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Tests With Ultra-High-Frequency Radio Transmitting and Receiving Equip-
ment for Itinerant Aircraft Communication

SUMMARY

This report describes an investigation undez -
taken for the purpose of determining that ultra-
high frequencies can be utilized for itinerant
arcraft-to-ground communication Equipment
suitable for itinerant aireraft 1s described to-
gether with characteristics of the airplane
antenna  Lhe results of ancraft-to-giound
transmission are lughly satisfactory m spite of
the low power used Based upon the use of an
antenna 65 feet high at the ground station and
an airplane flymg not less than 1 000 feet above
level earth, the service area will have a mimmum
radius of 50 miles Tt 18 concluded that the
adoption of the ultra-hagh fiequencies will re-
sult mm a substantial reduction 1 radio nter-
ference and aerodynamic drag due to the an-
tenna together with mproved tiansmission per-
formance when compared with present practice

INTRODUCTION

Experience with radio transmission at fie-
quencles 1n the portion of the spectrum above
60 megacycles has demonstrated the desirability
of utihzing such frequencies for commumeation
with aircraft

Prior to the begimning of these tests, a fre-
quency of 141 780 megacycles had been tenta-
tively assigned to itinerant aircraft Recently
this has been changed to 14010 megacycles,
and 1t 15 anticipated that airport control towers
will be assigned several channels between 129
and 132 megacycles

A considerable amount of mfeimation has
been published concernmg transmission char-
acter1istics of frequencies of the order mentioned
and equipment smtable for use thereon Con-
sequently, the investigation about to be described
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was undertaken for the purpose of evolving
equipment which would meet the requirements
ol itmerant awreraft; and of ascertaming that
satigfactory  aircraft-to-ground transmission
could be achieved The factors considered are

(1) Communication performance, (2) economy,
and (3) restriction of equipment weight and
serodynamic drag caused by the antenna

EQUIPMENT

A transmitter and receiver conforming to
Crvil Aeronanties Authority specifications BA-
241 and 242, respectively, were obtaned from a
commercial source Both are designed for air-
craft operation The tiansmitter utilizes a
crystal-controlled oseillator, has a catrier out-
put of 10 watts at 14178 megacycles, and 1s
capable of hemg fully modulated with spesch
trom a conventional awciaft-type microphone
Werzht of the complete tiansmitter including
cables 18 21 pounds The receiver 1s of the
superheterodyne type with a crystal-controlled
oscillator and may be pretuned to any frequency
between 120 and 142 megacyeles It weighs 23
pounds, including cables  For the tests made 1n
connection with tlus project, the transmitter
was mstalled 1 & Waco type “N” airplane and
the receiver was situated on the ground at the
Silver Hill experimental station near Washing-
ton, D C DBoth the transmitter and receiver
operated with vertical antennas approxunately
one-half waie-length long The antenna on the
an plane compi 1-ed a telescoping unit of nickeled
tubmg similar to the “whip” antennas com-
monly used 1n mohile seivice It was mounted
on a ceranme nsulatoi on top of the fuselage
about 5 feet behind the propeller The separa-
tion between the antenna and a metal plate -
tegnal with the anplane framework was 4



inches Lateial support was provided by two
braces formed of bakelite tods A conductor 6
inches long connected the lower end of the an-
tenna to a coupling unit located insade the air-
plane  From the coupling umt, a 14-mnch co-
axial transmission line about 7 feet long ran to
the transimitler Thas line 15 of the type emploj -
mg a spun glass spiral cord to insulate the cen-
ter conductor from the sheath Its characte:r-
1stic impedance 15 nomunally 73 ohms An
asyminetiical pi-type section was used to match
the transmission e to the antenna, the 1mped-
ance of which was 380 ohms resistine and 160
ohms capaciive The matching section com-
prised an inductance mserted between the an-
tenna and the center conductor of the line with
variable capacitances connected between both
sides of the induetance and ground For the
conditions given above, the mductance had a
value of 0 15 microhenties, the condenser at the
antenna end of the mductance had a maximum
capacitance of 10 micromicrofarads, and the
maximum value for the other condenser was 15
micronierofarads  The 1eceiving antenna was
mounted at the top of a 63-foot wooden pole
It wag formed of two similar sections of 2-imnch
brass pipe mounted end to end and separated by
a special fittimg A 6-mch eceramic msulato
was used to support cach tubing section The
special fitting had a ceramic bushing through
which a central conductor could be passed A
84-1mmch coaxial transmission line 1an fiom this
fitting to the receiver The transmission line
sheath was connected to one of the antenna pipe
sectlons, aud the central conductor was con-
nected to the other antenna section Carre:
strength of incoming signals was determined by
recording values of intermediate frequency am-
plifier plate current which had been calibrated
to mdicate carrier amplitude by replacing the
antenna with a standard signal generator
When workng at lower and more convenilonal
frequenctes, 1t 15 customary to refer to 1adio-
frequency carrmer amphtude m terms of volts/
meter Howeser, measurements of tlis term at
Trequencies considered here are subject 10 large
ettors  Consequently, carrier strength will be
referred to m tetns of arbittary umts

TESTS

With equipment set up as described above
flihts weie made along 1adials emanating
from the Siver Hill station  Position and al-
titude of the awcraft were recorded together
with carrier strength at the receiver In addi-
tion, compass heading of the awrplane was
recorded when 1t was flown m a circle for the
purpose of determiming the vanation in 1ts
antenna response for different headings In
conducting this test, care was taken to keep the
distance to the receiver great as compated to
the diameter of the cucle around which the
slup was flown The airplane wa- placed 1n a
horizontal position for each reading whale fly-
mg around this circle

