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FURTHER EVALUATION OF A 
MODIFLED CONTROLLABLE-BEAM RUNWAY LlGHT* 

SUMMARY 

This report describes the further evaluahon of a new type of controllable-beam runway 
hght reported in a previous pubhcation. Slnde suffictent operatmn in low-vlsib&ty condxtxma 

8 not achieved because of a suatamed perlod of unrestricted weather, It was necessary to 
continue the project later 1~1 the year when vlslbllltv restrIctions would be avallable more 
frequently. - 

A complete system of these experunental fixtures was mstalled along the lnstruinent 
runway at General Mtchell Field. tilwaukee. Wisconsin. To insure full ut&zat.mn of num- 
mum weather condzxhons. a parhal system of experxnental hghts also was mstalled along the 
first one-third of the mstrument runway at Indx,napohs. Flights were conducted under re- 
strlcted vlalbillty conditions along predetermmed paths usmg Alrport Surverllance Radar or 
VHF Ommrange and Distance Measurmg Equpment for orlentatmn and gutdance. Using 
’ ~-e systems, It was possible to determme the visual threshold of the lights from pre- 

selected duections and also to judge whether adequate gudance was reahzed at these 
-~~ - 

Under mnnmurn weather con&bons for cxclmg approaches, It was determmed that, 
wth nunor reservabons. the llghta gave adequate clrcllng and straight-In gudance. When 
he vlslblhty became restrlcted enough to hnut operations to straight-xi Instrument Landmg 

“ystem approaches, a compronuse had to be reached between lntenslty and toe-m angle of 
’ beam to lxx-& glare and still provide gwdance. The narrow beam (approximately 6” down 

to 10 per cent of maxlmurn mtenslty), 11, combxmtion with the mechamsm for controlhng 
‘learn &rection, mwtes unevenness m the hght pattern on straight-In approaches. This con- 
dihon was observed to be most crltlcal when a thm layer of heavy ground fog exlsted. The 
first 1,200 feet of the filwaukee system, where dual umts were installed to produce the ef- 
‘ect of a wrder beam, gave better gmdance than the rest of the system. J.n general, tlus 
system provided better clrchng gudance than any other runway hghixng eystem observed 
during the tune these tests were conducted. 

INTRODUCTION 

The ~e++al Development center (TDC) of the cld A~~OU~U~CS AdmdstratlOn 
completed a theoreixcal study of runway-light candlepower tistrlbution requrements in 1952 
and expressed the results m a set of Idea.1 candlepower dletributxm curves that seemed to be 
obtamable m practxe.l Engineers of the tine Materm Industries, workmg Independently, 
developed a new type controllable-beam runway light at about the same time that the 
Techrucal Development Center’s study was publlshed. Upon photometric examnxataon, It 
was found that wltb ronor moti~caiwns of the optical system tins unit could be made to pro- 
duce a hght dlstrlbutmn pattern approaclung that developed by the TDC study. Smce tis was 
true and the Lzne Materm engxneers were wllllng to motify a sufflclent number of new llghts 
for a complete experimental system, a practical means of evaluaixlg the theoretacal analysis 
was possible. 

Worlung together, the Technxal Development Center and the Lux Material Induatrles. 
u1 cooper&Ion with the I&lwaukee County, Wlaconsm, Board of Supervisors, matalled a 

*Manuscript submltted for publxation September 1957. 

1 Marcus S. Gllbert and H. J. Cory Pearson, “An Analysis of the Candlepower 
Dlstrlbution Requrements of Runway hghts, ” CAA Technxal Development Report No. 178, 
June 1952. 
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TABLE I 

RELATION BETWEEN LAMP VOLTAGE AND HORIZONTAL BEAM ANGLE 

-P 
Voltage 

(volts) 

120.0 

75.5 

45.2 

Be- 
Illtandty 
b=r -4 

100.0 

23.0 

3.5 

31.2 0.5 

20.5 0.06 

120.0 100.0 

Beam Angle* 

(degrees) 

78.2 

85.1 

89.9 

90.7 

90.7 

78.2 

Increaehg 
Voltage 

q (=a) 

2.0 

3.25 

2.0 

--- 

3.3 

Decreasmg 
Voltage 

NdJ bn.1 

3.5 

2.75 

2.0 

--- 

2.5 

*90. Position is parallel to runway centerline. 

