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THE CAA-RTCA INSTROMENT LANDING ST3TEM
PART II - TE3TS AND MCDIFICATIONS

SUMMARTY

This report describes the develepment woerk carried out by the Techrmical Development Divisien, Civil
Aeroneutics Administration, in cooperation with the International Telephone Developmsnt Compamy, Inc ,
to make the instrument landing svstem at Indisnapolis comply, in se far as practlcable, with the stand-
ards set up by the Hadio Technical Commission for Aercnautics at its meeting of September 15, 1939 It
algo descrlbea the general operation of the aystem and the receiving equipment in variocus aircraft

The work hes resulted 1n

1 A localizer whose course la free of bends and sharp enough to permit proper locallzing
for a standerd-width ruommy

2 A glide path which is essentially stralght from 1,700 feet altitude to 200 feet altitude,
and which below this point becomss nearly parabelic to reduce the angle of contact  The avérage
rate of descent along the glide path 13 500 feet per minute for a %0 mile per hour airspeed

3 A receiving antenna which 1e free of the detuning effect of raln

& The davelopmsnt of techrnilque essentlal to the success of the ultra-high-frequency program
1n flelda co-related teo Instrument landing

TNTRODUCTION

Under contract, the International Telepheone Development Comparmy mamufectured and inatalled the
ingtrument landing system at the CAA Bxperimental Station at Indienapolls, Ind The Radlo Technical
Comnlemion for Aercnautlca, after carefully inspecting amd flight testing the system in September 1939,
set up specificatlons for a glide path and a locallzer course that would be acceptable for a nmatienal
installatior fer pilet training These apecificetlons may Do summarlzed

1 Iocelizers
(a) Equipment may be combined with or separate from glide path transmitters

(b) Straightness of the course shall oe puch thet no bends or multiple courses are perceptible to
a pilot flying in still alr

(c) Iocalizer needle deflection — the vertical needle of the crome polnter Indicator shall give a
deflection of mot less than 10° for a 1 9° angular deviatlon from the center line of the
rurmay The meter scale shall be uniformly compressed {rom center to the stop pin st each
8lde The Civil Aercmautles Administretion shall provlde for test at least two meters having
different rates of scale comprespicn The rate of oecale compresslon desired is tentatlvely am

follows
Moter Indication Dag f-C
1q° 190
Full Scals &--B°

The mster indications shall be completely frae from lag It is further recommendesd that
experiments be comducted to check the poseibllity of provading definlte “advance” or
rete—of-change indications. Tre deslgnation "advance™ applied to an lndicator 1s & term
adopted bty the BTCA to describe an indicator which has a dynamic characteristic causing it

to exaggerate the changing position of the alrplane with respect to the course Cnly durlng
gradual changes of pogition would sugh a meter correctly indicate position Rapld rates of
change of posltion would cause the Indicater to ovarshcot, thereby providing, in effaect, a
lead in the indicator over the position of the airplanse Thus, suppose an airplane off-course
19 headed toward the course The meter lndicates this movement of the airplane towmrd the
courae but at a greater rate than the changing position of the sirplanse would normelly requirs,
o thet thea meter polnter indicates that a posltlon on-courss bas been reached befors the
alrplane actually arrives in this positlion

{d) Lacallzer courses — elther a one— or two-course rurway localirer will be coneldered satiasfactory
Four-course localizers are definitely not recommended

(a) Localizer course length — a usable rurmway localirer course shall be provided for a distance of
15 mlles at 2,000 feet

2 {lide Path

{e) 1 smooth glide path shall be provided, 1 e , one whioh 1s fres fram intarferencs pattern sffecta
parceptlble to the pllot when on the looslimer oourse
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{(b) Viewed head on, 1t 13 moat desirable that the glide path shall rise to either side of the
locallzer courme, in any event, the dip down on elther side shall not exceed an angle of 3%

{e] The glide path shape, when on the localizer course, shall be as follows:

{1} A& glide path intersection shall Le cbtrained at 1,500 feet altitude at a distance of
6 miles from the tranemitter emd of the rurmay

(2) The point of contact shall be not laas than 3,000 feet from the far end of the rumay
At the point of contact the glide path shall have an angle wilth the runway of not leas
than 1° and not more than 2° The glide path shall pass through the following polnts:
not less than 500 feet or more than 700 feet altituae et a distance of 3 miles from the
far end of the rurway, and 1,500 foet altitude at 6 miles

{3) The rate of descent shall not exceed BOO feet per mimte at any point

With thie definite commltment as to actusl deslred performance, work was started at cnce to
modify the glide path and localiger statlons of the northeast spproach  [he work was carried out
Jointly by the Internmational Telephone Development Company, Inc , and the CAA Expsrimental Station

The localizer station was modified to operate with an auxillary antenna which, in effect,
produced a null of radiation toward the airport Admliniatration Bullding and simultaneously increased
the course sharpnese These chenges reduced the bends in the course to a negligible or imperceptible
valua

The glide path station was modified to operate with an auxlliary antenna The maln radlator was
algo modified and installed withlin the glide pat- station bullding The flrsl radist.on pattern gave
esgentially the desirad path and permitted some freedom in selectlion of the polnt of contact

After completion of the changes, many flight observetions were made by the Clvll Asronautics
Administration, the Army, the Navy, and various alrlines The Admirmdsiration's airline inspectors
woere tralnad ir airplene NC-11, a 247-D Doolng, during May 1940

TESTS AND RESULTS

Lecellzer

The original radlation pattern of the northeast localizer is shown in figure 1, curve & This
pattern was mproduced by five loop radiators, two of which were mounted in wing extenslons of the
original bullding {see fig 2) and parasitically excited The ccnnecticna between transmitter apd
antenna and the spacings of the leop rediators are given in figure 3

