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MODIFICATIONS OF THE SLOPE LINE 
APPROACH LIGHT SYSTEM 

SUMMARY 

This report describes the results of 
certam modlf,catlons mthe design and 
arrangement of the basic slope lme approach 
lvght system These modlficatlons Include 
changes ,n horlaontal and vertical settings 
of the lamps. changes ,n lamp wattage. the 
addltmn of horleontal bars. and changes xn 
the threshold light pattern. The purpose was 
to xnprove lateral coverage. to provide more 
effective lead-m gudance, to reduce glare, 
to improve roll guidance and threshold 
markmg, and to provide distance markmg 

Serv,ce testmg demonstrates that effec- 
tlve distance markmg 1s provided. and that 
mater,al xnprovement IS achieved I,, lateral 
coverage, lead-m guidance, r o 11 gudance, 
and threshold markmg Reductmn in glare 
1s mdlcated but not yet proved. 

INTRODUCTION 

The slope lme approach light syqtem 
was described u, an earher report It 
consists basIcally of a pattern of lmear 
light units, or bars. set in two planes which 
intersect on the desired path of flight of an 
airplane commg in for a landmg See Fig 1 
The system extends 3,000 feet from the 
threshold Into the approach zone 

This approach hght system was in- 
stalled at the Landmg Aids E x p e r 1 me n t 
Statmn. Arc&a, Cahfornla. where It was 
g,ven exhaushve serv,ce tes2trg under very 
severe weather condltlons ’ It also has 
been mstalled at several mayor al r p o r t s 
where ,t 1s bemg used ,n regular service 

1 
H. J Cory Pearson, “The Slope Line 

Approach Light System,” CAA Techmcal 
Development Report No 104, Indlanapolls, 
March 1950 

28, AIrfIeld Llghtmg,” Progress Report, 
1948 Test Season, Air Force -Navy-Clvll 
Landmg Alds Expenment StatIon, Arc&a, 
Cahf 

3 II AIrfIeld Llghtmg,” Land ~ng A,ds 
Experiment St&Ion, Final Reports, Air 
Force-Navy-Clvll Landmg Alds Experunent 
St&on, Arc&a, CalIf, 1949 

Sermce experience and extensive 
r.erv,ce testmg have demonstrated the 
effectiveness of the pattern. but they also 
have ,ndlcated what features mlghtbe 
zmproved These Improvements would 
requre the system to 

1 Provide more lateral coverage for 
p,lots approachmg off course 

2. Provide more conspwuaus mdlcatmn 
for a pllot usmg the hghts as lead-m lights 
durmg good as,blllty condltlons 

3. Reduce possible glare from bars at 
threshold end 

4. Prowde ,mproved roll gudance. 
5. Provide distance mdlcatmn 
6 Provide Improved threshold markmg. 

The first three of these guidance elements 
and the modlfxatmns proposed to xnprove 
them were described a$d dIscussed m an 
earher analytxal study, 

These modlficatmns are possible be- 
cause of the design of the mdlvldual slope 
11ne fixture This fixture was developed as 
a bar 14 feet long on which are mounted ten 
evenly spaced lamps Experience at the 
Landmg A Ed s Experment Statmn showed 
that with alternate lamps ormtted from the 
slope lme bars the dlstmctlve lmear appear- 
ance was St.111 retamed. yd effectiveness 
v/as only slightly reducgd Analysis of the 
effective brightness mdlcates that the 
orn13ss100 of alternate lamps results xl a 
reduction of visual range of the units from 
780 meters to 740 meters under l/4-rmle 
day vlslblhty. This 1s not sermus, and the 
reduction would become less a5 the weather 
gets worse Consequently. 1t 1s pract1ca1 
and feasible to ormt alternate lamps or to 
use them with a different settmg to provide 
supplementary mdxatlons orwlder coverage. 

%laI cus S Gllbert and R J. Cay&arson, 
“A Study of the Vwblhty and Glare Ranges 
of Slope Lme Approach Lights 1” CAA 
Tecbmcal Development Report No. 150, 
IndIanapolls, November 1951 

5, Alrf,eld Llghtmg:’ Progress Report, 
1948, Fig 31. 

