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s m r  
A localizer i s  that portion of the CAA ins tmmnt  landing 

system which provides l a t e r a l  guidance t o  an a i rc raf t  approschiDg 

t ional  localizer i s  not  sattlsfactory. This report  describes  the 
a  given runway. The dlrectional  localizer i s  used where a conven- 

resul ts  obtained with two experimental dlrectional  localizer  instal-  
lat lons developed at   the Technical Development Center at Weir  Cook 
hnieipal  furport,  Indianapolls,  Indlana. A directional  localizer 

whlch provldes  course  informatlon a few degrees t o  each side of the 
antenna system conslsts of two parts:  (1) a very  directive  array 

whlch provldes  bearing  or  clearance  informatlon a t  dl other azimuths. 
extended centerline of a given runway,  and (2) a clearance array 

A slotted waveguide operating  In  the mol mode comprises the  very 
directional  portion of the antenna system. The first instellation 
employed a wavegcllde 200 feet   in  length with 34 ver t ical  slots spaced 
71 inches apart in  the  front  face of the guide. The second instal la-  
t ion  ut l l ized a 117-foot waveguide with 18 ac t ive   ver t ica l   s lo t s   in  

localizer  array  placed 50 fee t   to   the   rem of the waveguide, was used 
i ts  front  face. The  same clearance ssrsy, consisting of an 8-loop 

with both  directlonal  locallzers.  Tests were made throughout the 
localizer band 108 t o  112 Mc. 

The effectiveness of the wavegude i n  reducmg  course bends 
was clearly demonstrated i n  ground and fl ight  tests.   Tests were con- 
ducted t o  determine the  effects of reflecting  objects i n  front of the 
l o c d i z e r  between 2.8" and 25". An appreciable  reduction in   " s i t i ng  

lm-ge reflecting  screen,  placed 200 feet  t o  the  rear of the  clearance 
error" was  demonstrated i n  favor of the  directlonal  localizer. A 

when the  clearance arrw only was operated, caused negligible bends 
array and oriented so as t o  produce large bends along the course 

when the  directional  locallzer was placed i n  operation. The effect 
of temperature on the stability of three  types of coaxial trans- 
rmssion l i ne  was investigated. A tuneup procedme for  the antenna 
system i s  described. 

a i rpor ts  has been improved over a period of years and is satisfactory 
i n  mast cases,  there axe locations where nearby hangars or other  large 
reflectmg  surfaces  canse bends i n  the  course. A t  these  locations, 
special  techniques  are  required. 

Although the  eight-loop  localizer now in use a t  many 

Several  large-aperture antenna  systems have been 
developed which will provide straight courses at diTficult   si tes.  
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Three types, namely, a parabollc  reflector, a linear  array, and a lO5-foot 
slotted  wavewde, were described in  earlier  reports. l t2 Of these,  the 
slotted wavegude appeared t o  show the most promse for use on the  Federal 
A i r w a y s .  The factors  consldered i n  adoptlng the  slotted waveguide were: 
(1) simplicity of the  feed system, (2) s tab l l l ty  of course wldth and posi- 
t ion,  (3) a high degree of bend reduction, (4) a rmninunn of polarization 

directional  localizers,  using  slotted waveguides,  which demonstrate these 
error> and (5)  ease  of  fabrfcation. This report  describes two experimental 

features. 

THE 200-FOOT WAVEGUIDE 

Description. 

September 1947, current  standards  for  loealizers  required a nominal course 
math of 5". Theoretical  considerations of the  slotted waveguide antennal 
indicated  that an aperture of 200 feet  would place  the major lobes  of  the 
sideband patterns  at  appmxlmately 2.5' on either  side of the course and 
thereby  provide  the maximum usable  sharpness of course under existing 
localizer  standards. A very high degree of bend reduction also would resul t .  
A slotted waveguide 200 feet  long was fabricated of galvanized  sheet  iron, 
uslng standard sheet-metal  practices in i t s  construction.  Thirty-four  Slots 
spaced 71 inches  apart (169" at 109.9 Me) were provided, all of which  were 

the  s lots  were 52 inches above the ground as measured a t   t h e   a d d l e  of the 
employed except the one nearest each end of the waveguide. The centers of 

waveguide. An 8-loop  clearauee array was located  approximately 50 feet  
front face of the waveguide. Figwe 1 is  a view of the 200-foot slotted 

behind the waveguide. The loops of the  clearance array were  mounted  one- 
half waveleugth above a wire mesh screen l a i d  on the  floor of the antenna 
shelter. The plane of the loop w a s  20 inches above the  centers of the  s lots  
of the waveguide. Figure 2 1s a block diagram of the mechsnically M a t e d  
diyectlonal  localizer. 

Adjustment 

waveguide m s  based on the  binomaJ  bfference  series' of 169 terms. Only 
the  center 32 terms were used. The serles  represented a compromise  between 

the angular spacing between the major lobes. A greater number of terms in 
relative  -littale of the nunor d maJor lobes of the sldeband pattern and 

When the  dlrectlonal  localizer  experments were in i t ia ted  in 

The calculated  aperture  field distribution of the 200-foot 

Localizer Antennas," TeeMcal  Development Report No. 155, January 1952. 
k h e s t e r  B. Watts, Jr., "Some Considerations of Wide Aperture 

'Chester B, Watts, Jr., Samuel E. Taggar t ,  and Kenuaxd E. Voyles, 
"Development of a W Directional  Localizer,''  Technical Development 
Report No. 183, May 1954. 
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U J ~ P  lobes, bct an mereased amplitude of the mnor lobes. A d l e r  number 
t ae  serxes wold have resdt-e2 m a somwhat decreased angular spacing of the 

lobes, reduced amplitude 5f the mnor lobes as compared to   t he  major lobes, 
of terms i n  %he series would hsve resul-ced m increased  spacing of the ma&z 

and increased difficulty i n  readrng  accurately  the  relative slot currents  near 
the ends of the @de. 

developed which caused only a f e w  degrees  varlation  in phase at i t s  associated 

which the probes were set ,  t o  obtain  the  desned  current at Lach s lot ,  were 
slot when zhe s l o t  emrent ?#as changed  by probe adjustment.3 The angles at 

ealcula%ed  after  measmmg the characteristics of one probe. All probes 

were obtaned wLth the small r-f measupmg device shown 1 ~ 1  Fig. 3. The theo- 
then were set  aceordirgly. Zndareet indication of the  relatlve  slot   currents 

ret1661 and measured slot ceupents for  carr ier  and sideband distribution  are 
given in Flgs. 4 and 5 .  Later t e s t s  andicated  that  the  discrepancy between 
the  theoretical and the measured patterns shown in Figs. 4 and 5 is due pri-  
marlly t o  the change m &de wavelecgth caused by the  individual slot  excf- 
t a tmn  probes. Ne allowance for  this   effect  was made  when the angles at which 
the probes  should be set  were calculated. The resul t ,  as far as the  f ie ld  
patterns were concerned, was much the mme as i f  a smeller number of terms 
had been used in   t he  binomial ser ies ,   that  is, the minor lobes were decreased 

creased. The carrter  pattern a l s o  was made somewhat broader.  Figure 6 shows 
and the angle between the two major lobes  of  the sldeband patterns was  In- 

