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ULTRA-HIGH-FREQUENCY AIRPORT TRAFFIC CONTROL

SUMMARY

In this report are presented the results of an imestigation conducted on
grouna~to-arrceraft transmilssion for airport traffic control services employing ultra-
high fregquencies in the oand 129 to 132 megacycles A previcus investigation made in
thi1s same field has established definitely the desirability of using ultra-high fre-
quencies for this service nowever, only a slngle transmatting station was used in
the previous investzgation end 1t was considered desirable to make an additional in-
vestigation using several stations incorporating new improvements which rave been
discovered i1n the ultra-high-freguercy radio art  Accordingly, comolate transmitting
stations were installed at LaGuardia and Floyd Bennett airports in New York City and
at Municipal Airpert in Philadelphia  The ground staticns and aircraft equipment are
aescribed herein and the results of the flight tests discussed

As a result of this investigation, 1t 13 concluded that adoption of ultra—
high frequencises for airport traffic control services in tre manner described is
practical and desirable and w11l provade performance which 1s superior te that of thre
present low-frequency services

TNTRCDCUCTION

A dependable voice communication system between airport traffic control towers
and aircralt 1s essential to the success of mecaern air transportation servace  Defil-
mte contact at all times for & minmimum radius of 30 males irom the airport is con-
sidered a rsquisite At the present time, with few exceptions, the low frequency of
278 Hlocycles 1s used for this service at airports having traffic control services
Since this low-frecuency asgignment necessitates a low power transmission as a rneans
of minimizing interference between adjacent airports, with consequent sericus effects
cf atmospheric disturbances cn the services, 1t produces a very small dependable
service area

In the early part of 1937, an investigation was conducted for the purpose of
determining whether ultra-high frequencies could be utilized satisfactorily for thas
service 1 This investigation was made using a single trarsmtting station operating
at 125 megacycles which proved conclusively that the use of ultra-high frequercies
for this purpose woula give superlor performance to the 278-x1locycle ifransmission
Based upcn results of the 1937 investigatior, the Civail Aeronauntics Administration
recommended that ultra-high frequencies be adeopted for airport traffic contrcl  Ac-
cordingly, the Federal Commumications Commission mace availlable several channels in
the 129-132 negacycle band and specified that after January 1, 1941, all airport
radic stations would have to proviee ultra-high-freguency facilities 1n addation <o
278 kilocyeles, which would continue in use during a reasonable peried of transition

¥ E Jackson ard 4 C Hromada, "Report on 125-Megacycle Airport
Traffic Control Tests at Indianapolis,” Cilval Aeronautiecs Authorlty, Techniecal
Develorment Report No 2, January 1938
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Since only one station had been used in the 1937 investigation, 1t was con-
sidered advisable to conduct ancther series of taests using three stations located at
various distances from each cother, employing various frequency separations, and in-
corporating in the equipment design all 1mportant imorovements which had subsequently
been developed

In order to comduct these tests three sets of transmitting equipment, three
transmititing antennas, and 91x aircraft receivers conferming toc Civll Aercnautics
Admimstration Specifications CAA-11, CAA-254, and CAA-13, respectively, were cbtained
from the Radlo Receptor Company One set of transmitting equipment was i1nstalled at
eact of the fellowing ailrports. LaGuardia and Floyd Bennett Adrports in New York
City, and the Mumclpal Alrport at Philadelrhia  One receiver was installed in the
Civil Aeronantics Administration Stinson airplane NC-80, whieh was used for flaight
tests  Another receiver was installed in the Adminilstration's Boeing alrplane hkC-11,
which was used for demonstration flights These tests were completed, and in the
fall of 1940 the three-statlion experimental system was demonstrated to the Taaio
Technical Committee for Aeronautlics Followang the demonstration, the FCC anplified
1ts roles teo accomrodate a comprehensive national aystem of airport stations speci-
fying standardized operating channels, and a definite schedule governing establishment
of service on ultra-high frequencies at varlous categories of airports

It 1s the purpose of this report tc describe the equipment used and Yo discuss
the test results obtained

