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necessarlly  represent C.L4 pohcy ln all   respects.  
Ths 1s a t e c h c a l  informahon  report  and  does not 



NARROW -GAUGE RUNWAY UGHTINC AND 
A PRELIMINARY  EVALUATION O F  

RUNWAY SURFACE  ILLUMINATION* 

SUMMARY 

through  use of mock-up  lightmg  unlts  set m varlous  patterns on a concrete  runway 150 f ee t  
A prellmlnary  fllght  evaluatlon of the  narrow-gauge  lightmg  concept  was  accomplished 

wide,   whch  was  served by conventlonal  radlo  and  visual  alds.  Runway  identlflcatlon  and  dl- 

was on the  runway  centerlme,  but  helght  guldance  for  flare  and  touchdown  was  inadequate. 
rectlonal  and r o l l  guldance  were  Improved by the  narrow-gauge  hghts. providing the a l r c ra f t  

Runway  floodllghtmg,  usmg a continuous  strlp of fluorescent  unlts  mounted  close to  the  surface 
along  each  edge of the  runway,  was  Installed  to  provide  low-level  pavement  illumlnatron  In 
the  touchdown area  Thls  was  effective  ln  provldmg  helght  sensltivity,  and  in  supplying  addl- 
honal  runway  Identlflcatlon  and  dlrectlonal  and  roll  guldance  The  optlmum  system  for  oper- 
atlon  under  the  lowest  visibility  nighttlme  condltlons  may  combine  runway  lllumination  for 
touchdown w ~ t h  a slmpllfled  narrow-gauge o r  centerllne  pattern  for  supplementary  guldadce 
durlng  takeoff  and  landing  roll-out 

INTRODUCTION 

Increasmg  use of hlgh-lntenslty,  centerllne  approach-light  systems  for  low-vlslblllty 
landmg  operatlons,  with  the  plot  descendlng  dlrectly  over  and  lncreaslngly  close  to a pattern 
of hlgh-lntenslty  l ight  sources  as  he  approaches  the  runway  threshold,   has  Improved  his grud- 
ance  up  to  the  threshold  pomt,  but  has  only  accentuated  the  need  for  comparable  Improvements 
In  the  runway  llghtmg  system  whlcb  lies  ahead  The  effect  has  been  described  as  that of de- 

Inadequate  helgbt  sensltlvlty  for controllmg  flare  and touchdown The sltuatlon 16 not so 
scendlng  into a black  hole,  wlth inadequate  dlrectlonal guldance, very  llttle  roll guidance,  and 

crltlcal  durmg  dayllght  operahons  when  the  runway  texture and markmgs  normally  are  vislble 
14 the  last   stages of the  landlng  operatlon,  even  durmg  heavy  fog In clear   or   moderate  VISI- 

blllty  condltlons,  the  pllot  can  get  some  lndlcatlon of runway  texture  durlng  nlght  landmgs by 
uslng  hls  landmg  llghts  to  lllumlnate  the  runway  surface  and  markings. In heavy  ground  fog, 
however,  the  landing  llghts  lllumlnate  the fog parbcles  rather  than  the  pavement,  and  guldance 
1s los t  

The general   problem  bas  been  hscussed  by  Jenks, '   Cutrell .2  and  others.   and a system 

proposed  as a solutlon to  the  problem  The  proposed  narrow-gauge  system  consists  essen- 
of narrow-gauge  llghtmg,  supplementary  to  the  usual  llghts  along  the  runway  edges,  has  been 

tlally of two rows of hght  bars  composed of three  light  uruts  each.  The two rows  would  be 
centered  about  the  runway  centerlme  and  extend  for a dlstance of 3,000 feet  from  the  approach 
threshold.  Slmllar  bars  would  be  placed  on  the  runway  centerlme at 500-foot  spaclng A 
longl tulnal   spacmg of 100 feet  for  narrow-gauge  bars  has  been  generally  recommendea,  and 
the  gauge  wldth  most  frequently  suggested 1s 60 feet  between  the  innermost  llghts  or  75  feet 
between  the  centers of 15-foot  bars  Thls 1s  Independent of runway  wldth.  Figure 1 shows a 

will  provlde  roll  guldance,  the  narrowed  gauge  between  rows  wlll  sharpen  drectlonal  guldance, 
partial  layout of the  proposed  system. It has  been  assumed  that  the  palrs of horlzontal   bars 

and  the  pattern of llghts  wlthm  the  runway  surface  wlll  enable  the  pllot  to  determlne  the 
elevation of the  "landmg  matbb  for  sensltlve  helght  guldance at touchdown 

