 1, 000 feet dls tance III vlslbllltles to 
456feetbydayand 256 feetby n,ght, and from 
700 feet dxtance m vlslbllltles down to 297 
feetby dayand 165 feet by mght. as shown XI 
Fig 7 Under these condltmns, all lights up 
to these llmltmg condltlons are vlstble also, 
glv,ng ample pa,rs for pattern determmatlon. 

This s y s te m adapts Itself readily to 
““e”e” terraI” As the unxts are mounted XI 
sloped planes. and as these planes mtersect 
the ground, there IS no need to brmg the unxts 
up to any common level. but they can, m 
general, fallow the lntersectmns of the planes 
with roll,ng or uneven ground If sharp 
changes of groundlevel occur’, It 1s advisable 
to llmlt the difference m elevatmn between 
ad,acent units. not to exceed about ten feet 
There 1s one other l,m,tmg factor which should 
be kept ,n mmd If the ground falls off so that 
the outer end of the approach 11 ght system 
drops materially be 1 ow the mner end, the 
1lghts can be so far below the observer on the 
approachpath that meteorologIcal restrIctIons 
to vlslblhtywlll make the system InoperatIve 

under c on d I t I on s when othervase It would 
furnxsh adequate guidance 

Llghtmg Units 
The basic unit for the s lope lme ap- 

proach light system IS a hnear light source. 

le. one which appears as a lme Instead of 
a pomt or an area The Ideal source would 
be a tubular gaseous discharge lamp If such 
lamps with sufflclent brightness were avatl- 
able. but, as these are not yet avaIlable. the 
lmearllght unit can be formed by a serxs of 
Incandescent snurces III reflectors mounted 
stde bystde. as showntnFlgs 9, 10. and 11 
The dlmenslons are governed by consideratlas 
of ” I s *a 1 reactmn The m,nxmum angle 
normally dlscernlble by the eye IS about one 
mmute and s tan d a r d visual charts us e a 
letter five mmutes high. composed of strokes 
one mmute wtde An approach l,ght system 
IS seen. from a distance not over 2. 000 feet 
whm condlt,om are severe enough to emphasize 
Its importance, and from about 1, 000 feet 
max~mum\uhencond,tlons are crItIca Hence. 
wh& ,t 1s Y , t a 1 to make the characterlstlc 
lmear shape apparent up to a distance of about 
2. 000 feet, It IS re1at,ve1y ummportant at 
greater dxstances, because when the light can 
be seen from more than 2.000 feet away. the 
vlslblhty 1s good enough so that no problem 
1s Involved 

The ,nd,v,dual lmear llghtsource 
selected consists of ten lamps mounted m a 
lme The lamps are sealed beam PAR-56. 
w,th 7 ,n reflectors, 20 amp , 12 5” flla- 
merits, and 30’ spreadlens formmg the face 
See Fig 12 These lamps are mounted so 
that the lens s p r e ads the beam over about 
38’ horizontally The vertical axx. which 
has a spread of almost 8’ can be adlusted 
“ertlcally lsocandle d,strlbutmncurves of a 
12 5 Y, 250 w lamp are shown m Fig 13 

The hnear un,t which forms the hght 
source 15 14 feet long This was adapted as 
a result of comparatxve tests made with units 
8 and 14 feet long Thus the hnear light 1s 
made up of a sertes of 1,ght sources. spaced 
approximately 17 m on c e nte r s , each of 
which has a horizontal spread of about 38’ 
and a vertical spread restrIcted to about 8’ 
The horxzontal spread 1s deelgned to mal,e the 
lamp vlstble from as wtde dn area as IS 
feasible mproducmg candlepower htgh enough 
to be effect,“= W,th 38” spread the beam 
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Fig 9 View of Units of an Experimental Slope Lme Approach Light System at lndxmapolls 

w,ll cover a wtdth of nearly 540 feet at B 
distance of 700 feet 

The vertxal spread IS kept narrow to 
avoldexcesslve glare Mr J. B Bartow, an 
early ad Y o c a t e of high mtenslty approach 
Irghtlng, use d the prmclple of reducmg the 
brightness of a light m proportion to the da- 
tance from w h 1 c h the 12 g h t will be seen, 
a+summg that the p,lot 15 on a predetermmed 
path at a constantly varying angle to the light 
Tins method was very successful when the 
pilot was m the predetermined path. but 
proved lmpractlcal when he de v 1 a t e d from 
this path The method adopted to reduce 
glare with the slope 11 n e approach lights IS 
based on the prmclple us e d by Bartow. but 

applied under condltlons whl& should nnn~rn~ze 
the dlfhcultles e x p e r L e n c e d by hzm The 
mtddle unit of a f,xture 1s so dlrected that the 
vertical axes of the beam mtersects the glide 
plane 1, 200 feet m advance of the fixture, and 
all other un,ts are set \ulth the beams parallel 

to that of the middle tmlt Thus the beam 1s 
controlled vertically mstead of horizontally. 
smce evperlence has demonstrated that ap- 
proaches normally are much more accurate 
III the vertrcal than m the horlaontal dlmenslon 
as IS shownin Fig 4 Another factor tendmg 
to improve the approach accuracy and, con- 
sequently, the effectiveness of dlstrtbutmn 
control as preventive of glare, 1s the defmlte 
and effective mdxatmn given to the pllot by 

the conflguratlon of the slope hne lights, 
whLch encourages him to fly the proper path 

The sealed beam 250 w lamp ~111 pro- 
duce a beamof approximately 80,000 candles 
This brightness anecessary morder to pra- 
vrde adequate vzlblllty for dayllght fog and 

for the most severe mght fog, hut It neces51- 
tates a stepped brightness control to adJuSt 
the brightness to varymg needs. and to avmd 
uncomfortable or even dangerous glare The 
brtghtness control used in euperxnental m- 
stallatlons c o n s 1 s t e d of seven steps, each 



Fig 10 Kear View of Slope Lme Umt, W,th Doors Opened to Show Hmged Mountmg Plates 
and Method of AdJustment of Vert,cal AXIS of Beams 

reducmg the brqhtness to about one-th,rd 
that of the p r e c e d 1 n g step The per cent 
brqhtness versus candlepower for the seven 
step control 15 l,sted 1x1 Table I Smce seven 
steps are somewhat unw,eldy to use and, 
since it has not been established that br,ght- 
rless Intervals of 3 1 are neces5ar,lyoptlmum. 
two other hsts (51x step and ilve step) each 
with a fxed Interval are Included ,n the table 
Step control 1s most convemently exercised 
by varymg the px ,ma~y feeder voltage 

C,rcu,rs and Control 
The pawerd~str~bi~tmn and rlrcults for 

the lamps are very srnple. and can br handled 

In any one of several ways The lamps can 
be operated in series, with film cutouts for 
the md,v,dual lamps. but, because of the h,gh 
current ratmg, the dlitrtbut,on should be at 
a standardlow ampere rate. such as 6 6 amp 
wtth a transformer (6 6 to 20 amp) for each 
lmear umt With ser,es feed ,t 1s necessary 
to use a tapped autotransformer for the steps 
of brqhtness control Se r I e s d,strtbutlon 
requxres the use of hqh voltage ,n the order 
of 11, 700 Y, or the spl,ttmg of the load be- 
tween several regulators 

Multlplr operatmnappears to bea more 
pract~al system of dmtrtbutlon DUP to the 
h,gh cur r P n t rat,ng of the Lamps, ,t 1s ad- 
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TABLE I 

Brightness Steps For Controls 
(See Fig 14) 