NOTE: In order to achieve repetition, it was necessary to tap the fixture to elrmmate 
the tendency of tbe mechanism to hesitate in intermednte poeitlons. 

complete system of moctfied controllable-beam runway hghts at General Mitchell Field, 
Milwaukee, wisconam. 

A photometric analyels of the modified fixture was accomphshed, and a fhght-test 
program was mitlated. The fhght evaluatmn was hampered, for the most part, by unrestrxtet 
vielbllity. With euch atmospheric con&tions, It was lmposaible to determine If tbe desired 
visual threshold pattern actually had been actieved. Coverage and lare characterlstlcs WI: 
observed, and a prelinunary report of these fmcbngs wae 8L pubhshed. It was deternuned, 
however, that aufflclent test data under restrxted vlslbzhty condltaons bad not been obtamed, 
and conclusums could not be drawn cancer-g the effectweness under these con&tlons. 

Tkde 1s the final report on an evaluation program prevu~sly described in Techmcal 
Develwxnent Report No. 238. 

LIGHTING UNITS 

Two veraone of the I.axz Materlal controllable-beam fxture were evaluated. They 
were sn-alar in appearance and construction. In both fixtures beam movement was controlled 
by the resultant action of two bl-metafic tolls, a helical co& wired in senes with tbe 500- 
watt lamp filament, and a spiral ~0x1 independent of the electrxal system. Changes 1x1 volt- 
age apphed to the lamp caused changes m the current flowng through tbe helmal co11 and, 
by vntue of the correlated temperature fluctuataons, caused the co11 to change shape. The 
epiral ~011 was mcorporated into the system to compensate for amblent temperature van- 
aimxla. The resultant force of these two tolls wae coupled to a plvoted base on wluch the 
lamp socket wa8 mounted. %s system made It poselble to change the horizontal beam &- 
rechon and the lamp intensity, on a fixed relation&up bans, by aQustmg a angle voltage 
control. The relatlonslup between lamp voltage (pr switch posItIon) and the horxontal 
direchm, of the beam 1s shown xn Table I. The tune requred for the beam angle to 

2 Marcus S. Gxlbert. H. J. Gory Pearson, and Herman A&s, “Evalua~on of a 
Controllable-Beam Runway tight, lr CAA Tecbnxal Development Report No. 238, June 1954. 
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stabllxe as the voltage was changed from one step to the next 1s hsted II, both mcreasmg 
(tl) and decreasing (td) dnectmns. Fxgure 1 represents the voltage-beam angle relaixonshrp 
for the entlre voltage range. 

The basic differences m the two models tested were the lens maskmg and the number of 
mternal reflectors. The productmn unit was deszgned by hne Materml engmeers to comply 
with CAA runway hght Speclflcatmn L-818. Ths fixture was spherical III shape, had three 
mternal reflectors, and had a portion of each lens masked to obtam the requned hght &strl- 
butlon. The fixture. as modfiled to comply wltb the TDC recommendahons. was srmllar in 
appearance except that It bad four mternal reflectors and clear lenses. Each unt was attached 
to Its base by a frangible cauplmg to decrease the nnpact forces an amcraft would encounter 
should It acmdentally strike the fixture. The three-reflector, panted-lens production model. 
shown m Fig. 2, was installed at Indmnapohs. and the four-reflector, clear-lens experimental 

Fig. 2 Lme Materm Production Fmture vnth One Class Lens Removed 



Fxg. 3 Lane Material Expermnental Fixture mth One Glass Lens Removed 

unit, Fig. 3, was mstalled at Wlwaukee. An mxandle &atrlbution comparmon of the 
production and experunental fixtures ~a presented in Figs. 4 and 5, respectively. 