GROUND EQUIPMENT
Transmitter

The transmitter 1s crystal-controlled and 15 capable of delivering 100 wattis
of power to the antenna at any frequency between 129 and 132 megacycles The crystal
unlt 1s provided with a thermcstatically controlled hLeater and operates at a funda-
mental frequency which is one twenty-fourth of the transmitiing frequency A type
807 tube 15 veed as a fundamental crystal ¢scillator end frequency quadrupler Thas
is followed in the buffer emplifier stage by another type BO7 tube which 1s used as
a frequency doubler Fellowing thia, the first intermediate power amplifier stage
uses a type 357G tube cperating as a neutralized fundamental amplifier The second
intermediate power arplifler stage uses two type 35TG tubes 1n a push-pull tripler
circuit The power amplifier 1s a fundamental Glass C push-pull amplifier using
two type 75T tubes The output atage operates Intc an adjustable coupling circuit
which connects to a balanced 2-wire transmissicn line having an impedance of 140
olims

The power amplafaer 1ls plate-modulated by a push-pull audio amplifier using
type 805 tubes A low level audlo-amplifier stage and a push-pull audlo-driver
stage precede the modulator The audio amplafier 1s provided with an adjustable
600-ohm "LY pad The range of adjustment 1s such that input levels from plus 15
decibels to marus 15 decibels may be used Throee rectifiers are used in the trans-
mitter to supply the necessary plate and bias voltages Circuit breaker switches
and overload relays are used instead of fuses A swlch 1s provided on the control
panel for reducing the voltage of the high-voltage rectifier to 70 7 percent,
thereby reducing the radio-frequency power ocutput to 50 percent  An automatic
voltage regulator, rated at 1,600 watts 1s used to compensate for llne voltage
fluctuations in the 115-volt, &0-cycle power supply.

A monitor meter 18 rrovaded on the transmitter for indacating both the
percentage modulation and the amplitude of the radio-frequency carrier at the
input terminals of the transmission line

Figures 1 and 2, are photographs of the transmitter Figure 3 15 a block
diagram of the transmitter



Transmitting Antenna

The antenra radiates a horizentally polarized signal having an essentially
circular field pattern i1n the horizontal plane It comsists of twe crossed "folded®
dipeles arranged to provide currents in pnase gquadrature and 1s commonly known as a
"turnstile" type antenna  One cipole i1s made shorter than one-half wavelength and the
other longer than one-ralf wavelengtn in oraer to obtain a 90° phase shift between the
two cipoles The shorter umit 15 capacitive and draws current that 15 leading the
feeder voltage by 45° The lcnger umt 15 inductive and draws current that lags the
feeder voltage by 45° A sleeve type construction at the folded section of the dipcles
provades for the adjustment of their lengths to vary tre shape of the field pattern
An ainductance coi1l having low loss characteristics 1s connected acrosa the end of the
matchirg section to tune out the stray shunt capacity of the feed trrough insulators
The i1mpedance of tre diocles comnnected n parallel 1s approximately 300 chrs A
quarter-wave transmission line section of 205 ohms impedance 1s used to match the anp-
tenna to the 140-chm 2-wire transmisaion line Tre antenna assembly 1s mounted on a
3-inch diameter galvanized steel pipe which 15 18 feet leong and 1s provided with a
mounting and stesl sraces Fipure 6 1s a photograph of the antenna

Speech Arplifier

The speecr amplifier opsrates between the microphone and the transmitter and
18 capable of provicing an cutput of zerc level when the input level 1s minmus £0 deci-
bels The amplifier uses two stages of amplification and 1s provided with a gain
control and an overload magnetic type circult breaxer Figure 5 15 a photograph of
tre imit

Mocrophcne and Mommtor Umit

The microphene 18 a Western Electric induction type No 632 and 1s mounted on
a stard having a conlrel switen  The memitor unit 1s aesigned for mounting near the
cperateor's position anc 15 provided with a menitor meter and two pilot lamps The re-
mote moniter meter connects 1n parallel witn the moritor meter on the transmitter
The twe palet lamps cennect 1n parallel waith the fllament ana plate indicaling lamps
or the transmitter

Factory Tests

Complete tests were conducted on all equapment prior teo 1ts irstallation at
the airports A general summation of the important electrical characteristics which
resulted from these teats 15 shown in figures 4, 7, 8, 9, and 10

ATECRAFT EQUIFMENT

Trne alrcraft ecuipment used in the tests consisted of a type RUF aircraft re-
celver, a l25-megacycle horizeontal loop type receivang antenna, a 3-channel filter-
control unit having a full-wave copper coxide rectifier unit, znd an Esterline-Angus
type AW 5-milliampere recorder Fl_ght tests were made 1n the Cival Aercnautics
Administration’s Stinscon zirnlane NC-80  Figure 11 1s a photograph of the instal-
lataion i1n the plane