6 See Appendix 
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Fig. 1 Arrangement of Slope Lme Approach Lights 

The approach light mstallatxon at Weir 
Cook Airport, Indvxnapolls. was used for 
serwce testing the modlficatmns proposed 
on the basis of the analytical study Other 
modlficatmns were deslgned to improve roll 
guidance and threshold markmg and to pro- 
vlde distance mdlcatlon Thevarmus changes 
are shown m Fig 2. Due to site lxmtatlons 
at Indlanapohs. the outer sectlon of the m- 
stallatlon 1s somewhat shorter thanthe stand- 
ard system. 

MODIFICATIONS 

Increased Lateral Coverage. 
The lxrntatmns of 1 ate r a 1 coverage 

with the standard lamp arrangement for the 
slope line +n 5 t allat on were prevmusly 
dlscussed. These lxnltatmns become pro- 
gresslvely more xnpartant as the vlslblllty 
condltlons become poorer and are of serxous 
Import when visual ranges drop below 
l/S rmle Fig 3A outllnes the areas of 
horizontal vlslblllty covered by represent- 
atlve units under l/16-nnle vlslblhty con- 
dltlons The boundary of the area from 
which both rows of hghts ~111 be vlslble 1s 
also shown 

The modlficatlon consists of dlrectmg 
the beam of every alternate lamp 30 degrees 
Inward toward the approach axis, leavmg the 
other half of the lamps dIrected m planes 
parallel to the approach axis This mcreases 

7 GIlbert and Pearson, op clt -- 

the area from which the units are vlslble, 
as shown m Fq 3B This modlflcatlon was 
applied only to the outer one-third of the 
entlre approach pattern for two reasons 
First. It normally ~111 be the outer one- 
third of the pattern that 1s first plcked up by 
the pIlot in approaches under low vlslblllty, 
and his maxmxxm lateral devlatmn from the 
mdlcated path normally ~111 occur at the 
pomt where he fxst glimpses the hghts 
Second. If he has not corrected approxlmate- 
ly to an on-course path by the time he 
reaches the end of the outer one-thxrd of the 
pattern, It ~111 be too late to make a success - 
ful landmg Once a pllot has seen both lmes, 
he has no trouble m fmdmg and mamtammg 
his course 

Lead-In Indlcatmn 
Often p I 1 o t s approachmg an alrport 

under condltmns of good vlslblllty make use 
of the approach hghts as lead-m hghts For 
this purpose the p&t picks up the hghts 
from several miles out and guides hxnself 
m to the fmal approach by thelr aId The 
vertical coverage of these lights 1s relatlve- 
ly narrow. as shown m Fig 4, and as the 
arcraft 1s normally well below the alea 
from which the 11 ghts a-e most readily 
vlslble, the pllot calls to have the hghts 
Increased to maxxnum mtenslty As the 
pilot contmues his approach, he Intersects 
the area covered by the maxxnum lntenslty 
of the beams and IS suddenly exposed to 
excessive brightness and glare Before he 
can call and have the brightness reduced, he 
~111 have passed beyond the lights A modl- 
flcatmn of the lamp settmgs to prevent this 
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Fig 2 Plan of Expermental Slope Lme Approach Light System 

sudden glare and to ,mprove the guidance 
afforded by the approach lights for lead-m 
purposes was dIscussed and analyzed 1” a 
prevmus report under the headmg “Vert*cal 
Angular Settwgs of Lamps for Good Vlslblhty 
Condltmns ‘I 

This mod,f,catmn consists of lowermg 
the vertical angular settmg of alternate 
lamps I” one sectmn of the pattern to a set- 
tlng where the axes of the beams are parallel 

a Gllbert and Pearson. op cit.. P 27 -- 

with the xndlcated approach plane See Fig 5 
As the vertical spread of the lamps IS about 
5 l/2 degrees for 20.000 candles, this spread 
WI11 cover approa1mate1y the entire space 
from the approach plane down to the horl- 
zontal, and the pIlot xv111 “ever be below the 
beams. The remanning lamps are set so 
that the axes of their beams Intersect the 
ghde slope 1,200 feet I” advance to make the 
units vlslble to a pllot on the approach path 
under crItIca vlslblllty condltlons 

This modlhcatvan 1s applied to the 
mxddle one-third of the patter” The outer 
one-thud 1s modlfled to spread the vlslblllty 
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F,g 4 Vertxal Setting and Light Dlstrlbutmn of Approach Light Lamp 

horizontally. because It is the crItica part 
of the patter” with reference to fmst sight. 
On the other hand. the vertical modlflcatm” 
being used I” clear weather can be equally 
effective from any part of the pattern. 

