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A DIRECTIONAL GLIDE PATH* 

SUMMARY 

landing  system  ghde  path and assoclated  monltor  identlfled  as  the  dlrectlonal  ghde  path  It 
was  developed  at  the  Clvll Aeronautics Adrnlnstratmn  Technlcal  Development  Center  for  the 
speclflc  purpose of producing a stralght  path  at  sltes where  thrs was not  posslhle,  because 
of rough  terraln,  wlth  elther  the  equlslgnal o r  the  null-reference  gllde  paths A dlrectlonal 

West  Vlrgznla, where t!te t e r r a m  1s very  rough 
ghde  path w a s  Installed  and  successfully operated  at  the Kanawha  County  Alrport.  Charle4ton. 

Thls report  presents  the  theory of operatlon and tes t   resul ts  of an  Instrument 

INTRODUCTION 

The  gllde  path IS that  part of the Clvll  Aeronautics  Admlnlstratlon (CAA) 
Instrument  Landlng  System (ILS) uhlcb  provldes  the  pilot  wlth  vertlcal  guldance  durlng  an 
Instrument  approach  The  assigned  frequency  spectrum, 3 2 8  6 t o  335 4 Mc, accommodates 
2 0  channels  spaced 0 3 M c  

antenna  system,  from which a carrier and  90-cycle-per-second  (cps)  and  150-cps  sldebands 

wlth  equal  amounts of 90-  and  150-cps  energy Below path,  150-cps  modulatlon  predomlnates, 
are  radlated  The  system 1s s o  arranged  that  on  path IS cha rac t e rzed  by a carrler  modulated 

and  above  path,  90-cps  modulatlon  predommates 

an  lndlcatlon  whlch 1s a functlon of dlfference In depth of rnodulatlon (DDM) Smce  on-path 
1s characterlzed  by  an r-f carrier modulated  by  equal  amounts of 90-  and  150-cps  energy, 

lndlcator  deflects  downward to command  fly down and v ~ c e  versa  when  the  alrcraft 1s below 
the  lndlcator 1s centered when  the a l rc raf t  1s on  path When the  alrcraft  1s above  path,  the 

path * 
fleld  patterns of the  antenna  systems In current  use depend  on  ground  reflectlons  to  produce 

Several  types of antenna  systems  have  been  developed  to  produce a ghde  path  The 

a stralght  path  at  the  proper  angle For  the production of a stralght  path, It IS  necessary 

where  the  terraln  elther rises or falls  abruptly  near  the  approach  end of the  runway.  Irregu- 
that  the  terram ~n the  vrcrnty of the  antenna  system  be  reasonably flat and  level  At  sltes 

whlch  does  not  depend on ground  reflectlons for Its pattern formatLon 
larxtles In the  path  result In the  dlrectlonal  ghde  path,  the  path 1s formed  by a system 

gude  to  the  polnt of contact  durlng  the  crltxcal  operatlon of landmg, It 1s of extreme  Impor- 
tance  that a monltor be assoclated wzth the  ghde  path  system  whxh wl l l  provlde  an  alarm 
when  any  probable  comhlnatlon of malfunctlomng of the  system occurs It must  be  accepted 
that  perfect  monltorlng  (the detection of every conceivable combtnatlon of malfunctlonlng) 
LS practically xmposslble  to  attam  Thls 1s especLally  true  when one conslders  the  rather 
unhkely simultaneous occurrences of compensatlng errors A good monltor wl l l  detect all 
of  the  hkely  malfunctlons and a very  large  number of unhkely  ones In addrtlon  These  Include 

A transmitter on the  ground  near  the  approach  end of the  runway  energlzes  an 

The  aLrborne equipment, comprlsed of an  antenna,  receLyer,  and  mdlcator,  presents 

Slnce  the  &de  path 15 used  by  the  pllot  to  estabhsh  hls rate of descent  and  as a 

*Manuscript subrnltted for pubhcatlon  December 1957 

'R- A. Hampshire and B .  V. Thompson, "ILS-2 Instrument  Landlng Equipment," 
Electrlcal  Communlcatlons, Vol 27, No 2, June  1950 

'For a more  complete  dlscusslon of the  operatlon of the  gllde  path,  the  reader 1s 
referred  to  "The CAA Instrument  Landlng  System,"  by  Peter  Caporale.  Electronlcs. 
February  and  March, 1945 



F l g  1 Geometry of Path Generation 

fallure  wlthm  the  monltorlng  system  Itself,  vhxh  means  that  themon~torlng clrcultry mast 
be as  Inherently  fall-safe In nature  as  posslble T e s t  results with  the  rnonltor  developed 
for  the  dlrectlonal  ghde  path  and  descrlbed in thls  report  mdlcate  tnat I t  satlsfles  these 
requlrements 

THEORY O F  OPERATION 

Conslder  an  arrangement of two dlpoles A1 and A i ,  mounted  approxlmately one 
wavelength  above  the  ground  and  spaced I l s l '  electrlcal   degrees  as shown ~n F l g  I lf It 1s 
assumed  that  the  dlpoles  are  fed  Inphase.  then  at a polnt P I  located  at  ground  level,  the 
mstantaneous  phase of the r-f field whlch arr ives   f rom A1 wlll be delayed wlth reference to 
the  Instantaneous  phase of the r - f  fleld arriving from A2 by " s ' I  electrlcal  oegrees If we 
conslaer  polnt P 2 ,  a pomt  some  dlstance  above  ground.  thepbasedelay  wlll  be less than ' I s ' '  
electrical  degrees  It wlll slmpllfy  studymg  thls  phase  change If the  assumptlon 1s made 
that the energy  arrlvmg at P 2  t ravels   f rom the source In parallel   rays  as Shown In Flg 1 
Thls  assumptlon  wlll result In  a negllglble e r r o r  If pomt PL 1s a t  a dlstance  from  the  mldpomt 
between A1 and AL which 1 s  very  much  greater  than  the  spaclng  between A1 and A2 A t  

Flg 2 Phase  Dlfference  Versus Elevation Angle 
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Flg 3 Vectorla1  Representation of R - F  Flelds 

pomt P L  qt an  angle of 8 .  the  phase  delay  has  decreased  from l T s l i  degrees  to ( s  cos 9) 

phase of the  r-f   f leld  arrlvlng  from A1  advances  wlth  respect  to  thephase of the r-f field 
degrees  Stated  another  way,  when  polnt P mo\.es m elevatlon  to  Increase  the  angle 8 .  the 

arr lvmg  f rom A2 

phase  change In the  vlclnlty of 3- elevatlon  and  for a spacmg  between A1 and A2  of 240 feet, 
It wlll  be  helpful to conslder In somewhat m o r e  detal1  the  rate  ana magnitude of the 

be  flxed  arbltrardy  at  any  value  Assume  that  the  lnltlal  phaslng of the  feed  lmes  supplymg 
or  29388" at  335 Mc Dlpoles  AI  and A2 are  energlred  separately  and  the mltlal phase  can 

A I  and A i  1s adJusted  to  cause  the r-f flelds  to  arrive  Inphase  at P when  thls  pomt IS on  path 
angle (3 ' )  Flgure 2 shows how the  phase  dlfference  betweea  the r-f f lelds  arrlvmg at  P 