7 steps 6 Steps 

Per cent Per Cent 
Brightness Candlepower Brightness 

5 steps 

Candlepower 

60.000 
20,000 

5,000 
1. 250 

312 
60 

Per Cent 
Brightness Candlepower 

100 80,000 
20 16.000 

4 3,200 
0 a 640 
o 16 128 

100 60,000 100 
30 24,000 25 
10 b, 000 6 25 

3 2,400 1 55 
1 800 0 39 
0 3 240 0 10 
0 1 80 

vlsable to use a s e p a r ate transformer for 
each lmear unit, and, ,f .a sultable prm,ary 
1s selected, these transformers can be of the 

dry VP= The recommended s y s t e m ~111 
dlstrtbute at4,160v, >tep-dow”to240v 
through 15 transformers. the” dlstr,bute at 
240 v to mdlvrdual 240 v/l2 5 - 25 v. 3-w,re 
unit transformers With this d,str,bution, 
either a tapped transformer or a motor- 
driven regulator can be used I” the prxnary 
for brightness control 

GUIDANCE PROVIDED BY 
THE SLOPE LINE SYSTEM 

The basis for gutdance provided by the 
slope lme systemIs that of altgnment of short 
11nes This 1s optlcally and psychologxally 
sound The system uses “vernier wslo”“, 
whxh 1s anextremely sensltlve means of I”- 
dlcatmg small devlatlons PsychologIcally, 
the systemsatlshes a” innate sense of order- 
lmess and, whenaltgnment 1s achieved, there 
1s e s tab 11 s he d a feelmg of confidence and 
assurance The three-dlmensmnal arrange- 
ment gives a clear. deflnlte and reassurmg 
pattern to apllot who ,s on the approach path, 
and a characterlstvz mod,f,catmn of the pat- 
tern whenever he deviates from the approach 
path Into any of the four quadrants formed by 
the mtersectxng planes contamlng the hnear 
lights. 

The pattern of the slope lme approach 
lights 1s not a “a tur al pattern. and, co”- 
sequently. the pIlot ~111 have to learn to 

Interpret and use this patter” to Its full ca- 
pab,l,t,es This 1s not dlfflcult A short 
brleflng, with d 1 a g r am s or photographs to 
show him what to look for and how to Inter- 
pret the pat t e r ” s are normally all that 15 
needed MakIng approaches I” good vlsl- 
blhty, with the approach lights turned on at 
low brightness has bee” found to be a” ex- 
cellent method of gatnlng evperlence I” the 
full Interpret&m” of the lights 

Identlf,catlan of an approach light 
system, as such, 1s essenttal before any use 
can be made of It The slope line system 1s 
Identlfled by the unique shape and setting of 
the Indlvldual hnear hght units A series of 
night photographs IS reproduced I” Figs 15 
to 19 to Illustrate the characterlstlc appear- 
ance of the system from varwx~s pomts I” the 
approach zone 

Longltudmal guidance 1s give” prln- 
clpally by the begInnIng and the end of the 
pattern Some addltmnal long,tudmal ,ndt- 
cat,o” 1s give” to a p L 1 o t who IS thoroughly 
accustomed to the patter” by his recognltm” 
of the dlmensmns of the units and consequently 
h,s height over them Distance markers, ,n 
the form of horizontal marker lmes. may be 
added, and experrnents are bemg conducted 
to determme the most effective arrangement 

Lateral guidance 1s glvmvery effectlveiy 
by the alignment of the lights m the pattern 
To a pllot who 1s on or nearly on course, this 
guidance 1s sensltlve towtthm about ten feet 
To a pIlot who IS off course and can stall see 
both lmes. the pattern g,ves h,m an u,,m,s- 



Fig 11 View of Productmn Slope Lme Llghtmg Umt 

takable mdlcatmn of the dIrectIon III which he toward the plane m w h I c h the lights he and 
must go m order to correct his course See toward the axis of the approach In thus case, 
Figs 15 and 16 To a p,lot who IS so far off in addltmn to the d I r e c t I o n of correctmn 
course that he can see only one lme, any given hmn by the closmg of the Ime. he also 
movement on his part to close up the elements ~111 have an mdlcatlon of he I g h t above the 
of the lme he can see ~111 be m the dlrectlon anIts by his recognltlon of thetr dlmenslons 



Fq 12 A 250 w PAR 56 Lamp Developed for Slope Lme Approach Lqhts 

Fq 13 Isocandle Dlstrrbutmn of 250 w 12 5 v Slope Lme Lamp 

As long as he can see two units he cannot 
mistake the d,rect,on of correct,on 

The slope line approach 1,ght system 
promdes accurate and s e n s , t I v e vert,cal 
guidance This LS g,ven by the sens,t,ve 
al~gnme nt of the hnear unLts. s,m,lar to 
lateral gudance This gudance 1s illustrated 
in Fqs 17. 18. and 19 

The system provides a hor,zontal ref- 

erence and att,tude or roll gutdance by means 
of the symmetry of the angle formed by the 
two lmes about a vertical ax,s This guidance 
1s adequate and satisfactory when both lmes 
are v,slble, but 1s reduced when only one lme 
can be seen 

Dzrectmnal guxdance 1s consldered by 
many pllots to be of the h,ghest nnportance. 
next to the Identlf,cat,on of the system D1- 



F,g 14 Characterlstlcs of Approach Light 
Lamp 

rectmnal guidance. however, 1s merely a 
functmn of at t it u d e and lateral gutdance 
Smce these two elements are furnlshed. dl- 
rectmnal gutdance 1s provided automatlcally 

A recentreport Includes perspective 
studws of the slope lme pattern together with 
those of all other patterns of approach lights 
which are bemg consIdered sermusly These 
studies demonstrate that the slope line pattern 
furmshes clear and unmtstakable mdlcatlons 
of 1ateralposItton. height, dIrectIon, and at- 
tltude The analysx also mdxates that all 
the other patterns s tudled fall m one or more 

10 R E Warren.“Perspect~ve Analysts 
of Approach Light Patterns ” TechnIcal 
Development Report No 96, August 1949 

points. and that some of them can give mdl- 
catlans whuzh are mlsleadmg and confusmg 

After a full season of comparat,ve 
testmg at the Landing Alds Experiment 
Statmn at Arcata. the Air Force-Navy-Clvll 
Subcommittee on V 1 s u a 1 Alds to AI= Navl- 
gatmn recommended to the A I r c r aft Com- 
mlttee of the Munltmns Board that the slope 
lme approach lights be approved as standard 
for the UnIted States The AIrcraft Com- 
mlttee approved this standardlzatmn 

Further Developments 
Clrclmg approaches require guidance 

fromoutside the approachzone and off course, 
which IS not normally afforded by the slope 
lme system In order to provide for this 
need, the addltlon of the followmg elements 
1s proposed 

1 A 11 g h t un,t provldmg 90’ hor,eontal 
and30’vertlcalspreadattheouter 
end of each pa 1 r of untts nearest the 
runway 

2 A light unit at the middle marker pro- 
vldmg 315” horleontal and 30” vertxal 
spread, havmg adlstmctxve and easily 
recognizable characterlstlc onthe axis 
of the approach This unit can be a 
condenser discharge lamp 

Extensive flight tests under actual fog 
condltmns pant to severalother possibll~t~es 
for further xnprovement of the slope lme ap- 
proach light system Experience has also 
modlfled the emphasis on the varmus elements 
of guidance ConsIderably more recognltmn 
1s bemg gxven to the Importance of vertical 
guidance and roll gutdance Roll guidance, 
as given by the slap e lme pattern, can be 
improved by the addltmn of horvxrital lmes 
and these line s can serve also as distance 
markers 

Although the slope lme lights give ex- 
cellent Identlflcatmn by means of the unque 
shape and s et t in g of the lmear light units, 
comparative testmg mdlcates that the most 
dlstmctlve and easily recogmzed hghts are the 
flashmg lights, s u c h as those produced by 
condenser discharge lamps In order to take 
advantage of this consplcutty. It IS proposed 
to test an axial lme of flashmg lights ahead of 
the approach light lane 

The spacmg of the mdlvldual ltght units 
formmg the 1,near umt and the overall length 



