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125-Megacycle Airport Traffic Control Tests at Indianapols

SUMMARY

With a view to the application of ultia-high
frequencies to airport tiaffic contiol, a 125-
megacycle iransmitter and antenna were
mnstalled at the TIndianapohs arport The
experimental ground station equipment and the
recelving mstallations m two airplanes, in whach
flight tests were conducted, are described 1 this
report

As a result of the fhight tests, 1t 15 concluded
that these frequencies have definite apphieation
Lo anpott traffic control and should prove much
more satisfactory than 278 kilocycles due to
their fieedom fiom atmospheric disturbances
and munimization of interference from traffic
control transmitters at other airports

INTRODUCTION

At the Fifth Meeting of the Radio Tedimneal
Committee for Aeronautics, which was held
Washington, ID C, on Febiunry 8, 1937)
there was considerable discussion relative to
atrport traffic control particnlaily with regmad
to the numerous cases of nterference on 278
kilocyeles and the appaient madequacy of this
frequency for anrpoit control work With the
thought of findimg an ultimate solution of this
problem 1n the use of ultra-high frequencies, 1t
was decided that some experiments should bo
cartled out immedrately to determine the useful-
ness of the ultra-high frequencies for airport
control  Accordingly, the Bureau of Air Com-
merce volunteered to build and mstall an ultra-
high-frequency transmitter and antenna system
in the control tower of the Indianapolis a1rport
for a series of cooperntive flight tests by the
Buresu, anr lmes and menufacturers over an

1 Reference Winutes of Flfth Meerlng nf the Eadio Tech
nleal Commliélee tor deronantles Washington D C  Febru
a1y 9 10137
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(1)

extended period of time  Tha frequency chosen
for these experiments was 125 megacycles (24
meters watelength)  The Bell Telephone Lab-
orgtories cooperated by furmishing an aircraft
receiver for use in the Bureau of Air Commerce
airplane NS 62 RCA Manufacturing Com-
pany also equipped their Waco airplane with a
receiver for the tests, which took place between
May 28 and 30 1937  The results of these tests
proved very gratifymg Later, further tests
were cairied on by a group from the War De-
patment Aircroft Radio Laboratory, Wright
Field, Dayton Ohio, in a Ford tri-motored a1i-
plune It 1s the purpose of this report to
desciibe the equipment used 1n the tests made
on May 28-30, 1937, by the personnel of the
Radio Development Section, Bureau of Air
Commerce, the Bell Telephone Laboratories and
RCA Manufacturing Company

EQUIPMENT

A Type TXI, 100-watt, crystal-controlled
transmutter capable of bemg fully modulated
by either voice o1 a 1020-cycle tone was used
The TXT tiansmitter was originally designed
for operation on 60 to 65 megacycles, and for
the purpose of these tests was modified by the
utilization of recently developed transmussion
line tank ciremits of high efficiency for opera-
tion at 125 megacycles at the Silver Hill Ex-
perimental Radio Station  An output of 100
watts was also obtamed at this frequency with-
out the wuse of addrtional tubes A block
schematic of the transmitter 1s shown 1n figure
1 A photograph of the transmitter installed
in the control tower at Indianepolis Aarport 1s
shown in figure 2

The antenna consisted of a vertical copper
tube approximately one-half waielength long,
fed by the transmitter by means of a d4-inch
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S Wigure Le-Rleek schematie disgram of the 125-megacyele transmitter,

antenn and matehing section have an over-all
length of 5 teet 3 inches.  This was mstalled on
top ol an iron ppe above the airport beacon
Hoht. nbout 50 feet above ground,  T'wo views
af the antenna sysfem are shown in figures 3
sl .