A2 was used a s  a reference If the  spaclng  between A I  and A2 was  Increased. a greater  
changes  as 8 varles  For constructing the  graph.  the  phase of the r - f  f le ld   arr lvmg  f rom 

phase  change fo r  a glven  change m 8 would r e d t  It will be  shown later  that  thls  offers a 
means  for  controllmg course wldth 

Flg 3, the  fleld  at  pomt P 1s the  vector sum of the two fleld  components  from A1 and A2 
It wlll  be  observed  that  the  sldeband  vectors of these two components  are  posltloned  dlffer- 

can  be  adjusted to cause  the two components of the r-f fleld to arr lve  mphase  a t  a polnt P 
ently If the  feed  lmes supplying the  energy  to A1 and A2 are Inaependent,  the  lnltlal  phasmg 

located on a h e  correspondlng to path  angle  The  xector  sum of the field components  con- 
tributed by AI  and A2, when  they  arrlxe  Inphase. 1 s  shown In Fig 4A It 1s seen  that  the 
resultant I S  comprised of a carrler  modulated  equally  wlth 90 and 150 cps  The  response 
of a standardlled  ghde  path  recelver to thls  Input  slgnal will be a centered  pomter on the 
course  devlatlon  mdlcator  (CDI) whlch  the  pllot interprets a6 on path 

angle 8 .  the  phase  dlfference of the two fleld  components  arrlvlng at P decreases  Thls 1s 
It was shown previously that  wnen  polnt P moves m elevatlon so as to  Increase  the 

equlvalent to saylng  that  when  the  arrcraft  moves from a poslhon on path to a posltlon 
above  path,  the  component of the  r-f  fleld associated wlth  A1  advances In phase  wlth  respect 
to the  fleld  component  from A2 Conslder  the  case  where  the pomt P. that 1s. the  alrcraft ,  
moves  sufflclently  above  path to cause a phase  advance of 90' Reference  to FLg 4B shows 
that t h s  condltlon e u s t s  at an  elevatlon  angle of 5 4' Figure 4B shows  the  relatlve  phasmg 
of the r-f fleld a s  It arrives at the  alrcraft  and  also  the  resultant of the two fleld  components 

the  150-cps sidebands cancel A standardized ghde  path receiver wdl  respond to thls signal 
The  flgure  shows  that  the  resultant  compnses a c a r n e r  modulated  at 90  cps  only  slnce 

by mhca tmg  fly-down to the  pllot 

Now conslder t'ne vector  charact- of the  energy  fed to A1  and A2 Referrmg to 

3Course  wldth - The  course wvldth above  path 1s that  angular  dlsplacement  from 
path  angle  at  whch  full-scale  fly-down  lndlcatlon IS obtalned  Slmllarly  the course wldth 
below  path 1s that  angular  departure  from on path  at  whlch  full-scale  fly-up  mdlcatlon 1 s  
obtamed  Total course wldth 1s  the 8- of the  angular  dlsplacement  above ana below  path 
a t  whlch  full-scale  lndxatlons  are  obtained  Unless otherwise stated. a reference to course 
wldtb  lmplles  total  course  width 
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F l g  4 Vectorla1  Representatlon of R-F  Fields  at Different Elevations 

sufflclently below  path to cause a 90"  phase  change,  the  90-cps sidebands cancel  and  the 
resultant  fleld  arrlvmg  at  the  alrcraft  antenna wlll be a carrler  modulated  at  150 cps only, 
F l g  4C The CDI will mdlcate  fly-up.  since  the  alrcraft I S  below  path  The  dlsplacements 
above  and  below  path where a 90 '  phase  shlft  occurs were chosen to Illustrate  the  behavlor 
of the  dlrectlonal  ghde  path  because  these two posltlons a r e  the  speclal  condltlons  for whlch 

Actually, fo r  the case of a 3" gllde  path,  the  pomt P could not be moved sufflclently  below 
elther  the 90-cps o r  the 150-cps  sideband  vanishes, a s  1s shown by the vector dlagram 

path to cause a 90"  phase  change  as  can  be  seen  from  the  graph  In Fzg 2 Also, It should  be 
noted  that a 90"  phase  shlft  produces  maxlmum DDM and  consequently.  maxlmum displacement 
on the CDI Vector  dlagrams  could be constructed  for  angular  departures  from  path of less  
than  that  necessary to produce a 90"  phase  change,  whlch  would show that  as  the  pomt P 
departs  from  the  on-path  posltlon. a progressive change In DDM occurs,  and  that  tbls  change 
1s nearly  llnear In the  reglon  near  path  angle  Flgure 5 shows a graph of DDM versus 
angular  departure  from  path,  for a path  angle of 3". carrier frequency of 335 Mc. and a 

By slmllar reasoning I t  can  be shown that when  the  pomt P, o r  the  alrcraft,  drops 



F l g  5 Dlfference of Depth of Modulatlon Versus Elevation Angle 

spacmg  between A1 and A2 of 29358 electrical degrees  The  relatlon  between DDM and 

deflectlon  obtams for  a current of 150 mlcroamperes 
CDI deflectlon 1 s  shown In F l g  6 The  lndlcator 1s xllustrated In F l g  I Full-scale 

above would satlsfy  the  requlrernents  for  vertlcal  gudance If Its use were  conflned to fllght 

constitute an  acceptable  gllde  path 
in a vertlcal  plane whrch Includes the centerllne of the array  However,  thls would not 

Conslder  the  behavior of the  system Just  descrlbed In three-dlmenslonal  space 
Assume  that  pomt P 1 s  located In the  vertlcal  plane  at  an  elevatlon  angle 9 and  that  the 
lnltlal  phasing IS such  that  the two separate  components of the T-f f le ld   f rom A1  and A2 
a r r ive  In phase  at a pomt  located  on  path It was shown that  as  the  polnt P moves above  path, 
a phase  advdnce  results  and  thls  produces a fly-down  lndlcatlon  As  pomt P moves ~n aelmuth 

fly-down  Indlcatlon 
at  a constant  elevatlon  angle, a phase  advance  occurs  also  and t b s ,  too, wlll  result In a 

The  slmple  arrangement of an end-flre  array of two radratmg  elements  descrlbed 

F l g  6 Course  Devlatlon Indicator Versus Dlfference of Depth of Modulatlon 
Converslon  Chart 



L PIL :torla1  Representatlon of Slrnple Dlrechonal  Ghde  Path 
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F l g  10 Plctorlal  RepresentatLon of Dlrectlonal  Ghde  Path  Antenna  System 

of the  antenna a r r ay  See  Flg 8 Thls obviously 1s undesirable since a gllde  path of thls 
type  would  provlde  the p ~ l o t  correct v e r t x a l  grudance  only IL the  vertlcal  plane  whxh  Includes 
the  centerlme of the  ghde  path  antenna  array o r ,  what IS very  nearly  the  same  plane.  the 
verbcal  plane  defmed  by  the  locahzer An I L S  approach  generally ulll Involve  some  lateral 
error  Consequently,  the  ghde  path  system  must  provlde  correct  grudance over an  area  whlch 
has a wldth  In  azlmuth at  least  comparable  to  the  locahzer course wldth  See  Flg 9 

course,  namely,  plus or  mlnus 2 112". two broadside a r r ays  of four  elements  each  are  em- 
ployed In the  dlrecbonal  gllde  path  The  arrangement of the  antenna  system 1s shown In 
Flg 10 Also  shown In the  flgure 1s the  relahve  phaslng of the  currents  supphed  to  the 
lndlvldual  elements  The  elements  are I d e n ~ l e d  In  accordance wlth the following groups 

