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A STUDY OF THE VJSIBILITY AND GLARE RANGES 
OF SLOPE-LINE APPROACH LIGHTS 

SUMMARY 

This r e p o I‘ t Includes a mathematical 
and graphIca analysis of the vlslblhty 
dlstrlbutmn of the slope-lme approach-light 
s y s t e m usmg the standard 250 PAR lamp 
Some cons,deratmn also 1s given to the 400- 
watt 115-volt lamp which 1s the standard of 
the U S Air Force The analysis, based 
on Allard’ s Law. 1s made for the dual pur- 
pose of determmmg the distance from which 
a slope-lme hght can be seenby approachq 
p 11 o t 5, and the dxtance from which It ~111 
app e ar to be excesswely glarmg to them, 
under a var,ety of daytrne and n 1 g h t t 1 me 
vislbllity condltlons and lamp b I 1 g h t n e s s 
settings These data are then used as a 
bas 1s for a study of the angular settmgs of 
the lamps, and for a study of a possible mod- 
,flcatmn m lamp slees at the lnne r end of 
the system 

INTRODUCTION 

When the prelxmnary design of high- 
mtensity approach lights was being con- 
sldered, m or d e r to make successful ap- 
proaches possible under extremely restrIcted 
vlslblllty condltmns, Itwas deemed desirable 
to make avaIlable the highest candlepowers 
econom,cally obtamable T he prelmunary 
study showed thatavalueoftheorderof 
100. 000 candlepower would be sufflclent for 
landmg alrcraft under v,slb,llty condltmns 
down to approx,mately 1/16 m&z, but, that 
multlplymg this value up to several tm-,e~ 
added relatwely little to the wsual range 
It was recogmzed that the 11 gh t s would re- 
qure a substanttlal degree of d,mmmg for 
use under higher vlslbillty condltmns, and a 
means was p r ov, d e d for dmunmg them in 
steps. so that each step would reduce the 
Intensity to l/5 of the lntenslty of the pre- 
ceding step Intensity changes of less than 
3 1 on signal lights are practically IndIscern- 
lble 

The hor>oontal dlstr,but,on of lqht m 
the approach area can well be obtamed by 
the use of a s p r e ad lens on the lamps, and 
for this reason the lamps were desIgned 

‘H J C ory Pearson and M S GIlbert. 
“Some Conslderatmns of High Intensity Ap- 
proach Llghtmg.” CAA TechnIcal Develop - 
rntnt Report No 60, October 1948 

w,th a 30” horleontal lens 
The vertxal spread of the beam of the 

approach lamps was establlshed from a con- 
slderatmn of glare control It 1s possible to 
a r r an g e the dlstrlbutmn of a narrow beam 
proJector so that to an observer m any given 
plane, not p a s s , n g through the projector, 
maxnnum vlslbllityof the light source can be 
provided with a rn~nxrnrn of glare As ex- 
perxnce has shown that on an 1 n s t I‘ urn e n t 
approach pllots tend to keep much closer to 
the correct height than to the correct Ime, 
It was decided to control the light dlstrlbu- 
tmn to ellmlnate glare, as far as practical. 
from the Ideal a p p r o a c h plane For thx 
purpose Itwas decided to use lamps producmg 
very narrow vertxal dlstrlbutmn. andto mount 
them so that their axes would intersect the 
glide approach plane at a carefully controlled 
distance The distance selected was 1,200 
feet, the maximum distance to which the 
maximum candlepower would penetrate ef- 
fectwely m a night vlslblllty of l/8 rmle, 
the worstvlsiblllty conditmn under which the 
system was Intended to be used for the next 
several years 

For slope-Ire approach-light mstalla- 
tmns at clvll axports the CAA standardmed 
on a 250-watt. 12 5-volt. PAR-56 lamp with 
approximately 94,000 cp (max ), 36’ hon- 
zontal and 7” vertxal spread It was rec- 
ogmzed that the I‘ e would be less glare with 
the narrower vertxal spread, but Au Force 
engmeers felt that a s t a nd a r d voltage was 
more de s 1 r a b 1 e from their standpomt and 
the glare rmght not be excessive 

After several CAA slope-lme mstalla- 
tmns were made and observed from the air 
anumber of times. Itwas reported that 
except for the 1 owe s t vlslblllty condltmns 
the lights n e a I e s t the runway tended to be 
somewhat annoymg from the glare standpant, 
even at the 1 owe s t mtenslty settmg of 0 16 
per cent Due to the narrow vertical spread, 
however, the greater part of the system was 
not troublesome from glare As a result of 
these observatmns. It appeared that CAA 
.,-,I ght be able to use lower mtenslty lamps 
mthe sectmn of the approach system nearest 
the runway 

Before recommendmg any changes 11, 
the standard system, It was believed advxs- 
able to make an analytical study m order to 
d e te rm ,ne what rmght be expected under 
var,ous condltlons of vlslblllty when lamps 
are drnmed or reduced I,, capacity, or ad- 
lusted through several different angles The 
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procedure followed in making this study and 
the results obtamed are dIscussed I,, deta,l 
In this report Although these studxs are 
b as e d on the lamps used m the slope-hne 
patternor confvguratmn, thedata on v,slbll,ty 
range. g 1 a r e distance and vertical angular 
settmg also are apphcable to other proposed 
approach-light conflguratlons usmg the same 
lamps 

BASIS FOR CALCULATIONS 

Before dlscussmg the actual mechanxs 
of the mathematical and graphical work m- 
valved m this analysts, a brief rev, ew of 
some of the avaIlable mformatmn on v,slbll,ty 
calculatmns and measurements 1s m order 

Threshold 
A source candlepower that produces on 

the retma of an observer’ s eye an amount of 
light just sufflclent to be detected 1s said to 
be at threshold vlslblllty A generally ac- 
cepted servx2e mght-threshold value 1s 0 5 
m&-candle This was obtamed from ob- 
servatmns on a clear moonle s s mght with 
the light o b s e r Y e d against a green grass 
background This value, although based on 
a s p e c ,f 1 c condltlon, 1s widely used as a 
b as 1 s for calculation with generally satx - 
factory results Assummg threshold to be a 
matter of ,llumlnat,on produced on the 
retina, the candlepower value necessary to 
produce the mu-,lmum amount of lllummatlon 
required for threshold (wth vlslblllty condl- 
tmns and background remalnmg c on s t ant) 
would vary as the square of the distance or 

E = Ildl -2 = 12d2 -2 = I3d3 -2 , etc (1) 

Where 

E = Illummatmn. a constant 
I = Candlepower 

This 1s essentially Allard’s Law with 
an added facto I to take mto conslderatmn, 
the background brightness Equatmn (3) can 
be rearranged as follows 