INSTALLATION 

A complete system of Une Materm. controllable-beam experxnentz.1 flxhlres was 
mstalled at General Wtchell Field, I&lwaukee. Wlsco~sm. The lighting umts were mounted 
m pars along the first 1,200 feet of the south end of the mstrurnent runway (1-19) with one 
urut of each pair turned shghtly outward to give the combmed effect of a wide-angle beam. 
which the orlgmal analysis mdxated wb8 necessary for adequate grudance on the fmal approach. 
The longltudmal spacmg between hghta was reduced from the standard 200-foot spacmg to ap- 
proximately 100 feet for the first 800 feet of the system m order to enable pilots to see a max- 
unum number of tights under restricted vlsrblkty conditrmw. A plan of the mstallation 1s 
shown In Fig. 6. Jn this mstallation. the tower operator adJusted the mtenelty of the kghts by 
referrmg to an mdicatang vokneter wh%le controlling a Iugh-speed, stepless, lnductmn voltage 
regulator. The &al of the v&meter. berg cahbrated m nsual ranges, made It poaslble for 
the operator to aaust the lamp mtenslty and consequently, the beam toe-m according to the 
meteorological con&tions. Thm brightness control procedure was followed unless a pllot 
requested otherwise. Figure 7 shows the relatmnahp hetween kght output and lamp voltage 
wth tlua control system. Numbers 1 through 5 on the curve refer to conventional control 
watch positions. 

An abbreviated system of production fixtures was mstalled at In&anapoke IP a 
temporary fashion to facilitate the collection of data when unpredxtable low-vlslbility con- 
&taone occurred and to pernut service evaluation m connection mtb other fhght operations. 
This system extended along the first one-third of the instrument runway (4-22) and the hx- 
tures were placed at ZOO-foot lon@tudmal epaung on portable bases suet outboard of the 
exxshq L-819 runway kghta. The circuit used to energxe the experimental system was 
eeparate from the L-619 system and was controlled from the tower by a five-step brIghtmess 
smtch. Thle arrangement permitted either individual or eunultaneous operation of the two 
systems for comparison purposes. 



FLIGHT TESTING 

The followmg chronologxal report lists the data obtamed from a serxs of flight tests. 
All rmleages given are statute, and all cellmg heights and arcraft altitudes are given as feet 
above field level. At Indlanapohs, the standard system of L-819 lights was used only as noted. 

March 8, 1956, 8 p.m., In&anapohs. Weather ceilmg and vlsiblllty unllrmted (CAVU), 
I& moon. The experwnental and standard L-819 lights were turned on position 5 (fulLbrIght- 
ness) as TDC arcraft N-181 left the In&anapolls VHF O-range (VOR). 6.9 rmle~l from the 
axport. This approach was at 90” to the Instrument runway (4-22) which was Ideal for deter- 
mmmg arclmg guidance furrushed by the system. From tis posltmn, the experimental 
lights obscured the L-819 llghts m their vxlmty. An approach and landing was accompkshed 
on runway 22 (m the opposite &rectmn to an IIS approach). The L-819 lights were turned off 
and the experimental hghts were graduated from position 5 (full mtenelty) down to position 1 
(lowest mtenslty) and back to position 5 durmg the approach. Under the prevaihng atmospheric 
concbhons, glare was experienced at posItIons 4 and 5. At posxtmn 1 the bght was barely 
vlslble. Poslhon 2 was usable, and posltmn 3 was adequate. 

March 16, 1956, 9 55 a.m., Indianapohs. Weather cellmg 700 feet. vxsi~hty variable 
from l/2 mile to 1 l/2 miles in light saow and fog. Two to three Inches of snow on the ground. 
Several counterclockwise circles were flown around the field in TDC aircraft N-183 at a 
ra&us of 1 n-ale, usmg the ghde path Distance Measurmg Equpment (DE), and at an altitude 
of 400 feet. (This represented minunum circlmg conti!zons at Intianapolis.) Because 
of daylight operations and also the tigh level of background brightness. the tower operator was 
requested to swtch all lights to brightness step 5. As vnll be explained later, the mtenslty of 
the experImenta system actually was reduced to step 4 while the TDC arcraft was flymg. 
The experunental hghts were not vlslb1.z until the iurcraft was withm plus or nunus 5’ of the 



extended runway centerlme. The brightness appeared to be lower than expected. The L-819 
Lghts were then operated on step 5 for comparison. They were equal or at tunes shghtly 
supermr m appearance to the experunental hghts. This observation gave rise to the thought 
that there nught have been an equpment malfunction somewhere m the system. 

After landmg, the arcraft was tamed both ways through the system to obtain more 
detalled inforrnabon about the light mtenalty and cutoff pattern. At this close range, It agam 
was nohced that the brightness of the experunental bghts was below that of the L-819 system. 
The pattern cutoff seemed to be sharper than necessary. 

