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necessarily represent  CAA  pollcy m all respects  
T h s  1s  a techmcal  lnforrnatlon  report and does not 



REQUIREMENTS O F  THRESHOLD LIGHTS' 

SUMMARY 

Thls  report  analyzes  the  funchons  and  condltlons of se rv ice  of threshold  hghts  and 
considers pat terns   and  character ls tms of eqrupment  best  adapted to meet  the  needs of thls 
Service A study of the  reqrurements f o r  vlslblhty  and  conspzculty  from  the  outer  segments of 
the  areas  to  be  covered  m&cates  that  thm par t  of the  funchon  can  be  performed  most  practi-  
cally by asslgmng It to a specla1  hghtlng  flxture  The  baslc  pattern  developed  durrng thxs 
study consmts of closely  spaced units formmg  bars,  supplemented  by  legs  extendmg  in  along 
the  runway  edges 

INTRODUCTION 

Whlle  threshold  ltghtmg m avlatlon performs a vltal  functlon  in the landmg of a n c r a f t .  
llttle  attentlon  has  been  pald to the  requlrements  for  development of these  hghts  Thrs  theo- 

Center  (TDC)  for  Wrlght Alr Development  Center (WADC) wlth funds  provlded  by  the 
retlcal   study wan made   a s   pa r t  of a proJect  conducted  at the CAA Techrucal  Development 

Department of the Air F o r c e  It was  deslgned  to  analyze the funchons of threehold  Lghte  and 
to  establish  the  baslc  requmements  for  an  effechve  threshold  hghhng  pattern  and  deslgn 

BASIC REQUIREMENTS 

The  pattern of threshold  hghts IS r e q u r e d   t o   m a r k   t h e   b e g l m n g  or  end of the  landng 
area .  As thls essenhal ly  1s a horlzontal   hne  normal  to  the  runway a n s ,  the  threehold  hght 
pattern  basrcally 1s a horlzontal   lme  normal  to  the  hnes of runway  llghts 

recogmzahle  from  varlous  zones in the  approach  and  from the runway  They  also  must  provlde 

approach,  overrun,  and  runway  hghts 
sufflclent  consplculty, so that  they  can  be  pmked up easlly  and  recogmzed  amzd the adlacent 

A study of threshold  hghtlng  must  Include  conslderahon of the llne or other pattern,  the 

pertment  zones,  and  means  for  provldlng  the  essentml  consplcluty 
colors  used,  the  dlstrlbutlon  and  lntensltres of hght  reqrured  to  provlde  vlslblllty  from all the 

Pa t te rn  

pattern  for  threshold  hghts  Such a h n e  1s normal  to the adlacent   hnes of hghts  and to the 
A lme of recogmzable  hghts  acroas  the  approach  end of t h e  runway 18 the  obvious 

path of the ancraf t   However ,   there  1s a aenous  l lrmtatlon to  such a hne Unless it le  VISI- 
ble to a pllot  for  several  seconds  before  he  reaches  It,   he  mlght m l e s  seeing the hne  a l to-  
gether If his  attentlon 1s b v e r t e d  momentarily Thus &ffxul ty  c a n  be alleviated by mo&fymg 
the  lmear  threshold  pattern to  expand  the  lme Into a threshold  zone  whch  could  merge  Into a 
landmg  zone. 

Another problem wulth the lme of threshold  hghts 16 to develop i t a  maXlmm deflmhon 
as   dls tmct   f rom  the  runway  hghts  A threshold  hne  wbch  extends  out  beyond  the  lmes of 
runway  llghts,  formmg a T wlth  each lme of runway  hghte,  adds  materlally  to the deflnlhon 

