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ULTRA-HIGH-FRFQUENCY AIRPORT TRAFFIC CONTROL 

SUKMABY 

In thx report are presented the results of an imestlgatlon conducted on 
groun-to~alrcr‘lft transmission for arport traffic control ser-aces emp1oylng u1tr2- 
high frequencxes U, the "and 129 to 132 megacycles A pi-evlous lnvestlgatlon made 1n 
tbls same field has established deflnltely the desrablllty of us~,g ultra-high fre- 
quenches for this sery~cw h"weYer, only a single trans~ttlng station was used In 
the previous Imest;gatlon and It was consldered desirable to nake an addltlonal ln- 
vestlgatlon using several statIons x,carp"ratlng new lmpronements which have been 
dlscovered 1n the ultra-hl&frequenc> radlo art Accordingly, comnlete transrmttlng 
statlons were InstaXed at LaGuardla and Flo:d Bennett ax-ports I" New York City and 
at Mun~lpal Airport I" Phlladelphla The ground stations and arcraft equipment are 
aescrlbed herem and the results of the fhght tests dx+cussed 

As a result of this xwestigat1on, It 1s concluded that adoption of ultra- 
high frequenclws for aIrport traffic control services x, the manner described 1s 
practxal and desxable and ~lll pravlde perfornance which 1s supsi-lor to that of t&e 
present low-frequency serYlces 

INTROIJUCTION 

A dependable voice commurucatlon system between axport traffic control :o,wrs 
and arcraft 1s essential to the success of mcaern air transpartatlon ser~lce Defi- 
mte contact at all times for a rm~~zmum radius of 30 miles from the auport 1s con- 
sldered a requlslte At the present tule, mth few exceptions, the low frequency of 
275 ldlocycles 1s used for thx. service at alrports having traffic control sery1ces 
Smce this low-frequency assignment necessitates a low power transmsslon as a neans 
of m?nlrmzlng Interference between adJacent airports, mth consequent sei-lous effpcts 
of atmospherx disturbances on We serx=ces, It produces a Vera small dependable 
service area 

In the early part of 1937, an lnvestlgatlon was conducted for the purpose of 
deterrmnlng whether ultra-high frequencies could be utlllaed satlsfactorlly for this 
sei-~lce 1 Thx x,vestlgatlon was made uslog a sx+e trarsrmttmg statIon operating 
at 125 megacycles whxh proved conclusively that the use of ultra-h@ frequercles 
for this pUpose wo& &ye superior performance to the 2%x1locycle transrmssl"n 
Based upon results of the 1937 xwestl@l"~, the Cl>?1 Aeronautics Adrmnlstratlon 
recomxended that ultra-hgh frequencxes be adopted far aupart traffic control AC- 
cordingly, the Federal Commurucatlons Cow,lsslon aaoe avaIlable several channels 11, 
the 125-132 negacycle band and speclfled that after January 1, 1941, all aIrport 
radio statlons would have to pi-"\=a~ ultra-high-frequency facllltzes =n addltlon r" 
275 kllocycles, which would contu,ue in use durmg a reasonable permd of transltlon 

4 E Jackson ard J C Hromada, "Repmt on 125~Megacycle Airport 
Traffic Control Tests at Indianapolis, n Civ11 Aeronautics Authority, Technical 
Development Report No 2, January 1938 
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Since only one station had been used ln the 1937 xwestlgatlon, it was con- 
aldered advisable to conduct another series of tests uslog three stations located at 
various distances from each other, emplo.Jlng YarL""S frequency sep¶rat1ons, and mn- 
corporatlng 1x1 the equipment design all lmpartant morovements whihlch had subsequently 
been developed 

In order to conduct these tests three sets of transmitting equipment, three 
transrmttlng antennas, and s1x arcraft receivers conforwng to Cltil Aeronautxs 
tinxtration Speclfxations CAA-11, CAA-254, and M-13, respectively, were obtarrzd 
from the Radio Receptor Company One set of transmitting equipment was xmtalled at 
eaci- of the follomng airports. LaGuardia and Floyd Bennett Airports m New York 
City, and the Murucipal Airport at Phlladelphm One i-ece1ver was installed in the 
Civil Aeronautxs Administration Sins"" arplane NC-80, which was used for flight 
test3 Another receiver was installed 11, the Administratlan's Boeing airplane hC-11, 
wbch was used for demonstration ftights These tests rere completed, and in the 
fall of 1940 the three-station experimental system was demonstrated to the Saiaalo 
TechnIcal Colormttee for Aeronautics Follu?nng the demonstration, the FCC x,plifx& 
Its rules to accomwdnte a comprehensive national system of airport statlons speci- 
fylng standardlaed operating channels, and a defxnte schedule governing establlshment 
of ser~lce on ultra-high frequencies at various categories of airports 

It is the purpose of this report to describe the equipent used and to discuss 
the test results obtained 

