
'fHE CAA-RTCA 
IKS1'RLMENT L~.\NDING SYSTEM 

Pi\RT I 

DEVELOPME~T AND INSTALLATION 

By 

Henry I Metz 

Techmcal Development D1v1s10n 

Techmcal Development Report No 35 

October 1943 

U S. DEPARTMENT OF COMMERCE 

CIVIL AERONAUTICS ADMINISTRATION 

1288 
WASHINGTON, D C 



TA.BLE OF CtmTE2ITS 

SUlllill!Y 
INTRODUCTIDt-i 
TRANSUITTDJG tiID YONITORING EQUIP~ENT 

a Cable Svs tem 
b Transmitters 
c Localiz~r Glide Paths and Marker Bui~dings 
d Localizer RadiatLon Patterns am Courses 

1 Theoretical DesCZ'iptio~ 
2 Method of Moo.ulation 
J lnstdllations 

e Chde Path 
f Yar~er Patterns 
g Monitor and Control Svstem 

R&:ZIVPlG EQUIPMEJtr 
a Recei,ers 
b 
C 

SPF.Cll.L TlST 
VIBTIGAl VS 
CONCLUSIONS 

.Aircra~t P..eceiving Anter_na 
Indicating I~strurn.ent 

EQUIPliENT 
HC:UZCNTAL POLARIZA'.ilON 

APP~JDIX 1 - Theoretical De~iVRt~on of Localizer ?atterna 
APPENDIX 2 - Deternunation of Reflection Source 

FIGURE INDEX: 

Figure 

Page 
1 
1 
2 
2 
3 
4 
4 
4 
5 
5 
7 
7 
7 
8 
8 
9 

10 
10 
11 
11 
81 
82 

1 Aerial photorraph of the India'"1a~olis Municipal A.lrxirt 13 
2 U'XiergroUJ.d control e.'"1d power cables, Indiar1a;iolis :urntrument landing systerr. 14 
J Portatle telephone set 15 
4 Basic u_afTa:'.l. for ~ocalizer and glide path tranSllll,tter lb 
5 Yarker tranSID.tter, frort vie• 17 
6 Jrlarker trarsmitter, rear ~isw, open 17 
7 lArker transmit~er, top ,iel'f, open 18 
8 Simpli..fisd diagram of 15 !Jc marker tra'"1smit+...er 19 
a Circuit balanclllg network 19 

~O Ql_de-path trar~lI.ltter, front 1iew 20 
ll Jlide-path trarsrr.itter, front view, doora open 20 
12 Gl-'-de-pa"':-h trar smitter, rea.r view, open 21 
_J Localizer transrrutter, 1ront view 22 
J/4 Localizer transmitter, .="ront 1new, ope'"1 22 
1~ l'o:'._tage re,:rtllator 1nstallatior 2J 
16 Localizer col..I'Se-mcnitor unit 2J 
17 LJca:izer course---mon+~or u.mt, oper 24 
18 L~calizer bu1.ldi~g diagram 21,,. 

19 l1 E localizer b tildlllg and monitor 25 
20 S E localizer buila.lllg 25 
21 Glide-path ~+...at+on (s~ra~ght line type) 26 
22 Glide-path build~ng diagra..n 27 
2J 'l E iIL1er :c.ar..:er 27 
24 Inner :nar,rer ope 11, sho...-ing trat1Brru tter, regulator and telephone fac~li t} 28 
25 l1 E Hl!"er rui.rker open aholfing sl~de tray extended for transmi ttsr servicing 28 
26 AnalJsis o~ localizer :;:iatterns 29 
2'7 Schenatic illustrat_on 01 ---:ioc.1 _a tor princinles 30 
28 90/150-cycle ~odu~ator unit 31 
29 90/150-cycle ~odJ.2.ator u~it ope~ Jl 
JO Single loop radiator J2 
31 Sche~ztic ~~a;:Tam of ~oop ~adiator 32 
32 l1 W localizer Cl-.ildinG dt..:nn6 eJDer1.mentE1.l period JJ 
33 \ lf localizer pat"':-ern J4 
Ji,. 'l W local2.ze~ cross-course flipht recorc. at S E outer rr..arker J5 
35 Recorder, amplifier-rectif_er, and dJTEll:'.otor 35 
J6 Schetu1.tic c.iaf'Tam ol 90/15C-cycle amplifier-rectifier J6 
37 ExpenILertal dete:rnunation of reflectior values J7 



Figure 
38 NE localizer field patternB 
39 Flight records of NE localizer 
4D Portable localizer antenna array 
41 Transfilssion lines to NE portable localizer antenna a.rray 
42 Vie~ of SW approach 
43 Comparison of glide paths 
44 Olide-path atation eh01nng dipoles and reflectors for :itraii;-ht-line glide 

45 
46 
47 

48 
49 
50 
51 
52 
53 
54 
55 
5b 

57 
58 
59 
60 
61 
62 
6J 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
06 
77 
78 
09 
80 
81 
82 
8J 
B4 
85 
86 
81 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
A & B 

0 

path (Lorenz type) 
Field pattern of Lorenz t7)El army 
Glide path produced by L::irenz tJPe array 
Relative marker signal duratio~ at 1000 ft 

flight records) 
altitude ( teken from grapliic 

1-ertica.._ c iaracteristics - ir.ner and outer ruarYers 
F me tiona: diagram of mon .... tor and con~rol lL"1i t 
Monitor control C.esk inBtB.lled in co11trol tower (r1.~:rt foreground) 
Monitor co"".Ltrol desk (top) 
Monitor co~trol desk - front interior vie~ 
Orap"ic record of instr umert landir_g syste:n operation 
Monitor co~tro~ des~ - rear interior v_ew 
~ker recei,er, +ype RUG, aoo con+rol lnit 
Glide-path receive~, tjl)tl RUJ 
Localizer receiver, tjpEI RUK 
Tvpe RUG :narker receiver ara control urit schematic a .. agram 
Type RUv elide-path receiver, scherr..atic diagram 
Type RvK localizer receiver, schematic diagram 
Type RUG n.arker receiver, interrr.eaiate freqLe~cy selectiYi~y 
Tvpe PU□ =iarker receiver, audio frequenc, selectivity 
Type RUG marker recei,er, typical AVC chardcterJ.stic 
Type RU-X loceli:z.er rece11er, rad.lo selecti 'l t~ cLr,e 
Type RUK locali:z.er receiYer, audio selectivi.tJ cur,es 
Type RUK local:'..zer receiver, diode detector currert cur,.e 
TyJie RUK localizer receiYer, aidio fidelity to filter input 
Type RUK ~ocalizer receiver, senaitivitJ YB bettery ,oltage 
Type RUK loca.l .. :z.er recei,er, oitput halar1ce stability YS eignal leYel 
Tvp9 RUK J.ocalizer receiYer, outpi..t bala>-,ce stability •s modulator frequencJ 
Type RUX 2...ocalizer receiver, outpi..t balance stability vs terrpera~ure 
1'vpe R .... "X J.oc.alizer recei--.-er, outuut .JB.lance stii.oilitJ 1s oatterv i.oltage 
Type Rt""K localizer receiver, distortior curve 
T,,'Pe RUJ glide-path receiver, intermediate frequercv selecti -ity characteristic 
Type RUJ glide-pa-':.h receiver, tvpical audio selectivity characterietJ.c 
Type R .... J glide-pa~h receive~i tJpical input-output character .. stic 
Type RU~ glide-path recei,er, batterv ,oltage charecteristic 
T.rpe RLJ glide-path recei\e~, temperature characteristic 
Ul tra-righ-.freq1-enc1 equifffient racl• in NC-~ '7 

Tiorizont.a_ receiving anterJ1a for 75-me?ac~cle marker~ 
93 9 l'.c - 109 9 Jlc recei 'lng loop on MC-17 
Dual frequency receiang loop aiai;-ram and cu.rrent distribution 
Recei,ing loop tur1ng aDG. bii.lancinr lJJlit on ~-J ratc1 cover 
~ceiving loop hor-'-zontal patte~n, 93 9 Mc 
Receiving loop 'lorizortai patte:rrs, 1C-l/ 
Receiving loop horizo~ta.l patte~r United A_r L~nes Boeing (gJ 9 Mc) 
Cross-pointer inBtru.:nen~ 
Irstrument pllllel on NC-17 
Cross-pcinter instrument characteristics 
Probe detector 
Probe detector ciagram 
Ultra-hieh-frequency field strergtr meter in service 
Portable field strength meter scrernstic dis.;ra.:o. 
Portable course detector ueed in growid checking locali:z.er siff:nB.le 
Portable course detector scherr~tic dia0B..l:l 
Loop receiving artenna usoo for ground crecring localizer s~gnals 
Shetch of o~cillograpr patterr for loca.::.izer on-course signel 
Close-up vi0lf of localizer anter_na used in vertica_ polariz.a~ion test 
Vertical vs horizontal polarization grephic records of cros11-cour.::,e fliGrts 
Vertical ,s horizontal polarization, course yar--'-atione alorg rurnrav 
Determi--:iation of reflection eource 
To..rection of reflect~ng object vs diet.a.nee 

Page 
JS 
39 
39 
40 
41 
41 

42 
43 
43 

44 
44 
45 
46 
40 
47 
48 
49 
49 
50 
50 
51 
52 
53 
54 
54 
55 
56 
57 
58 
5S 
59 
59 
60 
60 
61 
61 
62 
62 
6J 
61, 

"" 65 
66 
66 
67 
68 
69 
70 
71 
72 
72 
73 
74 
74 
75 
76 
70 
77 
78 
78 
79 
80 
80 
SJ 
SJ 



THE Cil-RTCA IlliTRJ.JYmr LANDING SYSTEM 
PART I - DEVEL0PmlT AND INSTA.LUTION 

Thia report describes the radio 
ll'ith the Civil Asrona.utics Authority 
the Indianapolis Mu_'licipal All"por.. 

l!l!IIIWiI 

inBtrument landing system designed and colliltructoo under contract 
b) the International Telephone Development Conpa..'1y and installed at 
The inst&E.ation was comoleted and accepted in October 19JO 

The s:yst!!lli. provides for instrument lanhng in foc.r directioilBJ through tne use o:' fixed ground st.8-
tiorui Tr.res elements are involved (1) a localizer o~ the equi-signal tvpe, (2) a glide path using the 
constant intensity principle, and (J; inner _,,nd outer markers having verticallv directed radiatc_on 

NeT method.9 have been de1eloped which permit the modulation of the r-f output of a radio transmitter 
at two separate audio frequencies sllll\lltaneously lrlth negligible cross mcxiulation and distortion New 
borizont.ally polarized loop radiators have also been developed Both are valuaole contributions tmm.rd 
the solutio'l of the localizer proolem \ew ideas on the control of horizontal patterns rave been devel­
oped. to produce straigbt line constant i'ltensitJ glije paths 

