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DEVELOPMENT OF A VHF DIXEC rIONAL LOCALIZER 

PART I 

PRELIMINARY TESTS 

FOREWORD 

The Al= ~avlgatl0” Development Board (ANDB) w as estabhshed by the Departments 
of Jefense and Commerce in 1948 to carry out a urufied development program almed at meet- 
mg the stated operatmnal requrements of the common mllltary,/clvll air navlgatlon and traffic 
control system This prqect, sponsored and fmanced by the ANDB 1s a part of that program 
The ANDB 1s located wlthm the admulstratlve framework of the Clvxl Aeronautics Admmls- 
tratmn for housekeepq purposes only Persons desumg to communxcate wxth ANDB should 
address the Executive Secretary, Air Nawgatmn 3evelopment Board, Clwl Aeronautxs 
Admmxstratmn, W-9, Washmgton 25, D C 

SUAJMARY 

Progress 1s outlmed m the development of a localzer havmg greater freedom from 
sltlng effects ,Yltl,o,,t sacrlfxmg any operatmnal characterxhcs, It has been found possible 
to build at a given site a localzer which will produce a substantially straighter course than 
the present conventmnal exght-loop localxzer produces Three alternative dIrectiona arrays 
for accompllshmg the purpose are descrzbed together rlth the means for feedlng and mom- 
tarmg these antennas 

INTRODUCTION 

The development of a very-hzgh-frequency (VHF) &rectmnal locallzer was zutmted at 
the Technical Development and Evaluatmn Center of the Clvxl Aeronautics Admlnlstratmn in 
September 1947 Wzth the establishment of the Air Navqatmn Development Board in 1948, the 
project was given ad&tmnal support under their sponsorshlp The ab,e&ve of the project was 
to develop an Improved localmer whxh would concentrate most of the radxated energy I” a 
narrow sector of azimuth along the runway center lme This was to be done wlthout necess1- 
tatmg any changes in urcraft recelvmg eqlupment and wIthout requlrmg any departure from 
pllotlng technques normally employed when usmg the mstrument landmg sysrem (US) 

The ma1-, reason for the development was to m,prove the conventmnal locallzers which 
are essentially nondlrectlve in the azm,uthal dlstrlbutmn of total energy radmtmn 1.2~~ 
Perhaps the chief concern of the fwld engmeer mstallmg a conventmnal localize= 1s I” properly 
catering to the site sensxtlveness of the faclllt, Reflectmns from natural and man-made objects 
surroundmg the site produce scallopmg and course bendrng of readily calculable permds Charts 
and formulae evlst whxh relate such a permd to the perpendxcular distance of the reflecting 
ob,ect from the locallzer course 4 This often allows the source of partxularly ofiendmg reilec- 
tmne to be ldentlfled, but xt 1s selilom practxal to remove the oblect In some cases, the reflec- 
tlon amplitudes are suffxxntly large to affect sermusly the “flyabzllty” of the locallzer course 

1 
Sidney Pickles, “Army Air Forces1 Portable Instrument Landmg System,” Electrlcsl 

Communlcatlons, Vol 22, No 4, 1945 

2 
peter Caporale, “The CriA Instrumel,t Landmg System, ” Electromcs, February and 

March 1945 

3R A Hampshue and B V Thompson. “ILS-2 Lnstrument Landmg Equipment.” 
ElectrIcal Commun~atmns. Vol 27, No 2, June 1950 

4 
Charles S Fratilm, “Insrrument Landing Taoles,” AKL Memorandum Keport No 172. 

Alrcraft Radio Laboratory, Wrxght Fwld, Dayton, Ohm, June 15, 1944 
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In such cases zt 1s necessary either to choose another site, a procedure which has deflmte 
lmntat,ons If a partxular runway IS to be served by ILS, or it IS necessary to modify the 
antenna patterns of the localzer m such a way that less sqnal 1s radmted in rhe dlrectmn of 
the reflectmg ob,ects If the troublesome ob,ects -‘re located behmd the locollzer, much good 
can be done with snnple back screens of various types At least one standard t e of locsluer 
has bee,, constructed in quantity with a bult-m rat10 of front-to-back radlatran ‘jp To madlfy 
the localner antenna patterns, the6use of large screens made of wire has recelied much 
attentmn, par+xularly by Pickles 

Undoubtedly, the case wltb which It 1s most dzfficult to deal 1s that of large reflecting 
ob,ects located u, front of the localner and at only a small angle from the courbe Unfortun- 
ately, such cases are not rare They sometxnes take the form of a row of hangars near the 
approach end of the runway and, to make matters worse, often have large surfaces parallel 
to the runway, 1n which case extreme dlrectxvlty in the locallzer would be desirable 

The foremost thought in this prqect was the aclnetiement of a locallzer desqn. not 
unduly complicated, which would produce a flyable course at almost any site that mqht be 
encountered 

Another season for the development of the dIrectiona localrzer .,,a: to xnprove the 
behavior of autamatlc approach equipment It 1s well understood that preclslon and stablllty 
in automatic ap roach are compromxed by the necessity of reducmg undesired responses to 
course bendmg p7,8,9.10 A substantnl nnprovement zn the quality of localmer courses would 
allow the adoptlon of values for the automatxc approach control parameters and would mean 
smoother and more accurate performance Recogmtn, of thzs fact 1s evident in the current 
efforts of the Radio Techrucal Commzssmn for Aeronautws (RTCA). Spew1 Committee 18 
on Automatic Flqht Control, to arrive at a set of tolerances for the characterlstxs of IL5 
ground facllltles, r,cludlng localzer course bends 

DESIGN OF A LOCALIZER ANTENNA 

In the desqgn of a locallzer antenna, there are a number of requnements which are 
rmposed by the nature of the serwte and by the characterlstxs of related air navlgatmn 
components Among these are the follawmg 

1. The operatmg frequency 1s I,, the range 108 to 112 MC. whxh gxve a wavelength of 
about rune feet 

2 The polarnatw must be horwsmtal wltb a high degree of purity 
3 The vertical dmxenslon of the antenna should be small, preferably less than one 

Wa”&“gtb 
4 The stabllxty of the radiation patterns must be hqh. wzth mu,~mum effects from the 

weather 
5 The constructlo,, should be such that r,stallatmn 1s sunple and mamtenance 1s 

relat1ve1y lnexpenslve 

58, Handbook of Mamtenance Instructmns for Radio Set AN/RN-IO,” U S Army Azr 
Force Techmcal Order AN16-30 CRN 10-3. 

6 
Sidney Pxkles, “Use of Screens far Reductxn, of Local~zer Sltmg Requremente,” 

Technxal Memorandum No 96, Federal Telecommurucatron Laboratones, Inc , October 1946 

7 Francls L Moseley and Chester B. Watts, Jr , “Automatic Radio Flight Control.” 
Proceednags of the NatIonal Electromcs Conference, October 1946 

a 
Paul A Noxon, “Flqht Path Control,” Aeronautical Engmeermg Review, Aqust 1948 

9 Chester B Watts, Jr , and Logan E Setzer, 
Controlled Flqht and LandmE, 

“Some Recent Developments IX? Reidlo- 
‘I Cm Techmcal Development Report No 118, July 1950 

10 
David L Markuser,, “Flight Path Control,” 

Conference. Vol VI, September 1950 
Proceedmgs of the Natmnal Electronxs 



3 

It 1s horuontal &rectwty urhxh 1s requred 1” the dlrectmnal locallzer, and this cannot 
be obtalned wlthout a corresponchngly large horizontal aperture However, the lrmtatm” on 
the vertical dxmensro” appears to rule out some otherwlse attractive antenna types such as 
the wre-curtam lens described by Kock,ll 
proportlons.l2 

as well as paraboloid rellectars of usual 

THE PARABOLIC ANTENNA 

I” view of the varmus requrements, it was declded to try what may be termed a para- 
b&c strip antenna which 1s Illustrated in Fxg 1 The reflector, otherwlse know” 6s a para- 
bola, has the form of a “arrow strxp of a parabolx cylinder and physlcally looks lzke a curved 
metal fence Su-,ce the strip wdth, designated as height h, 1s relatively small (approximately 
one wavelength), the source of ra&atlon must be placed close to the reflector I” order to 
avold having a” excessive amount of radlatm” escaping over the top This results I” a conflg- 
uratmn which has the source deeply burled I” the parabola. that 15, the depth d of the reflector 
1s substantially greater than the focal length f Even so, for large values of aperture a, the 
dzstance from the source to the end portions of the reflector 1s also large, with the result that 
some dlffractm” over the reflector 1s lnevxtable 

n. RYLY DT”tl~lt*l *mm <“.LY.,m cr*.r. *a”*.- .mY” 
Fig 1 Parabolx Strip Antenna 

The arra”geme”t appeared to offer promise wth regard to stability, slmpllclty of can- 
structxon, and cost of maintenance The problem was to fmd the optnnum values for height, 
aperture. and focal length and to determme the nature of the source wluch would best ~lluml- 
“ate the reflector Unfortunately, no applicable theory was avalable whxh did not involve 
intolerable approxlmatlons, therefore the problem had to be attacked by emplrlcal methods 

MEASURING FIELD PATTERNS 

It was necessary to arrange means to observe and to record the azimuth field dlstrl- 
butmn of experimental antennas Because of the appreczable phase error which 1s due to 
proxmuty and which 1s prese”t wulth large-aperture arrays. It was usually lmpractlcal to make 
pattern measurements on the ground except 1” a “arrow sector dxrectly I” front of the antenna 
In order to be able to carry the field meter around a” unobstructed circle of sufficient radius 
to yield the true pattern, it vas necessary +a make test flights Accurate measurements of 
ground antenna patterns are dlffxult to abtal” wh& I” flight, the primary drfficulty bemg to 
avold the mtroductmn of large spurmus signal varlatmns due to changes I” attitude of the air- 
plane The use of the conventmnal V-type recelvmg antenna for fwld strength measurements 
was found unsatisfactory I” this respect. However, a “umber of satisfactory patterns were 
obtamed when the V-type antenna was used and when the plane was flow” m a circle of 20-rmle 
radius around the localzer. The effect of malung the radius so large was to spread out the 
ground pattern so that It could be easily dIstinguIshed from the spurloos variations due to attl- 
tude changes Thus It was possible to elmunate by the process of averagmg out the spurmus 
changes and to obtain an acceptable pattern of the experImenta antenna. The method is unde- 
slrable because of the excesxve time and flymg reqmred to abtaln one patter” 

11 
Winston E Kock. “Metal-Lens Antennas, 

Engmeers. Vol 34, pp. 828-836, November 1946 
‘I Proceedings of the Institute of Radro 

12 H T Frlls and W D Lewxs. “Radar Antennas,” 
Vol. 26, No. 2, Aprrl 1947. 

The Bell System TechnIcal Journal, 
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il much better antenna for mea~urrng field strength was found to be a quarter-suave 
antenna tralllng on a pxece of ;(G-58,/U transmlislon line about 150 feet behind the airplane 
The antenna was actually the extension of the Inner conductor of the transmzsslon line, and a 
one-quarter waxelength sectlo,, of brald was folded back over the line to form a trap to 
reduce the amount of coupling to the outsxde of the line A drag cone wss attached to keep 
the lra~llng cable stretched out 11, a reasonablv straight 1,ne behlnd the alrplanc The arrange- 
ment was successful electrically but was qutc a nu~ance mechamcally 