I I KD2eBD,,1/2 (4) 

smce eBD can be replaced 5.6 
by T 

-D , this 
formula can be used to ln r duce the back- 
ground brightness factor b VJ into Allard’ s 
Law by substltutmn of KIEo for K 

d = Dxtance between source and retma Then 

Allard’ s Law 1s useful m determxnng 
the candlepower required to produce thresh- 
old vlslb11\ty for a given distance and trans- 
mlssl”lty 

I = KlEoD2b1/2T-D 

Where 

It can be stated convemently by the 
f0110w1ng formula 

b = Brlghtness’l ,n candles/hectometer2 

2 fiddleton, “Vlsiblllty m Meteorology,” 
The Unwerslty of Toronto Press, Toronto. 
Canadi+ 1940, Chapter IV, Set 1 

Transmzswlty 1s defmed as the per- 
centage of light fluxfrom a source that pene- 
trates the atmosphere for “rut distance 

I = E D2T-D 
0 

Where 

(2) 

I = Required candlepower of sIgna light 
E = Threshold ~llummat,on, or 0 0020 hec- 
toometer candle (the metrx equwalent of 0 5 
mile-candle previously gwen) 
D = Distance m hectometers 
T = Transmlsslvlty per hectometer 

Background Brightness Factor 
The threshold value 1s rased con- 

slderably when the background brightness 1s 
Increased This 1s especially notIceable 
when comparmg daytne and mghttme re- 
sults Itwas found that the followmg formula 
w o u 1 d ap@y to either daytune or nIghttune 
condltmns 

DeBD/2 = 16 4 Il/2b-l/4 (3) 

Where 

D = Distance m sea miles 
B = Atmospheric attenuatvx, per sea ,-rule 
I = Candlepower of slgnal hght 
b = Backgroud brightness m null,-mrro- 
lamberts 
e = 2 718. the base of natural or Napernn 
Ioganthms 

4 H S Knoll, D B Beard. R Tousey 
and E 0 Hulburt, Naval Research Labora- 
tory Report No H-2627, Ott 1945, Pp 7. 
a, 9 

3 ee footnote 4 
7Mlddleton. Chap II, Set 2 and 3 

See footnote 2 
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D = Distance ,n hectometers 
T = Transrmsslvlty per un,t distance D 
E = Threshold ~llummat,on in hectometer 
c&dles 
Kl = A constant’ 

A number of background brightness 
readings were taken at Arc&a. CalIf , 
durmg low v 1 s 1 b 111 t y testmg of approach 
lights These varwd from 79 to 1,400 foot- 
lamberts m daytme, and 0 0003 to 0 0008 
foot-lamberts at mght, durmg the period m 
which the tests were made Usmg these 

~;~t~o’,:,,“q~e”~w 
ne the br,ghtness factor in 
would vary from 1, 645 to 

6,945 for diyllght, and from 3 21 to 5 23 
for mghttlme 

While these values could be substituted 
,n equatmn (5) ,n calculating data for the 
flight tests made at Arcata. further conslder- 
at,on should be g,ven to the s e 1 e c t 1 on of a 
factor s u,t able for general use. since the 
fogs at Arcata, though frequent and plentiful, 

8 A value of Kl = 1 appears reasonable 
as the brightness factor 1s about 1 0 for the 
condltrans under w h 1 c h the night threshold 
value was determmed 

Conddlt,on 
Day Scene 

Sunny Sky 
White Cloud m Full 
Sunshme 
Dark Cloudy Sky 
Forest m Leaf m 
Sunshme 
Grassy Field 

Cond,tlon 
Night Scene 

Clear Starry Sky 
HOrlZOn 
Zenith 
Milky Way 

Dark Cloudv Moonless Skv 

tend to be shallow m depth, thus permlttlng 
greater background brightness than might be 
found where the fogs are deeper and permit 
less light penetratmn It 1s practxal, rather, 
to assume a condltmn that IS more prevalent 
generally, such as a dark cloudy sky, and to 
use the brightness factor apphcable to that 
condltlon From Table I It can be seen that 
for a dark cloudy sky the brightness factor 
would be of the order of 1, 000 for daytxne 
and 1 for nlghttme As the s e figures give 
generally satisfactory results. they are used 
,n thx analys,s 

Vls,blllty Measurements 
Indetermnung vlslblllty distances It 1s 

customary to make daytrne observatmns by 
locatmg known landmarks. the farthest one 
that can be s e en prowdlng an mdlcatlon of 
the “1s lbllxty d 1 s t an c e For nIghttIme ob- 
servatmns a method that 1s wdely used em- 
ploys a 25-cp lamp as a standard The 
d,stance from w h, c h this lamp can be seen 
1s called the “night vlslblllty range” or 
“night v,slb,llty distance I’ The use of a 
standard lamp,s converuentbecause unhghted 
ob,ects obv,ous ly cannot be seen on dark 
mghts, and 1 amps af varymg candlepowers 
would not give consistent results 

For sclentlfic purposes, such as the 

TABLE I 

Brvghtness and Brightness 
Factor Values for Varmus Condltmns” 

Brightness 
(Cyqdl’r; per (Lamb&s) Brightness Factor (b lb) 

(b = candles/hectometer2) 

100 - 2.000 o 34-6 8 1,043 - 4,680 

3.000 10 2 
80 - 600 0 272 - 2 04 

50 - 150 0 17 - 0 51 738 - 1.285 
200 0 68 1,480 

Brightness Factor (b l/2 
Brightness ) 

(Mllll-rmcro-Lamberts) (b = candles/hectometer2) 

60 1 382 
100 1 785 
180 2 400 
20 - 50 0 797 - 1 263 

Sky, Full &on, Some H&e 
Forest 

10.000 
10 and up 

(Dependmg on 
clouds and moon) 

17 85 
0 565 and up 

*Naval Research Laboratory Report No H-2627 
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tests cgrried on at Arcata. the transrmsso- 
meter, an instrument which employs a 
photo c e 11 to receive light from a lamp of 
constant candlepower over a fxed out d o o r 
range. 1s used The transrmss1v1ty can be 
c o nve r t e d into equivalent obJect v1s1b1llty 
distances by applxatmn of Koschmleder’ s 
constant 1~1 the formula 

Td = K, or 

d = log K (log T)-’ (6) 

Where 

T = Transmissiv1ty proportion per he c t o- 
meter 
d = Equvalent o bJ e c t v1s1b111ty distance 1n 
hectometers 
K = Koschmxderl s constant = 0 02 

There 1s some questIon as to the 
value for Koschrmeder’ s constant, and some 
physlclsts prefer to use a value of 0 05 

The effect of selecting a different con- 
stant 1n this relatmnsh1p 1s only to establish 
a different value of the meteorological range 
or vlslb111ty dxtancefor eachvalue of trans- 
Inns 5 1v1ty T h 1 s difference 1n distance can 
be obtamed from 