Lfnes L 1  and I.Q each were originally 105-foot lengths of RG-l7/U transmission 
the method used for supplyfng  sideband and carrier power to the wavegude. 

lane, and L3, L4, and 29 each were 0.1582 lengths of RC-8/U transmission 
lane. L6, a l s o  made of RG-B/U tran:dssion  l ine,  was 0.658x long. Side- 
b m d  power was fed t o   t h e  brAdge a t   t he  Junction of L3 and L4, and carr ier  
powep was supplled at the  Junction of L5 and L6. Tie lines L1 and L2 were 

two comers of the bridge and the 27-fnch ver t ical  whip antennas used t o  
supported against the bottom of the waveguide  and connected  betveen the  other 

excite  the wavegmide. ahe measured voltage  standing wave ra t io  (VSWFi) at  the 
input  corners o f  the braage was found t o  be approximately 10 t o  1 before 
matching. After matchmng, the VSWR at each input of the  bridge was reduced 
t o  less  than 1.1 t o  1. 

Tie  Line Stability. 

had been s e t   t o  5" by changing the sideband power supplied t o   t h e  guide as 
After  the wavegnzide was placed m operation and the course d d t h  

required, It was observed that  the course width chauged with a change In 

An improved radio-frequency (r-f) probe for excitlng a s lo t  was 

3Tha s lo t  probe used previously n t h  a 105-foot waveguide consisted 
of a bent  l/k-inch  brass rod. Slo% current was controlled by changing the 
depth of penetratlon of the probe m t o   t h e  waveguide. This caused  consid- 

which was used m the 200- and the l l7-foot  waveguides, also was bent,  but 
erable change i n  r-f phase at the  associated slot. The  new deslgn probd, 

was arranged to pivot about at  a ffxed  point3 thesefo,re;.;thia $o'tsl le&&T of 
probe mside  the wave de remained constant  during  adjustment of s l o t  cuprent. 
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tempe%&;ure. It a:so was observed that  the VSWR at  the  input  corners of 
the r-f briage feedmg  the  gude changed v l t h  variation m ambient tempera- 

bridge, and inhrec t ly ,  for the chqxge 1n the  course width,  vas found t o  be 
ture. The cause of the  varaation 1sb the EWR at the  input  corners of the 

due to  variation In  the length of t i e   l i n e s  L1 and L;! sham in Fig, 6. 

t r i c a l  length of t he   t i e   l i nes  decreased. A t e s t  of air dielectric  trans- 
Investlgation showed that,   as  the amblent temperature  increased,  the  elec- 

mission l i ne  showed that  it possessed  a  posltlve  temperature  coefficient 
about one-fourth as great  as  that of RG-17/U l ine  and about one-sixth  as 
great  as that of RG-8/U line.  Tests demonstrated that by using a combi- 
nation of lengths of air dielectr ic  and RG-8/U line,  the  resultant  elec- 
t r i c a l  length of the comblned l lnes  could be w n t a i n e d   t o  a very  close 
tolerance. These results  are shown i n  Fig. 7. After  the  original t i e   l i n e s  
were replaced with a  combination of a m  dielectr ic   l ine and RG-8/U l h e ,  
the  variatlon in  VSWR with change i n  amblent temperature w a s  reduced t o  a 
very low value. Some additlonal  stability was gained by changing the  l ines 

%!vely. These changes in  length in conjamtion with some adJuatment of the 
lengths of L1 and resulted  in an anmatched 6rswR of approximately  2.5 t o  
1 a t  each input of the  bridge. Natching the  lines  resulted in a VSUR of 
less  than 1.1 t o  1 in  the  carrder and sideband fee&  lines. 

Tests 

pattern6 of the 200-foot  wavegude and of the 8-1009 clearance a r r a y s .  The 
Fl ight   tes ts  were made t o  record  clearance and the  field  strength 

field  strength meter used was a TJTpe Bc-733 receiver modified t o  give 
essentially  linear  indicatlon  with  vmiation in field  strength. The re- 
ceiver used in obtain&  the  recordings of cross+pointer  deflection was a 
standard  Collms'Mdel 51-R-2. 

, Ll+, L5, and L6 (Fig. 6) t o  O - l A  , O e l A  , 0.25x , and 0.75x , respec- 

array when unmodulated parer w a s  supplied to   the  sideband input of the  r-f 
bridge. Azimuth is measured in  a clockwise direction from the extended 
centerline of the runway. An@litude of the  received simal i s   d i r ec t ly  
proportional  to  the  recorder  deflection. It w i l l  be  noted that  t he  ra t io  
of emplitude  of the major lobes to   the  minor lobes is greater  than 15 t o  1, 
a t  all azimuths except  177" and 183" where there  are two smaJ.l lobes whose 

difference in smplitude of the two major lobes  probably is  due t o  difference 
emplltudes are agproximately 10 per  cent as  great  as  the major lobes. The 

in   the  theoret ical  and the  actual  slot  currents. No attempt was made t o  
e q d i z e   t h e  two major lobes. The angle between the two major lobes is 
slightly less  than 8" ,  whereas the  calculated  value wag 5". Better  agree- 
ment between the  theoretxal  and measured spacing  of the major lobes would 
have been obtained i f  all s l o t  currents had been se t  more closely  to  the 
theoretical  values given i n  Fig. 5. 

Figure 8A i s  a  recording of the  f ield  pattern of the waveguide 

when unmadulated r-f was supplied to  the  carrler  comer of the  bridge  feeding 
the guide. The minor lobes and the lobe t o  the rear of the waveguide are 
all less  than 5 per  cent of the main lobe. The half-power width of the d ' n  
lobe i s  approximately 6 " .  

Figure 8B is a  recording of the  f ield  pattern of the waveguide 
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Figure & as  a  recording of the field  pattern when separate 
mmcdnlated z-P valkages  differing i n  frequency by 10 kc were supplied slmul- 
taneously to  the  carrier I m p s  of the  clearance array d to   the  carr ier  
comer of the  brldge  feedug t-he guide. The large  lobe  near 0' represents 
the  carr ier  of the wavegude army. There is no d.ucontinuity  or  irregularity 
i n  the recorded  pattern tc inkcate  the  exact  point at which control of the 
field  strength meter sk i t s  f r o m  the  carrier of the waveguide t o  the  carrier 
of the clearance  array. The ratao of the  fleld  strength of the  carrier of 
the waveguide on comae t o  the  carrier of the  clearance  array i s  approxi- 
mately 6 t o  1. The minor lobes of the waveguide are completely masked by 
the  clearance  array. 