The recelv~ng antenna fu,ally adopted was a half-wave dipole mounted on in 18-Inch 
pedestal over the pllot’s compartment of the 3ou$as JC-3 axplane The dipole was parallel 
to the long,tud,nal ax1.s of the arplane With this antenna, It was possxble to obtain satisfactory 
patterns when flying III a circle having a sax-mile radius at an altitude that was usually 1,000 
feet above the ground 

A Type BC-733-D localzer receiver was modlfled for use as a field-strength meter by 
dlsabllng the automatic gun control, applyq fIxed bias, and coupluq the dxode second detec- 
tor to a Mxrosen direct-current (d-c) ampl,f>er and an Esterhne-Angus recorder The 
clrcutry was arranged so that the full-scale ,ndlcat,on on the recorder always corresponded 
to about 50 volts across the total diode load This resulted in an almost linear deflection of 
the recorder pen with changes in the receiver znput level, and the pattern could then be con- 
venlentlyobtau,ed from the chart w,thout reference to a callbratlan curve 

PARABOLA DEVELOPWaNT 

In the development of the parabolx locall&er antenna, \&~~ous reflector shapes and 
feed arrangements were trxd both at full scale and at tenth scale on the l,OOO-MC model 
antenna range A typlcal setup of a model parabolic strip antenna 15 shown in Fig LA The 
signals from the model were received by a horn, shown in Fig 2B. located about 150 feet 
from the turntable 

Fig 2A Model Parabolx Antenna on Turntable Fig 2B Model Antenna Range Recelvlng Horn 

A full-scale parabola was bult at the north end of the north-south runway at the IndIana- 
polls axport This site 1s characterized by a telegraph 11ne and by rallroad tracks runmng 
almost perpendicular to the runway center line about 75 feet north of the parabola locatlon 
The parabola constructlo” utlllzed wooden poles with horrzontal copper wxes vertically spaced 
three Inches apart The focal length was 13 5 feet The orlglnal aperture of 113 feet was later 
reduced to 80 feet The height, which was or~gx~ally 24 feet, was cut to 16 feet and then to 9 feet 
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Fig 38 North Parabola M’lth Full Top Screen 

At the west end of the east-west runway, another full-scale Parabola was buit with an aperture 
of 80 feet. a height of 12 feet, and a focal kneth of 18 feet. 

The hezght was later cut to 7 feet Both parabolas were trxd at the lower hqhts with o metal screen wholly or Partmlly covermg 
the top Fig. 3A 1s a mew of the ate showmg the t&graph lme belnnd the Parabola 
Installat%% and Fq. 3B IS a closeup view of the Parab’ola at a height of 9 feet, with a full top 
screen 
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Varmus types of radmtor elements were mvestqated as possible energy sources for 
~llurnmatm~ the parabola These types mcluded dipole, V-type, and loop antennas used both 
suqly end in phased pars and also Included slotted vertical cylmders of vai-IOUS dxmneters 

It was found to be very xnportant to have a feed arrangement supplyno ~llummmtlon 
which decreased toward the ends of the parabola Without optmum energy dxtnbutmn, the 
nunor lobe amplitudes of the field patterns were e\.c~ss,ve Feed arrangements which utlllzed 
phased pars of loops were best in this respect Although slotted c,lmders which ippeared to 
have proper amphtude dlstrlbutmn of energy were found, they made relatively poor sources 
for the parabola because of tbelr phase characterlstlcs 

The best over-all results were obtalneo wvlth the 13 5-foot focal length parabola used in 
combnxatmn with phased purs of loops From the standpmnt 01 antenna patterns, It appeared 
tbhat the hqher the parabola the greater the effectiveness It YSS necessary to reach a com- 
prormse between height and performance The performance of the uncovered parabola at a 
16-foot ,elght was about equal to that of the covered one at a q-foot height It determrated 
only sl+$,tly when the cover was trmuned back to form a rim one-quarter wavelength zn width 
Because of the relatively smple and rugged constructlo,, which this form permztted, this com- 
promuse w s adopted as the flm.1 arrangement 

i&er deterrmnatmn of the feed system and the form of the parabola, detaled drawmgs 
and speclfxatmns were prepared for a light metal prefabrxated parabol,c antenna which would 
be sutable for transportmg by axcraft and for settm[: up with mr,mnum effort Two such 
Anten”as were procured on contract one was to be tested at TDEC, the other was to be supplled 
to the Jepartment of the Air Force l-he parabolbs were delIvered by the contractor in Sep- 
tember 1951 Fq 4 shows one of the portable parabolas assembled at the Indmnapolls Amport 

Fzg 4 Portable Parabola Assembled for Test at North Localmer S,te 

The prlnclple dnnensmns of the antenna are given in Fig 5A The lllummator system con- 
~1st~ of four honzontal-loop radmtors located at the corners of a 30-mch square and centered 
on the focal pant of the parabola The loops are mounted on pedestals approxmmtely one- 
half wavelength above ground. Fq 5B shows a schematic dmgram of the transmxssmn-lme 
network used to energzze the loops Loops desqnated as A and C are polarxeed clockwse, 
B and D are polarned counterclockwise 

The operatmn of the feed system may be explained brIefly by referrmg to F,g 6A The 
energy for loops A and C, for example, 1s fed partly at ,unctm, x and partly at ~unctmn y 
of the brxdge The energy fed at ,unctmn x produces mphase excltatmn of the loops while 
energy fed at ,mctmn y produces a&phase excxtatmn The correspondmg radmtmn patterns 
are shown ln Fxg 68 The tie lme L has a length whzch brings the component patterns rntto 
phase in the dlrectmn of the reflector and results in a total pattern whxh resembles a cardlad 



Fq. 5 Parabola Feed System 

Fig. b Composition of Feed Pattern 



Fig 8 Typzcal Measured Field Patterns for the Portable Parabola 

Thus, the lllummatio” of the parabola tapers toward the ends, a co”~I~tm” whrch 1s necessary 
for low minor lobe level, and relatively lxttle energy 1s ra&ated dxectly from the mouth of 
the parabola. 

.%nce loops A and C are not located on the axis of the parabola, the reflected beam hes 
to ““e side of the center hne. as mdlcated I” Flp 7 LIkewise, loops B and D produce a re- 
flected beam. the n,a.xr”urn lntenslty of which 11.~6 on the other side of the center hne It IS 
the function of the center bridge of the feed network, Fig 5B. to permit sunultaheous mphase 
and antiphase excltatmn of the left and right beams Inphase excitatlo” of these patterns 
results in the reference or carrier patter”, whrle antlphase excitation produces the deflectmn 
or sldeband patter” Both resultant patterns are show” 1” Fig 7. 

Measured field patterns of the portable parabola are reproduced I” Fig. 8 These were 
obtaned 1~1th the motifled BC-733-D hnear field meter at a racbus of SIX miles and at a” 
altitude of 1.000 feet above ground. The effects of the telegraph wires at the rear of the an- 
te”na are vlslble m these patterns as. well-defined ripples 1” regrons of optimum reflection 
angles These patterns were obtaned at a carrier frequency of 109.1 MC, although there was 
no slgruficant change 1” patter” shape over the band 108 to 110 MC 

In order to produce a tone local~zer course. the feed lrnes are connected to sutably modu- 
lated sources of reference signal Er and of deflectlo” sxgnal Ed of the usual form 

Er = A 
A 

lt m(smat+ smpt) sl”*t 
I 

(1) 

Ed = Ad (amat - SI”~ t) sin ( pt + 0) (2) 

where 

Ar = reference-signal amplitude factor 

Ad = deflectuxrslgnal amphtude factor 

q = radm-frequency phase angle 

m = modulatm” Index = 0 20. apprwmately 

a = Orst-tone angular velocity = 2~90, radians per second 

4 = second-tone angular velocity = 2~150, radians per second 

p = c*rr1er angular velocity = 2s (carrier frequency) 
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A localzer course IS produced w-hen the signals are detected by any standard locallzer reCelVe1 
It 1s customary to ad,ust the x&o-frequency (r-f) phase angle 0 to minxnvze the angular width 
of the course After this ~Sdone, the amphtude ratio Ad/Ar IS adJusted to brmg the courSe wrdth 
to the standard value of 5” Fig 9 IS LL reproduction of a typrcal recordmg of course deviatro” 
m&cator (CDI) current obtafned duri”g fkghts across the man beam of the antenna at a r*&u* 
of SIX m&s Wltlun the man beam, the recordrag shows a smooth crossover OutSIde of the 
man beam, the CDI moves in a” apparently random fashion because of the minor lobes of the 
ratiatmn pattern Many false courSeS eust, but the energy level IS low m comparison With the 
energy m the man course Smce the false courses have low energy. they are easily suppressed 
by means of an auxxlwxy clearance array wtich ~111 be &scussed later 

Ranlung equal 1” rnportance with freedom from bends, a” attrrbute of a good locallzer 
courSe IS absence of attitude effect. A local~er which has no attitude effect will produce a” on- 
course xndlcation at an aznnuth angle which does not depend 1x1 any way upon the heahng. ban*. 
or pitch angles of the alrplane It would be Ideal If the CD1 would respond only to changes m the 
aznnuth angle. The presence of any apprecxable attitude effect 1s a source of confuslo” and 
annoyance to the pllot and a cz.uSe for poor performance of automatic approach eqrupment 

Attitude effect differs from course bendmg xn that It IS not generally consldered to be a 
fun&lo” of the Srte. rather, it IS a characterzstic of the localxaer Station Itself. The effect 15 
produced by ratiatmn of a vertically polarized component of the deflectlo” signal Ed Such a 
signal may orlglnate aS leakage radlatmn from the transmltier, modulator, or transrmsslon 
lines. or lt may be radiated by the antenna system The effect may be simply explamed by 
reference to F1.g 10 Tbx &agram Shows Space relations only and does not mdxate phase or 
time. Let us suppose the axplane IS equipped with a pure plane-polarized horizontal recelvmg 
antenna and 1s flying on-course By dehrution then, the horlzontally polsrleed component of 
deflection signal Ed XS zero Only reference signal E, 1s present by Intention. However, when 
attitude effect exxts, there IS a vertxally polarxed component of deflectxon signal Ed aS mdl- 
cated If the axx of the airplane 1s horizontal, SS mdxated by lme a to a’ , the vertical 
Slgnal 1s reJected and the CD1 1s centered, but, If the pxlot banks the airplane. lme b to b’ , 
then some of the vertxcal signal IS recerved and the CDI 1s deflected erroneously. 

