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SMMARY

With a view to the sppliecetion of ultra high frequenciss to
alrport traffie control, a 125 megecycle tranapitter end =ntenna were
inatalled at the Indianapclis eirport. The sxperimentel ground station
equipment snd the receiving instellations in two eirplanes, in whiech
flight tests were conduected, are deseribed in this report.

Aa a2 result of the flight teats, it iz concluded that these
frequencies have definite anplieetion to ailrport traffie control znd
should prove much more satisfactory than 278 kilocyeles due to their
freedom from atmospheriec dimturbances and minimization of interference

from traffic control transmitters at other sirports.

INTRODUCTLON
At the Fifth Meeting of tha Radio Technical Committee for
Aeronsutics, which was held i1n Washington, D. C., on February 8, 1937,1
there was considerable diseussion reletive to airport traffie control,
partiecularly with regard t¢ the numerous ceses of interference on 278
kilocycles and the spperent inadegueey of thias frequency for earport
control work. With the thought of finding an ultimate solution of thia

problem in the use of ultra high frequencies, 1t was dscided that scme

lRefarence, ®inutes of Fifth Meeting of the Radic Technical Gommlttes
for Aeronmauties", Jashipgton, D. CG., February 8, 1937.
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sxXperiments should be oarrTied cu} immedistely to detsxaine tne useful-
nagz of the ulire high frecuencies for airpert conbrel. decordizgly,

the Bureeu of Alr Commerce velunteerecd to build and ingitall an ultra
bigh frequsnsy transmitier andéd antenna system 1z the contrel towsr of
the Indienspolis airport for a series of cooperative fiight tests by

the Bureeu, girlineg and manufaciurers over an exbended pericd of tims.
The fraguency ehopsn for these experiments waz 120 megacysles {2.4
meters Favelength), The Bell Talephona Leboratories cocpasrated by
furnighing an aireraft retoiver for use 1o the Buresu of 417 Commares
a1rplang NS=562. RCA Manufaeturing Company =lso equipped theliz Baco
a1rplane with & Fecelver foF the tests, whieh took place bevwesn ¥ay 28
apd 30, 1937, The results of these tests proved very sgratifying. Later,
further tests were carried on by a group from the War Department Aireraft
Radic Lzboratory, Wright Fleld, Deytom, Ohlo, in a Ford tri-mciored air-
plene, I% iz the purpose of this report to deseribe the equipment used
in the tezts made on May 28-30, 1937, by the personnel of the Radio De-
velopment Sestion, Bureau of 4ir Commerce, the Bell Telsphone Leboretories

and RCA Manufacturing Compeny.

EQUIFMENT
4 Type TEL, 1CO watt, crystal contrelles€ $Tanemi®Ser cspable
of baeing fully modulated by sither voiece or s 1020 cyvels vone Faz used.
The TXI transmitter was originslly designed for opsreticn cn &0 %2 €5
megacyclez, ead for the purposs ¢f these tests wes modifisd b7 the utile

izaticn of recently deoveiopsad tranemissjion line tank girsuits of khigh
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efficlency for operation at 125 megecycles at the Silver Hill Experi-
mental Radio Staticn. 4An output of 100 wetis was also obtained at
this frequency without the use of additional tubes. A4 blook schematie
of the transmitter i1s shown in figure 1. 4 photograrh of the trsna-
mitter instelled in the control tower et Indianapolis Alrport is shown
in figure 2.

The antenna consisted of a vertical copper tube approximately
one-helf wavelength long, fed by the transmitter by meens of a 3/8 inch
coarigl eable through a quarter-wave, open-wire impedance matching
transformer. The antenns and metching seotion have an oversall length
of 5 feet = 3 inchea. This wese installed on top of an iron pipe above
the airport beaeon light, about 50 feet above ground. Two viemof the
antenng aysten are shown in figures 3 and 4.

The Bell Telephons Leboratories receiver, shown by bloek dia-
gram in figure 5, wes a e¢rystel controlled superhstercdyne and was in-
gtalled in Bureau airplane N3-52, A vertical rod entenna approximately
1-1/2 feet long was erected sbove the fuselsge of the airplane.

The RCA Menufecturing Company equipped its Waco eirplane with
a crystel controlled superheterodyne receiver, shown in bloeck diagrem
figure 6. The antenna consisted of & half-wave verticel wira, suapended
from the horizontel transmitting antenna, euch thet one-half of it was
gbove the fuselage and the other half wes 1nside the fuselege. A
tvisted peir fesder was run horizontally from the cemter of the sntenna
to the receiver. The RCA instellation was squippsd with a meter, cslil-
brated to read microvolts input %o the receiver.

Both receivers used in the tests were equipped with automatie

volume control.
667



-4 =
FLIGHT TESTS
Numsrous flights were mede with both airplanes, partieularly
elong tha four courses of the Indianapolis redio renge and Girectly
ovar and in the vicinity of the antenna. During each £licht, trans-
m1sslons Were mede 11 alternate half-minute pericds using voies moda-

lation =nd the 1020 eyele tone.

The results obtained in both ships were similar, with the
exception that the sifmals vould be heard somawhat farthsr i1t the RCA
Weec than i1n N5-62, due to leag 1gnition noise end considerably lees
directivity of the receiving antenna. The antenna on NS=52 was some-
what directive, berng particularly effective over both wings and
8lichtly less to the rear. It is believed thet this directivity Easz
in the main due to reflection effects from the four foot standard
radic rangs antenna mest loceted e few feet behind the 125 megacycle
rod asntanna.