Inte:rna~ional lead has been achieved fort.re United State~ as a :result of this work on radio instru­
ment landing systems The technique has been of inest=tle valie in aiding the developmert of the 
ultra-high-frequency radio range SJetem 

INTRODUCTION 

A complete descr1pt1on of several t.pt'ls of ir~trument landing svst= has teen presented in 
Technical Developrert. Division 'ie'Jort No 1 by li E Jackson enti tlerl 11The Status of Instrument La.ndl.Ilg 
Sy~teru" and dated October 19J7 That re~ort described in detail the features of t.½e several systems 
and set forth definite recom:nend.a.tions for an improved sy5tem based on the experience gained b) the air­
lines, the Bureau of .lir COlllll.erce, the Federal Co1m1wuc.ations Conm1ssion, and the Radio Technical CoJ:llllit­
tee for Aeronautics The~e recanmendations were drawn up on June 2J, 193~, by the organizations mentioned 
and lfl'lre later revised and approved b) the Radio Technical C0im:tittee for Aeronautics on December 17, 1937 
The re-eommendation.s as finally approved and recommended by the R T C A are as follows 

1 Rumray Localizer 

a The rumray localizer shall operate on an ultra-high frequency, preferaoly in the band 92-96 
megacycles, orJ if the localizer tranffi!litter is operated ae a separate unit, in the band 
lOB-112 megacycles 

b The localizer course shall te straight, i e J one w~ich has no bends or multiple courses 
perceptible to a pilot flvi.ng in still air 

c The difference in tre magnitude of the two patterns of the localizer shall be O 5 db at 
1 5° either side of the center line as measured rlt~ a linear detector 

d The vertical needle of the cross-pointer indicator shall give a 10° deflection indication 
for a 1 9° angular deviation frlXl tbe center line of the rumray 

e The distance ra'lge of the runway localizer shall be at least 20 milea at JOOO feet al~itude 

f There shall be freedom from interference pattern effects perceptible to the pilot botb in 
elevation and azimuth 

2 GlJde Path 

a The glide path shall operate on an ultra-high frecruencJ, preferably 1- the band 92-96 
megacycles 

b A smooth glide path shall be provided., i e, one which is free from interference pattern 
effects perceptible to the pilot when on the localizer course 

c The system shall ~ capable of adJuetment to provide a aui table glide path 

3 lCarkers 

a The JM.rkers shall operate on ?5 magacycles 

b It si..all be possible to poeitively identify each mart::er both aurallv and visually by 
modulation a.mi keying The modulation frequency of the inner marker shall be lJOO cycles 
and that of the outer marker sf'all be 400 cycles 

c A. normal arrangement of mart::ers would be 

(1) At tre normal intereection rlth the glide pa.th 

(2) Near the boundary of the airport, the exact location to be determined. by local 
conditionB 
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d The inner markers shall have a flela 9tr-ength adju11tment so that when installed in the 
boundar) position the beam Will cau!:le use:ul indicationB of a vieual deV1ce lfitbir 700 
feet either :nde of the on-course path and for JOO feet along the glide path trajectory 
Indicatiors fr001 this marker shal~ be receivable to an altitude of 2000 feet 

e The outer markers shall have sufficient 'JoOll'er to accomp.Llsh a ::iim.ilar visual indication 
rltI' the same be~ pattern at 2000 feet altitude 

4 Monitor System 

a Satiefact□!"' rre.ans for indicating visuallJ the operation of all equipment shall be pro­
Yided at a central point 

b Whatever form of visual indication may be empl□)ed shall be smooth in perfonnance and 
have no irregular cl aracteristics 

5 General Gharact.eristics 

a Frequency of emission of all of t~e elements of the system shall be equivalent to that 
attained with a low temperature-Frequenc, coefficient quartz crV!ltal 

b The number of fixai or portable equipments required -will depena on condition.a prevailing 
at llldrvidual airports 

c The installat~on of tre ~orPgoing equipne~t shall not co"lStitute an obstruction to a 
no:nr.al approach to a runway 

6 The i~sta.llation of the best knD7m type of approac~ and rurnray liehte appears to be a most 
de~irable measure in combination rlth instrument land~~g facili~iee 

Specification:, ll'ere prepared earlr in 1038 by the Radio Developnent Section for the develo~ent and 
installation of an irultrunent landing system at Indianapolis that would pro1ide for four cirections of 
approach and be co~pletely controlled and monitored from a master control unit in the control tOffllr 
These specifications were based on the RT CA recommendations and the coruiderable e:xpc!rience gained 
since the first L~strument landing tests in 1928 o, the National Bureau of Standards This experience 
was gai~ed ltlth t.~e experimental insta.lla,tions at College Park, Md , Newark, NL , Oakland, Calif , and 
Indianapolis, Ind The experience of ether organizations l'flth other SJstens also was available and -..as 
used in preparing t~e epecificat1one These other orgarnZdtionB and syste~s includec: United Air Lines­
Bendix Systeu:., at Oakl.anu, Calif , the Washington Institute of ~echnolog;y System, at College Fe.rk, 1':::l. , 
an:i ?ittst~rgh, Pa, the United States ArrrrJ Air Corps .3::,stem, Ila.rt.on, Ohio, and the :..Orenz System of 
C Lorenz l G, i:ierlinJ Germany An installation of the Lorenz System was rade at Indianapolis in 1937, 
t'-rough the courtesy of the Internatiorw.1 Telephone & Telegraph Company 

In Ma) 19J8 a contract -was alral"ded to the International Telephone De-1.eloprrent Compary, Inc , which 
-..a.a lowest bidder for tre development of a system in accordance lrlth tre CA A specifications The 
equiµnent was designed and coruitructed at the Federal Telei:rraph Company plant in :Ne,rark, N J , and was 
ins~lled at Ina.iarau0lis, Ind T~e installation work included. coru:iiderable de,eloplllent of radiation 
patterns to provide suitable localizer cour~es and glide path~ in tre var1ouB locations reauired for 
four directiona of approach The general airport layout ia srOffll i~ figure 1 

The system wa5 completoo l.I1 October 19J~, and was accepted bJ the Authority All of the transmit­
ting equipment irvclved in the B)~tem wae deBi/lfied and tested for satisfactory operation from minus 40° 
to plus 60° Centigrade, for as high ae 95 percent relative humidity, and for wide variations in supply 
vo~ta,ge The receiving equipment also l'l'13.S designed. to operate over t'-ese lm.its 

TRA_NSMI'ITING AND MGNITORING WUIPMENT 

(a) Cable S~ 

The entire instrument landing systm (except outer markers) is operated. from pcrwar obtained from 
the main line ternrlnation in the Adminrntration Building, !Junicipa.l Airport, Indianapolis There a.re 
two main ;:,otrer lines ll'hich follow separate routes and te:rnt:1.nate at the Ad¢nistra:tion Building In cal'l,e 
of failure of service over the normal circuit, the auxiliary p01JBr circuit is automatically cut in 
The instrument landing s)'1'1tem is connecteu to this aerv1ca, and underground cables have been eztend.Bd 
to the 12 stations on the airport, as illustrated in figure 2 llie service is 2300-volt, 60-cycle, 
single phase lrnb.•.-idual transformers at the glide path and localizer buildings step this voltage dC7Wll 
to 2JO and ll5 volts The inner IIIB.rkers oUtain 115-volt service frCIIl the adjacent glide path building 
traruiformers The outer markers obtain 115-volt, 60-cycle, sin,gle-phaae power from individual line 
ertensiona of ths Ir..dianapolis Pcrwer & Light 80 

llso shown in figure 2 are the 12-pair telephone cables llh:ich extend from the Administration .Build­
ing tO'Wer to the various stations One pair to aach station carrieE a nom:Ln.a.l 48 volt~ direct current 
fran the tcP1Jer control unit for control of the Y1ll'ious tranM.itters Over this same pair, monitoring 
signals a.re returned to the control to-..er l separate pair of the cable is used for telephone COl!IJIUni­
cat.ioni although rlth the equiµnent provided, this service also can be handled over the control pair by 
interrupting the monitoring service One pair of each cable is ueed to carry 48 volte direct current 
to turn on the obstruction 11.ghts at. each building The 48-volt relay control circuit ie operated by 
an alternating current relay coruiected in the field boundary light circuit other pe.ira of the cables 
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lilre l!lpa.re:!!1 The outer markers are controlled and moni torOO over a pair of leased telephone hnee 
phone cammmication is handled over the 11eme loosed pair 

Tele-

A port.able h~nd telephone of the i,ou.cd power type rlth magneto hand generator, ae ahcrwn in figure 3, 
111 provided for communication 

(b) Tranc:imitteni 

Then, are four tranBmittern involved in e.ach direction of approach These are inner marker, outer 
marker, localizer, and glide path Ea.ch ha.s the same basic cryatal osc11lator circuit and first multi­
plying at.age as shown in the localizer Rnd glide path tramimitter diagram, figure 4 Ttte crystals aN! 
sealed ln mtrogen ll1 Premier 500 type hold8l's and are maintained at a temperature of plue BOO Centigrade 
by thermostatic control 

The inner and outer marker trarnnnitteni are identical, except for their modulation frequency and rate 
of keying These characteristic11 a.re included in the general tabulation follarlng 

Table of Trarumitter Characteristics 

F (Ca.rrier) 
F (Vodulation) 
F (Crystal) 
Output (watt~) 
Input (volts ) 
Input (11atts) 
High voltage suppl} 
LO'lr voltage eupply 
Bias (volts ) 
Tube, 
Oec 
fl llult 
12 llult 
113 llult 
11 Amp 
12 bp 
Line Yon 
14ain Rect 
Aux Rect 
Biee Rect 

75 lie 
1300/400 cyclee 
4166 6 kc 
5 
110 
290 
300 
None 
100 

802 (3) .. 
80? (J) 
80') (2) 
None 
807 (1) 
None 
6H6 
5Z3 
None 
Selemum 

-1- El.mac tube.:,, lliled in pairs 

Glide Path 

93 9 Ve 
60 c~•clea 
3912 5 kc 
JOO 
220 

Adj (2250 max ) 
1440 
100 

802 ol 
80? (2 
304B (2) 
)04B (2) 
lODtl"* (1) 
250th• <~l 
6X5 
BJ6 
5Z3 
Selenium 

109 9 Ve 
90/150 cycle!'! 
4579 17 kc 
JOO 
220 

3000 
1500 
100 

802 (3) 
80? (2) 
304 (2) 
JC4B (2) 
lOOth*(l) 
250th*(l) 
6Z5 
836 
5Z3 
Selen11.m 

~ Nwnber in parenthesis indicates order of multiplicat~on of frequenC} 

Views o.f a m.a.rker transm.1tter are giver in figures 5i 6, and 7 
a DArker transmitter 1-a i=;iven in figure 8 

A simplified schematic diagram of 

The following points a.re of particular intereflt in the marker tramrmitter 

1 EacI' transmitter 
close upon application of 
an~ cause the transmitter 

contau1s a 48-volt direct-current telephone-type relav, the cont.acts o.f which 
the 48-volt direct-current control voltage across the control l.J.ne termins.le 
to et.art There are no other relays 