GROUND EQUIPMENT 

The transrmtter 1s crystal-controlled and 1s capable of delivering 100 watts 
of power to the antenna at any frequency between l29 and 132 megacycles The crystal 
unit 1s provided mth a thermostatxally controlled heater and operates at a funda- 
rcental frequency whxh is one tnenty-fourth of the transmitting frequency * type 
807 tube 1s used as a fundamental crystal oscillator and frequency quadrupler Thx 
is followed in the buffer anpllfzer stage by another type 807 tube whxh is used as 
a frequency doubler Foil- this, the fu‘st IntermedIate pmer ampllfler stage 
uses a type 35TG tube operating aa a neutlallzed fundamental ampllfrer The second 
x,termedlate po,rei- arrpltiier stage uses two type 35TG tubes in a push-Full trlpler 
circuit The p"Wer aplifler 1s a fundamental Class C push-pull amplti1er usx,g 
two type 75T tubes The output stage operates tit" an adJustable coupling clrcult 
which connects to a balanced 2-rre transmission line hamng an impedance of UO 
"llms 

The power amplifier is plate-modulated by a FUSh-pull audio ampllfler usx,g 
type 805 tubes A low level audioampllfxr stage and a push-pull audio-driver 
stage precede the modulator The audlo ampllfrzr 1s provided mth an adjustable 
f$Q-ohm nLU pad The range of adjustment 1s such that Input levels from plus 15 
decibels to rmrms 15 decibels may be used Three rectlflers are used in the trans- 
titter to supply the necessary plate and bias voltages Circuit breaker smtches 
and overload relays are used Instead of fuses A smtcb 1s pi-ended on the control 
panel for reducing the voltage of the high-voltage rectlfler to 70 7 percent, 
thereby reducing the ratio-frequency poxer output to 50 percent A" automtlc 
voltage regulator, rated at 1,600 watts 1s used to compensate for line voltage 
fluctuations I,, the ll5-volt, &,-cycle power supply. 

A marutor meter 1s provided on the transmitter for lndxatlng both the 
percentage modulatxon and the amplitude of the radio-frequency carrier at the 
input terminals of the transmission line 

Figures 1 and 2, we photographs of the transmitter Figure 3 1s a block 
tiagrm of the transrmtter 
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Transrmttlng Antenna 

The antenra radiates a horizontally polarleed s-~gnal having an essentially 
circular field pattern in the horleontal plane It consists of two crossed "folded" 
dipoles arranged to provide currents XI pnase quadratlse and 1s commonly knovn as B 
"turnstile" type antenna One clpole 1s made shorter than one-half wavelength and the 
other longer than one-half wavelengtn UJ oraer to obtain a 90' phase shift between the 
tTT0 clpoles The shorter unit 1s capacltire and draws current that 1s leadlng the 
feeder voltage by 45' 
feeder voltage by 45' 

The longer unit 1s lnductlve and draws current that lags the 
A sleeve t3'pe construction at the folded sectlon of the dlpoles 

provides for the adJustment of their lengths to vary t?e shape of the field pattern 
An inductance call havLng low loss characteristics 1s connected across the end of the 
matchwg sectIon to xune out the stray shunt capacity of the feed U-rough Insulators 
The impedance of M-e dlooles connected in parallel 1s approximately 300 ohrs A 
quarter-mve transrmsslon line sectIon of 205 o'rms rnpedance is used to match the an- 
tenna to the 140%oi-m 2-VLE transmissron line 'E-e antenna assembly 1s mounted on a 
3-Inch dlaneter galvanized steel pipe whxh 1s 18 feet lon& and 1s Fronded mth a 
momtmg and steel x-aces Figure 6 1s a photograph of the antenna 

Speech Arpllfler 

The speech ampllfler operates between the nncrophone and the transmitter and 
1s capable of provlolng an cutpvt of zero level when the Input level IS minus 60 decl- 
bels The ampllfxr uses two stages of ampllflcatlcn and 1s provided with a gain 
control and an overload magnetic type cxcuif brearer Figure 5 1s a photograph of 
tpe Inlt 

Ecroqhone and Moxtor Urnt 

The rmcrophcne 1s a Western Electrx lnductlon type No 632 and 1s mounted on 
a stard havlnp a contrcl smtcn The morntar unlt 1s aeslgned for mauntlng near the 
operator's poslt1on ant 1s provided mth a lronltor ueter and MO pllot lamps The re- 
mote monitor meter connects I" parallel vntn the morltor meter on the transmitter 
The two pllot lamps connect I" xarallel Tnth the filament ano plate lndlcatlng lamps 
or the transmitter 

Factory Tests 

Complete tests mere conducted on all equipment prior Co Its vstallatlon at 
the axports A general summation of the mportant electrical characteristics ahlch 
resulted from these tests 1s shown In fl&vres 4, 7, 8, 9, and 10 

l'?e aircraft equl~ment used in the tests consxted of a type ZliIi arcraft re- 
caver, a 125%megacycle horizontal loop type recelvlng antenna, a 3-channel fllter- 
control unit hanng a full-wave copper "xlae rectlfler unit, and an Esterllne-Angus 
typs AW 5-rmlllampere recorder Fl:ght tests were made In the Clvll Aeronautics 
Adrmnlstratlon's Stlnson alrolane NC-GO Flgure 11 1s a photograph of the lnstal- 
latlon in the plane 