Ttis overslmplliled explanation cannot be expected to be I” very close agreement with 
observed magmtudes of attxtude effect, because the arbarne antenna does not behave as a pure 

plane-polarized recervmg system. Furthermore. the magrutude of the CD1 deflection depends 
upon the relatrve txme phase of the received E, and Ed szgnals, and the tme phase I” turn 
depends upon the characterlstxs of the receiving system, upon the propagation effects, and 
upon the phase origxnatang at the locahzer Statm” For thx, reason It lS difficult. Ii not ~mpos- 
sable. to make ground measurements which will allow quantitative prediction of the maglutude 
of attatude effect whxh will be observed m S gzven axplane A srmple procedure, such *S 
abservmg the magmtude of the courSe shft with the tilt of a receivxng dipole. 1s of little value 
For example, If the vertically polarized deflection signal Ed happens to be in time phase quad- 
rature with the horxzontally polarTeed signal, the tilted dipole test shows zero attitude effect. 
nevertheless, severe atitude effect may be observed xn the airplane Thm IS because the axr- 
plane recelvlng antenna may Shlit the phase of the vertical signals with respect to the horizontal 
0*e* 

Fig 9 CD1 Current in Regmn of Man Beam 
of Parabola 

Fxg. 10 Attitude Effect 



Fig 11 Measurement of Vertical Component Fig 12 Calculated Patterns 
of Clearance Array 

Durmg the course of the development of the parabohc localleer antenna. It was found 
that very much attitude effect was present and that productmn of the vertxally polarzed 
deflectmn signal appeared to be mherent I,, the parabola Furthermore, the phase of the vertical 
slgnal was almost zn quadrature with the horizontal slgnal with the result that the tllted dipole 
test showed little effect The magmtude of the effect I” the airplane was approximately 30 
m~croamperes. or one-fifth scale on the CDI, for a 30’ angle of bank 

In order to be able to measure the magmtude of vertxal radmtmn of a deflectlo” signal 
without regard to its phase, the arrangement shown schematically ln Fig 11 was employed 
Through use of separate recelvmg antennas for horizontally and vertically polarzed szgnals, 
It was possible to adlust the relative phase to obtam a maxzmum CD1 deflection due to the 
spurmus vertical signal. This deflection could then be taken as a true measure of the magm- 
tude of the vertxal signal 

When the foregomg method for lndrcatmg the magnitude was used, the vertxal slgn.4 
from the parabolic antenna was cancelled by the addltmn of four mclmed wares actmg as polari- 
zatmn converters These wares are shown in Fig 5A With the wires I” place. the attitude 
effect m the azrplane was reduced to an unmeasurable value. 

THECLEARANCEARRAY 

One of the requurements in the development of the dIrectiona locallzer was that the 
system should need no change m existent pllotmg techmques used with ILS This means that 
(1) there must be no false courses. (2) full-scale clearance (150 rmcroamperes CD1 deflectmn) 
must be malntamed to the sides, and (3) there must be a back course It appears that these 
conditions cannot be satlsiactarrly achieved with the dlrectmnal array alone. 



Fig 13 Recording of CD1 Current, 6-Mile Radius. Clearance Array Alone At North Localmer 
site 

Fig 14 Showing Relations Between Parabola and Clearance-Array Patterns 

Early in the development of the parabokc directmnal antenna. attempts were made to 
obtam clearance with an auxll~ary three-loop array operatmg on a common carrier frequency 
The performance of such an arrangement was found to be crltlcally dependent on the relative 
posltxms of the two arrays and was generally unsatisfactory because of mterference effects 

Durmg experiments with the parabola utikmg a two-loop feed, It was found that clear- 
ance could be obtamed wltb the hrectional array alone by phasmg the reference and deflectmn 
srgnals properly The effect may be explamed as follows the ma,” beams of the deflectmn and 
reference patterns were formed prxnarily by energy which WLLS reflected from the parabola 
The remairung part of each pattern, outside of the mam beams, was formed prrnarlly with 
energy whxh dzffracted over and around the parabola. Because of this candxtion, the relatwe 
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phase of the two patterns ,.,a% not constant w,th al,muth but shlfted about 90° across the tran- 
s,t,on Into or out of the sector of the maxn beams Thus, phasmg for max,mum s,de clearance 
resulted I” a very broad course or no course at all However, a comprormse phase could be 
found wh,ch preserved the course and at the same t,me gave clearance 

Th,s arrangement was tr,ed IIL an expermxntal parabolic-antenna lnstallatlon at Wold- 
Chamberla,” Airport, M,nneapol,s, Mxnnesota, dur,ng the w,nter of 1949-50 The method was 
d,scarded because (I) course w,dth and clearance were crltxally dependent on the relat,ve 
phases of deflectmn and reference s,gnals to the extent that a spec,al phase mo”,tor had to be 
,nstalled and (2) s,nce the comprormse phase co”d,t,on I” the main beams resulted 1” a wider 
course, ,t was necessary to ,ncrease the amplitude of the deflectmn s,gnal to obta,n standard 
course w,dth. Th,s, ,n turn, ,ncreased the amplitude of deflectlo” s,gnal str,k,ng reflect,“8 
objects and tended to defeat the obJect,ue of the d,rect,anal local,zer 

The use of a clearance array operat,“g on a separate carr,er frequency was f,rst tested 
In connection w,th this prolect ,n July 1950 It was found that the d,fference between the two 
carr,er frequencies 1s not cr,t,cal, but they should be high enough to avo,d lnterierence w,th 
90-cycle per second (cps), 150-cps, and vo,ce frequencies and yet perm,t both carr,er frequen- 
cies to he with,” the passband of a receiver tuned to the channel A f,gure of 8 k,locycles (kc) 
was adopted as a su,table value for the difference frequency The locatmn of the clearance 
array ,s also “oncrItical and should be chosen pr,mar,ly from the standpant of ease I* 
monltorlng 

The constructmn, mstallatm”, and tun,“g procedure for a clearance array follows the 
standard pracr,ces assoczated w,th a co”ve”t,onal local,zer However, the course need not be 
as sharp as that of the conventlonal array Only suif,c,ent sharpness ,s requ,red to develop 
iull-scale CD1 deflectlo” at the edges of the sector occupied by the ma,* beams of the d,rec- 
tmnal array Tests on a three-loop clearance array showed ,nsuif,c,ent sharpness, but a f,ve- 
loop array proved to be ent,rely adequate for use w,th the d,rect,onal antennas described ,n 
th,s report The calculated f,eld pattern and the loop spacmgs far the i,ve-loop clearance array 
are show” ,n F,g I2 

At the Ind%-,apol,s north parabola s,te, the f,ve-loop clearance array was ,nstalled at a 
po,“t on the center lme about 375 feet ,n front of the mouth of the parabola A typical record,ng 
of the CD1 current at a s,u-m,le rad,us, wzth the clearance array operating alone. ,s repro- 
duced ,n F,g 13 It w,ll be noted that severe scallop,“g, caused by reflections from the tele- 
graph lines I” the rear, 15 present ,n the region of the front course 

When the clearance array IS operated ,n co”Junct,an with the parabolxc d,rect,onal array, 
Its power level 1s adjusted to a value suif,c,ent to averr,de safely the m,nor lobes ,n the direc- 
t,o”al patterns, so that full-scale clearance ,s obtaned at the s,des Th,s then results ,n a 
clearance-array f,eld strength wh,ch ,s approx,mately one-th,rd that of the ma,” beam of the 
d,rect,onal array Th,s s,tuat,o” ,s Illustrated ,n F,g 14, wh,ch shows the field patterns of 
both arrays based on a common scale 

With both arrays I” operat,an, ,t IS apparent that when the a,rplane ,s on or near the 
front course the rece,ver responds pr,mar,ly to the s,gnals of the d,rectv,nal array which 1s’ 
des,g”ed solely to produce a h,gh quahty course When the airplane ,s outs,de of the man beam, 
the receiver responds pr,mar,ly to the x,g”als of the clearance array However, ,n each case 
the d,scr,m,nat,on agamst the lower-level s,g”al 1s much greater than would at f,rst be suspec- 
ted from a cons,derat,on of the curves of F,g. 14 Th,s ,s due to the phenomenon called “cap- 
ture effect,” wh,ch xv,11 be dzcussed later xn some deta,l. 

A recordmg was made of the CD1 curtent at a s,x-mile racbus at a time when the para- 
bol,c directlana and clearance arrays were operat,ng sxnultaneously as a complete locallzer. 
Th,s record,ng ,s reproduced ,n F,g 15A It w,ll be noted ,n F,g 9 that the smooth man- 
course crossover due to the parabola was preserved, wh,le the remainder of the record followed 
the clearance record,ng ai Fig 13 The total f,eld recor&ng, F,g 15B, shows the ratm of 
parabola f,eld strength to that of the clearance array 

CAPTUREEFFECT 

Two benef,ts have accrued as a result of plac,ng the clearance array on a separate 
carrier frequency First, there ,s no problem of r-f mterference between the arrays. so that 
the locatmn of the clearance array w,th relatmn to that of the d,rect,onal array 1s noncr,t,cal 
Second, the d,scrm,,“at,on agamst the weaker s,gnal IS mcreased by capture effect Th,s ,s 
more ,mportant than the first benefit, because the clearance array with ,ts inherently ncn- 
dlrectlve dlstrlbut,on of energy would be expected to produce poor qual,ty courses at a poor 



site. Of course, the poor quality front course of the clearance array tends to be suppressed 
by the lugher field strength of the dxectional array, but this suppression ratio receives 11 
further substantial increase by the effect of capture 

The capture effect is a phenomenon exlstmg m the detection of two amplitude-mod&ted 
signals of different levels and different carrier frequencies Let us suppose the signals are 
represented by two vectors of magnitudes X and Y, Fig 16. SD that the total signal at any 
mstant is given by 

e = x co5 pt + Y co.5 (p + p) t (3) 

m wblch ,~/2r IS the carrier frequency of one signal and p/L r 1s the beet frequency, which IS 
relatively small but supersmuc Equation (3) can be rewritten 

e=Ecos(,~tt$‘), (4) 

where 

$ = arc tan Y 51n pt 
x t Y cos pt 

and 

E =[ X2 t Yz t 2XY CDS pt ] li2 (6) 

The fun&on E (t) is called the beat envelope, and an example of Its form 1s shown plotted in 
Fig 16 for the particular value of the ratio Y/X = 0.5. The amphtudes X and Y are not con- 
stant but are modulated by dxfferent au&o srgnals at rates which are slow compared with the 
beat frequency For example 

X=A( ltas~not) (7) 

and 

Y=B( ltbsmpt) 

where 

(8) 

A = carrier amphtude of first signal 

B = carrier amplrtude of second signal 
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c = modulatmn Index of first slgnal 

b = modulation Index of second slgnal 

0 = angular velocity of frrst-signal madulatmn 

P = angular velocity of second-slgnal modulation 

This results m a slow var~a+.mn of the form of the beat envelope A perfectly lmear envelope 
detector urlll falthfully reproduce this form, mcludmg the au&o-frequency variations The 
problem then 1s to calculate the actual amphtudes of the a /2a and the B /2n signals present In 
the detector output Presumably, this could be done by harmaruc analysis of Equatmn (6) 

The general solutmn of the problem becomes extremely involved. Bmomlal expansion 
of Equatmn (6) results m a complxated serxs conttarmng many frequencies If we assume the 
depths of modulatmn of both signals to be equal, then 

a=b=Zn (9) 

C,lculatmg the ratm r of fi /2rr amplitude to fl /2r amplrtude, xgnormg all other frequencies, 
and lettrng * 

B _ 
A ’ (10) 

we obtain fzom the first term of the expansmn 

2 
r=P, 

for the first plus the second terms, 

(11) 

r-P 
2 

[ 

1+3nZtPZ(2+3nZ) 

I 
2+3n2tP2(1t3n2) ’ 

for the fust plus second plus third terms, 

(12) 

r= P 
2 

[ 

2 + 4011’ + 17n4 + P2 (9 + 36”’ + 4417~) + P4 (4 + 20n2 + 15n4) 

4 + 20n2 + 15n4 t P2 (9 + 36n2 + 44n4) + P4 (2 + 40n2 + 
I 

17n4) 
(13) 

and contmung mdefmltely From thx It can be deduced that, for the special case where 
n and are both small, 

r =+ p2, for n<< l.p<< 1 (14) 

In the appllcatmn of capture effect to the duectmnal localize=, we might tolerate the lumta- 
tmn on modulatzan depth, but the signal ratm takes many values. includmg umty. In such a 
s1tuatmn there 1s no sunple formula for capture effect 

Butterworth has presented for thus case a solution based on elhptx Integrals 13 
Butterworth’s work has beep4verzfled (except for numerical errors) by Axken I., another treat- 
ment of a slmllar s1tuatlon Data obtained by Butterworth 1s gaven m Table I wrtb nunerlcal 
errors corrected. 