Type RUH Aircraft Recelver

The receiver uses a triple detector ("double superheterodyne") circuit and
15 provided with manusl tuning on two frequency bands, 60-56 megacyclas ana 123-132
megacycles Crystal-controlled recepticn i1s provided at any two spot frequenciea
in the higher frequency band, and 1n this case crystals were supplied for reception
at 1235 and 130 3 megacycles The receiver 1s designed for the general application
of both veice and radic range reception and 1s equipped with switches and controls
for these services  All controls are lgcated on a remcte control unmit designed for
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mounting near the instrument panel A4 total of 17 tubes i1s used, including the rec-
tifier Figures 12, 13, 15 and 16, are photographs of the receiver and remote
control unmit, and figure 17 1s a block diagram of the receiver The perfcrmance

characteristics for 123-132 megacycle operation are shown in figures 18 to 25, inclu-
s1ve

Adrplane Antenna

A standard 125-megacyele horizontal loop-type antenna? was used for receiving
all signals during the tests The antenne was tuned to 130 3 megacycles for all
tests Figure 14 1s a photograph of the antenna op the plane

INSTALLATION

During the installation of the equipment a% the three airports, an effort was
made to make all three installations identical This feature was found impractical,
however, because of the differences 1n buildings, available space, and existing low-
frequency equipment Sore difficulty was encountered in provading parallel operation
of the equipment with the existing low-freguency equipment, and each installation was
found to require a different circuit arrargement The antennas were mounted on the
roofs of the buildings at the most practicable locations to give clear areas for the
radiated fields The heights of the antennas above ground at the Floyd Bennett,
laGuardia, and Philadelphia airports, respectively, are 73 fest, B2 feet, and 46 feet
Figures 26, 27, and 28 are photographs of the three antenna installations  Figures
29, 30, and 31 are photographs of the Fhiladelphia transmitter, antenna, and centrol
tower installations

TEST PROCEDURE ARD NEASURING EQUIPKENT

The phenomena particularly ooserved were iransmitting and receivang field
patterns, interfersence at various carrier Irequenciesa, preopagation, and service range
at various altitudes Since the operation of airport traffic control lransmtting
equrpment 15 normally for intermttent veoice transmission, 1t was necessary to pro-
vide a different metbod of operatior in order that measurements of thle transmtting
craracteristics could be made To accomplish tris, each transmitter was provaded
wit+ an audio oscillator and arranged for continuous cperation  The fregquencies of
the three tone signals were widely separated as a mears of simplifying the measuring
eguiprent in the airplane The frequencies selected were  for the FPhilladelphia
station, 460 cycles, for the Floyd Bemnett station, 1020 cycles, and for the
Laluardia station, 4300 cycles  The tone signals 1in all cases were adjusted to give
approximately 90 percent modulation of the radio-frequency carrier 4 few tests
were also made using volce transmlssion  Provision was made for changes in the
transmitting frequencies by means of several plug-in type crystal units For the
tests requiraing voice signals, a recording of apeech was made which provaded a
continuous voice transmission of nearly two hours A1l {light tests were made 1in
tre Adminmistration's Stanson airplane NC-80 Figure 32 1s & nap of the area
covered in the flight tests,

The installation of the receiver, the recorder, znd the filter—control unit
in tne airplane is shown in figure 11  The remote contrecl unit for the receiver
was mounted on the right side of the co-pilot's seat  The cathode circuit of the
farst intermediate-fregquency amplifier and the output circuit of the receiver were
eacr connected to the filter-control unit  The former circuit 1s controlled by the

ZAndrew Alford and A G Kandoian, "Ultra-High-Frequency Locp Anternas,™
Trans A I E E , January 1940



automatic velume control action of the receiver and was used for Indleatlng relative
field strengths of the received signals. This intermediate-frequency current could
either be reccrded on the recorder or cbserved on the milliammeter which was mounted
on the filter-contrel panel A callbration of the intermediate-frequency current
versus microvolts input was made prier to the fileld testing The milliammeter waa
also used as a voltmeter for measuring the battery veoltage to the receiver  Three
band-pags filters, tcgether with several selector switches, jacks, and level controls,
were provaded 1n tte filter-control unit and so cconnected that 1t wms made possible
to monltor or record the received tone signals elther together or separately, as
deaired Separate attenuation controls were provided in each fllter carcuit for ad-
Juating the recording or headphone levels A block diagram of the filter—control
unit 1s shewn in figure 33 The characteristics of the copper oxide rectifier are
shown 1n figure 34