2 Each tr~neIDJ.tter contains a type 913 cathode raJ tube on "ll'hich the percentage of modulation can 
be detennined This tube operates only 1'ffien the local "on 11 s-rltch is operated at the trans:rr.itter 

J The unbalarced output of the last stage ie con,erted to a balanced output in the circuit sho'lfTt 
in figure 9 

4 A type 6F6 tube is included in each transmitter to rectify part of the output signal for use in 
re~ote monitoring 

5 1 non-ring-through transformer is useo in t~e transrrut~er rror.itor circuit so that telephone 
callin5 SlO'als on the ~ine will not dam.age the monitor rrete:r 

6 ill sides of the trars:'nitter are removable by loosening iliumb nut5 1 end the components are 
arranged to f_ve max1.m.um access1b1l1tJ for serv::cirg 

7 ;he input line voltage is ~eld constant by an autOil'.atic voltage re~ator 

The glide pa~h and local_zer tra~SIT.lt~ers are identical ir ph~sical size and construction except 
for -":,~e tirh alt.age supp:~, to the output at.age The ghde path tr&.nsmit':.er has 60-c:,cle alternating­
current ,roltage appLed -':.o the Lnal stage w' ile the localizer tranffir.itter has -.rail-filtered direct 
current The electr~cal features are riven in the tabulation Some of the swcial features of the 
loca_izer and glide path eouip:nent are illUBtrated in figures 10 to 171 irclll..'3ive others are ae 
follo-.rs 
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1 The transmitter.I'! are started a.nd stopped by operation of a 48-volt polar relay The polar 
relay closes in one direction for normal operation but can be reversed by the control tcrlrer operator to 
permit n1ocal" operation at the station 

2 The input line volt.aee is held conetant by special 2JCL-volt regulators 

J Fuses are not U!led in the tranBl!lltter Circ~it--breaker type switches are used for protection 
and power control 

4 The tran:mdtters are kept under light air pressure by a blcrwer to prov1.de cooling 
openingB a.re provided lrith filters to exclude dtrnt and in.sects 

Air lllt.u.ke 

5 A diode rectifier is used in the crutDut coupling circuit of each tranBmitter to provide tuning 
J.Ildicatior> 

6 Tbermoatatica.lly controlled heaterB are mied to irum:re st.ability of the output tank circuits 
at l01J temperaturee 

? The localizer transmitter contains a rectifier-filter unit and a left-right instrument to 
operate in connection rtth a remote field monitor to indicate the course 

(c) lpgalne.r, 111.ida Path, and Marker Bull~~ 

F,ach localizer building consists of a 10 1 x 12 1 x 15' frame structure bolted to a concrete floor 
The roof is pitchoo and has conpoaition asphalt shingles No metal, except nails, is used in the build­
ing coruJtruction A 2-inch wire mesh horizontal counterpoise is ineUl.lled inside the building 7 feet, 
3 inches above the floor to preserve a symmetrical arrl stable radiated pattern The loop antenna radia­
t-Ors are supported above t!'e counterpoiae with treir tuning sectionB extending belCJTf the counterpoise 
Tre general irutallation plan is shown in figures 18 and 19 

Two of the buildings contain rln,g additions as aho,m in figure 18 
dates a loop which is para.8itically excited 

Each of theae wings accommo-

The S E Lo=l.J..zer building (fig 20) haa a. specially conatructed .ater-tight concrete basement 
which houses the tra.ruimitting equipnent The antenna end counterpoiae eY?Jtem ia lo~ted lll a small 
wooden house mounted directly OYer the basement Internally the station resembles those constructed 
above ground An electriell.lly operated autome.t1c sump pump 1ras installed to r6lllOVe 11Bter collecting in 
the basement In the su: months period of obsenatior the only water which entered came through the 
wall around the power conduit Thie leak was repaired and no further di.fficulty -.a.a encountered In 
future installations this conchnt should enter over the top of the wall 

Each localizer has a 2JOO-volt pcnrer transformer and obstruction light erternal to the building, 
except the SE localizer, which ha~ no obstr~ction light and has ita traruiformer in the building The 
tranamitter, modulator, voltage regulator, and line 31ntch boxes are mounted inside the building be­
neath the counterpoise, and the looo radiators are located above the counterpoise 

ill glide oath buildings (eee fig 2l) are identical and are of frame coruitruction on concrete 
bases similar to the localizer atructurea The b~ilding dimensions are 12 1 x 12 1 x ll 1~" high T...-o 
of these buildings (SW and NW) contain a dipole array with screen reflector (aee fig 22) The 
NE glide path station lli!ed for SE direction of approach, and the SE glide pe.th ~Ul.tion u~ed for 
the NE d~rectior of ap~rooch, each provided a straight line glide path The antenna arrar was 
external to the buildlllg and consisted of two spaced loop radiato-rs and screen (see fig 21) 

All of the eight marker stations consist of allllill.Tium boxes (fig 23) 'With 1'/atereealed removable 
covers The transmitter, voltage nigulator, telephone box, and line a--witch are ~OUJ'Jted internally 
(fig 24) The trarB1llitter is mounted on a roller bearing elid1.ng shelf so that it may be withdrawn 
quickly for servicing rlthout liiting (fig 2J) The antenna automatically disconnects upon removal 
of the trammdtter Each marker station antenna corunsts of a pair of colUJl':lar, co-phased dipolea 
excitec. at their adjacent inner end!l The outer marker antenna ia 1/4 ,mvelength above lta counter­
poise, and the counterpois0 is 1/2 11'8.Velength abo•e ground 'i'he inrer marker antenna i::i 1/8 wavelength 
above its counterpoise, and the counterpoise ia J/5 wavelength above grormd 

In all stations of the eystem, except the NW and SW 
shielded 7/8-inch outside diameter transmission line is used 
to, the line to the dipole antenna, being tot.allr w:!.th1n the 
of open, epacsd copper tubing 

(d) Localizer Radiation Patterns and Courses 

1 Theoretical deac:rip_:l;,__;\,__Qrr 

glide path stations, balanced two-lfire 
In the t.o glide path ~tatiorui referred 

hmurn and onlv about 5 feet long, is made 

The basic localizer pattern, frsquently referred to as the •bean" pattern, is shown in figure 26A 
This is prod~ced by three loop radiators of the design shOlm in figures JO an:i Jl and arranged as shown 
in figure 26E The bean pattern is actually the resultant of two other basic patterns generally re­
ferred to aa t'le "clover-leaf 11 and "dumb-bell" patterns, respectively The clover-leaf and dumb-bell 
patterrs are illustrated in figures 26G and 26D The clover-leaf is produced by t!'e two ouUlide radia­
tors (2 and Jin fig 26B) which are spaced 165 electrical degrees and excited 180° out of phase Both 
radiators are excited with equal amplitudee of 90-cycle and 150--eycle sideband energy (See fig 268) 
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The orientation of the radiators is est so that the null of the clover-leaf is ill exact alignment with 
the center line of the airport runway Thie null is very sharp and defines the rumray center line pre­
cisely e.fter it is once established Howe,er, since there is no signal along the runway center lllle from 
the clover-leaf, this pattern alone cannot serve for operation as the localizer F.irther, sires ooth 
90-cycle and 150-cycle signals are present in equal ratio throughout, left-right sensing is tberefore 
absent 

To establish an on-course signal rlth left-right sensing, tre center rad.iator (loop 11 fig 26B) is 
excited lfith the carrier fully modulated 1nt~ equal a.mounts of 90 and 150 cycles Operating alone, the 
center radiator would produce a circular pattern However, in the presence of the o~tside loops, (2 and 
3), llhich are free to operate parasitically -w-'~th ths center loop, the dumb-bell pattern shrnm in figure 
26D is produced The phase of the current in the center radiator is set at 90° inth respect to the exci­
tation supplied to the outer radiators, so that in space (to either side of the clo\er-le&f null) the 
inde b&IIi energy com.bJ.nes with the rrodulated. carrier of the center loop to give left-right seruiing 1 
Since the outer radiators pro::l.uce a null on-course, tre only signal received. on--eour.:ie is the 100 percent 
modulated carrier of the center radiator 

It will be observed fra:n the typical bean pattern of figure 26.A that 1 

(a) Maximum radiation occurs at an argle of abo~t 25° ~rom. the course 

(o) The signal on-counie is approxilr.ately 2 75 decibels less than that at 25° off-eourse 

(c) The signal at right angles to the course is approx::mately 5 decibels less than that on-course 

(d) The course sharpness is 1 2 decibels (pe~ 1 5° off-course) 

(e) There is an equal reciprocal (rear) cour~e 

The patterns l re described are capable of belllg altered slightly by adjUBtment of outer radiator 
spacing e.nd phasi~ and center radiator pha5ing I'hese adJustments affect the s~arpness of the course, 
the direction of t~e ma:d.mum radiation, the amount of signal on-co~rse 1 and the ratio of max::l..mll.l!l radiation 
to th.at at 90° from the co~r.:ie 

It is evident that a spacing of outer radiators approaching 180°, 1rluch wo.ild give a minimum at 90° 
to the courae, cannot be used because thie would cause radiation in this direction to be only that re­
sulting from the dumb-bell pattern and would thereby perm.it the course-indicating instniment in the air­
craft to indicate on-course The difference between the 90-evcle and 150-cycle bean patterns, often 
referred to rui "clearance" 1 !IllL9t always be great enough to avoid a false course or 1 preferably, to keep 
the instrument pointer always off scale except when ill the true on-course area 

2 llethod of modulation 

The methOO of ~adulation ie illustrated in figures 26B and 'Z7 A photograph of the ~odulator unit 
is given in figures 28 and 29 From the diagra.n.s it is eeen that the output of the localizer trananitter, 
consieting of UJJmodulated carrier, ie first pairned through the "lo1mr or cross-modulation bridge 11 ll'here 
it is divided into two cha.n.~eill for modulation at 90 and 150 c1cle~ The corner of the bridge opposite 
the entrance corner ie loaded ~ith a networ~ Z:i which reduces cross modulation The circuit voltag,:, at 
the point where Z1 is connected. ie min......mized. by the reversal "H• 

The current pa6sing in the two vertic.B.l c~annels is rrodulated by closely coupled sections which are 
alternately tuned and detuned by specially shaped 150---<::Jcle and 90-cycle rotors dri•en at 18o0 rpm 
by a SjllC~.ronous motor The modulated current of the two channels enters opposite corners of the "upper 
bridge", whic!' pe:nnits each carrier to add in-phase and pa.9e l'i'lth the respective side bands to the 
center radiator (1), lIT.ile t~e carriers to the outer radiatore (2 and J) cancel (by virtue of the re­
versal G), thus allmn..ng only sidebands to excite these radiators The l.ength8 of all lines are equal 
from the transmitter to the output of the upper bridge The lengths frcm the upper bridge to the radia­
tors are chosen so ae to provide correct rel..atiYe phasing in the radiators 