13 
S Butterworth, “Note on the Apparent Demodulation of a Weak Station by a Stronger 

One.” The Wlreless Engmeer and Experimental Wireless. Vol. VI, No 74, November 1929 

14 
Charles B Alken, “Theory of the Detection of Two Modulated Waves by a Lmeer 

Rectiler.” Proceedings of the Lnstltute of Radm Engineers. Val 21, No. 4, pp 601-629. 
npr11 1933 
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Relatmnship of p and = Fig 16 On Capture Effe*ct 

It should be panted out that if a square-law detector 1s employed, the capture effect 1s 
expressed samply by Equation (11) Smce the capture effect 1s a function of the detector charac- 
terlstlc, we can expect very much variation between =ecelve=s Measured capture-effect 
curves obtamed m the laboratory for two typical locallzer =ecelw=s are shown xn Fig 17 

TRANSMITTER AND MODULATION EQULPMENT 

Transmitters for directional-localize= use are conventmnal, except that two are re- 
qrured, and some care must be taken to msu=e a stable beat frequency A sufficiently stabllmed 
beat frequency can be readily obtamed by the use of a prrlr of properly ground crystals in a 
common oven For example, for the operatmg channel 109 1 MC the crystal frequenaes used 
we== 6061 333 kc and 6060 888 kc. When multiplied by 18, these values gave carrier frequen- 
cles equally spaced 4,000 cps above and below the nommal center frequency of the channel A 
separate exciter unit was constructed contammg the dual-crystal oven, the two oscillator cl=- 
cuts. and an ~dentihcatian code wheel with a 1,020-cps oscillator The dual-crystal oven IS 
Illustrated I” Fig. 18 

A block &ag=am of the arrangement of transmitters and modulating eqmpment 1s given 
In Fq.. 19 The Type TUQ transmitters have an unmodulated output of about 50 watts. These 
transmrtters mclude provision for voice modulation 

Directional-loca~eer tests we=e conducted with both electromc sldeband generators and 
mecharucal modulators for producing 90 and 150 cps Since one of the Important parameters 
of a directmnal locallzer 1s the ratio of the radiated field strengths produced by the directmnal 
and clearance arrays, it IS very dearable to be able to adlust the total field from one array If 
mechamcal modulation 1s used, this adjustment can be accomplIshed amply by varlatmn of the 
transmitter-output coupling However, wth electronx modulatmn, a power change =equ=es 
many adjustments. For ths reason mechanical modulators are preferred In these tests there 
we=e used two mrlitary Type MRN-1 mechanical modulators which had been mo&fled to accoma- 
date mputs and outputs to RG-8/U transmissmn line at both input and output In the region of the 
transltion mto o= out of the main be-, the signal amplitudes from the tirectlonal and clearance 
arrays are comparable If the relative phases of the two sets of 90- and 150-cps tones are such 
that they wvrll cause cancellatzon, a low clearance drp IS observed m this region It 1s important 
to prevent thus occurence by tymg the phases together so that the tones are additive Thrs was 
done by a mechanical coupling between the modulators. Smular precautions should be observed 
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m cannectmn wxth the voice and 1,020-cps xdentifxatmn modulations At the terrmnals of the 
modulator output bridge. this arrangement provides about 17 watts of reference signal and 0 7 
watt of deflectron signal These fxgures are ior the usual con&tmn of 20 per cent modulatron of 
each tone in the reference slgnal The reason for the relatively low output compared wltb the 
unmodulated capablllty of the Type TUQ transmztter 1s the downward nature wbxch 1s character- 
IstIc of the modulatmn of mechamcal modulators 

Fig. 18 Dual-Crystal Oven 
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Fig 19 Block Diagram, Transmitter 
and Modulation Equpment 

Fig 20 Alford Lznear Dipole Array Assembled for Test at North Locahzer Site 
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The voice and ldentifxatmn levels are adlusted to modulate each transmrtter approxl- 
mately 50 and 5 per cent, respectively. Some c=oss modulatmn of voice and ldentlfxatmn 
sidebands with the 90- and 150-cps tones necessarily OCCUIS in the mechanxal modulators. 
However, with 20 per cent tone modulatmn, the cross-modulatmn products are not large and 
the voice and ldentlflcatmn qual,ty IS very good 

A LLNEAR ARRAY OF DIPOLES 

At an ANDB-sponsored meetmg held at TDEC in July 1950, xt was decided that a lmear- 
dipole array desrgned for dlrectlonal-localleer se=vlce should be tested and compared with 
the parabolic antenna at Indmnapolx A lmear array havmg an aperture of about 40 feet had 
prevmusly been supplled by Andrew Alford to the Aircraft Radm Laboratory at Wrrght Ax= 
Development Center, Wrrght-Patterson Al= Force Base, Ohm. In order to increase the 
aperture to a value at least as great as that of the parabola, TDEC purchased addltmnal 
elements and feedmg network from Alford. The complete antenna was assembled at the 
Indm,apolis north localuer site m November 1950, and It 1s shown XI Fig 24 The aperture of 
the array 1s 88 feet, and the feed network IS housed m the wooden box at the center *ear. 
Fig. 21 shows schemat,cally the feedIng arrangement. 

In contrast to the parabola development, It was possible for the desqner of the lmear- 
dipole array to calculate =ead,ly the =admt,on patterns of the antenna and to expect reasonable 
agreement with measurements. This was, I,, fact, the case. Measured reference-and 
deflecban-array patterns obtalned I,, the usual way at a su-mzle radius are shown 1n Fig 22. 
It ~111 be noted that the deflectlon pattern 1% much supe=u,= to that of the parabola. Fig 8, 
with regard to the level of nunor lobes. However, the reference pattern 1s broader. When the 
array was energized as a localzer, the CD1 recordq reproduced xn Fig 23 was obtuned. A 
test for attitude effect showed none measurable m the urplane The vertical component 
measured on the ground was extremely small. 

When the combxmtron of the linear array and the clearance array was operated, some 
dlfflculty was experienced wrlth clearance u, the transitron regron. Tlsls dlfflculty was 
attributed to the relatwely wide reference pattern of the lraear array, whxh sltuatmn tended 
to prevent the clearance array from capturing the =ecave=. A recordmg of CD1 cu==ent for 
the linear array operated with the same clearance array that was used with the parabola 1s 
shown in FQ. 24A, which ,n&cates the regions of margn,al clearance on each side of the 
Course. The relative level of the clearance array 1s shown by the total-field-strength 
recording. Fig. 24B. 

It should be pomted out that by the adtitvx, of one or more bridges m the feed network. 
It would have been possible to feed a reference signal mto a greater number of the elements. 
Ths would have resulted in a sharper reference pattern 



Fig. 22 Measured Field Patterns for Alford Linear-Dipole Array 

Fig. 23 CDI Current in Regron of Mun 
Beam, Lmear Array Alone 

Fig 24 Recordings for Snmultaneaus Operation of Lmear and Clearance Arrays 

/- 
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F1g 25 Model Slotted-Wavegude Array on Turn+.,ble 

In addltmn to Its ablllty to produce high qualzty radlatmn patterns, the linear array has 
the particular mllltary advantages of being broadband and relatively portable 

THE SLOTTED-WAVEGUIDE ARRAY 

In order to retam the advantages of a lmear array and at the same tn,,e to obtar, a 
simple feed system, It was decided early in 1951 to mvestlgate the posslbllltles of a slotted- 
wavegude array The first step was to construct and test 1 lo-scale models utlllzlng the two 
types of feed arrangement described ,n a prevmus report 1 i The end-feed arrangement was 
preferred to the center-feed because of the posslbllxty that a low minor-lobe level would be 
obtamed 11, both reference and deflectmn patterns 

A model oi an end-fed slotted-waveguide array, placed on the turntable for pattern meas- 
urements, 1s shown I,, Fig 25 The model was constructed of 4- by B-inch aluminum heatmg 
duct Although comparatively crude, the model performed sufficiently well to encourage con- 
struct1on of a full-scale antenna 

Fabrxcatmn of the full-scale wavegude was carried out an contract by Tarpenrung- 
LaFollette Company, Indlanapolls, Indiana, utlllzmg techniques normally employed in the con- 
structmn of large air-condltmnmg ducts The materlal used v,as galvamzed sheet iron, and 

15 Chester B Watts. Jr , “Some Cons,deratrons of Wzde Aperture Locallzer Antennas,” 
CAA Techrucal Development Report No 155, January 1952 

, 

F,g 26 Slatted-Wavegmde Array at North Localleer Site 



Fig. Zg CD1 Current in Region of Maln Beam. 
Slotted-Waveguide Array Alone 

Fig. 29 Recordings for Smultaneous Operation of Slotted-Waveguide and Clearance Arrays 
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the dxnensmns were 3 1/2 by 7 by 105 feet The assembly operation was completed m one 
week, uti&zing approximately 90 man-hours oi labor The feed probes were constructed and 
mstalled later by TDEC personnel There are 18 probe-fed slots spaced slightly less than 0 5 
guide wavelength or about 0 7 free-space wavelength apart.16 A view of the completed array 
1s shown in Fig 26 

16 
J E. Eaton, L J Eyges. and G G Macfarlane, “Lmear-Array Antennas and Feeds.” 

Chapter 9, pp 299-301, Mxrowave Antenna Theory and Design, e&ted by Samuel Silver, 
publlshed by McGraw-till. 1949 

Fig 30 Results of Instrument-Truck Measurements of Course Position and Width 
During Months of January. February, and March 1952 
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Typical reference and deflectmn patterns for the slotted-wavegude array are shown ln Fig 27 
A recordmg was made of the CD1 current when in the regmn of the man beam and while the 
waveguIde array was operating alone Thxs recardmg 1s reproduced in Fig LB Like the lmear- 
&pole array, the wavegulde array showed no measurable attztude effect m the airplane. while 
ground measurements showed that a negllgxbly small vertical component of radiation was present 

Operatmn of the cambnmtmn of the slotted wavegmde wth the clearance array resulted XI 
the recordmgs of F,g 29 It E noteworthy I,, this case that the clearance array 1s operated at a 
considerably lower level with respect to the main beam Thus is possxble because of the low 
side-lobe amplitude of the wuauegulde patterns and because of the more nearly optimum relation 
between the beam w,dths of the wavegulde reference and deflection patterns. 