Ffgure 9A is a  recording of the course dedation  indicator (CDI) 

course width is 4.5" and the  crossover is smooth. Numerous reversals and 
cwzrent when the wavegazde array only was operating  as a localizer. The 

points o f  low clearance  are  present.. There 1s a  rear  course which appears 
nearly normal with respecr t v  wtdth and motbness  of crossover. 

Fiapre 9B i s  a recordLng of the C D I  current made when the  eight- 
loop  clearance array only was operatlago Here the  crossover on the  front 
and the  rear  courses IS smooth and. there  are no points of low clearance. The 
front  course  arbitrarily was set   to  a  vidth of 5.2', which resulted in a  rear 
course width  of s l lght ly   less  than 4'. 

and the  clearance  arrays were an operation. A comparison of Figs. 9B and $X 

course width is  only slightly less when the two axrays are  operating a&- 
shows that  there i s  no sfgalficant difference between the two. The flont 

taneously than when the  clearance may only is operating. The clearance 

carrier  field  stren@h of the waveguide i s  much greater than the  carrier 
m a y  does not  control  the  receiver  over  the azimuth sector i n  which the 

field  strength of  the  clearance a r r q . 4  

Figure gC 1 s  a  recordmg of the CDI current when both the waveguide 

feet  using  a  Collins 51Re recelver mounted i n  a t m k .  Readings were taken 
Ground t e s t s  of the  installatlon were &e at  a  distance of 5,000 

i n  mid-morning  of the ope king day and a g a n  i n  the l a t e  afiernoon. The equip- 
ment was turned  off d a l y  and over weekends, but waa given a waral?rp perlod of 
1 hour pr lor   to   the time observations were made. No adJustment was made t o  
any par t  of the receivzng equipment OK the  transmitting equipment during a 
20-week period. The measured variations i n  course  position and course lndth 
of the waveguide array, and of the  clesrance  array  operating  separately and 

variation  in  the  directzonal  locdizer  installatiop, ground and weather con- 
simultaneously,  are shown i n  Figs. 10 and 11, and include dl errors due t o  

ditlons, and truck-mounted measwmg  eqdpment. 

In Fig. 10, which 2s a bpx graph of course  posltion  variation, it 
will be noted that  the  wavewde,  operatug by i t s e l f ,  showed a meximum t o t a l  

4Chester B. Watts, Jr.> op. c l t .  
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when it was operated by i t s e l f ,  showed a t o t a l  variation of approximately 
variation i n  course  position of plus or minas @.05". The clearance array, 
plus or minus 0 . ~ 2 5 '  course denat ion during the same period. When the 
waveguide w a s  operated i n  conjmc?t%on with the  clearance  array,  the maximum 

This indicates that the waveguide  had predormnant control of the course 
total   variation Fn course  positlon was approxlmately plus o r  &us 0.05". 

poaition. 

the  wavepide  operating by i t s e l f ,  of the  clearance array operatjng by 
i t s e l f ,  and of  the two a r r a y s  operating  ainmltaneously. The siguificent 

the waveguide operating by i t s e l f  and i n  conjunction with the  cirarauce 
feature of this paph i s  the  close  correlation between the  course width of 

variations  in  course d d t h  of the  clearance  array and of the waveguide 
array. It wi l l  be noted that  there i s  only random correlatxon between the 

array. This is Farther evfdence that  the waveguide controlled  the  course 
Vidth i n  a narrow sector on each side of the  course. 

The bw gmph Fn Fig. 11 shows the  variation i n  course width of 

Il7-Fooa HAVEGUIDE 

Description. 

recoguized that the degree of  bend redarctlon which could be expected was 
m r e  then would be necessary a t  t h e  majorlty of a i r p o r t s  where swere bends 
of the  localizer  course  existed.  After a careful study of the  perfonaance 

with an aperture of l l 7  feet  with 20 s lots  should provide  sufficient bend 
of the 200-foot and the  l05-foo6 wavegrrfdes, it was decided that   a guide 

reduction. This reduction in apedure f rom 200 f ee t   t o  l l 7  feet also should 
result  in a aubstantid  reduction  in  the initial cost of the vave@des. 

While the 200-foot waveguide provided excellent reswlts, it was 

Plans were drawn for a new waveguide having Fnside dimensions 
117 feet long, 77 inches wide , and 40.75 inches high. The new waveguide 
waa mounted on the same structure that was wed for the  previou model. 
The rmdpoints of the  s lots  were 52 inches above ground a t   the  middle of t h e  
waveguide, end the  spacing between the waveguide s lo ts  end t he  clearance 
array waa 50 feet. The clearance array was l e f i  unchanged. Figure 12 is 
a view of  the  IlT-foot waveguide and the &loop  clearance array. 

&els included: (1) a sloped  corrugated  sheet m e O a l  roof which overhung 
the  front  face of the guide approximately one foot, (2) a Fiberglas cover 
over each of the 20 slots,  ( 3 )  teflon  spacers and mechanical stabil izers 
at each slot ,  (4) an improved access port at  the  center of the rear  face of 
the guide, ( 5 )  r lgid mountfng arrangements f o r  the  excitation probes, 
( 6 )  a d b i t i o d  supporting members uder the bottcsn of the @de, end (7)  the 

measuring re lat ive  s lot  currents also was developed. This device, d t h  
soldering  of all seams on the lnside of the gtnde. An iBlprovcd device  for 

which a high degree of repeatability of readings was obtahable, i s  ahown 

Changes i n  construction of the new waveguide over the two ear l ie r  

%heater B. Watts, JP., op. c i t .  
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fi Fig. 13 se t   i n  goelt%on  for  use  Just "mder the  sloping bottom of the  Fiber- 

mechanical mdulatfon syetem used on the  earlier  directlonal  localizers was 
&as s lo t  cmea In  sdditlon  to  the above c h e s  m the waveguide, the 

replaced by e lec t rouc  modulation i n  order t o  conform with standard Federal 
Airways localizer  installations.  Figrrre 14 i s  a block diagram of the  elec- 
tronically modulated Berectional  localizer u s i n g  the  U7-foot waveguide. 

distribution of the ll7-fmt waveguide, t h e   b i n d a l  difference  series was 
employed  where the  nmber of terms  equals 62. Only the 16 middle terms of 
this series were used. The theoretical and measured eldebend slot  currents 

new waveguide are glven i n  Fig. 16. It will be  noted that there i s  coneid- 
are given in Fig. 15. The slot  currents  for  the  carrier  dletribution of the 

erably more variatfon between the  theoretical and the measured values of the 

bend distribution.  This i s  a n o m  situatzon in practice becauee the probes 
carrier  distributloa than there i s  between the same twu cupyes of the side. 

are  adjusted  as  necessary t o  obtain,  as  closely  as  practicable,  the  theoretical 
sideband slot  current  dfstribulaon, and the  resulting  carrier  slot  current i s  
accepted. 