FLIGHT TEST RESULTS

Receiving Antenna Characteristic

It was necessary tc determine the horizontal pattern of the receivang an-
temna on the airplane befere proceedlng with the measurement of the tramnsmitting
patlterna This characteristic was derived from recordings made during several flights
at points lecated 20 to 25 miles from the Floyd Bennett station and at altitudes
between 1,000 and 2,000 feet  The receiver volume control was on manual position
for these tests and the transmitier was modulated with a 1020-cycle tone signal

Figure 35 shows the receiving antenna pattern obtained when the airplane was
1in level flight over a fixed point at various headings and constant altitude Also
shown 1n this figure zre the results of recordings made during left- and right-hand
turns with wings leveled

Figure 3% shows the plot of a recording made during left- and right-hand
turna 1n & 40° bank  Figure 37 shows the antemna patterns during a left— and a
right-hand turn with the wings banked 15°.

The pattern obtained in level flight over a fixed point ls consldered to be
correct for this condition  All other patterns are subject to error mainly because
of the unavoidable change in position when the airplane 1s flying a cirele. It w111
be seen that for the pattern obtained over a fixed point the front and rear of the
alrplane show legss than a 1 5-1 variation for mere than a 45° section at both front
and rear

It wvill be seen from flgure 36 that the recelving pattern in the vertical
plane of the airplane will have a large variation It was not possible teo obtain a
measurement of the vertical characteristics during the testing of this equipment
An 1ndicated pattern in the vertical plane, however, will be shown later in this
report

Transmitting Horizontal Field Pattern

No accurate measurements were rade of the transmitting horisontal field
patterns Heowever, ths result of a recording made on a flight around the Floyd
Bennett station at a 5-mile radius and 2,000 feet altituce 15 shown 1n figure 38
The field wversus distance curves in figures 51 and 52 show thal tle pattern of
figure 38 15 subject to considerable variation because of the rapad change in the
field strength due to varylng apparent heights of the antenna at various azimuth
positions Figure 39 shows the results of a reccording of the LaGuardia station
Thia pattern 1s likewise subject to large variaticns  Figure 40 shows the results
of recordings made durlng identical flights before and after tle transmltting an-
tenna hea been rotated 45°



Propagation and Service Range

Flight tests were made to determins the relative field strength of the
Philadelphia and Floyd Bennett stations on a course between the two stations at an
altitude of 2,000 feet  Figure 41 shows the result of this measurement The auto-
matic volume control current of the receiver indicated the relative field strength
The same method of measuring was used to obtain the data 1llustrated in figure 42,
which shows the change in relative field strength of the Floyd Bennelt station with
change 1n altitude  This observation was made during a test flight over Bay Shore,
LI

Figure 43 shows the change i1n receiver output signal of the Philadelphia
station with change in altitude as recorded during a flight test over the Floyd Benrett
alrport The receiver volume was controlled manually during this test It 1s interes-
ting toc note that the slopes of the curves of figures 42 and 43 are practically the
same

Figure 44 shows the result of recordings of the Philadelphia tone signal be-
tween Philadeiphia and New York City at altaitudes of 2,000 end 2,000 feet  Automatic
volume control was used i1n the receiver for this test Figure 45 shows the result of
a similar recording of the Floyd Bennett signal between Philedelphis and Hew York
City at an altitude of 2,000 feet

Figures 46 and 47 show the result of recerdings made of signals from the Floyd
Bennett station with the transmitter operating at 33 and 100 watts output The flight
was made from the Floyd Bemmett aarport to Center Moricrtes, L. I , at an altitude of
1,000 feet  For this test, recordings were made alternately cf the tone signal from
tre output of the 1020-cycle filter and of the tone signal plus noise to the input of
the filter The receiver was operated waith automatiec volume contrel for this test

Flight tests were conducted at each of the three atatiens with veice signals
being transmitted For these tests, the transrutters were modulated with recorded
voice signalg and the receiver was operated with autcomatic volume control  The
flignts were made on a 30-mile radlus at an altitude of 1,000 feet  Clear, intel-
ligible reception was obtained at all points at this radiua and altatude  As will
be seen from a survey of the curves of figures 43 to A7, reception at gresater dis-
tances 1s obtainable