The slatted-wavegulde array xn its present form IS not an mherently broadband antenna 
It can only be opented over a range of appraxmately 1 0 Mc wvlthout slgruflcant determratmn 
of pattern shape Larger frequency changes requre either a correspondmg change XI basrc do- 
mens~ons or the mtroductmn of loadmg devices 

Fig. 31 Results of Measvremente of Course Wxdth and Pos~tfon Obtamed Under 
Conditmns of Contrnuous Operation With Fixed Receiver MoPitor 



Fig 33 Layout of Antennas and Momtormg 
Plckuw With Slotted-WaveguIde 

32 Layout of Antennas and Momtormg Fq 34 Vector Addr+.mn of Voltages I,, the 
Plckups With Parabolic System Aperture-F&d Momtormg System 



Fig 35 SchematIc Llmgram of Monltorxng ““lt 

STABILITY TESTS 

i3urlk-q January, February, and March of 1952, almost dally measurements of cou=sc 
posltlo" and wvldth were made on the three dlrectmm.1 arrays at the north local1 er site and 
on the comnussmned northeast localmer These measu=eme”ts were made I” each case with 
a standard =ecc~ve= carrxed I” the ~“strument truck at the far end of the runwa, approxmmtely 
~.ooo feet from the locallzer, and the results a=e give” 1” Fxg. 30 The aver-all system stabll- 
‘ty Is m&cated by data of this type Varmtlons may be produced ather by modulatlo” equp- 
ment, by antennas, o= by rece~v~ng equpment Ordlnarlly, It 1s rather dlfflcult to separate the 
“a=~ous contrlbutmns to the ovpr-all system error, particularly If they are comparable I” magnl- 
tude The same recerv~ng equpment was used throughout to obtal” the data presented I” Fig 30 
The modulatmn equipment was common to all arrays except the commlssmned northeast locall- 
zer Any e==o=s contributed by the common eqmpment should produce a correspondmg correla- 
tion among the v~=~ous total error c,,=ves, of the error of the common equpment can be con- 
sldered fixed over the permd of tx,,e take” to complete a se=~es of observatmns This permd 
was usually about one-half hour I” length Inspection of the data of Fig 30 reveals some 
correla~o”, partxularly between the e==o= cu=ves of the parabola and the slatted wavegude 
Unfortunately, as noted I” the data, dlffxulty was evperlenced with shlftlng of the supports for 
the linear array, so that most of the results for February and March were of poor quality 

Add,tm”al stablhty tests mhxh ,.,e=e made employed a contxnuously operating recezver 
and recorder located I” a shelter at the far end of the runway Three receiving antennas were 
utahzed, one antenna was on the center hne, while the other tw,, were located on either side of 
center By means of a clockwork mecharusm, the =ece~ve= Input was permdlcally swltched to 
each antenna I” succession. Thus a semxont~nuous record of both center devlatmn a”d course 
width was obtaxned Informatxm obtained by thus means, for both the slotted-wavegude dlrec- 
tional array and the northeast commlssmned locallzer, 1s plotted I” Fig 31 

In the winter of 1951-52, weather at Indlanapolls was not seve=e enough to constitute a 
thorough test of stablllty under snow and lclng co”d,tm”s Under the prevalllng condltmns It 
can only be concluded that any ,,“e of the three &=ectm”al arrays, when properly malntamed, 
had a stablllty whxh ulas comparable to that of the other components of the system 
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MONITORING EQUIPLENT 

Although the development of molutormg equpment for a new faclllty 1s customarily 
left until the last, It 1s no less unportant to successful continuous operation Unless there 
1s thoroughly accurate and dependable monltorlng. the faclllty use= LS wlthout confidence and 
the maintenance personnel lack a yardstxk with wh,ch to measure performance 

It must be admltted that there IS no such thing as perfect momtorlng that 1s. the posl- 
t,ve detectmn of every conceivable combmatmn of malfunctmns 15 practically lmposslble This 
IS especially true when one canslders the rather unhkely sxnultaneous occurrence of cornpen- 
sating error5 However, a good monitor ~~11 detect all of the lzkely malfunctions and a very 
large number of the unhkely ones I” addltmn These Include failure urlthn, the monltorlng sys- 

tern Itself, wh,ch means that the momtormg c,rcu,try must be as mherently fall-safe 1” nature 
as possible 

The problem of morutorlng a dlrectmnal localmer 1s not partxularly different from that 
mhlch eusts with the convenhonal locallzer, with two exceptlo”* (1) the large aperture of the 
dlrectmnal array mtroduces a much larger praxmuty-phase effect, and (2) the existence of two 
more or less separate antenna arrays I” the dlrectmnal locahzer calls for a means of manltor- 
,ng the ratlo of thex radiated fields 

A general plan for monltormg the dIrectiona locallzer was chosen One set of monltor- 
lng equipment was constructed and tested to a lmuted extent F,g 32 shows the layout of 
momtormg heads whzch has been used with the parabolic system It could alsg be used wvlth 
the lmear array or slotted wavegude A standard mon&rmg head, deslgnirted as A, 1s used 
for detectmg the parabola ““-course slg”e.1 Sumlarly, B represents a standard head used for 
detectmg change ,n course wdth Both heads are located I” a regmn between the two trans- 
mlttmg arrays where the radratmn fwlds are approximately equal A small screen 1s pravlded 
to make heads A and B prm,ar,ly responsive to parabola signals Only a small screen 15 =f!- 
qulred, because capture effect 1s operative x, the monitor as well as zn the airborne receiver 
Momtormg head C 1s used to detect the clearance signal It 1s placed an the apposite side of 
the screen so that It 1s not responsave to parabola signals The on-course posltmn of the 
clearance array IS not &rectly monitored Monltormg head D was modlfled to provide trans- 
mlsslon-lrne Input Instead of usmg the usual antenna rods Dipole antennas E and F are placed 
1” strong parabola and clearance fields, respectively While E pxks up a parabola signal 
modulated predammantly with 150 cps, F pxks up a clearance signal modulated predominantly 
with 9 0 cps Both signals are carried by transnussmn 1,“es to the mput of head D With proper 
poartlonmg of antennas E and F, the output of head D will show equal quantities of 90 and 150 
CPS Any change 1” ratro of radiated fields will then be shown by mequallty of the 90- and 150- 
cps signals I” D 

Probably the ma,or deficiency I,, the mon,torx,g system ,ut described results from 
proxrmty-phase error Whzle head B functions fauly well as a relative lndxator to show 
change from an establlshed condxtmn, ,t gives no absolute measure of course width or phase 
If head B 1s used for phasrng with the layout shown, the phase w,ll be ,n error by a” angle of 
approximately 25 o The system can be phased correctly, however. by using a compensating 
sectmn of transmlssm” kne which 1s then removed for normal operatmn 

In order to completely side-step the proxrmty-phase problem, a quite different monltor- 
mg arrangement was adopted for the slotted-w-avegulde array Rather than attempt to monltor 
the field pattern at a distance, It was decided to use the aperture fxlds on the basis that the 
aperture and &stance fields have a well-know” and umque relatlonshlp to each other Fig 33 
shows the layout of morutorlng pxkups for a slotted-wavegrude array This layout utlllzes the 
prlnclple of aperture-field monztormg D,pole antennas A and B are located about 15 feet I” 
front of,a”d approximately midway betweeqthe center and ends of the slotted wavegulde The 
energy plcked up by the two &pales 1s fed by transmlssmn lme through a double-bridge network 
to the on-conrse and off-course detector heads These detector heads are of the standard type 
and are modlfled for transmlssmn-line Input In addxtmn, the off-course momtor signal 1s fed 
through a third bridge to the keld-ratro detector head The off-course clearance slgnal 1s 
plcked up by &pale C and fed through the Cord bridge and thence to the f,eld-ratlo detector 
head Dipole C 1s posltmned I” such a manner that, wth normal radiated fields, the fxld-rat,., 
detector shows equal quantltws of 90- and 150-cps signal 

The addltmn of vector voltages ,n the double-bridge network to produce on-course and 
off-course mdxatmns may be explamed by reference to Fig. 34 Each oi the drpoles A and B 
1s prlmarlly responsive to fields from the three D= four slots whrch are closest to it The 
resultant fields at the dipoles are represented by vectors at points a and b A distant observer 
on the center line would see the orrgrnal fields wzthout relative phase shift, as shown at points 
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c and d As shown. the sum of c and d 1s a carrier with mphase, 90- and 150-cps sldebands 
of equal amplitude (otherwse known as on-course signal) For this reason, 1s seen a aln 

5 1x1 Fig 33, the signals from dzpoles A and B are added wlthout relative phase shift and a e 
fed to the on-course detector A distant observer off the center 11ne would see the orlgmal 
fields with a relative phase shift 2a A 12 due to the path difference A as shown at pants E and 
i. I” Fig 34 The sun of the fields at e and f 1s a carrier w,th mphase. 90-and 150-cps side- 
bands of unequal amplitude (off-course signal) As mdlcated ,n Fig 33, the signals from 
&poles A and B are added with relative phase sh,ft produced by transmxsmn line of length A 
and are fed to the off-course detector The aperture-field monltormg system can be used to 
adjust the relative phase of reference and deflectron signals w,thout compensation for proxlmlty 

The cxcutry of the mon~torlng system has been made as nearly fall-safe as possible 
Fig 35 1s a schematic drawmg of one channel wh,ch can serve Interchangeably for on-course, 
off-course, or clearance ~nd~catmns, or for fxeld ratm 

Fig. 36 Evaluation of Speclflc Bend Reductmns Expected With Dlrectmnal Locallzer 
Compared With a Standard S-Loop Locallzer 



JISCUSSION ANJ XESULTS 

The p=o,ect has evolved three dlrectlonal-locallzer designs which have as their prmcl- 
pal components (1) a dlrectmna1-antenna array, (2) a clearance-antenna array, (3) transni1tter 
and modulation equipment for the dlrectmnal array, (4) t ransmxtter and modulatmn equprrent 
for the clearance array, and (5) a rmmtormg system for both arrays It 1s apparent that the 
dIrectIona localmer ,s essentmlly equvalent to two con>entmnal localu.ers Installed at a 
common site If a directional localzer we=e to be mstalled at a sxte which has an exlstmg con- 
ventmnal-locahzer statmn, the evlstmg statmn might provide the clearance array, the transmit- 
ter. the modulatmn equxpment, and part of the momtormg system 

The performance improvement to be expected can be estxnated K, some speclilc cases 
by reference to Fxg 36 In It a=e plotted typxal sets of field patterns for dlrectmnal 2nd con- 
“entlonal locallzers To pernut comparison, the ca==le= o= reference patterns are shown with 
the same on-course amplitudes and the deflectmn o= sIdeband patterns are plotted with equal 
lnltlal slopes This amounts to speclfymg that both systems have the same cou=se width o= 
sens,tl”lty If the ate has a well-defmed reflectmg ob,ect at some partxular azxnuth from the 
localmer csusmg c.,u=se bends, the amplitude of the cou=se bends ~111 be hrectly praportxmal 
to the deflection sIdeband fxld radmted toward the abject Thus the amount of bend reductmn 
provided I,, this case by the dlrectlonal locallzer 1s e~ven by the ratm of the conventmnal to the 
dlrectmnal deflection fields for the portxcular azrnuth angle m questmn This 1s mdxated in 
Fig 36 It 1s usually proper to lono=e the effect of bends ln the front cou=se of the clearance 
array because of the large suppressmn ratm provzded by capture effect 

Experimental “erxflcatmn of this theory has been obtamed ln two cases at Indmnapolls 
by c=eatrvg cou=se bends with an a=tAclal =eflect,ng ob,ect consxt,ng of several horzontal 
wl=es 400 feet long stretched between 90-foot poles The wl=es were orxented parallel to the 
runway and about 3,000 feet from the localzer The two aalmuth angles chosen we=e 7 60 and 
14 0” The arrangement produced bends lust off the approach end of the runway Bend ampll- 
tudes were found to be app=oxmmtely ln agreement with the theory mdlcatedupan comparrson of 
the dlrectmnal array wxth the clearance array operatmg alone 

While some localzer sxtes encountered I,, practme a=e characterized by well-deired 
reflectmp, ob,ects, more often there a=e many smaller =eflect,ons,any one of wluch 1s not very 
se=~ous I,, Itself The combmed effect, however, 1s to gl”e the locallzer cou=se an apparently 
random roughness which may be ,ut as ob,ectmnable as smusoldal bends 

An accurate cstmmto of the performance zmprovement to be expected from the dlrectmn- 
al locallzer IS, in general, dlfflcult to make because of the very large number of variables 
Involved. Nevertheless, there 1s good reason to belleve that at most sites the rnprovement 1s 
substantml and in some cases may even be spectacular Only by actual lnstallatmn and use of 
the dzrectmnal localzer at a consIderable number of sites whmh are known to be poor can Its 
value be determmed 

CONCLUSIONS 

A dlrectmnal locahzer, based on any one of the three designs described I,, this report, 
1s capable of producmg substantmlly straighter cou=ses than the present canventlonal eight- 
loop lacallzer In general, the sha=pe= the dlrectmnal patterns the greater 1s the rnprovement 
to be expected On the basis of practical experience to date as well as of theoretxal consldera- 
tmns, It 1s belwved that an optrnum aperture for a d,=ectmnaI locallzer 1s about 200 feet This 
figure provides a pattern sharpness whxch 1s about the maumum that can be used mlthout sac=l- 
flee of lmearlty ai the CD I deflection wth azxnuth Extensmn of the exlstmg lacalw.er antennas 
to a LOO-foot aperture appears to be xnpractxal ,n the case of e,the= the parabola o= the linear 
array of dipoles However, ,t would be a relatively simple matter to extend the slotted-wave- 
gude array to a ZOO-foot aperture Therefore, the slotted-wavegude array appears to be the 
most sutable for obtawng the ultimate performance. 

