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THE CAA-RTCA IMITAUMENT LANDING STSTEM
PART I - DEVELOPMENT AND INSTALLATION

SUMMART

This report deacribes the radio instrument landing system deslgned and constructea under contract
with the C1wal Aeronsutics Authordty by the International Telephona Development Cormpany and installad at
the Indianapclls Munlcipal Aarport The inatellation was completed and accepted in October 1939

The aystem provides for instrument lending in four directions, through tne use of fixed ground sta-
tions Thres elements are invelved (1) a localizer o. the equi-signal tvpe, (2) a glide path using the
constant intensity principle, and (3] inner and outer markers havang verticallv directed radiation

New methoda have been derseloped which permlt the modulation cf the r-f output of a radie transmltter
at two separate eudio [requencies simultanecusly with negligible cress modulation and distortion New
Forizontelly polarized lcop radistors heve elsc been developed Both are valueole contributions towerd
the solution of the locallzer proolem  “vew ldeaa on the control of horizontal patterns rave been deval-
opad to produce straight line constant intenslty glide paths

Internatlonal lead has been achieved for tre Unlted States as e result of this work on radio instru-

ment landing systems The technique hae been of 1nsstimatle valie in eiding the developmert of the
ultra-high-frequency radio range ssstem

LEIROIVCTION

A complete description of several tvpes of instrument lernding svstems has teen presented 1in
Technical Developmert [hvlsion Henort Mo 1 by W E Jackson entitled "The Status of Instrument Landing
Syatems™ and dated October 1937  That repert described in detail tha featurea of the several gyatems
and set forth definlte recommendatlens for an improved system based on the experience geined by the alr-
lines, the Bureau of Alr Commerce, the Federal Communicaticna Cormission, and the Radio Technical Commit-
tes for Asronautics  Thess recomendaticna were drewn up cn June 23, 1937, by tho organlzations mentioned
and were leter revised and approved by the Radio Technical Committee for Aeronautics on December 17, 1937
The reecommendations as finally epproved and recommanded bty the R T C A are as followa

1 Rurmay Localizer
a The runway locallzer =hall operate on an ultra-high frequency, preferacly in the band 92-96
mogucycles, or, 1f the locallzer trapsmititer 18 oporated ae & segparate unlt, in the band
108-112 megacycles

b The locallzer course ghall te straight, 1 e , one w-ich has no bends or multlple courses
parceptible to a pillot flvang in still alr

¢ The difference in the magnitude of the two patterme of the localizer shall be O 5 db at
1 5° either side of the center 1line as memsured with a linear detector

d The vertical needle of the croas-pointer indicator shall give a 102 deflectien indication
for a 1 9° angular devlation from the center line of the Tumway

e The distance ramge of the mummy localizer shall be at least 20 miles at 3000 feet al-itude

f There shall be freedom from interference pattern effecta perceptilble to the pllot botr in
elevation and azlmuth

2 Glide Fath

e The glide path shall operate on an ultra-high frecuencs, preferably i~ the band G2-96
megacycles

b A smooth glide path shall be provided, 1 @ , cne which 13 free from interference pattern
effects perceptible to the pilot when on the locallzer course

¢ The system shall be capable of adjustment to provide m sultable glide path
3 Markers
a The markers shell operate on 75 megacycles
b It s-all be possible %o posltlvely ldentlfy each mar<er both aurallv and visually by
modulation and keying The modulation frequency of the lnner marker shell be 1300 cyclea
and that of the outer marker srkell ba A0C cycles
¢ A normal arrangement of marcers would be

(1) At tre normal intersecticn with the glide path

(2) Near the boundary of the airport, the exact location to be determined by local
corditlons



d The inner markers ghall have a fiela strength ad]juatment so that when installed in the
bourdary positlion the beam will ceuse useful indlcations of & vieual device withir 700
feet either side of the on-course path and for 300 feet along the glide peth trajectory
Indicatiore from thls marker shel. be receivable ts an altitude of 2000 feet

o The outer markers shell have sufficlent power tc accomp.ish a silmilar visual indication
witr the same bean pattern at 2000 feet altitude

4 Monitor System

a Jatiefacter reans for indlcating visually the operatieon of ell equipment shall be pro—
vlded at a central polnt

b Whatever form of vlsual lpdicetlon may be emplojed shall be smooth in performance and
have no irregular c!aracteristics

5 General Characteristles

8  Frequency of emlasion of all of t-e elements of the syatem shall be equivalent to that
obtained with a low temperature-Frequency coeflielent quartz crystal

b The rmumber cof [lxed or portable equipments requlred will depena on condltionsg prevailing
et individual alrports

c The installatfion of thke foregoing equipment shall not comstitute en obstruction to a
norzal approach to B runway

6 The 1mstallatlon of the best known type of approac™ and rurway lighte appears to be a mesat
desirable measure in combinstlon with inetrument land!lng faellitlas

Specifications were prepared early in 1938 by the Radlo Development Section for the devalopment and
installation of an instrument landing system at Indlanapolls that weuld proside for four carections of
approach and be completely controlled and momitored from a master control unit 1n the control tower
Theas apscificetions were based on the R T C A recommendatjons and the considerable experience gained
since the {irat instrument landing teats in 152B 1y the National DPureau of Standards  Thls experienca
was galned wlth tre experamental installstleons at College Park, Md , Newark, N . , Cakland, Celif , and
Indianapolis, Ind The experience of other orgenizations with other systems alsc was avallable and was
used in preparing tne epacifications These other crgamzations and systems includea  United Air Lines-
Bendlx Systemr, at Jaklana, Calif , the Washington Institute of Technology System, at College Fark, Md ,
and Pittsturgh, Pz , the Umited States Army Air Corps System, Daston, Chlo, and the worens System of
C Lorenz & G , Berlin, Oermany 4&n installa*tion of the Lorenz Syotem was rade at Indianapelis in 1937,
t-rough the courtesy of the International Telephone & Telegraph Company

In May 1938 & contract was awarded to the International Telephone Developrent Compary, Inc , which
was lowest bidder for tre development of a system 1n mccordance with tre T & A specificatlons The
equipment was deslgned and constructed at the Federal Telegraph Company plant in Newark, N J , and was
installed at Imiaravolis, Ind The installation work included considerable development of radiation
patterns to provide suitable locallzer coursea and glide patha In tre various locatlons required for
four directions of approach The general sirport layout 1s stown 1n figure 1

The system was completea in October 19239, and was sccepted by the Authority A1l of the tranamit-
ting equipment irvolved in the system was deslgned and tested for satisfactory operation from wlnus 40°
to plua 60° Centigrede, for aa high as 95 percent relative mmidaty, end for wide variations in supply
vo.tage The receiving equipment alsc wes dealgned to operate over t-ese llimits

TRANSMITTING AND MCNITORING EqUIPMENT
{a) Cable System

The entire instrumen® landing aystem (except cuter markers) is operated from power obtalned from
the main 1line termination in the Admimistration Building, Municipal Airport, Irdienspolis  There are
two main power lines mhich follow separate routes and termainate at the Adpinistratlon Building In case
of fellure of service over the normal circuit, the muxiliary power circult is automatically cut in
The inatrument landing system is comnectea to this aervice, and underground cables have been eatanded
to the 12 stations on the airport, as 1llustrated in figure 2  The gervice 13 2300-volt, &0-cycle,
single phage  Indwwlduel transformers st the glide path and locallzer buildings step thie veltage down
to 230 and 115 volte The inner markers obtain 115-voli service fram the adjacent glide path building
trangformers The cuter markers obtain 115-volt, 60-cycle, single-phase power from Individual line
axtengions of the Irdlapapolls Power & Laght Co