Faeld Versus Distance Curves

Field versus distance curves were obtained from recordings made during flights
acrogs each station at a constant altitude  Figure AB shows a copy of a portion of
an actual recording of signals from the Floyd Bennett statlon durlng a flight test in
a gouthwast teo northeast direction at a constant zltitude of 2,000 feet with the
receiver volume controlled manually  Figures 49, 50, and 51 are plotted curves of
this recording Thess curves are the resultant of the statien's vertical field cha-
racteristics and the airplane's nose-to-tail vertical receiving characteristics
Figures 52 and 53 are curves obtained from a recording of signals from the Floyd
Bennett station  This fligrt teat was made 1n a north to south directlon at an
altitude of 2,000 feet Figure 54 is a field versus distance curve of the Floyd Ben-
nett station obtained from a recording made on a flight from a northwest to southeast
direction at an altitude of 2,000 feet Figure 55 1s a curve of the Floyd Bennett
station obtelned from a recording made during a flight from east to west at an altl-
tude of 1,000 feet  Figures 56 and 57 are field versus distance curves of trans-
mssions from the Philadelphia and laGuardra statlons, respectlvely, obtained from
recordings made at an altitude of 2,000 feet Figure 58 shows curves of the outer
maximum and minimum areas of the Floyd Bennett and Philadelphia stations obtained
from recordings made at an altitude of 2,000 fest.

Interference Pattorns

Interference patterns were obtained from recordings made during flights on
a radial across two stations at constant altltude The receliver was tuned to elither



statlon and operated with automatic volume control during these tests  The tone sig-
nals from the output of the band-pass filtera were recorded The transmitters were
operated at 100 watts ocutput To assist in the interpretation of the recorded inter-
ference patterns, the field versus distance curves of the Floyd Bennett and LaGuardia
stations are shown on faigures 594 ana 59B, respectively These recordings were mads
at 2,000 feet altitude with the receiver velume contreolled manually and cnly one
station operating during each recording Figures 5GC and 59D ars recordings of tre
Floyd Bennett and LaCuardia tones, respectively, which were made at 2,000 feel altl-
tude with both stations operating simultanecously at a frequency separation of 14 7
kilocycles The distance between the two stations 13 approxamately 13 miles The
Floyd Benrnett crystal frequency was adjustea so that tre carrier beat ncte ‘was above
audibility The measured frequencles of the two signals were  LaGuardia 130 2979
meggeycles, and Floyd Bennett, 130 3146 megacycles Figure 59E 15 a recording cf the
La Guardia tone made at an altitude of 5,60C feet with both stations cperating simul-
taneously at a frequency separation of 16 7 kilocycles It w111 be seen from these
recordings that the relatlve field strength of the tweo stations at any one peint
determine the amplitude of the recorded tone  Figures 604 and &0B are recordings of
the LaGuardiz and Floyd Bennett tones, respesctively, made at 2,000 feet altatude with
both stations operating simultanecusly at a frequency separation of 100 klocycles
The receiver was tuned teo 130 3 wmegacycles and was cperating with autcmatic volume
control Figure &0C 15 a recording made under the ssme conditions as the 505 re-
cording except that the LaGuardia staticn was turned off  Under the latter conaition,
tle receiver was operating at maximum sensitivity, and as a result, a relatively
strong signal was recorded Figure 60D 15 a recording made under tne same conditions
as 60C except that tre frequency separation was 200 kilocycles This recording
shows a small interference area i1n the i1mrediate viclnity of the Floyd Bennett
station Figure 0B 1s a recording of the LaCuardia tone made at 2,000 feet alti-
tude with both stations operating sim:ltanecusly at a frequency separation of 300
kilocycles  Figure 61A 15 2 recoraing of the LaGuardia and Philadelphia tones made
at 2,000 feet altitude at a frequency separation of 16 7 kilocycles  The distance
between the two stations is approximetely 95 miles Figure E1B 1is a recording made
under conditicns similar to those for figure O1A except that tre altitude was 5,000
to 8,000 feet and the directlon of flight was reversed A4 comparison of these two
recordings shows the crogs—over rate of the two tones to decrease wath increase 1n
altitude and the interference areas to increase with increase 1n altitude Figure
£0C 15 a recording of the Philadelphia and Floyd Benrett tones made at 5,000 to

8,000 feet altitude at a frequency separation of 100 kilocycles In this test the
recelver was tuned alternatel}y to each station and was operating on autcmatic —clume
control  The distance beiween the two stations 1s approxamately 86 miles

Miscellaneous Flight Tests

Figure 62 18 a recording of the LaGuardia tone mads at 2,000 feet altitude
whxle the airplane was circling the LaGuardia station st a radius of 7 miles  TFor
thas test, only the laCuardia station was cperating and the recelver was on auto-
matic velume centrol

Figure 63 15 a recording of the Floyd Bennett tone made at 2,000 feet alti-
tude when the airplane was flying from the Floyd Bennett mirport to Englishtown,
N J , a distance of 33 miles The receiver was operating on auvbcmatic volume
control for this test