Type RUH Ancraft Receiver 

The receiver uses a triple detector ("double superhetercdyne") clrcult and 
1s provided mth manual tuning on tao frequency bands, 6G-66 megacycles ana 123-132 
megacycles Crystal-controlled reception 1s provided at any two spot frequencies 
In the higher frequency band, ati in this case crystals were supplled for reception 
at 125 and 130 3 megacycles The receiver 1s deslgned fol the general ap?llcatlon 
of both voice and radio range reception and 1s equipped mth s-4tches and controls 
for these ser~lces All controls a.8 located on a rerrote control unit deslgned for 
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m0unt1ng near the instrument panel A total of 17 tubes 1s used, r,cludu,g the rec- 
tif1er Flgwes 12, 13, 15 and 16, are photographs of the receiver and remote 
control unit, and figure 17 1s a block diagram of the i-ecel~er The performance 
characterlstxs for 123-132 megacycle operation are shown I" f1glres 18 to 25, l"ClU- 
91YB 

Airplane &&""a 

A standard 12%rcegacycle horlaontal loop-type antenna2 waz used for receiving 
all signals during the tests The antenna was tuned to 130 3 megacycles for all 
tests Figure l4 1s a photograph of the antenna on the plane 

INSTALLATION 

Duru,g the r,stallatlon of the equpment at the three au-parts, a" effort was 
made to make all three r,stallatlons ldentlcal This feature was found irrwactlcal. 
however, because of the differences 1" bulldlngs, avaIlable space, and ex&"g low: 
Prequency equ1pnent Sore dtifxulty was encoutered in provldlng parallel aperatIon 
of the equlpnent Klth the exlstmg loA-frequencg equlpment, and each u,stallatlon was 
found to require a different clrcult arrargerrent The antennas were mounted on the 
roofs of the bulldings at the most practxable locations to Eve clear areas for the 
radiated fxlds The heights of the antennas above ground at the Floyd Bennett, 
LaGuardia, and Philadelphia =mports, respectively, are 73 feet, 82 feet, and 46 feet 
Fx+res 26, 27, and 28 are photographs of the three antenna u,stallatlons FlgW35 
29, 30, and 31 are photographs of t'le Ph&adelphla transmitter, antenna, and control 
tower lnstallatlons 

The phenomena particularly ooserved were transmttlng and recelvang flsld 
patterns, interference at various curler freqvancies, propagatlo", and ser-ilce range 
at "ai-lous altitudes %ncs the operation of ax-port traffic control iransrmttlng 
eq"lpment 1s normally for 1nterrmttrlt Yolce tra"slx?iss1o", It was necessary to pro- 
vlde a dtiferent metbcd of operation 1" order that measurements of the transrmttr,g 
cbaracterlstlcs could be made To accomplish ths, each transratter was provided 
rmt; a" audio oscillator and arranged for continuous operation The frequencies of 
the three tone signals wi~re mdely separated as a mears of smpllfy%"g the measuring 
equIprent XI the auplane The frequencxs selected were for the PhFZadelphu 
statlo", 460 cycles, for the Floyd Bennett statlo", 1020 cycles, and for the 
L&uai-dla statvan, 4300 cycles The tone spinals 1" all cases were adJusted to give 
epproxmately 90 percent mcdulatlon of the radlo-frequency carrier A iev! tests 
v~ei-e also made using voice transmisslo" Provision was rrade for cha"&s u, the 
tra"srrAttl"g frequencxs by means of several plug-In type crystal units For the 
tests requulng voice slg"als, a recard1ng of speech was made w%rxh provided a 
contmuous VOICE transrmsslo" of nearly two hours All illght tests were made ln 
ti-e Adrmmstratlonis Stlnso" ali?pla"e NC-80 F~gui-e 32 1s a nap of the area 
covered 1" the flight tests. 

The mstallatlo" of the recaver, the recorder, and the filter-control unit 
in toe auplane is shoan 1" fl&re 11 The remote control unit for the receiver 
rras mounted on the right side of the co-pilot's seat The cathode circuit of the 
frst Intermsdlate-frequency ampllfler and the output cucut of the receiver were 
each connected to the filter-control unit The former clrcut 1s controlled by the 

2iindre-w Alford and A G Kandoun, "Ultra-High-Frequency Loop Anternas," 
TTans A I E E , January 1940 
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autonatx volume control actlon of the receiver and was used for indicating relative 
field strengths of the received signals. This intermediate-frequency current could 
elther be recorded on the recorder or observed on the mlliarmneter nhxh was mounted 
on the filter-control panel A calibration of the Fntermedxte-frequency current 
versus microvolts Input was made prior to the field testing The ~llM.mmeter was 
also used as a voltmeter for measur=ng the battery voltage to the i-ecelver Three 
band-pass filters, together Klth several selector smtches, jacks, and level controls, 
were provided I" tte filter-control unit and so connected that It 'was made possible 
to monitor or record the received tone signals either together or separately, as 
desired Separate attenuation controls xere promded 1" each filter circuit for ad- 
Justlng the recording or headphone levels A block diagram of the filter-control 
unit 1s shown in figure 33 The characterlstxs of the copier oxide recttiler are 
shown I" figure 34 