Fig 15 View of Slope Lme Approach Lights From AIrplane to Left of Course 
(Note Echelon Elements Pomtmg to the Right) 

of the untt were de c DDE d by the results of 
several comparisons. but It M possible that 
further mvestlgatmn Into the visual effect of 
the proportmns of lummous lmes of varmus 
degrees of b r 1 g h tne s s and the spacmg of 
units formmg the lme, ~111 estabhsh a dlf- 
ferent length of the unl t as optxnum, and a 
different spacmg of lamps The lndlvtdual 
lamps spaced 17 In on centers provide a 
posslblllty of t u r n 1 n g lamps alternately to 
the right and left so that the width of the beam 

IS doubled This 1s to be tried m practice. 
and s houl d elrnlnate any tendency for one 
lme to disappear 

The use of lmear lamps as a substitute 
for the assocmted groups of lamps used m 
the slope line unit offers posslbllltles. es- 
peclally for mstallatmns where less severe 
weather lrnltatmns normally are antlclpated 
Some work has a 1 r e ad y been done on stub 
approaches. Intended for non-Instrument 
runways, and based on the slope line prln- 



FLY 16 View of Slope Lme Approach Lights From Alrplane Low and to the Left 
(Note Echelon Elements Pomtmg to the Right) 



Fig 17 Vtew of Slope Line Approach Lights From Amplane Slightly Below the Approach 
Path (Note Echelon Elements Pomtmg Up) 

clplell The relatively low candlepowers 
avallable from steady-burnmg gaseous dls- 
charge tubes are much more effective than a 
comparison of the brightness values would 
suggest At night these lights should be 
vlslble from 1, 000 feet distance under VISI- 
bIlltIes well below one-eIghthmIle and, 
while the I= daytlme vlslblllty for the same 
distance would probably be lImIted to about 
one-quart= r mile. sufflctent assxtance IS 
given to a pilot by v I s 1 b 111 t y of the ground 
plane m addltmn to the lights, such that day- 
time landmgs might be p r a c t I c a 1 on these 
lights ,n fog somewhat denser than one- 
quarter mole (transmlsslvlty down to about 
0 32 to 0.35 per 100 meters ) 

The units of the slope lme approach 
light system are Installed where the 45’ 

11 M S GIlbert and H J C Pearson, 
‘Development of a Stub ApproachLIght 
system ” T e c hn 1 c a 1 Development Report 
No 75 December 1947 

planes mtersect the ground on both sides of 
the a p p I o a c h way Smce the height of the 
mtersectmnof these planes IS determmed by 
the helgllt of the glide slope. (40 or 50 feet 
above the threshold) the lights normallywlll be 
not more than 100 feet apartlaterally. Inorder 
to rnmlmlze physxal obstructmns. the Parr 
nearest the runway were omltted and the 
second and thxd pax cut down to half length 
where they are Installed on level ground In 
the experrnental mstallatlon One method of 
further reducmg this obstructmn IS to Install 
the last 1, 000 feet of the s ys tern on a 30’ 
Instead of 45” angle, resultmg m a pattern 
resemblmg an a r row head, wrth a break m 
e a c h lme Thus modlflcatmn IS bemg m- 
stalled for fllghttestmg at Indlanapolls This 
modlflcatlon reduces the he,ghts of the struc- 
tures and moves them 73 per cent farther off 
the runway centerlme Another development 
deslgred to lessen the hazard from obstructmns 
causedby the 1Lght structures when the lights 
are not m use consists of a retractable umt. 
which could be used at the Inner end of the 
approach ltght lane 



Fig 18 View of Slope Lme Approach Lights From AIrplane on the Correct Path 
(Note That all Elements Lme Up) 

ARCATA INSTALLATION 

A complete s y s t e m of slope lme ap- 
proach hghts has been Installed at the Landmg 
Atds Experiment Statmn at Arcata, for flight 
t e s t 1 n g m comparison with other approach 
light sys terns T h 1 s mstallatlon was com- 
pleted after the end of the 1947 fog season 

The slope lme approach lights are m- 
stalled to tndlcate an approach path corn-- 
ctdmg with that marked by the ILS and GCA 
Each light untt consists of a sheet steel box 
14 feet long mountmg ten lamps The lamps 
are atrplane landmg type sealed beam lamps, 
rated at 600 w at 28 v, but operated at 25 v. 
When operated at nommal 100 per cent bright- 
ness at 25 v , e a c h lamp consumes 500 w 
All lamps on each f 1 x t u r e are connected m 
multiple and are fed by an mdlvldual 5 kva. 
2,400/25-50 v, transformer Brightness 
control 1s p r o v 1 de d by means of primary 

voltage varlatmn. through the use of tapped 
transformers, relay-controlled by dial-type 
selectors In the control tower Each unit IS 
mounted at 45’ and 1s supported on a steel 
frame structure fabricated of war surplus 
perforatedsteellandlng mat The structures 
are low, with fxtures c 1 o s e to the ground. 
except where one side of the approach 1s 
materlallylower than the other, in which 
case the support on the lower side 1s ele- 
vated enough to brmg the pairs of lights with- 
m five feet of the same elevatmn The struc- 
tures appear very mconsp~uous beslde the 
70 and 80 foot towers r e q u 1 red to support 
umts of other systems See Fig 20 

Each lamp 1s provided with a 30’ spread 
lens, mounted In the face of the fxture. and 
arranged to s p r e ad the light horleontally 
The lamp IS mounted In a plate hmged at the 
bottom, with an adlustment to set the vertl- 
cal angle of each lamp mdependently The 



E ,g 19 View of Slop? L,ne Approach L,ghts From Axplane Abaw the Approach Path 
(Note the Echelon Elements Pomtmg Downward) 
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Fig 20 View of Slope Lme Units at Arcata 

characterlstlc lsocandle dlstrlbutmn of the 
lampand spread lens 1s shown m Fig. 21 and 
has a peak mtensxty of about 93, 000 candles 
Eachmdtvtdual lampis tllted so that the axis 
of Its beam ~111 in t e r s e c t the ghde slope 
1,200 feet ahead of the fixture No ho=,- 
zontal adJustment 1s provided 

The system 1s 3. 000 feet long. and re- 
qulres 300 kva when operated at full brlght- 
*es* It was reahzed that this was an ex- 
cesslve load, but the lamps were chosen to 
provide brightness on the order of 100,000 
candles, partly be c au s e the demands were 
abnormal (on account of heavy fogs at Arcata). 
partlybecause the terram dropped off so that 
the slope lme lights were as much as 50 feet 
below the other lights with which they were 
bemg compared. and partly because thts was 
theflrsttestinstallat~on, andltwas Important 
to be able to test all degrees of brqhtness 

INDIANAPOLIS INSTALLATION 

A system of slope lme approach lights 
also was Installed at the Clvll Aeronautxcs 
Admmlstratmn TechnIcal Development and 
Evaluatmn Center, Indianapolls These were 
Installed for development study and demon- 
stratmn, but a-e avaIlable also for use m fog, 
which occurs most frequently m the sprmg 
This system IS 2, 500 feet long, due to llml- 
tatmns on avaIlable land. and IS set to mdl- 
cate a pathcomcldent wlththat marked by the 
ILS, at2 5” The system 1s operated from the 
control tower on r e que s t , so that vlsltmg 
pllots may have an opportumty to study the 
appearance of the system, and famlllarlze 
themselves with the characterlstlc pattern 
As the requirements of this mstallatmn are 
less severe than those at Arcata, the lamps 
are only 50 w capacity. provldmg a peak m- 
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Fig 21 Isocandle Chart Showmg D,str~butmn of Sealed Beam Lamp and Spread Lens 
Installed at Indmnapol~s and Arcata 

GLIDE PATH -__- 

SYMBOLS 

I/, RUNWAY WIDTH 

VALUES LISTED ARE PROVISIONAL AND 
SUBJECT TO ARCATA FINDINGS 

100’ 
HZ FROM GROUND LINE TO 50’ 