RESULTS

The field strength data obtained in the tests
ate plotted 1n hgures 1 and 2 Figme 3 shows
the characteristics of the airplane antenna
For discussion purposes, there 15 plotted n fig-
ure 4 the 1clation belween altitude of the an-
craft and the line-ot-sight distance, assuming
the ground stafion antenna to be erected 65 feet
above the smface of the earth

DISCUSSION

Itwmerant aircraft now tiansmit on 3103 kilo-
(veles or the auxilary frequencies of 3120 and
6210 kilocycles, and receive airport control
tower nstiuctions on 278 kalocycles At inter-
mediate points along the airways, such aircraft
1ecerve transmissions from Civil Aeronautics
Authority stations operatmng in the interme-
drate frequency band, 200 to 400 kilocycles
The 3105-kilocyele channel 18 subjeet to spo-
radic fadimg and skip effects  Thas 1s also true
with the two auxiliary frequencies The size
of the armreraft antenna required fo efficient
transmission ntroduces additional drag which
15 relatively appreciable for many light an-
planes  Also, the weight restrictions are such
that the power available 1= harely sufficient
for satisfactory 1eception at the control tower
when the background noise level rses ahove
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Figure 1.—Attentuation of 141.78 mc. airplane transmission.
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normal. Figures 1 and 2 show graphically the
strength of airplane signals as received at the
ground station while the ship was flying along
a radial from the receiving station. Voice-
modulated signals having a carrier strength
of not less than 10 on the arbitrary scale pro-
vided good iutelligibility. Tt will be seen that
signal strength did not drop to this value until
a distance of about 80 miles was reached when
the airplane wag flying at 5,000 feet. These
results were achieved with an antenna power
of b watts, and in the absence of any abnormal
background noise. In other experiments,
which include continuous recording on a 40-
mile point-to-point circuit at 61 megacycles
and extensive aircraft tests at 63 and 125 mega-
cycles, there has been no evidence of other than
momentary periods when the atmospheric noise
became excessive. It will be noted that upon
flying beyond the point where the transmis-

’sion path falls below the horizon the signal

strength decreases much more rapidly. Al-
though the signal will not disappear immedi-
ately upon dropping below the horizon,
reliable communication could not be guaran-
teed when the distance below the horizon be-
comes appreciable. If a height of 65 feet is
assumed for the ground station antenna, the
horizon will be 914 miles distant for level
earth. By assuming that the altitude of the
airplane is not less than 1,000 feet, this dis-
tance increases, thus providing a service area
with & minimum radius of 50 miles.

The airplane antenna pattern shown in
figure 3 indicates a maximum response ratio
of 814 to 1. Since this pattern was made by
flying the ship in a circle, the point of reflec-
tion for that portion of the energy which ar-
rives at the receiver after reflection from the
earth’s surface must move about. It is pos-
sible some of the irregularities in this pattern
were introduced in this manner. Further-
more, there were two other antennas on the
airplane which affected the pattern; one of
these was a vertical “whip type” mounted on
top of the fuselage toward the tail and the other
was a “V type” extending from the wings to
a point on the fuselage near the tail. Lack
of time prevented further investigation of the
effects of these antennas. The results obtained
from flights toward and away from the re-
ceiver in various directions failed to indicate
any serious variation in signal strength.

The weights of the transmitter and receiver
used 1n these tests are comparable with the
weights of the present equipments used in air-
planes operated by the Civil Aeronautics Au-
thority. These airplanes are similar to those
used by many itinerant fliers. There are no
restrictions apparent which would prevent the
size and weight of ultra-high-frequency equip-
ment from being reduced to the minimum
achieved in existing lower frequency units.
Inasmuch as this equipment is in a develop-
mental stage, a direct cost comparison with
present, lower frequency equipment cannot be
drawn. However, ultra-high-frequency equip-
ment suitable for the service considered here



noed not be subject to complications lending
to meiea~e 1t~ cost over that of present equip-
ment Fmally, the drag of an cflicient ulira-
high-fiequeney antenna 1s less than one-ftonrth
that ol the trailing wire antenna widely used
al the lower frequencies

CONCLUSIONS

Tu fornulating eonclusions concerning the
proposed use of ultra-high frequencies for 1tin-
erant anraaft communication, certain limnta-
tions musl be recogmzed as mherent 1n the
existing system Fust, mole power 15 requited
to transnut a satisfaciory stgnal on 3105 kalo-
cycles than at the vltra-lugh frequencies because
of the lower signal-to-noise ratio encountered at
3105 kilocy cles for a gyven antenna power 1adi-
ated  Second a much larger antenna 1» required
with the lower fiequencies than the ultia-high
frequencies for o given autenna efficiency
Thnd, the mteiference resulting trom awrcratt
operations on 3105 kiloey cles withm an area of
high traffic density 15 greater {han on ulua-
high frequencies  Fouith, ‘skip distance’ chai-

acteristics frequently make 1t mnecessary to
change betw cen 3105 and 6210 lalocycles, which
makes Lhe equipment and operations more
complicated

It 15 believed that the imestipation described
above has been conclusive 1m simulating actual
operating conditions  Although the service alea
15 shown to be dependent upon the altitude ot
the anplane i addition to the height of the
ground station antenna 1t 18 concluded that the
minmnum service radius would be about 50
myles when flymg at altitudes ag low as 1,000
teet, and wonld be approximately 90 miles when
flying at altitudes of 4,000 feet Transmission
at the ultra-high frequencies has been found to
he iree fiom objectionable fadmg within the
service atea It also has been characterized by a
low background noise level which permitted
good reception m spite of the low power em-
ploied  Consequently, 1t 1s concluded that
adoption of the frequency 14010 megacycles
fo1 itinerant ancraft will result mn greatly im-
proved fransmission m addition to equipment
advantages