FLIGHT TEST RESULTS 

It was necessary to deterrmne the horizontal pattern of the rece=rr,g an- 
tenna on the airplane before proceeding mth the measurement of the transmittmg 
patterns This characteristw was derived from recordings made during several flights 
at points located 20 to 25 miles from the Floyd Bennett statlo" and at altitudes 
between 1,000 and 2,000 feet The receiver volune control was on manual posltlon 
for these tests and the transrmtter ras modulated mth a 1020-cycle tone signal 

Figure 35 shows the recelvlng antenna pattern obtalned when the aL7pla"e was 
I" level flight over a fixed pOl"t at various headings and constant altitude Also 
shown in this figure are the results of recordings made during left- and right-hand 
turns mth KFngs leveled 

Flgure 36 shows the plot of a record="g made during left- and right-hand 
turns III a 40' bank figure 37 shows the antenna patterns during a left- and B 
right-hand turn mth the mngs banked 15'. 

The pattern obtained U, level flight over a fixed pOl"t is considered to be 
correct for ths condltlon All other patterns a-e subJect to error manly because 
of the unavoidable change I" posltlon when the a~plane 1s flying a circle. It iFll1 
be see" that for the pattern obtaned over a fixed point the front and rear of the 
airplane shun less than a 15-l varlatlon for r~ore than a 45' section at both front 
and rear 

It mll be seen from figure 36 that the receiving pattern U, the vertxal 
plane of the alrpla"e till have a large var1atlo" It was not possible to obta" a 
measurement of the vertical character1stlcs dwlng the testing of this equipment 
A" lndlcated patter" I" the vertical plane, however, ~~11 be shown later x this 
report 

Transrmttlng Horizontal Field Pattern 

No accurate measurements were rrade of the transrrlttx,g horlaontal field 
patterns However, the result of a recording made on a flight around the Floyd 
Bennett statlon at a 5-mile radius and 2,mO feet altltuce 1s shor" I" figure 38 
The field versus distance curves 1" figures 51 and 52 show that tte pattern of 
figure 38 1s subJect to consIderable varlatlon because of the rapid change x, the 
field strength due to varying apparent heights of the antenna at vai-lous aalmuth 
positions Figure 39 shows the results of a recording of the LaGuai-dla statlo" 
This pattern 18 1ikeaLse subject to large varlatlons Figure 40 shows the results 
of recordings nade during ldentlcal flights before and after tte transmitting an- 
ten"8 hao been rotated 45" 
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Ropagation and Service Range 

right tests wei-e made to detemi"e the relative field strength of the 
Phlladelphm and Floyd Bennett stations on a course betlreen the two stations at a" 
altitude of 2,CCC feet Plgure 41 shows the result of thx measurement The auto- 
matx volume control current of the i-ecelver lndxated the relative field strength 
The same method of measwuxg was used to obtal" the data illustrated 1" figure 42, 
ahlch shows the change I" relative field strength of the Floyd Bennett statlo" mth 
change I" altitude Thu observation aas made during a test flight over Bay Shore, 
LI 

Flwe 43 shovs the change m receiver output 31gnal of the Phlladelphla 
statlon iAlth change in altitude as recorded during a flight test over the Floyd Benrett 
airport The receiver volume was controlled rcanually during ths test It 13 Intel-es- 
tlng to note that the slopes of the curves of fqui-es 42 and 43 are practically the 
same 

Flpe .!& shuws the result of recordings of the Philadelphia tone signal be- 
tween Philadelphia and New York City at altitudes of 2,000 and e,WO feet Autwatlc 
volu,~ control xas used I" the receiver for this test Figure 45 shaws the result of 
a similar recording of the Floyd Bennett slgnal between Philadelphia and 11s~ York 
City at a" altitude of 2,000 feet 

Fqures 46 and 47 shorn the result of recordings made of sQ"nals from the Floyd 
Bennett statlo" hlth the transrmtter operating at 33 and 100 watts output The flqht 
was made from the Floyd Bennett arport to Center Morxbes, L I , at a" altitude of 
1,000 feet, For this test, recordings were made alternately of the tone sqnnal from 
We output of the 1020-cycle filter and of the tone sqnal plus "015~ to the Input of 
the filter The receiver was operated mth automatxc volume control for this test 

Flieht tests were conducted at each of the three statIons mth dolce signals 
belw transrmtted For these tests, the transrmttera were modulated mth recorded 
voxe slgnnals and the receiver was operated -Rlth automatic volume control The 
fllgnts were rr,ade a" a 3Oalle radius at a" altitude of 1,000 feet Clear, Intel- 
llglble receptlo" was obtaned at all points at this radius and altitude As ~111 
be see" from a survey of the curves of fi@res 43 to 47, reception at greater dls- 
tances is ODtaulable 