The  locus of polnt P for  on-path  lndlcatlons would be a semlclrcle  about  the  centerlme 

In order to provlde a ghde  path  havmg a wldth ~n aelmuth  comparable to the  locakzer 

A1 and A4 - outer  palr,  forward  group 
A2 and  A3 - Inner  palr,  forward  group 
A5 and A8 - outer pal=, rear group 
A6 and A7 - Inner pan ,   rear   g roup  

horlzontal   rahahon  pattern of thls p a r  1s shown In Flg 11  The  spacmg of the Inner palr  1s 
The  horlzontal  spacmg of the  outer  palr IS 18 86 feet, or 2,309 5' a t  3 3 5  Mc The 

In  Flg 11 The  patterns  are symmetrical about  the  centerlme of the  system Both pal rs   a re  
6 29 feet  or 769 8" a t  3 3 5  M c  The horlzontal  radlatlon  pattern of the  Inner  palr IS shown also 

fed  wlth  currents of equal  amphtude It IS Important  to  note  that,  along  the  centerllne of the 
system,  the amplitudes of the r-f flelds of the  inner and outer pa l r s   a r e  equal As  polnt P 
moves ~n anmuth   a t  a coastant  eleratlon  angle,  the  fleld  lntenslty  at  po~nt P v a n e s  as shown 
by the  radlatlon  patterns in Flg 11 For  an  angular  departure of 4 49" from the  centerhne, 
the fleld  rontrlbutlon f rom thc outer p a r  reduces  to zero At any  azlmuth  angle.  the  total 
energy  arr lvmg  a t  a pamt F conslsts of the sum of a component  contrlbuted  by  the  outer  palr 

nents may be  representea  by R R 1s a functlon of azlmuth a n g l e  but not  of elevatlon angle 
and a component  contrxbuted by the Inner  palr The  ratm of the  amphtudes of these compo- 

The  horlrontal  spacmg  between  palrs of antennas  may  be  adJusted  such  that  the  effect of rel- 
atlve  phase s h f t  of the r-f flelds  as  pomt P moves horizontally at a constant  elevakon  angle 
wlll  be  compensated  for o ~ e r  a range of azlmuth  angle  greater  than  the  locallzer course 
llrnlts 

of an  end-flre  array, use was  made of vector  symbohsm  to  show how the r - f  fleld  arrlvmg  at 
a polnt ~n space  comblned  to  produce  the  deslred  on-path,  below-path,  and  above-path 
mdzcahons The same  procedure  can  be  used to descrlbe  the  operatlon of the ghde  path  when 

In descrlbmg  the  operahon of the ghde  path  system  formed by the  slmple  arrangement 



Flg  11 Horizontal Radatlon  Patterns of the  Inner Pan and  Outer  Palr 

the  forward and rear  antennas  each  are  replaced by a broadside  array of four  elements. It 

further  slmphflcatlon of the  vector  dlagrarns 1s tolerated  Accordmgly,  these  concepts m11 
wlll, however,  make for a  clearer  explanabon if a  fev  concepts  are  f lxed  in  mmd and If a 

be mtroduced  and  the  Justlflcatlon  for  the form of the  vector  dlagrams  estabhshed 

fleld  assoclated wlth  a rear  antenna  element is almllar  In  form  to  the  vector  representatlon 
of the r-f fleld  associated wlth a  forward  element with  one Important  &fference  Thls  hffer- 
ence  hes In the  posltlon whch  the  sldeband  vectors  occupy,  and 16 clearly shown In  Flg 3 
Thls 1s the only dlfference.  and  a simplification wlll be accompllshed i f  the  sldeband  vectors 
are  deleted  and  a  vector  assoclated wlth  the fleld  from  a  rear  element 1 s  dlstlnglushed by a 
dashed  lme The fleld  assoclated  wlth  a  forward  element  wlll be represented by a  sohd  lme 
It wlll  be understood  that  a  vector shown dashed  Includes  the sidebands assoclated wlth a r e a r  
element  (Flg. 3) and  that  a  vector shown sohd  lncludes the sldeband  vectors  whch  charac- 

made regarding the  resultant when  the r-f field  from  a  forward  element 1 s  comblned  wlth  tne 
terlze  the r-f field  orlglnatlng  from a forward  element  A  further  observatlon now can  he 

resultant  produces  an  on-path  mdlcatlon, If the  dashed  vector  lags  the  sohd  vector,  the  re- 
r-f   f leld  from  a  rear  element If the dashed vector and  the  solld  vector  combme In phase,  the 

resultant wlll  produce a fly-down  ln&catlon.  These three conhhons   a r e  IllustTated ~n F l g  12. 
sultant wlll produce  a  fly-up  mhcakon,  and If the  dashed  vector  leads  the  sohd  vector,  the 

If attentlon 1s conflned to 0 to 90 '  of phase  lead or  lag, It 1s noted  that  the DDM. or  the 
amphtude of the  fly-up  or  fly-down  mhcabon.  is  a  functlon of the  amount of lead  or lag The 
relatlonshlp 1s very  nearly h e a r  and 1s shown ln  Flg. 1 3  

a  broadside  array of four  elements for the  forward  group  and  a broadside ar ray  of four 
Returnmg now to  the  descrlptlon of the  behavior of the  &rectmnal  gllde  path  emplopng 

the  pomt  bemg  consldered  Four  separate  components  are  ldentlfled  as  follows 
elements  for the rear  group, It wrll  be  necessary  to  study  the  resdbng r-f fleld  In  space  at 

Returrung  to  the  &agram In F lg  3, observe  that  the  vector  representation of the  r-f 

Al-A4  component  orlglnatrng from outer palr. forward  group 
AZ-A3 component  orlglnatmg  from  Inner pan, for-ard  group 
A5-A8  component  orlgmakng  from  outer pan. rear  group 
Ab-A7 component  orlglnatlng  from  Inner pan, rear  group 

m Flg  14 
The lrutial phasing 1s as represented ~n Flg. 10 The angles 0 . a .  a n d y   a r e  defmed a s  shown 
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Vectorla1  Representahon of RF Flel .ds at  Differel It Eleva ,hens 

the  centerhne of the a r r a y  (e, a ,  and y all   zero) The  relatlve  phaslng of the two components 
Conslder  the  phase  relatlonshlp of the  r-f f le ld   as  I t  arrives In  space  at a pomt  along 

associated wlth  the  Inner  and  outer  palrs of the forward  group (A1-A4 and AZ-A3) mus t   r e -  
mam  at  90"  smce t h ~ s  1s the  lrutlal  phaslng  and tke &stance  traveled by these  components  to 
a r n v e   a t  a polnt  along  the  array  centerhne 1s equal The same  IS true of the  phase  relatlon- 

group  However, the  Instantaneous phase  relahonshlp between  the r-f fleld f rom the r e a r  
shlp  between  the components of the field  arrlvlng  from the  Inner  and  outer pairs of the  rear  

group  and  the  forward  group  can be controlled by  a phaser In the  llne  fee&ng  the  rear  group 
It will help to visualize the  effect of thls control If 11 1s regarded  as a means of rotahng  tne 
dashed  vectors of F l g  15 If the  control 1s moved ~n  a duechon  to  Increase  the length of the 
lme  feedmg  the  rear  group.  the  effect mll be to rotate  the  dashed  vectors  In a clockwlse 
&rectlon.  and If the control IS moved  In a dlrecbon  to  shorten  the  hne  length.  the  vectors 
move ~n a counterclockwise h rec t lon  Note that both vectors must move  together,  therr 
relahve  poslhon  remalnmg  fixed 