~~1 = Kl and TD2 = K 2 

Then 

D/D2 = log Kl/log K2 

T h1 s ~111 not affect the shape of any 
curves or the relatmnshlp of any values com- 
puted with one or the other value It would 
affect only the label such as ” l/4-mile v1s1- 
b111ty” assigned to the condition 

In connectmn w 1 t h test work done by 
personnel of the L an dl n g Aids Experxnent 
StatIon at Arc&a, 1t was d 1 s co ve r e d that 
there were considerable differences between 
the vxslb111ty measured horuontally over the 
ground by meteorological observers and the 
v1s1b111ty experienced by the p&at on actual 
approach This 1s due 1n part to the phenom- 
enon of horuontal strat1f1catmn. the pilot 
seemg the 11ghts t h r o u g h varymg strata of 
fog, while the ground observatmn 1s made 
throughonly one stratum Furthermore, due 

9 C A Douglas and L L Young. 
“Development of a Transrmssometer for 
Determmmg Visual Range.” CAA Technical 
Development Report No 47. February 1945 

to lack of homagenelty 1nthe fog Itself, there 
always ~111 be sampling error unless the 
same path 1s used, and even then there 1s 
St111 the problem of the constant change and 
movement of the fog In general, 1n all 
v1s1b111ty calculations based on observations 
m fogs, 1t 1s impossible to obtain results 
which are exact. and which ~111 not vary an 
appreciable amount from what rmght be anti- 
c1pated Therefore, the values shown later 
m this report for ~1s ual range and glare 
distance should be taken as approximate and 
not exactvalues The visual range and glare 
d 1 s tan c e ~111 be of the order of the values 
shown 

Visual Range of Lights Seen Through a 
Series of Transrmss1on Strata 

Since the 1ntroductlon of high- 
inte ns 1ty approach hghts has pxst1f1ed a 
lowermg of landmg m1n 1mums to a point 
where the pllot may be St111 above the ce1lmg 
when he passes the ILS rmddle marker and 
1s lookIng for the 11ghts. 1t 1s necessary that 
some conslderatmn be given to the effect, 
on the v1 s ual range, of signal 11ghts when 
seen through log strata of varying trans- 
mlssl”ltles For this purpose it 1s necessary 
to set up a means of determIning the reduc- 
t1on 1n illurmnat1on when hght passes through 
a given d 1 stance of atmosphere of a given 
tran*m1**1v1ty By this means. 1t would be 
possible to determIne the visual range of a 
s 1 g n a 1 11ght w he n seen through any given 
5 e r 1e s of transm1ssmn strata A srnple 
formula can be developed from Allard’s Law 
to provide t h 1 s informatmn by rearranging 
equation (2) 

E =ID-2TD l = 0 002 hectometer candles = 
th?-es I4 o&I br!ghtness 

Where 

I = known candlepower of a signal 11ght 
d = visual range of I1 1n hectometers 
T: = transrmss1v1ty per hectometer 

Then 

E. = 12D2-‘TlD2 

Where 

I2 = effective candlepower of the same 
s our c e from some known pomt at distance 

Dl -D2 D2 = visual range of I2 1n hectometers 

Then 

IZDZ 1 
-2T D2 = 1 D -2T DI 

11 ! 
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And 

12 = 11 (D~D~-~)’ ~~(~1 - D2) (7) 

W,th a different transrmsslvlty T2 
prevallmg m the overcast, the visual range 
D3 of the effective candlepower I2 Into the 
overcast can readxly be calculated or deter- 
mmed from a cur Y e plotted on loganthmlc 
paper for predetermmed visual ranges versus 
thelr correspondmg candlepower A differ- 
ent curve can be drawn for each value of T2 
selected 

The totalvlsual range of the llghtthrough 
two strata of atmosphere, then, can be 
stated 

D4 = (Dl - D2) + Dj (8) 

Where 

D4 =total visual range of light source of 
known brightness 
Dl - D2 = distance from source to pomt of 
entry Into second stratum 
D3 = distance from pomtof entry Into second 
stratum to final threshold pomt 

Under actual condltmns there seldom 
1s a clear-cut plane separatmg two strata of 
different transmlsslvitles, and the strata 
usually ~111 merge into each other, probably 
with a conslderable degree of lrregularlty 
In makmg c a 1 c u 1 at 1 on s mvolvmg several 
strata, however, it 1s convement to assume 
that the separatmn between the two 1s sharp 
m order to sunphfy the problem Any error 
resultmgfrom this assumption will be wIthIn 
the normal 11 m 1 t s of uncertainty In dealmg 
with visual calculatmns 

If It 1s desired to fmd the xllummat~on E 
at an observer’ s eye in restrlcted vislblhty 
a flxed d 1 s t a n c e from a light source, It 1s 
n e c e 5 s a r y only to substitute E for I and 
solve for E ln Allard’ s formula The c&es 
mFlg 1 illustrate how this Illumination 
varies with distance 

The nomographs Fig 2, furmsh a 
graphxal means for convement determmatmn 
of vislbillty distances under varmus condo- 
tions, e 1 the r by day or by night, and also 
allow the determmatmn of the mtenslty nec- 
essarytoprov~dev~siblhtyunder any weather 
condltmns 

Glare 
In addltmn to the vxlblllty of a 11 ght 

signal. consideration must be given to glare 
or dazzle The relatlonshlp of brightness to 

mvestlgated by Breckmrxdge and 
who found that when the ~llumma- 

tlon reaches a value of the order of 1,000 

OISTAWE FROM LEST SOURCE ID) 2:‘“., /” : 

Fig 1 Curves Showmg Illummatmn at 
Observer’s Eye From Flxed Light 
SOU*Ce 

t 1 me s threshold. glare begms to be exper- 
lenced 

The speclflc area of the eye upon which 
the light m-.pmges has a matenal bearmg on 
the glare effect, an off-line or parafoveal 
view of a bright source causmgless dlscom- 
fort than could be tolerated m a direct view 

It 1s recognized also that glare 1s re- 
lated to the duratmn of the exposure of the 
eye to the light source. as has been exper- 
lenced by anyone who has taken a quick 
glance at the sun wIthout suffermg the dls- 
comfort resultmg from a more p r o 1 on g e d 
look Even m the thxkest we a the r a pllot 
makmg an approach 1s exposed to a suc- 
cessIonof lxght sources for a sufflclent 
length of tune to experience discomfort If 
glare IS present Some clam-a have been 
made that certam bright sources, whose m- 
tenslty IS measured In the mllllons of 
candlepower and whose duration is rneas- 