Field versus distance curves were obtaIned from recordings made during flqhts 
across each statlo" at a constant altitude Flpure 40 shrrns a copy of a portion of 
a" actual recording of signals from the Floyd Bennett station during a flight test 1" 
a southwest to northeast du-ectlon at a constant altitude of 2,ooO feet mth the 
receiver volume controlled manually Figures 49, 50, and 51 are plotted CUI‘YBS of 
this recordug These cui-ves are the resultant of the station's vertxal field cha- 
ractei-istxs and the ax-plane's nose-to-tall vertical recelvlng characteristics 
Flyres 52 and 53 are curves obtaned from a recordIn of signals from the Floyd 
Bennett statlo" Thx fllgtt test was made m a north to south direction at a" 
altitude of 2,CCO feet Fqxre 54 is a field versus distance curve of the Floyd Ben- 
nett statlo" obtaIned fron a recordlug nade on a flqht from a northwest to southeast 
due&lo" at an altitude of 2,000 feet Figure 55 1s a curve of the Floyd Bennett 
statlo" obtained from a recording made durug a flight from east to nest at a" alti- 
tude of 1,ooO feet Figures 56 and 57 are field versus distance curves of traos- 
rmssions from the Philadelphia and IaCuai-dxa stations, respectively, obtaned from 
recordings made at an altlt=de of 2,000 feet Figure 58 shows curves of the outer 
maxvnum and ml~lunum areaz of the Floyd Bennett and Philadelphia stations obtalned 
from recoi-tings made at a" altitude of 2,000 feet. 

Interference Patterns 

Interference patterns were obtained fra recordwq made during flights on 
a radlal across txo statlons at constant altitude The receiver aas tuned to either 



station and operated with automatx volume control during these tests The tone sig- 
nals from the output of the band-pass filters were recorded The transmitters were 
operated at 100 watts output To assist in the Interpret&Ion of the recorded lnter- 
ference patterns, the field versus distance curves of the Floyd Bennett and LaGuardia 
statlons we show" on figures 59A ano 596, respectively These recordlngs were made 
at 2,000 feet altitude mth the receiver volume controlled manually and only one 
statlon operating during each recording Fqures 59C and 59D are recordings of t?e 
Floyd Bennett and LaCuardla tones, respectively, whx'l were made at 2,000 feet alti- 
tude mth both statlons operating smultaneously at a frequency separation of 16 7 
kllocycles The distance between the two statlons 1s appraxlmately 13 miles The 
Floyd Bennett crystal frequency was adJustea so that tte carrier beat note ‘Rae above 
audiblllty The measured frequencies of the two slgrals vere LaCuardla 130 2979 
megacycles, and Floyd Bennett, 130 3~6 megacycles Figure 59E IS a recording of the 
la Guard~a tone made at an altitude of 5,&C feet mth both statlons cperatlng slmul- 
taneously at a frequency separatmn of 16 7 kIlocycles It l~lll be eeen from these 
recordings that the relative field stre&h of the two statlons at any one pox& 
detenrune the amplitude of the recorded tone Flgwes 6GA and 60~ are recordings of 
the LaGuardla and Floyd Bennett tones, respectlvelv, nade at 2,000 feet altitude with 
both statIons operating simultaneously at a frequency separation of 100 !alocycles 
'&,e recel~er eras tuned to 130 3 megacycles and was operating mth automatic volume 
COIk-01 Flgwe &C 1s a recorting nade under the esme condltlons as the 603 re- 
cording except that the laC"ardla statIon was turned off Under the latter conaltxon, 
We receiver nas operating at naxmum sensltlnty, and as a result, a relatively 
strong sl+nal was recorded Figure 6OD 1s a recordx,g -nade under tne sane condltlons 
as 60C except that W-e freo.uewy separation vas 200 kilocycles This recording 
sboms a mall interference area UI the Immediate vxinlty of the Floyd 3ennett 
station Flyre 6QE 1s a recoi-ding of the IaCuardla tone made at 2,000 feet altl- 
tude mth both statlens operating slmfitaneously at a frequency separation of 300 
hlocycles Figure 61A 1s a recorang of the IaGuai-dla and Pblladelphla tones made 
at 2,000 feet altitude at a frequency separation of 16 7 kllocycles The distance 
between the two statlox is approxLnately 95 rmles Flg~e 61B is a recording made 
under condltlons slrmlar to those for figure 6U except that tte altitude was 5,000 
to 8,000 feet and the dxection of flight was reversed A comparison of these two 
recordings shows the ci-ose-over rate of the two tones to decrease mth increase =n 
altitude and the Interference areas to increase mth increase =n altitude FIgWe 
60C 1s a recording of the Philadelphia and Flo>d Benrett tones made at 5,000 to 
8,000 feet altitude at a frequency separation of 100 kIlocycles In this test the 
i-ecelver was tuned alternatel> to each statlon and was operatr,g on auto?latlc -olume 
control The distance between the tno statlons 1s appromwtelp 86 miles 

&~scellaneous Flight Tests 

Flgwe 62 1s a recording of the IaGuardla tone nade at 2,000 feet altitude 
while the airplane was clrchng the LaGuardla statlon at a radius of 7 miles For 
thx test, only the LaCuardla statlon was operating and the receiver was on auto- 
mat1c volume control 

Figure 63 1s a recordr,g of the Floyd Bennett tone made at 2,000 feet alti- 
tude tier, the a~plane was flying from the Floyd Bennett ax-port to EnglIshtown, 
N J , a dxtance of 33 mles The rece1Yer was operating on autonat1c volume 
control for this test 