3 Installations 

The first locali~er installation •as made at the NW corner of the B.ll'port The site is clear ex­
cept for telephone rlres to the rear along the Penmiylvarn.a Railroad right-of--waJ, and the CAA Experi­
mental Station building at a considerable dist.a.nee to tre ea.Et The general lavout showing the ~oaition 
of the telephone Ores is given in figu:reb J2 and JJ There are 84 open wi.ree in the pole 1.J.ne, and 
their average height is about t-.ice that of the localizer antenna The distance to the wires is 284 
feet The original three-loop arrangement, whose pattern is given in figure JJ, curve A, when u~ed at 
this site ~ave multiple courses as illUBtrated in the cross-course flight record, figure J4 In lllfiking 
these record~, a standard 5--mill:i.ampere Esterline-ATigll.B graphic recorder was adjusted ~o t~at its central 
position corre:spondad to 11 on-eourse 11 simultaneou.9ly l'l'ith the vertical pointer of the airFlane cross­
pointer instrument Figure 35 is a photograph of the aircraft recording equipnent A schematic diagram 
of this equiµuent is shO'llTI in figure J6 A.a the airplane was UolITI across the course, the recording pen 
moved across the graph and, as shown in figure 34, for the flights using the ttree-loop array, the pen 
crossed. the centsr seYeral timee 1.ndicating several course:s Record:! were obt.ained at three separate 
distances fra:n the station 

l Append1.x 1 
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A matheTu!l.tical analJsis~ cf these records i- conjunction rlth groUild measurements (see .:'ig J7) mdi­
cattid definitelv tbat t1-e nultiole courses were caJsed by reflections from the lli.res behind the station 
and indicated the part~cular section of the v:-_res t-at was direct_._y resporsible DurlrE th3 imestigaticn 
gro~nd measursrnenW ~e~e lil.13.de between the slat_on ana the 1':'._res by ~sans of a port.aCle aetector The 
va::-iations _._n relative field strength on a 11..,e between the station a...~d tre WJ..res, and equi-distant from 
eac1-, are sLol'iil in .:'igure J7 for two reif'hts of t"e aetector The percent.ages of reflect:! on fro:ra the 
lrl..res as determ..._red from these data are 4 69 and o 25, respecti,el) 

A ter:iporar-_, ..1-oclil.lizer anter.na. l!'Bs set up usiT!i a screen 1rich produced a localizer '-'avirp only a for­
-,,rard course (see fig 32) Flight tests re,ea~ed no rLltiple co1...rse and proved conclusi\ely that eupDres-­
sion of the signal tcmrd the lf"'.._res ..,-ould be "lecessar Tl-e experi;nentBl screered artenr..a lfas not de•el­
oped for perma:ert use, since it preserted mixed pola.rizatio~ proble:!19 Further, in attemiting to corr­
ple-':.ely suppress the rear radiation, man) indefinite courses are apt to appear because DI reflections frorn 
tre screen ~ccordl.Ilgl) an arra~ of six loops ~as de elopec., three paresiticall; excited l8ops being 
added -':.o t"'e original three exc:'_-':.ed loops Their spa.cine and :ihase were ac.Justec. to gi,e a rull of rauia­
tior a-':. 54° from the rear course, in the ~ener&l direction of tre TIJ'es where the ObJect_onable ~eflec­
tion:::; were taking plllce The puttern resu.1.tir.i;. from tee s:i.x-loop arra_r Ls sl:iOlfr in f:i.vire J3i cur-e B 
Tre signal or the important section o: the wires was reducec. a~rroxi.:catelv 11 6 decibels o,er tra~ of the 
convimtiona_ pattern It should be noted also that in the orieinal ci.lr\e A at 54°, the d:i.f.:'ere'!ce :'_n 98-
cycle and 150-cycle bean patterns was approxlrr,ately 7 5 db Ir curve Ethe d_~ference is o~~ 2 5 db 
The 11ore nee.rly theJ are equal in the 54o direction, tl-e _ess will be the effect of the reflectio-, en :.he 
forward co1rse The lirn.ting ratio is ~hat which prod.ices a false course in ":-1-o 54° zone 

Fli5ht tests of the eix-::.oop arra~ El.ro ohmm recorded ir figu1c 3l It rtll be cib-aer-.00 trat tre 
arr:phtude of the reflected 'ffave has ~en greatly red~ced ara that t,e recording pen crosses the center 
or_lv ores, i1aicat:i.ng no rrultip::.e courses Tee sf"arpnesa of the cowse relllB.lr~ practically \mcra'!Red 
over -':;hat of the three-loop ~ray A rear course of reducoo sr.plituue rer:.a_ns, rtuch _s reciproca_ and 
free of multiples At all positions around tre statior except in tne or-course zone, the chfiererce 
betweer 90-cJcle and 150-cycle s:i.gnals is 2 5 db or gr-eater 

Tha second i'lstalla":-ion lJJ.B.de "WBS the NE localj_:,o;er The f;eneral lavuut w""l~li re1,ped to tl1e iilr­
port is showr in ~igure JB The three-loop pattern as obtained for this station is ehO'l'ill in f:i.gure 38, 
curve A The croBs-coi..rse flight record at tre SW outer c11.arker is shmrr i-, ~igure 39, curve A, and 
~rom this record the course a~pear,9 to be satisfactory HOlfever, bends were found to exist bet~een the 
inner marker and the ri..rMay An analysis of the rate of char.gs of benc along the 3unway confinned the 
theory ~hat reflections ~ro~ the airport Administration Building were rsspons:i.ble 

To improve the co~dit1on, t~o pa.raeitically exc~ted loops were added to the array, as ~hmm in 
f~gure 26 'I'le pattern obtained with the aid of these is s1--0llll in figure 38, curve B lt l'lill be ob­
served that ~he direction of maximum radiation here occurs closer to tre course t"'an for the three-loop 
array, but that the s:i.gnal toward the Ad.ministration Build:i.rg has not been greatly reduced Most iill­
portant of all, hawever, is t1--e increase in course sharpness frc.m 1 2 db to aboi..t 2 2 db per 1 5° o~f­
courBe Numeroue flights were made with the five-locp arra), and o~e of ~he graphic records obtained 
ie sholrl in figure 39, curve B The croes-courae flight records made at 600 feet alt~tuae over the SW 
outer narher BhOll characteristics similar ~o those of the three-loop array except for the improve~ent in 
sharpness It wae noted that there lr!l.s an 1.mproverr..ent i.'l the cour,9e be+ween the inner ~rker and the 
runw~i-J, but not~ceable bends were etill present Tre bends are relatively s~A~l, however, e....'ld represent 
about O 3° total la.l"iatio'l of the courBe 

In an atte~p~ to further improve the cord.J.tions, a portable experiments! fi,e-loop array similar to 
tha~ u.sed in the N ~ localizer sta.tior was set up on the NE-SW rumrav center line at the NE 
boundarv of the field I~a locatio; 1a olotted in figi..re 38 It was excitea. by power frorr the~ E lo­
calizer statio'l over about 800 feet of open tlfo-10..re trarsmission line The arrangement is shewn in fig­
ures ~O and 4~ The intention was to increase the angle between t~e on-course direction and the direction 
of the ~nistration Buildi1g ea that alteration of t~e pattern to reduce the signal on the building 
could be accomDlished more easily It WBB observed that the sigral at 45° (whicr is the d~rectio~ of +he 
Administration Building frc.tn the portable ... ocalizer) lJBS about 6 ob less than that in the direction of 
the nn-r.rmnie Tlua would b6 an improvm:i.ent excopt for the fact that the dist.a.nee to tl-e Adrrinistration 
Building was now only 850 feet ae compared to 1,500 feet for the original NE localizer Preluninacy 
flight cheoYs indicated no i.:rrpo:rtant ilr.provement in the couree The or"~g:i.nal station j_Qcatior was trere­
fore retaired 

The b E localizer atation had to be rlaced relat:i.velv clooe (440 feet) to the airport boundary be­
cauee of the prel!lence of private dwelli~ge and power lines This required. that the biilding be very lo~ 
so as not to conat~tute a hazard to fly1ng To accomplieh thfs, the transmitter wxi its associated 
equi:~10nti l'lhich rormally occupy the lcrwer hall of the localizer building, were c:ile.ced beloll" the ground 
level in a weter-tight concrete pit The conventional antenna spraJ was then constructed over the pit 
ae BhCJlll'TI in fig,ire 20 The tap of the ,9tructure is only 9 feet above ground level 

Thie localizer ueed the regular three-loop array, and the DBttern derived from this array was 
essentially the sa.:ne as that shown in figure 33, curve A, fo:'.' the N li' localizer 

When the locaJ.Uer atliltion ne fir!!t operated, tre power lines along the a~re~t behind ~he station 
caueed a noticeable bend in the fonra.rd course These lires were aoout 20 feet hi~h and abo1-t 100 feet 
from the station and ran at 45° to the localizer course An almoBt perfect cou~Be we.a obtained by ad­
JW!ltment of the arter·ma eyl!ltem 1JUter r&diators to red1-ce re.die.ti.on at rig~t angles to the ccurse Pow­
ever, since the preeence of the ti.rem constituted a hazard to flYll]g, they were ,9ub,9equentl~ reno e,d by 
the local pcr,rer company 

2 Append.U: 1 
3 Append.1..I. 2 
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The SW localizer ne the last one to be inatalled It origi?llllly used a three-loop arrayJ but it 
es later changed to have a five-loop array to decrease tre bende in the couree Its relation to the arrl 
of the SW runway is shmm in figure 1.2, An experimental ultra-high-frequencry radio range etruct\l.re can-­
prising a roaee of mesh lrlr~ JO feet higT ...as located 350 feet in front of this localizer The pattern 
obtained frtffl this station we.e sim.J.lar to that shcr,m in figure 38, curve B 

The course J:roduced by the SW localizer, even with the .five loops, lfll.e not straigrt but had shallcm 
bends noticeable pa.rticula.rlf between the~ E l.ruler and outer markers 'When the radio range structure 
-,.;as later removed, the, bends disappeared 

(e) Glide Path 

The four glide path station buildings were installed in accordance with tre contract as sholfll in 
figure 2 The locatioru of the buildings were crMen as a result of paet glide path e:>cper~ence a.nd were 
placed L..00 feet off to the :nde of the center linea of their respective rumra,:·s The radiation pattern 
i~tended for these stations was a broad beam, ~he axis of which ia directed along the runway In the ~ae 
of the sv-stem, ':,he airplane would follow a parabolic c.irve of constant field intenBity aa def:uied by the 
output af the glide path receiver 