Next. conslder a polnt m space  located  along the hne   for   whch 8 = 3', a and y = 0'. 
Thls p a n t  IS on path  and m the  plane whlch Includes  the  antenna  system  centerlrne  The  In- 
stantaneous  phase  relatlonshp  between  the r-f field  from  the  forward  and  rear  groups 1s 

In Flg 15 
controllable  and thls will be adps t ed  so that  the  arrlvlng r-f fleld  has  the  relahonshlp shown 

_- - 
.*I 

I/- 

F i g  1 3  Dlfference of Depth of Modulabon  Versus  Phase  Shlft 
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F l g  14 Plctorlal  Representatlon  Illustratmg  Angles  Involved 

An mspechon of F I g  15 shows  that it satlsfles  the  necessary  condlhons  for  an  on-path 
m&catlon  Thls  can  be verified by regarhng  the  total  fleld  as the sum of  two components 
One of tnese  components 1 s  the  vector  sum of Ab-A7  and  Al-A4  The  other  component 1s the 
vector  sum of AS-AB and A2-A3 Each of t h e s e  two components 1 s  of a form  whlch  satlsfles 
the requirement for  on-path  lndlcatmn  and It 1s concluded  that  the  sum  satlsfles  the reqmre- 
ment for on-path  Indlcabon  Next,  conslder  what  happens  when the pomt P moyes  above  path 
in a plane  whch  Includes the centerllne of the  antenna  system  Thls wlll  have the effect of 

trates  the  phase  relatlonshlp of the r-f ene rgy   a s   i t   a rnves  a t  a point P above path An In- 
causlng  the  dashed  vectors  to rotate  counterclockwlse  The vector  dlagram of F l g  1 6  l l lus- 

spectlon of thls  dlagram  shows  that It wulll result  m fly-down  lndlcatlon  Thls  can be verlfled 
by reasonmg  slmilar to that  used  above  Regard A6-A7 and A1 -A4 to be one  component of 
t h e  total   energy  arrlvmg  at  P Regard A5-AB and  A2-A3 a s  one  component  Note  that  each 
of these  companents (A5-AB plus  A2-A3 or Ab-A7 plus  Al-A4) by themselves  wlll  contnbute 

mdicatxon 
a fly-down  Inhcahon  It 1s assumed  that  the s u m  satlsfles the reqlurement  for  fly-down 

Now conslder  what  happens when  the  polnt P moves  along a lme  perpendlcular to the 
centerlme of the  array The borlzontal  radlahon  patterns of the  Inner and outer  palrs wl l l  
Introduce  an  effect  whch IS not  present when P moves In the  verhcal  plane  The  vector  dla- 
gram  showmg  the  phase  relahonshlp of the arrlvlng r-f energy w ~ l l  have  an  appearance  mm- 
ilar  to  the  dlagram  for  the  case  where P moved  above  path,  but In adhuon   t o  a phase  rotatlon 
of the  vectors. a change  In  amphtude -11 occur  Thls  change In amplitude 1s the  effect  Intro- 
duced by the  horlzontal  patterns of the  mer and  outer  pams  whch,  as  previously  menboned, 
a r e  a functlon of azlmuth  angle An lnterestlng  case  occurs when pomt P moves In azimuth 

and  forward antenna  groups 
sufflclently to  cause a 9O'phase  change  between the r-f f lelds  arriving  at  P f rom  the   rear  

REF nix15 

Flg 15 Vectorial  Representatlon of "On-Path"  Con&tlons 



FLg 16 Vectorla1  Representabon of "Above-Path"  Condlhons 

Y = 0" to a polnt  where e = 3" and = 4 49" T h s  can  be  derlved In the  followmg  manner 
A 90" phase  change  wlll  result  when P 1s displaced  from a posltlon  where 8 = 3' and 

a =  (1) 

From  small  angles,  the  phase  change  can  be  calculatea from the  relatlon 

/3=  s - s c o s  (I ( 2 )  

Thls 1s analogous to the  method  used  to  determne  phase  change  when  the  motlon of P was 

the  equatlon  reduced  to 
confined to a vertxal  plane  whxh  Included  the  array  centerlme m which casey was zero and 

/ 3=  s - s cos e (3) 

F o r  a spacmg  between  the  forward  and  rear  antenna  groups 8 = 29386". the  phase  change as 
P moves  from a pomt  at  ground level to a poslhon on path  wlll be 

0: 29368 - 29386 cos a 

= 29388"- 29347' 

= 41" 

If P now moves m azlmuth to a posltlon  where B = 3" and y = 4 49'. the  total  phase  change 1s 

p =  s - s cos 5 40 

= 29388 - (29388 x 0 9956) 

= 131" 

Observe that the  phase  change  whch  results  when P I S  dlsplaced 4 49" in  azlmuth 
(from e = 3', y = 0" to e = 3",y = 4  49") 1s 131" - 41" or 90" 

the  phase  shlft 1s 90"  and,  consequently,  the  dashed  vectors are  rotated  counterclockwlse 
90'  Smce the mohon 1s m azlmuth,  the  amplitude  also is affected.  The  amplltude of the two 
Inner-pan  vectors  decreases  from  the  reference  amplltude of m t y  on the array  centerlme 
to  a value of 0 87  at 3' f rom the centerhne.  The  amphtude of the  two  outer-palr  vectors re- 
duces  to   zero  Th~s  accounts  for the  absence of the  outer-palr  vectors m Flg 17 Ths flgure 
1s parbcularly  lnterestlng  slnce  the  contrhubon  from  the  outer  pan  reduces  to  zero at  the 
eame b m e  that the vectors  represenhng the contrlbutlon  from  the  Inner  palr  colnclde.  Thls 

The  vector  hagram IS shown m Fig 17 In constructing ths  diagram, It is noted  that 
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REF AXIS 

R f  ENERGY 
DIRECTIONAL GLlDE PalH 
ELEV4TION DNGLE - 3- 
* I I Y U T H  l N G L E  - 3' 

I __r __ -. _Y 

_- 
Fig. 17 Vectorla1  Representatlon  for a Dlsplacement of 3' from  Array  Centerllne 

condttlon of comcldence of Inner-pan  vectors  defines on path  and  smce It IS the only 
resultant,  the  response  at thls azlrnuth  angle 1s on  path  Tlus 1s a slgnlflcant  result  slnce r t  
has  been shown that  an  on-path  condthon  emsts  at  path  angle when y = 0 and  at  an  ammuth 
angle of 4 49' 

TEST RESULTS 

Descrlptlon of lnstallatlon 

West  Vlrglma  The  unusual  terraln  encountered  at  thls  axport IS shown In F l g  18, w h c h  18 

A &rechonal  gllde  path  was  installed  at  the  Kanawha  County Airport. Charleston. 