Figure 64 19 a recording of the Floyd Bennett tone obtaned at 1,400 feet 
altitude on a flight up the west side of the liudson River For this test, only the 
Floyd Bennett station was operating and the recelver volume was controlled manually 

Following the car&&lo,, of tests on the three ststlons, the ultra-high- 
frequency equIpant was arranged for parallel operatxn aith the low-frequency 
transrmttlng equlpment at the three airports The frequencvas of the ultra-high- 
frequency and the lor-frequency equipment nere, respectively, for LaGuardla Arport, 
130 3 megacycles ard 362 lalocycles, for Floyd Bennett &port, 129 7.3 megacycles 
and 278 ~locycles, and for the Philadelphia Ax-port, 131 42 megacycles and 278 
kllocycles Several flights were made in airplane NC-80 at various directions and 
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altitudes I" order to compare the receptlo" of the trans,usslo" from each airport when 
aperatIng iinder actual sei-~lce condltlons A standard commercial type arcraft re- 
Celver was used far rece1v1ne we luw-frequency tra"sr;u_ssions It was found, however, 
that because of the "agu "01s~ pxk-up causea manly by the airplane's lgnltlo" system, 
reception of the lo-n-frequency transrmssiar was lmted to B distance of appro-ately 
30 Inks The results of the ultra-high-frequency transm1sslon are shor" 1" the fol- 
lov%tng tabulatlo" 

Floyd Benwtt - 129 78 Ye~acycles 

Bay Shore, L I 35 miles 1,000 ft altitude excellent 
Is&p, L I 37 miles II 4, n excellent 
Patchogue, L I 48 mles II II II last usable 
Terryullle, L I 48 miles " n n far 
Srentwood, L I 36 rules II n II excellent 
New Eimxwnc~, N J 32 riles n m u excellent 
New 3nnsKlcri, N J 32 miles 600 ft altitude far 
Rocky Pmnt, L I 54 n11es 1,000 u II Just aLdlble 
Norwalk, Conn 44 miles 500 " " Just audible 

LaCuardla - 130 3 Megacycles 

New Brunswxk, N J 35 Ill&S :,GCO ft altitude excellent 
New Brunsxxk, N J 37 rc1les igo 0 ,I last usable 
ISl;F, L 1 35 miles 1,000 R 11 last usable 
Terrg>llle, L I 44 lules 1,000 " 11 fair 
Rocky poult, L I 50 miles 1,cm " " Just audible 
Noi-nalk, Co"" 35 Tiles 500 ‘8 ” far 

Phlladelpha - 131 4i Megacycles 

Over Floyd Bennets E!6 rules 4,500 ft altitude fair 

In recognltlon of the great Interest sholm I" this uwestl&,lon by pi-Iv&e, 
munuxpal, and Goverrrment goups, the Cl-1 Aeronautics Atinlstratron arranged and 
yaw a demons+ratlon of the complete system operetlng under actual service condltlons 
The denonstratlo" was nade at the LaCuardla Auport during the perlnd of November 12 
to 16, 1940 hong tke proups whhlch wltnessed the demonstration were au-port managers 
ant operators, and Army, Navy, Coast Guard, and Federal Communlcatlons Comlsslo" per- 
SONId All demonstration flights vrei-e made I" the Atinlstratlon's Eoeug 247-D 
airplane, which was equipped to receive both lox-frequency and ultra-high-frequency 
tra"srmsslons Each passenger's seat was provided mth headphones and a smtch to 
select either transrmsslo" Flights were maae from the L&uardla arport to a point 
"ear Ptilladelphla and return Although the aemonstratlon lras deflnltely a success and 
confirmed the results obtaIned durlna the flight testing, unfortunately lt did "at 
brlng out one of the most important advantages to be reallzsa by the use of ultra- 
high frequencies, which is nearly conplete ellrmnatlon of ststlc x,terference caused 
8y thunderstorms and other atrcospherlc dxturbances The low-frequency radio recep- 
tlo" was exceptIonally good during the deronstratlon period 

DISCUSSION OF FLIGHT TESTS 

At the outset of ths pi-oJect It was realized that, because of the tierent 
propagatlo" characterxtxs of ultra-high frequencies, the tra"smttr,g antennas 
should be located as hleh as practxable above the ground level If long-xstance 
transrmsslo" at low altItudea i~as to be achieved Thus, I" the case of the Floyd 
Sennett antenna, located 73 feet above the ground level, the maximun optlcal path at 
a" altitude of 1,000 feet 1s approx,mately 46 miles, whereas under the same condl- 
tlons except mth the transrmttug antenna at ground level, the WMIL~L optlcal path 
IS appraxlmately 38 miles. 
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The use of highly eleva:ed transmttv~ antennas I" ulu-a-hl&h-freqxncy 
trans~ss~on results u, a-otLer mherent characterlstx becormg an mportant facxu" 
Th;s characterlstlc appeears 1" the form of looes 'lame mS~m,r and mn~mm points I" 
the transmtted vertlcal field pattern These pan-s are comonlv known as "peaks" 
a"d ""~11s 'I The treorj- of +,"Is nhe"oneno" "SS bee" thoroughly covered 1n Several 
publIshed a-tlcles on the subJect of ultra-~~~~-frequency propa&atlon and only a orlef 
explanatmr of lt ~1111 be gver here 

