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TESTS WITH ULTRA-HIGH-FREQUENCY RADIO TRANSMITTING AND
RECEIVING EQUIPMENT FOR ITINERANT ATRCRAFT COMMUNICATION

by
¥W. E, Jackson and A. E. Harrison

SUMMARY

This report describes an investigatlon undertaken for the purpose
of determining that ultra-high frequencies cen be utilized for itinerant
alrcraft—to-ground commnication, Equipment sultable for itinmeramt afr-
craft, 18 described together with characteristice of the airplane sntemma.
The resulte of aircraft—to-ground transmission are highly satisfactory
in spite of the low power used. Based upon thé use of an antexma 65 feet
high at the ground station and an airplane flying not less tham 1000 feet
above level earth, the service area will have a mindmm radius of 50
miles, It 18 concluded that the adoption of the ultra-high frequencies
will result in & substantial reduction in radio interference and aerody-
namic drag due to the antenna together with improved transmission per-

formance when compared with present practice.

INTRODUCTION
Experience with radio transmission at frequencles in the pertion
of the spectrum above 60 megacycles hag demonstirated the desirability of
utilizing such frequencles for communication with alrcraft,
Prior to the beginning of these tests, a frequency of 141.780 mega—
cycles had been tentatively assigned to itinerant alrcraft. Recently
this has besn changed to 140.10 megacycles, and it is anticipated that

alrport control towers will be assigned several chammels between 129 and

132 megacycles.
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A considerable amount of information has been published concerning
transmission characteristice of frequencles of the order mentioned and
equipment suitable for use thereon. Consequently, the investigation
about to be described was undertaken for the purpose of evolving equip-
ment which would meet the requirements of itinerant alrcraft, and of
ascertaining that satisfactory alrcraft-to-ground transmission could be
achieved. The factors consldered are: (1) commnication performance,
(2) economy, and (3) restriction of equipment weight and aerodynamic

drag caused by the antemnna.

EQUIPMENT

A trensmitter and receilver conforming to Clvil Aeronauties Author-
ity specifications BA-241 and 242, respectively, were obtained from a
commercial source. Both are designed for aircraft operation. The
transmitter utilizes a crystal-controlled osclllator, has a carrler out—
put of 10 watts at 141.78 megacycles, and is capable of being fully mod-
ulated with speech from a conventional aircraft-type microphone. Welght
of the complete transmitter including cables is 21 pounds. The recelver
is of the superheterodyne type with a crystal-controlled oscillator and
may be pretuned to any frequency between 120 and 142 megacycles. It
welghs 23 pounds, including cables. For the tests made in connection
with this project, the transmitter was installed in a Waco type "N® air-
plane and the receiver was situated on the ground at the Silver Hill
experimental station near Washington, D. C. Both the transmitter and
receiver operated wlth vertlecal antennas approximately one-half wave-
length long. The antenna on the alrplane comprised a telescoping unit

of mickled tubling similar to the Fwhip" antennas commonly used in mobile
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service. It was mounted on a ceramic insulator on top of the fuselage
about 5 feet behind the propeller. The separation between the antemns
and a metal plate integral with the alrplane framework was 4 Inches.
Lateral support was provided by two braces formed of bakelite rods. A
conductor 6 inches long connected the lower end of the antenna to a
coupling unit located inside the airplane. From the coupling unlt, a
1/4—inch coaxlal transmission line about 7 feet long ran to the trans—
mitter. This line 1s of the type employing a spun glass spirael cord to
insulate the center conductor from the sheath, Its characteristic
impedance is nominally 70 ohms. An asymmetrical pi-type section was
used to match the transmission line to the antenna, the impedance of
which was 380 ohms resistive and 160 chms capacitive. The matching
section comprised an inductance inserted between the antenna and the
center conductor of the line with variable capaclitances comnected be-
tween both sides of the inductance and ground. For the conditions given
above, the inductance had a value of ,15 micrchenries, the condenser at
the anterma end of the inductance had & maximum capacitance of 10 micro—
microfarads, and the maximm value for the other condenser was 15 micro-
microfarads. The receiving-antenna was mounted at the top of a 65-foot
wooden pole. It was formed of two similar sections of 2-inch brauss

pipe mounted end to end and separated by a special fitting. A 6-imch
ceramic insulator was used to support each tubing section. The special
fitting had a ceramlc bushing through which a central conductor could
be passed. A 3/8-inch coaxjial transmiesion line ran from this fitting
to the recelver. The transmission line sheath was connected to one of

the antenna plpe sections, and the central conductor was cormected to
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the other antemns section. Carrier strength of incoming signals was
determined by recording values of intermediate frequency amplifier
plate current which had been calibrated to indicate carrler amplitude
by replacing the anterma with a standard signsl generator. When work-
ing at lower and more comventional frequencies, it is customary to
refer to radle frequency carrier amplitude in terms of volts/meter.
However, measurements of this term at frequencles considered here are
subject to large errors. Consequently, carrier strength will be re-

ferred to in termeg of arbltrary units.

TESTS

With equipment set up as described above, flights were made along
radials emanating from the Silver Hill station. Position and altitude
of the slrcraft were roecorded together with carrier strength at the
receiver. In addition, compass heading of the alrplane was recorded
when 1t was flomn in a circle for the purpcgse of determining the vari-
ation in its antenna response for diffsrent headings. In conducting
this test, care was taken to keep the distance to the recelver great as
compared to the diameter of the circle around which the ship was flown.
The airplane was placed in a horizontal position for each reading while

flying around this circle.