"Manuscript submltted  for  publlcatlon  January 1958. 

'Arthur E. Jenks.  "The  Black  Hole,"  The h r  Llne  Rlot ,   Aprl l  1956 
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Fig  1 Proposed  Narrow-Gauge  Runway  hghting 

lugh-mtenslty  llghtlng  units  wlthm  the  runway  surface  Itself,  immedlately  raises  serious  en- 
glneerlng  and  economlc  problems With the  increasing  emphasls on pavement  smoothness  in 
the  operation of large  high-speed  aircraft .   there  also  may  be a perhnent  safety  factor  in- 
volved as there  is   not  available  at   thls  t ime  any  truly  f lush  l ightmg  unit .   Theorehcal  stuhes 

be  an  important  11mltahon  also,  even If the  narrow-gauge  configuration  Itself  was  found  to  be 
lndcated  that   the  sharp  lateral  cutoff  and  low-angle  cutoff of available  semlflush  llghts  might 

effective 

runway  lighting  configuration  was  undertaken by the  Technlcal  Development  Center  (TDC) 
In view of the  above  conslderahons, a proJect  for  f l ight  evaluahon of the  narrow-gauge 

The  primary  obJectives of the  proJect  were  (1)  to  provlde  informahon on the  usefulness of 
the  narrow-gauge  system In supplying  the  missing  elements of pilot   gudance f o r  low- 
vlslblllty  landmgs, ( 2 )  to determne  values  of gauge  width,  longitudinal  spacmg.  bar  length, 
beam  spread,  and  toe-in of the  llghts  for  optlmum  efficiency  and  economy,  and ( 3 )  to provlde 
a demonstratlon  facillty  for  flight  observation  After  mlbatlon of the  proJect,  its  scope  was 
broadened  to  include  some  prehminary  study of other  runway  lighbng  aids,  with  parhcular 
emphasls  on  developing  surface  texture by low-level  llluminatlon of the  runway  surface 

of the  pllot  to  certain  visual  sbmuh. it 1s Impossible  to  obtain  enough  mass  data  m  an  abbre- 
vlated  proJect  for  analysls by stahstical  methods.  This  report,  therefore,  simply  outlines 
the  nature  and  extent of the  mbvldual   mveshgat ions and presents  the  concluslons  and  recom- 

were  most  actlve  in  the flight  program 
mendations of the  group of Civil  Aeronautics  Administration (CAA) pilots  and  observers who 

A proposal of this  kind,  which  Involves  the  lnstallatlon  and  mamtenance of hundreds of 

In an  mveshgahon of this  kind.  in w h c h  a maJor  varlable is the  psychological  reactlon 





4 

has a ver t lca l   beam  spread  of 7 5' (to 10 per  cent of maxlmum), a horlzontal   beam  spread of 

three  dlfferent  baffle  combmabons, It was  possible  to  obtaln  hght  hstrlbutlons as shown  ln 
36.5', and a peak  lntenslty of about 45,000 candles By uslng two dlfferent  lamp  posltlons  and 

Table I 

The  lamp  used  in  the  mock-up  unlts  was  deslgned  orlglnally for  approach  llghtlng  It 

TABLE I 

LIGHT  DISTRIBUTION OF MOCK-UP UNITS 

Descriptlon  Beam  Width  Vertlcal  Spread M a a m u m  Intensity 
(candles) (deg.) (deg ) 