10 F C Breckinrldge and C A 
Douglas, “Development of Approach-and- 
Contact-Light Systems,” Illummatmg Engm- 
eermg. Vol XL, No 9. November 1945. 
Fig 21 







wed mmlcroseconds. can be observed 
wlthaut discomfort There are not suff,c,ent 
quantltatlve data on this subJect, how e v e r , 
to show how rapldly the eye can recover 
normal v~s,on aft e r observmg such flashes 
of almost b 11 n d , n g mtenslty It should be 
borne ,n mmd that glare and maximum 
br xghtne s s are much more crItIca con- 
sIderatIons for mghttnne unrestricted “IS,- 
bllltyoperat,ons. when the eye 1s dark- 
adapted, than for operations unde r normal 
condltmns On the other hand, m,n~mum 
brightness becomes a crItica factor as the 
vxib,llty decreases. especially ~n dayllght 
operations when the eye 1s light-adapted and 
the background brightness presents httle 
contrast to the source brightness 

Generally ,t 1s accepted, on the basis 
of actual experience. that under normal 
mght-operatmg condltlons a slgnal hght with 
a source mtenslty on the order of 100 cp 1s 
tolerable to the average pllot, s~i-,ce the eye 
can readily adlust Itself to this condltlon 

The problem of glare 1s xnportant as 
It p 1 a c e s a lrnlt on the relative brightness 
that can be used for any gxven c and , t I o n 
Because of this, It 1s necessary to prowde 
mtensity control so that the approach lights 
can be d ~mme d by the tower controller to 
produce atolerable brightness when wslblllty 
cond,txr,s become less severe than those for 
wh,ch the system provides The slope-lme 
system and almIng of the lamps are deslgned 
to end 1 c ate to the approaching pllot a path 
that ~111 c o I n c Ed e with the ILS path while 
perm,tt,ng h,m to see the lights wltn a men,- 
mum amount of glare 

A p 11 o t flymg on mstruments at mght 
mamta,ns his dark-adapt&Ion by usmg very 
low brlghtnesses an the Instrument panel 
When he comes wlthn, sight of high-mtenslty 
approach and runway lights, this dark-adapta- 
t1on 15 lost U nde r such condltmns It ~111 
be very dlfflcult for hm, to glance back and 
read his mstruments. as It ~111 require sev- 
era1 seconds delay to readapt his v~slon 

Cond,t,ons and Assumptxx~s 
Itwas consIdered desirable to make 

the study described in this report for selected 
vlslbll,ty steps from l/2 mile down to l/16 
mile At present the 1/2-n-& value, with a 
few exceptxxls, IS the allowable m~n~rnurn 
v,s,b,l,ty f o r mstrument approaches The 
other steps are consIdered from the stand- 
pomt ofposslble future reductions in minima 
It was not thought advisable. IF, this study, 
to attempt a,, ,nd,v,dual solutxon for each of 
several possible gl,de slope settmgs and the 
g r e at number of combmatlons of light-unit 
mountLng e1evat,ons The charts and analyses 
I” this r e port are based on the assumpt~an 

that the ghde slope IS 2 l/4’, that all approach 
1,ghts are mounted at runway level and that 
the touchdown p o 1 n t 1s 800 feet beyond the 
approach endof the runway While It 1s ret- 
agrneed that the r e s u 1 t s ~111 vary 11, some 
deta,ls with var,ous ghde slope settmgs, ,t 
1s believed that the relatlonshlps developed 
for arepresentatIve angle Will parallel 
closely those which would be o b t a one d for 
other angles, and the recommendat,ons de- 
veloped fromthls study will be generally ap- 
pllcable 

For mostof the calculations It was as- 
sumed that each lamp was axned vertically 
to mtersect the glide slope at a pant 1, 200 
feet ahead of It. as measured along the axis 
of the extended runway This 1s a requre- 
ment IFI the CAA standard slope-lxx mstal- 
l&Ion, whxh 1s based on a prel~mlnary 
study showmg 1. 200 feet to be a satisfactory 
Y a 1 u e for normal approaches under repre- 
sentatlve condltlons 

Some analysis was made, however. to 
determme the effect of lowering this angular 
settmg Calculations showed that, as far as 
visual range 1s concerned, the results would 
be the same whether the observer was on 
course or somewhat to the right or left of It 
This 1s due to the wide hormontal spread of 
the beam It was assumed that homogene,ty 
p rev a 11 s m the fog at all pomts in the ap- 
proach a I e a and that vlslblllty 1s the same 
all along the glide slope over the range u,- 
valved No allowance was made for source 
size, or the Integrated effect of the hght 
from a number of closely associated lamps 
m,p,ng,ng up on the eye It 1s believed that 
th,s would increase the wslblllty shghtly. 
but the exact amount 1s not known 

All mght-vxlb,llty condltlons referred 
to in this report are b a s e d on the vlslblhty 
dutance of a 25-cp lamp While ce,l,ng 
lurntat,ons UT e r e not considered III most of 
the calculations. a special study was made 
to determme the effect on v,sual range of a 
cellmg at 200 feet. and at 100 feet 

In accordance with the preceedlng dls- 
cuss~on. the followng a 5 s umpt eons were 
made 

NIghttIme background brightness factor 1 
Daytune background brightness factor 1.000 
Koschmleder’ s constant 0 02 
Brightness glare factor 1,000 

Itwas first necessary to determine the 
transmlsslvlty per hectometer T for the 
various vlslblllty condltlons selected These 
values are shown m Table II 

The next step was to de t e r m I n e the 
candlepower at various angles, over a 16’ 
spread. from the vertical candlepower dls- 
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TABLE II 

Transmlsslvlty Values 
for Varmus Vlslbllltles 

Transmlsslmty 
per Hectometer T 

Hecto- Night Day 
M,les Feet meters (25 CP) (Object) 

l/16 330 1 006 0 0000839' 0 0205. * 

l/8 660 2 012 0 0179 0 143 
l/4 1320 4 025 0 1890 0 378 

l/7- 2640 8 050 0 5201 0 615 

* Night TD E,D2 T1 006= 
=I 

0 002 x 1 0062 
25 

= 0 00008 T = 0 0000839 

* * Day TD = 0 02 T1 Oo6 = 0 02 

T = 0 0205 

trlbutlon curve of the 250~watt lamp, taken 
from Natmnal Bureau of Standards test No 
15A-21/49 See Fig 3 The 16” spread 
covers the entIre vlslble portmn of the lamp 
and 1s greater than the 10 per cent cutoff 
pomt, which for this lamp IS approxxnately 
3 6' from the “ertxal axis These values 
were selected from both quadrants of the 
curve and an average was taken m order to 
reduce the numb e r of calculatmns They 
were then substituted m Allard’ s f o r mu1 a 
and “lslblllty dxtances for each angle were 
determmed for the varuxx values cf candle- 