The Bell

shown by Dlock dingram i figure 5. was o crys-

Telephone Laboratories receiver,

tal-controlled  superheterodyne, and was in-

stalled i Dureau airplane N2 620 A verdeal

rad antenta approximately (L4
preceed nbove the Tuselage of the airplane,

The RCA
eauipped s Waco airplane with a crystal-

Teet long was
=

Manufacturing Company
controled superheterodyne recelver, shown in
block dingrmn tignre G Phe antenna consisted
af o half-wave vertienl wire, suspended from
thes borigontal framanitting antenia. such that
ane-half of it was above the tuselage, and the
ather half was inside the foselage. A twisted
pair Teeder was un bhorizontally  from the
cenfer of the antenns 1o the receiver. The
ROA installation wag equipped with a meter,
catibrated  to read microvells inpot fo the
peeriver,

Bath WEre
equipped  with antomatic voiume control,

Figure 2.--The transmitler insialled in {he control
tower al the Indiananolis Airport,
{esis

coaxial enble through o quarter-wave, open: receivers  used o {he

wire lmpedance matching transformer,  The



3—Vertical anienna installed above eontrol

fower,

Figure

FLIGHT TEST=
Nunerous fights were made wuh both abr-

o the four courses of

pranes, purtieubarly along
the Indinnapols radio range, and ihipectly over
and in the vicinity of the anfenna. During
vach thght, transmissions were made in alter-
nate half-minvie periods msing voice moduhi-
tion and the [E0-cyvele (one

The abtained  in
ik, with the esception that the <guls
could be heard =emewhat farther i the ROCA
Woeo than b N8 G20 die to fess ionition noise

el both =hip= were

and eonsiderably s divectivity of the e

veiving antenna, Phe antenng on N5-G2 was

AR

Figare 1.—{lose-op view of the antenna and matching
section.

~omoewhat directive, being particularly effective
over both wings and slightly less to the rear.
Bt is believed that this diveetivity was in the
pain due (o reflection effeds from the 4-foot
standard radio range antennn mast loeated a
fow feet behind the 125-megacyele rod antenna,

Flight< In N=3-G2, over the {ransmitting an-
tenna and within o radius of one-half mile,
indicated the presence of several high-angle
These lobes are to
b expected, siee the transimitting antenba ig
a number of wave-lenpths above the ground,
Dharing all the flighes the S0t-wati Lovenz glide
path fransmitter (3% me), the Duorean of Adr

Inbes in the fiekd pattern,
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Figure 5 —Block schematic diagram of the Bell Telephone Laboratories aircraft recenver
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BISTANCE FROM TRANSHITTER IN MILES

Figure 7—Computed optical disiance curve for various altitudes

Points indicate where speech was recerved

with good quality and sirength

Commerce glide path transmtter (91 me} and
marker fransmitler (75 me) weie all 1 opera-
tion At no time durimg the tests was am
mterference noted n etther of the two an-
planes

The curve of figure 7 shows the computed
optical path distance fiom the {ransmiiter
On this cmise ~heet, the eross-pownts mark dis-
tance~ and altitudes 1 all dnections from the
tiansmiller at which good quality speech 1ecep-
tion wus po-sible 1 NS-62  The cucle-points
1epresent similar reception conditions i the
RCA Waco auplane 1t 15 ~een from figure 7
that good 1eception was oblamed m the Waco
at slightly below line-of-sight distance from
the transmitter as indicated by points between
45 and 62 rmules distant  Due to the tugh
1gmation noise 1 NS-62 higher altitudes were
necessary at the -ame distances

Several days pievious to these tests, the 15-
watt 278-kilocycle anpoil convrol transmitie
and hiph-frequency receivers were installed m
the contiol tower, which made 1t possible to
obtain e direct comparison between 278 kilo-

cycles and 125 megacycles dulmg the fhights
U'nder normal conditions of stutic, the 278-
ilocycle s1gnals could be heazd up to about 15
miles wilh good intelligibility whereas the 125
negacycles could be heard with excellent
streugth up to 45 males ag 1,000 feel altitude or
haglher