A threshold h e ,  for  ophmum  effectlveness,  should  extend  completely  acros- the end of 

wlthstand  the  impact of landing  wheels Such hghts   a re   no t  now available. and   eushng   pa t -  
the  runway  Thls  would  requlre  hghhng -It6 whxh   a r e   f l u sh ,  or nearly  flush,  and  whlch  can 

t e rns  of threshold  llghts  Include a wide  gap  In  the  muddle of the h e  T h s   p r o d u c e s  a p a n  of 
llnes or  b a r s  deflnlng the outer  ends of a th re sho ld   l~ne   As  a p l o t  on final approach Bees 

such   t rans te rse  hnes f rom a &rechon essentlally  normal to them  and sees foreshortened 

Threshold  hghts  have a double  functlon.  They  must  form a pa t t e rn   whch  1s vlslble  and 

'Reprmted  for  general  dlstrlbutlon  from a hmlted  dlstrlbuhon  report   dated  Aprll  1955 
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hnes  of runway  lzghts. I t  1s necessary to reduce the spacmg of the  unlts  ln the threshold  lmes 
In o rde r  to preserve  the  appearance of coherent lmes 

The  longltudmal IocaUon of the  Lne wlth respect  to  the  runway  end 16 determmed  by two 

wheels of landmg  alrcraft  and to reduce  as   much  as   possible   the  effect  of l e t   b l a s t  on  the 
conslderahons  Enough  space  should  be  left to mlnlmlze  the  llkelihood of colllslon  wlth t h e  

a r e a  to prevent  alrcraft   from  touchmg down shor t  of the  pavlng. Experience based  on com- 
hghtmg units At  the  same  tlme,  the  threshold  bar  must  be close enough to  the  paved  landlng 

merclal   operahons  lnmcates  that   the  gap  can  be  as  much a a  50 f ee t ,   bu t   mh ta ry   expenence  
shows  that  pllots  land  much closer to the threshold  and  the  manm-  gap  should  not  exceed 
20 feet. 

Color 

threshold  rnarklng  and  has  developed a pllot  response to green   as   mark lng  a threshold  There 
1s every  reason  for  contlnulng t h ~  prachce ,   bu t   t h~s   makes  It Important  that  green  llghts  be 
ueed  wlth  extreme  cautlon  for  other  anport  purposes  and that the  use of a hne of green  hghts 
be  restrlcted to thls  speclflc  functlon A sm.llar  lme of green  llghts  has  been  used m the 
Umted  States to mark  the exl t  end of the  runway  Thls  practlce IS llloglcal  because I t  Intro- 
duces a posslble  source of mlslnterpretatlon  and  confuelon  Some  expenmental  work  has  been 
done wlth red  llghts  substltuted  for  green  at  the exl t  end. Thls 1s  recognized pract lce  In 
severa l   par t s  of Europe  but 1s not  standar&zed In the  Unlted  States 

three  runway  zones, q s m g  green  satellltes  to  mark  the  length of a touchdown  zone  and  red 
A pattern of colored  satellltes  added to clear  runway  llghts was developed1 to mark  

only by the clear  runway  llghts  The use of green to contlnue  the  "safe  landlng"  mdxatlon 
satelhtes  to  mark  the  length of a flnal o r  warnlng  zone  The  lnterrnedlate zone was  marked 

glven  by  the  threshold  llghts 18 effectlve  and IS consistent wlth the  prlnclple of res t r lc tmg 

warnmg  zone or fmal secuon of the  runway  The  marlung of thls warnmg  zone,  however, 
green to mark  landmgs  The use of red  satelhtes  was  slrnllarly  effectlve  In  markmg  the 

runway  Thls  red h e ,  under  certaln  condltlons,  tended to appear   as  a contlnuatlon of the red  
tended to reduce the effectiveness of red  emt  l lghts  as  markmg  the  extreme  end of the  safe 

thus  Increasing  the  consplculty 
satelhte   markers   The  problem  here  l a  to  emphaslze  the C ~ O S B  b a r s  by reducmg  the  spacmg. 