Flgures 2 and 3 alac show the auxlliary anterma used in the final arrangement Thle entenna 1m
exclted with side band energy derived from the outer radiator circult of the localizer antenns system
It canslsts of two loop radiators spaced ome-half wavelength and exclted in-phase so ap to produce, by
itself, a dumbbell-shaped pattern the maxirmm of which is in the directlon of the course The phase
of the radletion from tre auxlliary antenna is adjuated in the control uwt shown in figure 4 so as to
glve resultant frent and rear courses that are axactly reclprocal The control unit alas provides for
adjustmant of current mmplitude in the anxdliary entenna  Thla amplitude 1s met at a value which will
glve the desired depth of null in the chosen direction

The position of the auxiliary sntenna is determinesd by the directicn of the deslred course and the
desired direction of the resulting mull For a glven direction of course, as established by ths origlnal
locallizer staticon, the auxllilary antenna 1s placed to the slde and moved forward or btackward until the
resultant course is parallel to the crigimal course Tre rear course 1s made reciprocal in sach instance
by phase adjustment The distance between the auriliary antermma armd the center of the mein station im
determined by the direction desired for the mull For example, for & null at A degreese from course,

dm 270 degreas

aina ek
whers d is the dlstance in degrees and 27C ia the smount of phass changa (in degrees)} required for the
suxiliary sntenna component of radiation fram the direction of cn-course to the direction of the null

The following characteristies, i1llustrated diagrammatically In figurse 5, are exhibited by the
auxiliary antennai

(8) Ita distsnce & from the maln array determines the direction £ of the null and the amount of
course sharpnesa

{b) Its position B shead of or behind the line of maln radistors determines the aligrment @ of
the courne

(e) The relstive phese of axcltation determines the bend 2@& Detween the rear course and the
forward course

{d} The magnitude of its radiation detsrmines the depth of the mull and, te some extent, the
courae sharpness
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{e) Tae resultant course 1s warallel to the origlnal course out displaced a distance G toward
the auxiliary antennz in propertion te the value of awaliary antenra current and inversely
oroportionel to the cain arrav current

The radiation pattern, as finally used on the northeast localizer, 1s shown in figure 1, curve B
Tris pattern was taker at & radius of 300 feet from the staticn us.rng the field devector unmit described
in e previous reportl Tne patterns A and B, figure 1, are obtained by stopolng the aodulator motor and
placing a short-circultirg bar on the medulated section of the modulator  HWhen one secticn is shunted,
thereby preventing passage of power through £, ome of tve bean natterns 1s obtained The otler i3
obtained when the cther section 1s shunted These patterns represeat static corditions and are referred
toc as "gtatic" patterns  The actnal coirse produced by the stetion when cperating rormally may be
different from that position indicated by tre overlap of the static bean patterns This can be attri-
outed to the difference in zmodulation percentage between the static short circuit and the simulated short
circuit produced daring medulation by t1e coupled modulating sectlona

Bnth rece.vins and transmitting eqmipments are prozlded watn adjustments for setting the course
Tt was foure lnprectical to set the recerver adjustment i1n tne laboratorv with a standard meaulated
sirnel generator and use the receiver as a weasure of tne transcitter setting Tha lest metnoa was to
use = wave anal-zer erd a flat-respense localizer recelver located somewhere or the oroposed courss end
vary the adfistasert of *the trarsmitter until the 90~ and 15C-cycle corponents on-course were equel

The mimliary antenna 1a connected to tne malr radlating ssstem ov a shielded talanced irensm ssicn
lime  Tr_s line was operated for a conaiderable tame at atrospheric pressure, altrough 1t was arranged
for L1t _mz<e sealarg ana f_llirg with arv mtrogen During the operatlon without nitrogen, slow varia-
tions from dav to dar of aseut plus and minug 10 minates of arc were observec 1n the course at tre pont
of vontact Comparison of this course location with the othar locallzer courses establisned at the
alrport 1ncicated tnat tiese iariations were not In the recelving equipment Dry nitrogen ges was appliad
under pressure to 8ll lines of the nortreast localizer station Immeciataly uron epplicatlon of the gas
there vas a course shift counter—clockwlse corresvonding to & phase delay in the auxiliarv aptenna zirrent
L curve was nletted of course variatlon versus ras presaure (fig 6) which indicated the nsed for
operating tne gas at relatdvelv low pressure and of regldating tma preasurs A pressure of 5 nourds
per square 1ack 15 used It 19 possable, through expanglon, feor the pressure to riae from 5 pounds to
about 12 pourds, since the repulator aces not provide for relief of excess dressure Howsver, the crnange
1n wourse resulting thereoy 18 171 the order of 2 feet (about 2 rinutes engle} et the point of contact and
1s lrsygmaf.cant

There have since been variet.ors, totaling about & feet, 1n the oosition of the course at the peint
of contact Thess variations represent the coombined errors of receiver, transm.tter, and ooserver
The course hes alweys appeared to be in satasfactory al_gmment vith the runway when vlewed fro— tre
6m le and outer marker posltions The 1+herent small +arietlons may be due to phase changes 1mposed
by line expansion end cortracticn avrins weather changes, althoueh no correlation hes been aprarent
These difflcilties -av Le avoldea by 2 differert cesign contemplated far futire lecalimers which will
Wtillze 2 svmmetriculls diaposed awaliary enten=s