A secondary advantage whxh would appear to result with the use of a larger aperture IS 
greater freedom from the usual t=ans,ent cou=se movements due to the dsturbances of the local- 
lrer radlatmn fxld by ground “ehlcles and by taxllng o= low-flymg alrcraft This advantage 
would be expected because pattern formation begrns at a greater distance from the antenna 

It should be noted that the methods described I,, this report result m dxrective patterns 
usually assocmted ,v,th mlc=o,va”e antennas and thus achieve relatxve freedom from reflectlo” 
effects at the same tune that the present mvestment Z-J 110-M= aIrborne receivers 1s protected 



29 

3EVELOPMENT OF A VHF DIRECTIONAL LOCHLIZER 

PART lf 

THE MONITOR 

SUMMARY 

This report descrzbes a momtor developed at the CAA TechnIcal Development and 
Evaluatmn Center to accommodate the monltormg requxements of the dlrectlonal locallzer 
These requrements are unique when contrasted with those of the conventmnal eight-loop 
local~zer A second goal was to develop a mon~tormg system which would be as nearly fall- 
safe as possible with regard to component failure I,, the momtor Itself 

The monitor provides a” alarm whenever the transmlssmns of thelocallzer ground equp- 
ment vhry by more than a predetermined amount or whenever the monxtor Itself falls Its “se 
insures that the local~zer 1s fu”cta,“lng properly, as mdlcated by the radiated field “ear the 
fac111ty 

INTR03UCTION 

To produce the desired radxrfrequency and space-modulatm” patterns for prec~sm” 
gudance of arcraft to the center lxne of a” aIrport runway, the dlrectmnal local~zer uses a” 
antenna system comprxed of two arrays These two arrays are desrgnated the dlrectlonal 
array and the suppressor array The dxrectmnal array I” the system for which this monitor 
was deslgned consIsted of a loo-foot wavegude feedIng 18 slots which produce a beam 5” wide 
down the center line of the runway The suppressor array conszsted of five loops. These loops 
produce a field that suppresses the minor lobes of the dlrectmnal array and also prowdes a 
back course and clearance around the remainder of the 300” of azimuth not covered by the 
dlrectmnal system 

The momtor must co”ttl”“ally check the radlatlons from both of these arrays and must 
provzde a” alarm whenever these radlatmns devxate from normal by a prescribed amount Specl- 
flcally, devlatm” lmuts as establIshed by the Au Navlgttu,” Development Board1 are a5 follows 

“1 Shift of the on-course lxne of either the course or suppressor local~zer of more than 
one-third of a degree from the center 11”e of the runway, 

2 Reductmn of power output of either the course or suppressor locahzer to less than 
50 per cent of normal, 

3 Change II, course sensltivzty of ather the course or suppressor localxer of more 
than 20 per cent. 

4 Devlatlo” of ratm of carrier field strength on-course of the course locallzer to the 
suppressor local~zer outsIde the lu,uts of (3 5 + 0.5) to 1 ” 

The alarm itself consists of a signal to a” auxiliary pwce of equzpment known a5 the auto- 
matlc-transfer un,t whxh, upon receiving an alarm signal, m,medmtely switches the antenna 
arrays to a standby transmitter and a standby modulatxo” -It Sunultaneously, a” alarm signal 
1s sent to the control tower I” order to .g.,e both visual and aural notice that a transfer has take” 
place If after the changeover takes place the alarm persists for ilve seconds. the 90- and 150- 
cps-modulatm” compane”ts are removed from the transmxssmns and, when possible, the carrier 
1s left on to provide commurucatmns and lde”tlf,catxo” 

It 1s a further requrement of the monitor that,when power returns after a power failure, 
the monitor shall be prevented from g~vmg a” alarm until after the stat,“” and the monitor equp- 
ment have had approxxnately one nunute I” whzch to warm up 

THEORY OF OPERATION 

The monitor system can be constdered to be composed of fxve separate systems 
1 Dlrectmnal-course and course-senslt,vlty system 
2 Suppressor course-width system. 

l,, Component Characterlstxs, TransItlo” Program VHF Dlrectmnal Local~zer.” by the 
Au Navlgatmn Development Board, May 25, 1951. 
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3 Field-rat,” system 
4 Fxld-strength and audio system 
5 Tzme-delay system 

A detaIled dlscusslon of each of these systems follows 

Dlrectxonal-Course and Course-Width System 
The dlrectlonal array poses the most dlfflcult m”mt”r,ng problem because It has a much 

larger aperture than conventional locahzers have If simple “n-cuurse and “if-course fmld 
detectors were used, as ,s the case w,th a standard eight-leap locallzer, they would have to be 
located about 1100 feet ,n frant of the array for the same proxlmlty error Th,s distance would 
make sltmg requrements most dlfflcult at many axports 

The most desirable posit,“” for the monitor antennas should be the approach end of the 
Instrument runway and approxxnately one mile from the transmlttmg-antenna arrays, a place 
where the proxlmlty error would be negllgable However, tests have demonstrated that reflec- 
tlons from tax,,ng and flying alrcraft I” the vximty would mak? ,t necessary to use an 
rnordmately long time delay ,n the alarm clrcu,ts Such a delay IS rnpract,cal Therefore, a 
system has been developed for momtormg the dlrectzondl antenna near Its aperture Fig 37 1s 
a view of the local~zer rnstallatlon, and Fig 38 shows the lorat,“” of the momtor antennas 
Fig 39 shows the mterc”nnect,“ns of the momtor antennas 

Fig 37 Lacahzer lnstallat~an 

As seen ,n Fig 40. If at a given Instant of time the carr,er signal fed t” the slots an the 
left side 1s as shown ,n the vector diagram (a) and If the sxdeband s,gnal fed t” the slots an the 
left side ,s as shown ,n diagram (b). then the resultant energy fed to the slots on the left side 
will be as shown 11, diagram (c) Ii at the same instant of time the carrier signal fed to the 
slots on the right s,de 1s as shown 1x1 diagram (d) and pi the stdehand signal fed to the slots an 
the right side 1s as shown I” diagram (e), then the resultant energy fed to the slots on the right 
side IS as shown ,n aagram (i) 

Agam as seen I” Fig 39, the dipoles and their connectmg lmes Ll and L to bridge A are 
equvalent, so that the signals are added together ,I, brzdge A to give a resultan which 1s fed to zt 
detector C See dzagram (h), Fig 40 The output of detector C w,ll have equal 90- and 150-cps 
audl” components of the normal “n-course signal which IS analyzed I” a unit to be described 
later 

If a course sh,ft IS caused by a drop I” the 90-cps modulatxon percentage, for example, 
the vectors would appear as shown I” Fig 40, diagrams (a ), (b ), and (cl) for carrier, sideband. 
and resultant energy fed to the left slots Curler, i a sldeban 
right slats would be as shown ,n diagrams (d 

d 
), 

, an resultant energy fed to the 
(el). and (fl) The energy feedmg the detector C 

from the brtdge A would appear as shown I” lagram (hl), and the 90- and 150-cps audm output 
of the detectors would no longer be equal Therefare, the system descrlhed would be able to 
detect a shlit I,, the l”cal,zer c”urse from Its normal p”sltz”n A large reflectmg object placed 
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11, fro.lt of the wavegude but at son,e dxtance away from the momtor apoles could 
deflect the course wxthout affectme the momtors The momtors however are not mtended 
to momtor other than equipment a;eratmn Tests covermg the effects of reflectmg objects 
are descrzbed later in this report 

Fq 38 Locatmn of Momtor Antennas 

The dmectronal off-course or course-sens~trvxty momtoring functmn ~111 now be 
dlscussed The same two &poles are connected to bridge B, Fq 39, and L4 IS made longer 
than L3. which means that the signals from the right sxde of the waveguIde are delayed in- 
phase before combmng III bridge B vnth the sqnals from the left side. With a normally 
operating lacal~zer, the effect of this phase delay on the vectors 1s as follows Garner and 
sldebands from the left dlpole are as shown x, Fig. 40, hagram (q) Garner and side- 
bands from the right dipole are delayed by A0 as shown in dmgram (Q) 



After ad&tion m brldse B, the energy appears as shown III hagram (hZ) where 

El50 
- = 1 67. +&e 4 5-db difference used 11, this system. When rectxhed in detector D, the 

90 

150-cps au&o component WIU be larger than the 90-cps component. Thus the afference in 
length A between lmes 3 and 4 causes detector D to srnulate an off-course detector, and 
the magnrtude of A determines how far off course 

A decrease m the magnitude of the sldebands fed to the waveguide would produce a 
broader course. The carrxer and sldebands fed to the left slots are shown in dragrams 
(a3) and (b 
the rrght s f 

), and the resultant 1s shown III &agram (c ). The carrier and sidebands fed to 
ots are shown in (d3) and (e3), and the resuknt IS shown 1x1 (f3) The phase of 

the energy from the right &pole shlfted by A”, as shown IP diagram (83). and the resultant 1n 
bridge B appears as shown xn dxagram (h3), where 

El50 
- < 1.67. The off-course detector D detects a change in the 90/150 ratm and therefore 

90 

measurer CoYrbe sensltlvlty 
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It can also be shown that the off-course detector D can be used to establish proper 
phasmg between carrier and sIdebands fed to rhe wavegude antenna For example, If side- 
bands are mlsphased by an angle a, then the carrier and sIdebands fed to the left slots sre as 
shown in drqrams (a4) and (b4) and the resultant 1s &S shown m (~4) Carrwr and sldebands fed 
to the right slots are as shown in dmgrams (d4j and (e4), 
(f4) 

,wth the resultant as shown in d,agram 
The phase of the iAaht-slot energy shIfted through A” 1s shown xn diagram (g4), and the 

El50 
resultant m bridge B 1s shown in hagram (h4). where E (1 61 Thus, the off-course detec- 

90 
tar D 1s sensztlve to phasmg between carrxer and sIdebands 

Conslderatmn ~111 now be given m detaxl to the detectors C and D These are modlfled 
Type CA-653 field-detector -ts,2 m ad&tlon to the voice-relectmg 90- and 150-cps filters 
By the ad&tmn of a pick-up loop close to the tunmg mductance and by the equlppmg of this loop 
wvlth an RG g/U cable connector, the -Its were modifxd for an RG 8/U cable Input Instead of 
for the &pale Input normally used urlth these “ruts The cathode-bxasmg system on the 6SF5 
ampllfler was changed from a lOOO-ohm reslstor with a IO-mzcrofarad by-pass capacitor to a 
330-ohm reslstor with no by-pass ca 