A number of anten"l.B. arrays were investigated with respect to the shape of glide path produced The 
moat inpor+.,ant of these are e~own in figure 43 All of the paths shown in fig.ire 43 were :ttade using 
the N 11 glide pat!-- and approaching towarG the NW A_titudes were deteT1J1.J.ned ~ altll!eter for the 
higber points and by c-bsenations frorr. the gromd for t'le lolter points A Waco }lad.el N airplane, l\C-17, 
was lL'led in the tssts and all dat.B are based on the same point of contact distarce (2,100 feet) from the 
glide path station 

It Hill be observed that paths B and C &re nearl.:r alike These path.a were produced with higL, 
directive arra)s focused pa.ra:lel to the rumray The airectivi':,v caused. these paths to Ce generally 
10'.ver than path A 1U1~ch WM prod.Lcec bv a Sllllple dipole array Path D was proouced U'.f focusin6 a direc­
the array to"i'l'ilrd the point of contact on ':-he rlJr'IIBy T1.e p.Jsition of the beam axis accomts for the 
irregularity at a dista~ce of o,coo feet Simple tests corCir::ied tbe treor,r that the vertical pattern 
in the direct10~ af approac,,., 1.s affected oy the change of beam axis direction This is part_cularly true 
of sharply directive JS.tterns Controllir..g- horizo,tal directi'vitJ 1.n order to straighten the glide path 
is of little value when the glide path antenna is located on~Y 400 feet from the runwa,, since the angle 
betwee~ a line p.'.lrallel to the runwav and a line ~o the ~oi~t of contact, as ob.served a~ the glide path 
station, is too sma_l to proYide sufiicient control of the radiation :ld.ttsrn 

The d1rect1re patterns o.f the rhombic a'1d stac;red. V antennas 1-n Ve ::inlu:..ne 400 feet o~f the center 
lires are a_1_s0 undesirable because of the rapid cha,ge ill the path lfi"'en t:-e ~lrplane deviat0B r~ght or 
left of the tr~e course 

Each of the paths A, B, and C lJ1 f_1_g7.J"S /.) ~s smoo':,h an.a. generc'J::_J parabolic .._~ sra;e Be1-cr.d +Je 
cLter 'IlE.rYer, ro~e\er, the pats rise rapidlJ &~d, ,hen followec Cl.ring ar approa.c'l, the r~:.c o~ cescent 
-'-s greater tran that ccns_cerec. cesiraole 

~riments in ~~e use o, a c1.rccti\0 ~nt--Bnna ar~'l 
ducted tJ ":.'lP Lorenz Conr .... nJ o_ rerman, S1.J1ce the S :C 
~,400 ~eet fro; t~e cen~er ~liles of the N :C -SW and S 
ad ""l~ab_cc to conduct lurther tes1 s 

fartr er off the side of t~e r1mwa had been con­
arc N r:: P"l~de r1.th si:.a:.ions -,,ere 1.ppro/imatel 

E -NW rurrva s, respectizelr, it W.J.S ronsidered 

T,,.e f ... r"J":. se~-up was made at "J e S K glide path sta:.ion ~or tre SW auproach (aJproach 1rnen headed 
N E ) and oonsistec. of t-lfo collinear dipoles ,nth screen re,_lec':,or, as s rown ir figi_re 44 The ourrsn":. 
and phaD~ rslatio~s i~ tre diroles were adJustcd to gi,e the -aUiatio~ ;attrlrn sbo'f'ITI on figurt 4~ The 
fligl-t rath resJ..Ltlil[" is shown in figure 46 The "ll3.th is essentially straight from the outer llli'..rker to 
the inner na-~er, a'Xl. gra~l.J..d.l_y cl.J'Ves to the point of contact 

Sl'Jl.llar ;:iaths and patterns were produced usinf ~o-loop and four-loop arrays Tre two-loop array 
\fig 21) was perrr.a.nentl., rns':.8.Led at Xith the S :: and f E gl1.de path stations for tne "IJ F ana. S E 
d1rec~_1_0llil o~ appro::; c'J.-1, respecti vel., 

(f) Mar~er Patterns 

The power o~ ec:..c11 1rrer and oLter na.rker was ad~us":.ed artilrar.._ly to f'l'B a m.arYer l~ght indication 
of 8 seconds d11ratio~ when the aircraft was f ... TI.Dc o er the station at 6CXJ feet altitude at 100 mph 
The :na.r~er rece_ver sen.sitivitJ ltRs adJusted to give a 15-seconG lilrlrker light irdicat~on when the air­
craft 71'8.S flJ-'-W' at an altitude of l,CXXJ feet over the Ird1.o.rapolis "Z" IIBrker li'or these adjustme~ts, 
t,,.,e relative signals of t'le three mcirkers at l,OOC foe:. c1lt1tude are as shmrn in figure 4'7 In normal 
use the inner marker indication -'-s 2.oprox:Lmatel- l-l/2 second.B i'l'hen tre aircraft :'.s passin over the 
~ark0r a:. an altitude of ap~roxirrately 45 feet ~e d1 ration o~ the outer and inner Dar~cr s~tuals 
(8 and 1--/2 seconds, r0spect:'_velJ) !"as been found r:,atis.factory ~or _nstrUJJ1ent land_nf 

Ve:r+ira_ patterns of 
Tl"ere are no Jll.J. ,or lobes 
let'lf'th to t'nckness ratio 

the two :c.ar£srs, ~aken l'!lt~ increased power 
The pa~tern in the bor:'_zortal J.,l;:i,ne at 60C 

of acJpr::i:x:i.mateh 4-1 

(g) llonitor and Control S·vstern 

output, a.re s~mm in rigurs 4B 
feet altitude has ci rross-course 

A s=plii'ied. diagra;;i of the mom tor and control SJ"SteJJ. is D-i.en in fieure 49 In t½is sy1,tem a 
control desk, figure 50, located. in the Admi~istration Building control t::iwsr, h&ndles all f\JJlctio,~ 
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It containe a rectifier producing appro:li..mately 60 voltl!l direct current llhich 11!1 inritched to the varlom1 
control lines to st.art. the tramrnrl.tters and hold them irl operation The pol.Arlty of the direct-current 
eupply is reversed by 1ntl tchee in the localizer an:!. glide path circuits to provide interlocking on the 
tran.smitter "local controln i:nrltches The tran.sllltter control relays are nominally 48 voltl!l 

The same lines UBBd for the direct-current control circuit also carry the return monitari.ng audio 
signals The marker mo--rltor eignalB (400 and .i,300 CY1=les) are derived from a 6H6 rectifier tube ll'hich 
ii, coupled to the output radio-frequency transrr.is.sion line of the trans:mitter The glide path monitor 
signal (60 cycles) is obtained frO!Il. a 61.S rectifier t.ube coupled to the glide path tre.nmnittm- output 
transmission line The localizer monitor eigns.l (90-150 cycle.,g) is obtained from a field monitor unit 
(see figs 16 end 17) located approximately 200 feet in front of the localizer station Thia localizer 
r-onitor operates tha indicating devices on the transmittar ae wall ae those on the control deek 

Each monitor signal received at the control desk is individually adjusted for level, amplified, 
iiltered, arxi rectifiad to operate the control des~ indicating in.9trumente The localizer inclicating 
imitrtment is a zero-center instrtment, snd s~gnala to operate it are derived frcm a balanced. 90/150-
cycle filter an:i special copper oxide rectifier units identical to those used in the localizer re­
ceivers The other filters u.sed are combination filter-aaturabla reactor unite, ei.milar to th09e ut1ed 
in airline 27-A :narker receivers The aaturable reactors are operated by the rectified monitor aignal5 
-.hie~ release 60-cycle alternating current to indicator la:mpB located above the indicating in.'!trumanta 
to .ndicate the presence of monitoring signals Similar indicating 1.ampa, also operated by the monitor 
signals, are loca~ed in appropriate positions OP the miniature diagram of the airport (see fig 51) on 
the srrface of tile control desk The lamps indicate the locations of the atationB operating 

Rach of the amp_ified monitor signals is connected to a ccmmut.ii.ting device (shown in fig 52) on 
tre drive shaft of an E.aterline-Angu_13 recortling rrdlliam:ieter Tb.rough this commutating device the 
signals are connected in sequence to an amplifier and rectifier and thence to the recorder The indi­
viaual leve~s are adJusted so that eac~ causes the record.er pen to deflect to TI.id scale and provide 
unifonn recorder amplitude (fi~ SJ) for normal operation except for tre run-way identifying signal 
Tre rumra.y ide~tif/ing signal (there are four _._n.9trl..l'lent la-rllng runwa:vs) consists of rectified line 
,oltage, the value of wnich is depe-rle1t upon t½e positior of the rumtB.f selector switch To record 
the :,0/150-cJcle localizer mo'litor signal, the relative e.nplitudes o= the 90-cycle and 150---cycle com­
ponents are recorded separately, that is, as two ir.dividual monitor s_._gn.als Ea.ch of the six monitor 
signals (ll1-er marYer, outer marker, glide path, localizer 90-cycle, localizer 150-cvcle, and rumra.y) 
is a.Llowed to remEun or tre recordar aprrox:una-+:.elJ 10 seconds Wher the imitrum.ent landing s~rete:m is 
turnea. off, tre recortler is used as a voltmeter wlnch is connected through an instrument rectifier to 
the 115-volt, Ul-c7cle line, and the recorder drive speed is reduced and operated by clock escapement 
Time markings in m'h1...tes and hcus are co~t_._nuonsl, made on the :rui.rgin of the chart by two ir;,pulse pem1 
operated fron a QrY-cell battery t~J"ouph a precis~on cl-ock 

~e s1e,"Ilals applied to the recorder are also applied to the control gr .c. of an 884 tube, the plate 
crr::-ent of whic'l nonially holds G.n alarm circ,1_+ relav open Fail1J.re of anv of the signals received by 
~his tube from the collllllu':.ator caises the relay to close and an at..d.ible alann to sot..nd in the control 
to~er A red si,rnal a_so lights 01 tre control desV A ~~er tutton markea. •Silerce" perilUts the opera­
tor to stoD the audible a_._'lrm, biit o-tl) correction of the fa1lt::, signal lflll allow t-""e rea. signal to be 
extinguished A •reatore 11 b1...ttcn is provided to reset the alarm circuit A hme deLl.v relay u used ~o 
prevent operation of the ala.rr curing t e normal war:n-1....p period -.rhen the s,stem is tu:rred on Figure 
54 sho~s t"e 1ntPr1al arranJerre'lt oi the :nomtor desk A line ~oltage regulator, sill\_Lsr to those used 
1nt"" t..'le =ker transm....tting equipment, is 1....sed 'ffltb t~e control desk to insure constancy of ~onitor 
readings ard reli~U.lity of ~he alarm circJ_._t 