I n  deterrmnfng the  reletive  slot   currents for the sideband 

waveguide  from 0' t o  16" off  the mwqr centerline and the sideband pattern 
of a conventional localizer  plotted  to  the same slope in the  direction of the 
runway centerline, A coraparlson of the two c m e s  is  indicative of the bend 
reduction  obtained when wing the  slotted waveguide & h n n a  instead of the 
conventional  locallzer antenna, 

Figure 17 shows the  theoretical sideband pattern of the  IlT-foot 

It will be  noted that the amplitude of the minor lobes i n  the 
sideband pattern 1s approximately 6 per  cent of the major lobe; The minor 
lobes  could have been reduced t o  a lower value by us ing  a smaller number of 
terms in   the blnomial s e n e s  on  which the sldeband currents are based,  but 
t h i s  would  have resulted ~II  a greater an@;ular spacing of the two major lob& 
of the sldebend fleld  pattern, and the coume,  since it i s  determiaed by the 
waveguide, would have been further  subJect  to  the  effect of reflecting  obJ6cts. 
By operating  the wavegraide as a clipped blnomial array, mny of the adventages 
of an array  vfth an agertme of 450 feet  are  obtained in the ll7-foot 
waveguide 

plotted 1p Fig. 18. This cup\rc represents  the  ratlos of the bend-producing 
The ra t io  of the amplrtmdes of the two curves 8hm in Fig. l7  is 

energy of the t& types of antenna  operating shg ly  over the azirrmth shown. 
The abscissa may be deflned as the bend reduction  factor of the  ll7-foot 
waveguide array over the 6-loop clearance arrey. 

Adjuetment of the W&iveguide and R-F Bridge. 

wavegide was sfm%lar to that used on the 200-foot waveguide.  See Fig. 6. 
The arrangement of r-f bridge and t ie   l ines   for   the  l l7-foot  

Of the probes a t   the  same angle and then  adJust t i e   l i n e s  L1 and L2 to   t he  
The f i r s t   s t ep   i n  djustang the  ll7-foot waveguide was t o   s e t  ell 
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same e l e c t r x a l  length. The t i e   l i n e s  were cut to   the  same physical  length 
and joined tbu& a tee-fi t t ing.  They then were adjusted in length  unti l  

power w a s  supplied t o  the  center  cmnectlon of the  tee-fittiug. Following 
equal  currents were obtained on the two center  slots of the waveguide when 

this  operation, all of the slot probes on the south  half  of  the  guide were 

tribution shown i n  Fig. 15. Each probe on the  north half of the guide  then 
adjusted so as  to  obtain approximat-ely the  zheoretlcal  desired current U s -  

was se t  to the same angle as the CorPesponding probe on the south half of 
the guide. The procedure was followed  a second time and complete readings 
were made of slot  currents.  Figure 19 i s  an lnter ior  view of one end of 
the guide vhich shows the 25-inch excltatfon probe and two of the slot  
probes adjusted t o  glve  the  deslred  current  ratios  at  their  respective 
slots.  iTo attempt was  made to  establish an optlaum length for  the  excitation 
probes e 

r-f bridge was appmldptely 12 t o  1, and the VSWR at   the  carrier  input of 
the  brldge was l ess  than 3 t o  1. A 90" change i n  l&h of the two t i e  

t o  approximately 2.5 t o  1, but  resulted In a VSWR of 15 t o  1 at   the  carr ier  
lines, L1 and $, decreased the VSWR a t   t he  sldeband input of the  bridge 

mput of the  bridge. By adjusting  the  lengths of both  of the t ie  l ines  aud 
of  the r-f bridge elements, 1t was possible  to  obtain a VSWR of approximately 
2.5 t o  1 at   the   car r ie r  and sideband inputs of the  bridge  slmdtaneoualy. 

P r i o r  t o  matching, the VSWFi observed a t   the  sidebaud input of the 

L5, and L6 was to  make L3, L4, and L5 each one-quarter wavelength l o d  and 
Lg, threequarkem wavelength long, select two equal raadom lengths for L1 

the  bridge. A s  Ll and L2 were ma.int&ed equBLhilt VBEe:Ma&93fLkn Emdl 
and $, and then measure the VSWR a t   the   carr ler  snd the sideband  mputs of 

Bmouzlts sinniltaneously,  the VSWR would be observed t o  change at the two 

mum a t  each input  corner o r  the  bridge  using  a  given la@h of t i e   l i n e .  
inpnt  corners of the bridge. The obJect was to reduce the VSUR t o  a &- 

It was necessaxy t o  change the lengths of all four of the  bridge  legs  before 
a length of t h e   t i e   l i n e s  w a s  found vmich permitted  a low VSWR t o  &st in 
both the  carr ier  and sideband inputs of the  bridge  before matchlug. The 

jnsted sl lght ly  in accordance ufth the procedure outlined above. The r-f 
slot  currents then were rechecked and the  settings of the  probes were nad- 

feed lines  to  the  bridge  then were matched t o  a VSWFi of l e s s  than 1 . 1 t o  1. 

The procedure  followed in determining  the lengths Ll ,  $, L , L4, 

unmodulated r -P  energy supplied f i r s t   t o   t h e  sideband and then to the 
carrier  inputs of the r-f bridge. The minor lobes were found to  have an 

the sideband patterns. When Fiberglas  covers were placed  over  the  slots, 
amplitude l e s s  than 10 per  cent of the major lobes of the  carrier and of 

no meamable  difference was noted hn either  the amplitude or  the shape of 
the recorded field  patterns.  Tests  for  vertical  polarization of t h e  signal 
f r o m  the waveguide  were made along  course n t h  a portable  polarlscopt mounted 
in the plane and i n  the mstrment  truck. No polarization error was noted 
in either  case. 

Field  patterns were  measured mth the waveguide excited by 
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Field  Strength  Ratios and R-F Phasang. 

carrier  field  strength of the  clearance  array, when each was fed t h e  same 
amount of pover, showed the wavegaide to  have a gsln of approximately 9 d6 
along the extended centerline of the runway. It was noted that   the   f ie ld  
s t r w h  of the  clearance array was about 6 db lower LII the  direction of the 
runway  than it was i n  the  opposlte  Urection. There w a s  no-change in  the 
front-to-back  ratio of t he   cu r l e r   ne ld   pa t t e rn   a f t e r   t he  spacing of the 
carrier  loops was Increased t o  150" to  obtain more clearance. 