L On Mav 29, 1037, a flight was made i NS-
62 on the Teire Haute leg of the Indianapohs
radio rnnge under severe static conditions  The
278-klacydle aurporl conliol signals were satis-
Lactory fo1 2 to 3 wales from the airport, and
hecame unmintelligible at 10 miles distance Be-
yored 15 miles, 11 was 1mpossible to detect the
presence of any 278-kilocyde t1an~missions
The radio range, which has an cutput of 1,000
watts, could be followed out to 15 miles dis-
tance when comse signals became obhiterated
Ly olalre The 125-megncycle 1owe signals
were 1ecetved with absolute clarsly, free from
any statie dhefurbances to Putnamville, Ind . a
distance of 42 mles, al 2,000 feet altitude The
flight was not extended beyond this point due
to a very heavy thunderstorm
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Figure 8.—Signal strength at various distances from the airport.._Flight at constant altitude of 1,000 feet.

One flight was made in the Waco at a con-
stant altitude of 1,000 feet, toward Richmond,
Ind. Readings of signal input te the receiver
were made at various distances fron the trans-
mitter. The resnlts of this test are shown in

figure 8. Very good quality speech could be ;

received down to 100 microvolts input to the
recelver, corresponding to about 45 miles dis-
tance at 1,000 feet altitude. This same input
was vecelved at 62 miles by increasing altitude
to 1,500 feet. However, iutelligible sgpeech
through considerable ignition noise could be re-
ceived at the same distance at 1,000 feet altitude.

The ecomputed optical-path altitude for 62 miles
is approximately 1,900 feet.

RESULTS

The resulls obtained in the flight tests on 125
megacycles at Indianapolis indicate that fre-
quencies in this neighborhood are very suitable
for airport traffic control, and should provide
a much better service than 278 kilocycles. Of
greatest importanee iz their freedom from at-
mospheric disturbances, particularly under bad
weathor conditions when the 278-kilocycle fre-
quency fails. This was amply demonstrated in



the flight to Terre Haute during a stormjwhen
the 266-kilocycle signals from a 1,000-watt
radio range transmitter and the 278-kilocycle
signals from the 1§-watt traflic-control trans-
mitter werg both obliterated at legs than 175
miles from the airport, whereas the 125-mega-
cycle signals of the 100-watt transmitter were
clear up to 42 miles at 2,000 feet altitude.

The results of the constant altitude flight
show that with the equipment used in these tests
good voice quality reception may be obtained
within or slightly beyond optical path distances
up to altitudes of abont 1,000 feet. At higher
altitudes, indications are that good reception
can be obtained considerably beyond the optical
distance. The limiting factor in these observa-
tions was the ignition noise due to imperfect
shielding, which permitted good voice reception
down to about 100 microvolls input to the re-
ceiver in the case of the Waco installation, and
somewhat less in the case of the NS-62 instal-
lation.

CONCLUSIONS

It is concluded that:

(1) Further flight tests should be made by
the Bureau, particularly under heavy rain
static conditions.

-1

{2) Attention should be directed toward the
mmprovement of aireraft antennas and recelver
installations to eliminate antenna directivity
and reduce ignition noizes to a minimum.
Indications are that the shielding and bonding
requirements of apparatus in airplanes at ultra-
high frequencies is of somewhat greater im-
portance than at low frequencies, but no great
difficulty with ignition noise is anticipated.
¢ (3) The Bureau should consider taking steps
{0 encourage the use of frequencies in the band
129-132 megacycles for airport traffic control
and discouraee the further use of 278 kilocyeles
for this service. » Due to the propagation char-
acteristics of the ulira-high frequencies, the
interference problem between ground stations at
various airports should be minimized, since it is
known that these frequencies are not reflected
from the Heaviside layer, and follow an essen-
tially optical path. Although a 100-watt trans-
mitter was used in these tests, it is quite prob-
able that 25 watts will be sufficient and should
materially reduce the interference zones be-
tween airports. However, until sufficient expe-
rience is ' gained at a number of airport
installations, this power should not be reduced
below 100 watts.