Alsc shown in figure 2 are the 12-palr telephone cablea which exterd from the Admirdmtraticn Duild-
ing tower to the varlous stations Cne palr to each statien carries a nominal 48 volts direct current
from the tower control unlt for control of the various transmitters  Over thls same palr, monitorlng
signals are returned to the contrcl tower A separate pair of the cable is used for telephone communi-
catlon, although with the equipment provided, thls service also can be handled over the control pair by
interrupting the monitoring service (me pair of each cable is used tc carry 4B volts direct current
to turo on the obstruction lights at each bullding The 48-volt relay control circuit 1e operated by
an alternating current relay connected in the {ield boundary light circult Other palra of the cablea



ara spares The outer markers are controlled and monltored over a pair of leased telephone linas Tele-—

phone commmication is handled over the ssms leased pair

A portable hand telephone of the mound power type with magneto hand generator, as shown in fipure 3,
is provided for comminication

(b) Trapsmitters

There are four transmitters invelved in each direction of approach These are  innar marker, outer
marker, localizer, and glide path Each has the same basic crystal oscillator circuit and first malti-
plying otage as ghown In the locellizer mnd glide path transmitter diespram, figure 4  The crystals are
sealad 1n nitrogen 1n Premier 500 type helders and ars maintained at a temperature of plus BOO Centlgrade
by thermostatic control

The inner and outer marker tranemitters are 1denticel, except for their medulation frequency end rate

of keylng These characteristica are included in the general tabuletion following
Table pf Trapamitter Characterlstics

Marker Glide Path Localiger
F (Carrier) 75 Me 93 9 Me 109 § Mc
F (Modulation) 1300/400 cycles 60 eyclea 90/150 cycles
F (Crystal) 4166 & ke 3912 5 ke 4579 17 ko
Output (watts) 5 300 200
Input (volts) 110 220 220
Input (watts} 290 — —
High voltagas supply 300 Adj (2250 max ) 3000
Low voltage supply None 1440 1500
Bias (volts) 100 100 100
Tuben
Osc g0z EB)H 802 (3§ 802 (3]
#1 Wult 8oy (3) 807 {2 807 (2
#2 Mult 807 (2) 3048 (2) 304 (2}
#3 Mlt Nene A04E (2) 3648 {2)
#1 hmp 807 (1) 100tr% (1) 100thu(1)}
#2 Amp None 250th* (L} 250th#(1)
Idne Mon 6HE 65 615
Main Hect 5Z3 B3t 836
Aux Rect Nonse hZ3 523
Eles Rect Salenium Selenium Selenium

#  Eimac tubes, used in pairs
## Number 1n parenthesis Irndicates order of mmltiplicatlion of frenuency

Views of a marker tranamitter are giver in figurea 5, 6, ard 7
a narker transmltter 18 given 1n figure 8

A& gimplified schematic diagram of

The follewlng points are of particular interest in the marker transmitter

1 Eacr transmitter contains a 4B—velt direct-current telephone-typs relav, the contacta of which
»

close upen application of the 4B-volt direct—current control voltage across the control line terminals
Enc cause the transmitter to start There are nc other relays

2  Each transmitter contalns a type 913 cathede ra, tube on which the percentage of modulatlon can
be determined Thls tube operates only when the local "on" gwitch is operated at the transmitter

3 The unbalarced cutput of the last stage 15 comerted to a balanced output in the circult shown
In figure G

4 A type 6F6 tubs 13 included in each transmitter to rectify part of the output signal for use 1n
rercte monltoring

5 L non-ring-through transformer ls usea in t-e transmitter ronltoer circult so that telephons
calling sagrals on the .ine will not damage the menltor meter

6 A1l sides of the trarsmitter aras removeble by leoosening thumb nuts, end the components are
arranged to glve maximum accessibility for servicirg

7 The input line voltage 1s -eld constant by an autoratic voltage regulator

The glide peth and local._zer transmatters are identical ir physical size and constructlon except
for %-e Figh oltage supply to the output atage The glids path transmitter has 60-cycle slternating-
currant voltage appl_ed o the f_nal stage w'1le the localizer transmltter has well-filtersd direct
current The electr!cal features are rFiven i1n the tabulation Some of the soeclel features of the
loca_lzer and glide path ecuipment are 1llustrated in fipures 10 to 17, irclusive  Qthers are as
follows



1 The tranamitters are started and stopped by operation of a 48-volt polar relay The pelar
relay closes 1n ona directlcen for normal operaticn but can be reversed by the control tower operater to
permlt Floecal" operation at the atatlon

2 The input line voltape 15 held conmtant by special 230—volt regulators

3 Fuses are not used in the transmitter Circult-breaker type switchea are used for protection
and power control

4 The transmitters are kept wrder light eir pressure by a blower to provide cooling  Air intake
cpeninges are provided with fllters to exclude dust and insects

5 A dlode rectifier 1s used in the cutout coupling clreuit of each transmitter to provide tuning
amdicatlor

6  Thermostatically controlled heatere are used to insura stabllity of the output tank circulta
at low temperatures

7 The localizer transmitter containa a rectifier-filter unlt and a left-right instrument to
operate in connection with a remote fleld momdtor to indicate the couree

(e} logalager, M jde Path, and Marker Buildings

Bach localizer budlding consists of g 10' x 12' x 15' freme structure bolted to a concrete {loor
The roof 18 pitchea and hea compeeition asphalt shingles  No metal, except nells, 15 used in the build-
ing constructlon A 2-inch wire mesh horizontal ccunterpoise is Installed inside the bullding 7 feet,
3 inches above the floor to preserve a symmetrlcal ard atable radiated pattern The loop antenna radia-
tora are supported above tre counterpplpe with treir tuning sections extending below the counterpoise
Tre general 1nstellation plan 1s ahown in fipures 18 snd 19

Two of the bulldings contain wing additaons as shown in figure 18 Each of these wings accommo-
dates a leop which 18 parasitically exclted

The 8 E Localizer bullding {fig 20) hss & specially constructed water-tight conerste basement
which housea the tranamitting equipment The entenna amd counterpolse oymtem 1s located in a small
wocden house mounted directly over the basement  Internally the statlon resembles those constructed
above ground An electrically operated automaetic sump pump was installed to remove water collecting in
the bagement In the six montha period of observatior the only water which entered came through the
wall around the power condnit  Thas leak was repalred and no further difficulty wme sncountered In
future instellations this conduit should enter over the top of the wall

Fach localiser has &8 2300-volt power trensformer and obstructlon light exbternal to the bullding,
oxcept the 5 E localizer, which has no obstruction 1light and has its transformer in the bullding The
tranamitter, modulator, voltage regulator, and line smitch boxes are mounted 1nslde ths bullding be-
neath the counterpoise, and the looo radiators are located above the counterpoise

412 glide path buildings {see fig 21) mre identical and are of frame construction on concrate
bases simdlar to the locallger structurss The tiilding dimeneiona are 127" x 12' x 11'7" high Two
of these bmldings (S W and NW ) contain s dipole arrey with acreen reflector (see fig 22) The
N E glide path station used for S E dirsction of appreach, and the 8 E glide path station used for
the N E directior of aporcach, each provided a atralght 1ine glide path The antenna arrey was
external to the budlding and consisted of two apaced loop rediatdrs and scresn (see fig 21

All of the eight marker stations consist of aluminum bexas (fig 23) with watersealed removable
covers The transmtter, voltage regulator, telephone box, and line switch are mounted intermslly
(fig 24) The traremitter 1s mounted on a roller bearing sllding shelf ec that it may be withdrawn
quickly for servicing without Lifting (fig 25) The antenna autematically discommects upen remeval
of the trenemltter Each marker station entenna consists of a palr of collinemr, co—phased dipoles
excitec at thelr adjacent inner ends The guter marker anternna is 1/4 wmrvelength above 1ts counter-
polse, and the counterpoise 13 1/2 wavelength ebove ground The inrer marker antenna 13 1/8 wavalength
above its counterpeoime, and the counterpoise la 1/5 wavelength above growmd

In all stetiona of the aystem, except the N ¥ and S W glide path statlons, balanced two-wire
ghielded 7/8—1nch outside dlamster tranamission line 1a used In the two glide path stationa referred
to, the line to the dipole anterma, belng totalls within tha house and onlv about 5 feet long, 1s made
of open, spaced copper tubing