Narrow-Beam 8 2  0.2 to  11 4 38,000 

Medlum-Beam 13 8 2.5 to 9.4 36,800 

Wide-Beam 25 2 2 5 to 9.4 36,800 

manufactured by Strucbural  Concrete  Products Gorp.  The  medium-beam  horlzontal  dlstrl- 
The  narrow-heam  dlstrlbutlon  was  intended to  approxlmate  that of an  Elfaka  Type B llght 

butlon  represented  the  mlnlmum  required  for  continuous  vlslblllty  during a well-centered 
approach, as determined by theoretlcal  computatlon  Assumed  conditlons  were  that  the 
lights  should  be  vlslble  durmg a correctlonal  maneuver  from a la te ra l   hsp lacement  of 100 

was  computed  as the  maximum requlred  for a 250-foot dlsplacement  at   the  rmddle  marker 
feet   at   the  middle marke r  to 15 feet  at  touchdown  The wide-beam  horlzontal  dxstrlbutlon 

The  vertlcal   hstrlbution of the  medium-  and  wide-beam  units  was  not  equal  to  that of the 
narrow-beam  unlt  and  was  not  consldered  theoretically  adequate  for  all  axplanes or  f o r  all 
maneuverlng  condxtlons,  but  was  the  best that could  be  obtained  readily  unth  the  equipment 
available 

better  gudance  under  nlghttlme  low-vlslblhty  condltlons  Trafflc  coordmation of the  test  
fllghts  with  normal  operahons  at  Washington  National  Alrport (WNA) and  Andrews  AFB  was 
a maJor  problem  except  under  the  lowest  vislblllty  conditions  when  regular  operatlons  were 
cancelled  Most  fllghts  were  scheduled  in  the  late  nlghttime  periods  when  other  traffic  was 
a t  a mmlmum.  Low-vlslblllty  weather  condxtlons  were  utlllzed  to  the  fullest  posslble  extent, 
but  i t   also  was  possible to utllize  fan-weather  fllghts  in  obtamlng  comparative  observations 
of certaln  test   varlables  Even  In good  weather  the  problem of helght  gudance  could  be 
slmulated to  some  extent by  keeplng  the  hght intensities low  and  by  not  uslng  the a i r c ra f t  
landmg  lights 

A mobon-plcture  camera  mounted  adJacent  to  the  head of the  copllot  provlded a 
permanent  record of the  appearance of the  llghtmg  system  on  most  approaches  Whlle  the 
camera  could  not  cover  as  great a field  nor  keep the llghhng  conflguration  as  well  centered 
as the  pllots  could do by  moving  thelr  heads, it did  provide a reasonably  reallstic  vlew  ex- 
cept m extreme  correctional  maneuvers  Mobon  plctures  also  were  taken  from  the  top of a 
crash  truck  drlven  slowly  along  the  runway  centerlme,  thus  provldmg a more   l e l su re ly   new 

the  same  vantage  point  wlth  the  camera at varlous  lateral  positions  across  the  runway. 
of the configurations f r o m  a vlewlng  helght of about 17 feet. St111 photographs  were  taken  from 

In addltlon  to  the CAA testmg  program  described  above,  the  mllltary  establlsbments, 
the  alrhnes,   and  other  industry  representatlves  were  lnvlted  to  participate m the  fllght  pro- 

brlefed  prlor  to  fllght  as  to  the  faclhhes  avallable  for  guldance,  and  were  encouraged  to  flle 
gram  and  evaluatlon  to  the  fullest  posslble  extent  Partlclpatlng  pllots  and  observers  were 

wrltten  reports  and  comments  on  their  observatlons. 