Consplculty 

make the intensity hlgher  than  that of adjacent  llghts Another means 16 t o  glve  the  hght a 
hs tmgushmg  co lo r  A thlrd 1s to  glve the hght  a periodlc  change In poslhon or Intensity or  
to cause It to  flash  on  and  off 

weather  and  vlslblllty  condltlons Runway hghts,  threshold  hghts.  and  lead-In  llghhng nor-  
mally  are  controllable In mtenslty  to  compensate  for different degrees  of vlslblhty In gen- 
eral,  the  lntenslty of a slgnal  llght 1s adjusted to the   mln lmum  requred   for  a glven  vlsual 

tolerated  by  pzlots wlthout cornplalnt If the th reshold   hghts   a re  s e t  a t  a percephbly  hlgher 
range  under  eustlng  weather  condlhons.  but  It  frequently 1s  se t   a t   t he   maumum  whch   w l l l   be  

mtenslty  than  runway  and  lead-In  llgbts  and  operated  on the same  control ,   there  1s a s e r l o u ~  
danger of producmg  glare when hghts   are   operated  a t   the   hlgher   mtensl ty   s teps  

The  effect of lntenslty In producmg  glare   vanes  markedly wlth the  angle  between the 

that   the  hght  appears,   the  greater  the  dazzle Runway hghts   normally  are   mewed by per lpheral  
hne of slght  and  the  dlrectlon of the hght  The  smaller  thls  angle  and  the  closer to the  fovea 

vision a6 the pllot flxes hls  eyes  betvreen  the lmes As threshold  llghts  extend  Inward  from the 
hnes  of runway  llghts,  they  appear  closer to the  lme of slght  and  the  dazzle  effect 1s enhanced 

ranges  requlred m each  dlrechon,   the brightness of adJacent   hghts   sets  a level   whch  es tab-  
lishes  mmmrmm  lntenslty  values  for  threshold  llghts For  thls reason,  the lntenslty of thresh-  
old  llghts, ~n every   d l rec t lon   f rom  wbch  they   a re   requred  to be  vlslble. must be a t   l eas t  of 

not less than  one-tenth of the  lntenslty of the  runway  llghts 
the same  order  of lntenslty  as  the  adjacent  llghts Ths   w l l l   r e su l t   In   an   mtens l ty  level of 

Long-estabhshed  avlauon  prachce  has  standardized the  use of avlatlon  green  hghts  for 

Consplculty  In a llght or  In a hne  of hghts  can  be  produced  by  several   means One IS to 

The  selectlon of mtenslty of a s lgnal   hght  1s affected  not  only  by  Its  use  but  also by 

Although the mtenslty  dlstrlbutlon of these  hghts must be  adjusted to yleld  the  vlsual 

Technical  Development  Report No 208, December  1954 
'Arthur T Tledemann. "A Lghtmg  Pat tern for  Runway  Zone  Identlflcatlon," CAA 
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l lmlts  to pracbcal  lntenslty  levels  Among  these  are  source  l lmtatlons,   f l l ter   l lrnltatlons.  
and  the necessity of avoidlng  glare or dazzle  An  alternate  means of securmg  consp~cruty 18 
by  means of perlodlc  varlatlons In the  appearance of the hght  such  as  undulahng It or  flaslung 
It The periodic change of appearance of the hght  has  the  effect  of attractmg  attenhon  and, 
hence, of lncreaslng  consplculty 

consplculty,  makes I t   more  dlfflcult to establish the  locatlon of the  Ime. a s  the  observer 's   eye 
It 1s posslble to f lash an   enbre   l lne  of threshold  llghts hut  thls,  whlle lncreaslng 

has  nothmg on w h c h  to  flx durmg  the  perlod of echpse  Such a focus of flxatlon  can  be  pro- 
vlded  by  undulatmg the lntenslty so that  the  llghte never become  lnvlslble A slmpler  and 
equally  effec'nve  means  has  been  found ~n applylng  the  flash  to  only  one or  two  hghts  In  the 
pattern  and  maklng  the  others  steady-burnmg Ti-1s achleves  several   demrable  features  I t  
provldes  steady-burnmg  llghts for flung  locatlon,  and I t  sunphfles  the  controls  and  equlpment 
It also makes I t  posslble  to  locate  the  flashmg  llght  at  the  outboard  end of the  threshold  llne 
where  hlgh lntenslty will affect  the pilot's vlslon least  when  he IS close to the  threshold 