Figure 64 15 a recording of the Floyd Bennett tone obtained at 1,400 feet
altitude on a flight up the west side of the Hudsen Raver  For thas test, only the
Floyd Bennett station was operating and the receiver volume was controlled manually

Followlng the completion of tests on the three stations, the ultra-high-—
frequency equipment was arranged for parallel operation with the low—{reguency
transmitting equipment at the three airports The frequencies of the ultra-high-
frequency and the lgw-frequency equipment were, respectively, for laGuardia Airport,
130 3 megacycles and 362 krlecycles, for Floyd Bennett Airport, 129 78 megacycles
and 278 kilocycles, and for the Fhiladelphia farport, 131 42 megacycles and 278
kilocycles  Several fllghts were made 1n alrplane NC-80 at various directions and



altitudes 1n order to compare the reception of the transmission from each airport when
operating under actual service conditions A standard commerciel type aircraft re-
ceiver was usec for receiving the low-frequency transmissicens It was found, however,
that because of the 11gn noise pick-up causea mainly by the airplane's 1gnition system,
reception of the lew—frequency transmissior was limited to & dlatance of approxarately
30 miles The results of the ultra-high-freguency transmissicn are shown in the fol-
lowing tabulaticon

Floyd Bennett - 129 78 Megacycles

Bay Shore, L I 35 mles 1,000 £t altitude excellent
Islip, L I 37 miles Ir o n excellent
Patchogue, L I 48 miles u n " last usable
Terryville, L I 48 miles n n n fair
Brentwood, L I 36 mles n n " excellent
New Crunswicek, N J 32 miles n n " excellent
Hew Brunswiceg, N J 32 miles 600 °t  altitude fair

Rocky Point, L I 54 miles 1,000 =# " Just audible

Norwalk, Conn 4 miles 500 n . Just audible

LaGuardie - 130 3 Megacycles

New Brunswick, N J 37 ni1les 1,000 £+ altitude excellent
New Brunswick, N J 37 miles o0 o " last usable
Islip, L I 35 miles 1,000 ° . last usable
Terryville, L 1 44 mles 1,000 ® n fair

Rocky Point, L I 50 miles 1,000 » " Just audible
Norwalk, Conn 35 mles 500 " m faar

Philadelptia - 131 42 Megacycles
Over Flaoyd Bennett g6 miles 4,500 Tt altitude fair

in recognition of the great interest shownm 1n this investigation by private,
municipal, and Goverrment groups, the Civil Aeronautiecs Administration arranged and
rave a demonatration of the complete system cperating under ectual servaice conditions
The demonstration was made at the LaCuard-a Airport during the pericd of November 12
to 16, 1940  Among tre groups which witnessed the demonstration were ailrport managers
anc operators, and Army, Navy, Coast Cuard, and Federal Communications Commission per—
sonnel All demonstration flights were made 1n the Admnistration's Poeing 247-D
airplane, which was equipped to recelve bolh low-frequency and ultra-high-frequency
transmissions Each passenger's seat was provided with headphones and a switch to
select elther transmission  Flights were mace from the Laluardia airport ‘o a point
near FPhiladelphia and return  Although the aemonstration was definitely a success and
confirmed the results obtained during the flaght testing, unfortunately i1t did not
bring out one of the most i1mpertant advantages to be realizea by the use of ultra-
high frequencies, which is nearly complete elimination of static interference caused
By thunderstorms and other atmospheric disturbances The low-frequency radio recep-
tion was exceptionally good during the deronstration period

DISCUSSION OF FLIGHT TESTS

At the outset of this project 1t was realized that, because of the inherent
propagation characteristics of ultra-high frequencies, the transmitting antennas
should be located as high as practicable above the ground level 1f long—aistance
transmssion at low altitudes was to be achieved Thus, 1n the case of the Floyd
Bennett antenna, located 73 feet above the ground level, the maximum optical path at
an altitude of 1,000 feet 15 approximately 48 miles, whereas under the same condi-
tions except waith the transmitting antenna at ground level, the maxamum optical path
15 approximately 38 miles.