a proflle of the  sechon  along  the runway centerlme  The  antenna  system  was essentially the 
same  as  descrlbed m the  prevlous  sectmn. In the  Charleston  mstallatlon.  however,  both 
horlsontal  spacmg  and  lnltlal  phaslng  were  adlusted  experlmentally  to  those  values  whlch 
resulted In optlmum  performance 

necessltated ad~ustments  of the antenna  system to produce a path  angle of 3 7 "  
approach  end at  an  angle of 0 7" The  deslred  mchnatlon of the  ghde  path was 3 0' This 

runway  to take advantage of the available wldth of the  ghde  path  whlch IS approwmately 10.Oo, 
as shown In Fxg 18A Thls  arrangement  provldes a glide  path  whlch 1s usable  closer  to 
touchdown  than otherwise would be  obtamed If the  centerlme of the  array  was  parallel to the 

At  the  Kanawha  County h r p o r t  the  Instrument  runway  slopes  downward  toward  the 

The  centerhne of the  array  was  Inchned 2"  In  azlmuth  toward  the  approach  end of the 

14W 

,200' 

I W O  

800 

6W 
0 zwo 4 m  6000 a m  IWOO 12000 _- 

APPROACH PROFILE -_n -. -%" 

Flg 18  Approach  Profile,  Kanawha  County  Amport,  Charleston,  West Vlrgn-ua 
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F l g  1BA Plan Vlew Showlng Horizontal Wldth of Dlrectlonal  Ghde  Path 

runway F lgure  18B,  whlch IS an  enlarged mew of the area  near touchdown,  shows  that  when 
the  amcraf t  on  the  approach 1s correctly  ahgned  laterally  (localmer  needle  centered),  the  glide 
path  termnates  when the alrcraft   reaches  an  alt l tude of approumately 30 feet above  the run- 
way  Flgure 19 shows the  forward  and  rear  groups of array  elements and the  momtor  plckups 
of the  Kanawha  County  Alrport  mstallatlon 

Path  Shape 

a series of low approaches  was flown  In a DC-3  alrcraft   Flgure 20A shows a typlcal  recorhng 
After  the  antenna  array  was  aligned  properly  and  phased  for optimum wldth  In azlmuth, 

of the CDI durlng  an  approazh Along the  margm of the  recordlng  are  mdlcated  the  positions 
of the  outer  marker,  the inner marker,  and  the  approach end of the  runway  Thls  type of r e -  

of path  stralghtness  smce  both  turbulence and the  pllot's  proflclency  affect  the CDI indications 
cormng 1s used  frequently  to  establish  the  stralghtness of the  path  It 1s an  lndlrect  measure 

However.  It  has  been  customary to defme a path as  acceptable when  the  recording of the CDI 
on a low approach  shows excursions whlch do not  exceed  plus o r  m n u s  30 mlcroamperea, o r  
one dot 4 Usmg thxs mterpretahon,  the  recordmg of the low approach shown ln  Flg ZOA would 
deflne a path  that 1 s  acceptable  regarhng  stralghtness It IS, m fact, a flne  approach,  the 
excursions being  confined to approumately  plus or rmnus  one-half  dot 

Vertlcal  Path Wldth. 

level (MSL) toward  the  approach end of the runway  and  along  the  runway  centerllne  Thls  test 

beneath  path,  and  general  characterlstxs of the  crossover  The  recordlng of F l g  ZOB shows 
and  the  resulhng  recording  are  used  to  measure  path wldth  In the  vertlcal  plane,  clearance5 

that  the  clearance  beneath  the  ?ath LE good,  the  crossover 1s -form,  and the course  wldth In 
the  vertlcal  plane 16 1 2 "  Thls  course wldth 1s very  nearly In the center of the  llrmts 
estabhshed  for course wldth 

Horizontal  Path Wldth 

f r o m  the  approach end of the  runway  Thls  recordlng  glves a measure  of the  wldth of the 
MSL perpendicular to the  runway c e n t e r h e  and at a &stance of approvlmately 4 112 rmles 

Its llmlts  Slnce  the  locahzer 1s normnally 5 0"  m wldth, thls provides a measure of the 
course  in  azlmuth On the margln of the  recordlng 1s lndxated  the  center of the locahzer  and 

azimuthal  wldth of the  glide  path,  whch 1s approumately 10 0" 

Flgure 20B shows a recordlng of the CDI durmg  level  fhght at 2,300 feet  above  mean  sea 

Flgure 20C 1s a recordlng of the CDI when the  alrcraft  was flown  In level  fhght  at  2,300 

4150 mlcroamperes 1s equal  to 5 dots 

'Clearance 1s deflned  a6  the  raho,  in db, of the 90-cps signal to the  150-cps  slgnal. or 
vlce  versa.  obtarned  after  demoddatlon of the r-f field  at  any  point  In  space by means of a 
Lnear  detector. 
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Measured  Ghde  Path  Data 
From  the  fhght  tests  at   the Kanawha  County Alrport.  the  followlng  data  were  calculated 

Path Angle 
Vertlcal  Fath Width 

- L 94" 
. M 6 3 5 "  

Horlzontal  Path  Wldth - 
First False  Path  (path  Inverted) 

M 5' 

Second  False  Path  (path  uprlght) 
- 6 29' 
- 8 52' 

F i g  19 Antenna System Installed  at Kanawha  County A u p o r t .  
Charleston,  West  Vlrgmla 
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Flg  20 Recordlngs of Fhght   Test   a t  Kanawha  County I l r p o r t ,  
Charleston,  West  Vlrglma 

Importance of Phasmg  Stabzllty 
As prevlously explained, the  path  angle 18 deterrmned by  the  mlbal  phaslng of the 

currents ~n the  forward  and  rear  antenna  groups  In the actual  mstallabon,  a  phaser  was  In- 
ser ted In the  lme  supplylng  energy to the  rear  group Thls phaser  provldes a convement 
method  for  controlkng  path  angle,  and l a  very  useful when  malung  lrutial  adJuStments  durlng 
lnstallatlon It can  be  used  to  vary  path  angle,  lncludmg  adJustment  to  an  angle of 0". w b c h   i n  
turn allows  measurement of path  wldth  by the use of ground  equlpment  Thls  convenience of 
path  ad]ustment,  however, 1s obtalned  at  a  prlce  The  stablhty of the  path 1s dependent c o m -  
pletely on the  phase  stahlllty of the  hnes  feedlng  the  forward  and  rear  antenna  groups  During 
early  expenmental  work, &fflcu?ty  was  encountered  with  the  Type RG-BIU coawal  cable 

cable has  substantially less  loss and 1s much more  stable  than RG-BIU The InstallatLon at 
Thls dlff~culty  vamshed when Styroflex cable was  subsbtuted for RG-a/U cable  Styroflex 

Charleston  was  equpped -with Styroflex  cable  For  approumately SIX months,  path  posltlon 
remamed  ulthln  plus o r  m n u s  0 07' 

~~ ~ ~~~~ ~ ~ 

THE MONITORING SYSTEM 

Purpose 

malfunchomng,  properly  tlrmng  the  equlpment  transfer,  provldmg  the  control  tower  mth  both 
The  monltorlng  system  has  several  essenbal functions detecbng  the  presence of any 
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visual  and  aural  notice that a  transfer  has  taken  place,  and  shuttrng down the  faclhty rf 
transfer  to  standby  equlpment  falls  to  correct  the  out-of-tolerance  conhhons 

and must  provlde  an  alarm  whenever  these  rahatlons  devlate  from  normal by a  speclfled 
amount  The  devlatlon h m t s   a r e   a s  follows 

The  momtor  must  check  the  rahatlons  from  all  elements of the  antennas  contlnually 

2. A change m path  mdtb of  0.4' 
1. A sluft of path  poslhon  above  or  below  nomnal by 0 2' 

3 A reduckon  in  power  output  to 50 per  cent of normal 

Principal  Components. 

descrlptlon of each IS mcluded 
The  following  equpments  are  the  prlnclpal  components of the momtor system  A  brlef 

1  Glide Path Momtor  Type  CA-1363.  The  gkde  path  monitor  operatlng  with 1 t B  

assoclated  fleld  detectors  actuates an  alarm  clrcult .  and  an  automatlc  transfer  circut which 
places  standby  transmtter  equpment  in  operatlon.  whenever  transmtted  slgnals  devrate 
from  the  apecrfied h t s .  