Flights in NS~62, over the trensmitting antenna and withia
a radius of ons-half mile indiceted the presence of severzl high angle
lobea 1n the field pattern. These lobes are to he expected, since the
transmitting antenne 15 a nunber of wave-lengths sbove the ground.
During all the flights the 500 watt Lorenz glide path trsusuitter (33 Me),
the Bureszu of Air Commerce glide path transmitter (91 Me), ané marker
trensmitter (75 Mc), were all in operation., At no time during the tests
wad any interference noted 1n exther of the two airplanes.

The curve of figure 7 showse the computed optical peth distance

from the traasmittsr. On this curve sheet, the cross-points mark
&8



distances and glvitudes in all direeticns from the transmitter av which
good quality speech reception was possible in WS-52, The circle-points
represent similar reception conditions in the RCA Waeo alrplans. It is
g8een from flgure 7 that good reception was obtained ir the Weeco mi
8lightly below ling=of-gight distenes from the transmitter zs indiezted
by points betwesn 45 and 62 miles distanee., Due to the high ignition
noige in NS=62, higher altitudes wers negessary a% the same distances.

Several deys previous to these tests, the 15 wa%t, 278 kilo-
eycle airport control tranemitter and high frequency receivers wers iR-
stelled in the control tower, which made it possible to obvein a direect
comparizon between 278 kllocycles =and 125 megacycles during the flights,
Undar normel conditions of statiec, the 278 kiloeycle signels could be
heard up to about 15 miles with gocd i1ntelligibility, whereas the 120
megacyclea could be heard with excellent strength up to 45 miles at
1000 feest altitude or higher.

0n Mey 29, 1937, a flight was made in NS-62 on the Terre Hauts
leg of the Indiasngpolis radic range under severs static conditions. Tha
278 kilosyels airport coantrol signelas were satlsfactory for 2 to 3 miles
from the mirport, and beegne unintelligzible at 10 miles distance, DBeyord
15 miles, it was impossible to detect the presence of any 278 kilocycle
tranzaisaions#., The radio rangs, which hes an output of 1000 wetts, could
be followed cut to 15 miless distance, when course signals bhecams obliter-
ated by stetie. The 125 megacyels volee slgnals were received with ab-

golute clerity, free from any statiec disturbances to Putnamville, Indimns,
&5/
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a digtance of 42 miles, at 2000 feet altitude. The flight was not
axtended beyond this point due to a very heavy thunder storm.

One flicht was made i1n the Wace at = constant sltivude of
1000 feet, toward Richmond, Indiasna. Readings of signal input to
the receiver were made &t various distances from the trenamitier.
The results of thie test are shown in figure 8. Very geod guality
gpsach could be received down to 100 microvolts r1mnut to the recsiwver,
gorreaponding to about 45 miles distance at 1000 feet eltituds. This
ssme Ilnput was received at 62 miles by inecreasing altitude to 18500
feet. However, intelligible speech through considerasble ignition
nolse eould be receirved st the same distance at 1000 feet altitude.

The computed optiecal path altitude for 62 miles ie approximetely 1900

fTest.

RESULTS

The r=sults obtained in the flight tests on 125 megacycles
at Indienepolis 1ndieaste that frequencies in this neighborhood are
vary suitable for sirport traffic control, and should provide a much
hetter service than 278 kilocycles. Of greatest importance 1s their
freedom from atmoepherie disturbances, particularly under bed weathar
conditions when the 278 kilocycle frequency fails. This was amply
damonstrated in the flight to Terre Haute during a storm, when the
266 kilocyecle signals from a 1000 watt radio rangs transmitter angé the
278 Innlocycle si1gnals from the 15 watt traffic control transmitier
wore both obliterated at less than 15 miles from the amirport, whersas
the 120 megacyecle si1gnals of the 100 watt transmitter were clear up to

42 miles at 2000 feet altitude.
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The result=s of the constant asliitudse flighd shoF that mith
the equipment used i1n these tests good volce guslity regeption mey
be cbtained within or slightly beyond opitieal path distences up o
eltitudes of sebout 1000 feet. At higher altitudes, rndications zre
that good reception can be obteined considersbly beyond tha cptiszl
distance. Tha limiting factor in these cbeervations was the igaisleon
neolse dugs to imperfect shlelding, which permitted zood woiea Tecepiian
down to about 100 microvolis input to the receiver in ths ease of the

Waco installation, and scmewhat less in the c¢ase of the NS=-62 instzl-

lation.

GONCLUSIONS
It is conecluded that:

(1) TFurther flight tests should be made by the Buressu, psriicular-
1y undsr heavy raein atatle eonditions.

{2) Attention should be directed toward the improvemeny of aiz—
¢raft antennes snd receiver instelletione to eliminate antenma dirase~
tivity and reduce ignition nolses to a minimum. Indieztions ars thad
the shielding and bonding requirementa of apparatus in airplianes af
ultra high fraquenciea 12 of somewhet greater 1mportance than =% low
frequencies, but no great difficulty with ignition ncise is enticipeted.

(3) The Bureau should consider tzking steps to encourags tne use
of frequenecies 1n the band 129-132 megacycles for airport traffic com-
trel and discourage the further uee of 278 kilocycles for thisz service.
Dus to the propagetion charaeieristics of the ultra high frequenciss,
the interference problem between ground stations et vsrious airportes

should be minimized, since it is known that these frequencies are not
&5/



reflected from the Heaviside layer, and follow an essentially optical
path. Althougzh a 100 watt transmitter was used in these tests, it ie
quite probable that 25 watts will be sufficlent and shouléd materially
reduce the interference zones between asirporta. However, until suf-
ficient experience is gained at a number of airport inatsllstions,

this power should not be reduced below 100 watta.
55/
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Fig.l- Block schematic diagram of the 125 Mo. transmitter,
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Fig. 2 - The trensmitter installed in the control
tower at the Indianspolis Airport
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