The control tower operator was questioned to determme If the experunental system 
actually was on step 5. He stated that the switch was on posltmn 5, however, the brightness 
d+d not appear to be aa lYgh as It had been earher III the mormng at the same settmg. He 
explaned that the system had bees operated prior to our test for observatmn by Eastern &r 

Fig. 6 Plan of General Wtchell Field Runway Showmg Expermnental Lghtmg 



~. 7 Per Cent of Lght Output Versus Lamp Voltage 

Lmes and also by Lake Central Air Lmes at the completion of their Instrument Lantig 
System (IIS) approaches. Both crews stated that the experxnental hghts were seen before 
the approach lights became vlslble. They also sad that the first one-third (experxnental 
portion) of the runway looked very good. 

Further mvestigatmn revealed that the regulators supplymg voltage to the 
experlmental system had time-delay relays m their arcmts whch permltted the Lghts to be 
operated at full mtenslty for only short duratmns regardless of the switch posItion. When the 
relay operated, the system was automatxally returned to step 4 to conserve lamp hfe. Ths 
relay was by-passed for all further test operations. 

June 8, 1956, 11 30 a.m., Indlanapohs. Weather cellmg 12,000 feet overcast, 
vlslblllty 4 rmles in smoke. An IIS approach to runway 4 was flown In TDC axcraft N-182, 
and the control tower was requested to switch the experxnental hghts to 100 per cent bright- 
ness for a routine mamtenance check. The runway surface became vlslble before the lights 
could be seen. After lan&ng, It became apparent that only the hghts on the right-hand side 
of the runway were operahng. Investlgatmn revealed that the electrIca cable supplmg the 
left-hand side had been severed by mowing equpment. Further analysis of the sltuatmn re- 
vealed that the reason the surface was seen before the pomt-source hghts came Into view was 
because, at the requested mtensxty, the resultmg toe-m angle of 11.8’ caused the hght beams 
to mtersect the runway centerlIne about 360 feet ahead of their respective fixtures. Under 
the exlstmg weather conditions. the runway surface could be seen from a distance of four 
miles wbch was much farther out the extended centerlme than the bght-beam focal pant. 

June 19, 1956, 9 35 a.m., IndlanapoLs. Weather celling 600 feet overcast. vlslblllty 
1 l/2 rmles m fog and smoke. Clrclmg approaches were attempted m TDC axcraft N-181 to 
simulate mmxnum concltmns, but traffic congestmn prohlblted further evaluation. The 
system appeared to be operatmg normally. 

June 20, 1956, 9 10 p.m.. IndIanapolls. Weather CAVU. A simulated IL9 approach 
was made to observe the operatmn of the hghts. All lights were operating properly. However, 
as a result of a rewx-lng program being nutlated In the control tower, the brlghtnesa switch 



had been temporarily disconnected. This left only poslhon 5 available. As was prevmusly 
observed, glare prohlblts the use of this system when operated at full mtenslty durmg mght 
operatmns in unrestrxted weather. 

The followmg approaches were made at General Mitchell Field, Milwaukee, Wlsconsm, 
on November 2, 1956, after 0 p m It was necessary to mew the system from several different 
angles, smce the prxnary Interest m the fxture was based on the amount of gludance it pre- 
sented to a pilot makmg cuclmg approaches. Smce these approaches were conducted m 
instrument weather, the test procedure was as follows Airport Surveillance Radar (ASR) 
operators gave range and aennuth mformatmn to the p&t m the form of Plan Posltmn 
In&cator (PPI) approaches to runways 7-25 and 13-31 Vector service to the outer locator 
was given for ILS approaches. An east-west pass over the center of the field was Included 
also. At the visual threshold on each approach, the pllat notlfzed the radar operator who. m 
turn, supplled the necessary &stance-to-runway Information. Usmg the runway nud-pant as 
a center, ane-mzle radius arcles were flown around the fxld at muurnum archng altztude 
(600 feet) to observe the over-all pxture of gudance and evenness. Durmg the followang ap- 
proaches, the cexllng varied from about 3.000 feet down to 600 feet, and the axr-to-ground 
vlslblllty was 2 rules On the first approach and was reported as 1 rmle on the remamder of 
the approaches 

Approach No. 1 - Vlslblhty 2 m&s. lights operafed at 110 volts (maamum). A 
straight-m approach was made using the II5 The hghts were first sIghted when the axplane 
was Over the ILS outer marker (4.7 m&s). centered on the locallzer and on the ghde path. 
The approach end af the runway was much brighter than the remamder A landing was not 
accomphshed out of this approach because of glare discomfort. 