P 
acitor This change was made to prevent the loss m gam 

which occurred at low temperatures -10-C) at which the by-pass capacitor decreased m capa- 
city An automatx gam control was Incorporated mto these unxts to provide constant 90- to 
150-cps output with fxxed madulatlon percentage when the r-f Input level changed This modl- 
ficatmn was necessary to prevent a premature alarm m case the r-f power output of the trans- 
mltter decreased but still remamed wIthIn the 50 per cent llrmt This decrease m r-f power 1s 
&scussed further m connectron wxth the alarm clrcultry The autamatx gam control consists 
of a rrucroammeter movement with a vane attached to the movmg element The movement of 
the vane changes the capacxty between two plates which are connected across the tuned clrcrut 
at the Input of the detector unit The movmg cm1 1s connected electrxcally m serxs with the 
dmde load and therefore moves m accordance with the rectlfwd r-f field current If the rectl- 
fled field current tends to ruse, the vane moves to Increase the capacity between the plates and 
to detune the clrclut and thus reduce the rectlfled field current It was necessary to suppress 
the zero-current posltmn of the meter movement a great amount m order to flatten the pan- 
control characterlstxs The total amount of rectlfled field current avallable ranges from about 
200 to 700 nucroamperes, whxle the meter movement exerts Its full range of control wulth a 
current change of about 10 mxroamperes Therefore, the amount of current change necessary 
m the meter to cause a capacity change 1s a very small percentage of the total current m the 
clrcut, and the control characterlstlc 1s very flat aver a range of at least 4 to 1 m the field 
mtenslty or of 1 b to 1 In transrmtter power 

The output of the motifled Type GA-653 field-detector umts 1s set at 5 volts, which 1s 
developed across a 600-ohm load This output 1s lower than that whxh 1s often used with these 
field detectors, hut It 1s more than enough to drive the alarm panels and xt gives less 
dlstortmn than higher outputs 

The momtar alarm rack, shown m Fig 41, 1s located m the transmitter buldmg and IS 
operated by the output of the fwld detectors through a 600-ohm lme F>g 42 1s a schematx 
dmgram of one of the alarm panels, and Fig 43 shows a rear vmw of one panel Two panels 
are fed from the detectors C and D. Fig 39 As mdxated m Fig 42, the boo-ohm lme 1s 
termmated m a boo-ohm potentmmeter whxh also serves as a garn control A therrmstor 
clrcut follows the gun control and 1s used to compensate the amphfwr gain for temperatures 
from -10” to t60’ C A 6J5 tube 1s used for gam, and It matches mto standard receiver-type 
90- to 150-cps filters The outputs of the filters are fed through a three-posItion switch which 
enables a common momtor alarm-panel desqn to serve as erther an on-course momtor or an 
off-course morutor on ather side of the course Thus switch 1s connected to a receiver-type 
Varlstor with a reszstlve load across se&Ions of wluch meters Ml and M2 are connected 

A null m slgnal at any place In the morutor clrcuts for a normal on-course localleer 
was not consldered to be fall-safe, masmuch as many components could fall and give a null m 
slgnal while the actual localzer departed from normal operation Therefore, a design was 
developed which reqrured that there be signal at all times m all parts of the monitor, even when 
the lacelxzer was operatmg exactly as prescribed If the meters Ml and M2 were both 
connected across the total Varlstor load and were not tapped down by 100 ohms as they actually 
are. It can be seen that with equal 90- and 150-cps sqnals hemg fed to the Varlstor 

‘“Mo&fxatmn of Type CA-653 Field Detector to Provide VOR Voice Relectlon,” 
Electrorucs Establishment Branch Instructmn Letters, CAA Office of Federal Airways, 
October 3. 1951 



Fxg. 41 Momtor-Rack Assembly 
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Fig. 42 Schematx Diagram of Alarm Panel 

there would be no deflection of the meters because the rectxfled 90- and 150-cps sqnals 
would cancel each other If each meter were now tapped down 100 ohms from the ends of the 
Vanstor load as shown in Fig 42, each meter would read up-scale because, in the case of 
meter M 1, the voltage across Rl and R2 would be larger than the voltage across R3 and, in 
the case of meter M 2, the voltage across R 

If because of a fault I” the localzer t b 
and R4 would exceed the voltage across R2 
e 90-cps signal should decrease, the readmg of 

meter Ml would decrease and the readmg of meter M2 would mcrease because,the voltage 
across Rl and R2 would decrease For sur~llar reasons. a decrease In 150-cps sqnal will 
cause meter Ml to mcrease and meter M2 to decrease in readmg Therefore either one 
meter or the other ~111 decrease m readmg If the course shafts, and It IS this decrease whxh 
actuates the desired alarm 

It should be noted that If both the 90- and the 150-cps sqnals decrease 1n the same 
proportuan yet not enough to give an alarm on a normal localzer course. the monrtor ~111 
become more sensltlve to course shift and the alarm mzght occur at l/b”, for example. 
Instead of l/3” A decrease In power output of the transrmtter could cause a decrease in the 
90- and 150-cps slgnals except for the automatic-gam controls Included m the held-detector 
units These automatx-gam controls therefore prevent premature alarms caused by any 
factor whxh reduces field strength. 

An alarm mdrcatron on the meters actuates a relay m the followmg manner The 
meter scales and the back covers are drllled through at 30 per cent of full scale A flag 15 
attached to the meter poznter as shown m Fq 44 and wxll cover the hole m the meter scale 
when the current through the meter falls to 30 per cent of full scale A stop 1s placed m the 
meter so that the pox-&r cannot move below the 30 per cent full-scale readmg Even when the 
current 1s zero, the flag ~111 still cover the hole A source of lxght IS produced by a lamp bulb 
placed m front of the meter and duected through the hole IIL the meter The lamp 1s operated 
at reduced voltage,and the manufacturer antrclpates a life of not less than one year A 
barrier-layer-type photocell 1s placed hehxnd the meter and IS Ill-mated by the bulb except 
when the flag Intercepts the beam of lrght. Therefore, the photocell receives light until an 
alarm occurs, at which time the meter readmg drops low enough to cut off the lxght The 
photocell E. of the self-generatmg type, that 1s. It requres no external source of power other 



F,g 43 Rear View of Alarm Panel 

than the hght energy which strikes it. The photocells operate sensxtive relays with normally 
open contacts, and the sensltlve relays n, turn operate a power relay with normally open 
contacts 1n the alarm cucut. 

The foregomg descrlptmn applies also to the off-course or course-sensltlvlty monitor, 

except that the 9O- and 150-cps signals commg out of the filters are equalned by swltcb SI 
by msertmg 4.5 db of attenuatmn m the larger sxgnal before applymg It to the Vanstar 

The normal operatzon of the monitor (no alarm) requres that (1) there 1s a signal m 
the am llfrere, (2) there 1s rectified current m the meters, (3) light 1s reachmg both photo- 
cells. 4) both sensltlve relays are energized, (5) P contacts mthe sensltlve relays are closed 
agamst the opposmg pull of sprmg tensmn, (6) the power relay 1s energized, and (7) the 
contacts of the power relay are closed against sprmg tensmn Open or short cncuts ln the 
tubes, meters, lamps, photocells. or relay ccnls ,-all cause an alarm, as ~111 local~zer 
transrmsslon failures This type of cxcutry represents a higher degree of fall-safeness I* 
the monitor alarm clrcuts than has been avaIlable in prevmus monrtors 

Smce the condrtmn of fall-safeness 1s always a matter of degree, the followrag 
defmltmn has been adapted I,, +hxs work A morutor 1s not fall-safe If It can fall wltbout gl”lnS 
an alarm durmg a permd of normal locahzer transmlssmn 

Suppressor Course-Sensltlvrty System 
In reference agam to Fug 39, field detector E 1s located at a pomt 4.5 db off the back 

course of the suppressor antenna array The 4.5-db pomt provides aperatmn of the monrtor 
alarm clrcut for an0 89-db change I,, course sensltlvlty. This 1s the same lmut of 0 89 db 
used for the on-course manztor, and It allcws the use of Identical morutor equipments 
Detector uut E 1s Identical to the modlfled Type CA-653 detector descrrbed prevmusly, 
except that It 1s fed by Its own dipole I,, the usual manner. It 1s not modified for RG 8/U cable 
Input. The output of tbls field detector 1s connected to an alarm panel and Its svntch IS thrown 
to the off-course position, correspondn,g to the tirectmn of the displacement of the held 
detector off-course This &larrn panel IS Identical to those already described, and the output 
of tbls panel becomes the suppressor course-sensltivlty alarm 
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Fig 44 Alarm Meter 

Field-Ratio System 
The fxeld-rotm monitor requires two dipoles. F and C See Fig 39 Dipole F IS placed 

on the 15O-cps side of the dlrectmnal antenna, and dzpole G 1s placed on the 90-cps side of the 
suppressor antenna These dipoles are 50 located that they each receive the same field 
intensity from their respective antenna arrays. furthermore, during normal local~~er trans- 
mlssmns, the 90-cps sxgnal Induced 1x1 one unit 1s equal to the 150-cps szgnal Induced xn the 
other The r-f outputs of these two dipoles are fed to detector H through a T-connection 
Detector H 1s ldentxal to detectors C and D It 1s connected through a 600-ohm line to an 
alarm panel ldentxal to those prevmusly described, and Its switch 1s set for on-course signals 

If the suppressor field strength should decrease, then output from dipole G will decrease 
the 90-cps signal detected ~111 be less than the 15O-cps signal. and an alarm ~111 occur 
Sirmlarly, an alarm will occur for a decrease in directIonal field strength, except that in this 
case the 150-cps signal ~111 decrease It should be noted that If both the dlrectlonal and the 
suppressor fields fall off in the same ratio there ~111 be no alarm, because the automatrc-gam 
control in detector H ~111 provide constant 90- to 150-cps output with lowered r-f Input This 
necessitates an additIona fxld-strength alarm system which ~111 be described 

Field-Strength and Audm System 
Field detector J. Fig 39, 1s used to provide the reduced field alarm It 1s a standard 

Type CA-653 detector head with the cathode-cucut modlfxatlon consxtmg of the 6SF5 
described previously and a connection to the cathode of the 6H6 dmde detector to provide a 
d-c level which 1s proportIona to field strength Smce this detector 1s not provided wulth 
automatic gam control, It can be used as an r-f level mdlcator. The direct current 1s fed to a 
meter with photocell alarm clrcuts to pravlde an alarm should the carrier power decrease 
more than 50 per cent A further requirement of the momtormg system 1s that It shall provide 
an audm output to check vxce and ldentlflcatlon transmlssmns Thus same field detector 
provides the requred audm output, and It 1s the only one which wxll do so because the other 
fxld detectors are equipped with 90- and 150-cps filters to suppress voice and ldentlficatmn 
signals 3 

The Time-Delay System 
The trne-delay system prawdes two separate time delays necessary for satrsfactory 

opera&m of the monitor The startmg time delay IS a 60-second delay durmg which an alarm 

3 
These filters are necessary III the other fxld detectors to prevent dlstortlon of the 

90- and 150-cps components with voxe modulatmns as high as 50 per cent 
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Fzg 45 SchematIc Diagram of Time-Delay System 

cannot occur 1” order to allow the transmitters and the momtor to warm up when power 1s 
restored after power falure The alarm time delay makes It necessary that an alarm 
canditmn persist for Ove seconds before a” actual alarm occurs. so that transient effects such 
as caused by passxng alrcraft ~111 not cause a” alarm when the localleer 1s operating normally 

Fig 45 1s a schematx diagram of the time-delay system The clrcut requres power 
III all relay co,ls and requres closure of normally open contacts to prevent an alarm Should 
the motor-driven timer fall to TIXI, the 9O- and 150-cps modulatmn components “111 not be 
applxed to the localmer and thereby will give a flag mdlcatmn to the pllot. The traffic-control 
tower “111 also receive an alarm indxating, I* thus case, a monltor failure. 