.t 
/I 

i 

Fig 3 Vertical Candle Power Dlstrlbutmn 
of 250~watt, 12 5-volt, PAR-56 
Approach Lamp With Spread Lens 

and used to plot polar co-ordmate curves of 
“elblhty distance agamst angle See F,g 4 
Table III 1s a sample tabulatmn for the 1/4- 
mile night “lslblhty condltmn, T = 0 189 

power It ~a.5 not n e c e s s a r y to calculate A s,m,lar tabulatxon was made for 
each of the values, s 1 n c e with a few values glare The glare distance was determmed 
d e t e r m in e d by calculatmn and plotted on bydlvldmgthe “arlous values of candlepower 
logarlthmlc paper, the mtermedlate values by the glare fact‘=, 1, 000, plottmg curves 
could be p 1.z ked from these cur”es The and selectmg values m the same manner as 
“lslblllty distance values were then tabulated described above for the “lslblllty values 

Angle 
Pegs ) 

0 

TABLE III 

Vlslblhty Distances for l/4-M11e Night Condltlan, 250-Watt Lamp 

Candlepower (100%) D CP D “4; D CP D 
Left Right Average Feet 205 Feet Feet 0’8; F:et 0 166 Feet 

___ -_- 94,000 2,652 18,800 2,390 3,760 2, 126 752 1,860 150 5 1.599 
91,250 88,500 89,875 2,650 17.970 2,380 3,594 2. 120 719 1,850 143 8 1.595 
83.000 74,000 78,500 2,624 15,700 2,360 3,140 2.100 628 1,830 125 6 1,570 
51.000 39,000 45,000 2.530 9.000 2, 275 1. 800 2. 000 360 1.740 72 0 1,475 
23,500 14,500 19,000 2,390 3.800 2,135 760 1,860 152 1,600 30 0 1,330 

8,500 5,250 6,875 2,225 1,375 1,960 275 1.695 55 1,430 11 0 1.175 
3,750 3,250 3,500 2,115 700 1,850 140 1.585 28 1,320 5 6 1,065 
2,500 2 250 2,375 2,050 475 1,780 95 1,520 19 1,260 3 8 1,000 
2.000 1.750 1,875 2,010 375 1,745 75 1.485 15 1,225 3 0 965 
1,500 1,500 1,500 1.975 300 1,710 60 1,450 12 1,185 2 4 925 



Glare D1stan 

Angle D 
(Dee ) Feet 

0 94,000 1,520 
l/2 89, 875 1,515 
1 78, 500 1 495 
2 45.000 1.400 

10 

TABLE IV 

! for l/4-mile Night Condltmn. 250-watt Lamp 

D CP D CP D 
0 “l<$ 

D 
Feet 4% Feet 0 88 Feet Feet 

8, 800 1, 250 
7,970 1,245 
5.700 1,225 
9,000 1.135 

3,760 995 
3.594 985 
3,140 965 
1,800 875 

760 740 
275 575 

752 739 150 485 
719 730 144 475 
628 
360 
152 

55 
28 
19 
15 

710 126 450 
615 72 360 

3 19.000 1.255 3, 800 1.000 
4 6. 875 1.095 1.375 830 

3,500 990 700 725 
2.375 925 475 665 

7 1,875 880 375 625 
8 1,500 850 300 590 

Table IV shows the glare-distance values for 
the l/4-rmle night v1slb111ty condition 

These glare-distance values were used 
toplot polar co-ordinate curves as illustrated 
In F1g 5 The same procedure was carried 
out for 50-watt 1 amp 5 A special 50-watt. 
12-volt, PAR-56 lamp which was used 1n 
experxnental slope-lme 11ghts was found to 
have approximately 37 l/2 per cent of the 
candlepower with the same angular d1str1bu- 
t1on as the 250-w&t lamp Consequently, 
all of the candlepower values used mthe 
250-watt calculations weremult1plxd by 
0 375 for use 1n the 50-watt calculatmns 

. Strxtly. the v1slb111ty andglare curves 
are correct only for the one vertical plane 
throughwhlch the vert1calcandlepower 
distribution c u r v e was deternnned Since 
the 11ghts which are mounted at the sides of 
the approach lane are amed straght ahead 
and not toed-In, 1t nnght be p o s s 1 b 1 e that 
these computed values differ from those 
prevaiimg 1n a plane oriented Inward toward 
the 1daal approach path Previously. how- 
ever, 1socandle curves were used to com- 
pute a number of values In vertical planes 
oriented to intersect the approach path 1.200 
feet ahead of the lamps for check purposes. 
and the values thus obtained were found to be 
substantially the same as the Y alue s 1n the 
plane through which the vert1calcandlepower 
curve, F1g 3, was taken The final compu- 
tatmns were made as described. therefore, 
1n o r de r to avoid the tedious work involved 
m the use of 1socandle curves 

The v1s1b111ty and glare curves, Figs 
4 and 5, were plotted On heavy paper. then 
cut out, placed on profile d 1 a g r am s of the 
glide plane and traced 1n order to show where 
they intersect the glide planewhen amed such 
that the man axis intersects the glide plane 
1. 200 feet ahead of the hght mounting loca- 
t1on See Figs 6 to 12 It can be seen from 
these diagrams that. when the aIrcraft 1s On 

140 475 
95 405 

2 
370 
340 

490 30 
325 --- 
220 --- 
150 --- 
110 --- 
___ ___ 

225 
_-- 

a sectIon of the a pp roach path covered by 
the ~1s 1b111 ty curve of a given light, that 
light and any others between 1t and the pllot 
are near enough to be visible to h1m S1m- 
1larly. when the arcraft 1s on a port1on of 
the approach path covered by the glare curve 
for a given light, that light can be c au s 1 n g 
the p1lot eye d1scornfort In order to avo1d 
confusion due to a 1 a r g e number of closely 
spaced curves, only those for hghts at 500- 
foot intervals were drawn 

A study was made of the various dla- 
grams to determme which 1s the most suit- 
able 1ntenslty for e a c h v1s1b111ty condition 
(greategt brwhtness possible without g 1 a r e 
On the ghde path) and the r es ul t s form the 
basis of Table V Smxlar calculatmns then 
were made to determme the same data for 
the 400-watt, 115-volt approach lamp For 
this p u r p o s e the distribution curve of the 
400-watt lamp was taken from Nat1onal Bur- 
eau of Standards test No 15A-16/49 See 
F1g 13 These data then were plotted and 
traced on diagrams as was done with the data 
on the 250-watt and 50-watt lamps and are 
shown 1n Figs 14 to 20 

To assist 1n evaluating the vertical 
coverage of the approach 11ghts. lmes rep- 
resenting the upper and lower vefpal 11mlts 
of the ANC “regmn of guidance” are shown 
m the diagrams 