Flight records of t7e localizer before and after the installation of tre auxlllary antenna are
ghown 1n ficure 7 Famre 7h shows the relatave variat_on of the course from the centarline of the
runwav durine an aoproach, ard figure 7H shows tle cross-course flights at tre southwest euter marker
The increaced course sharpness 18 oivicas  The gain of the recelver and recording amplifler was
essentiall tne sere for all flighte It will be noted that whils there was still evliaence of inter-
ference mear the poiwt of contact, as shewn _n the cursea of Tipure 74, this amcintsed tc even leda
i1arlat_on of the actual courae in degrees beca ise of the lnereese in sharpness

Preliminary obser—aticns made oy translt et night .ndicated that the pilet was able to keep the
airslane, a Waco Model N, within plus cor minus 10 minutes of the correct course The actual ccurse
accwracy 1s ob 1ously greater than this

a ath

The development of a glide patk to meet tre RTCA requirements was not & sirple tesk It involved
_irst, the alificult probler ol celermiming the exact shape of the norizontal radiatien pattern
requirad, and secondd, the deslem of the anterma to rrocuce 1t Accurate determipation of tre required
rettern was difficalt beceuse of sarlationa .n tre —attern of ths aircreft recervarg antenna ana
irherent inaccuracy in flight positlon end altatude cobservations Flights wers mede over the 6H-mils
point (6 miles southwest of the localizer emd cf tre southwest-northeast rurway, at the altitude
{1,500 feet) prescribed -3 tre RICA for this point When the eirplane vas exactlt o—er this pcirt, tre
gl _de patl statlon antenns current was ad, isted uwntil nerzal glide peth slgnal was obssrved 1n tre
airplane The airpiane was headed toward the statlon over this opoint to preclude the possibilitv of
error to receivirg artemnna ciaracteristics Similar flights were then made over other points along the
course at altltudes prescribed bw tne BTCA for ticse polnts, tha tramsoltter belng edjusted to give
normal receiver output for each  Havang determined the requlred transmtter current to give the correct
flide pat- lor each posis_or, ard knowzng t-c relatave horlzontal engle o1 eact position with reapsct to
trs station, it was the-efore possible to plet tre required hordzorisl pattern of the stat.on From
tteas cala g~ analyais was —made of the possitle arrays w-ich woluld provide tae desired pattern  The
anterma arra; wric- waa finell, adepted oroc.ced the patiern shown in fipure € (cirve A) It w1l be
observed that the resultant pattern A 1s produced b a main radiater pattern B and an auxlliary; radiater
pattarn T  The vhase and currert cf the salaar; radiation 1s cortrolled i a 1t similar to irat
shovn or the localizer
lt I Metz, Technical Development Heport, "“he CAA-ITCA Ingtrument Lerding Siystem Part I — Dev-lopment
and Instal.at.on™



Tre schematic arrangement of the main and smwmaliary arrays 1s stown in figure 9 The maln ard
awdliary staticns are shown in figure 16, and the main ar-av erd reflectling screen are shown 1ir
figure 11

The s<ape of the radiation pattern (fig &) from plus 10° to olus 502 (1 e , in the directicn of
the rurmas) 1o esaentilally circuler, glving a practicall, paratolic path in tha sicirit, of the point
of contact to bring sbout reductlon 1in the rate of descent of the alrcraft prior to contact

The shape of path produced by the radiatlien pattern of figure 8 15 sréwn _r curve B of fijure 12
Curve A of figure 12 shows the conventloral parsbelic path  An advantagecus characterlstic of the
CABA-RTCA glide patr, curve B, 1s the Jow altltude at tre o—mile ooint  This permits crientevion at
the safe altaitude of 1,600 to 1,700 feet and entrance irto the actusl appreach farther from t-e field
without excessive or rapidlv changing rate of descent

The term "tilt angle" has been appliea to define the slope of the 1ntersection of the constant
intenalty surface of the glide path and a plane perpenalcular to the course It 13 the angle betweon
the curvea line thus defined ard the horizontal Obviously the smaller thls angle 1s the better,
because 1f 1t 15 small {or merc) tuere is no aeriocus change in height of the glide path for positions
of f the localizer ccurse  Unfortunately, tris feature must he given secondary conalderation To
produce & low tilt angle and the CAA-RTCA type path similtameousl,, the transmttaing stetion wonld
heve to be reaoved a preet distance from the rurmes  Thils ws.ld requare grester transmitter power and
weuld irpoas possible —ariables hetween the statlon anc the alrpert, sericusly aflecting the gllce
path The tilt angle of the prement syoter 13 approximately 99 at the G-mile point and £° at thre
outer mar<er

A fone, two" flaight technique has been used, regulring the vilot first to establ-sh hils loceliger
ceurse and second, to et on the glide path The glide path indication 1s always disrsgardec un_sss
the locallzer irdlecator 15 within the scals limits, 1 8 , 1 5° from the center of tne lecalizer course
In test flights corducted by & large nmurber of p.lots there has teen no ciff_culty with tre 99 "t1lt
anglen

Some 1nregtigation has been undertaren on gllde path stability Figure 13 1llustrates the
1ariatlion of the polrt of contact for change 1n transmitter output Tre same curve applies for
equivalent change in recelver sgensitlrity It should be roted “hat when the radiation pattern from
the CAA-PTCA glide path is arranged to cawse Flattening of the path rear the point of contact, the
position of the woint ol contact 13 more susceptible to varlation The greater the angle of descent
near the pcint of centact, the preater will bs the stebility of tre point of coatact  The present
atat1lity, however, 1a satisfactery because tnae peint of cortact 1a, 1-1 extrame cages, well back on
the runway  There 18 & rapld increase in fleld strevgth seversl hundred feet after the roint of
contact (see curve A of figure 8} which precludes tne pessibilitv of fa.ling to cortact becavse of
change 1n path