(4) Localizer Radiataion Fatterns and Courses

1 Thegretical dezcription

The basic localizer pattern, frequently referred to as the "bean" pattern, ls shown in figure 264
This i3 prodiced by thres loop radlstors of the design shown In figures 30 erd 31 and arranged ad shown
in figure 208 The bean pattern 15 actually the reaultant of two other basic patterns gensrally re-
ferred to as the "clover-leaf" and "dumb-bell" patterns, respectively The clover-leaf and dumb-bell
patterrs are 1llustrated in figures 26C and 260 The clover-leaf is produced by tre two outaide radia-
tors {2 and 3 1in fig 26B) which ere spaced 165 electrical degrees and excited 180° out of phase Both
radiators are excited with equal emplitudes of F0-cycle and 150-cycle sideband energy (See fig 26B)



The orientetion of the radiators 1z eet so that the null of the clover-leaf 18 1n exact aligrment with
the center line ol the alrport rummy  Thls mull 1s very sharp and defines the rummay center ine pre-
cigely after 1t 13 conce established Howaner, oince there is no 21gnal along the runway centar line from
the clover-leaf, thls pattern alone camnot serve for operatlon as the localizer Firther, sirce ooth
F0-cycle amd 150-cycle signals are present in equal ratio throughout, left-right sansing 1s trerefore
absent

To satablish an on-courde signal with left-right sensing, tre center radlator (lcop 1, f1g 26B) is
excited with the carrier fully moduleted with equal amcunts of 30 and 150 cycles  Operating alone, the
canter radiator would produce a clrcular pattern However, in the presence of the cutslde loops, (2 and
3), which are free to operate parasitically with the center loop, the dumb-bell pattern shown 1n figure
26D 13 produced The phase of the current in the center radietor 1s set at 90% mth respect to the exei-
tation supplied to the outer radiators, so that in space (to either side of the clover-leaf n:ll) the
s1de bamd energy combines with the modulated carrier of the centar loop to glve left—right sensing
S5ince the outer radiators produce B null on-course, tre only signal received cn—course 1s the 100 percent
modulated carrler of the center radiator

Tt will be observed from the typical bean pattern of figure 26k thata

{a}) Maximum radietion occurs at an argle of about 259 from the course

{9) The signel on-course s appreximately 2 75 decibels less than that at 250 off-course

{¢) The slgnal at right angles tc the course i3 apprommataly 5 declbels less than that on-course

{d) The course sharpness 18 1 2 decibels (per 1 5% off-course)

() There 15 an equal reciprocal (rear) courae

The patterns | re described are capable of being altered slightly by edjustment of cuter radiator
spacing and phasing and center radiator phasing These adjustmenta affect the s-arpnsss of the course,
the directicn of the maximum radistion, the amount of signal en-course, and the ratlic of maxdimum radiastiom
to that at 90° from the covrze

It i3 evident that & spacing of cuter radiators approaching 180°, which woild give & minimum at 909
to the couras, cannot be used because thls would cauge rediation in this dlrectlon to be only that re-
sulting from the dumb-bell pattern and would thereby permlt the course—indieating instrument in the air-
craft to indicate on-courge The difference between the 90—cvcle and 150-cycle bean patterns, often

referred to as "clearance", must always be great enough to aveid & false course or, preferably, to keep
the instrument pointer always off scale except when in the true on-course ares

2 Mothod of medulation

The method of medulaticn 18 illustrated in figures 265 amd 27 A photograph of the wodulator unit
19 gven 1n flgures 24 and 29 From the dlagrana 1t 13 peen that the output of the localizer transmitter,
consisting of ummodulated carrier, 1a first passed through the "lower or cross-modulation bridge" where
it 18 divided into two channels for medulation at 90 and 150 cyeles The corner of the bridge oppeslte
the entrance corner is loaded with a networx 7’1 which reduces cross medulatlion The circult voltage at
the peint where Z1 1a conmected 18 min.mlzed by the reversel "H"

The current passing in the two vertical chennela 1s modulated by closely coupled sections which are
alternately tuned and detuned by spacially shaped 150—cscle and 90-cycle rotors driven at 1800 r pm
by & symchroncusa motor  The modulated current of the two channels enters opposite cormers of the "upper
bridge", whick permite each carrier to add in-phase and pasa with the respective side bands to the
center radiator {1), while the carriera tc the outer radiators (2 and 3) cancel (by vartue of the re-
versal @), thus allowing only sidebands to excltie these radiators The lengths of all lines are equal
fromw the trapsmitter to the cutput of the upper bridge The lengths from the upper bridge to the radia-
tors are chosen so as to provide correct ralative phasing in the radiatora

3 lpatallationg

The first localizer installation was mede at the N W corner of the eirport The site 13 clear ex-
cept for telephone wires to the rear along the Pennsylvania Rallroad right-of-way, and the CAA Experi-
mental Statlon bullding at a considerable distance to tre smst  The general laveut showing the positlon
of the telephone wires ia given In fipures 32 and 33 There are B4 cpen wiree in the pole line, and
their average height 18 about twlce that of the localizer antenna The distance to the wires is 284
feet The originel three-loop arrangement, whose pattern ls given in flgure 33, curve A, when uded at
this site gave multiple courses as illustrated in the cross—course flight recerd, figure 34 In making
these records, a standard 5-millimmpere Esterline-Angua graphic racerder was ad)usted so t-at ite central
posltlon corresponded to "on-course® simultanecusly with the vertlcal polnter of ths alrplane cross-
polnter instrument Figure 35 1s a photograph of the elrcraft recording equipment A schematic diagram
of thils equipment i3 shown in figure 36  As the eirplane was flown across the course, the recording pen
moved across the graph and, as shomn in figure 34, for the flights uslng the trree-lcop array, the pen
croased the centsr several times indiecatlng several courses Hecords were cbtained at three separate
distances from the station
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A mathenatlcal anal;.sisz of these records 1~ conjunction with ground memsurements (see Tig 37) indi-
cated definltelv that t-e multicle courses were cauised by reflections from the wires behind the staticn
and indicated the partlcular sectlon of the w:res t-at was direct.y resporsible Durirg tre Investlgatian
ground measursements wers mede between the slet_on anc the wires by meana of a portatle astecter  The
varimtions .n relative fisld strength on a 1line between the station and tke wires, and equl-diatant from
eac*, are slown in figure 37 for twe -eiphts of tve cetector The percentages of reflection from the
wires as determ.red from these data are 4 £9 and o 25, respectivels

A tepporary ivcallger anterne was zet up usl-g a screen woleh produced s localizer Yavirr only & for-
ward course (ase fig 32) Flight tests revea.ed no riltlple course and vroved conclusiiyely that supores—
g1ion of the slgnal teward the wires -tould be <ecegsar Tre experilmental scresred artenna was not devel-
oped for permarert use, since it preserted mixed polarization problems  Further, in attemiting to com—
pletely suppress the rear radiaticn, many indefinite courses are apt to eppeer becauss of reflactlens Irom
the screen  Rccordingly an array of six loops was de elopea, three parssiticall; excited locps being
pdded “o t-e eoriglnal three sic’<ed locpa  Their spacing and chasge were acjustec to gi.e & rull of racie-
tior a% 54° from the rear course, in the genersl direction of tre viras where the objeci_onabtle ~eflec-
tions were taking ploce  The pattern resu.tirg from tre six-loop array 18 showr In fipure 33, curve B
Tre cignal or the important section ol the wirea was reduced aorroxamatelv 11 & declbels over t-eh of the
conventiona. pattern It should be noted alsc that in the original curme A at 54Y, the differencs in 95—
cycle and 150-cycle bean patterns was approximately 7 5 db  Ir curve B tha d Iference s c1. 2 5 db
The nore nearly they are equal in tha 54° direction, tre _ess will be the effect of the reflectiow en the
forward coarae The limiting ratio 1s that which prodices a false courae in the 542 zome

TFlight tes%s of the six-loop array ero shown reccrded ir fague 34 Tt will be obseried t-at the
arplitude of the reflected wave haa ceen greatly redaced ara thet tie recording pen crosses the center
orlv orce, inoicating mo multiple coarses Tre sharpness of tha courss remeins practically unec-anged
over =hat of the three-locp array A rear course of Teducea amplituae rera_ns, vhach _s reclproca_ and
froe of miltiples At all positions around tre statlor except in tne or-course zome, the diflererce
betwaar 90-cjcle and 150-cycle sigrials 18 2 5 db or greater