Reductmn of Glare 
The earller amlys~s of glare condltxons 

shows that there 1s httle or no ltkellhood of 
glare to a pilot who 1s on the correct ghde 
slope solong as the brightness 1s reasonably 
matched to the weather. at least until he 
enters the last one-third of the system See 
Fig 6 This analysis mdlcates that uncom- 
fortable glare 1s more lxkely to occur m the 
sectlon of the approach system adJace”t to 

the threshold, where the pIlot 1s low over 
the lights. It was also show” that smaller 
lamps should produce adequate wslbility m 
this sectmn and reduce glare This sect,“” 
of the approach system was therefore 
equpped with only five 50-watt lamps m 
each u-at 

Improved Roll Guidance and Distance 
Indlcatmn. 

Operatmnal experience at the Landing 
Aids Experiment St&m” and elsewhere Indl- 
cated that the addltmn of crossbars would 
unprove the effectiveness of the slope line 
pattern These crossbars serve two func- 
tmns They serve as a hormon reference to 

1- 
N POINT IDE 

- 
E 
- 

Fig 5 Effect of Modlhcatmn of Vertical Settmg on Vislblllty 



Fig. 6 Glare Range Diagrams With l/g-Ml= Visual Range 

unprove roll gudance. and they serve as 
distance markers. 

A number of crossbar patterns have 
been developed, all mcorporatmg two essen- 
tial elements horizontal bars. and flxed 
distances One pattern, employing spht 
lines, was installed at the L andlng Alds 
Experiment Statmn A simple pattern. con- 
slstmg of two so lid lmes traversmg the 
width of the system. was installed at 
Indlanapohs 

These lmes both consist of mdlvldual 
light units set on five-foot centers and are 
operated and controlled with the approach 
lights. The mner row 1s 1.000 feet from the 
threshold, and the outer row is 2,000 feet 
from the threshold The mner row 1s steady 
burning. and the outer row is flashed as a 
means of dlstmgushmg one bar from the 
other. This cycle 1s about three seconds, 
which is the mmrnum to which the 250-watt 
lamp will respond All lamps are equipped 
with red filters 

Threshold Guidance 
The prmclpal pro b 1 em in threshold 

hghtmg 1s to provide adequate conspxuty 
without excessive glare The posslblhty of 
alare 1s particularly Important due to the 
fact that the pllot passes over the lights at 
a very low altitude when making a landing 

The experimental pattern used at 
Indianapolis consists of lamps sumlar to 
those used in the approach light system, 
set five feet on centers to form two horleontal 
bars. each 30 feet long, and separated by a 
gap 80 feet wde This pattern 1s symmet- 
rical about the extended axis of the runway 
See Fig. 1. The lamps are equipped with 
green filters. and can be adJusted individual- 
lY. This threshold marking is operated on 
the approach light brightness control 

The threshold lamps were set mltially 
with the axes of the lamps directed upward 
to mtersect the glide plane 1.200 feet m 
advance. During the period that the approach 
hghts were operated wlthout red filters no 
crltlclsms were heard from pIlots on thres - 
hold brightness. which was somewhat less 
than that of the approach lights As soon as 
filters were Installed on the approach 
lights. the pllots commenced complaining 
about glare from the threshold lights In 
order to reduce this glare, the lamps were 
reset with the axes of the beams horleontal. 

OBSERVATIONS AND CONCLUSIONS 

Obaervatmn fhghts were made on the 
approach light system after the various 
modiflcatmns were made, and servxe flights 
use the system regularly Based on this 
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experience, the following conclusmns appear 
Justlfled 

1 Observation of the modified settmg of 
the lamps m the outer one-third of the 
system mdlcates that the effective spread of 
the coverage has been broadened to about the 
degree anticipated, and the appearance of 
the system from on-course has not been 
appreciably lmpalred 

2 The lead-m function of the pattern has 
been greatly improved From a distance of 
eight or ten miles the middle section of the 
pattern shows up clearly, while the outer 
and inner sections are dim or even mvls- 
lble . As the pilot approaches and comes 
Into the area covered by the direct beams 
from the first sectlo” of the pattern, the 
lights in this sectmn appear to increase III 
brightness to match that of the middle sec- 
tmn, which has been conspicuous for the 
entire approach 

This modlflcatlon appears to fulf,ll 
Its design function perfectly, and there is no 
tendency to call for mcreases m brightness 
over that required for the weather condltmn 
prevallmg If the lights have been set at an 
excesswe brightness. the pllot has ample 
warning from the sectmn whose beams are 
directly toward him and can call for a reduc- 
tmn of brightness m sufflclent time to avoid 
dangerous glare or discomfort. 