ABOVE THE GLIDE PATH 
H3 300’ 
Ll 3500’ 
L.2 CAA STANDARDS AND 
LA TOLERANCES APPLY 

Fig 22 Regmn of Gu,dance for Approach L,ght Systems 

tenslty of 38, 900 candles, and with the same 
general d,strlbut,on as that shownm Fig 21 

CONCLUSIONS 

The slope 1 ,ne approach light system 
1s based on a novel geometrxc prmc~ple de- 
slgned to mark a lme in space and to provtde 
the p&t wlthvlsual mdlcatmns of h,s posltmn 
andcourse relat,ve to that lme In so domg. 
It provides adequate and effective v~ual 
guidance for stralgh~nlnstrumentapproachs 
under we a the r cond,tmns below l/16 mole 
(loom) by nqht and l/B m,le (2004 by day 

The systemprovldes thep,lotwlthan accurate 
,nd,catlon of vrrtlcal and hor,eontal pos~tmn 
relat,ve to the approach path and affords hrn 
a means of Judg,ng auplane attitude 

Fhght testmg in actual fog has demon- 
strated that the basic concept of this pattern 
of lights 15 sound and practxal, although ad- 
dlt,onal consp,cu,ty, addltmnal roll gutdance. 
and long,tudmal Indlcatlons would add value 
to the system Me an s for provldmg these 
features are bemg mvestlgated and they can 
be added to any extent found necessary 

The system 1s relatwely sxnple and 
economical to Install 
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APPENDIX I 

The Effect of Fog 

Fogoccurs mmanyforms andmvarymg 
densltws For cons,derat,on as a factor af- 
fect,ng the landmg af aIrcraft, ,t probably IS 
necessary to constder fog ,n only three forms 
These are 

(a) A more or less homogeneous mass 
blanketmg the ground and extendmg 
up several hundred feet 

(b) An o v e r ly I n g stratus of cloud w,th 
relattvely c 1 e a r atmosphere beneath 
It 

(c) A low-lymgsheet of fog. covermg the 
graund. but eatend,ng up only a short 
dutance 

In(a) atrplane 1s entirely surrounded 
by fog durmg the letdown and landmg oper- 
atmn In (b) the d e s c e n d ,n g alrplane ~111 
break out of the fog, and the p,l D t can see 
clearly underneath ,t In (c) the alrplane IS 
flymg ,n clear atmosphere and has to let down 
Into a sea of fog beneath ,I The term 
“ce,l,ng” applies properly only to condltmn 
(b) and refers to the he,ght of the bottom of 
the cloud mass 

All mathematical an a 1 y s e s of wsual 
r an g e m fog and the requ,red brightness af 
hght sources, which can be seen for a g,ven 
distance, are basedon homogeneaus fog, and 

Code Des,gnat,on 

0 Dense fog 
1 Thick fog 
2 Moderate fog 
3 L,ght fag 
4 Thm fog 
5 HZ%?? 
b L,ght haze 
7 Clear 
8 Very clear 
9 Exceptmnally clear 

all fog denslttes referred to ,n th,s report are 
based on th,s same crxwentlon 

Fog density can be defmed ,n terms of 
transmlssiv,ty, wh 1c h 1s the proportmn of 
lIghtwhIch penetrates a fog a given distance. 
suchas 100 meters, or by means of the equ- 
valent visual rang e or vts,b,l,ty distance of 
ObJects seen ,n the fog by dayl,ght 

A Table of V,s,bll,ty has been adopted 
by the InternatIonal Commusmn far Synopt,c 
Weather Informatmn, and 1s g,ven herem 

A p, 1 o t makmg an approach ,n fog (a) 
depends On mstruments and radio guidance to 
keeph,mon the approachpathuntll he reaches 
a pomt from wh 1 c h the approach hghts are 
vls,ble From that pomt on he should be able 
to use the approach, threshold and runway 
lights as an outs 1 de visual reference, and 
make a visually-a,ded landmg Under such 
circumstances the approach and runway 
1,ghted pattern must be contmuous and re- 
1,able 

A p 11 o t makmg an approach ,n fog (b) 
will use radm approach g u 1 d an c e unt,l he 
breaks out of the overcast From th,s pant 
on he goes contact, but. m th,s case. the re- 
qu,rements of the gutdance g,ven by the ap- 
proach hghts are much less rqorous, as the 
entIre pat t e r n of the approach and runway 
lxghts generally w,ll be vlstble at the same 
tmne 

The most severe and cr,tlcal condltmn 
affectmg the use of 1,ghts on the approach ,s 
condltmn (c) If such fog occurs after dark, 

TABLE II 

Table af V,s,b,lltyl2 

Dayhght Observat,ons 

ObJects not vlslble at 50 m (lb5 feet) 
ObJeCts v,s,ble from 50 to 200 m (658 feet) 

II II II 200 to 500 m (1, 645 feet) 
8, II I, 500 to 1,000 m (3,048 feet) 
,I II II 1. 000 to 2. 000 m (1 rmles) 24 

II ,I 2.000 to 4.000 m (2 48 rmles) 
8, I, II 4, 000 to 10. 000 m (6 2 rmles) 
I, <\ II 10 to 20 km (12 4 m&s) 
II II I, 20 to 50 km (31 m&s) 
II ,I I, 50 to 150 km (93 rmles) 

12W E K MIddleton. ” V,s,blllty In Meteorology ” Un,vers,ty al Toronto Press, 1941 



and the fog layer ,s not more than approm- 
mately 200 feet th,ck, the 1,ghts may pene- 
trate the fog suff,c,ently ta create a v,s,ble 
glow mthe upper layer, wh,ch w,ll be vl5lble 
before the p,lot enters the fog, Several such 
instances have been reported, and these are 
veryllkely to cause a ber,ou9 overestunatlon 
of the normal effectiveness of a system A 

series ofapproachtests were made at Newark 
under s UC h candltmns. with a lme of con- 
denser dlscharge lamps flashmg ,n sequence 
from the outer to the Inner end of the approach 
The glow of these lights on top of the fog 
bank created an extremely effective path ,n- 
dlcatmn, and resulted m h,ghly enthus,ast,c 
endorsement of these lights a5 an approach 
system These endorsements entirely over- 
looked the more rnportantphases of approach 
guidance, ,n which such 1,ghts can be sermusly 
def,c,ent, and d,d not cons,der what the,= ef- 

fertlveness wouldbema iogof greater depth 
If such fog occurs ,n daytune w,th the 

upper surface of the fog Illummated by day- 
light, the most severe cond,t,an possible IS 
set up, as the p,lot’s eyes are adapted to day- 
1,ght ~llummat~on, and his threshold of vls~- 
bll,ty ,s raxed enormously Under such con - 
d,t,ons he must let down Into the blmdmg fog 
w,th no chance to adapt h,s eyes to reduced 
brightness, and must then try to pick out the 
lights for his land,ng gu,dance Far such 
operat,ons the 11 g h t s must be of mdmmum 
p o s 5 1 bl e brightness, and under such can- 
d,t,ons color may have some value m addmg 
consplculty 

In any dayllght fog, while the dlff,culty 
of makmg the l,ghts v,s,ble to a p,lot 1s In- 
creased enormously. the=? may be less dlf- 
f,culty ,n promdmg honzontal reference, as 
the ground plane frequently ,s v,s,ble 
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APPENDIX II 

PsychologIcal Aspects 

There are certampsychologlcalaspects 
of pllotmg an atrplane which can be explored 
to fond an explanation for some of the dlf- 
ferences m opmlon and emphas IS held by 
Y a r 1 ou s engmeers and experienced pIlots 
Reference 1s made m this report to the lm- 
portance placed on horizon mdlcatlon by the 
author and to the fact that such wnportance 
1s not recognized by some expert and long- 
experxnced p L 1 o t s It 1s important to ex- 
amme this fun c t 1 on and the reason for the 
differences of opmlon as to Its value. 