The second installetion made waa tha N E loceliwer The general lavuoub wlih respect to the alr-
port 1s ghowr in figure 38  The three-leop pattern as obtained for thie atatlon 1s shown in figure 28,
curve A The cross-course flight record at tre 5 W outer marker is shewr i Tlgure 29, curve 4, ard
Irom this record the course appears to be satisfactery  Howevar, btends were found %o exlat between the
inner marker end the rumwsy  An anelysie of the rate of charge of benc along the S-umray confirmed the
theory that reflections from the alrport Administratlon Building were responsible

To improve tha conditiocn, two parasltically exclted loops were added to the array, as shown in
figure 26 The pattern obtalned with tha ald of these la sbomn in figure 38, curve 3 1t will be ob-
served that the direction of maximum radistlion here cccurs cleser to tre course t'an for the three-loop
array, but that the signal toward the Administration Pulldirg has not been greatly reduced Moat im-
portant of all, however, 1a tre increase in course sharpness from 1 2 db to about 2 2 db per 1 5% off-
courge  Numerous flights were made with the five-locp array, and ome of %he graphic records cbtalned
ie shown ip figure 39, curve B The croass-course flight records made et 600 feet mlt.tuae gver ths S W
outer nmar<er shom characteriatice similar to thoae of the three-loop arrey sxcept for the improvement 1in
sharpneas It was noted that there wma an improvement in the course be*wsen the inner marker and the
runway, but noticeable bends were still present Tre bends are reletlvely smail, however, end represent
about 0 3° total variaticm of the course

In en atteapt to further improve the corditions, a portable experimental flve-loop errdy simllar to
that used in the N & localizar statlor was set up on the ¥ E -5 W rurwev center llne at the N E
boundarv of the field <5 locatlon 1 olotted in figure 38 It was excitea by power fror the h B lo-
callzer statinn over about BOO feet of open two-mire trarsmission line  The arrangement 1s ghoewn 1n fig—
urea &40 and 4. The intention mas to increase the angle betwaen t-e on-course direction and the dirsction
of the Administration Bulldi-g so that alteratlon of the pattarn to reduce the signal on the building
could be acgomolished more easlly It was observed that the sigral at 45° (whick 1e the d.rectiom of the
Adminiastretion Puilding from the portable .ocalizer) wes about 6 ab less than that in the direction of
the on-rourse  Trhis would be an improvement except for the fact that the distance to tre Adrminlstration
Building was now only B50 feet as compared to 1,500 feet for the originel N E lcoeslizer FPreliminary
flight checka indicated ne Important improvement in the course The original statlon iccatlor was there-
fore retaired

The & B localiger atatlon had to be rlaced relativelv close (440 feet) to the airpert boundary be-
cause of the presence of private dwellings and power lines  This Tequlred that the billding be very low
30 a8 not to const.tute a hezard to flylng To accomplish th}s, the transmitter and its asscciated
equipmant, which rormelly ecccupy the lower half of the localizer building, were olaced below the ground
level in a water-tight concrete plt The conventlonal antenna spra, was then constructed over the pit
as ghown in flgure 20 The top of the structure is only 9 feet above ground levsl

This locallear used the reguler three-loop array, and the vattern derived from this erray was
spsentlally the saze a8 that shown in figure 33, curve A, for the N ¥ lecalizer

When the localimer gtation wam firat operated, tre power lines aleong the aireat behind the station
caused a notlceabls bend in the forward ccourse These lires wera aocout 20 feet high and about 100 feet
from the station end ran at 459 to the localizer course  An almost perfect course map obtained by ad-
justment of the artewna aystem outer radistors to reduce radiatiop at right angles to the ccurse Fow-
ever, pince the presence of the wires ceomstituted s hazard to flying, they were subgequentlv remo ed by
the local power compary
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The 3 W localizer was the last one to be installsd It originally used a three-lsop array, tut 1t
wes lster changed to have B five-loop array to decrease tre bends in the course Its relstion to the and
of the 8 W rumay 18 shown in {igure 42 An experimental ultra-high-frequency radio range structure com-
prising 8 maes of mesh wire 30 feet higr was located 350 feet in front of this localizer The pattern
obtained from this atatlon was similar to that shown in figure 34, curve B

The course produced by the 3 ¥ locallzer, even with the five leops, was not straigrt but hed shallew
benda notlceable particularly between the ¥ E 1inner and outer marksrs When the radic range structure
wag later removed, the bends disappeared

(e) Glide Path

The four glide path station buildings were installed in aceerdance with tre contract as shown in
figure 2 The locatlons of the bwildings wera crosen as a result of pest glide path experience and were
placed 400 feet off to the side of the center llnes of their reapective runmava The radiatien pattern
intended fer these staticns was s broad beam, -he axds cf which ia directed along the rurway In the use
of the svstem, the alrplane would follow a parabolic carve of constant field intensity ae defined by the
output of the gllide path receiver

A mmber of antenne arreys were investigated with respect to the shape of glide path produced The
most important of thase are shown in flgure 43 All of the peths shown in figare 43 were made using
the N W glide path and approaching tomward the NW A titudes were determined by altimeter for the
higker points and by cbservations fror the groind for tne lowsr points A Waco Wodel N alrplane, MNC-17,
was used in the tests and all dete are based on the same point of contact dlstarce (2,100 feet)} from the
glide path station

It #111 be observed thaet paths B and C ere nearly alike These paths were produced with high.a
directive arrajs focused parallsl to the rummay The alrectivitv caused these paths to te generally
lower than path A which was prodicec bv a simple dipols arrav  Path D was proauced by fozusing a direc-
tive array tomard the poant of contact on *he ramay Ine pesition of the beam axis arcoants for the
irragularity at & distance of 9,000 feet  Simple teats conlirmed the t-eorv that the vertical pattern
in ths direction of approac 18 affected oy the change of besm axds direction This 13 part_cularly true
of sharply directive oatterna Controllirg horizoatal directivity in order to strailghten the glide path
is of little value when the glide path antennas 1a located on.y 400 feet from the runwas, since the angle
between & line parzllel to the runwav and 2 line %o the boint of contact, as ohserved et the glide path
statlon, 15 too sma_l to provide sufticlent control of the radiation pattern

The directire patterns of the rhomblc and stacred V antennss in t*e oailaing 400 fest off the centsr
lires are aisc¢ undesirable bacause of the rapid chenge 1n the peth when te airplane deviatesa right cor
left of the tr.e course

Bach ol the paths A, B, and C 1n f.gure 43 .3 smooth ana geners17y parabolic .m srane  Beyend tre
citer marker, roveier, the pat s rlse rapldl, &nd, vhen followec ciring ar appreacn, the rate ol cescent
.s greater tren that ccns_cerec cesiraole

Exveriments 1n ire use o. 2 alrective entenna arrn  fartrer off the side of t-~e rurwa had been con-
ducted by wne Lorenz Conpny oo (ermans Since the 8 T arc N T rl.de pith stesions wers approrsimatel
1,400 Zeet fror tre center .ines of the NL -S % and 5 E -NW ruma s, respectivelr, it was ronsiderad
ad 1zab_e to cenduct Lurther tesis

Tre forst sel-up was made at L'e 5 B glide path atation Tor t-e 5 W approach (eopreach when hesded
N E ) and consistec of two collinsar dipolea with secreen re.lector, as s-own ir figpire 44  The current
and phase rslaticns i t-e dipcles wers adjustcd to give the —adlation -attsrn shoen on Taieure 4% The
Tligrt rath resaiting 1s shown in figure 46  The nath 15 essentially strelght from the outer marker to
the i1pner ma=<er, a~d gra.udl_y curves to the poant of centact

S1milar paths and patterns were produced using two-loop and four-loop arrays Tre two-loop array
\fig 21) was permanentl, ins%al_ed at oth the § 5 and b E glide path stations for tie VF anz S E
directions o approsch, respectivel,