Relatively  few  dayhght  fllghts  were  scheduled  as  the  baslc  problem 1 s  prlmarlly  one of 

DISCUSSION OF FLIGHT TEST W3SULTS 

At the   s ta r t  of the tes t   p rogram,  two narrow-gauge  configuratlons  were  placed  In 

the  other  was 90 feet wide,  Intended a s  a mammum Figure 3 1s a photographic n e w  of the 
serv lce  One  had an Inner  gauge  wldth of 60 feet,  representing the mlnlrnum  wldth  proposed, 

mock-up  lights  In  place on the  runway.  The two patterns  were  test   f lown  alternately,   using 
longltudlnal  bar  spacmgs of both 100 and 200 f ee t  
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T h e  narrow-beam  mock-up  lighting  units  were  used  in  both  configurations.  All  units 
were  aligned so that  the  center of each  light  beam  intersected the centerline of the  runway 
about 430 feet   ahead of the  light  position.  The  resulting  toe-in  varied  from 4" for the 
innermost  lights of the  60-foot  gauge  to 8" for  the  outermost  lights of the  90-foot  gauge. 

It soon became  apparent  that   the  narrow-beam  l ight  was  inadequate  in  lateral   coverage. 
Even on well-centereu  approaches  there  was a disconcerting  change  in  brightness  and  appar- 
ent  size of the  light  source a s  the  observer's  eye  passed  through  the  light  beam. 
Comparatively  small  lateral  deviations  in  alrplane  position  during  approach  and  touchdown 
caused the  pilot  to  view an uneven  pattern.  Larger  deviations  obliterated  the  lights  entirely 
on  the  near  side  of  the  runway  except f o r  a dim glow visible  only  in  clear  weather.  Some of 
the  lights  on  the  far  side of the  runway still were  visible  but  did  not  present a recognizable 
pattern for  corrective  guidance.  This  effect is shown  in  Fig. 4. The  vertical  range of the 
llght  beam  was  adequate for  all   maneuvers.  

recognizable  pattern.  This  pattern  was  effective  in  sharpening  directional  guidance  and  also 
was  helpful  in  maintaining  airplane  attitude  during  the  flare  and touchdowr-L. The  60-foot 
gauge  was  the  more  effective of the two gauges  studied,  particularly  for  directional  guidance. 

The  bar  effect of the tr iple narrow-gauge units was  effective in providing  roll  guidance 
as  long as  the  airplane  was  well   centered. When displaced  laterally,   the  bar  effect   from 
lights  on  the  opposite  side o.E the  runway  was  lost  and  view of lights on the near side  was  ob- 
lxtcrated  entirely, as  previously  noted.  The  undesirable  "orchard  effect"  whch  appeared 
when  the  light  patterns  were  viewed  obliquely  was  lessened  somewhat  by use of LOO-foot 
longitudinal  spacing. No attempt  was macle to g o  beyond  this  spacing as this  would  not  permit 
viewing a sufficient  number of b a r s  f o r  guidance  during  the  lower  visibilities. 

Moisture on the  windshield,  either f r o m  fog o r  f rom precipitation,  created  special 
problems.  In  some  instances the distortlor1 was sufficient  to  destroy  the  bar  effect of the 
closeiy spaced  lights. 

If the  airplane  was  well  centered, a sufficient  number of l ights  were  visible  to  form a 

Height  guidance  from the narrow-gauge  pattern  was  disappointing.  Although  the 
"black  hole"  between  the 11ght rows was  reduced  in  width,  it  still  existed and  even  was 
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NIGHT VIEW 

DAY VIEW 

Fig.  4 Effect of Narrow-Beam  Cutoif.  Sixty-Foot  Gauge  Viewed 
f r o m  60 Feet  to Right of Runway Centerline. 

accentuated by the  contrast  to  the  comparatively  bright  narrow-gauge  light  sources 
immediately  adjacent  to it. Many approaches  were  carried  to  actual touchdown,  but  the  pi- 
lots  still   were  “feeling” for the  runway  surface and had no definite  indication of height above 
the  runway.  It  should be emphasized,  perhaps,  that  this  situation  existed  only when ground 
fog or other  atmospheric  conditions  prevented  effective  use of landing  lights,  or  when  such 



Fig. 5 Reflected  Light  from  Elfaka  Fixtures.  Standard  Model  in  Center; 
Other Two Units  Coated  with  Aluminum  Paint. 

conditions  were  simulated  by not using  the  landing  lights  under  better  visibility  conditions. 
Height  guidance  was  no  particular  problem  as  long  as  runway  texture  was  visible.  This  was 
demonstrated  by  test  flights  in  daytime  fog. 