The glide path signal gradients at t-e outer marker ard 6-mile noints are given in figure 14
Thess gradients are independent cf the glide peth shape or station pattern  Except for effecta of
tne vertical plane pattern of the recelving antenna, tre gradients (in percent altituce chenge) are
the same everywrers along the course This festure makes the pat- incicatlon Less sens.tive at the
distart peinta ana consequently easier t» follow The sensat.vits and szebkilit; of the 1mcicatlons
inereagse as tke rinway 1s epproacked The apvarent gradient car le altered o using squars law
detactlon 1m the recei.er This was cons at one t_me but eventiall; was abandored because 1t 1n-
creaded the dificult, ¢ fl,1ng the patn near the poirt of contact, exagperated ths small irregu—
larities of t e patn, and decreased the stabilitw of tre recei -lng eguipment

—n connection vath irregularitles alens the z.ide path, 1t 1s Interes:i-g to note tre recoraings
of figure 15 These are actunl flight check records out are rot intended to snow t-e pilot's abllitz
to follow the path  Suaden changes 1n attitude were avelced in orcer to -iake the records more
relleble The var.ations shown are zmplafiec approx_matel; four times t-e salire they rormally hae
on tte cross oointer instrunent for parpose of study The scele 1s indicated While both records
show satisfactorv smoothness, there ia evldence of greater irregular_ty on the PTCA path as compared
to the paraboldec peth  These 1rregularities are not avparent ir normal fiight

Receiving Antenna

Ar 1mpro exert in the receiving antennz for localilzer and glide sath signal receptlon 1s

113 .strated in filgures lo, 17, and 18 These are vlews of & IC-3 tipe batch cover equipped with a
recelvling leop hermetically sealed In lueclte tubirg Trere 1s no observable varietlcn ir tne glide
path recelver cutput when this antemnna 15 suclscted to dlrect water sprav  The previously vsed
exposed loop antennas wsre unataole in rein or sprav, the glice path in cne instance changing from
60C feet to 1,000 feet at the onter marker The antenna became detined in rain out not in “eavy
leing conditions  The new antenns gave no change in wath when flown in heavw rain  The tjpe of
arclosed loop shown was corstructed and nounted or retch covers for LC-3 and D0-2 Douglas aircraft
ana for 247-D Boeings for expesrimenta? usge

h developwert model of an improved tuning umt 1s 1llostrated in figure 19  This 1s seing used
1ir airplane NC-17 end 1s mounted directly at the base of the antenna, in the ceiling of tne airplane
cabin Tkis unit tumes and balarces the 93 9- and 109 9-mececicle chenrsls and reguires only twe
single ccaxlal cables for connection, one to each receiver
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Horigzontal patterns of the DC-3 loop, both in free space and on the airplane, are shown on
figure 2¢ Tne patterns were made at the sama place on the rumway, the free space pattern being made
with the loop mounted on a wooden pox inside of wrich were the receiver and battery The loop helght
waa 7 feet On the DC-3 It 1s 16k feet The distortlon caused by the mass of the ship ls evadent

The attitude of the mirplanme in flying the glice path has some effect on the height of the path
The effect mwas studied on tne Tumway by ralsing and lowering the ship on speclel wooden ramps The
resnlts are as snown in figura 21  Curve B shows the results with the luclte-enclosed loop which,
when 1nstalled, was tilted 6° from the former position 1n an effort to reduce the effect Fosltion
(A) gave results superior to trose with the loop tilted dowrmard  Attitude effect 18 generslly
noticed at positions bayond the outer marker {3 mles} Under normal conditlons, however, 1t 1s of
nc serious consequence beceuse the path ls essentlally straight and extreme attitude changes can and
should be avoided on inatrument approachesa

[ocalizer Operation

Only one of the four localizer transmitters has falled in 1} years operatlon This failure was
caused bv breaksge of thse lead on a plate supply r—f chcke coil The fact that the localizer trana-
mtters have not been operated at their full rated output probably accounts for the absence of tube
fajllures

$lide Path Qpezmtaon

Except for the short 1ife of power ampl_fier tubes, there have been no diffleultles in the operation
of tha glide path trensmitters The RTCA glide path transmltter must be operated at 1ts maximum ocutput,
and under thia conditicn the present iype of power amplifier tube does not have satisfactory life The
fallure is evidently due to loas of emisaicn and uncalance

One fai1lure of the CAA-RTCA glide path staticn resulted from slippage of the conductors inside a
transmission 1line, causing the line to become grounded at & cormer junction box. TFlanged beads to
prevent slippage are now uded

Karker Cperation

The cperatien of the eight marker tranemitters has been raliable except for ona radio failure
where a defectlve contact exdsted on an interstage coupling condenser Fallure of keyer motors has
been observed cn most of the stations These motora are of stamdard design, modified only with regard
to tke type of lubricating oll to withstard specified temperatures of mime 40° to plus 607 ¢ The
long record of this type of motor in marina service amd 1is excellent gpeed regulatlon urder tempera-
ture change were the particular reasons why 1t was selected for marker service However, it i1s
operated here in the cathode clrcult of vacuwum tubes ard 1ts operating voltage 18 brought up gradually
instead of being applied instantly This probabl; accounts for nmost of the reported starting farlires
However, correct operation has always been obtained immediately safter flipping the control switch so as
to apply a aurge for startirg the armature

Roecelver Operation

The Type RUE localizer recelvers have given excallent mervice Three were procured on the
instrument landing syatem contract. One of these, serial §2, was sealed in October 1939 end has
been in continuous ssrvice as a “standard® without fallure cor observed instabllity of cellbration
The otrer two receivers appeared tc be equally =table, however, they were used in experimental work
and a record of thnelr stabllity of calibraticn was nct kept  No tube replacements have been required
in any localizer receiver