A pllot. when flying on mstruments 
where he cannot see any references outsIde 
his cockplt 1s Informed of airplane attitude 
by means of the artlflclal horxz.on on the m- 
strument panel This IS adequate and satIs- 
factory as long as he 1s flymg on mstruments 
When he lets down on approach, guided by 
radm until he can see the approach lights, the 
sltuatlon changes He 1s then watchmg the 
approach lights. which are outslde the cock- 
pit, usmg them for gutdance, and 1s flymg 
contact The pllot. whenflymgcontact. oper- 
ates by reflexes which have been developed 
by assoclatmg the atrplane with hxmself, and 
the controls as extensmns of his own motor 
system HIS movements of the controls are 
then largely unconscious and automatic He 
operates the aIrplane by reference to outslde 
stIrnull, such as the apparent movement of 
the horlzonor other outslde visual reference 
When he IS flymg on Instruments the stunull 
and r e s p on s e s are entirely different In 
this case. movement of the controls results 
m the movement of mdlcators on Instruments, 
anda conscmus effort 1s required m order to 
Interpret these mdlcatmns In terms of at- 
tltude and movement of the aIrplane. Under 
these condltmns his reflexes must be con- 
SCVJUS and consIdered. and he operates the 
alrplane as a vehxle separate from hrnself 
This develops a dlffe rent set of reflexes, 
keyed to the Instrument movement and not to 
his conscmusness of his awn movement 
Either set of reflexes can be employed, and 
1s employed, but because they are essentially 
different, a conscmus e f f o r t 1s reqmred to 
change from one to the other Because the 
reflexes based on outsIde reference stIrnull 
are more nearly automatic. and are much 

m o r e frequently used, It IS relatively easy 
to change from mstrument reference to out- 
side visual reference, and much more dlf- 
flcult to change from visual reference to m- 
strument reference 

When the pllot makmg an approach m 
fog comes In sight of the lights. he changes 
from Instrument to contact flymg, that 1s. he 
changes from the system of reflexes con- 
dltloned to Instrument mdlcatlona to the more 
normal system of r e f 1 e x e s condItIoned to 
outstde v 1 s ua 1 references ThLs 1s com- 
paratlvely easily done, but If he has to refer 
back to hxs mstruments. as for a horizon 
reference, the transItIon 1s much more dlf- 
flcult In addltmn to this Inherent psychol- 
oglcal dLfflculty. he also 1s forced to readJust 
his eyes from the remote and r e 1 at 1 v e ly 
bright lights to the short focus and low level 
Illummatmn of the mstrument panel Such a 
readJustment. from b I‘ 1 gh t to d 1 m , takes 
from one to more than three seconds, and at 
ahlghly crItIca twne when seconds are ’ 
priceless 

During the approach It 1s essential that / 
the pllot have a horzontal reference, either 
mstde the cockplt or from what he can see 
outs Ide He 1s normally flymg contact and 
If a satrsfactory horlaon reference 1s given 
hxn by the lights he can see. he wIllnot 
have to make the d I f f I c u 1 t and dangerous 
trans~tmnfrom contact to Instrument, or try 
to readJust his eyes to the mstruments far 
this vital mformatmn 

A procedure has been developed which 
elunmates this necessity In this procedure 
one pIlot watches for the ltghts while the 
other flws the alrcraft on mstruments Thus 
one pllot ke e p s his attentmn on the mstru- 
ments whtle the other directs hts to hghts, 
and either can advIse the other. or can take 
control This has proved a satisfactory pro- 
cedure for eaperlmentalapproaches. and can 
be safely used on general operations, but It 
would not be consldered as completely ade- 
quate, because Lt requires both pllots for the 
landmgoperatmn, andleaves no safetymargm 
in case one pllot should become IncapacItated 
Furthermore, many alrplanes do not have 
copilots An approach 1 I g h t system should 
not be c on s Ed e I e d adequate If It gwes the 
pllot only partial guidance, and requires ad- 
dltmnal mformatmn from Instruments 

It 1s mterestmgto examme the reasons 
why experienced pIlots fall to recogmze the 
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xnportance of a levelreference as an Inherent 
element in the approach light pattern It 15 
argued that an airplane 1s lettmg down with 
Its wmgs level. as mdlcated by the artlf,c,al 
horizon. and whenthe pilot sees the hghts he 
still can mamtam the same level attitude and 
uses the lme of 11ght s only for dlrectmnal 
mdlcat,ons This IS quite pass,ble of. and 
only If. the airplane 1s exactly on course and 
has to make no correctmn AS soon as the 
course 15 changed. the attitude 1s also changed 
and the level must be r e s t o r e d It IS also 
argued that a pllot followmg a smgle line of 
hghts would soon p e r c e IV e If he were off 
level because the course would swmg to one 
stde This 1s true, but an arplane lettmg 
down at 120 mph, and with a bank of as much 
as lo”, turns on a radius of 5. 500 feet as 
shown in Fig 1 As anent~re approach 
system 1s only 3. 000 feet long. the change of 
course would be a very crude and Inadequate 
means of Judgmg the level 

A peculiar psychologxal factor 1s ,m- 
portant III the evaluatmn of the importance of 
a level reference A pllot flymg contact, 
when he can see the landscape has very 1,ttle 
need of an art,f,cal horizon He knows wh,ch 
1s up anddown and which IS level. not by any 
conscious effort, but bysubconscmls referene 
to the lme of the horizon, the level of a cloud 
bank, the appearance of the g r o u n d , and a 
multitude of other data wh,chare unconscw,sly 
observed. asslmllated and Integrated SKIl1- 
larly. a man walkmg or standmg, or rldmg a 
bwycle, does not conscmusly refer to any- 
thmg to know what 1s level He knows what 
1s 1 eve 1 by a completely subconscmus ref- 
erence to f a m I 1 I a r horizontal mdxcatmna 
When these mdlcatlons are distorted or en- 
tlrely removed, he 1s baffled and lost It was 
found ,mposs,ble to rtde a btcycle XI a com- 
pletely blacked-out street, entxrely apart from 
the ha z a r d of coll,s,ons The addltmn of a 
dxn glow of a l,ght ,n the rider’s s,ght, how- 
ever, gave him a r e f e r e n c e vath whxh he 
could co-ordmate h,s sense of balance. and 
he was agam able to r,de 

One type of amusement park attractmn 
puts a p e r s on Into a room where all wall, 
floor and ce,hng lmes are at add angles. and 
the person 1s hardly able to stand, and can 
not at t e mp t to w a 1 k w,thout fallmg HE 
subconscmus r e I e r en c e s are confused by 
dlstorted and untrustworthy st,mul, and 
his natural sense of balance ,s destroyed 

Slmllarly many a pllot has emerged from a 
cloud and found hxnself at a crazy and un- 
expected angle with the ground Man depends 
on famlllar outsIde references to enable hm, 
to adJust hxnself to the feelmg he knows as 
level, and th,s adJustmat 1s almost entirely 
unconscmus Manyexper~mental approaches 
and landmgs have been made ,n fog and thick 
weather, but very few of them have been 
made 11, weather so thick that the pllot could 
see no outslde references when he neared the 
ground Probably not one pllot ,n a thousand 
has ever had that exper,enee and few people 
who have not experxnced It have any con- 
ceptmn of the lost and bewildered feelmg 
whenall famlllar references are lackmg, yet, 
that 1s the c on d it I on under wh,ch xi-plane 
landmgs must be made If weather handxaps 
are to be conquered That 1s the reason why 
the designers of the slope lme approach light 
system belleve that It 1s e s s en t I al to III- 
corporate adequate horizon reference mto the 
system, regardless of the lack of recogmt,on 
of Its xnportance on the part of many pllots 
and engmeers 