The use of highly elevated transmittiry antennas in ultra-high-freguency
transm-ssion Tesults in arotrer inherent characteristic becorcng an important factor
Thos characteristic appears in the form of looes maving marimum and minimum points o
the transmitted vertical field pattern These poilnis are commonlv known as "peaks"
and "nulls " The tteory of tnils phenomencn has been thorcughly covered in several
published articles on the subject of ultra-bigt-frequency propacatron and only a or-ef
explanatior of 1t will be giver here

It nas been shown ‘rat the field from a transmitting antenna &t a pecaint i1n
space, not beyona line of sigrt, may be considered to be aue Lo the corbinaticn of a
direct and a reflected ray Tve path difference of the two rays devermines the numbe:
and location of the peaks and nulls in the transm-tted fielec and 1c properticnal to
the height of the transmitting antenra above ground T-e amplitude ol the weals and
nulls 1s determined oy the coeliicient of reflectiior of the reflecting medaum  The
coefflcient of reflectior ¥ s 1n general a complex guantity, the value of which 1s
determined ty the conductivity,o , the cielectric constant, € , of ire reflecting
medzum, and the angle of i1rcidence of the reflected ray  Zor horiacntal pelarizat-on
and the same reflectine medium the reflection ceefficiert incrcases with the decrease
in the angle of inciderce and approaches a value of unity at graz-ng incidence As
a result, for a perfectily reflecting mediin t-e rellecticn coefficient can theoret.—
cally affect the transmitted field at points in space to the ex.e-t Llhat the nmull
points will approach a value cf zero and tle wveak ocints a value ol twice the direct
ray It w11l ce reazlizea that the occurrerce cof such a condition would be ver un—
desirable A survey of the field versus distance curves of Zipures 50 to 57, in-
clusive, shows that several fairly deep —a.l points were recorded and i1ndicates a
good reflecting medium at these points The curves of fizure 54 were obtaincd lrom
recocrdings where a special effort was rade to cbtain acouratc measurements of tae
cutermost nnll and weal points The i1ndiceted reflection ceoefficients ranged as
high as 0 97  Although undesiracle, this conditzon can easily be compe-sated Tor
byr a suitable receiver having autoratic velume conirol featurcs Ae w111 be obsered
fron tre recording of figure 63, the maximum decrease 1n recelrer output 18 slighbly
greater than é decibels s-en transTtissions are recerved cier szlt water wilh the
recerver operazling on aucomatic - clume control

The recorains of fi,ure 52 shows that tie receivec sivmal {liclualcc ~ors
rapidiy in the vicirity of lhe Goorge Washins-on oridge and near Hidsen Heaghts
Tre shzrpness and wriforrity of cccurrence indicate that very =trong reflectec
gignals were being receivec from bridges or high buillinrs al. cse peintc

The field wersus distecnce cirvers cbtainec during fl-ghts or the norsth side
of the Floyd Bernett stelion, figures 57, 52, anc 55, indicase a close ap[roact to
the theoretzcal patiern ol an antenna locazea in irse space I'he anlenna at thas
station aas Located on tor of Eles cortrol tower within a few feet of tle north s_dr
of the buildinz  Figure 25 15 the trecrevical field sersis distznce clrve of t _s
station, assuming the antenna to ce _~ “ree space and based on the ground cond-t_cns
ag aind catea [t will be seen that the lecus ot the pear points fer a reflection
coeff. ciert of unity varies 2nversely as the austance to Zne a tenna

For the sttenunat.on bercnd the outermost peak “ne rate cof decrease " -igld
slreneta reyialy lecomes proportionzl to the scuare ~{ “he aistance or -reater
Tris fact 15 confiiLored 17 L1gures 5C ana 55 Tae close apreenent Lotwech the posi-
ticn of thecretical ard neasured pealks ana mi’s shculd Le noted

The t.pe nI' f1eld versus distance curve oblainea at tne Za%iarcia statlon
15 belie.ea to be die enlirely to tre fact that the Luwilding acts a= a hichls
elevated co nterpolse The antenra .s located directls over av air—conditioning
recol whoct —e corprisea larcel r of sreet metal air wucts Tne thecretical {_eld
versi o distance cowrve of bhis sta or, assuring =n antsnna 1n free space, s sim.-
lar Lo tlat shown 171 figure o5, cxceopl that two adeitional nulls anc trree addzticnal
peals are added with the point directly cver the antenna ha~ang & nill

The f1ele versus daistance curves of the transm tting stations indicate =c
some depree the effect of obstructions in the path of tre reflected ray and cf daf-
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ferences in the reflecting medium Figure 54 shows how bulldings in the path of the
reflected ray will affect the field The recording of figure 64 indicates the effect
of diffraction on field strength measurements The recording has notation of points
on Manhattan Island that are in direct line witr the Floyd Bemnnett station The alta—
tude was such that direct line of sight was maintained The effect of the high
building area 1s indicated by a decrease in the recelved signal, and the peslticn of
the Empire State Building is clearly shown