A comparison of %he carrier  field  strength of the waveguide and the 

obsemer t o  an antenna array may be closely  appmxhated by the formula 
An ear l ie r  report' s ta tes   that  phase error due t o  proximity of the 

-A2 ccs2 4 
e =  - 

8E 

where the  error e is expressed as the  difference in length between the ob- 

ture  of the  array, D 1s the  distance between the  observer and the  center of 
server and the ends and the  center of  the antenna array, A is the t o t a l  aper- 

measured from the normal. It will be  noted by inspection of the foronila that  
the array, and i s  the aafmath of the  observer  with  respect t o   t he  array, 

the  error in phasing varies  inversely  with  the  distance from the antenna may. 
This i s  shown m Fig. 20. When us- the above formula fOT calculating  the 
two curves in Pig. 20, an equispaced,  three-element, l inear arrs;y ~ i t h  an 
apsrttrre-of lr)2 feet was assnmed. 

inputs  to  the r-f bridge feed- the waveguide was determlned by the 

w a s  located at a point 5,000 feet  from the station and 2  1/2" off the runway 
quedzature method. An instrument t rack  equipped with a Collins 5lR3 receiver 

centerllne. A t  t h s  point, due t o  proximity between the ends and the middle 
of the  wavewde array, the phase error was considered t o  be  approximately 
5". A 90" length of r-f l lne  was inserted  in  the  carrier feed line and the 

reduced t o  zero,  indicating  quadrature relationship  betwen  the carr ier  and 
r-f phaser was adjusted  until  the C D I  current in the  fnstrwaent truck was 

the sideband. The added 90' length of r-f l m e  in the  carr ier  feed l i ne  then 
was reraoved and the  attenuator ~n the hybria unit of the  associated sideband 
generator  rack was adjusted until the CDI read full scale. 

Proper  phase  relationship between the  carrier and the sideband 

A similar procedure w a s  followed i n  the adjustment of the  clearance 
array, Because the  f ie ld  strength of the  clearance array is much lower than 
the  f ield  strength of the waveguide array,  the  clearance arrey does 
t rol   the   recelver   mthin 5" of the  course  established by the waveguide. 9 :On- 
Considerable la t i tude  exis ts  III the  settxqg of the  attenuator gad in  the 

k h e s t e r  Bo Watts, Jr., op. c i t .  

ha t t s ,  Taggaxt, and Voyles, op. c i t .  
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hybrid unit used mth   t he  sideband generator which supplies power to   the  
clearance array. It IS therefore  possible  to  obtain almost any width 
desired  for  the  rear course  independently  of the  front  course. 

can be accmplished by chmging the power delivered to   the  cleaxance  array. 
The opthmm ra t io  depends upon the magnitude of the minor lobes of the 
waveguide array and  on the  desired  distance r w e  of the  instal la t ion at 
right angles t o  the course. If the   ra t lo  is set  too low, the waveguide 
will lose  control of the  receiver and the  effectiveness of the waveguide 

high, the  distance range of the system perpendicular to   the  course will  be 
in suppress- bends or  scalloping wlll be reduced. If the  ra t io  is s e t  

reduced or  there may be points o f  low clearance at  certain  bearings f rom 
the  station. 

A change m the  ra t io  of the  field  strengths of the  tvo a r r a y s  

recordings  of C D I  current were made at an alt i tude 1,OOO feet above 
I n  order t o  deterrmne the  optbum  field  strength  ratio, 

A Collins 51R3 receiver was employed. Recordings in Figs. 2JA, 2lB, 2112, 
ground while f l y j n g  a sedc f rc l e  of 6 miless radius across the  front  course. 

and 2lD show the  effect of u s i n g  different  ratios of f i e ld  strength on 
clearance. 

f ield  strength of the  carrier of the waveguide to   the   car r ie r  of the  clear- 
ance may is 3.35. The course  width i s  approximately 4.8" and the 
crossover i s  smooth. There axe no points of low clearance. 

Figure 21A shows the CDI current recorded when the   ra t io  of the 

Figure 218 is a recording of CDI  current *en the   ra t io  of f i e ld  
strength of the  carriers of the two a r r a y s  IS 4.41. It will be noted that 
there is a small decrease i n  clearance on each side of the  com6e beyond 
full-scale  reading of the C D I .  

Figure 21C shows the  effect of further  increasing  the  ratio of 

microamperes, whereas at the corresponding  point in Fig. 218, the C D I  cur- 
the  carriers of the two arrays t o  6.06. A t  18" the C D I  current i s  168 

rent  i s  i n  excess of 214  micruamperes. This demonstrates the  effect  of the 
minor lobes of the waveguide on the  clearance of the system. This is the 
adjustment  considered optjnnun consistent  wlth  operating  reqdrements. 

In  Fig. 2lD, the power to   t he  clearance axray was reduced to   t he  
lowest  value  tested. The r a t io  of the  field  strength of the two carr iers  
w a s  8.08. While the crossover r e m h e d  smooth, the  clearance  decreased t o  
a value  of 142 microamperes at 18" azimuth, which is below the  full-scale 
value of 150 microamperes. 

Mgures 22A, 22e, am% 22C are reconkmgs obtdned on orbi ta l  
~ flights at a distance of 6 miles from the  directional  localizer. Ilnqeybwere 
made -le the  f ie ld   s t rength  ra t lo  of the  carriers of the two arrays was 
6.06. 
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the  station wtth sideband and carrier power supplied only to   the waveguide. 
Figure 22A 1s a record- of the C D I  current made while circling 

The  secor&ing whlle flying aesoss the  course 1s m t h .  Wjmun~ clearance 
is obtained a t  approximately 4" on each side of the  course. It will be noted. 

until it becomes zero at appro-tely 10" on each side of the "on course" 
that the  clearance, when the waveguide i s  operated  alone,  decreases beyond 4' 

position. These a re   the   pouts   a t  which the  effect of the  clearance  array 
is greatest because the space  modulation of the  clearance arr 
It is in the  sector between these  polnts where capture  effect Y p e d t s  is greatest. the 
wavegtu.de to  exercise  greatest  control over the Operation of the  receiver. 

array i n  operation, shows the  lowclearance  points  at 22' on each side of the 
front and rear  courses W c h  is typical of &loop loca lhers .  It will be 

vidth of the rear  course IS sllghtly  less  than 4". This bfference u course 
ObSeNed that the vidth of the  front  course is approximately 5', whereas the 

d d t h  i s  believed t o  be due W- t$e pre~m& &&ha 'Qyegmide. 