The Type RUJ glide path receivers have falled on severel occasions and in addition have been
found to have a "warm-up" characteristic that is not sufficlently corrected by the conpensating
devices 1n the receivers Thls characteristic causea tnelr gensitivaity to decrease slightly durlng
the first 30 mimtes of operation Of the direct fallures, two were caused by tubes suddenly beceom—
ing 1noparative On two other occagions aged tubes had to be replaced to regain normal senaltavity
and to obtaln normal stabllity urder change of battery voltage One fallure, manifestlng 1taslf by
occasional decreass in sensitivity {of 20 db or more), was found to be caused by & mmall spiral brass
shaving on top of an intermediate-fregquency tuning condenser The intermediate-frequency transformer
cages have sinca been sealed to protect them against sntrance of foreign particles. 011-filled by—pass
condensera have leaked in all three glide path receivers under temperature and presagure changes in-
cldent to flylng the system

In each cese of glide path receiver failure, the feliuvre has heen elther so complete or so
insignificant as not to endanger the marcraft In the former case tre trouble was evident to the
pllot at or before reaching the outer marker, prior to attempting the landing. In the latter case
the glide path remalned mithin normal tolerance

Two marksr recelver (Type RUG) failures were observed, onme csused by *frequency flipping? ol
the racelver cryetal, and the cther caused by power pack heating. In the second case, the fallure
was 1lndlrectly caumed by low battary voltage, the alrplane hettery having been accldentally laft cn
over night with ths marker recelver operating. It i1s believed thet as the battery voltage became
low, tre vibrator stopped, ceusing steady current below fuse rating tc flow through the power trans-
former The resultant heating boiled the campound out of the transformer and rulned 1ts windings
The vltrator mes not damaged



and ¢ 1 Unit Operation

Opsration of the monltor and contrel wmt hes dlsclosed several design features wiich sheuld be
revised 1n future installations For example, the recording and alarm circuits should ke entirely
independent of each other, that 1s, they should be non-reactive on each other to facilitate control
adjustment setting There should be no resctlen between these and the monitor instrument circult for
the same reason In thils present inatallation where the normal chart apeed 13 3 1nches per minute
during normal operation of the system, and 3 inches per hour when the system 18 not operating, the
charts should last betwsen 5—1/2 and 330 hours, depending upon the a.mnu.nt of gystem operation  Main-
tenance therefore requlres specilal attentlon

Mreraft Ingtallaviona

Figure 22 showsa the 1nstallation of the cross pelrter lnstrment and marker aignal lsmps in an
American Alrlinee Douglas IC~3 alrplane The assoclated recelver installatlon was made in a baggage
compartment, 4s shown in figure 23

The luclte—sncased loop inatallstion on airplane KC-17 is shown in figure 24  Although this
anterma 1s not suitable for regular airline operation, it has proved to be entarely satisfactery for
test flights pending tre development of cone havlng better serodynamic structure ard s broad band
frequancy characteristic

The installation of the equipment in DC-27a, DC-3's, and 247-D Doelng alrplanes wars facllitated
by making complete antanns unltse pretuned on appropriate hatch covers, by having the receivers eveil-
able with mountings, and bv hevirg battery and inatrument cables prearranged Except for difficulties
sometimes encountered 1n rearranging the instriment panel to make room for the cross peinter instrument,
the entire test installaticn could be made in less than an hour

epeclal Demonstratlon

On February 13, 1940, the Air Transport Asscciatior of America, representing in general the
operations persomnel of all the major alrlines, met at the Experimental Station to inapect and fly
the instrument landing syatem, as modified A description of the installation was presented by the
Administratieon 1n bulletin form, a copy of which 1a i1ncluded in the appendix  The generml laycut of
the airport snd a oroposed procedure for aspproach were 1llustreted on a colored map wilth the bulletin
The bulletin also conteined & questionnaire which was used te obtain constructive eriticism The
general reactlon was favorable toward the performance of the instrument landing system The resulta
of the guestionaelre are included in the appemdix

CONCLUSION

The following accompliahments resulted fram the further devalopment of the CAL-RTCA inatrument
landing system

1 Tre sngineerdng, operating, ard flylng technlques lncident to ingtriment landing were
congiderably advanced

2 A localizer was developsd and cperated which, amid surrounding reflecting objects, preduced
a course substantiall r free of bends with a course sharpnesﬂ of 4 7 db par 1%0 of f-coursee

3 A gllde path that 1s essentlally atraight from 1,700 Teet to 200 feet altltude, amd wnlch
below this polnt bocomes nesrlv parabolic to reduce tre angle of contact, was developed The
average rate of descent on normal approach .8 approximately 500 feet per minute at 9C riles pear hour

4 A receiving antenna encaged in luclte was developed wh_ch 15 free of detuning effecte of rain

5 The system nas been extremely ueeful from an educational viewpoint It haa been demonstrated
to soprovimately 25C offlclall:r interested persons  Amcng thease, about 100 pllots have flown the
aystem 1n several types of aircraft, ineluding Douglas DC-3's, DC-2's, Boeing 247-D's, arc a Waco N
Aporoxarately 4,000 instrument approacres have been meae, of which mbout 10 percent were completsd
landinga or contacts similating landings  From this experaerce and from the comments, questions, and
discussions t-at resulted, a def.nite advance towaru tre uitlmate general acceptance of ipstrument
landing has been made

From the data centelred 1n the questiornalres submltted by members of the Alr Transport Assoclation
of Amerlca, the following conclusicnsa ware reached

1 A sat_sfactory methed of determinirg position witn respect to the locelizer course wWas
de.e%upedj using a chart colored in red on cne alde of t-e localizer course are green or the cther
slde