The determination of interference areas between atations operating simultane-
ously with various frequency separations was an important feature of the teats The
reproduced recording of figure 60D indicates that a frequency separation of 200 kailo-
cycles 15 sufficlent to gave no appreciable interference areas between the Floyd
Bennett and LaGuardia stations when a receiver havang characteristics comparable to
the type RUH receaver 1s used Similarly, the recording of figure 61C indicates
that a freguency separation of 100 kilocycles is suffaicient between the Fhiladelphila
and Floyd Bennett stations Since airport traffic control trarsmitting equipment is
operated intermittently, that 15, with carrier off when no iransmissions are being
made, the interference between stations must be considered on this basis Because
of this fact, tre interference areas between stations which are not operating on the
same frequency are determinea by the receiver's usable sensitavity, the receiver's
gelectivity, and the field strength of the interfering signal Tor stations opera-
ting on the same frequency, the factor of receiver selectivity is not considered
An approximation of the service range of a transmtting station having an antenna
70 feet high may be obtained from the chart in figure 66 The line—of-sight curve
will approxamate the limat of intelligibality, as 1s confirmed by figure 47 The
chart zlso shows the angle from the station te the aireraft for wvarious altitudes
and distances.

Figure 67 18 a copy of a portion of a reccrding cbtained with the LaGuardia
and Floyd Bennett stations cperating simultanecusly with e frequency separation of
16 7 mlocycles Figure 68 ghows the results of the analysis of this recording
The Floyd Bennett transmitted signel Epp 1s plotted for velues of Eppe and Eirp
obtained from the recording and Elg, the lLaGuardia field strength which 1s assumed
to vary as 1/dR at the distance given Tre resultant curve indicates a high valus
of reflection cecefficient for the reflecting medium acting on the Floyd Bennett
freld received at this position A change of the reflection cecefficient to a lower
value would in this case lower the peaks of tre recorded pattern Frggp and result in
a smooth curve approaching 1/d for reflection coefficient values approaching zero,
where d 19 the distance to the LaGuardia transmitter

In connection with tre receiver used in flight testing, 1t should be
pointed out that the maxamum sensitivity of the unit could not be used because of
the noise piclup, which was caused mainly by the airplane's i1gnition system It 1s
estimated that the maxamum sensitivity of the recexver could have been reducea five
to one without affecting the results of these tests

The indicated recexving pattern of the airplane NC-80 has been determined
from the theoretical field versus distance curve of the Floyd Bennett staticn,
figure 65, and the curves obtained from the recordings shown in figures 50 and 31
Figure 69 shows the indicated vertlcal receivaing pattern from nose-to-tail of alr-
plane NC-80

CONCLUSIONS

On the basis of the results obtained during the tests conducted, 1t 13
concluded that

1  An airport traffic control transmitting system greatly superior to the
present low-frequency system has been realized by the application of ultra-high
frequencies to this service
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2 A relisble service range greater than 30 miles radius at an altitude of
1,000 feet w11l be ootalned

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

4 A transmitter delavering 100 watts of power to z crossed dipole antenna
srected 50 to 90 feet above ground level will provide sufficient signal at 30 miles
and 1,000 feet altltude so that service may be rendered tc all typea of aircraft even
though there may be high inherent nolse levels

5 On the basis of a receiver seglectivaity comparable to the RUH receiver,
the followang frequency separations between stations will be sufficient

Stations Separated Freguency Separaticn
0 to 60 mles 200 kilocyeles
60 to 200 100 "
200 to 500 " r 15 n

n

50C and greater 0
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Figure 6. Transmitting Antenna.
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Installation of Receiver and Test Equipment in Airplane NC-80.

12.

Receiver and Remote Control Unit.
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Figure 15.

Receiver - Top View.
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Figure 26. Iloyd Bennett Transmitting Antenna Installation.

Figure 27. LaGuardia Transmitting Antenna Installation.
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Figure 29. Philadelphia Monitor Installation.



30. Close-Up View of Philadelphia Transmitting Antenna.

Figure 31.

Philadelphia Transmitter Installation.
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Figure 67 Recording of LaGuardia Tone at 2,000 Feet Alntude With LaGuardia and Floyd
Bennett Stations Qperating Simultaneously on 130 3 Megacycles (16 7 Kilocycles
Separation) Receiver on Automatic Volume Control
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Figure 68 Analysis of Recording of Figure 67