An o the r psychologIcal tendency IS of 
importance There 1s an almost Irres,st,ble 
~mpulsmn for a p 11 o t who ,s usmg a lme or 
pattern of 11ght as a gutde to edge closer to 
the lights for the added reassurance they give 
him Pllots refer to the tendency as ’ huggmg 
the hghts” If there 1s no verttcal gutdance 
g,ven by the hght pattern Itself, this nnpulse 
~111 tend to cause a p&t to undershoot and 
land short If the pattern of approach lights 
glvs a clear andunrmstakable md,cat,on of the 
proper altitude. this tendency ~111 disappear 

Under The Hood 
T e s t flymg of various radm approach 

a,ds 1s normally conducted by a p&t under a 
hood. wherebyhe cansee his mstruments but 
cannot see any references outsIde the cockpIt 
He 1s accompamed by a check p,lot who has 
normalv~mn of outsIde references, and can 
take over the csntrol I,, any case of emergency 
Under such cond~t,ons p,lots flymg bhnd have 
confldence in the c he c k pllot and are under 
no abnormal nervous stram 

The applxatmn of the accuracy obtamed 
msuch test operatmns under guidance by ILS 
or GCA as cr,ter,a of the accuracy to be ex- 
pected f r o m flymg blmd ,n actual fog under 
the same rad,o guidance has been challenged. 
and the results of te 5 t approaches made by 
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ILS or GCAw,thout checkpllot5 and ,D actual a,ds onwh,chhe could depend When adequate 
fog are c,ted as evidence lights are avaIlable, and the pllat 15 famlllar 

The author belleves that experience with them and knows he ~a” depend on them 
gamed by f 1 y I n g under the hood IS relmble for all the ald he needs, ha confidence ~111 
and can be c on s Ed e r e d a fair appraisal of be restored to that afforded by the check pllot, 
whatpllots can be expected to do 1” a fog with and his performance shouldshow no mater,al 

difference betweenapproaches under the hood 
or actual fog 

?” See footnote 2 
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APPENDIX III 

V,stb,l,ty Chart 

The bas,c relat,onsh,p between br,ght- 
ness. transm,ss,v,ty of the atmosphere, and 
dxstance from wh,ch a 1,ght can be seen ,s 
fam,l,ar to all engmeers who work w,th s,g- 
nal 1,ghtmg Th,s relatmnshlp. known as 
Allard’s Law, 1s expressed by 

I = I, &TD 

where 

I = br,ghtness r e q u, r e d of a 1,ght to be 
vls,ble 

I, = threshold br,ghtness of the observer 

f 

D = d,stance from the observer to the 1,ght 

T = transm,ss,v,ty per unit length of the 

I 
atmosphere 

The t h r e s h o 1 d br,gntness I, ,s not a 
constant, but v a r I e s through a w,de range, 
dependmg on the md,vtdual de g r e e of dark 
adaptat,on. and background brightness The 
chart shown ,n Fig 5 ,s b a s e d on two d,f- 
ferent value s for lo v,e , 0 2 km candles 
representmg the threshold under condltlons 
of a starlet moonless n,ght, and 1, 000 t,mes 
that value, or, 200 km candles, representmg 
the threshold when wewed agamst the back- 
ground of a representat,ve daylight fog The 
chart shows the d,s tance that l,ghts, suc- 
cess,velybr,ghter bymcrements of 1, 000 per 
cent, can be seen under d,fferent degrees of 
transm,sslv,ty The scale on the r,ght shows 
the equivalent obJedv,s,b,l,ty, or the meteor- 
loglcal range. wh,ch IS the d,stance at wh,ch 

an ObJeCt 1s JUSt v,stble agamst a sky back- 
ground ,n a fog producmg the transm,ss,v,ty 
,nd,cated on the left column As most pzlots 
and observers defme a fog ,n such terms as 
l/4 of a m,le, or l/l6 of a m&e. th,s scale 
,s of serv,ce ,n translatmg such def,n,t,ons 
Into transm,ss,v,ty 

The equivalent ObJeCt v,s,b,l,ty 1s cal- 
culated fromthe transm,ss,v,ty by the use of 
the relat,onsh,p 

TD = K 

K = constant (Koschmwder’s constant) 

The value used for Km the chart ,5 0 02. 
wh,ch,s the value generallyass,gned 13 Th,s 
value, however. var,es under d,fferent con- 
d,t,ons, and has been ass,gned values from 
0 015 to 0 06 Basedon the work of Douglas 
at Nantucket and Arcata. the Landmg A,ds 
Experiment Statmn uses a value of 0 055 

The relat,onsh,p of fog and r e qu I r e d 
brightness can be plotted ,n a chart showmg 
all de g r e e s of transm,ss,v,ty from zero to 
un,ty, wh,ch represent complete absorpt,on 
to unl,m,ted v,s,b,l,ty The chart shown as 
F,g 5 represents only the lower 6 per cent 
of such a chart, and ,s magmf,ed to fac,l,tate 
r e ad 1 n g s for cond,t,ons of dense fog, w,th 
wh,ch approach hghts are concerned 

When th,s chart 1s expanded to cover all 
cond,t,ons of v,s,bll,ty, the steps of the Inter- 
natlonal V,s,b,l,ty Scale, g,ven ,n Table II. 
Append,v I. can be shown conveniently as 
hor,zontal 1,nes 

13See footnote 12 
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APPENDIX IV 

Ident,f,cat,on of S,gnal L,ghts 

Sqqal lights can be ,dent,f,ed by shape, 
pattern. color, or flashmg characterlstlcs 
Th,s appendmdmcusses br,efly the appl,cat,m 
of these “ar,~us characterlst,cs to avmtmn 
s,gnal llght,ng 

If a light source can be given a dlstmctl..e 
shape, and IS so placed that an observer can 
recogn,ze that shape. the 1,ght cannot be con- 
fused w,th other lights Shaped 1,ght sources 
ha”e not be en used to any great e xte n t ,n 
s , gn a 1 markmg, partxularly for avlatmn. 
because shape cannotbe d,str,gu,shed beyond 
a very lxnlted d,stance The m,mmum angle 
subtended at the eye for a shape to be readily 
d,stmgu,shable 1s about three mmutes. or a 
d,mens,on of about 0 00 1 t I me s the “,ew,ng 
dxstance Th,s ,s further comphcated by the 
tendency of the eye to lose resolutmn of the 
shape of a lqht when the lqht 1s much brqhter 
thanthreshold Nevertheless whenalummous 
s,gnal 1s requ,red for a ser”,ce for wh,ch ,t 
must be seen from only a short distance, a 
shaped source can be made ent,rely relmble. 
and wlllel,m,nate the need of color and color’s 
Inherent d,ff,cult,es 

Pattern 1s really an extensmn of shape 
By arrangmg a ser,es of po,nt so”,-ces ,n a 
recognizable pattern. the functmn of s hap e 
can be extended almost any des,red degree. 
and a recognaable pattern can be made ef- 
fect,“e to a much g r e ate r d,stance than 1s 
pract,cal for shape Pattern has been wdely 
used 1x1 avlatmn. but ,t has Its lnnttatmns 
The f,rst 1s. of course, the l,mlts of d,stance 
from whIchthe ,nd,“,dual hghts can be seen, 
and next ,s the fact that when observed from 
nearby pomts the pattern can be lost because 
of excess,“e d,mensmns 

The only real difference between the ef- 
fect,“eness of shape and pattern 1,es m the 

d,stance from wh,ch they are Intended to be 
seen By keepmg the lxn,tat,3ns of v,s,b,l,ty 
of the 1,ght sources, the l,m,ts of the eye, and 
the distance Involved ,n mmd, shape and pat- 
tern can be cambmed to be very effect,“e 

Color ,s one of the most effect,“e and 
most wdely-used me an s of g,“,ng d,st,nc- 
tlveness to as,gnal 1,ght. but the use of color 
has s e r 1 o u s l,m,tat,ons Color can be ob- 
tamed by us in g a s our c e wh,ch produces 
c 01 ore d hght, or by usmg a source wh,ch 
produces w h I t e light and then ,nterpos,ng a 
f,lter whxh a b s orbs the v,a”e lengths not 
wanted 