Flashlng o r  undulating slgnal  hghts  for  avlatlon servlce must  be  deslgned  wlth  the 
condrtlons of t h s   a e r v l c e  In mlnd  The  pllot, m malung a landmg, LS movlng  at  about 200 to 
300 feet per  second  The  rate of operatlon of the  llght must he  sufflclently  rapld  that  the  pllot 

whlch  operate  by  turnlng a lamp on and off must allow  sufflclent  hme for the  fllarnent to heat 
can  observe  several   complete  cycles  durlng  the m o s t   c n t l c a l   p a r t  of hls  operatlon  Flashers 

up  and cool Thls  requlres a slow  flashlng  cycle, on the  order of 1 to 3 seconds,   for  the  slze 
of lamps  employed m threshold work Flashe r s   whxh   ope ra t e  by  shutters or  movmg  opbcal 
elements  are  not  subJect to thls  slow rate of flash  and  have  proved  more  effecave 

that   the   f lashes   be  synchromzed If the  flashes  are  not  synchroluzed,  the  llghts  appear to the 
observer   to   be rnovrng f r o m  pomt to polnt  Thls  effect  can  be  very  dlsturbxng For thhls r e a -  
son, a slngle  flaslung  Lght  at one end of the llne appears  more practical than  one  at  each  end 
of the  lme 

Vlslblllty 
The zones wlthln whlch  pllots  are  concerned w ~ t h  the  locahon of threshold  llghts  and 

f r o m  whlch  threshold  hghts  should  be  made  vlslble  Include  the  pathways  followed  durmg the 

been  completed  The downwlnd leg zone should  Include all normal  pathways of the various 

downwlnd l eg  of the  approach  and  durmg the fmal  approach  after the turn  Into  the  wlnd  has 

types of a l rc raf t   operahng on that   alrport   The  normal  pathway con816ts of a c o u r ~ e  paral le l  
to the  runway  and  dlsplaced  from I t  by  the  dlameter of the  alrcraftls  180"  turnlng  operahon 
Thls displacement &stance  seldom  exceeds 10,000 feet  wlth  an  alhtude of 1,000 to  1,500 feet  
A zone  extenhng out to 15,000 feet   and to an  altltude of 2,000 feetabove  the  runway  should 
cover all normal  downwind approach  patterns 

In  determmlng  the  locatlon of the  threshold It 1s not  necessary  for  hlm  to  be  able  to  see the 
threshold  pattern If he  can s e e  and  ldenhfy some marker   asaoclated unmistakably wlth the 
locatlon of the  threshold  Thls  can  be  done  by means of the  f lashmg  l lghts  consldered  for 

way  llghts by nohcmg where the  lmes of runway  llghts  end Such  mdlcatlon 19 mherently m- 
conspxul ty   purposes  T h s  downwlnd locatlon  lnformatlon frequently 1s derlved  f rom the run- 

rellable  because  the  hnes of runway  llghts are  lnterrupted  by  lntersectlons  and  turnoffs,  
glvlng  lndlcatlons  whlch  can  be  mlsleadmg  Secondly,  such  an  znhcatlon IS negative, a e  It 
depends on the  absence of a vlsual   mdxatron A posltlve  Indlcahon  deflnltely 1s preferable 
and more  rehahle  than a negatlre  lndicatlon 