It nas been Show" IPat the ireld from a transrmttlni; antenna at a oolnt 1" 
space, not beyonc lme of s@t, xay be consIdered to be ace to the corbmatlon of a 
dxect and a reflected ray Tke path alfference of t'le two rays dexrmncs the number 
and locatlor, of the peaks and nulls in the transn:tted flelc and 1c prouortxnal to 
the tmght of the transnittmg entenra above ground T-e amplitude a; the xeaks and 
nulls 1s determned ok the coe:ixxnt of reflecl,lor of the reflectlni redlU;71 The 
coefficient al reflectlor F :s in peneral a complex quantity, the value of whxh 15 
determ?ned by the conduct~v1',,o, the clelectrlc consta"t,E, of tre reflectm; 
ned:m, and the angle of ~rclde"ce of the refLected ray 'or horlmntal pclarlzatxn 
and the sa,e reflecims medlum ‘he reflectlo" coefilclert m,creaSes vlth the decrease 
in the angle of uxlderce and approaches a value of unity at g-Sz:ng u~cldence As 
a result, for a Fe?-feC',ly refleCt1":. medlrn i-e re;‘lectlo" Coeff;c1e"' can t,,earetL- 
tally effect We transmtted field at pomts 1" space to the ex<e-t that the "~11 
polr,tS vnll appi-oath a xil"e cf zero and tke ?eak ?cl"ts a val0e 0: tiace the du-ect 
ray It ~a11 oe rezllzea that the occarre~ce cf sxh a condltlon would be verur ,rm 
desirable A S~~I~YEV of the ileld versus dutance CISV-CS of !uxres jO to 57, I"- 
clus1\e, shows what several fairly deep -Cl gomts were recorded and mdlsdtes a 
good reflecting medlm zt these pox's T'E cur'vcs cf fl,we 53 ,vore ohiamcd Ii-m, 
reccrdmgs nhere 2 SpeClS.1 effort PC35 rrade t3 Obtal" SCCIuStC ?leaWXllI7Ie"tS Of 'le 
outemos: nnll and ?eak p'"ts T\e mdxzted reflection coefilc,en+s ralged as 
high as 0 97 B1thouF-h undesxacle, thx condlt:on can easll-q be conpe-sated fsr 
by a suitable rcce1vor ha-nng autmatlc volume control featurcr A- ml1 be obsrried 
fro" tte recordmz of flgrre 63, the -n~x~mm dcxease in rece,'er o,.c,p~: 1s S11;hQ, 
greater than 6 dec,bels "-en transmissions are received oier selt ,,ater ,mih +he 
recezver operet1ng on auvOnaLlL -clme control 

The "~rlc \erS~s dxiancc cur>es of the trans~trmg statlons mdlcate ic 
son?e depee the effect of obstructions m the path of fke reflected ray and cf dlf 
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ferences u1 the reflecting medium Flwe 54 shm how buildmgs in ths path of the 
reflected ray ~lll affect the field The recording of figure 64 mdxates the effect 
of dlffractlon on field strength measurements The recordmg has notation of pomts 
on Manhattan Island that are in direct lme mtb the Floyd Bennett statIon The altl- 
tude was such that direct line of sight was mantamed The effect of the high 
bulldmg area 1s mdlcated by a decrease m the received signal, and the position of 
the tipme State Building 1s clearly shown 

The determination of x,terference areas between statlons opei-atmg smultane- 
ously mt,h various frequency sepai-atlons rms an important feature of the tests The 
reproduced recording of figure 60D indicates that a frequency separation of 200 kilo- 
cycles 1s suffxient to Eve no apprec~ble interference areas between the Flo@ 
Bennett and LaGuai-dx, stations when a ~‘ecelver having characteristics comparable to 
the type RUH recelve~ 1s used Smlarly, the recording of figure blC r,dlcates 
that a frequency separation of 100 kilocycles is sufficient between the Fhiladelphia 
and Floyd Bennett statlons since a1rport traffic control trarsrmtting equ1pllent 13 
operated x,terrmttently, that IS, with carrier off when no transrmsslons are bang 
made, the Interference between statlons rcust be considered on this basis 3ecanse 
of this fact, tke rkerference area3 between statlons which are not operatlng on the 
sauce frequency are deterrmnea by the i-ecel~er~s usable sensltlvlty, tbe recel~er's 
selectlvlty, and the field strength of the interferlng signal For statlons opera- 
tmg on the same frequency, the factor of receiver 3electlvLty is not consIdered 
An appraxlmatlon of the service range of a transrmttlng statlon hamng an antenna 
70 feet high may be obtained from the chart in fiwe 66 The l-tne-of-sight curve 
vlll approximate the 1-t of r,tell@blllty, as 1s confxmed by figure 47 The 
chart also shams the angle from the station to the aircraft for various altitudes 
and dxtances. 