Basically,  the  momtor  consists of three  channels  described as followe 

a. Path Channel  The  path  channel  provldes  meter  rndicatlons of the  amphtudes 
of the 90- and  150-cps  szgnal  components  from  the  output of the  on-path  field  de- 
tector,  and  provldes  alarm  mhcatlon  when  the  raho of the 90- to  150-cps  srgnal 
components  danates f r o m  normal by a  preset  amount 
b Modulatlon Level  Channel.  The  modulahon  level  channel  provldes  meter  Indr- 

fleld  detector,  and  provrdes  alarm  lnhcatlon when the  combmed  level of the 90- and 
cahon of the  comblned 90- and  150-cpe amplitude from  the  output of the  on-path 

150-cps  signal  components  falls  below  a  preset  value 

amplitudes of the 90-  and  150-cpa  signal  Components from  the  output of the  off-path 
C.  Clearance  Channel  The  clearance  channel  provldea  meter  lndrcahons of the 

field  detector. 2nd provldes   a larm  mhcahon when  the  ratlo of the 90-  to  150-cps 
s ignal  componente  devlates f rom  normal  by a preset  amount  The  clearance  chan- 
nel  also  provldes  alarm  lnhcatlon when  the  comblned  level of the 90- and  150-cps 
signal  components  falls  below  a  preset  value 

mountlng In a  standard  relay-rack  cahlnet  The  helght of the  panel  1s  14  Inches.  the 
maamum  depth belund the  panel 1s 12 112 rnchea  The  Type  CA-1363  momtor 1s shown In 
Fig.  21. 

The  ghde  path  momtor le contarned  In  a  smgle  enclosed  unlt wrth door  panel  for 

the  gkde  path  momtor  to  faclhtate  the  detection of the  on-path  and  off-path  signals  The  out- 
2. Ghde  Path  Momtor  Fleld  Detector  Type CA-1364. Two fleld  detectors  are  used wrth 

put of the  on-path  field  detector  actuates the path  channel of the  momtor,  the  output of the 

detector 1s desrgned  for  mountng on an  uprlght  support  or  pedestal  TI the  field 
off-path  detector  actuates  the  clearance  channel  mcorporated m the  monitor  The  field 

Operatlon of the  MoNtor 

ghde  path  array  are lughly  drrectlonal,  and m order that the  field  detector  can  receive suf- 
ficlent  energy  from  each of the  m&vldual  elements, It IS necessary  that  the  antenna of the 
field  detectors  be  eqmpped wl th  a  reflector  and a director  to  obtarn  the  deslred  fleld  pattern 
Figure 23 l a  a  view of the  fleld  detector  mstallahon. 

The  locahons of the  on-path  fleld  detector and the  off-path  freld  detector  were 
deterrmned  experimentally, so that  any  phase or amplrtude  change  in  any  one  antenna of the 
hrectional  gkde  path  array which 1s sufflclent  to  cause a change  in  path  posltlon o r  wrdth 
exceedrng  deslgnated  tolerances  wlll  operate t h e  monltor  alarm 

SlgMl of greater  than  five  seconds'  duratlon. t h ~ s  unlt smtches the antenna  array  to  a  standby 
The automatlc  transfer unit is  operated by the  momtor  output Upon recelvlng  an  alarm 

t r a n s m t t e r  and  a  standby  modulatlon m t  Slmultaneously.  an  alarm  signal IS sent  to  the 
control  tower to glve  both vlsual  and  aural  nohce  that  a  transfer  has  taken  place If, after 
the  changeover  takes  place,  the  alarm  slgnal Contlnues for  five meconds. the  faclkty l a  shut 
down A  fur ther   requrement  of the  momtor le. that when power returns  after a power  farlure, 

The two field  detectora  are  located  as shown  In Flg.  22 The Yagl  antennas of the 
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Flg  21 Glide Path Momtor Panel 

F l g  22 Physxcal Layout of Ghde  Path System 
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F l g  23 Monltor  Field  Detector 

equlpment  have had approxlmately one mlnute  In  whlch  to  warm up 
the  monltor  shall be prevented  from glvmg an  alarm  untll  after  the  statlon  and  monltor 

Its proxlmlty  to  the  runway  and  the  dlstance  between  the  forward  and  rear  arrays  If 
The  dlrectlonal  gllde  path  array  creates  an  unusual  monltormg  problem  because of 

slmple  on-path  and  off-path  fleld  detectors  were  used,  as In the  case of the  standard  ndl- 
reference  ghde  path,  they would have to be located  at  a  dlstance  very  much  greater  than  the 
dlstance  between  the  forward  and  rear  arrays  Smce  thls  spaclng is approximately 240 feet, 
the  monltor  locatlon would have  to be approrlmately 1,200  to  1,500 feet  In front of the 
antenna  system  for  the  same  sensltlvlty  to a change 1n path  conflguratlon  Thls  dlstance 
would make  sitlng  requlrements  most  dlfflcult 

Test  Results 

correlated  wlth  the  field  detector  mdlcatlons. two telephone  poles  were  erected  temporarlly 

Half-wave  dlpules were  mounted on thls  pole a t  2 5' (43 6 feet)  and  at 2 0" (35  feet)  above 
1,000 feet  In front of the  ghde  path  array One  pole  was  placed on the  centerllne of the a r r a y  

the  ground  The  second  pole  was  placed  3 0' m  azimuth  from  the  centerllne of the a r r a y  
A half-wave  dlpole  was  mounted on thls  pole a t  2 5" (43 6 feet)  above  the  ground  The 
dlpoles  were  connected  to  standardlzed  gllde  path receivers A standardlzed gllde path 

0 75' Thus,  the CDI deflectlon  can be converted  Into  change-of-path  posltlon  m  degrees, 
recelver  produces  a CDI deflectlon of 150 microamperes  for  an  off-path  devlatlon  angle of 

and  can be used  for  cahbratlon  purposes  The  monltor  panel  sensitlvlty  controls  are  set  to 
alarm  when  the  path  angle,  as  measured  in  the  vertlcal  plane whlch  Includes  the  runway 

t ransmlt ters  
centerhne, 1s changed  plus or   mmus 2 degrees  by  use of the  phaser  mcorporated  In  the 

tests  were  made wulth a  Type CA-1364 fleld  detector,  located 48 inches  above  ground,  at 
Intervals of 0, 3,  6, 9, and 12 feet  perpendicular  to  the  centerllne  and  approumately  midway 
between  the  front  and  rear  arrays  It  was  determlned  from  these  tests  that  the opt1mum 
locatlon  for  the  on-path and off-path  fleld  detectors IS a t  6 feet  and 12 feet,  respectlvely, 
perpendlcular  to  the  centerhne  and  approximately  mldway  between  the  front  and  rear  arrays 
The  field  detectors  were  mounted on the  side of the centerllne of the  system  away  from  the 
runway 