Approach No 2 - Vlslblllty 1 mile. hghts at 110 volts. A PPI approach was made on a 
70’ course toward the field The hghts became vlsxble at a chstance of 3 2 miles at an 
altitude of 600 feet 

Approach No. 3 - Vlslbl?lty 1 rmle. lights at 110 volts. A PPI approach was made on a 
course of 310”. The hghts were first seen at 3.2 m&es and at an altitude of 1,000 feet. 

Approach No 4 - Vlslblhty 1 mile. lights at 110 volts. The axrplane was flown to the 
center of the aIrport on a 90’ course as dlrected by ASR. The runway lights appeared at a 
distance of 2 rmles and at an altitude of 600 feet. A lme of lights nustaken for the expert- 
mental system was seen prior to tis when the axplane was 3 rmles from the field, but as the 
fhght continued on Its 90’ course and the actual runway hghts came mto view, It was evident 
that those observed at the 3-rmle pomt were beyond the field. 

One-Mile OrbIt - Vlszblllty 1 nule. hghts at 110 volts. A l-m& ~-a&us cucle was 
flo- around the field at an altitude of 600 feet It was evident from all angles that the first 
800 feet 01 the runway, wh,ch was equpped with two fxxtures at each etatmn and 100 feet 
longltudmal separation, was much brighter than the rest of the system. In adcbtmn to the 
hghts on the IL,?, runway (l-19). the conventlana lights on runway 13-31 were llghted for 
comparison. The system on runway l-19 was vlszbla throughaut the entire circle whale the 
hghts on 13-31 were vlslble only as the arcraft passed through an arc wlthm plus or nunus 
10” of the extended runway centerlme 

With regard to the experxnental system, It was noticed that there were portions of the 
cxrcle where only the hghts on the near side of the runway could be seen This situation would 
occur when the pllot was an the downwind leg of his clrclmg approach pattern The portion of 
light whxh would be directed Inward toward the runway from each lamp was elmunated by the 
fixture ta reduce glare at high mtensltles. This cutoff also had the effect of elmnnahng ane 
entire lme of hghts, as mentioned above If a pIlot’s attention was dlverted toa long from 
contact flymg back to the cockplt, It 1s cancelvable (as happened once durmg this test) that, 
upon resumption of contact flymg, the hghts could be rmstaken far somethmg other than runway 
hghts Smcr several factors have to exist at precisely the right time to effect this ~llusmn. 
this was not deemed a sermus defect m the system. 

Approach No. 5 - Vlslbllity 1 mile. hghts reduced to 75 volts A PPI approach was made 
an a course of 250’. The hghts were first sighted at 2 6 rmles at an altitude of 700 feet. 
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Approach No. 6 - Vmblhty 1 m&z, hghts at 75 volts. A PPI approach was made on a 
130” COUl-Se. The lqhts appeared at a range of 1 2 rules at an altitude of 500 feet The 
cellmg was ragged on tis pass and probably accounted for the apparent reduction n, msual 
range. 

Approach No 7 - Vlslblllty 1 rule. lights at 75 volts. With ASR gudance, the azrplane 
was flown toward the center of the fmld on a 270” course The lzghts were seen at 2 6 mules 
at an altitude of 700 feet. The hghts appeared to be uneven, with the amber lqhts on each end 
of the runway appearmg much brighter than the other hghts throughout the center of the 
mstallatmn This could have been caused by patches of ground fog whxh had started to form. 

Approach No. 8 - Vmblllty 1 m&z (an to ground). lights at 75 volts. A straight-m ILS 
approach was made from the outer marker. The lights were slghted at 3.7 m&s, with the 
anplane centered on the locahzer and glide-path beams The double hghts at the approach 
end of the runway appeared much brighter than the remamder of the system. Two probable 
reasons were the wider beam as a result of the dual mstallatmn ahgnment m the fzrst 1,200 
feet, and the presence of ground fag. After the touchdown an the runway was completed, the 
cutoff appeared to be very sharp and there was hardly suff,clent light output to enable the pllot 
to keep the amcraft on the runway durmg roll-out even though higher mtenszty would not have 
been desirable durmg the approach. A tin layer of heavy ground fog reduced the surface 
vlslblhty to less than 400 feet. 