Curves shown 1n Figs 21 and 22 were 
plotted to show the maximum vls1b1llty d1s- 
tance of each unit of a system, as measured 
along the horizontal, ior each size lamp and 
eachv1s1b111ty condition These curves were 
plotted only for the brightest step that was 
free of g la r e 1n each instance In the case 
of the l/2-rmle night v 1 s 1 b 111 t y condltmn, 

11 LAES Progress Report - 1949 Test 
Season, “Airfield Lighting ‘I F1g A-27 



TABLE V 

intensity settmgs 

Vlslblllty optimum intensity Settmg 
M11es Feet Night (25 cp) Day (Object) 

l/16 330 

l/B 
100 per cent* 100 per cent 

660 

l/4 
4 per cent 100 per cent 

1320 0 8 per cent 
l/2 

100 per cent 
2640 0 16 per cent* * 4 per cent 

*Although 100 per cent mtenslty IS shown u, 
this table for the l/16-m,le mght condltlon, 
the full candle power of the 250-watt lamp 1s 
still madequate for this very severe cond,- 
tmn, as the lights would be vlslble for a dls- 
tance on the or d e r of only 500 feet, which, 
aft e r allowance ,s made for cockp,t cutoff, 
would pernut an msufflclent number of units 
to be seen far a safe and comfortable 
approach In or de r to ensure a successful 
app roach. It 1s necessary that a p&,t see 
approximately five paxs of approach lights 
T a k 1 n g Into cons,deratmn normal current 
cockpit vlslblllty cutoff, the farthest light 
must have a visual range of 800 to 1,000 
feet, assummg that light 5 are mstalled at 
loo-foot Intervals and that the arcraft 15 on 
the proper &de slope 
* * A shght amount of glare appears when 
lights are o b 5 e r v e d from the glide slope 
under the l/2-z-de mght condlt~on at the 
lowest lntenslty step of 0 16 per cent or 150 
cp peak lnthls connectIon, It shouldbe 
pomted out agam that ,t has been found from 
e Y p e I I e n c e that axport slgnal lights with 
mtensltles of the order of 100 cp are tolerable 
to pllots on a clear mght Under thw condl- 
tlon of restricted vlslbllxty. there should be 
llttle dlfflculty for a pIlot’ s eye m becommg 
adjusted to a brightness produced by 150 cp 

however, the r e was still some glare at the 
1 ow c st brightness step, 0 16 per cent In 
plotting the curve s for the 50-watt lamps, 
It wrie. a b 5 urn e d that It would be necessary 
to consider this 512~ only for the 1, OOO-foot 

Fq 5 Typical Curve Showmg Glare 
Distance of Approach Lamp 
at Various Angles 

sectIon nearest the runway 
In order todetermIne the width of horl- 

zontal area covered by the approach hghts, 
a method of plottmg ho r I z o nt a 1 diagrams 
sun~lar to the one used for the vertical d,a- 
grams was employed Candlepower values 
were picked from the horizontal d,str,butlon 
curve, NBS Test 15A-21/49 See Fig 23 
Allard’s formula was used agam, and dx- 
tances III the horizontal p 1 an e were plotted 
on polar co-ordmates to be cut out and traced 
on the diagrams These dmgrams were 
d r awn for only two condltmns The 1/16- 
m11e dayllght, and the l/8-rmle. 25-cp 
nIghttIme. bothverysevere condltlons 
These diagrams. Figs 24 and 25, were 
drawn to show the effects of usmg 50-watt 
lamps at the runway end and of turning alter- 
nate lamps 30’ mward toward the approach- 
lane axis at the outer end of the system 
Lines were then drawn tc. show the outer 
hm~ts of the area from which both sides of 
the llghtmg system can be seen 

ANALYSIS AND CONCLUSIONS 

Optmnlm intensity settmgs 
A study of the curves for the 250-watt 

1 amps reveals that the mtens,tles shown ,n 
Table V xv111 give the greatest vlslblllty dxs- 
tance wIthout troublesome glare 

It can be seen from the Y a r IOU s d,a- 
grams that, under all conditions studled, 
the use of 50-watt lamps (at the best Inten- 
slty settmg XI the 1,000 feet of approach 
1 ane nearest the runway) either elnnmatcs 
the glare along the glide slope ent,rely or 
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Fig 6 Vlslbhty and Glare Dmgrams 
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Fig f3 Vmbhty and Glare D,agrams 
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13 Vert,cal Candlepower Dlstrlbutlon 
of 400-Watt, 115-Volt, PAR-56 
Approach Lamp With Spread Lens 

reduces ,t to a value that can be tolerated 
In practxally eve ry case there IS no glare 
on the &de slope due to any of the 1 I g h t s 
that are farther out than 1, 000 feet 

Vertical Coverage and Glare (250-w.&, 
12 5-volt. versus 400-W&, 115-volt 
lamps) 

Table VI presents a comparison be- 
tween the 250-w&t. 12 5-volt, PAR and the 
400~watt. 115-volt. PAR lamp on the basis 
of v,slb,l,ty and glare distance of the lamps 
as seen from the &de slope It should be 
pox&d out at this txne that the mherent dlf- 
ference m shape of the beam 1s due to voltage 
rather than wattage, the lower voltage lamps 
with a more concentrated f,lament tenduq to 
g,ve the narrower vertical beam spread A 
study of Table VI reveals that, from the 
standpomt of visual range for the condltlons 
cansldered, the r e 15 little advantage to be 
ga,ned by the use of one lamp m preference 
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,,, n 

Fig 16 Vlslblhty and Glare Lhagrams 
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DISTANCE FROM 
0 

THRESHOLD (FEET) 
‘Y2:z:sFEm 

LEGEND: 
.csurcuT. WAY 

NOTE: 

NUMBER DISTANCE IN FEET OF RESPECTIVE 
OF CURVE LAMP FROM THRESHOLD 

T = 0.1890 PER 100 METERS 
NIGHT CONDITIONS (25 CP) 
VISIBILITY 1/4 MILE 

400 WATT LAMP RANGE 

Fig. 19 Visibility and Glare Diagrams 

LEGEND: 

NUMBER 
OF CURVE 

DISTANCE IN FEET OF RESPECTIVE 
LAMP FROM THRESHOLD 

400 WATT LAMP RANGE 

DISTANCE FROM THRESHOLD (FEET) 

NOTE: 

T ‘0.5201 PER 100 METERS 
NIGHT CONDITIONS (25 CP) 
VISIBILITY ‘/Z MILE 

Fig. 20 Visibility and Glare Diagrams 
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the intensities dIrected at the pllot are of the 
order of 100 cp or less for the mght condztu,n 