2 The method of "flying®™ t-<e miniature eirplare in the center of the instrument face toward the
intarsectlor of the instrument meedles when making a land.ng 15 superlor te tre clder mettcd where the
reterse procadure was used This sensing 1s slmilar to the Sperr; Horlzon and permits the eventual
rroaping of all sssential incicatdions intc one inatrument, such as the ¥etealf three-spet indicator
or the Sperry Fllghtray

2T'Jese colors have subsequently veen changed from rec and green e yellow and blue, respect_vely
Since the instrument has coloring almilar to the coleorirg ol the map, an easy method 1s provided for
determiming position witheout the confusion of swilches previousl, required



3 An lmstroent sensitivit, o7 17 57 of instrumeni pointer deflection “or . 7° off-course is
1aqmred to male cousistont 1 ainzs 1 a narrov runwa (105 feet et Ind_arapolis;  Thls sensitivity
weraits Toster braeretire of t-e _oca_izer course, tt.s reduc_ne the tiue requirec to ma<e an 1istu-
me-t spprcacn  The nsorrert soro.t sivies ried were 17 52 1317, ard 4 75" of -olnter deflection
ser O 70 eoff-co.rze low scrsiti ities A, B, e I, vesmects el
4 Bersiti 1ty covtrele snld rol o= [rovlcec om e loralizer ndicator

5 A& linear detecter shoid be uzea Lr —he cglide patk rece_ver to glie tre orefler~ed instrument
semsitivity

£ Botr the loca.izer anl srlilde path ind_cazers should have hich-speea pointers wat- critical
dempirg and st eou_d ave _irear -egpenge over the ertire arals

/! The opresent markers are entirel;y satisfactory Lotl 1r opesration amd location

8 A two-course socalizer 1g preferred te either the cne- or foir-course var.eiy
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FIGURE 2. Northeast Localizer Station with Auxiliary Antenna.



- 19/(765°) »
AUXILIARYF ARRAY MAIN ARRAY
NO 6 NO 7 NO 4 NO 2 NO 1 NO 3 NO 5
] 80— 138" —»tw—165"—mte—165"—»t=—138"
H - G E B D

‘ | ]

l_— AV

| * '

| __ _SDEBANDENERGY T} T T E SIDE BANDS

| P CURRENT
RELATIVE ANTENNA CURRENTS -
\ PHASE AjD/JUSTMENT
ANTENNA NO 1-1,=1, 0"+l O° AUXILIARY CONTROL UNIT A X X4—=INDICATES REVERSAL
ANTENNA NO 2-1,=04I,/0°+ 0415 /0° 073l /+90°
ANTENNA NO 3-1,=041, /0°+ 041, /0°+073]; /490° |_"l‘D‘l"_|~-— —-MQODULATOR UNIT
ANTENNA NO 4-1,=0231,/0° CROSS MODULATION LOAD——=_|
ANTENNA NO 5-1,=023[,/0° }
ANTENNA NO 6—I,=033]g /290 ‘
ANTENNA NO 7-—1,=033; /£ 90°
LINE LENGTHS

I.—CARRIER COMPONENT TRANS RF AB— X
I,=90 AND 150 CYCLE SIDEBAND COMPONENT UNMODULATED

CD=CE= X +90°
CG=CH- X }nA+90°
OBSERVED RELATIVE ANTENNA CURRENTS

UNDER NORMAL OPERATING CONDITIONS

ANTENNA NO 1=110 ANTENNA NO 4 =15

ANTENNA NO 2=66 ANTENNA NO 5=15

ANTENNA NO 3=66 ANTENNA NO 6= 26
ANTENNA NO 7= 26

FIWRE 3 Northeast Localizer

-~ 0T -



- 11 -

Phase and Current Control Unit for Auxiliary Antenna.

FIGURE 4.
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FIGURE 16. DC-3 Airliner with New Receiving Loop.

FIGURE 17. Close-Up of DC-3 Hatch.Cover and Loop.
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_3 Hatch Cover Showing Tuning Units.

Bottom View of DC

FIGURE 18.

NC-17 Loop Tuning Unit.

FIGURE 19.
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FIGURE 22.

Cross Pointer Instrument and Marker Signal Lamps
in DC-3 Airliner.
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Receiver Installation in DC-3 Airliner.

3.

FIGURE 2

New Receiving Loop on NC-17.

FIGURE 24.
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APPRNDIX

DESCRIPTION AND QUBSTIONS COWCERNING INSTRUMENT IANDING
INSTALIATION AT CAA EXPERIMENTAL STATICN, INDIAIAPCLIS, IND

General Description

The radio instrument land.ng system at Irdianapolis comprrdes four elements, namely, the locallgzer
(vasuel tvpe two-course redio range), the glide path, an inner marker, and an cuter rarker The
localizer 18 located 1150 feet northeast of tke nortneast-southwest rurmay The glide path building
is approximately 1300 feet to the right of the rurway and 95C feet forward from the far end of the
northeast rurmmy Tre inrer marker is located 2275 feat on the approach side of the rmamway  The
ocuter marker 1s located approximately 2-1/8 miles from the inner marler

Tre localizmer trarsmitter procuces a visual rad.o range course mlong the center of the rummay and a
reciprocal course northeast of the transmitter Heferrimy to the attachea lnetrument landarng chart
showing tte radio lavout, it will be noted trat the entire ares southeasst of the loecalizer range coursse
1s colorea green  The entire area to the northwest of the course 15 colered red HReferring to the
attached sketcn, 3ol will ckserve B drawing of an lnstrument which la tne cross pointer lnstrument used
in the mirplane A%t t'e bottom of the scale, you w1ll notice a sector wnlch 1s split 1n the mlddle
Green appears or the left anc red apmears on the rigkt Whemever the vertical needle (localizer
indlcator), that ia, tne one hangrg from the pivot at tre top, points to the gresn sector at the
botton of the indicetor, tre pilot may ha agsured that he 1s 1n the green area indicated op the map