{f) Marker Patterns

The power oo each irrer aznd cu.bter narker was ad usted arblirar.ly to pive a marker 1!ght imdicaticn
of 8 seconds duratlen when the aireraft was f.vanz o er ths station at 600 feet altatude at J00 mph
The mar.er rece_ver sensitivit, wes adjusted to glve a 15-seconc merkar light irdication when the air—
craft was flrng at an altituds eof 1,000 feet cover the Irdiarapolls "ZF marker ¥or thess adjustments,
tre relatlve signels of tne throe markera at 1,00C fees atitude are as shomn 1n figure 47 In normal
ude the 1nner marker indlcaticn .5 acproximatel— 1-1,/2 geconds when the aircraft is passin over the
carker a% an altitude of approxdrately 45 feet  The diration of the outer end inner narker signals
(8 amd 1-_/2 seconds, raspectivels) tas been found satisfactory Sor _nstrument land_ng

Vertlea_ patterna of the two marrers, taken with increased power output, are shiomn in 11gurse 48
Trere are no mu-or lobes  The paittern in the borlzortal plane at 607 feet altitude hea = croas-course
lensth to thickness ratioc of moproximatels 4-1

(g) ¥omitor and Control Svatem

A simplifded dilagram of the monitor and contrel system 1s glven 1in fi;ure 4% In this system &
centrol desk, figure 50, located in the Administration Fuilding control tower, hendles all functlons



It contalns a rectifier producing approximmtely 60 voltm direct current which im ewltched to the varlous
control lines to start the tranemitters and heold them in operation The polarity of the diract-current
supply 1s reversed by swltches in the localizer ard glide path circults to provide interlecking on the
transmitter "local control® switches The transmltter control relays are nominally 4H volts

The same lines used for the direct—current contreol elrcult also cerry the return monitoring audie
signals The marker moitor signals (400 and 1,300 cycles) are derived from a GH6 rectifier tube which
is coupled to the output redio-frequency iransmission line of the transmitter The glide path monitor
signal (60 cyclea) 1s obtained from a 6X3 rectafler tube coupled to the glide path transmitter output
trensmismsion line The lpcalizer monitor signal (90-150 cycles) 1s obtained from & field monlter umit
(see flgs 16 end 17) located approximately 200 fee: in front of the localizer atation Thle localirer
ronitor operates the indlcating devices on the transmitter ae well as those on the conmtrol desk

Each monitor aignel received at the control desk 1s individually adjusted for level, amplified,
1iltered, and rectifisd to operate the control dess indleating instruments The localizer indicating
instrument 1s a zero—center instriment, and s.gnals to operate 1t are derived fram a balanced 90/150-
cycle filter and special copper oxlde rectiflier units ldenmtical tc those used in the localizer re-
caivers The other filters used are combinetion filter-saturable reactor unite, slmilar tc those ueed
in airline 27-A marker receivers The saturable reactors are opereted by the rectifled monltor signais
whic- releage H0-cycle alternating current to lndicator lamps located above the I1ndlcatlng ilnstrumsents
to .ndicate the presence of monitoring signals Simllar indicating lamps, also operated by the monitor
signals, are loca‘ed in appropriate pesltions or the mimature diagram of the alrport (ses fig 51) on
the sarface of the control desk The lamps indicate the locations of the stationg cperating

Each of the amp_ified moritor signals 15 connected ic & cammtating device {ghewn in fig 52) on
tre drive shaft of an Esterline-Angus recording milliammeter  Through thies commtating device the
p1gnals are connected in sequence to an emplifier and rectifier and thenca to the recorder The 1ndi-
vioual leve.s are adjusted so that each causes the recorder pen tc deflect to nid scale and provide
uniform recorder amplitude (fig 53) for normal operation skcept for the rumway ldentifying signal
Tre rummay lde-tif,ing signal (there are four .nstriment la~ding runwava) consists of rectified line
«oltage, the value of wnich is depewdent upon the positicr of the rurmes selectar switch  To record
the $0/15C-cycle localizer mondtor signal, the relative applitudes of the 90-cycle and 150-cycle com-
ponents are recorded seperately, that 1s, as two individual menltor s.gnals Each of the six monltor
signals {in-er marker, outer marker, glide path, locallzer 90-cycle, localigzer 150-cwvele, and rurmmay}
18 ailowed to remain or tre recorder approximatel, 10 seconds  Wher the instrument landing system 1s
turnea off, the reccrder is used as a voltmeter which 1s comnaected through an Instrument rectifler to
the 115-volk, w—cifcle line, and the recorder drive speed 1s reduced and operated by clock escapement
Time markangs in rflrites and hoirs are co-timuously made on the margin of the chart by two irpulse pens
operated from a ary-cell battery t-rourh 2 precis.en clock

The signals epplied to the recorder are algo applied to the control gr.c of an 8B4 tube, the plate
car-ent of which normally holds &n alarm circu t relav opaen  Failure of anv of the signals recelvad bty
‘his tube from the commutater caises the relay to close and an audible alarm to sound in the centrel
tcwer A red siegnal a so lights oa the control desk A pusk button markea ®5ilerce” permits the opers-
tor te stop the andible a.arm, but ol; corrsction of the failty signal will allow t-e rea signal to be
extingulshed A "rmatore® butten 15 provided to reset the alarm clrcuit & tame delav relay 1s uaed to
prevent operation of the alarr curing t e normal warm-up perled when the svatem is turred on Figure
54 showa tre intermal arrangerent ot the momitor desk A 1line voltage regulateor, sim lsr to those used
wit* the marker transm.tting equipment, 1s used with the control desk to insure conatancy of aoniter
rendings ard relizb.llty of <he alarm circua.t

A hanc type, sound power telepbone and magneto ranger are provided wlth the control desk To sim-
olifv the switching cirzults, ringers at a1l 12 stationa on the elrport rang when the magneto is opera-
ted Separate palrs are used for telephone service to thess stations to avold airterruption of romitor
signals  MNon-ring-through transformers hase been orovided in tre equipment so that telephone service
may be nardled over the moraitor palr if 1t s er should Le required Tre outer marker telsphone service
13 handled cier the same palr zhat 13 used for controlling and mon_toring, howerer, the marker ronltor
signal is interrusted vhile tne telephore 1s in use The o.ter marxe~ ringirg 18 incrvicually selected
at the cocitrol desk by four tever—tyoe koy smitcnea

TING
(a) Receivers

Localizer, glide path, and marker receivers were procured with the instrument .anding = stem The
lcealizer and .1lide path recsivers were of new cesign, ard the marker receivers were type RUT (same as
Western Clectric Co , 27A) formerly edopted for airwa -8 marler service and contaiming filters for inmer
ard oater marker operatior Al. receil.ers were cesigned, constructed, and tested under conditlons
equlvalent to trecse for a.r.ine ATC eqnpment The three receivers are shown in [igures 55, 56, and 57

Schematic dlagrams of he receliers are g_ver in [lgures 582, 59, and 60 Each receiver 1a a crystal
controlled siperheterodyne, the crystal teing hermetlecally seeled end less than 9 megacyecles ir frequency
Tre basic features are as “ollows



Table of Heceiver Characteristics

Glide Pat- Localizer Mrker
Rocgrver Agceirver Regelver

Carrler (Mc) 93 0 109 5 75 0
Cryatal (kc) 7298 8325 7630 5
IF (xc) 4325 16,000 6325
Pass F1_ters (cycles) A0 150/70 000,/ 1300,/ 400
Neminal Sersitivity 2500 uv souv 150 u~
Selectivaty (60 ke) 3 db 3 db o db
Selecta.lt, (200 xc) 6C db 40 b £0 db
Irage Response -60 db -60 db -0 db
IF response -4 ab -6C db -60 db
Sig /noise 30 db 30 db 30 db
Cutput 0000 ya, d ¢ Bal dec 5.z lamp & aural
Aidic Selecti 1ty ¥ .5 db 15 db 20 cb
Voltags Stability + % 059 %% —
Temp Staoilaty (-40 to +60°C) +10% 1 50 xy JR—
Wadthrmt 5-3/2o" 10-3/80 5-3/167
Wa.zht 14 1lbs 27 1ba 1% lbs
Vibrator Nan-5yne 3me sor-Syme
Tubas Moo boaG B 7 eJ7

iF 68J7 B6SK7 6.7

2"Dat, 6307 £3Q7 7

fad SR &J5 o¥6a

05C 608G 6N o7

* Audio selectivaty value st fregq 25% below resonance
#% loca.izer vertical peinter movement in degrees
##t Std  alrcraft lergth and helgrt is 15-7,16 x 7-11/1€ inches