It can be seen from the cu r ve 5 that 
under some condlt,anb the 250-watt lamp 
gives less vertical coverage above the glide 
path than does the 400~watt lamp The 
authors do not consider this to be a material 
disadvantage. however, becauie the slape- 
lme system gives such accurate vertical 
gudance that p 11 o t s usrrg It properly show 
an a 1 m o s t un~vers al tendency to follow the 
actual gl,de slope It seems to be ,nd,cated 
that the narrow vertical spread, such as 15 
o btalned from the low voltage lamp, has 
sufflclent advantage to JUStIf)’ Its continued 
use 

Fig 21 Curves Showmg Distances Approach 
Lights Can be Seen by PIlot on 
Gl,de Path 

to the other This 1s true with one exceptux,, 
“1Z , under the 1/16-m& daytxne cond~tu,n, 
the system usmg the 400-watt lamp begr,s to 
give the pilot guidance when he 1s 3. 500 feet 
from the runway end as compared to a d,s- 
tance of 2. 500 feet with the 250~watt lamp 

As to glare, the advantage 1s with the 
250-watt lamp ~nfaur of the seven cond,t,ons 
considered In the o the 11 three cond,tr,ns. 
neither lamp has the advantage The great- 
est *mount of glare ,s found under the l/2- 
m11e n, ght condltlon when a p,lot begms to 
notlce this exccss,ve brqhtness n, the f,eld 
of “1510rl from a po,nt approximately 3,900 
feet out from the runway end This glare, 
however. 15 barderhne for the most part a5 

F,g 22 Curves Showng Distances Approach 
Lights Can be Seen by Pilot on 
Glide Path 
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Fig 23 Horlzonttal Candlepower Dlstrlbutm” 
of 250-W&t. 12 5-Volt, PAR-56 
Approach Lamp With Spread Lens 

Vertical Angular Settings of Lamps for 
Varmus Glide Angles Under RestrIcted 
Vlslblhty 

A study of the diagrams Indicates 
that u nd e r restrlcted vlslblllty co”dlt,o”s, 
with the possible exceptm” of the l/16-m,le 
daycondltlon(whlch 1s borderline). the 
practice of aumng the lights to Intersect the 
glide slope at a horizontal distance of 1, Zoo 
feet ahead 1s satisfactory for all glide angles 
from 2 1/4’to 3’ from the standpoInt af 
v,s,blhty 

Horizontal Coverage 
From Fig 24A It can be see” that for 

the 1/‘16-m,le daytnne vlslb,llty condltm”, 
unless the p,lot 1s “ear the center line at the 
outer end of the approach or between the twa 
rows of lights and wlth~” 2, 000 feet of the 
runway, he ~111 not be able to see both rows 
of approach lights To enable hr” to allg” 
his alrcraft to make aproper approach 
under such a low-wsiblllty co”d,t,o”. It 15 
very mxportant that the p&t be able to see 
both hnes from a wide area at or beyond the 
outer endof the approach-lqht system, while 
at the ,““er end a “arrow area would suffice, 
since by the tune he has approached that far 
he should be properly allgned for a landmg 
Fvg 24B shows the effect of toeing-1” alter- 
nate lamps ofeachunlti” theouter 1. OOOfeet, 
30” toward the ax15 of the approach lane It 
can be see” that the area wlthl” which both 
hnes are v,slble, starting outward from the 

TABLE VI 

Vls,bxhty Range and Glare Distance Compar~so” Between 250-watt 
PAR-56 and 400~watt PAR-56 Lamps ,n Slope Line 

Approach Light System 

V,slblhty Condltmn 

Night (25 cp) 

l/8 mile. 4 0 per cent 
l/4 mile. 0 8 per cent 
l/2 mile, 0 16 per cent 

D=Y 

l/16 rmle, 100 per cent 
l/8 mile 100 per cent 
l/4 m,le, 100 per cent 
l/2 mile, 4 0 per cent 

Maximum Vlslblhty Range 
as Seen From Glide Path 
(Horizontal distance I” feet 
between pllot and runway end 
when lights are first see”) 

250-watt lamp 400-watt lamp 250-watt lamp 400~watt lamp 

3950 3950 No glare 800 
4700 4700 1200 1600 
5600 5800 3900 3900 

2500 3500 No glare No glare 
4300 4300 No glare 600 
4900 5100 1100 ,5oo 
4800 4750 N 0 glare No gla,e 

MaXlrnu” Glare Distance of 
“,‘,“,a,, as Seen from Ghde 

(Horzontal distance I” feet 
between pilot and runwav end 
when 1,ghts begm to cause 
glare) 
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2, ZOO-foot statmn, widens to approxmmtely 
700 feet, or more than double the distance 
between the out e r mo s t pa,r of hghts pro- 
Jetted on a lme apprarnnately 600 feet be- 
yond the end of the approach-light system 
The 3O’toe-m 1s optmxxn for th,s condltlon 
smce It gives the max,mum coverage of the 
approach lane area From Fvgs 24 and 25 
,t ~111 be noted that even though the wsual 
coverage wlthout toe-m m,ght be enough to 
cover the entIre area between the two sides, 
the area from which both s,des can be seen 
1s greatly Increased by toemg-In the alter- 
nate lamps Although a compar,son of the 
two curves shows that as the vlslb,l,ty con- 
dltlons are improved the need for toe-m 
decreases, the extreme condlt,ons are the 
ones that should gave r n the design, smce 
the toe-m does not detract from the value of 
the system under the unproved ~1s lbll,ty 
condlt,ons 

Vertxal Angular Settmgs of Lamps for 
Good V,slblhty Cond,t,ons 

The foregomg dlscusslon has covered 
the use of approach lights under condltlons of 
restrIcted v~s,b~l,ty Under better vlslblllty 
condltlons (one mile or more), the lights have 
the,r peak v,sual range mthe region above the 
glide slope, wh,le clear weather approaches 
are made from below the ghde path F% 
26 shows that If a p ,lo t 15 below the glide 
slope with the 1,ghts amed to ,ntersect the 
glide slope at 1,200 feet, he ~111 see the 
11 g h t s from a conslderably lesser distance 
than ,f he were on or above the gl,de slope 

If these lights are used as lead-m hghts 
un d e r go o d v,s,b,l,ty condlt,ons, the p,lot 
first ~111 be Inchned to call for full mtens,ty 
when he ,s at h,s greatest distance out and 
below the glide slope, and very likely he ~111 
1 ate r complam of the excess,ve brightness 
when he 1” t e r s e c t s the glide slope over a 
pomt nearer to the runway This condltlon 
can be alleviated somewhat by depress,ng 
a It e r n at e hghts m each bar of the middle 
1, OOO-foot sect,on, axnmg them to parallel 

the ghde slope It ~111 be seen from Fig 26 
that by doln g this the effect ~111 be to ,n- 
crease the usual range and also the bright- 
ness along and below the ghde slope con- 
slderably, wlthout requlrmg a higher mten- 
s,ty settmg 