If the vertical needle points to tte red ssctor on tne meter, e can te asgured that he 1s 1n the red
ares 17, on t-e ot'er hand, the pointer la in the verticel position which blsects the green and red
sectors, the pilot can ve assired that he 1s on the bisector of the rurway, regardless ¢f the headine
of the ghlp

Ir the center af t.e Instrument you willl observe s small minieture airplane ip white The procedure to

reme=ber 16 that when flyarg un a portheagterly diraction, taat 1s, the proper direction for making an
irsirment aoproach, uhﬁ_ﬁ.rQaﬁnﬂ_ﬂhQBlQ_ﬂﬂ_Ll2!D_LQ!§Iﬂ_Lhﬂ.ﬂﬁﬁﬂlﬂ.ﬂlLﬂIﬁﬂI_Lﬂ_ilK_Lglﬂzﬂ_ihﬂ_ﬂﬂutiﬂ
Tnrs 15 true regardlesa of w-ether the airp_are 1s scutbwest of tne localizer burilding or noertheast of
t-e localizer bulldirg However, wmben flyvanz ip a scuthwesterly direction, the airplare 1s flown awsy

le in orcer o appreact the course This holds trie repardless of whether the alrplane is
roriheast of the localizer buildirg or scuthwest of the locallzer ocurlding

The glide path needle is pivoted on the lefthand side of the instrument When approacting the field for
an instrumert landing, 1f the needle g atove tbe airplene, tre mirplane 15 lower than the zlide path
If tte needle 15 below tre alrplane, the airplane 1s above the glide path  If tre needle is norizontal,
then t-e mirplaie .s en the glide path

The average helght at which tre aircraft will eporoach over the cuter marker is approximately 510 feet
The guter marker wall operate the purvle laght continuously at a rate of two dashes per sscord for a
per.od of 8 seconds The pllot w11l hear tne 4C0-cycle marker signals about 1 seconc before the light
comes on

Tre inper marker will flaah an amber 1llght for approximately 1-1/2 secords when the plane passes over 1t
at an altaitwde of 45 feet This tore i1s 1300 cyclea and keys contimuous dots at the rate of silx dots
rer second

Procadurs

T-e standard crisntation procedure should be used in case of &n emergency te locate the Z marker of the
20o-inlocycle Indianapolis rarge All operatiors will be made at 1500 feet above the field {2300 feet
sea seiel) After the pilot passes through the core-of-s_lence Z marker, he should follow B compass
cowrse of 82 directl, toward tte runicapsl a.roort Thae pilot will eather hear t.e inner marker tone
or olserte tie amoer light as he approaches the airport Ag bte flies along tris course, he wlll nots
that the lecalizer needle 13 1ndicating that he .s cefinmitels 1n the red erea Approx1mataly two
~anutes 15 requited to {1, from the Z rarker te the localizer course when flying at 120 miles per Four
Imedlatel, after t-e i1nner _ar-er ls paased, tnie localizer needle will rapidly cross from the red area
to ths green area  This lidicates thet the localizer cowurse has been crossed At t-is point, the air-
plane shonld Le put into a procedure turn te the riglt, continuing until the coapass ~emas 2709 At
this po_nt, t-e eirplane §.oule Le flovm at 270% untll tae locallzar needle crosses from the green area
to tle on-course position mth a “eadirg of epproxamatel; 225° At this point, tre locallzer course will
ve flom  Shortly t-ereafter, She cuter merker beacon will operate the purple light ®hen the purple
lipht goes out, the pilot shou-d continue to fly or the localizer course away from the field for 2-1/2
mirmtes at 120 miles an rowr, or for 5 riles At this polnt, still maintaiming an altitude of 150C feet
abe e tie fileld, a 45° turn _s executed to ths left  As scon as tie gyro reads 1207, this ccurse 1s
flown for a perloa ol approximately AQ aesconds, depending on particular wind conaltlors The airplene
1g next put into 2 procedure turn to tre right until tne cowrse 1s i1ntercepted As scon as the course
18 intercepted, a ;yro course ls estallished vhich wlll maintaln the localizer needle on couras The
r-1de path needle will rraciall; drop from the top of the scale as the airport is aprroacted, ard za
scon as the neecle drops to the top of the cirele 1r the center of the andicator, t-e +hrgtt13 akould

oe partiall, closed and t'e plane gradualls flewn irte and down the glide path, keeping the localizer
peinter o1 covrse  Particular care sheuld se talen to raintain the airplane in a level or slightly
gliding attitude as 1rdicated by tne Forizen bar  Excessive variations 1n attitude sroula te mimmiged
in order to cbtaln best results At an altitude of 1200 feet the glide path needle greuld be horizontal,
and frow this poirt on down to contact, every effort showld be made to “cld the needle eatker in this
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positlon or slightly below the miniature axrplane This is a safety precaution wiich will malntain the
alreraft elther on or slightly above the glide path At an altitude of 510 feet, the outer marker
purple light will operate for approximately 8 seconds A careful check of tha altitude should te made
8t this point to meke certain thet the transmitting and receiving equipments are operating properly If
the purple light comes on at any altitude between 450 and 700 feet, when the glide path needle is hori-
zontal, & normal lnstrument landing can be made Tre inner marker laght will operate at an altitude of
45 feet (The Kolsman altimeter will usually indicate an altitude conalderably higher than 45 feet duse
to the lag in ths instrument Usually 1t will read fron &0 te 30 feet ) The imner marker will aperate
the amber light for appraximately 1-1/2 seconds The end of tne rurmay is approximately 2250 feet
beyond the inner marker Contact with tre rurwa, will be made between 2700 and 3200 feet from the far
end of the rurmay, depending on the height of the antenna on the alreraft and the sensitivity of the
glide path recelver