The  next  phase of the  evaluation  program  was  to  determine  whether  or  not  the 
narrow-beam  mock-up  units  were  at  least  as  effective  as  the  Elfaka  production  units  which 
they  were  intended  to  simulate.  The  first 30 mock-up  units (500 feet  of runway  length)  in  the 
60-foot  configuration  were  removed  and  replaced  with  Type B Elfaka  units,  and  the  next 30 
units  were  replaced by  Type A Elfaka  units.  These  units  were  placed  on  the  runway  surface 
and  were  leveled  and  aligned  to  correspond  to  the  mock-up  units  which  they  replaced. 
Alignment  and  vertical  setting of the  lamps  in  the  fixtures  were  checked  by a representative 
of the  manufacturer. 

Visual  observations  and  pictures  taken  both  from  ground  positions  and  from  an 
airplane  during  landing  maneuvers  revealed a very  close  similarity  between  the  mock-ups 
and  the  Elfaka  lighting  units.  Actually,  the  light  distribution of the  mock-up  units  was 
slightly  wider,  both  laterally  and  vertically,  than  that of the  Type €3 (two-lamp)  production 
unit.  This  fact  was  shown by the  photometric  tests  conducted  at TDC and  also  is   detectable 
by  close  examination of some of the  field  photographs.  Practically,  the  units  can  be 
considered  equal  as  signal  l ights.  

There  was  one  point of difference  between  the  mock-ups  and  the  standard  Elfaka 
fixtures  which  might  be  considered of possible  significance  operationally.  This  was  the il- 
lumination of the  grid  opening of the  Elfaka  unit  by  the  enclosed  light  source.  Figure 5 is a 
close-up  view of this  effect on a new standard  production  unit  and  on two units  which  had  been 
coated  with  aluminum  paint by the  manufacturer 's   representative  in  order  to  enhance  their  
reflectance.  This  effect  appeared  to  be  lost  to  the  pilots  during  execution of approaches  and 
landings,  even  during  clear  weather.  This  may  be  explained  by  the  fact  that  the  attention of 
the  pilots  naturally  was  diverted  to  the  much  brighter  light  sources  within  their  visual  fields. 
This  suggests  the  possibility  that  effective  use of low-level  runway  illumination as a landing 
aid,   as  discussed  later  in  this  report ,   may  depend upon the  elimination of high-intensity 
sources  from  the  immediate  f ield of view.  This  requires  further  study. 

The  single-lamp  Type A Elfaka  units  have a vertical   beam cutoff of about 4" which 
proved  insufficient for use so near  to  the  approach  end of the  runway.  At a cockpit  height of 
20 feet,  this  results  in  cutting off view of all lights 300 feet   or   less   f rom  the  a i rplane;  at a 
height of 50 feet,  the cutoff is 700 feet  ahead of the  airplane. 

During  the  time  that  the  60-foot  narrow-gauge  configuration  was  being  used  for 
comparison of the  Elfaka  and  the  narrow-beam  mock-up units, the  lights  in  the  90-foot  con- 
figuration  were  changed, first to  the  medium-beam  and  then  to  the  wide-beam  light distri- 
bution.  The  improvement  in cutoff was  very  marked.  The  medium-beam  units  were 
satisfactory  for  reasonably  well-centered  approaches  and  the  wide-beam units were  adequate 
for  any  approach  from  which a successful  landing  could  be  made.  Figure 6 i l lustrates  the 
improved  lateral  coverage  obtainable with the  wide-angle  lights. 
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NARROW BEAM 

WIDE BEAM 

Fig. 6 Comparison of Narrow-Beam  and  Wide-Beam  Lights. 
Ninety-Foot  Gauge  Viewed f rom 60 Feet  to  Right. 