Each rsaceiser 15 desipned for operation from & /Q-okm concertric trarsmission llme  Power supplies
are deaigned to cpsrate frem .2 volts direct current

Spacial features wers 1ncorporated in ooth lozallzer and gllde patl receivers o reet the speciflca—
tion requirensnts For examnnr e, temperature corpensatior of recelver sensitivity was neceasarv  In the
glide nath receiver this was especially lmpcrtart  Compensabicn hac to be aprlled, 1n the gllde patl re-
caiver, for morentary and pro_onged coerge of baitery woltage such 13 usially results freom the star-ing
of t-e airplane radio transmitter or the operatings o landine liphts  For a prolongec drop in battery
voltage, two tvpes of compensation are empicyed, cne to correct for tre i1mmecaate change caassed by re-
duztion of recoir er plate voltage and tre other tc comoensate for the gradual change ir emlssicon of the
[ilamerts In the localizer receiver, carefil consaderaticn ir the design of the 90/150-cvele filter and
1ts agaocaated circilt was required to avold variazion of trne indicatec course for signal leiels bselow
that at which the receiver autematic volume contrel was i1n operaticon The reci.fiers cpera.ine on tre
satput of the 50/150-cycle £1lter had to be of special des.gr and, as sipplied, were balanced with reapect
to 8igpal volume apd temperature Under test at prolonged Filgh relat.ve humiaity, d.fficult; of leakage
ir certeln parts of wne wiring emd 17 the T F transforaers bad to be orercone

Cheractsristics showing t-e operation of al. three rsceivers are given i1r figLras 61 to 78, 1rclu-
sive T-e 1lrstallat.ion of these recei ers in the speclal receiver rack of airplare }'G-17 13 shown in

figure 79

(v) Mrcraft Regeiving Artenna

The receiving dantenna used in conjunction with the localizer snd glide path recelvems s nev and
urique 1r 1ts design Cns antenna serves toth rece.vers similtansously The marksr recelving antenna
i of standard design (horizontal lorgltudinal dipole beneath the sirplane) pravicusly adoptad‘{* faor alr-
Wayd marar recepulion (ses f2g 80)

The localizer glide pat~ receivang antenna 1a a horlzontal .oop ahown 1r figure 8L For a genaral
understanding of the applicat_on of the leap antenra te 93 9- and 109 9-megacycle snstrument landing

4y E Jackscn and H I Mebtsm, "The Developnent, Adjustment, and Appl.catlon of the Z-Marker,™
Technical Develcpment Report Ne 14, July 1538

¥ Andrew Alford and A G FEandoian, PLlira--i7sh-Freguancy Loop Antennas,™ Supplemsnt tc Electrical
Engineering Transactlons Section, AT E E , January 1940



10

ser 1lce, rafer to figure H2 This figure 11 ustrates te antenns circul® as a rescnated two—wlre trans-
missign lire AL, part of which, B, has been expanded to increamse 1ts radiation resistance to forn the ra-
ce1l ing loop The pars (B) exvanded represents on., a sra.l portion (asprommately 1/3 wavelength) of
“he s.usosdal dastriouvtior of currert aleng the lare  JlLe length of line, sectiom A, 1s chosen so trat
Jer t e 53 S9-megacycle freg.ency, tre antincde ol current s approximately at the center of tte loop The
1line AG 19 made long enoug- (574 mavelength,) so that 2 secend antinoce of current vill oe present at E
The circult is reaonated to 53 9 megacveles by ac_ast—er® ol stub G arc condenser I The glide path re—
ceicer 1s connected to t7s line t-roush a -alancins circalt (ase figs 9 and 82) 1, L., €, which re-

mo es all 1--phase currents i1n the anterma ci—cult arc nmeralts the use of a concentric line receiver
input  Tor the conditlor of belancs

wlh — wl, — 1

200y

wiere w — 2mf
sssuming no coupling betwesn L; and Ly

At point E, where the imnedance a< 93 9 megacvcles 13 wirimur, any circult such as I J may be at-
tacred, and 1f 1t is adjusted to present a high impedance at 93 @ megacycles, Lts presence will not
a.Tect the 93 9-megacyele cireut  hecordingly, the clrcuit I J .s connectsd at point E, and stab J and
condevser K are adiusted until the entire clrcuit (inc_uding EG) 18 resonated to 100 9 regacycles It
-8 obvious that the clrecult EX .s irsol-ea ir the resorance of tne circu_t I J at 109 @ megacycles anc
therefors mist be ad wated prier to adjustrent of cirowit 1 J

Jore c-zracterisft_c horizontal patterns of thia tyoe recelving antenra are shovn in figures 84 to 86,
irelisdre

{c; Indicatine Instrucent

Tre tvpe of _nstrument usec on the airplane instrument panel ia showr in figure 87 and a tipieal in-
stallation 15 shown in iigure 88  The lnstrirmert 13 of “he crosa-pointer tvpe, the vert_cal pointer
nerna.ly rgstang at the canter for .rdication of the .oecalizer colrse and ths other polnter resting at
the bottem® for indleation of the g_iae path

The characteristica ol the verticel vointer are stown in figiTe 89 Originall  these 1natruments
were designed so that tre vertical pointer was relatlsel .naensitive except vit in the range of plus or
minus 109 (see fig7 39, curve A) Thia was to permit the alrplane to depart from the relatlvel, shara
lecglizer course in maglry procedire tarns witheut having the vertical oeinter ride agslnst tbe _eft or
right stop pins, thereby losins sense of rmo exent sith respect to the ecoirse It was subsequently decided
that such & cheracteristic lmposid a nand.cap upon the pllet in approaching the course beca.se the rate
of a»proach appsared toc be non-l.near The instruments were ther comerted to ha e linear sensitivity,
as shown in fagure 89, cure B

T e characteristic ol the -eriznntal, or glide path pointer, 18 jiven ir figpme 29, cure C  The
output of the z_ide path receiiver 1a 1mited “o avold damage to tha horizostal polrter movemert:

The resigtance of each —ovement 13 approximately 1200 ohms and the ful.—scale sensitivit, .= 300
microamperes (plis and wims 1,0 microamperes for the verbical opointer) The dunping factor 1s aoprom;—
mately 10 mad the period O 3 to O 4 seconda

SEECIAL TEST EQUIPMENT

A radie-frecuency pote-itial mweasirivg device \comnonl, referred to as "probe detector™,, consicting
cf 2 small resonatea circult wath sensitive radie—freguency millismmeter and a shielued exci*ation lead
(s@e flps 50 =nd 91), was usad during the process of watcning line 1pedances and in measuring line
basance  The adjusiment ol concentric t pe lines was accomplished bv firsl us.rg a sect_on of line, .he
odter sheath of w-ich was proviced with cilosel snaced slots tmrouzh whic- the end of zhe detec<cr could
be inserted AZter adjustment, this secticn wis reoleced with a aealed secticn of the seme phvsizal di-
menslocns

Field patterns of wol- localizer and s.ide path stations were taken usine & dipole and cetector type
field mete™, as shown ir figures ©2 and 93 T _5 fiald peter was calibrated against a astandard rac o-
requency amzeter 1~ tre tra-smitter untenna o, arving the transmtter cutput rower The device was
1sefu. For teling patterrs up tc 300-feet rad_i9 from the atation

For observance cf loca.lzer courses, the cezestor-filter un.t as showr 1n figures 94 and 95 was uasd
The $0/150-2ycle “i.ter emmleyed waa similar to that uged in the localize~ receitar Courses were also
observea on the rumwa s with a local.zer receiver, the Installation of receirer anld locp receiving antenra
being rade 1n a f.e_« truck (ses flg 96)