In order  that  varlatlons In the  path  at 1,000 feet  dlstance  could  be  compared  and 

In order  to  determlne  the  optlmum  posltlons of the  on-path  and  off-path  detectors, 

A tabulatlon of the  test  data  for  the f l n a l  locatron of the  field  detectors  follows 
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CONDITION I 

An  open  transrnxsslon  hne  to  any one of the elght  transmlttlng  antennas 

Antenna 
Number 

1 

2 

3 

4 

5 

6 

7 

8 

Response as Measured  in  Space 
1000 Fee t  Distant Monltor  Response 

0' Aslrnuth 3. Ammuth On-Path  Clearance 
(degrees) (degrees) (degrees)  (degrees) 

+Full scale8 +Full scale* +O 36 -0 94 

-Full  scale* -0  68 t o  88 t o  16 

-Full scale*  -Full  scale+ -0 34 -0 51 

+Full  scale* +O 41  +1 56 +O 51 

+Full  scale* +Full scale+ -0 32 -0 21 

-Full scale*  -Full  scale* -0 45 -0 02 

-Full  scale* -Full scale* -0 82 t o  01 
+Full scale* +Full  scale* t o  76 -0 31 

- - 
- - 

- - 
- - 

- - 
- 
- 
- - 

Modulation Modulatlon 
On-Path Clearance 

Level Level 

(per cent) (per  cent) 

195 108 

112  114 

53  64 

126 97 
46 36 

88 75 

76 35 

172 

- - 

- - 

118 
- 

lndicate  alarm condition (Path  angle *O 2 degrees  Modulation  level  below 70 ) 
*Full scale  mdlcates  a  dewailon of 0 75  degrees  or  greater  Underllned  values 

CONDITION 11 

A  short-clrcuxted  hne  to  any one of the elght  transmlttmg  antennas 

t o  44 

-Full scale+ 

-Full scale* 

t o  34 

+Full scale* 

-0 40 

-0 55 

t o  65 

+Full scale* 

-Full  scale* 

+Full  scale* 

-0 22 

+Full  scale* 

-Full scale* 

-0 18 

+o 37 

+o 78 

-0 22 

-1 68 

t o  83 

t o  69 

-0 98 

+o 49 

t o  82 

- 
- 
- 
- 
- 
- 
- 
- 

-0 82 

+O 17 

-1 16 

+o 24 

+O 42 

- 1.40 

t o  75 

-0 31 

- 

- 
- 
- 
- 
- 
- 

157 

48 

128 

74 

80 

90 

49 
162 

- 

- 

122 

77 

91 

70 

86 

75 

142 

176 

lndlcate  alarm  condltlon  (Path  angle *O 2  degrees  Modulatlon  level below 70 ) 
*Full scale mdlcates a deviation of 0 75 degrees or greater  Underlmed  values 
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CONDITION 111 

Flfty-ohm  dummy  load substituted for any  one of the  elght  transmlttrng  antennas 

Antenna 
Number 

1 

2 

3 

4 

5 

6 

7 

8 

Response as Measured m Space 
1000 Feet Dlstant 

0' Azimuth 3' Azlrnuth 
(degrees) (degrees) 

+Full scale* +Full scale* 

-Full scale* -Full  scale+ 

-Full scale* -Full  scale* 

+Full scale* t o  15 

+Full  scale+ +Full scale* 

-Full  scale+ -Full scale* 

-Full  scale* -Full scale* 

+Full  scale* +Full scale* 

Monltor  Response 

On-Path  Clearance 
(degrees)  (degrees) 

t o  33 -0 82 

-0 11 t o  31 

-1  10 -0 77 

+1 16 t o  40 

+o 20 t o  22  

-0 67 -0 59 

t o  20  t o  11 

+o 78 t o  39 

- - 
- 

- - 
- - 
- - 
- - 
- 
- - 

Modulation 
On-Path 

Level 

(per  cent) 

170 

56 

94 
88 

59 
83 

57 

145 

- 

- 

- 

Modulatlon 
Clearance 

Level 

(per  cent) 

112 

84 

81 

83 

55 - 
- 55 

71 

167 

lndlcate  alarm  condltmn  (Path angle *O 2 degrees  Modulatlon  level below 70 ) 
*Full scale lndlcates a devlatlon of 0 75  degrees or greater  Underlrned  values 

CONDITION IV 

the  elght  transmlttlng  antennas 
Thlrty-degree  transmlsslon-hne  extenston  Inserted In the  transmrsslon lme at any  one of 

1 -0 09 
2 -0 32 

3 -0.43 

4 -0 15 

5 +O 42 

6 t o  01 

7 +O 05 

8 +o 44 

t o  50 

-0.43 

-0 88 

+o 45 

-0 14 

t o  37 

+O 25 
+O 42 

+O 69 

-0 43 

-0 49 

-0 22 

+o 38 

+o 11 

+O 25 

-0 11 

__ 
- 
- 
- 
- 

- 

t o  09 
-0 19 

-0 39 
-0 21 

t o  35 

t o  37  

to 26 

-0.56 

- 
- 
- 
- 
- 
- 

102 

102 

124 

74 

103 

76 

89 

127 

112 

93 
106 

88 

101 

84 

112 

93 

mdlcate  alarm  condltton  (Path  angle H3.2 degrees  Modulatlon  level  below 70 ) 
*Full  scale  mdlcates a devlatlon of 0 75  degrees or greater  Underlmed  values 
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INCHES 
' 8  - m u  

-m.r., _m 
I._". ,-*... 

F l g  24 Data From  Monltor  Field  Detector for Determlnatlon of Monltor  Fleld 
Detector  Posltlonmg 

centerllne  and adjusted fore  and aft for 0 db 90/150-cps  ratlo  and  the off-path fleld  detector 
It wlll  be  noted that  when the  on-path fleld  detector  was  placed 6 feet from the 

was  placed 12 feet from the  centerlme  and  adpsted  fore  and  aft for 12 db  150/90-cps  ratlo, 
a t  a posrtlon  where  the  carriers  were In phase,  all  simulated  condltlons of malfunctzonmg 
showed  the  monltor to be approximately as  sensltxve to the  varlatlons  as  the receivers were 
on  path  at 1,000 feet 

parallel  to the  centerllne  are  plotted  In F l g  24 Both  the  demodulated  output  and  the 
90/150-cps  ratlos  versus  dlstance In mches  are  shown It can be seen  from  the  alarm 
llmlts  that  the  posltlon of the  fleld  detectors  must be rlgldly  fixed In the  front  and  rear 
dlrectlons  In  order  that  ground  freeemg  and  thawlng would  not  affect  these  posltlons,  each 
of the  detectors  was  supported by a two-Inch  aluminum  plpe  and frangible couphng  mounted 
on  a concrete  base whxch extended below the  frost  lme 

one of the  elements of a fleld  detector A large  wet  cloth  was substituted for the  blrd on the 
end of a dlpole  and  reflector  The  presence of the w e t  cloth  caused a large change In both 
the  arnplltude  and  the  90/150-cps  ratlo  as  lndmated by the  monltor  The  lnformatlon 
obtamed from thrs  test  showed  that It was  necessary  to  provlde  protection over the  entxre 
fleld  detector  antenna  Covers  made of flberglas  were  found to provlde  satisfactory 
protection 