Next, a study  was  made  to  determine  the  proper  toe-in  angle  for  the  narrow-gauge 
units. A s  previously  noted,  the  three  units  in  each  bar of the  60-foot  gauge  were  first  set  at 
toe-in  angles of 4", 5", and 6", causing  the  centers of the  light  beams  to  converge  on  the  runway 
centerline 430 feet  ahead of the  units. In the  next trial, the  inner  unit of the  bar  was  set  at 3", 
the  middle  unit at 3 1/4", and  the  outer  unit  at 3 l/Zo. The  corresponding  points of in te r -  
section  with  the  runway  centerline  were 570, 660,  and 740 feet,  respectively,  ahead of the  bar. 
'These  toe-in  values  were  recommended  by  the  manufacturer of  the  Elfaka  lights. 

decrease  in  toe-in  results  in  better  vision of the  lights  on  the  near  side of the  runway  but  cuts 
off even  more of those  on  the  opposite  side. xf the  airplane is centered, it will  be  within  visual 

If a landing  airplane is displaced  laterally  from  the  runway  centerline,  the  small 
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Fig .  7 Experimental  Floodlighting Unit 

range of the  lights  for a somewhat  longer  distance,  but  the  final cutoff  will be  somewhat 
further  ahead of the  airplane  position.  These  effects  are  discernible by  study of the 
photographs  and  were  verified by the  flight  tests. 

unit  at 1 1/2"  toe-in,  and  the  third  unit  at 3". This  arrangement  was  considered  unsatisfactory. 

judged  to  be  the  best  compromise of conflicting  requirements.  It  should  be  emphasized, 
however,  that it does  not  remedy  the  inherent  deficiency of the  narrow-beam  lighting  units 
in  providing  lateral  coverage. 

some tests  were  made  with  the  15-foot  light  bars  shortened  to 8 feet,  still   using 3 light  units 
per  bar.  This  was  effective  for  the  particular  purpose  but  was  not  otherwise  significant  to 
the  investigation as a whole.  Other  variations  in  bar  length  and  light  spacing  were  tried 
also,  but  did  not  improve  the  over-all  effect. 

Although  this  project  was  intended  primarily as an  evaluation of the  narrow-gauge 
runway  lighting  configuration,  the  possibility of obtaining  touchdown  guidance  through a low 
level of illumination of the  runway  surface  was  explored  also.  Experimental.  runway  flood- 
lighting  units  developed by Sylvania  Electric  Products,  lnc.,  were  used  for  this  purpose. 
These  units  were  designed  to  use  8-foot,  very-high-output  fluorescent  tubes  rated  at 50 watts 
per  foot.  They  were  mounted  about  16  inches  above  the  pavement,  and  reflectors  were 
provided  to  direct  the  light  horizontally  across  the  runway.  One of the  experimental  units 
is shown  in  Fig. 7.  

The lighting  units  were  placed  in  continuous  rows  along  both  edges of the  pavement  for 
a distance of 715 feet ,   start ing 500 feet  from  the  approach  end of the  runway.  They  were  in- 
tended  to  illuminate  the  runway  surface  in  the  touchdown  area,  thereby  providing  sufficient 
indication of surface  texture  to  permit  accurate  depth  perception  or  height  sensitivity.  While 
the  light  sources  themselves  were  not  visible  to  the  pilot  during  landing,  there  was  enough 
direct   reflection  from  the  f ixtures to  give  the  appearance of a continuous  high-brightness, 
broad  linear  light  source  along  each  side of the  runway.  Figure 6 shows  the  general  effect. 

runway  center  even  under  relatively good atmospheric  conditions.  This  was  sufficient, 
however,  to  provide  sensitive  height  guidance  through  revelation of surface  texture.   This 
proved  effective,  although  to a reduced  degree,  even  under  low-visibility  conditions  and  with 
moisture  on  the  windshield. On one occasion,  successful  touchdowns  were  made  in a ground 
fog  with  the  runway  visual  range  as  low  as 700 feet.  The  need  for  artificial  illumination 
vanished  with  the  coming of daybreak,  even  though  the  fog  was  still  dense. 