4 con entlenel cathede ray oscillogreph with horlzontal sweep circiit was used dirirg &dJugtment of
tre loca.izer modulator and 1%s croas -wedulation load Rescnatea pick-uo loops for use with an oscillo-
graph were installed ir each locallzer house A typical patter- of the on-course signsl ia showr in
MHagurs &7

6 Subseguently th.s ingtrument wes imerted and opsrated as "follew the wcinter" 4,pa
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4 Oeneral Radio type 736-A wave analyzer was used with the f.ald detactor wmnit for determination
ard adjustmant of cross meduletion

VERTICAL VS, HOALZONTAL POLARTZATTON

In preparing this report firat consideration was given toward a description and explanation of the
equipment lnstalled, and thils included horizontally polarized loop radiatores  Selectlon of the correct
polarization was not overlocksd elther in the specifications or in the development and teats Factors
affecting the cholce between horizontal and vertical pelarization are deacribed herain

When design work wes started on thls instrument lending 8y3tem, experience with vertlcal polariza-
tion on ultra-high-frequency raedio ranges had not been ancouraging, at least insofar as ths adoptlon of
its technique to the production of criticel localizer courses was concerned The results of laboratory
expariments wlth verticel polarization were varlable and unrellable, and were serlously affected by
movement of persomnnel and equipment in the vicinity of the experimental set—up Horlzontal polarization
extiblted these difficultles only to a very emell degree Fleld teats with a 125-megacvcle portable
rodio range irdicated superlor performance for horisontal polarization

¥Wost important of all, perhaps, was the evident need for horizontal polarization on the glide path
Tests in 1937 at Indianapolls, both on 33 and 93 megacycles, indicated that vertical polarization gave
lrregular reflectlons at the approach end of concrete rumways which caused ssrious distorticn of the
glide path  This distortion was not axperienced with horizontal polarization Trerefare, to expedits
the development, to select that which experience indicated as Leat, and to have both glide path and
localizer alike, horlzontal polarizaticn was chosen for the localizer ard temporarily installed pending
the results of final tests of an equlvalent vertical array

For the tests & set—up was made adjacent to the M B localizer atation, as shown in figure §8 o
This set-up consisted of three vertical dipoles connected to tre modulation system of the N B localiger
station by balanced two-wire lines and adjusted to operate similarly to the three-lcop rorlmontal array
Course sharpness and signal strength of this vertical array were equal to that of the three-locp horl-
zontal array

¥1ight records made on the front and back courses are shown in figure 99 in comparison with similar
records of the three-loop horlzontal array The occurrence of many wiggles 1n the localizer indicator
in the cockpilt 1s evident from the flight records of the vertlcally polarized array The records of the
horizontal polarization are relatively emcoth  The large wiggles with vertical polarization are caused
by reflections from trees and bulldings 7

Another comparison is given in the records of figure 100 These are made by tawling the airplene
along the rumway toward the station The bermda 1n the course of the vertically polarized array are
cawsed by reflections from the ailrport Adminlatratlon Bullding which evldently are greater for vertical
than for horlzontal polarization

As a result of these tests erd of the factors brought cut in the foregolng discussion, 1t was con-
aldered loglical to adopt horizontel pelarization  Accordingly, the development was concluded with the
complete installation ¢f horlzontal radiateras

CONCLUSTONS

The following conclusions have been reached as a result of the experience gained in preoparing the
specifications and witnessing the deslgn, manufacture, installation, and teating of the Indlenapolis
system  The experlence in cperating the system to date and in observing the cparation of cther systems
has been influential in the citing of qualitative comparisons

1 The radiec transmitting equipment, including localizer, glide path, and marker transmitters, is
fully relisble undsr the wldest fluctuation of ambient temperature mnd vcltage conditions ever to be
encountered, is exceptlonally well designed to facllitate inspecticn and servicing, and 13 as efficient
electrically as contemporary designs of gimilar equipment

2 The radlating systems, particularly the localizer antennas, are new 1in deslgn and very reliable
The production of substantlally pure horizontally polarlzed waves and of courses of exceptlonal sharp-
ness and freedor Irom bends, multaiples, pushing and pulling effects, etec , has resulted from the develop-
ment of thls locallzer antenna array The principles can be applied to the ultrs-high-frequency radle
range development for both the aural and visuel types

3 Based on presaent technlque, experience, and resulte in work on U H F tranamitting and receiving
artennas, herizontally polarized waves are preferable to vertlcally volarized waves for locsliger end
glide path siaticn use

4 The method of mecranical modulation in the localizer system as compared to preovious mechamical
ay,5tems is of outstanding impertance for at lesst four reasons

{a) It parmits reductlon of cross modulation to leas than 4 percent

{b) It reduces the power wasted here to cross modilation from 25 percent or more, to less than
10 percent

Ec) It reduces harmonic distortion to 12 percent

d) It stanilizes the localizer course egainst variation cansed by tube fallurae

71 ¥ Lee and C X Jackscn, "Preliminary Investaigation of the Effects of Wave Polarization and
Site Determination with the Portable Lltra-lhgh-Frequency Visual Hadic Aange," Technical Development
Report No 24, February 1940
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5 The method of controlling and momltoring the system, while msound and complete in principle, 1a
not entirely satasfactory in service It requires simplification to facllitate adjuating and servicing
The alarm snd reccrding circults should be electrically lsclated to minimize reaction Continucus opera-
tion of the lnatrument larding syptam indicates that the recorder should be opesrated alowly and continu-
onsly, and 1t should carry encugh recordlng paper for at least one week of contlnuoue recording

6 The aircraft receiving antenna, with its ebility to be reeonated to, and to receive mimultane-
ously, twc independent slgnals, is a contribtution which reduces rather than increases the number of
radic antennas required on airereft The generally uniferm horlzontal pattern of this entenna has been
fourd to be a desirsble requirsment which has no% been obtained with vertically polarized receiving
antennan

7 The receivers have been very reliable in their operatlon and calibratlion, and are satisfactory
for use on commerclal eircraft & weaght and apace reduction of the loca_izer recelver would be de-
s1rable
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Portable Telephone Set

FIGURE 3.
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FIGURE 5. Marker Transmitter, Front View.

FIGURE 6. Marker Transmitter, Rear View, Open.



FIGURE 7.

Marker Transmitter, Top View, Open.
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FIGURE 10.

Glide Path Transmitter,
Front View.

FIGURE 11. Glide Path Transmitter,

Front View, Doors Open.
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FIGURE 12. Glide Path Transmitter, Rear View, Open.



FIGURE 13. ocalizer Transmitter, FIGURE 14. Localizer Transmitter, Front View, Open.
Front View.
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FIGURE 16.

Localizer Course-Monitor Unit.




FIGURE 17. Localizer Course-Monitor Unit, Open.
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FIGURE 19. N.E. Localizer Building and Monitor.

FIGURE 20. S.E. Localizer Building.



FIGURE 21. Glide Path Station (Straight Line Type).
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AFiGURE 24. Inner Marker Open Showing Trénémitter,
Regulator, and Telephone Facility.

FIGURE 25. N.E. Inner Marker Open Showing Slide Tray
Extended for Transmitter Servicing.
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FIGURE 28. FIGURE 2G.
90/150-Cycle Modulator Unit. 90/150 Cycle Modulator Unit Open.
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FIGURE 32.

N.W. Localizer Building

During Experimental Period.
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FIGURE 34. N.W. Localizer Cross—Course Flight Record at S.E. Outer Marker.

FIGURE 35. Recorder, Amplifier-Rectifier, and Dynamotor.
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FIGURE 39. Flight Records of N.E. Localizer.

FIGURE 4A0. Portable Localizer Antenna Array.



FIGURE 41.

Transmission Lines to N.E.

Portable Localizer Antenna Array.
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FIGURE 42. View of S.W. Approach.
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FIGURE 44.

“»

Glide Path Station Showing Dipoles and Reflectors for
Straight-Line Glide Path (Lorenz Type).
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FIGURE 50. Monitor Control Desk Installed in Control Tower. (Right Foreground).
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FIGURE 51.

Monitor Control Desk.

(Top).

FIGURE 52.