A hanc. type, sou.n::i p:::,wer te~errone and maeneto rini:,er are pro rided with the control deaY To a:.m­
;:ilifv the S1J1-tclung cir:::uitsJ ringers at .:.11 12 stationiJ on the air;:,ort ring llhen the magneto is opera­
ted Sei-.,arate pa:'._rs are used for telephone ser-vice to these stations to avoid irterruption of rroni-+:.or 
signals Non-ring-thro1....gh transformers h6.IB been urovided in tre eqt..ip-:nent so that telerhone service 
may be r,ardled o,er the moritor pair if it e er should lJe required Tloe outer marker telephone service 
is handled o,er the same pair :.hat is used for controlling and mon_toring, howe~er, the .na.rker rronitor 
signal is intern.::ited rhi2.e tr,e telepbore is in use The o ... ter :r:iar.l{e~ ringirg is 1nc.incual1' selected 
at the co....,trol desk by four .Le,er-tp:>e key Slr._tC'leS 

RECEirum E9UIPt'.ENT 

(a) Recmvers 

localizer, glide path, and marker recei•ers were procured with the instrument ~andl.I1g s stem The 
localizer and elide path receivers were of new c.esign, a:rd the marlcer receivers were type RlJJ (same as 
'Kestern ::.lectrir- Co , 27A) formerl) adopted for a1rwa es marl- er ser,.,--ice and contcnmne filters for in'ler 
ard oJter marker operatior AL recei,ers were cesignedJ co'1atructed, and tested under conditions 
eq1..i1alent to t~ose for a-r~lne ATC eq.nplllBlt The three receivers are Sh(T11f]l in figures 55, 56J and 57 

Schroatic dlagrams of :.he recebers are g_,er in figures 5?, 59, and 60 &i.ch receiver ia a crystal 
controlled s1....perheterodyne, the c.r;s-:.al being henueticall, sealed and lese than 9 ~egacyclea ir frequenc; 
T1..e basic featUI"es are as ~allows 



Carrier (Ye) 
Crystal (kc) 
IF (.rec) 
Pass Fi_ters (cvcles) 
Nominal Sersi ':.i Vl ty 
Selectivit;,, (6G kc) 
Selecti,itJ (]CO .rec) 

I.rui.ge RespoI1.'3s 
!F response 
Sig /noise 
D'.1tput 
A.id.lo Selecti it)* 

Voltage Stability 

We.ght 

9 

Table qf Receiver Characteristics 

G7..1de Pat,._ 
Receiver 

93 9 
729B 
6J25 

60 
2500 /.lY 

3 db 
6G db 

-60 db 
--6C ab 

JO db 
0-oOO µa, d o 

.5 db 

±-a% 

±10% 

5-J/::011 

14 lbe 

Localizer 
,_ecei, er 

l09 9 
8325 

10,000 
150/30 
50µv 

3 ib 
60 Jb 

-60 ib 
-6C db 

JO db 
;Jal d c 

l':i db 
D 5' -
J 50 .. 

10-J/E!II 

27 lbs 

~rker 
~ 

7j 0 

%JO 5 
6325 

J000/1300/400 
150 µ--.-

o db 
60 db 

-60 db 
-60 db 

JO db 
S"g lamp&_ aural 

20 cb 

Vibrator 1or-Syn Non---SJTIC 9j11C 

Y= bC6G Sc 7 
IF 6SJ7 6SK7 
2nDet 6SQ'J 6SQ7 
Aud SR" W5 
osc 6G8G 6N7 

* Aud.io ::;electint:, value a~ freq 25% below resonance 
~ loca_._i~er vertica:: po11ter ~OV8Illent in degrees 

-H-J:;- Std aircraft lergth and heigl-t is 19-'7;16 x 7-11/lt: inches 

Each rece11er is desi.?Iled for operation from a IC-or.m concertric trarsrn~ssion line 
are deai~ed to operFlte from -"-2 volts direct current 

bJ7 
6"7 
'47 
oV60 
oN7 

Power sl..pplies 

Specidl features were incorpordted in oath localizer and rlide pa.tr receivers -':.o Qeet ~he specifica­
tion require::ients For exa.~o_e, temperature co~pensatior of receiver sensitivity was necessary In the 
glide :IBth receiver this was esi::ecially imi;orta.r":. Comi;ensat1.on hac. to be apolied, in the g_!_ide patt re­
ce1.veri for rr:orr.entar:,, and pro_onged c.:-arge of ba"':.tery ,oltage such rn usl..ally results from the sta.r-ing 
of t~e airplane radio trans'Jitter or the operatlllG o~ landing liel1ts F:::ir a prolongec. d.rop in kttery 
,oltagei two tvpes of compen,sahon are emp.1oyed, one to correc"':. for tre iimJJew.ate change caJ.sW by re­
duct1.01 of recoi er plate voltage and tre other to comDSnsate for the gradual change ir emission of the 
f:!.lanmrts In the localizer receiver, careft..l con.sideration ir the desii;-n of the C.C:/150-cvcle filter and 
its associated circ;lt was required to avoid ,ar1.a~ion of tne ::.ndicatec course for aignal la,els below 
that ~t wh-1ch the receiver autolllB.tic volume control ?ras in o;:,erat1.on The rec"':.~fiers opera~in~ o~ tte 
::ut.p1...t of the 90/150-cycle i'ilter had to be of special des~gr and, as s;p2liedi were balanced rtth respect 
to signal ,olurne and temneratcu"e Wnder test at rrolon~ed ~ip,h relat~ve humiuitvi d.....fficultJ of lea~age 
ir cert.!tln parts of ~ne 117..I"ing and 1-'1 t'"ie IF traru3for::iers bad to be 01erco.7e 

Characteristics stor_ng t~e operation oi' al~ three receivers are gi,en ir fig,..res 61 to 78, irclu­
sive ~e irst.alla':.-1on or these recei ers in the special recei,er rack of airplare lC-17 is shmm lll 

figure 79 

The receiving dntenna u.sed lll conJunction -.nth the localizer and glide pi,."':.h receiven, ::.s nev- and 
uruque ir its design One anten_'lll. serves both rece-1vers sJ..IIIUlta.neo1...slJ The marker receiVing antenna 
is of standard design (horizontal lor_gituclln_al dipole beneath the airplane) previoJ.sly adofted4 for air­
ways =r'-{er recep-'.:.ion (see fig 80) 

T'J.e localizer glide patr recenll1g a'1tenna is a horizontal --'-oop shoim. i" figure 8:1.. For a general 
underBtanding of the applicaLon of t1le loop anWrra to 9J 9- !i.nd 109 9-megacycle _.m;tr1went landing 

4w E Jackson a:rd H I lle"':.z, UThe Develop~ent, A.djuatmenti and Appl~cation of the Z-Yarker," 
Technical Development Report lfo 14i J-Lly lSJB 

5 Andrew Alford and A G Kandoian, 111..il tra-~i?h-Freq1.18'1CV L:::iop Antennas," Supplerne'lt tc Electrical 
Engineering Transactions Section, A IEE i January 1940 
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ser 'ice, refer to figure 82 This figure 1-l_ustrates tl-e antenna circui ':, as a. resonated tw0-\rl:r-e trans­
missio"l lire AG-, part of .rtiich, B, has been expanj~j to increase its radiat~on resis':.ance to for::i. the re­
cei ing loop The par~ (BJ axe.anded represents OTI.LJ a s~a~l portion (aJprOJO..ll1ately 1/8 wavelength) of 
":he 5.L"lUSo.Ldci.::'_ d.istn::ll ... tiori of currert along the lire :='lie length of line, sectio"l A, is chosen so ti-at 
:or t e 93 9-megacycle freq~ency, tl-e antinode o: current ~s arproxi.m.ately at the center of tl-e loop The 
ll.Il€ AG- lll made long enougr (5/4 ,,-avelengthJ so U1at e. second a"lbnoc.e of current rill ::,.e present at E 
The cir-cuit :'._s resonated to 93 9 megacvcles bJ ao~..1.st-er->:, o: stt .. b G arc. condenser H ':'be glide path re­
cei,er 1e corL~ected to t1e lllle t~_rou0h a ~alancinr circJit (see figs 9 and 83) ~, ½, c1 , which re-
mO"' es all i --::ihase cLrrents ill the antenna c1 -ci..1 t arc .-,er:Ji ts the 'J.Se of a co'lce'1tr::_c line recei,er 
input -or -'lle con::litior of balance 

assuming no ccupli'1g 'between½._ and½ 

At point E, where the imoedance a~ 93 9 megac,cles is ITirir::.u::., anJ circuit s~ch as I J ma, be at­
tacred, and if it is adJusted to present a high l.l'lpedance at 93 o megE&c_rcles, its presence l'flll not 
.;_.~feet the 93 9-megacycle c1.rcu_t Accord.1n~l~, the circuit I J _s connected at Point E, and stJ.b J and 
conde-ser K are adlus-<:-ed until the entire circuit (inc_uding EG) is resonated ta 100 9 rregacycles It 
_s oC\'"ious that the circuit El:J- _s :i.rml-ea ir the resonance of ti,e circu_t I J at _]_09 o megacycles anc 
therefor0 must be ad~Lated prior to adJustrent of circUl~ I J 

Sorre cr2.racteris+ _c horizontal patterns cf this t.f---::;,e receiving i.nten.-:i. are ehcJYn lil figures 31+ to 86, 
irclLsi re 

(c; Indicatin.,. InstrJ.4'.ent 

~re tvpe of _nstrument use~ on the airplane instrurr!f'nt panel is sholW ~n figure ff"? and a t,pical in­
sta.2-lation is shmm :i.n i:i.gure 88 The instrLrrert is of ':.lie cross-pointer t,pe, the verLcal pointer 
ncrna ... ly rgsting at the center for ... rdication of tllP ... ocal1zer coLrse and the ot'l:ter pointer resting at 
the bo':.tom for indic8:-ion o.:' the g_iue path 

The characteristics o:f: the Ye:.-tical oointer are sl own in figure 89 :Jrigirui.11 these tnstruments 
~ere designed so that tre ,ertical pointer was relati•el ~nsPnsitive oxcept nt in the ranr-s of plus or 
mnus 10° (see fir 39, cur,e Al Tins -,,as to pem1t the airplane to depart .:'rorn the relativel" ~har::i 
lcca.lizer ccurse in ma.dr.;r procedW'e tITnB -.nth0ut ha,1ng the vertical -no1nter ride againet t1...e _sft or 
rlght stop pins, ~hereby losinv sense of rro e1Len:- ff!.th respect to the coLrse It, was subi,equently decided 
that s1J.ch a ch&racteristic impo51..d a n.:iriC....cap up:m t'l:te pilot in approaching the course beca ... se the rate 
of a--:iproach appeared to bo non-1-near The instrU111ents were ther comer:-ed to ha e linear sensitivity, 
as shown in f1rure 89, cur,e E 

T e characteriBtic of the rcriznnta.l, or e-lide pa.th polllter, is ['iven 1r fii:_'." 11!"" 89, ci~e C 'i'he 
outfut of the s_ide pE.':.h recei,er is l_mited ':.o a,oid da.:;iage to the horizo,tal poirter mo,emert 