The time delay provided by capacitor Cl. m Fig. 45, IS made adjustable by the variable 
res1star RI Capacitor C2 IS used to prevent relay K5 from releasmg durmg the time requred 
to actuate relay K6 Relay K, IS provided with the necessary contacts to control the standard 
automatic-transfer u”lt 

TESTS 

Over-all operatmnal tests of the monrtor system were performed An xistrument truck 
equipped w&h a Collms “av~gatmn receiver was used at the approach end of the runway to 
determme course position and course sensltlvlty. AdJustments which would affect course 
posrtmn and course sensltlvrty of both the dxrectronal and suppressor localxzer systems and 
also the power ratm between them were made m the transmlttmg equipment The Federal 
Telecanxnurucatmns LaboratorIes dual mechamcal modulator lends Itself particularly well 
to a” evaluatmn of thus type because of the ease with which modulation percentage and course 
sensltlvity can be changed A tabulation of the test data follows 
(Note These tests were made before automatic-gam controls were added to the detectors.) 
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Ca”d>imn 1 

Locahzer normal with course centered and course sensltivzty equal to 5’ 

Truck LocatIon 

Runway center hne 
2 5” left of center line 
2.5’ right of center line 

Instrument-Truck Readmgs 

(Pa) 

0 
151 
147 

Cond,tmn 2 

h,omtor Readlnos 

60 
60 
60 

Course shIfted by decreasmg percentage of 150-cps modulatro” until monrtor alarmed 

Truck Location 

Runway center lme 
2 5’ left of center 11ne 
2 5” right of center lme 

Manrtor Readmgs 

On-course dlrectlonal 
Off-course dlrectlonal 
Ofi-course suppressor 
Field ratio 

Instrument-Truck Readings 

(I4 (degrees) 

12 5 right 0.21 
158 
123 

Left Meter 

82 
54 
61 
68 

Condltmn 3 

Right Meter 

31 (alarm) 
36 
62 
52 

Course shlfted by ~~~~~~~~~~ percentage of 150-cps modulatlo” until monitor alarmed 

Truck Locatmn 

Runway center lme 
2.5” left of center line 
2 5” right of center line 

Momtor Readings 

On-course dlrectmnal 
Off-course directional 
Off-course suppressor 
Field ratio 

Instrument-Truck Readmgs 
b) (degrees) 

19 left 0.316 
139 
16Ot (off scale) 

Left Meter 

31 (alarm) 
31 (alarm) 
62 
59 

Conmtlo” 4 

Right Meter 

ss 
90 
59 
72 

Course sensltxvlty Increased by increasIng sldeband power until monitor alarmed 

Truck Locatm” Instrument-Truck Readmgs 

(I-) 

Runway center 11ne 0 
2 5’ left of center lzne 198 
2.5’ right of center lme 184 

These lndlcate a course sensltlvlty of 4 03’ 
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Monitor Readmgs 

On-course dIrectional 
Off-course dlrectlonal 
Off-course suppressor 
Field ratm 

Left Meter 

58 
31 (alarm) 
61 
54 

Candltmn 5 

Right Meter 

59 
85 
60 
66 

Course sensltlvlty decreased by decreasrng sideband power until monitor alarmed 

Truck Locatmn Instrument-Truck Readmgs 
(P’a) 

Runway center line 1 left 
2 5’ left of center lme 118 
2 5” right of center line 118 

These mdlcate course sens,tiv,ty of 6 35’ 

Momtor Readmgs 

On-course dxectlonal 
Off-course directlonal 
Off-course suppressor 
Field ratio 

Left Meter 

59 

2 
69 

Cond,tmn 6 

Right Meter 

:z (alarm) 
59 
52 

The suppressor-antenna carrier power was reduced until the momtor alarmed 
Suppressor-antenna carrier power before reduction = 15 5 watis 
Suppressor-antenna carrxr power after reductmn = 8.5 watts 

Manltar Readings Left Meter Right Meter 

On-course dlrect1ona1 58 56 
Off-course directional 62 62 
Off-course suppressor 32 67 
Fxld ratm 30 (alarm) 87 

Thus. the alarm occurred when the suppressor power was reduced to 55 per cent of normal 

Condltlo” 7 

The drrectional-antenna carrier power reduced until the momtor alarmed 
Dlrectlonal-antenna curler power before reductzon = 37 watts 
Dlrectonal-antenna carrier power after reduction = 20 watts 

Monitor Readings Left Meter Right Meter 

On-course dlrectmnal 54 44 
Off-course dxectlonal 81 32 
Off-course suppressor 64 54 
Field ratio a7 31 (alarm) 

In this case the alarm occurred when the duectional power was reduced to 54 per Cent Of 
normal 

Another test conducted consisted of driving a large “an-type truck m front Of the 
dlrectlon?.l antenna at varying distances from the ~=ay. The flat side of this VM measured 
approxmately 12 feet x 7 feet and, when the cab and engine compartient were included. 
presented a large reflecting surface On a track parallel to the long dzmension of the Wave- 
gude and 25 feet I” front of it, the truck caused at the approach end of the runway a Course 



42 

shift of 0 25” which &d not affect the momtor appreciably When the truck was driven on a 
track 50 feet in front of the waveglude, the course shift was 0 12’and probably represents the 
closest that any reflectmg ob,ect should be allowed to approach the antenna. The monitor, 
however, 1s not able to detect the presence of such reflectors unless they are very close to the 
monitor dipoles 

Another test made on the monxtonng system permxtted the determmatmn of the posxtmn 
sensltlvzty of the drpoles fee&ng the on-course and off-course dxectmnal-array detectors 
One of the dipoles was moved as much as eight mches from the normal posltmn along a lme 
parallel to the long dunensmn of the wavegude. and only small mdlcatmns appeared on the 
monitor alarm panels. 

Dipoles at Normal Posrtmn Left Meter Rqht Meter 

On-course mcnltor 61 61 
Off-course monrtor 61 61 

One dipole dxsplaced 8 Inches 

On-course momtor 64 56 
Off-course monitor 64.5 57 5 

Movement of one dipole on the other axrs (that 1s. closer to the waveglude) made a large 
difference III monitor readmgs, however. 

Dipoles II, Normal Posltmn Left Meter Rqht Meter 

On-course monitor 61 61 
Off-course monitor 61 61 

One dipole moved 1 Inch closer to wavegrude 

On-course monitor 67 5 52.5 
Ofi-course manltor 71 5 50 

Same dipole moved 2 Inches closer to waveglude 

On-course manltor 74 45 
Off-course monitor a3 41 

Same &pole moved 3 Inches closer to wavegude 

On-course monitor 80 39 
Off-course molutar 89 34 

From the mwnedrately precedmg data It can be seen that the pos~taon of the &poles must 
be held wlthm close lxmts II, the axxs perpendxular to the long d~mensmn of the wavegmde but 
that the posltlon In the other ax1s 1s not very crltlcal. These dlpales are supported by 4-mch 
by 4-Inch posts set I,, concrete and have not been affected sqrufrcantly by frost heaving The 
reason for the greater posztmn sensltlvlty I,, the one 3x1s 1s that the r-f phase relatronshlp 
between the signals pxked up by the two dipoles 1s altered and c&uses the mo,utor to mdlcate 
off-course for the same reason that the length A, dIscussed earlier II, tbu report, su-nulates 
an off-course detector Smularly, the Unes from the two &poles must be matched as closely 
as possxble. 

An attempt was made to determine the effect of a large bard perched on the end of one 
of the &poles I,, front of the wavegulde To snnulate ths con&tmn, a meter box with 
drnensmns 6 mche‘s by 4 l/L mches by 3 l/2 Inches was hung on the end of one of the 
dlrec~onal-array-mo~tor dipoles. The presence of this box caused an alarm an both the 
on-course and off-course Ikrectmnal-momtor panels. Another test made consisted of 
wrappmg a wet cloth about two feet square around the end of the &poles. This loa&ng caused 
the monitors to read as follows 
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Condltmn Left Meter Right bkter 

On-course directlore. 46 86 
Off-course dxectmnal 38 88 

These readmgs did not give an alarm but were so close to alarm that only a small change I,, 
the transmzssmns would have caused an unnecessary alarm. It would seem desirable to 
provide some protectxu, such as a plastic enclosure around the dipoles agamst buds 

To aId further r, the evaluatmn of the momtor and the locallzer itself, two Independent 
receivers were Installed at the approach end of the runway, each receiver bang equzpped with 
recorders and separate antennas operatmg on a contmuous basxs to record course ana course 
sensltlvlty Each receiver had three \upole antennas associated with It, one located on the 
runway center lme and one on each 51, e, 3,4’ from the center lme Clock-driven relays 
swltched the recezver I,,puts sequentmlly to these antennae, 50 that the receivers produced 
continuous course recordmgs mterrupted once an hour by a course-sene~t~v~ty measurement 

Another ald in the momtor evaluatmn was the equ~ppmg of each momtor alarm panel with 
plug-m Jacks supplymg outputs proportmnal to the r-f level (this cannectmn was brought back 
from the detector cathode II, the Type CA-653 field detectors), the audm level (combmed 90- 
and 150-cps voltages), and the locahzer course These outputs were connected to a recorder 
through a stepplng sequential swztch which advanced every three mxnutes This system was 
operated contmuously for more than szx months, durmg vrhlch permd there were only a few 
lnterruptmns for modrflcation of the monitor panels. The results of these recordmgs were 
compared with the results of the two receiver recordmgs described earlzer, and the conclusron 
was drawn that the monitor 1s slightly more sensltlve to localzer var~atmns (which were very 
small) than were the recezve~s 

CONCLUSIONS 

As a result of the erperwnce gamed durmg several months of operatmn of this monitor 
1n con,unctmn with the lOO-foot slotted-wavegmde dzrectlonal localzer at Indmnapolrs 11, 
addition to special tests, It 1s concluded that 

1 The system described adequately protects agamst all but the most unprcbable devlataans 
from a normal transmlssmn from both the &rectxu,al and suppressor arrays. 

2 The aperture method of momtormg a wide-aperture array 1s satisfactory and equvalent 
to remote-monxtor pxck-ups, except I,, the case of a large reflecting ob,ect very close to the 
array (less than 50 feet). On th e other hand, the aperture morutor IS supermr to remote 
monitors 1~1th regard to transxnt dxsturbances from low-flymg alrcraft 

3. The monitor 1s consIderably more fall-safe than earlier designs 
4 The automatxc-gam control used in thx momtor IS sxnpler and mere stable than d-c 

amplrfler types 
5. The monltar 1s very useful I,, ad,ustmg the curler-sldeband phasing of the dlrectronal 

local1zer 
6. The slmplxlty of desxgn and the fact that all four alarm panels are ldentrcal are 

advantages of considerable economic importance, both wrth regard to first cost and to 
maintenance. 