3 The modiflcatmn of the Inner one- 
third of the system to reduce glare was 
accomplished, but there has been no weather 
severe enough to permit flight testing under 
crltlcal condltlons. The fhght testing that 

was done has mdlcated that the visual range 
still 1s adequate when the system brightness 
IS set to correspond with the weather condo- 
tmns, and mdlcatmns are that the anticipated 
glare reduction will be realized 

The use of only five lamps on 34-mch 
centers ln this sectIon and the reduction of 
wattage of the lamps result m a material 
savmg of power With the 50-w&t lamps. 
which were used in this mstallation, this 
saving amounts to more than 45 kilowatts 

4 The crossbar pattern appears to be 
fully as effective as the split crossbar pat- 
tern used at the Landing Alds Experiment 
Station No dlfflculty has been experienced 
In dlfferentlatmg between the steady-burnmg 
and the flashmg bars 

5 The threshold pattern appears to be a 
marked Improvement over the usual ar- 
rangement The comments of the Techmcal 
Development and Evaluatmn Center pilots 
(and the comments of transport pilots, as 
reported by the control tower) were all 
favorable to the pattern 

The ObJectlons voiced with respect to 
glare from these lamps, however, empha- 
size that the brightness and dlstrlbutlon of 
the units used for this purpose are crItIcal, 
and more study is needed to develop a dls- 
trlbutlon which ~~11 give sufficient conspx- 
ulty wlthout uncomfortable glare and wlthout 
exce.sslve waste It IS recommended that 
more comprehensive study be given the 
requlrementts for threshold lights and that a 
practical compromise be effected between 
vlslbillty distance requirements and toler- 
able glare 
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APPENDIX 

ANALYSIS OF RELATIVE VISIBILITY 

Usyg the row factor developed by 
de Boer, 1t 1s possible to determine the 
relative visual range of slope 11ne bar units 
with ten lamps set parallel and with alter- 
nate lamps set to a different angle. This 1s 
done by assurmng 1n one case that all ten 
lamps are effective and 1n the other case 
that every alternate lamp 1s not effective. 
Inasmuch as there exists a considerable 
quantity of spill light from the five lamps 
considered ineffective. the actual difference 
xv111 be somewhat less than that calculated 

To compare the v1s1b111ty of the ten- 
lamp fixture with that of the five-lamp 
fixture. with the lamps at double spacing, 
the row factors of the two fixtures are 
derived. This row factor represents the 
lllumlnatlon required of each lamp of the 
row divided by that required of a single 
lamp to produce the same ms1b111ty 

The row factor 1s rxasea on the dm- 
meter of the 11ght source divided by the 

9 J. B de Boer.“V1s1bility of Approach 
and Runway Lights ,” Reprint R 168. Ph111ps 
Research Laboratories. E1ndhoven. 
Netherlands, June 1951 

spacing. and de Boer promdes a chart from 
which the numerical value of the row factor 
can be determined from the diameter-to- 
spacing ratio For the ten-lamp fixture. this 
ratm IS 0 411 and the row factor 1s 0 28 
For the fwe-lamp fixture. the rat10 1s 0 206 
and the row factor 1s 0 42 

The effective visual range 1s given by 

I =E D2T-D 0 

where 

I = Intena1ty of 11ght source 1n candles 

E. = Threshold brightness 1n hectometer 
candles = 2.0 for daylight background 

D = Distance in hectometers 

T =Transm1ss1on of atmosphere per 
hectometer. which for l/4-mile v1s1b111ty 
can be taken as 0 141 

By modifying the value E by the row factors, 
the following visual ranggs for l/4-rmle day- 
light visib111ty are derived 

1. For a ten-lamp bar. 780 meters 
2. For a five-lamp bar, 740 meters. 