Monitor Control Desk

- Front

Interior View.
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FIGURE 54. Monitor Control Desk - Rear Interior View.

FIGURE 55. Marker Receiver, Type RUG, and Control Unit
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FIGURE 79. Ultra-High Frequency Equipment Rack in NC-17.



FIGURE 80. Horizontal Receiving Antenna for 75-Megacycle Markers.
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FIGURE 81. 93.9 Mc - 109.9 Mc Receiving Loop on NC-17.
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FIGURE 94. Portable Course Detector Used in
Ground Checking Localizer Signals.
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FIGURE 98,

Close
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APPENDIX 1
Theoretdcal Derivation of Locelizer Patterns
Tre theoretica. {ileld patterns of the locallzer in the horlzontel plane are readily explained by

reference to flgure 26 Corsidar first the flelds at anv vpoint P, distance from the station, due te
radigtors 2 and 3, figure 26B  These fields are proportiocnal to

F, = &1n (st +90 +39 aan § )

szsin(ut~90—ssin g )
1n which "

aln (wt + 90) and sin (@t - 90}

are the phase advance and delay given the eurrent in radiators 2 end 3, respectivelw, by virtue of their
belng excited _80° gut of phase

a is the spacing between radiators 1, 2, and 3
¢ 13 the engle meaesured from the course, tre normal
of the antenne array
The field at F due to octh then 19
Fy+~ Fy=s1n (@t - 90 ~ 3 8in 6 ) + sin (@t + 90+ 3 8in ¢ )
8in @t cos (90 + 3 sin @ ) — cos wt 91n (90 + 8 8in § )
+einwt cos (90 + a 31n @ ) 4+ cos wt sin (50+ & ein § )
=2 sinwt cos (90 + 9 s1n @ ) -
=-2 5in {8 s1n @ ), wrer sin wt 1s unity

Letting sin @t = 1 the pattern due to 2 and 3 may be plotted “rom 2 sin (& ain # ) as shown in figure
26C Thas 1s referred to as the #cloverleaf ™

The field at polnt P dus to tre center radlator, 1, 1s a function of the direct radiation, sin wt,
cof the center radiator and the paraeitic reaction of radlators 2 and 3 The threoe vectcra et F are

Dus to mntenna 1 — Fl —=s8in wt

Due to antenra Z=F) =k sun ( wt+¢+o ain § )

ue to antenra 3=F5:k sin ( et+@-5 sin 8 )

k ard ¢ have been experlmentally determined as ¢ 55 and +113°, respectively, for the condition of
resonance end a spacing of 165 degrees  For the same spacing ana with ¢ delayed to approximately 70°

by resdjustment of taning on radiatora 2 and 3, k had been chserved as approxdmately © 4  This adjust-
zent glves maximum field strength on course  The total flseld due to anterma 1 with 2 and 3 as parasitic
antennas lsa

Fl+1r5+?3'=sin Wt +2k 3in ( wt+ P ) cos (g san )
=D_ + 4k2 cos? (8 gir 8 ) + 4k cos (5 .1 6 ) cos 95]%

This 18 referred to es the "dumb-bell™ pattern peceuse of 1ta shape, as 1llustrated in figure 26D

Corsader row the manner in which the dumb-bell ard clover—lesf vatterns corbine. AL any point P
in the horizontal plane tve 90-c,cle slce bano rediated from entenna 1 1s assumed to be 1in zero time
phase and may be represented as vector 1 in Tigure 26E  The 90-cycle side band energy present azt P cue
to the clover-leaf pattern may he represented by wectors 2 and J 4in figure 26E, in whilc~ vector 2 18 the
90-¢yelea rinus 90-degree componert from radietor 2 mavanced s ain @ and vector 3 1a tho plus S0-aezree
compenert from radiator 3 delayed s sin @ The olus and mim.s G0-aegree relation of the sice nanda in
radistors 2 and J 1s achieved by the reversal ("F% in fig 26B) in the line teo radiator 2 QObviously
the resultant of the vectors 2 and 3 18 in phase with 1 end therafore adds directls At point P' (fig
26F) on the oppoaits side of the course tre advance and delay (s ailn 8 , of vectors 2 and 3 are reversed
w1le the vector 1 remains uncharged The resultant of 2 and 3 trerafore subtracts from 1 for &ll
oogltlons te tre left of the course ard mdds for gll positiona to the right of the course, producing
the right hara $0-cycle pattern (shown solid} in figure 262  This is commonly referred to es the "bean
pattern® The 150-—cycle side ocand component peaing opposite In phase to the 90-cvole compgnent dus to
reversal "GN (fig 26B) in the lypoer bridge" ceuses the oppoaiie or 150-cycle "besn™ pattern to be
produced

Assuming thet the side band pemer fed to the center antenna is twice the side band power fed to each
glde antenna, we obthin a current ratio 0 707 1 Q0 707

Tre equation representing the flnal "bean™ pattermnsa 1s the sum of the clover-leaf and dumb-bell
patterns or

Floo _ 150) = [{111 41 a1n (S s1n 63} + {2 % cos (5 sin §))2
+ 4k cos (8 e1n # ) {lil 41 sin (5 gin 6)} cosqﬂ]%
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APPENDTY 2
Determination of leflection Source

The determinatior of reflection sourcea insvolies first a studv of the amplitude variet.on of the
rogultant recelsed sipnel  Qensral 7, 1n thla Instrment landirp ststen deselopaent, flights were mads
at atout a 3-mile radius arcund each locil_zer stat.or in wh.ch recordings of the signels were taken
These recordings s-owed simusoidal varlatiecrs of ile signal emplitude {see fig 3) due %o the addition
erd sabbtraction ol the raflected vate to ths main direct rad.ation Tne rate at which the eddition and
aubtraction teke place 19 a functlon of tre pesition of the airplane arcund the stazicn and the positien
of tha raflecticn source vith reapect to the atation Fer a glven source of reflsctlons, there are twe
posltiens 1B0® apart around the statior where the rate of variation approsches zero, and two roslticns
500 diaplaced from thed#® where tne rate reaches maxamum  These are 1llustrated in fipure B

Gemerall, we are concermed only with the conditions on or near the localizer courge It 1s there-
fore corvemient and simple to cenalder the directicn of the reflection sourca with respect tothe outer
marker, approxmately 3 mlles castant from the localizer statlion  From the [1lipgbt reccord made at this
point, perpendicular teo the course as 11llustrated dn Mipure A, tre dlstance I traivelec by the airplane
for a change of As .n the patl lengtn of the reflected gignal can be computed from the grournd speed of
the afrplane 1-e value Aa is determined from the record and may be taken es one-half waselength,
cerresponding to one-half cycle of the recorded signal variatilon ( Aa then equels £ 475 fest for 109 §
Mc) Referring then to flgure A, the direction of the reflecticn soirce i from P la aoproximately

g = 9in -1 4 ogip -l 4 475
x X

With this informatien it is poasible to inspect the abjects ir the vicimtys of the station along tne
ecalculated direction and arrive at conclusions as to which 13 causing the difficulty

It should be noted that the argle 8 may te elttsr plus or mimis and still gi1ve the same value of x
Thet 1s, tne reflecting ob,ect may be R! %heore‘t.lcally 1t coald aleo be at A'' and R''!, whic* are
physicelly 18C° oppoaite from R and R', Lut practically thesa objecta are =7 clstant fror the station
thet the signal recelved and reflected by them 1s negligable T-e sarlatlon in darection of the reflect—
ing object with velues of "X" 1a given in figure C

T-e general locatior of reflectlng obtjects with respect to the localigzer station is summed 1p 1n
the followi-g flight obseriations

- T-e spacing of multiple covrse or the rate of charge (interference frequency) in recelved
s_gnal varies ir proportion to the spacaing "s® of the reflectang source from the localizer

2  BReflecting sources beh.nd the station z.1e rather wldesoread _nterference, w-.le obiects
1n the forward ares produce 1nterference ln particl_ar areas

3  The magnitude of the observed interference 1s preporticnal to the sigznal on the reflectlrg
oblect and an 1lnverse functlon of the course sharpness
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