Sugeested Byleg

Experience gained from flights already made on this s,3ten imdleates that the following asimple rules
ars beneficial in flying the radio instrument landing aystem

(1) Set the gyro to the same readirg aa the magnetic compass

(2) When the airplane ip headed toward the field for an instrument approach, the area to the
right of the localizer course 1s green and that to the left is red, similar to the navigation lighta

{3) The colors on the map never change

{4) Then the airplane is headed toward tte field for an instrumsnt landing, the small alrplane
on the indicator 1s always flown toward the locsllzer needle and toward the glide path needle, similar
to the senslng of the radlc compaas and the artificial horizon bar

{5) When Fflying in the opposite direction, the alrplane 1s flown away from the locallzer needle
in order to approach the course

(6) vVarlations in attitude of the airplare shculd be reduced to a mirdmum 1n order btec obtain
bast results

(7) Skidding should be avolded and the ball should alwaya be kept in the center

(B) The localizer polinter should alwava be coordinated wmith the gyro head ng in erder to know
what gyro courae should be flown

(%) TWhen descending, allowance should always bte made for varlations in the gyro heading to take
care of varying wind velopcitiea with altitude, varying vwind directlona with altltuda and precession
(This may best be done by continually keeping the leocalizer polnter as rear cn-course es possible )

(10) When flying the glide path below 1200 feet, plan on flying the airplane either exactly on
the glide opeth or slightly above the glide path

The attached sheet shows varlous posltions of the needles of the instrument lanmding indicator and
explainz the relatlve position of the sirplene with respect to the locelizer ccourse and gliae path
when making an instriment approach
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FLICHT TESTS OF RADIO INSTRUMENT LANDING SYSTEM
AT INDIAMAPCLIS MUNICIPAL ATRPORT

Date -12 —19—
Organization or Company
émﬂtlﬂéﬂ_ﬁixlinﬂﬁ,_EEH_AEQIiEBﬂ_AiI!EIEL_%£éﬂ2E9£llE2Biéi.&.ﬂﬂﬁiﬁlﬂ.&iE_Liﬂﬁﬂ;_ﬂEﬂ.ﬁﬂliﬁﬁ_éiI_Llﬂﬂﬂ_____
4ot 20
4dircraft Make Dougles Waco Model _ DC-2 apd Medel N

Captain First Officer

Total helrs flowm on this red.o lnstrumaent landing system

In order to assist the CAL 1n improving the instrument landirg system, 1t 18 requested that you
conacientiously f111 cut sour replies to the questions outlined below

1 Do you like the color scheme for sector identification cn the map and on the lnatrument?
B3-1/3% - Tas 16-2/3% - Mot Sure

2 If you ao not like 1%, -ow would vou sugpest improvirp 1t7_ COme sugeested slighilr braghter color
on map

3 Do sou like the irstrimert sena_ng? 83-1/3% — Yes 1o-2/3% - Not Sure

4 If you do net like it, aow would jou change 1t? Explain wht CUne suggested sooner jipdicatlons
of of-eongrse for both logelizer agd glide pabh

5  Wnlch localizer sharpness do vou like best for instrumert appreoacres?
Sens1tivity A (maximm sensitivity) S0E — Yeg
Sansititity B {moderaie sersitivity) 16-2/3% — Yas
Sensitivity © (low senmaitizaty)

f&  Why do ou lake 1t best at the particular sensita 1%, ,ou werticned?
secause 1t permitted faster bracketing of the logglizer courae, wss compaprsble with otler
%

irstoument sensitivity and oro ided tetter rumsa, alignment, 16-2/3% laked B because they felt
A was too gersitize in roich air, 33-1/2% msde ne copgment,

7 Do you belie e that a senaltivite control should Le starderd equapment on the locallzer indicatert
50 — No  16-2/3% _ Perhapa 33-1/3% - No Compent

8  Should the glide pat™ pointer ke mere sensitlie? 83-1/3% - Ho  16.2/3% - No Comment

9 If vea, W}t

10 Wher interceptirg the gl_de pati at 1500 feet altitude aoso~e the fleld and followlng the glide path
cown to the fieid, s what al%.tuce do ou orefar to be when the outer marker light comas on?
33-1/3% ~ 500, 16-2/3% - 550, 16-2/3% - 500 to 400, 16-2/3% - 700, 16-2/9% - No Answer

11 Do -oL like “he sperat_on of the .vnar and onber mar<ers?_100% - Yes

12 At what distance from the toundery of the field woild sou prefer to have the outer markar?
66-2/3% ~ 2 miles (present cistance) 16-2/9% — 2 to 3 mles, 16-2/3% - ¥o Comrert

13 Do row have any sigrestlons for 1mproviwis t-e rarkers?  83-1/3% — No  15-2/3% — wo Comment

14 Pow vowd ,ou impro.e the shape of the slids patn® of-2/3% — OE a3 is, 16-2/3% — desired 1inear

path exterdec, 16-2/3¢ - no coment

15 Do ,ou like the tvo—conrss localizer? 100% - Tes

1, T voild ,ou 1mproe toe localizer? 83-1/3% — No Sorment, 12-2/3% - surgested edortion of quadrant

leeptif catior lster af -ractlcabls

17 Dc you have any f.rther suggesticrs as to how the system can te improved?  £3-1/9€ - ho,

14-2/3% ~ suggested —ore markers to prevent stack.ng and delay
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