Efforts  to  enhance  the  effect of illumination by use of painted  checkerboard  markings 
and  by  the  addition of light-reflecting  crystals of aluminum  silicate  were of doubtful  value. 
Apparently,  the  roughness of the  pavement  itself is the  dominating  characteristic.  This  sug- 
gests  the  advisability of further  studies on other  types of surface,  The  effect of pavement 
width is  another  obvious  subject  for  further  tests. 

.h further  toe-in  studies,  the  inner  unit of the  bar  was  set   straight  ahead,  the  second 

Of the  three  arrangements  studied,  the  one  with  units  set  at 3" ,  3 1/4",  and 3 1 / 2 "  was 

In a further  effort  to  lessen  the  "orchard  effect"  in  the  narrow-gauge  configuration, 

The  runway  brightness  was  quite  low,  being  approximately 0.1 foot-lambert  at the 
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Fig. 8 General  Effect of Floodlighting 

A very  encouraging  aspect of the  floodlighting  technique is the  fact  that  the  pilot 
receives  his  height  guidance  through  the  same  visual  stimulus  and  reaction  that  he  uses  under 
normal  operating  conditions.  The  necessity  for  interpreting  an  artificial  pattern of signal 
lights  has  been  eliminated. 

In addition  to  furnishing  height  sensitivity  through  surface  illumination,  the  floodlights 
provided  valuable  pitch,  roll,  and  directional  guidance  in  the  touchdown  area by reference  to 
the  continuous  bright  strip  lighting  along  the  pavement  edges,  as  well  as  the  illuminated 
runway  centerline  marking.  These  gave a positive  supplementary  signal  which  proved  to  be 
very  effective. 

briefly  some of the  obvious  shortcomings  and  deficiencies of the  floodlighting  equipment  and 
technique.  The  experimental  floodlighting  as  used is relatively  expensive  and  inefficient,  has 
high  power  consumption  (more  than 100 kilowatts  per 1,000 feet  of runway),  interferes  with 
snow  removal,  is  subject  to  damage by wind,  hail,   or  jet  blast,  presents a continuous  obstruc- 
tion  along  the  edges of the  runway,  and  cannot  be  used  at  intersections.  These  considerations 
suggest  the  need  for  further  development  and  improvement of the  floodlighting  fixture.  They 
also  suggest  the  restriction of floodlighting  to a touchdown area,   possibly 1,500 to 2,000 feet  
in  length,  in  which  height  guidance is of primary  importance.  If use of floodlighting  is  thus 
rest r ic ted,  i t  may  be  necessary  to  consider  some  supplementary  lighting,  primarily  for 
directional  guidance  during  roll-out  or  takeoff  operations.  Need  for  the  supplemental  lighting 
will  depend  primarily upon the  runway  width, as the  effectiveness of edge  lighting  decreases 
with  greater  spacing of the  light  rows.  Possible  improvement of present  edge  lighting  units 
or  configurations  should  not, of course,  be  overlooked. 

A simple  dual-row  configuration,  with  single  lights  spaced 68 feet  laterally  and 200 feet  
longitudinally,  was  given a limited  test.  It  was  effective  in  providing  directional  guidance  and 
some  roll  guidance  but  posed  the  problem of differentiating  between  the  rows of single  light 
units, two in  the  dual-row  configuration,  and  one  at  each  runway  edge.  Color  coding  could  be 
used,  but  would  violate  present  international  standards. It has  been  suggested  that  the  prob- 
lem of identification  could  be  solved by using  multiple units in  the  edge  lights,  which  are  ele- 
vated  fixtures  and  relatively  inexpensive.  Reduction of the  number of units  located  in  the 
runway  surface  would  reduce  construction  and  maintenance  costs,  present  fewer  sources of 
surface  roughness,  and  still  provide  the  supplementary  directional  guidance  desired  for 
takeoff  and  roll-out  in  continuous  all-weather  operations. 