In v I e w of the fact that consIderably 
more approaches are made under good YIS,- 
blllty condlt,ons than under the more re- 
strlcted cond,tlons I” the case of the second 
10 pars of bars, conslderat,on should be given 
to depressmg alternate lamps of each bar so 
that the d,rect,on of the,= beams parallels the 
glide slope 

Effect of Overcast on V,sual Range 
The curves III F,gs 27 and 28 show 

how the v,sual range of a slope-lme approach 
hght IS reduced by an overcast or low cell- 
l”g These curves were plotted for various 
v,slbll,t,es mthe overcast, anditwas assumed 
thatthere ,s a mght (25 cp)v~slb~l,ty cond,t,on 
of l/2 m,le below the ce,lmg Calculat,ons 
were based on the use of 250-watt lamps at 
100 per centbrlghtness It can be seen from 

Fig 26 Diagrams Showng Effect of Lowenng Appro-lrh-Light Hcam lo, Cleat 
Weather Cond,tlons 



Fig 27 Diagrams Showmg Visual Range m Overcast of Outermost Slope-Lme Approach Light 

Fig 28 Diagrams Showmg Visual Range III Overcast of Outermost Slope-Lme Approach L,ght 
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Fig 27 that. with a ce,l,ng of 200feet. a 
p,lot approaching along the proper ghde 
slope w,ll break out of the overcast approxi- 
mately 1, 200 feet before pass,“g the outer- 
most approach light As long as he stays on 
the p r o p e r &de slope, he ~111 see lights 
700 :o 1,200 feet (dependmg on the v,s,bll,ty 
I” the overcast) before b r e a k I” g through 
ilrhe”thece,lmg 1s down to lOOfeet, however. 
he breaks through the o v e r c as t at a pant 
approxnnately 1,700 feet from the runway end 
Although the curves I” F,g 28 show that the 
pllot w,llseethel,ghts 1,800to3,200feet 
before breaking through, It also can be see” 
that w,th the 1 owe r cellmg the range of the 
outermost l,ghts ,s reduced co”s,derably as 
the thickness of the overcast mcreases. and 
he w,ll be muchcloser to the runway end be- 
fore see,“g any lights, than w,th the same 
,ntens,t,es and the 200-foot cellmg 

Since the stud,es of glare and vis,bll,ty 
1 n d 1 c ate that the hxgher mtensltles, which 
are required and tolerable for the lower 
transmlss,v,ty values i” the overcast, cause 
too much glare when see” from below the 
ce,l,“g. ,t would appear de s 1 r a bl e to use 
higher ,“te”s,t,es when a” arcraft ,s I” the 
overcast and lower ,“te”sltles after ,t has 
broke” out of the overcast This would add 
a ser,ous burden on the control tower oper- 
ator and r e q UI r e very accurate t,m,“g co- 
ord,“at,o” It also would impose a requre- 
ment for r ap Ed Intenszty change that would 
tax the capacity of ex,stmg control equpment 
It 1s apparent that study should be g,ve” to 
the posslb,llty of d,vld,ng the approach-hght 
system Into sectmns, w,th ,ndlvldual mtenslty 
control p r ov Id e d for each sectlo”, so that 
the tow e r controller ca” set the lights for 
full I” t e n 5 L ty at the outer sectIons of the 
system, depending upon the ce,l,ng height. 
and for the lntenslty as requred for the 
regmn where the a,rcraft w,ll be below the 
overcast 

Recommendatmns 
Var,ous aspects of s lgnal 1,ghtmg as 

r e 1 ate d to the appl,cat,on of the slope-lme 
approach-hght system have bee” covered I” 
th,s study It 1s appropriate to summarize 
the poss,b,l,t,es that appear to have merit 
from the standpo,“t of mod,fymg or us ~ng 
the present system to Its greatest advantage 

1 Use the table of lnte”s,ty settings. 
Table V 

2 Use 50-watt lamps 1” the I, 000 feet 

of approach-l,ght lane nearest the runway to 
reduce glare 

3 Contmue the use of 250-watt, 12 5-volt 
lamps I” the outer 2, 000 feet of the approach- 
hght system 

4 Co”t,“ue the generalpractKe of ax”,“g 
the l,ghts to , n t e r i e c t the glide slope at a 
horizontal d,itance 1,200 feet ahead for 
restrIcted v,slb,l,ty condltmns 

5 “se a 30” toe-,” of alternate lamps of 
each u”,t Intheouter 1,OOOfeet ofthe 
approach-light 5 y s t e m to p r o v , d e w,der 
harlzontal coverage 

6 Depress alternate lamps of each ““It 
in the second 1, 000 feet of the xpproach-1,ght 
system so that the,= beam d,rect,on parallels 
the &de path, I” or d e r to prov,de greater 
v,sual range at lower brlghtnesses under good 
v~s,b,l,ty condltmns 

7 Subd,vlde the approach-hght s y s t e m 
,“to sectmns w I t h ,“d,vldual ,“tens,ty con- 
trol for each sectm” I” order that l,ghts can 
be used most advantageously under cond,- 
tmns of low celllngs (200 feet o* less) 

W,th reference to item 2 ,t can be re- 
ported at th,s t,me that the slope-line system 
at I”d,a”apol,s has functIoned satxfactorlly 
for severalyearswth 50-watt lamps through- 
,,,,t, and day t , m e approaches were guided 
successfully by these 1 I g h t s 1” v,stbll,tles 
dawn to 3/16m,le and loo-foot cellmg Smce, 
however, v,s,b,l,ty condltlons at many other 
alrports unll be more restricted. It ,s not 
adwsable to use lower wattage lamps through- 
out the system 

The major part of th,s report co”s,sts 
of analytxal stud,es of well-known and ac- 
cepted principles of v,s,b,llty Other parts, 
such as glare co”s,deratm”s, are based on 
documented f,eldobservat,a”s and on the re- 
sults of numerous d,scussmns with pllots, but 
depend so largely on subJectwe reactmn that 
fhght checkmg IS ,“d,cat,ve only Some of the 
recommendatmns. such as 5 and 6 have been 
confirmed by fhght checkmg Recommenda- 
bon 7 WI11 * e q u 1 r e extens,ve expermlental 
work and prolonged testmg 

Such flight t e s t I” g as has been con- 
ducted to date on the effects of glare and a” 
the e f f e c t s of the toe-,” and depressing of 
some lamps, supports and substantiates the 
r e s u 1 t 5 of th,s study Such testmg xv111 be 
contmued as weather condltmns permit un- 
t,l a suffx,e”t body of evidence IS accurnn- 
lated 