Tests  also  were  conducted  to  determzne  the  effect a change  In  power  level to 

momtor  lndlcatlons fo r  a change  m  power  to  the rear  antenna  array  are  tabulated below 
each antenna array would have on path  wldth  and  momtor  lndlcatlons Flight-test data  and 

Data  obtamed  by  movlng  the fzeld detector  forward  along a hne 1 2  feet from and 

Tests  were  conducted to slmulate  the  effect of a large  bird  perched on the  end of 

Power m 

(watts) 

Measured 
Course  Monltor  Monltor Modulation 

Rear   Array Attenuation Wldth  On-Path  Clearance  Level 

Monltor 

(db) (degrees) 90-cps  150-cps 90-cpe 150-cps  (per  cent) 

4 6  0 1 086 100 100 100 100 100 

2 2  3 2  1  278 74 74 62 73 71 

0 9  7 08 1 376 46 49 25 54 58 
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arrays  spreads  the  path  by 0 29" The  same  attenuatlon  caused  the  on-path  momtor readxngs 
A s  shown In the  above  data, a 7 OB-db attenuatlon  between  the  front  and  rear  antenna 

of 90 and 150 cps to  show a dlfference of 0 5 db  and  the  clearance  momtor  readlngs  to  show 
a dlfference of 6 7 db. Nelther of these  dlfferences IS sufftclent to cause  an  alarm,  however, 
the  on-path  modulation  level meter readmg showed a decrease of 4 7 db,  whlch w a s  sufflclent 
to  cause  an  alarm 

w a s  taxled.  turned  around,  and  parked on the  runway  opposlte  the  center of the array  The 
To  test the  effect of  a large reflecting object  near  the  array, a Douglas  DC-3  aLrplane 

maneuver  caused no alarm A Lockheed  Constellatlon aircraft, whose wings extend  out 

t a x ,  takeoff,  and  landmg  Trucks  and  personnel  movlng  about m the  area  between  the 
farther  than  the DC-3. caused  lntermlttent and very  short  duratlon  alarm  condltlons  durlng 

transmlttmg  antenna and  the monltor  ileld  detectors  cawed  an  alarm  condltlon 

dlstances  from  the  monltor  fleld  detector  It  was found that  the  effect w a s  greatest   near 
and  under  the  detectors and less as  the  mat  was  moved  farther  touard  the  front  or  rear 
arrays  The  stablllty of the  fleld  detectors  appeared to  Improve  by  the  use of a 30-foot 
dlameter  steel  ground  mat  lmrnedlately  under and  abour the  detector 

mat  slmllar  to  the  above was. found  necessary  Durlng a sudden  ram  squall, It was found 
that  the  ground  condltlon  varled  enough to cause  an  alarm due to amplitude change In the 
recelved  demodulated  slgnals 

path  has a usable  llmlt In azlmuth  somewhat  greater  than  plus o r  mmus 5 0' Beyond the 5 "  
departure  from  the  array  centerhne,  the  locus of potnts 1s charactenzed by equal 90- and 

Kanawha  County Alrport,  the area  at  about 6 0 "  from the  antenna  centerllne and 1,500 feet 
150-cps  modulatlon  from a llne  whlch  mtersects  the  ground  at  approxlmately 6 5" On  the 

was  Installed  at  thls locatLon for  collectmg  data on the  stablllty of the  path  posltlon and 
from  the  antenna 1s easlly accessible for  the  InstallatLon of measuring  equtpment Equxpment 

on-path  wldth 

Tests  were  conducted t o  determlne  the  effect of a steel  ground  mat a t  various 

Durlng service t es t s   a t  Kanawha  County Alrport,  Charleston, W'esr Virgrna,  a ground 

In the  descrlptlon of the  dlrectlonal  ghde  path  operatton, I t  w a s  shown  that  the  gllde 

The equipment Installatton  at  thls slte consisted of 

1 Two  antenna  plckups  supported  on  poles  about 1 2  feet  above  the  ground 
2 A small   shel ter  equrpped u l th  a regulated  a-c  power  supply,  whlch  housed a 

standanzed  ghde  path recelver,  a d-c ampllfler, and an  Esterllne-Angus  graphlc 
recorder  

One of the  antenna  plckups was  adjusted  horlzontally  untll a locatlon  was found where 
the  recelved  slgnal  gave  an  on-path  mdlcatlon when  connected to the  standardlzed  ghde  path 
recelver  and when  the  path In space w a s  s e t  at 3 0'. The  other  antenna  uas  adjusted  horl- 
zontally to a posltlon  where I t s  output,  when  connected  to a standardued  ghde  path  recelver, 

were terminated In a smgle-pole,  double-throw  coaxla1  sultch s o  that  thelr  outputs  could 
gave approxlmately 100 mlcroamperes fly-down  lndlcatron  The  hnes  from  the two antennas 

be applled  alternately to  the  standard  gllde  path  recelver 
The above  equlprnent at  the  descrtbed  locatxon  provlded  the  means  for  obtalnlng a 

continuous recordlng of the  path  posltlon.  and  thls  recordlng  could  be  Interrupted  by  the 

lndlcated  that  the  path  posltmn for  the flrst SIX months  after  the  lnstallatlon  remalned  wlthm 
manual  operatlon of the  coaxla1  swltch to obtaln a measure of path  utdth  The  data  collected 

plus  or  mlnus 0 07" of r t s  lnltlal  settlng 

CONCLUSIONS 

Charleston,  West  Vlrglnta,  are  very encouraging A stralght  path w a s  produced  at a slte 
where  prevlous  attempts wrth  both  the  null-reference  and  equlslgnal-type  systems  falled 
Slnce  the  Charleston  szte IS an example of extremely  rough  terraln, It 1s concluded  that  the 
dxrectlonal  ghde  path  can  provtde a stratght  path at srmllar  slte.5 where  the  terraln 1s very 
rough 

the  tnstallatzon at  the  Charleston s l k ,  the  usual  wlde  temperature. rainfall, and  humldlty 
ranges  for  thls  area  were  encountered and path  posltlon w a s  well  wlthln  stablllty  llmlts 

1 The  results of the  tests of the  dlrectlonal  ghde  path at the  Kanawha  County  Alrport. 

2 The  long-term  stabllzty of path  posltloo 1s acceptable.  Durlng  the  stablhty tests of 
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alrcraft  reaches  an  altltude of approxlmately 30 feet  above the runway, on the  localmer 
3 The dlrectlonal  gllde  path  provldes a path  whlch t e r m ~ n a t e s  essentially when  the 

course This 1s entlrely  adequate  for  the  operatlonal  use  that 1s made of the ILS at  thls  tlme 
4 The  monrtor  system  descrtbed  provldes  adequate  protectlon  agamst  typlcal  faults  that 

mlght  occur  In  the  ghde  path  array 