This is the  most  simple  form of supplementary  lighting  and  has a natural  appeal  for  this 

Although t h s  was  primarily  an  operational  evaluation, it may  be  pertinent  to  mention 

Use of single-point  sources of light  to  delineate  the  runway  centerline  was  tried  also. 
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reason.  I t  would  be  relatively  cheap. It has  the  &sadvantage of introducing  sources of 
surface  roughness m the  runway  centerline  where  they  would  be  moat  likely  to  be  run  over 
by the  airplane  tires  during  takeoff or  landmg  operatlons 

and  wthout  floodlighbng  or  other  speclal  configurations  These  approaches  could  not  be 
carried  to  the  point of actual touchdown  because of the  obstruchons on the  runway  surface. 

them  d~stract ing  in   the touchdown area.  Thls  obJechon  was  relieved  somewhat by keeping  them 
Most  pilots  found  the  centerline  lights  very  helpful  for  hrectlonal  gudance  but  some  considered 

at low intensity. 
The  lack of low-vlslbllity  weather  in  the  later  phases of the  flight  program  made it 

Mflcu l t  t o  a r r ive   a t  a f l r m  choice  between  slngle-row  or  dual-row  supplementary  hghtmg 
Either  could  be  used,  and  the  obvious  advantages  and  disadvantages of each  have  been  cited 

polnt ~ o u r c e s  of light  in  the touchdown area  can  be  turned off when the  floodllghts  are  belng 
above In any  event, it appears  desirable to provide  separate or interlocking  controls so that 

used 

A small   number of good-weather  fhghts  were  made on the  centerlrne  configuratlon,  wlth 

CONCLUSIONS 

pllots  and  observers  during  the  f l ight  tests,  on careful  study of the  motion-picture  records, 
and on thorough  hscussions with  other  pilots  and  observers  who  participated  In  the  fllght  pro- 
gram  Because of the  abbrevlated  nature of the  project  and  the  restrictions  on  touching down 
among  the  obstructions  and  hazards on the test runway,  all of these  concluslons  may  be 
considered  as   tentahve 

The  follounng  conclusions a re   based  on personal  obaervatlons  and  experlences of CAA 

effectlve  in  sharpenmg  dlrectional  guidance  and  provldmg  roll  guidance  durlng  approacn, 
f lare,   and touchdown.  It  &d  not  provide  adequate  height  guldance  for  touchdown 

on 200-foot  longitudinal  spacing  with  an  inner  gauge  width of 60 feet  and  wlth  the  lights  toed  in 
2 The  ophmum  configuration  for  the  narrow-gauge  system  was  composed of 8-foot ba r s  

to  intersect  the  runway  cenlerlme  at a &stance of about 700 feet  The  shorter  bar  and  longer 
spacmg  were  helpful in avolding  an  "orchard  effect" when the  llghts  were  mewed  obhquely. 

were  not  satlsfactory,  as  they  presented a visible  pattern  over  only  about half of the  usable 
3 The  narrow-beam  Ilghts,  about 8' between  points of 10 per  cent  maximum  intensity, 

was  adequate  for a reasonably  well-centered  approach A maxlmum  beam  mtenslty of 37,000 
runway  width. T h s  would be  even  more  critlcal  on  wider  runways. A beam  wldth of about  14' 

candles, with 5-step  control  from 0.2 to 100 per  cent of maumum,   was   sahsfac tory  
4. Development of runway  surface  texture  by  low-level  illummahon of the  surface  was 

very  effectlve m provichng sens ihve   he igh t   m~ca t ion   a t  touchdown. Ths   r equ i r emen t   was  
most  crl t lcal   in  night  landmgs with  heavy  ground  fog  The  floodllghts  also  provlded 
&rectlonal,  pltch,  and  roll  gudance  in  the  touchdown  area. 

be  provided for hrechona l   gudance  on roll-out  and  takeoff. 

1 The narrow-gauge  runway  hghbng, when vlslble  throughout  the  landmg  maneuver,  was 

5 If floodlighting 1s restricted  to  the  touchdown  area,  supplementary  signal  hghhng  should 