RESULTS
The field strength data obtained in the testsare plotted 1n Flgs.
1 and 2. Fig. 3 shows the characteristics of the airplane antenna.
For discussion purposes, there is plotted in Fig. 4 the relatlon be-

tween altitude of the aircraft and the line—of-sight distance, assuning
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the ground station antenna to be erected 65 feet above the surface of

the sarth.

DISCUSSION

Itinerant aircraft now transmit on 3105 Idlocycles or the suxil-
lary frequencies of 3120 and 6210 kllocycles, and receive zirport con-
trol tower instructions on 278 kllocycles. At intermediate points along ‘
the airways, such aircraft receive transmissions from Civil Aercnautics
Authority stations operating in the intermediate frequency band, 200-400
Kdlocycles. The 3105-kilocycle channel 1s subject to sporadic fading
and sklp effects. This 1s also true with the two swdliary frequencies,
The size of the alrcraft antenna required for efficlent transmission
introduces additional drag which 1s relatively aprreclable for many
light airplanes. Also, the welght restrictions are such that the power
avallable is barely sufficient for satisfactory reception at the control
tower when the background nolse level rises gbovs normal, Figs, 1 and 2
show graphically the strength of alrplane signals as recelved at the
ground station while the ship was flylng along a radial from the receiv-—
ing station. Volce-modulated signals having a carrier strength of nﬁt
less than 10 on the arbitrary scale provided good intelligibility. It
wlll be seen that signal strength did not drop to this value wntil a dis-
tance of about 80 miles was reached when the alrplane was flying at 5000
feet. These results were achieved with an anterma power of 5 watts, and
in the absence of mny abnormal background noise. In other experiments,
which include contimious recording on a 40-mile polnt—to-point circuit at
61 megacycles and extensive aircraft tests at 63 and 125 megacycles,
there has been no evidence of other than momentary periods when the at—

mospheric nolse became excessive. It will be noted that upon flying
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beyond the point where the transmission path falls below the horizon
the slgnal strength decreases much more rapidly. Although the signal
w1l not disappear immediately upon dropping below the horizonm,
reliable cymmnication could not be guaranteed when the distance be-
low the horizon becomes appreciable., If a height of 65 feet is
assumed for the ground station antenna, the horizon will be 9% miles
dilstant for level earth. By assuming that the altitude of the airplane
is not less than 1000 feet, this distance increases, thus providing a
service area with a minimm radius of 50 miles.

The airplane antenna pattern shown in Flg, 3 indicates a maximm
response ratio of 3-1/2 to 1. Since this pattern was made by flying
the ship in & circle, the point of reflection for that portion of the
energy which arrives at the recelver after reflection from the earth's
surface must move about, It Is possible some of the irregularities in
this pattern were introduced in this manner. Furthermore, there were
two other antennas on the airplane which affected the pattern; one of
these was a vertical "™whip-type" mounted on top the fuselagse toward the
tail and the other was & ¥V-type” extending from the wings to & point on
the fuselage near the tail. Lack of time prevented further investige-
tior of the effects of these antennas. The results obtalned from flights
toward and away from the receiver in various directions falled to indi-
cate any serious varlation in signal strength.

The welghts of the transmitter and recelver used in these tests
are comparable wilth the welghts of the present equipments used in zir-
planes operated by the Civil Aeronautics Authority. These airplanes are

similar to those used by many itinerant fliers, There are no restrictions
arF
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apparent which would prevent the size and weight of ultra-high-frequency
equipment from being reduced to the minimum achieved in existing lower
frequency units. Inasmuch as this equipment is in a developmental
gtege, a direct cost comparison with present lower frequency equipment
cammot be drawm. However, ultra-high-frequency equipment suitable for
the service considered here need not be subject to complications tending
to increase its cost over that of present equipment. Finally, the drag
of an efficlent ultra-high-frequency antenna is less than one fourth

that of the tralling wire antenna widely used at the lower frequencies.

CONCLUSICNS

In formulating conclusions concerning the proposed use of ultra-
high frequencles for itinerant eircraft commmlcation, certain limita-
tions must be recognized as inherent in the existing system. First,
more power is required to transmit a satisfactory signal on 3105 kilo-
cycles than at the ultra-high frequencies because of the lower signal-
to-noise ratlio encountered at 3105 kllocycles for a given antenna power
radiated. OSecond, a much larger antenna is required with the lower fre-
quencies than the ultra-high frequencies for a given antemna efficlency,
Third, the interference resulting from aireraft operations on 3105
kilocycles within an area of high traffle density is greater than on
ultra-high frequencies. Fourth, ®skip-distance® characteristics fre-
quently make it necessary to change between 3105 and 6210 kilocycles,
which makes the egquipment and operations more complicated.

It 1s believed that the investigation described above has been con-

¢lusive in similating actual operating conditions, Although the service
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area 18 shown to be dependent upon the altitude of the airplane in
addition to the height of the ground station antenna, it 1s concluded
that the minimm service radius would be about 50 miles when flylng st
altitudes as low as 1000 feet, and would be approximately 90 miles

when flying at altitudes of 4000 feet. Transmission at the ultra-high
fregquencies has been found to be free from objectlonable fading within
the service area. It alsc has beeﬁ characterized by a low background
nolse level which permitted good reception in splte of the low power
employed. Consequently, it is concluded that adoption of the frequency
140.10 megacycles for itinerant aircraft will result in greatly improved

transmission in addition to equipment advantages.
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