Figure 67 1s a copy of a portlon of a recording obtaIned wrth the LaGuardla 
and Floyd Bennett statlons operating simultaneously 171th a frequency separakon of 
16 7 hlocycles Figure 68 shows the reshlts of the analysis of thx recording 
The Floyd Bennett transmltted signal EFB 13 plotted for values of ERR and Elca 
obtaned from the recordx,z and Eat the IaGuardla field strength which 1s assumed 
to vary BS l/d2 at the distance given Tke resultant curve Indicates a hQt value 
of reflectIon coefflclent for the reflecting medium actmg on the Floyd Bennett 
fxld received at thx posItIon A change of the reflectIon coeffxlent to 3 lower 
value riould ln this case lower the peaks of t>e recorded pattern ERR and result in 
a smooth curve approaching l/d for rsflectlon coefflaent values approaching zero, 
xhhere d 1s the distance to the IaGuardx transmitter 

In conxct~on mth We receiver used in flight testmg, It shoLld be 
polnted out that the p~hxl~~um sensltlnty of t're unit could not be used because of 
the noise pxkup, tixh was caused ma~,ly by the airplane's lgnltlon system It 1.5 
estimated that the maximum sensitivity of the receiver could have been reducea five 
to one mthout affectr,g the results of these tests 

The indicated recelvlng pattern of the axplane NC-60 'las been deterrmned 
from the theoretIca field ver3us distance curve of the Floyd Bennett statlon, 
figure 65, and the curves abtalned from the recordings shorn in figures 50 and 51 
Figure bq shows the x,dxated vertical recelvlng pattern from nose-to-tall of air- 
plane NC-EC 

CONCLUSIONS 

On the baas of the results obtalned during the tests conducted, It 1s 
concluded that 

1 A,, avport traffic control transmitting system greatly s~pei-lor to the 
present low-frequency system has been realized by the applxatlon of ultra-high 
frequencies to this service 
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2 A relmble sery~ce range greater than 30 rules radius at an altitude of 
1,ooO feet mll be ootained 

3 An automatic volume control III the receiver ml1 smooth out the signal 
variations caused by the high angle lobes 

4 A transmtter debvermg 100 watts of pomr to a crossed dipole antenna 
erected 50 to 90 feet above ground level ml1 provide sufflcisnt signal at 30 1~133 
and 1,000 feet altitude so that service nay be rendered to all types of axcraft even 
though there may be high inherent noise levels 

5 On the baa13 of a receiver selectimty comparable to the RUH receiver, 
the follomng frequency separations between statvans ~111 be sufficient 

Stations Separated Frequency Separatvan 

o to 60 rmles 200 kilocycles 
60 to 200 fl 100 1' 

209 to 500 n . 15 " 
500 and greater 0 '1 
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Figure 1. Transmitter - Front View. Figure 2. 1‘r;lnsmittcr - Rear View. 



F,gure 3 Block Dmgram of TUD T ransnntter (130 3 .Megacycles) 

0 10 20 30 40 50 60 70 

CRYSTAL HOLDER TEMPERATURE IN DEGREES CENTIGRADE 

Figure 4 Crystal Frequencv YS Holder Temperature wrth Transrmtter 
Operahng at Full Output 
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Figure 5. Speech Amplifier. 

Figure 6. Transmitting Antenna. 



F,gure 8 Antenna Field Patterns Taken on Ground 
at 100 Feet D,stmce 
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Figure 11. Installation of Receiver and Test Equipment in Airplane NC-80. 

Figure 12. Receiver and Remote Control Unit. 



Figure 13. Receiver - Front View. 

Figure 14. Receiving Loop Antenna on Airplane NC-80. 
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Figure 17 Block Dlagrm of Recewer 
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Fqure 29 Phdadelph,a Momtoi Installation 



Figure 26. Floyd Bennett Transmitting Antenna Installation. 

Figure 27. LaGuardia Transmitting Antenna Installation. 
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Figure 29. Philadelphia Monitor Installation. 
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Figure 32. Map of Area Covered in Flight Tests. 
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E1gure 44 Recaver Output vs D,srance and Altmde of Phdadelphm 
S,gnal Frequenq 130 3 Megeocles, Power 100 Watts 
and Recaver on Autommc Volume Control 

F,gure 45 Receiver Output vs D,stance of Floyd Bennett Signal 
Frequency 130 4 Megacycles, Power 100 Watts and 
Recerver on Automatic Volume Control 
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Fagwe 48 Recardmg of Floyd Bennett Tone on Fbght from hfataawm, 
N J to Crass Bay, Boulevard, L I 

F,gure 49 Floyd Bennett Observed Field vs Angle to Amplane 









39 





w
 

I t I ̂ 

f 



T c c c L t n 

IIIII 
I 

IIIII 
I 



-10 
/’ / 

c- / . 





45 



46 



I iii/i 
i 

i 
I 

‘sf 
1.!1!!!4 

~ ! 





TIME 
Figure 67 Recordmg of IaGuardm Tone at 2,000 Feet Ahtude With IaGuardm and Floyd 

Bennett Statmns Operating Sxnultaneously on 130 3 Megacycles (IS 7 Khcycles 
Separatmn) Recewer on Automatic Volume Control 
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Figure 69 Indrcated Verucal Recenq Charactensrx of z&plane NC-80 at 130 3 Megacycles 