The resista'tce of each -ove"lElnt l3 d.pp:'.'OXl.ITlatel, 1200 ohms a'1d the ful~-scale sensitivit_, _s JCO 
microamperes ( i:;lL.s nnd ..,. inus l.JO m~cro.c,.rnperes for the , er ~1cal noDlter) The d 'LLLfinf' factor is -·J.Jrro.!Cl-
rr.atelJ lC a,d the period OJ to O 4 seconds 

SffiCIAL TEST EQU..ilMli!IT 

A radio-frecuency poto-,tial rr.sas il'l '"'[ dev'_ce ~co=onl, referred to as 11 p-obe detector",, c-::insJ ~ting 
cf a small resonatea. circuit -.riP-, sensitive radic-frec;.uericy milliamueter and a shiplc.ed exc-i':.ation lead 
(sec fips <O ccn:i 91), -y;-as 11.'led durlllg the proress of 11atc-r1E1g line L'"1pedances and in measuring line 
ba.w.nce ='he adJus-':.roont o-1' concen-':.ric t.,---pe lines was accomrlished bv f~rsi.. us ... r_.g a secLon o.f lllle, "he 
OJ.ter cJhedth of wr1ch "'n.3.5 p~ovic:ed ~nth c::.osel S')acEtd slot3 t~..rough 'l'ltucr the end of :.he d0tec:.or ro11ld 
be inserted A::~ter adjust!!Ent, tins secticn ll'"l.5 ro::il~ced 'i'f'...th a sealEtd section of the SBJlle plwscc'll di­
mensions 

Field patterns of r;oV localizer e.nd f_ide p1th stations 1rnre taken us:i.np a dipole and Qetec-':.or tJµe 
field mets.,.., as shown ir figures 0 2 and ll;J 1" _::; field r..eter was ca;__itrated against a standard raQ_o­
:'reqL-.enry arrr:::etPr l'"' t"e tra'"'sm.J.tter dff:.er.na ::i, '3rving the tra"lSil!ltter ou+p1.,.t rower The device ivas 
Lsefu~ for : .. ,Jin£ patterrs up tc JCO-feet rad_i3 from the s:.atcon 

For obser\ance of loc~_izer co1.,.rses, the ce:.ector-fllter un~t d~ s~owr in fii;,.ires OL and 05 was used 
The 90/150-~Jcle :'.'i_._ter e:;i--:iloysd was similar to th.J.t used in the local:i.zG- rece1,2r Cottre>es were also 
ob:::rnr,eu on thP ru:rrwa s wit'l a local~zer receiver, the lnstalla+ion of receJ.\er anJ loop receiving antenna 
being ~ade in a f~e-~ truck (see fig 96) 

A co, entiom,l ca:.hode ray osc:i.llogra:;:ih nth h::irizon+...al s,reep circnt 1m.s used dl...rl"'g s.djust,JJ.ent of 
t,._e loca_i2,er mc<lul.ator and 1--':.s cross 7odn.lation lOdd Resonateu pJck-u::, loops for use wit,h an oscillo­
graph were installed ir each localizer h0use A typical ;:,atter- o:" the on-ccl..rse sigrn,.l ia showr in 
figure 97 

6 Subsequentl, tll~s instrument was imerted and operated as 11 fo12ow the ::iointer" :,/ps 
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A General Radio type 736-A wave analyzer 11a.s ueed nth the L.ald detector imit fer detennin.ation 
Ind adjustment of cro.!le modulation 

VERTICAL VS. HORIZQNTJ.L POLARIDTION 

In preparing thl.e report f:u--at corulideration wa.s given toward a deecription and explanation of the 
equip11.ent installed, and thia included horizontally polarized loop rad.J....atore Selection of the correct 
polarization wu not overlooked either :1n thei specifications or in the developmmt and te11ki Factorri 
affecting the choice between horizontal and vertical polarization are deecribed herein 

ll'hen deeign work -.ma started on thi:, uIBtrUJ11ent lan:l.illg system, experience rlth vertical pole.rl'M.­
tion on ultra-high-frequency radio ranges had not been encouraging, at least iMofar as the adoption of 
it.<i technique to the production of critical localizer courses -.-as concerned The results of laboratory 
experi.memte rlth vertical polarization were variable and unreliable, and nre serloualy affected by 
movement of personnel and eq_uipment in the vicinity of the experiment.al set-up Horizontal pola.ri'Z,6,tion 
exhibited the,9e difficulties only to a veriJ Bll]B.11 degree Field tests 11'1 th a 125-megacvcle portable 
rud.io range inchcated superior performance for horizontal polarization 

llost important of all, perhaps, was the evident need for horizontal polarization on the glide path 
Tests in 1937 at lnd:J.anapolia, both on 33 and 93 megacycles, irx:licated. that vertical polarization gave 
irregular reflections at the approach !:ind of concrete rumrays which caueed serioill3 distortion of the 
ghde path This di.,tortion was not experienced with horizontal polariM.tion T>-erefare, to expedite 
the development, to select that llhic~ axperience indicated as test, and to have both glide path and 
localizer alike, horizontal polarization wae choi,en for the localizer and ten_porarily imitalled pending 
the reBUlts of final te~ts of an eq_uivalent vertical array 

For the test.a a set--up lfHS raade adjacent to the~ E localizer station, as shcrwn in figure 98 
Thie set-up consisted of three vertical dipoles connected to trs roOO.ul.B.tion system of the NE localizer' 
station by balanced t1JO-wire lines and adjUBted to operate simila.rl._.r to the thre,e-loop J,orizonte.l array 
Course eharpnees and signal strength of this vertical array were equal to that of the three-loop hori­
zontal array 

"'light records made on the front and back courses are ::ihOffll in figure 99 in comparison with eimilar 
Iecord.9 of the three-loop horizontal array The occurrence o~ many -.ngglee in the localizer indicator 
in Uie cockpit is evident fr~ the flight records of the vertically polarized array The records of the 

• horizontal polari:z.'ltion are relatively Bmooth The large wiggles -.dt~ vertical polarization are caused 
by reflections from trees and buildings 7 

Another comparison is given in the recorda of figure 100 These are made by taxiing the airplane 
along the r1mll'a.y tmmrd the station The berrle in the course of the ,ertically polarized array are 
caUlled by :reflections frcm the airp::,rt Ad.r:d.nistration Building which evidently are greater for vertical 
than for horizontal polarization 

A.s a re::iult of these tests ard of the factors 
~idered logical to adopt horizontal polarization 
complete inst.allation of horizontal radiators 

brought out in the foregoing discu1:1sion, it was con­
Accordingly, the developnent was concluded TI th the 

CONCLUSION§ 

The follcrwi.ng conclllflions have been reached as a. reault of the experience gallled in preparing the 
specificatio~B and lfltneseing the desig>1, manufacture, installation, and teatine of the Indianapolis 
system The experience in operatinc the system to date and in observing U>e operation of other syetem..e 
has been influential in the citing of qualitative comparisons 

1 The re.dio transmitting equiµnent, including localizer, glide path, and marker traruimitters, is 
fully reliable under the 11'idest fluctuation of ambient temperature and ,cltage conditions ever to be 
encountered, is exceptionally well designed to facilitate inspection ar,:i servicing, and is as efficient 
electrically as contemporary designs of similar equip.:!:lent 

2 The radiating aystem.s, particularly the localner antennas, are n61'1' in design and very reliable 
The production of substantially pure horizontally polarized. 11aves and of courses of exceptional sharp­
ness and freed.a~ from bends, multiples, pushing and pulling effects, etc, has resulte<;l. from the develop­
ment of this localizer antenna array The principles can be applied to the ultra-high-frequency radio 
range d!:!velopment for both the aural and viirual types 

J Based on present techniq_ue, experience, and results in work on UHF transmitting and receiving 
e.rtennas, horizontally pola.:rized waves are preferable to vertically oolarized waves for localizer and 
glide path s':.ation use 

4 The 'Il.etho::i of ~c~anical modulation in the localizer eystem as compared to previous mechamce.l 
sistems is of outstanding importance for at least four reasons 

(a) It perml.ts reduction of cross modulation to less than 4 percent 
(b) It reduces the pOll'er wasted here to c-oss modJJ..ation from 25 percent or more, to less than 

10 percent 
(c) It reduce::i harmonic distortion to 12 percent 
(d) It st.aoilize::i the localizer couree against variation ca.used by tube failure 

7 J l,! Lee and C H Jackson, 11 Prelim.ina.ry Inve::itigation of the Effects of Wave Polarization and 
Site Determination nth the Portable Lltra-High-Frequency 1-isual Radio Range," Technical Developnent 
Report No :24, February 1940 
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5 The method of controlling a.nd monitoring the system, while 9ound and complete in principle, UI 
not entirely satisfactory in eer'tlce It requires ai.m.pllfication to facilitate adjusting BJ1d ~errlcing 
The alarm. end recording cll'cuita should be electrically isolated to minimize reaction Continuous opera­
tion of the instrument landing Sy-Btam indicates that ilia recorder should be operated slowly and continu­
ously, and it ehould cal"'I;, enough recording paper for at least one •eek of continuous recording 

6 The aircraft receiving antenna, rlth its ability to be resonated to, and to receive !!imultane-
ously, two independent signals, is a contribution •hich reduces rather than increaeee the number of 
radio antennas required on aircraft The generally uni!'orm horizontal pattern of this antenna hal'I been 
found to be a de:nrable requirement which has not been obtained with vertically polarized receiv1.ng 
antenna!! 

7 The receivers have been very reliable in theu- operation and calibration, and a.re eatiafactory 
for use on commercial aircraft A weight and space reduction of the loca_izer receiver would be de-
1urable 

' 
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FIGURE 1. Aerial Photograph of the Indianapolis Municipal Airport. 

,'l,.~ 

"i!t 
• 

'• 

~ 

•. , ,;J 
':.,f~•·: • . . 
: '!!i __ ;,1~ .. 
;" , "~' 

C ~, ,,,,, 

-i'' _, 

• :<tf 
-,-:-_.,'"'"" 

I-' 
\.u 



N 

14 

p p 

!,O fT LOOP OF POWEJI 
• co~ co.el.Es 

p p 

IMJMTOR & C:Of<TROC 
EIOAAD IN TOWER-.._ 

p p 

--- SOUTHWEST LOCAu.lER 

FIGURE 2. 

L£GEND 
CA8LES 

2 CONDUCTOR No B-2500\/ TAENCHLAY CA8L.E 

2 CONDUCTOR No M.OOV TRENa-11.iW C~L.E 

CNB T.-.PE AA~RED LE.OD COVERED TELEPHONE CAALE 

TRAMSMIITTRS 

□ INNER NARK£R BEAOJN 

t, LOCALCZER 

Q (lLIDE ~ATH 

C,1,IILES ARE ~T OR,&,\l,'N IN THEIR EMCT POSITIONS 

Underground Control and Power 8ables, 
Indiarapolis Instrument Landing System 

WAY JOINT 

NORTHEAST 

3 WAY 

!OITT 

SOUTHEAST 
ClLJDE PATH 

3 Wl>.Y J01Nl 



FIGURE 3. Portable Telephone Set. 
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FIGURE 4, Basic Diagram for Localizer and Glide Path Transmitter. 