10" and 135'. o r  225'and 35O'for  the case  shown In F lg  1 The  alhtude  may  extend  up to 
The zone occupled  by  alrcraft  on  the downwmd leg hes  between  the  horlzontal  angles of 

proach 1s  covered by a horleontal  angle of 20' .  symmetrical about  the  approach ax18 Thls 
2,000 feet above  the  runway  elmahon.  The  zone  occupied by the  alrcraft  durmg  the  flnal  ap- 

zone  can  be  consldered  as extending out Into the  approach  for 10,000 to  15,000 feet and  to  an 
alhtude of S O 0  feet above the threshold elevation 

when celhngs a r e   a t   l e a s t  400 f ee t  When vlslblllty  condltlons  are below these  mmlmums.  
Clrclmg  approaches  are permitted, In general ,   when  vls lbl l lbes   are  1 mlle o r  more  and 

operatlons  are restricted to stralght-In  approaches  These different t e c h q u e s  have   hf fe ren t  

consldered  separately  for  the two condltlons 
requlrements  for  vlsual  alds,   and  the  vlsual  ranges  and  angles  of  the  threshold  l lghts  must be 

Although  consplculty  can  he  produced by provlhng  suffxlent  Intensity. there   a re   cer ta ln  

Where  more  than  one  flaslung  unlt 1s Included m the threshold  pattern, It 18 Important 

I t  1s recognrzed  that,  durlng  thls  porhon of the  approach, a pllot 18 mterested  pr lmarl ly  
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pomt  where the alrplane  turns Into the flnal approach leg Whxle the  downwlnd l eg  normally 
For c lrc l~ng approaches, vlslblllty 1s r e q u r e d  durlng  the  downwlnd leg and from the 

1s  flown at a lh tudes  of 1,000 to 2,000 feet ,   thls  albtude may be a s  llttle a s  400 feet  when a 
rnln~rn- cellmg emsts, and the hght  dlstrlbutlon  must cover t h ~ s  low path  The l l g h t  Inten- 
sltles for the  downwlnd  path  have to be  based on I-mlle  meteorologlcal  range or  better For  

approaches  The  emstlng hmlt 1s 1/2-mlle, and I t  would  be advisable to deslgn for 3IB-mile 
the  flnal  approach,  meteorologlcal  ranges must he based on the  lowest  hmlt  for  Instrument 

distances throughout  whlch  threshold  hghts  should  be  vlslble 
to allow f o r  a future reduction of t h ~ s  hmlt  The  followmg summary outlmes the zones and 

Assuming an azimuth of 0 "  along the runway ams  lookmg outward f rom the  threshold. 
the  lxghts  should  be  vlslble  throughout  these zones 

A For clrcllng approaches 

2 Vertlcal coverage 
1 Lateral coverage. 225 '  through 0"  to 135" 
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a On a x e ,  35O'to lo', up  to  800-foot  elevatlon  at  10,000-foot  &stance, 

b Off a u s .  225O to  35O'and  1O'to  135".  up  to  2.000-foot  elevatlon a t  
or  a verhcal   angle  of 4"  34' 

15,000-foot  dlstance, or a verhcal   angle  of 7 '  35'  

3 Vlsual  range of hghts,  at 1-mlle meteorological  range 

b  Off axls. 15,000 fee t ,  
a On aus ,  10,000 feet. 

B For stral&t-m  approaches 

2 Verhcal  coverage, up to 250-foot  elevahon  at  3,500-foot  &stance, or 
1 Lateral   coverage, 35O'to 10" 

3 Vlsual  range,  at 318--le meteoro log~cal   range .  3,500 fee t  
4' 05l 

wlthout  regard to the   prachcablhty of provdmg  the   necessary   hs t r rbubon A sampllng  com- 
The  zones  set  up In the   p recedmg  summary   a re   based   ~ole ly   on   the   des i rab le   coverage ,  

putatlon of rntenslhes requlred m representative dlrectlons  wlll   lndlcate  the  areae  where 
lmprachcal   Intenslbes  would  be requred  and  where  modlf lcat lons  must   be  made 