Nearly all s our c e s of colored hght, 
hke fluorescent tubes or gaseous dzscharge 
tubes, are lnherentlyof relat,“elylow br,ght- 
ne*s, and a large area must be prowded to 
produce any materlal volume of light Such 
a large area 1s very dlff,cult to adapt to up- 
tlcal control, hence such hghts are normally 
notavalable toproduce accurately controlled 

, 

beams or h,gh br,ghtness s,gnals 
Incandescent lamps, which are ava,lable 

w,th”ery h,gh brqhtness and w,th sources of 
small dlmensmns. are readily adaptable to 
accurate opt,cal control. but as these scaurces 
are white. they necessitate the use of filters 
when used as colored lights 

Filters ha”e a max,mum transm,ss,on 
l,m,ted to the port I D n of the ongmal wh,te 
lqhtwhxhcomes w,th,n the acceptable l,m,ts 
of the color desired In add,t,on to this re- 
strlctlonof transm,ssmn. surface reflectmn. 
absorptmn by the glass and by pass,ble ,rn- 
pur,t,es andpart,al absorptmn of the des,red 
color, reduce the amount of c o 1 o i- e d light 
avaIlable. Forpract,calpurposes, the h,ghest 
percentage of colored hght which can be ex- 
petted from f,lters 1s in the neIghborhood of 
the values shown ,n Table II1 

Other colors are not practxal ,n slgnal 
pract,ce for a”,at,on Orange 1s eas,ly m,s- 
taken for red or yellow, wolet appears as red 

With red f,lter 
W,th green filter 
With yellow filter 
W,th blue filter 

TABLE III 

Transm,ssmn of Filters 

10 to 20 per cent of hght ,s transmltted 
15 to 25 per cent of light ,s transmitted 
40 to 60 per cent of 1,ght 1s transmItted 

2 to 5 per cent of light 1s transnntted 
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or blue, wItha halo of the opposite color sur- 
roundmg the light Even In the aforementwned 
restrIcted list. yellow 1s not completely re- 
hable for use by Itself, as It can e as 11 y be 
confused with a whtte light at low Intensltles 
A further dlfflcultyis Introduced In the use of 
color falters wtth high Intenstty lights as the 
amount of energy absorbed by the filter adds 
materxdly to Its temperature rise. so that 
partxular attention must be pald to the dls- 
slpatlon of the heat In order to avoId breakage 

There IS a wdespread belief that some 
COlO*5. such as yellow or red, can be seen 
through fog far greater dxstances than white 
l,ght, or other colors While different colors 
have v a r I o u s values of vlslbll,ty threshold 
brightness, no gain 1s achwved by faltering 
out part of the hght. as all wavelengths 
penetrate a fog Independently Breckenndge 
and Nolan14 found no advantage In the use of 

i 
red over white of equal candlepower, and this 
concluswn 1s supported by the fact that sun- 
hght. flltered through fog or a cloud, shows 

I 

no Indlcatlon of one color penetratmg more 
than another For practlcalpurpases. as for 
approachhghtlng. no one color or combmatxon 
of colors wlllpenetrate farther than anyother 

There mxghtbe some advantage in using 
color for greater consplcutty when lights are 
to be seenagamst a background of fog ~llurm- 
nated by dayllght on account of the contrast 
with the background Ewdence 1s still larking 
on the mcrease of consplculty, but It 1s 
doubtful If the gam in consplculty 1s enough 
to compensate for the 1 o s s e s In producmg 
colored lrghcs 

Flashing characterlstlcs are alsowldev 
used for provldmg dlstinctlveness to a light 
signal Flashmg sxgnals can be produced by 
several means, of which the followmg are the 
most common 

1 By turning on and off an Incandescent 
lamp 

2 By rurnmg on and off a vapor discharge 
lamp 

3 By motion of a system of optws 

14F C Breckenrtdge and J E Nolan, 
“RelatlveVlslb,lltyof Lummous Flashes from 
Neon Lamps and from Incandescent Lamps 
wlthand wIthout Red Filters ” NatIonal Bureau 
of S tan d a r d s Journal of Research, March 
1 l-25, 1929 

The fxst method xnvolves the heatmg and 
coolmg of the lamp f&xnent, and 1s practxal 
only for a relatively s ma 11 lamp. or for a 
slow rate of flash, because the time requxed 
for the Incandescence and mgrescence of the 
filament of a large lamp 1s relatively long. 
sometnnes takmg nearly one-half second 

The secondmethod 1s readily applicable 
to low brightness vapor d 1 s c h a r g e lamps, 
whlc h are not very effective for use under 
condltmns of 1 ow vlstblllty It can be used 
also with gaseous discharge lamps operated 
by condenser discharge These give ex- 
tremelyhlghbrlghtnessesforverybnef 
flashes The average power discharge 
through such a lamp 1s given by 

w = cv2 x 10-6 
2t 

where 

W = power In watts 

C = capacity of condenser m mIcrofarads 

V = voltage 

t = tune m seconds 

The light o J tp u t of such a flash employing 
xenon 1s m the order of 40 lumens per watt. 
and the d u r at 10 n of the flash 1s extremely 
brief. and 1s measuredin mxcroseconds As 
this trne 1s dependent on the rate of discharge 
ofthe condenser, It 1s decreased by reductvx 
of condenser capacxty and increased by any 
Inductance In the c I r c u I t , and to a lImIted 
extent, by Increase of the voltage 

The third method, that of rotating or 
movnxg an optic. 1s employed with lIghthouse 
signals, airway beacons, and various other 
types of sIgnal* 

The effective brxghtness of a flashmg 
light source. whtchx the apparent brightness 
to the eye, IS progress~velyless In proportton 
to the actual brxghtness a5 the flash duration 
decreases Thx relatIonshIp 1s defmed by 
Blonde1 and Rey as follows 

Ie -=& 
I 

where 

Ie = effective brightness 
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I = actual brightness 

t = time In seconds 

K 1s a constant, with values between 
0 15 and 0 30 The value normally used 1s 
K =0 20 

With flashes as b I ~ef as those produced by 
condenser dxcharge lamps. the ratlo of ef- 
fectlve brightness to a c t u a 1 brightness can 
drop to a value as low as 10-5 

Flashmg light signals may be used ef- 
fecttvely where an mdlvldual hght source IS 
requmed, but at t e mp t s to employ them as 
elements of a pattern of sIgna hghtmg have 
notbeenveryeffectlve Earlytests of groups 
of mdependentlyflashmg lights produced a re- 
actmn of confusIon to an observer Recent 
attempts to use flashmg lights ln controlled 
sequence as guidance to aIrcraft have mdl- 
cated that such lights cannot give adequate 
guidance, and can cause added confusmn by 
producmg false in d I c at IO* s of motmn and 
stroboscopic effects 

I 
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APPENDIX V 

CockpIt Llmltatlons 

Any v I s u a 1 atd, to be of serv’1ce to a 
pllot In maklng a landmg, must, from the 
meanmg of the term, be vlslble to the pllot 
The s t r u c t u r e of the alrcraft and the re- 
strxtedvlew from the cockpit Interfere very 
seriously with the field of view of the pllot. 
Furthermore, there 1s a wide varlatlon In the 
designs of different alrcraft In this respect, 
some cutting off all forward vlsxblltty below 
the horizon, and others glvmg a clear for- 
ward field of vlslon to 15’ or more below the 
horizon The trnn, speed, and loadmg of an 
airplane and the flap settmg, all affect the 
fore and aft attitude, and the angle between 