Figure 228, a record- of CDI  current  with only the  clearance 

Figure 22C is a  recording of the CDI current made r i t h  both  the 
clearance array and the waveguide array u operation. A t  8" on each side of 
the  front  course,  there  are  slight  decreases in the awnmt of cle-ce. As 

modulation  of the  clearance  array  carrier by the clearance array sidebands 
the  clearance array assumes mre  control of the  receiver and as the space 

increases,  reeching  a maxhum at loo,  the CDI current  increases  to more than 
250 microamperes. In  this recording,  the CDI  cprrrent remslns above 250 
microamperes except at  a  point about 20' on each side of the  front and rear 
courses, where low clearance  ordmarily IS encountered from 8-loop 
localizer. 

a point 10 miles fram the  station when only the  clearance array was in oper- 
Figure 235. is a  recording of CDI  current during a low approach From 

this flight. Deviations of 25 microamperes t o   t h e   l e f t  and 18 ntlcroamperes 
ation. The drplane was a l lwed wlth the runway visu8Uy by the p i l o t  during 

to   the  r ight  vi11 be noted i n  the C D I  current and many &er  variatlons 
can be seen. 

waveguide only was i n  operation,  but with other  conditions  the sem.e as i n  
Fig. 2%. In t h s  case,  the CDI deflection is  ll microamperes l e f i  and 
zero. The random excursions in C D I  current  are  less than those  in Flg. 2 3 .  

Figure 238 is a  recording of C D I  current  variation when the 

when both  the  clearance array and the  wavewde were in  operatlon. M a x i m u m  
departure frm "on course" indication was 12 microamperes left and zero. IPhe 
random variations  are of similar frequency and m t n d e  aa in Fig. 2 3 ,  

Figure 23C  shows the CDI current  variation  during a low approach 

op. C i t .  
@Chester B. Watts, Jr., op. c i t . ;  Watts, Taggar t ,  and Voyles, 

http://wavegtu.de
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of  the  directional  localizer were i n  operation. 
indicating that   the  waveguide w a s  controlling  the  receiver when both a r r a y s  

SITING TESTS 

comparative effect  of a nearby reflecting  object on the  courses of the con- 
ventional and the  directional  localizer. A vertical  screen comprising the 
reflect- obJect was positioned first in front of, and l a t e r  behind, the 
antenna system. Portable towers  supported the  ver t ical  screen which  con- 

lnches  apart and 100 feet  long. The wire  screen  could be rads& t o  a height 
s is ted of eight  horizontal aluminum wires, one  above the  other, spaced 8 

of 55 feet  above ground level.  figure 24 16 a view of the ver t ical  screen 
reflector  positioned  in  front of the antenna system. As shown, It is 450 

l ine.  An instrument t m c k  equipped wfth an aircraft-type "ram's horn" 
fee t  i n  front of the  clearance array and approximately 23' f r o m  the  course 

receiving antenna, a Collins 5lR3 receiver, and necessary recordbg 
equipment  were used i n  these  tests. The t ruck XES driven on the runway 
centerline f r o m  approximately 2,300 f ee t   t o  a point  within 800 feet  of the  
localizer antennas. Checks d s o  were made crossing the  comse 900 feet  from 
the  localizer antennas, Record5ngs  were made with the  reflector  positioned 
at various  distances from the course l i ne  ( 6 = 2.8" t o  25,2O, Fig. 25) for 
the conventional  localizer,  the  directional  localizer, and the  slotted 
uaveguide. The t e s t s  were @e with  the a x i s  of the  vertical  screen ' 
reflector paral le l  and also  perpendicular to   the   loca l izer  courses. 

Ground  and f l i gh t   t e s t s  were conducted to  investigate  the 

of degrees  traversed by the  cowse  deviation  indicator (extremes plus t o  
"Biting  error" is defined  as  the  difference between the number 

minus) vlth t h e   t e s t   p e e n   i n   p l a c e  and with the  test  screen removed2 
This error   in  a localizer  results from unequal 90- and 150-sgs signal com- 
ponents in a receiver which is located on the  localizer  course. !€%e . 

inequality between the 90- and l5O-cps signals i s  a function of the r-f 
phase difference between the  direct  and reflected  signals. The curve in 
Fig. 25 i l lus t ra tes ,   fo r  one sitmng condltlon,  the  rate of change in r-f 
phase difference between the  direct  and reflected  si@als  as  the  receiver 
moves along the  localizer course.  Referring to   the  diagram in Fig. 25, the 
difference in distance  traveled by the  direct  and reflected sisals 

by: 
arrivtng at e receiver  (x b b) &stance from an antenna can be  expressed 

'%. B. Anderson and H. F. Xeary, "VHF Onmir-e  Wave Reflections 
from Wires," Technical Development Report No. 126, May 1952, pp. 1 and 9, 
Fig. 15A. 



where 

$J = difference In distance m feet  traveled by the  dlrect  and the  reflected 
signal arr lvmg a t  a recelver. 

a = distance  in  feet  from clearance array to  center of ver t lcal  screen 
reflector.  

0 = beaxmg of center of v e r t l c d  screen reflector from clearance array 
with  respect ta   center l ine of runway. 

b = a cos 8. 
d = distance i n  feet  from recelver t o  center of ver t ical  screen reflector.  

6 = bearing  center of ver t ical  screen reflector from receiver with 
respect  to  centerline of r u w a y .  

x = d c o s 8 .  

By differentiating equatlm (l), an expresslon for  the  rate of change in 
with  respect t o  distance x becomes 

A change i n  eqzal t o  one wavelength causes one cycle  af scalloping an the 
l o c d l z e r  course. Also, when 1 s  expressed m wavelengths, the term & 
becomes wavelengths bvided by feet .  I n  view of these  relationships,  values 
fer the  quantity @were  obtained from t e s t  recordings by divibng  ptztions 

of scalloping  cycles by the  distance  in  whch  they  occurred. Figure 25 shows 
a plot  of equatlon (2) .  The measured values, indicated by the  clrcled  points, 

1 are   far  one set  of condltions used m the siting tes t s .  These are i n  close 
agreement with the  theoretical curve. The curves Ln Fig. 26 show other meas- 
wed values of d m t h  the  reflector  at  varlous  off-cause  positions. 