Table II summarizes the results of the mlwaukee tests. Azm,uth refers to the 
orzentatian of the pattern as set forth zn the photometm analysm Smce the output cur”eS of 
this fixture were symmetrxal about a lme normal to the runway. It was not necessary to 
explore reciprocal courses at both voltage settings. 

TABLE II 

FLIGHT TEST RESULTS 

Approach Msg. Aznnuth Vertical Visual 
Course Angle Threshold 

Distance 
(degrees)(degrees) (degreea) (sta ml.) 

1 006 90 2.8 4.7 
2 070 154 2.5 3.2 
3 310 146 41 3.2 
4 090 174 3.9 2.0 

2 250 130 146 154 57 3.5 2.6 1.2 
7 270 174 35 26 
a 006 90 2.8 37 

(sta. ml.) (c P.) 

2 5265 
1 2015 
1 2475 
1 1475 
1 1170 
1 605 
1 775 
1 10395 

Lamp Brightness 
Voltage 

(per cent) 

110 83 
110 83 
110 83 
110 83 
75 23 
75 23 
75 23 
75 23 

DISCUSSION OF RESULTS 

After fhght-test and photometrxc data had been collected and compiled, it became 
apparent that, wvlth regard to clrclmg approach guidance, the expermental fixture had light 
output characterlstxs whxch were supermr to those of any other fxture observed durmg this 
evaluation Table II shows that the visual threshold of the fx&x-e, when operated at 110 volts, 
was at least twxce the meteorologxal vmbxhty At 75 volts, the threshold still was greater 
m each case than the vmb&ty. 

Data reduction revealed that the combmation of a narrow beam and a large-angle 
traverse was a weakness of tlus fixture. These factors had httle effect on cmclmg gmdance, 
but became critical durmg restrIcted weather straight-m approaches, landmgs. and roll-out 
Control. 

There seems to be httle need for havmg the center of the beam move outward past a 
pos0mn parallel to the runway. Jn the fully toed-out posltmn the mtermty 1s so low that 
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Fig 8 Expermm,tal Fzxture Mar, Beam Intersection Pattern at Centerlme 
When Fully Toed-In (11 8”) and Spaced 200 Feet Longltudmally 

glare ceases to be a problem regardless of the mrnmum azunuth posltmn. In the fmtures 
tested, the beam traversed an arc of 12.5”. rangmg from a toe-out. or muumum settmg, of 
0.7” to a toe-In of 11.8” 

Gven a 150-foot wide runway with a lateral spacmg between lights of approumately 
160 feet, the aus of each beam at 100 per cent mtenslty intersects the runway centerlzne at 
a pant appronmately 380 feet from the fixtures toward the approaclung arcraft Consldermg 
a 6’ beam width (down to 10 per cent of mazarnum mtenslty). a pllot on the runway centerlme 
would be wlthm a par of hght beams only for an Interval of 215 feet, 1 e.. from 515 feet to 
300 feet ahead of the fixtures. Smce thzs Interval 1s only 15 feet greater than the normal 
longltudmal spacmg of the lxghts on a runway. it would be xnposslble to be in the beams of 
more than two pars of fixtures at any Instant, and the pllot would have to be accurately cen- 
tered on the runway to achieve this F,gure 8 shows the main beam x,tersectmn pattern under 
the descrrbed con&tlans. and Fq 9 shows how the sltuatmn could be relieved somewhat by 
decreasmg the longltudmal spacmg between the fztures to 100 feet. Note, however. that the 
reqlurement of accurate ahgnment with the runway centerlme still emsts. Su,ce a hfferent 
approach to runway llghtlng probably will be needed when the vwblhty becomes less than l/4 
rule, It seems fruitless to attempt to give a pilot convent1ona1 gudance In a 300-foot visual 
range situation. 

If the beam width was Increased to 12’ and the traverse reduced to 5”. covering a 0” to 
5” toe-r, range, the beam at full mtenslty would mtersect the centerlme 920 feet ahead of Its 
source, and the coverage would extend from 410 feet ahead of the fixture to the vxslblllty 
lnnlts, as shown I,, Fxg. 10. A pIlot would be able to see as many pars of lights as the atrnos- 
pherx con&tmns permaed while bang restrxted laterally only to the canfmes of the runway. 
Ught patterns would be lrrnted as a result of visual range rather than by hmltations xnposed 
by the optical system. 