XI 

" 

X3 

'' 



17 

FIGURE 5. Marker Transmitter, Front View . 
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FIGURE 6. Marker Transmitter, Rear View, Open. 
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FIGURE 7. Marker Transmitter, Top View, Open. 
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FIGURE 9. Circuit Balancing Network 



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. Localizer Transmitter, 
Front View. 
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FIGURE 14. Localizer Transmitter, Front View, Open. 
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FIGURE 15. Voltage Regulator Installation. 

FIGURE 16. Localizer Course-Monitor Unit. 
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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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FIGURE 23. N.E. Inner Marker. 
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FIGURE 24. Inner Marker Open Showing Transmitter, 
Regulator, and Telephone Facility. 

FIGURE 25. N.E. Inner Marker Open Showing Slide Tray 
Extended for Transmitter Servicing. 
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FIGURE 35. Recorder, Amplifier-Rectifier, and Dynamotor. 
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FIGURE 38. N.E Localizer Field Patterns. 
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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 56. Glide Path Receiver, Type RUJ. 

FIGURE 57, Localizer Receiver, Type RUK. 
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FIGURE 79. Ultra-High Frequency Equipment Rack in NC-17. 
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FIGURE 80. Horizontal Receiving Antenna for 75-Megacycle Markers. 

FIGURE 81. 93.9 Mc - 109.9 Mc Receiving Loop on NC-17. 
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FIGURE SJ. Receiving Loop Tuning and Balancing Unit on :OC-3 Hatch Cover. 
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FIGURE 87. Cross-Pointer Instrument. 

FIGURE 88. Instrument Panel on NC-17. 
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FIGURE 94. Portable Course Detector Used in 
Ground Checking Localizer Signals. 
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FIGURE 95. Portable Course Detector Schematic Diagram. 
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FIGURE 96. Loop Receiving Antenna Used for Ground Checking 
Localizer Signals. 

FIGURE 97. Sketch of Oscillograph Pattern for 
Localizer on-Course Signal. 



FIGURE 98. Close-Up View of Localizer Antenna Used in Vertical Polarization Test. 
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FIGURE 99. Vertical vs. Horizontal Polarization Graphic Records 
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FIGURE 100. Vertical vs. Horizontal Polarization, 
Course Variations Along Rumray. 
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APPENDIX l 

Theoretical Den.v-ation of Localizer Patterns 

T~,e tbeoretica_,_ field patterru:, of the localizer in the horizontal plane are readily explained by 
reference to figure 26 Corsider first the fields at anv oo:i..nt P, distance from the station, due to 
radiators 2 and 3, figure 26E These fields are ~roportional to 

F'2 =sl.1l(Wt+90+s1nn 9 

F
3 

=Sin (wt - 90 - s ein (} 

ill li'h.ich 

sin (wt+ 90) and sill (wt - 90) 

are the phase ad-.ance and delay given the current in radiators 2 and J, respectiYelv, by virtue of their 
being excited _80° out of phase 

sis the spacing between radiators 1, 21 and J 
(J ls the angle meairnrad from the course, tbe norm.al 

of the antenna array 

The field at F due to ooth then Ls 

F3 = sin (wt - 90 - s sin 9) + sin (wt+ 90 + s sin (I) 
- sin wt cos (90 + s sin (J ) - cos wt sin (90 + s sin (J) 

+ainwt cos (90 + s :nn(J) + cos wt sin (90+ a ein (}) 
= 2 sin wt cos (90 + a am 9 ) 
=-2 sin (s sin (J ), wl"'9r sin wt is unity 

Letting ain wt - 1 the pattern due "to 2 and J may be plotted ='rQfn 2. sin (s sin B ) as shown in figure 
2.6C This 15 referred to as the •cloverleaf 

The field at point P due to tre center radiator, l, is a f1,nction o~ the direct radiation, sin Wt, 
of the center radiator and the parasitic reaction of radiators 2 and J The three vectors at Fare 

D,s to s.ntellilB. l=F
1

=sin wt 

Duo to antenra 2 = F2 = k s_cn wt+¢+s ,in 0 

Jue to antenra J = FJ = k sin wt+¢- s sin 0 

k and¢, have been experimentally determined ae O 55 and +113°, respectivelJ, for the condition of 
reso:rlHnce and a spacini:; of 165 degrees For the same spacing ana rlth ¢ delayed to appro~tely 70° 
b} :readJuBtment of t-.rning on radiators 2 and 3, k has been observed as app:roxinat.ely C' 4 This adjust­
!:lent g:1.-.es max:l.Jnum field strength on course The total field due to antenna l WJ_th 2 and J as paras:'ctic 
antennas is 

Fl+ F2 + FJ = sin wt + 2k sin 

= Q.- + i,k2 cos2 (s 

( wt+ ¢) cos (s :n.n 8) 

sir f)) + 41< cos (s s~n 9) cos ¢] ½ 

This is referred to as the "dU!II.C-bell" pattern oecBuee of its shape, as illustrated in figure 26D 

Corsider row the mrumer in which the dunb-bell !lOO cloH:r-lesf -oatterns corr.bins. At any point P 
1n the horizontal plane t~e 90-cJcle aiae bano rad:!.ated from antenna 1 is assumed to be in zero ti.me 
phase an:l. may be represented as ,ector 1 in figure 26E The 90-cycle side band ener~ present at P QUe 
to the clover-leaf pattern may be represented by vectors 2 and 3 in figure 26E, in wbicr vector 2 ia the 
9~ycle r:.inus 90-degree comfonert from radiator 2 aovanced s ain f) and vector 3 is tre plilll 90--o.egree 
cor:nponert from radiator J delaJ,ed s s~n f) The olu.s and Ir..lnt,s 90-oegree relation of the sic:e DB-nda in 
radiators 2 and J is achieved b::, the reversal ("F" in fig 26B) :!.:n the line to radiator 2 Ob'i'J_ously 
the resultant of the vectora 2 and J is in phase •1th 1 and therefore adds directl, !t point P' (fig 
26F) on the oppoBite side of the course tl-e advance and dela::, (s ain 9 ) of vectors 2 and J are reversed 
Wlle the vector 1 rem.alllB uncharged The resultant of 2 and J trerefore oubtracts from 1 for all 
oositions to tre left of the course and ad.de for all positiona to the right o:f: the course, producing 
the right ham 90-cycle pattern (shown solid} in figure 26A This is comnonly referred to as the "bean 
pattern" The 150-cycle side oand component Dei.ng opposite in phase to the 90-cvcle conpqnent due to 
reversal 11 G11 (fig 26E) in the 11up~r bridge 11 causeie the opposi~e or 150-cy-cle 11 be.an" pattern to be 
produced 

Assuming that the side ba.,ci power fed to the canter an~nna i6 twice the side bend POlfer fed to each 
side antenna, we obtalll a current ratio O 707 1 O 707 

Tre equation represent1ng the final "bean" patter'lB is the sum of the clover-leaf and dumb-bell 
patterns or 

= [{1± 1 41..,i.n (S sin 9 )} 2 + {~ k cos (Sain 

+4k coa (s sin fJ) {1 ± l 41 sin (s 1;1in 8 )} 
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A.PffiliDIX 2 

Determ:i..nation of 1.eflection Source 

The determinatior of r0i'lect1on sources imohes first a stud, of the ar:.plitJ.de va.riat-'-on of the 
resultant recei1ed sirnal Qeneral_J, in this instr,IDe~t landl~f s•ste~ de1elop:::1ent, flishts ~ere made 
at atout a J----m.ile radius aro~nd each local_zer stat-'-or in ~h-'-ch recordin1s of U,e signals were taken 
These recordings sl-owed sinusoidal ,ariatiors of tte signal B.mplitude (see fig 3) due to the addition 
a.rd sJ.btract1.01 oi the reflected 1a,e to the rrain direct rad_j_ation Tne rate at 1'hich the addition and 
subtraction t.ake place is a f11c,ction of tre position of tl-1e airp::._ane aroUJld tl1e sta:-1.on and the position 
o~ the reflection source -n_th resr,ect to the station For a gi,en source of reflections, there are two 
positions 180° apart aroW1d the statior where the rate of ,ariation approaches zero, and two nositions 
90° displaced from thelft'l where tne rate reaches max:unu.m These are illustra+.,ed in figure B 

Ge"lerallJ ..-e are concerned onb ll'J. th the conditions on or near the localizer courae It is there­
fore corvenient a:id simple to consider the direction o.: the reflection source with r-eiipect tot he outer 
marker, approXJ..ID.ately J miles aista.nt from the localizer station Fro~ the fl.ieJ-t record made at this 
point, perpendicular to the course as illUEtrated in fi,:Ure A, t~e distance X tra,eloc.. by ~he airplane 
for a change of .1a .Ln the pat} lengt'l of the reflected :ngnal can be computed fror: th€! ground 9peed of 
the a~rplane t~e value Ja is determined from the record and may be taken as one-half ~a,elength, 
correspondr1g to one-half cycle cf the recorded signal ,ariation ( .1a then equals l 475 feet for 109 9 
Kc) Referring then to fig,.:re A, the direction of tt1e reflection :rn.1rce -,_ from P i.9 d.Dproximately 

9 = sin -l '1a = sin -1 4 475 
X X 

llith this infor-matl.on it is uossible to i,-,spect the obJects ir the vicim.t; of the station along t'1e 
calculated directiar, and arri,e at conclusions as to which is cau:nnp- the di!"ficul-r.y 

It should be noted tiaat tl1e argle 6 IM.Z 'Le eitber plus or 11inus and still giHl the aa..ne value of x 
7hat is, tne reflecting obJect may be R• Theoretically it co.1ld alao be at R11 and R11 1 , whic~ are 
physicellJ 180° opposite from-,_ and R1 , tut practically these objects are~, oista.nt f'rorr the s:.ation 
that the signal recei,ed and reflected by them is negligible T~e 1ariation in Cirection of the reQect­
ing obJect 1rrth iralues of 111" ia given in figure C 

T~e general locatior of reflecting oCJects with respect to the localizer sta.tion is summed Lp in 
the follmn -,g fh[:rt obse:nations 

T~e s_pacinc of multiple coLrse or the rate of charii=;e (interference frequency) in rece:!_ved 
s_gnal ,aries ir propor-tion to the spacing "s" of the reflecting source from the localizer 

2 Reflecting soLrces beh.Lnd the station l~'e rather lrides0read _nterference, w'-".Lle oblect~ 
in the forward area produce interference in particL_ar areas 

3 ""he nagnitude of the observed interference ia proportional to the ailfl81 on the reflectir.g 
ob~ect and an in,erse fu.nc~ion of the course sharpness 

• 
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