Dls trlbutlon 
The  dlstrlbutlon  reqmred of the  llghts  to  cover  the  deslredzonee  can  be  computed  from 

the angular  requlrernente,  the  vlsual  rangee,  and  the meteorological ranges   hs ted  A sample 
dlstrlbutlon 18 glven ln Table I 

TABLE I 

INTENSITY  REQUIREMENTS 

Meteoro- 
Vertical  loglcal 

Range 
(feet) 

Intensity 
(deg  -mm ) (nules)   (candles)  

Zone  Dlstance Helght Angle 
( feet)  

Cl rchng 15,000 2,000 7 - 36 1 4 x  10 

Clrcllng 15,000 1,000 3 - 48 1 4 x  10 

Fmal Approach 10,000 800 4 - 34 1 I 8 x l o4  
Flnal  Approach 3,500 250 4 - 05 3 1 8  4 8 x 102 

b 
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the wulde dlstrlbutlon  called for ,  a r e  beyond  the  capaclty of practical  slngle unlts Even a re- 
The  mtensltles  requlred  for  the  15,000-foot  ranges to cover  the clrcllng zones,  wlth 

ductlon In dlstance to 10,000 fee t  would requlre 78,000 candles  throughout a sohd  angle of 

dls t r lbut lon  not   ava~lable   f rom e u s t m g  Alr  F o r c e  Type  C-1 unlts 
270"  by 7 112' Slmllarly.  the m o r e  r emote   a r eas  of the  stralght-In  zones  requlre 

produce  hlgh  candlepower.  and  by  bang  rotated  about a verbca l   ams ,   I t   can   be   made   to  cover 
any  deslred horizontal angle lf the funchon of covermg the  zone  occupled by the  downmnd 
leg and the m o r e  remote portlon of the  fmal   leg 1s  asslgned  to a f lashng  hght ,   the   remalung 

unlt  wlth the dlstrlbuhon of the exlstlng Alr   Fo rce  Type  C-1  llght  This IS feaslble  a8  long 
zones whxh  wll l  r e q u r e  f l x e d   h g h t   ~ s t r l b u t l o n   f r o m  a threshold u t  can  be  served  by a 

pattern  untll  he  approaches the la t ter   par t  of the fmal  approach A pattern of threehold  hghts 
a s  the f l a s h ~ n g  light 1s vlslble  and  dlstlnctlve, as t h e   p l o t  1s  relahvely  unconcerned  about  the 

conformmg to thls  requlremenl 1s  shown ln Flg 2 An alternate  method  would  be to u s e  
wlder  angle uruts f o r  the  approach  bar  and  separate  unlts  to  cover the downwlnd  zone 

The  rotatmg  hght 1s not subject to the  same  lmutatzons A beam  can b e  deslgned to 



b 

O i 0 

F L g  2 Recommended Pattern for Threshold h g h t s  
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CONCLUSIONS 

F r o m  the  study of the  baslc  requrrernents of a threshold  hghtlng  system,  i t  1s concluded 
that the  threshold  pattern  should  conslst of the following elemente 

1 Closely  spaced  green  llghts  forrnmg 

a A single  conhnuous  crossbar  proJectlng out beyond  the  runway  hghts. or 
b A palr  of hnes,   leavmg a gap on the  runway axls and  projectlng  beyond 

the runway  llghts 

2 L n e e  of wldely  spaced  green  llghts set In  the  hnes of runway  lrghts  and  extending  the 

3. A f l a shng   g reen   hgh t  or  a serles  of flashlng  green  hghte  to  provlde  consprcuty  and 
threshold  Inhcatlon Into an  area  extendmg  well  onto  the  runway 

coverage of areas Included ~n the  landlng  operahon  and not adequately  covered  by  the 
&strlbutlon of the u n i t s  m the  bars  

hghts .  
4 Spht   f l l t e rs  m the  bar -ts and  extended  legs  to  present  red  hghts as emt  threshold 
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