I 

APPENDIX VI 

The Effect of the Approach 
Speed of the Alrcraft 

It was pomted out, m the dIscussIon on 
the length of an approach light system, that 
there 1s no practical value m extendmg the 
approach lights Into the approach for more 
than 3,000 feet, because an aIrplane, cormng 
man a glide slope of 2 4’wlll be 200 feet high 
when wIthIn range of the lights, and, It IS not 
teaslble to make lights vlslble In a dense fog 

the longltudmal axe and the horzon There 
al-e. Z&O, many addltlonal variables. such 
as the posItIon of the pIlot’s head. the height 
of his seat. his attitude (whether leamng or 
sitting erect) and his flying technique, that 
It appears lmposslble to establLsh any body 
of dependable data It would appear then that 
th,s 1s a problem which rests w,th the de- 
sxgner of the alrcraft The approach light 
systemshould be deslgned on the assumprlon 
that It ~111 be used by aircraft havmg adequate 
fields of view A I r c r aft havmg restrIcted 
vlslbllltywould not be able to use the facility 
afforded by the lights under as severe weather 
condltlons. and would then be able to land 
only under hl g he r lxnlts Thus, aircraft 
manufacturers are provided with a powerful 
lncentlve to improve cockplt vlstblllty 

to a pllot at any height materially above this 
Thus a pllot ~~11 be wvlthm the range of 

approach lights only for the time his alrcraft 
takes to traverse 3,000 feet With an ap- 
proach speed of 120 mph, the pllot ~111 see 
the approach lights for only 17 set, and that 
1s not very much tnne to make course cor- 
rectlons It would appear, therefore, that ap- 
proach speeds m the nelghbarhood of 120 mph 
are gettmg close to the maxlmwn with which 
alrcraft can make a ~1s ual approach under 
severe weather condltlons 



36 

APPENDIX VII 

Operational Requirements for 
Approach Lxght Systems 

Formulated by A p p r o a c h Light Evaluation 
CommIttee ANC Subcomnxttee on Vxual Atds 
to Air Navlgatlon 

1 

1 1 

1 2 

1 3 

14 

1 5 

1 6 

2 

Defmltmns 

As used m this statement of operatIona 
requirements, the followulng terms 
are to be understood as defmed below 

LlmltlngVlslblllty, the meteorologIca 
vxtbll,ty for wh,ch the approach hght 
system IS deslgned 

Reglan of Guidance, the region of 
space wIthIn whxh It 1s essential that 
the visual alds be sufflclently vlslble 
to the pllot to provide adequate gutdanm 
for the safe approach of aircraft for 
landmg 

Ax,s, a horizontal hne extendmg the 
center lme of the runway through the 
approachway, that 1s. m the same 
vertical plane as the centerlme and 
lntersectlng It. or comcldmg wxth It 
at the approach end 

Threshold, a horLzonta1 lme perpen- 
dlcular to the axw ma r k in g the ap- 
proach end of the runway and also the 
vertical plane through this lme 

Portal, an area through whxh alrcraft 
may be expected to pass lymg In the 
v e r t I c a 1 plane perpendicular to the 
axis and3, 500feetfromthe threshold 
(ThemIddle marker IS generally 
located In thw plane ) 

Glide Path. a path de te rmlned by 
electronic alds and deslgned to be 
followed by alrcraft In landmg The 
slope v a r I e s between 2” and 4’, and 
the IntersectIon with the runway lies 
at a distance of from 500 feet to 1, 500 
feet from the approach end 

2 1 For the p u r p o s e s of these require- 
merits, two lxnltmg vlslblhtles are 
recognized 

2 1 1 For direct mstrument approaches. the 
lxmtmg vlsxblllty IS one-fourth mile 
dayllght ObJect vlslblllty (transmls- 
slwty. 0 375 per 100 meters ) 

2 1 2 For all other approaches and clrclmg. 
the l~m~tmgv~slblllty 1s three-fourths 
mile (transmxssivlty. 0 722 per 100 
meters ) 

2 2 

3 

3 1 

3 2 

These operatIona requirements a r e 
b as e d on vxslbllltles of one-f o u r t h 
mile unless otherwvlse stated 

Identlfxatlon 

At all points wlthm the re glen of I 
guidance (Sectlon 4). the hghts vlstble 
s ha 11 be lmmedlately Identlflable as 
part of an approach light system I 

At all pomts wlthln the region of 
g u I d an c e (SectIon 4), any lights on 
e 1 the r side of the axis shall be lm- 
me d I a t e 1 y dlstmgulshable from any 
lights on the other stde of the axis, and 
any lights on the axis shall be recog- 
nlzed as such 

3 2 1 This tdentlflcatmn shall be accomp- 
lashed wlthout possible confuslon with 
any means used to mark any portIon 
of the runway. or with other lights In 
the area 

3 3 

4 

4 1 

42 

At all pomts outs DDE the region of 
gu ldanc e (SectIon 4). any approach 
hghts v 1 s 1 b 1 e shall xnmedlately In- 
dlcate to the pllo t that he 1s left or 
right. and If possible, above or below 
the region of guidance respectively 

Guidance 

For Instrument landmgs, the region of 
gutdance shall have the form and dl- 
mensmns shown In Fig 22 

At allpomts wlthln the region of 
guidance s u f f I c 1 e n t lights shall be 
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v~s,ble to , n d I c ate the locatIon and and extending 22 5” either side of the 
dIrectIon of the ax,s a*,* f 

4 2 1 W,th,n the reg,on of gu,dance , the 
location of the threshold shall be 
posltlvely ,dentlfled for a distance of 
500 feet 

3 

5 1 

Illum1natKul 

43 WIthIn the region of gu,d ant e It IS 
highly desirable that suff,c,ent lqhts 
be vlslble to lndlcate the followqg 

The ,llum,natlon p r o v Ed e d at pmnts 
from wh,ch hghts are requred to be 
vxlble shall be adequate for vlslb,llty 
wlthoutvlsual concentration in excess 
of what 1s readily feasible for a p,lot 
whose attentlonmust be dlvlded among 
several responstbllltles 

4 3 1 TheapproxlmatehelghtaboVe the run- 
way, or, alternatively, the departure 
vertically from the glide path 

5 2 

4 3 2 The approxxmate d,s tance to the thres - 
hold 

4 3 3 The attitude of the atrcraft w,th re- 

The ~llum~natuxnvlslble at pox& on or 
above the level of the glide path shall 
notbe excessive (There 1s no agree- 
ment as to the max,mum acceptable 
degree of dazzhng, and add,t,onal ex- 
per1mental resultsare urgently 
needed ) 

1 

44 

4 5 

spect to the horlzontalplane, both 
longltudlnally and laterally, provided 
the means used shall not detract from 
the gutdance furnlshed to ,ndlcate the 
locatIon and dIrectIon of the ax,s and 
the locatIon of the threshold 

For vxlblhty condltlons of not less 
than three-fourths of a m&. dayhght 
o b J e c t vxlbll,ty, the approach light 
system s ha 11 furnlsh gudance for a 
d,stance of three-fourths I,,& along 
any path of the a p p r o a c h w,thln 90’ 
left or 90’ r,ght of the axis, the vertex 
belng the ,ntersect,on of the threshold 
and the ax,3 * 

For all vlslblhty condltlons the locatlm 
of the middle marker, or the pant on 
the ax15 3, 500 feet from the threshold 
shall be lndlcated by a flash,r,g hght 
vlslble 3, 500 feetunder one-half m,le 
dayllght ob,ect vxstblllty except with- 
in a sector dlrected toward the runway 

6 

6 1 

7 

7 1 

7 2 

Colors 

The numbers of different colors used 
in approach- and runway-l,ght systems 
should be kept to a m,n~mum to avoId 
poss,ble confus,on 

Character,stlcs 

Atpresent, only fwedlqhts have been 
found satisfactory for gu,dance to 
meet the requrements ,n SectIon 4 

Flashing lights used as auxiliary lights 
o r satellites may be consIdered as 
me&q the requirements for Ident,- 
f1cat1on (SectIon 3) 

*Thls~s aprov~s~onal requirement 
based upon currently ava,lable ,nformat,on 
and 1s subJect to ver,f,catlon obtamed from 
flqht tests 