P 
dx 

dx 

ax 

the   re la t ive amplitude of slting  error  uhlch will be produced by a vert ical  
The f ie ld   intensi ty  of the  reflected wave may be  used to  predict  
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sheet  r-slector. Iwc fmtors   tha t  determfne 'he fneld  lntensity of the 
reflected wave arc- the proJeeted  reflector  area normal t o   t h e  arrlvlng 
sf@ and the  relatnve  field  strength of t.he localizer sidebands. From 
the diagram in Ff?= 27, i t  will be  noted that the  projected  reflector  area 
normal to   t he  B P L " ~ T ~ L I ; ~  wwe can be represented by SUI . The relat ive 
field  strength of the lwcalnzer  sideband accounts for  all departupes of the 
course deviation &cator from center.  Relative  siting  error S canaed by 
a vertical  sheet ref lector  representative of the  conditions of  one series 
of t e s t s  performed then is eqxessed by 

where 

k = a constant depend- upon such factors  as  the  reflectlon  efficiency 
of the  sereen reflector,  

f (& = the   re la t ive  f le ld  s tPength  of the  localizer sideband at   the  "off-  
cou~s0'' angle a, 

a = Bfrom the geometry as s h m  in the asgram of Fig. 27. 

of the  conventional an& directlGnal  locallzers which will be produced  by 
a horizontal v%re or  vertleal  sheet  reflector  positioned  parallel to the 
localizer  cowse. The circled  pomts  represent measured values  of siting 

measured values of siting error fo r  the  directional  localizer. 
error  for a conventional localizer and the triangular p a t s  represent 

The m e s  in Fig. 27 Il lustrate  the  theoretical   si t ing  error 

"Bend reduction  factor" a s  defined  here  as  the  ratio of the 
absolute  value of dlrectional  localizer  siting  error t o  the  absolute  value 
of conventional localizer si- error, where the sitlng error in each case 
1s produced by the  reflector.1° The theoretlcal  bend reduction factor i s  

during these tes t s .  
shorn i n  Fig. 28. The circled  points  represent measured values obtained 

Another series of t e s t s  was conducted wlth the  vertical  screen 
orlented  perpenafcular t o  the  localfzer course. Individual recordings 

by a n  extended runway centerline and a lfne  fromthe  center of the antenna 
were made for several values of @ , where 8 represents  the  angle formed 

array through a point a t   the  end of the  screen  nearest  the  course. See 
Fig. 29. figure 29 shows the measured r a t e  of  change of p" with respect  to 
distance x for  several positions of the  vertical  screen. The scalloping 
frequency for  the  dlrectlonal  localfzer vhen 6 was equal to 5.6" was very 
low, causing to r-n almost constant.  Flgure 30 shows the measured 
sit- errors wfth the screen  posltloned  perpendzcular t o  the  localizer 
course. 
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Srre v e r t h d  5c~een  reflectur gas posltlcaaed in   f ront  of the antenna system. 
!?%e reflecto: ZY$ plaeea pamdlel t c  t h e  course with the midpomt  approxi- 
mately 23" I t -  x u s e .  Faguep 31A and are  recordings  for  the  clear- 
a c e  local-zer 3perating only, and Figs. 33.B and 32B are  recorhngs for the 
dlrectlonal  2n.::lllzern 

'' = a %  3l and 32 ape f l igh t  rerwrdugs of C U I  current made when 

It w~ll he  noted that  CDI excursions of approximately 2.66 dots 
(8op a) exist m the low approach recording shorn Ln Fig. 3lA, but  are  not 
present kn Fig. 3 l B  when the  directional  locallzer i s  in operation. Figure 32A 
is a recording of the CDI osefUatrons caused  by the  reflector while  Plylng 
across the e w r c e  at a dls tmce of 15 dies mth the  clearance  localizer in 
operatlon. In Flg. 32B, the CDI oscxllatlons are absent and the  recording 
shows a smooth crossover as a result of the  operation of the  directional 
localizer. 

Fxgwes 33 and 34 are C D I  carprent recordings made  when the  ver t lcal  
sei-een reflector was i n  back of the antenna system as shown i n  Fig. 35. 
F l w e  334 represents a low approach KEth only the  clearance  localizer in 

l o c d u e r  In  operatLon. Figure 34A IS a recording showing C D I  oscil lations 
opera%ion, and f ig .  3% as a recording  of a low approach with  the  directional 

while flying  across  the  cowse 15 m l e s  from the  station  with the clearance 
localizer ln operatLon, and Flg. 34B 1 s  a similar t e s t  with the   b rec t iona l  

tiveness of the  directional  localizer  in producing a straight course. 
localizer  in  operation. These recardings i l l u s t r a t e  conclusively  the  effec- 

over a period of 5 weeks. Drepfng %his t h e ,  the  transmitting equipment was 
The dlrectronal  localizer using the 117-foot waveguide was tested 

operated  eontfnmusly and no t-ang adjustments or changes of any lund were 
made. When measurements of  course  width or course  position of e i ther   the 
waveguide or the  clearance arrays were  made, plate  voltage was removed 

not being  tested. An lnstmment tranek on  whlch a Yegl  receiving  antenna was 
tem&wrarfly  from the tmnsmitt.ing equipment supplytng the may whlch was 

mounted was driven t o  a p o u t  near  the far end of the runway served by the 

Readings were taken i n  ~~Lidmor?wng o r   l a t e  afternoon after  the  receiving 
localizer where careful checks of course width and course positlon were made. 

eqdpment had been permitted t o  w m  up for  1 hour. Occasionally,  readings 
were taken i n  both the morning and the  aftermon.  Carrier and sideband power 
supplied to each array was read m t h  a "Feed-Threa" wattmeter. 

Figure 36 26 e b m  graph shovlng the  var la t ion  in  course width durtng 
the  5-week perlod that the  localizer was operated  continuously. The height 

vldth of 5". The to ta l  dzvlatlon of the  wavewde array operating by i t s e l f  
of eaeh bar indicates  the amout of error   in  course wadth from the normal 

w a s  O.g", whereas the   to ta l   dena t lon  of the  clearance arrsy operatlng alone 
w a s  2.1'. When both a r r a y s  were slppplxed vnth power  simultaneously, t he   t o t a l  

w-idth measured when the wavewlde was operating by itself, and when both  the 
devlatlon m course uidth was 0.7". The similarity of the graphs of course 



16 

wavegxde and zhc -1earance amax were I n  operatLon, indicates  that  the 
wave-de eo~~trol:& the co-wse width of the  locallzer when both arrays 

band generator  decreased  nearly 2C per cent. Course deviation, as shown 
were operatmg. Exring the 5-veek t e s t  perzod, the output of each slde- 

in Fig. 36, was obtdned by mcdlfylng the measured values of course  width 
-to talre into account the  effect of changing output of the suieband  gener- 
ators. No okher corrective  factors were applied t o  the recorded  data. 

Figwe 37 is a bar graph whleh shows the  variation of course 
positlon dwLng the 5-week t e s t  period. M a x b a u m  comse  position devlattlon 
of the waveguide was O,lkko, wbereae  %he ma~m course  position  deviation 
of the  clearance m a y  was 0.2". When the two a r r a y s  were i n  operation, 
the maxbmn course  position  deviation was 0.133". Tke s M l a r i t y  of the 

was operating i n  eongunetaon mth the  clearance array, is additional  evi- 
deviation measured when the wave@.de was operating by i t s e l f ,  and when it 

waveguide 
dence tha t  the course of the  krect ional   local izer  i s  controlled by the 

localizer were demonstrated: 
The followmg desirable  featlmes of a waveguide-type directional 

1. The feed syszem of  the  wavemde  has been simplified t o  the  extent 
t ha t  only two r-f probes are required t o  excite  the waveguide. 