Obwously, the maximum mtenslty of the beam would be reduced by dlstrlbutmg light 
from the same source over a greater area. but this does not seem to be of consequence when 
a 500-watt lamp 1s used It should be noted also that reduction in the beam traverse would 
benefit the thermal actuatmg mechanxsm by permlttmg a more favorable lx&age, and, therefore, 
more positive actmn The combmation of a more stable shlfkng mechanism and a greater beam 
wxdth should greatly reduce unevenness m the system Reduction of the traverse angle appears 
dealrable even If the narrow-beam feature 1s retalned. 



9 Experunental Fzxture Man Beam Intersection Pattern at Centerhne 
When Fully Toed-Lo (11 8”) and Spaced 100 Feet Longltwhnally 

Fig 10 Suggested Frzture Man Beam Pattern Permitting View of 
All Pars of Lights Wlthm Runway Visual Range When Fully 
Toed-In (5’) and Spaced 200 Feet Langltudmally 
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Some conslderatmn should be given to optimum use of this fxxture on runways wider 
than 150 feet. For example, on a ZOO-foot runway a ma~lmum toe-m angle of 6.5’ would be 
requred to achieve the same mtersection pant of light beam and runway centerlme as was 
suggested for the 150-foot mstallatlon. Slmxlarly. a 9.5” maximum angle would be requred 
for a 300-foot runway. Table Lu lists the proposed toe-m angles and resultmg cutoff pomts at 
the runway centerlme when usmg a fixture wth a 12’ beam 

TABLE III 

TOE-IN AND CUTOFF ANGLES FOR 12” BEAM 

Runway Width 150’ 200’ 300’ 

Proposed Beam 
Toe-h Angles 5” 6.5’ 9.5’ 

Innermost Cutoff 410’ 470’ 560’ 

Man Beam 
Intersection Pant 920’ 920’ 920’ 

Outermost Cutoff None None 2500r 

In view of these facts, It appears desuable to provide a different beam-traversmg 
lmkage for each standard runway width. thereby addmg flexlblhty and utlhty to the fixture. 

CONCLUSIONS 

1. Flight observations revealed that some nonunzformlty eusted m the system, especially 
on strazght-m approaches. Laboratory exammatmns disclosed that the combmation of a 6” 
beam and a 12’ beam swlngmg mechamsm, which had a tendency to stick occasionally In 
mtermedlate posxtmns, mwted a certam amount of unevenness m the light pattern 

2. The first 1,200 feet of the Milwaukee mstallatmn, where a second umt, toed slightly 
outward, was mcluded at each posltmn to mcrease the effecbve beam width, proved the 
supermrlty of a wider beam angle and gave very sahsfactory gudance. 

3 A fixed relationstip between beam toe-m and brightness 1s at best only a compromise 
because of the many meteorological parameters mvolved. 

4. On one straght-In approach at ivhlwaukee wth the lights at 75 volts and a thm layer of 
heavy ground fog eustmg. adequate guidance was realized almost to the pamt of touchdown, 
where the restrIcted vlslblllty combmed with the sharp beam cutoff left hardly sufflclent 
light output to enable the pIlot to complete successfully a full-stop landmg. 

5. Izxboratory and flight tests revealed that the beam width should be greater and the beam 
traverse should be reduced. Such modlfzcatlons would reduce unevenness and greatly mcrease 
the area of gudance. Consxderatmn also should be,glven to the lmplementatlon of runways 
wider than 150 feet where &fferent beam traverse-ranges would be necessary. 

6. Glare does not seem to be a problem as long as the mtenslty 1s controlled accordmg to 
the vlslblllty condltmns 

7. Czrclmg gudance was satisfactory as long as the pllot realized how the runway-side 
cutoff affected the horizontal light pattern. The fact that the hghts on both sides of the runway 
were not equally vlslble at all bmes (for example, on the downwmd leg) made It possible for 
the pxlot to lose orlentahon temporarily, If his attention was &verted from contact flymg for 
too long a permd of time Tbs phenomenon exists with most runway llghtmg systems and 1s 
not consIdered to be a sermus operational dxsadvantage. 

8. All factors consIdered, the experxnental system as Installed at Milwaukee provided 
better clrclmg gudance than any other system observed during thxs evaluation. 
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