2.  The course of the   waveade  array ks much  more stable  than  the 
course of the  eight-loop  clearance  array. This i 6  true of both  the 
c0lb~6e width arad the course  posltfon. 

3. Reflectmg  objects t o  the xear of the waveguide  which cause the 
clearance  array t o  be  completely useless along c m s e  prcdhe  no 
measurable deviation in the  course when the guide is placed in  
operation.  Reflectirg  objects i n  front of the  guide, and more 
than 3" to   e l ther   sule  of the  courseg have only negligible  effect 
on the course of the  directional  localizer. The effect of a 
reflecting ObJect on the  front course  of the   fac l l i ty  diminishes 
rapidly as i t s  bearing from the  localizer i s  increased. 

4. Measurements oE polarization  error made along the  front course of 

were in operation  shared  that no polarization  error was present. 
the   fac i l i ty  while  both the  clearance  array and the waveguide array 

The  measurements  were  made on the ground and i n  an drp lane  with a 
portable  polariscope 

5. The  waveguide is easy t o  constmct. No musUa;L skills are 
reqaired and, i n  general) or&~nary techniques mdely used in  fabri-  
cating  large air duets are employed. It can be built by local 
contractors wherever 1% 1s i n ~ I ~ U e d .  

mailto:wave@.de
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I r ,  addatjan t o  demonstratlng the above features of the wavegude- 
type  dmecttonal localizer, it also was determined that  the  pattern sharpness 

mately the same as an arrw of 450-foot aperture operat- as a f'U3.l binomial 
of the IlT-foat wavegcrfde, aperat- as a clzpped binomial array, i s  approxi- 

it pmvfdes a front  course which fs essentially  free o f  bends. The width of 
array. Used m this  fashmn i n  conjunction  with an ezght-loop  clearance ar~~y-, 

other.  Clearance is adequate ic all dfrections. The directional  localizer 
elther  the f'ront OF the r@ar cowse may be adJusted dependent ly  of the - 
is equally  effective d t h  exther mechanical or electronic modulation. 



FIG 1 FRONT VIEW OF ZOO-FOOT WAVEGUIDE 
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FIG 2 BLOCK DIAGRAM O F  MECHANICALLY  MODULATED DIRECTIONAL LOCALIZER 
WITH ZOO-FOOT WAVEGUIDE 
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FIG 3 R - F  MEASURING  DEVICE - EARLY DESIGN 
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FIG 4 THEORETICAL  AND  MEASURED SLOT CURRENTS - CARRIER ONLY 
ZOO-FOOT WAVEGUIDE 
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FIG 5 THEORETICAL  AND  MEASURED  SLOT  CURRENTS - SIDEBAND ONLY 
200-FOOT  WAVEGUIDE 
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FIG 6 200-FOOT  SLOTTED  WAVEGUIDE - BRIDGE AND TIE-LINE  ARRANGEMENT 
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FIG 7 VARIATION IN ELECTRICAL LENGTH O F  1 IO-FOOT LENGTHS OF R - F  
TRANSMISSION LINE WITH CHANGE O F  AMBIENT  TEMPERATURE 
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FIG 9 DIRECTIONAL  LOCALIZER CDI CURRENT  RECORDINGS USING 200-FOOT 
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FIG 10 COURSE  POSITION  VARIATION OF DIRECTIONAL  LOCALIZER 
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FIG 1 1  COURSE WIDTH VARIATION OF DIRECTIONAL  LOCALIZER 
USING ZOO-FOOT SLOTTED  WAVEGUIDE 



FIG 12 117-FOOT WAVEGUIDE  AND &LOOP CLEARANCE  ARRAY 



FIG 13 M P R O V E D  SLOT  CURRENT  INDICATOR 
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FIG. 15 THEORETICAL AND MEASURED  SLOT  CURRENTS - SIDEBAND  ONLY 
117-FOOT WAVEGUIDE 
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FIG. 17. RELATNE  AMPLITUDES O F  WAVEGUIDE AND CLEARANCE  SIDEBAND 
PATTERNS WHEN SET TO SAME  SLOPE AT 0' 
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FIG. 18 BEND REDUCTION FACTOR OF ll7-FOOT WAVEGUIDE 





FIG. 20 PHASING ERROR BETWEEN END SLOTS AND CENTER OF WAVEGUIDE 
DUE TO PROXIMITY OF OBSERVER TO WAVEGUWE 
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FIG. 21 EFFECT ON CDI  CURRENT OF CHANGING CLEARANCE ARRAY POWER 
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FIG. 24 VERTICAL  SCREEN  REFLECTOR  POSITIONED M FRONT OF ANTENNA 
SYSTEM 
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FIG. 27 THEORETICAL  AND  MEASURED  SITING  ERROR OF THE CONVENTIONAL 
AND  DIRECTIONAL  LOCALIZER  CAUSED BY A VERTICAL  SCREEN 
REFLECTOR  POSITIONED  PARALLEL TO  THE  COURSE 
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FIG. 28 BEND  REDUCTION  FACTOR FOR DIRECTIONAL  LOCALIZER VERSUS 
CONVENTIONAL  LOCALIZER  OBTAINED WITH THE VERTICAL  SCREEN 
REFLECTOR  POSITIONED  PARALLEL TO THE  COURSE 
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FIG. 30 MEASURED  SITING  ERROR  CAUSED BY A VERTICAL  SCREEN 
POSITIONED  PEFlPENDICULAR  TO THE COURSE 



DISTANCE FROM LOCALIZER IMILESI 
E. 

FIG 31 CDI  REGORDINGS WRING LOW APPROACHES  WITH VERTICAL SCREEN  REFLECTOR 
POSITIONED  IN FRONT OF ANTENNA SYSTEM 

FIG. 31 CDI RECORDLNGS DURING LOW APPROACHES  WITH  VERTICAL  SCREEN 
REFLECTOR  POSITIONED IN FRONT~OF  ANTENNA  SYSTEM 



FIG. 32 CDI  RECORDINGS  MADE WHILE FLYING  ACROSS  COURSE WITH VERTICAL 
SCREEN  REFLECTOR  POSITIONED IN FRONT OF ANTENNA SYSTEM 

Ell DIRECTIONAL LOCALIZER 
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FIG. 34 CDI RECORDINGS MADE WHILE FLYING  ACROSS  COURSE WITH VERTICAL 
SCREEN REFLECTOR POSITIONED IN BACK OF ANTENNA SYSTEM 
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FIG. 35 R E L A T N E  POSITION OF VERTICAL  SCREEN AS USED IN SITING TESTS 
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FIG. 37 COURSE POSITION VARIATION O F  DIRECTIONAL  LOCALIZER 
USING 117-FOOT WAVEGUIDE 


