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AI3.STRACT 

Two very high frequency {VHF) troposcatter antennas. each 
with 16 colinear dipoles in a vertical array, were installed about 80 

wavelengths apart at a site near the coast at Avalon, New Jersey. 
These antennas had flat, broad, high- gain radiation patterns directed 
in parallel toward the horizon. Exploratory tests were conducted 
while transmitting test signals, in a controlled sequence, between 
the site and a project aircraft operating over the oce<cm. In the 
sequence of test signals, a period of no modulation was followed by 
a calibrated audio tone, teletype rr,essages and voice rnessages. 
Each sequence was repeated so that perforrnance during pha.se mod­
'lllation of the VHF transmitter could be compared with performance 
during an1pbtudc modulation. The test site, test experience, and 
data are described as guidance for further experin1entatio'1 in the 
same environrucnt. 

The majority of the con1parative data was collected during shuttle 
n1aneuvers by the aircraft across the cown-range threshold of recep­
tion. Com1nunication distances, often two- to three-hundred miles 
beyond the radio horizon, were about the san1e regardless of modula­
tion mode. The test indicated that simple substitution of low-speed 
data modulation for voice modulation, or of phase modulation for 
amplitude modulation, would not produce a substantial change of 
performance in a system designed for voice communications. The 
report recommends a test to determine probable operational coverage 
of these tropos catter antennas. 
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INTRODUCTION 

Purpose 

The purpose of this phase of the project was to perform exploratory 
tests with an experimental coastal site established in order to prepare 
for an investigation of automatic communications by tropospheric propa­
gation at very high frequency (VHF) with aircraft ope.rating in an 
over- ocean environment. 

The Federal Aviation Administration (FAA) is attempting to extend the 
cove rage of operational radio for ground-air- ground communications 
at frequencies employed for air traffic control. During an early phase 
of experimentation with tropospheric scatter in 1964, the strength of 
received signals and the ratio of signal-plus-noise to noise had been 
measured in an aircraft over the Atlantic Ocean. Two reports described 
the exchange of test signals between the aircraft and either of 
two high performance terminals on the ground, one at Barnstable, 
Massachusetts, 1 the other at Palmer, Puerto Rico. 2 Altitude, distance,, 
and bearing of the aircraft from each of these two ground stations had 
been varied during a 2-month survey of radio frequency propagation 
beyond the radio horizon. The 1964 experiment revealed that system 
performance could probably be improved more by introducing better 

airborne antennas than through changes to any other single element of 
the available system. The results generally confirmed published 
theory of troposcatter propagation and demonstrated that high- gain 
antennas could support reliable communications well beyond the radio·· 
line-of- sight from coastal ground facilities. 

Meanwhile, over-ocean observations and experiments with VHF 
tropospheric propagation also had been performed by members of the 
aerospace and aviation industries. In 1963, along with reports of these 
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Atlantic City, New Jersey, October 
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o, 
NAFEC, Atlantic City, New Jersey, October 1964. 
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observations, an international symposium published the operational 
requirement for reliable communications with aircraft approaching 
landfall within a radius of 500 nmi from ail' traffic control facilities. 3 

In response to the general trend toward automation, another phase 

of experimentation with troposcatter propagation was initiated. This 
later phase was expected to include .a careful investigation of several 
modern techniques for the transmis of digital data. The new program 

also investigate whether the tropospheric propagation medium 
would allow automatic systems to ex;change data with aircraft out to a 
500-nmi radius. For some time there has also been considerable interest 
in whether data transmission would compare favorably with voice 
transmission in radius of coverage and communication reli<1bility. 4 

This report briefly de scribes the coastal test prepared as an 
experimental troposcatter te at Avalon, New Jersey. It also 
describes a short series of exploratory tests which revealed the o 
tion and coverage of the fixed antennas erected at the site, identifies 
several other planning factors, and illustrates the kind of experimental 
information obtainable through over-ocean test operations. 

Description of Exploratory Test System: The system assembled for 
exploratory test flights included a ground terminal and an airborne 
terminal (Figure 1). The basic ground terminal consisted of a direc­
tional high-gain VHF antenna and a trailer van equipped with a messa 
generating facility, sequencer, modulators, and a linear VHF amplifier 
operated as a transmitter. The trailer van was parked at the base of 
one of the directional antennas to which the 2-kilowatt linear ampli-

fier was connected. Another identical high-gain antenna, erected near 
the same s was with a receiver and am]Jhfier to monitor 
incidental voice comrnunications from the project aircraft. an-
borne terminal consisted of the airborne antenna, ·special receivers, 
demodulators~ and recorders. 

3 

covered requirements, 
airborne terminals, 

ence, and ions for the station, 
ion, and internatiClnal standardization. 

4 to extend both voice and data communications the 
ter medium has been in lel with its effort 

to cover the air space over the open ocean of a satellite 
relay. The question remains whether line-of-si and 
satellite facilities can be technical 
overlapp of VHF ion in a ical 
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- .A survey of sites in 
the vi in---··"'-----·---~---,--~-,---.......,----,:-::---·:-::-:---:----:·:----. rn c n ta I Centc r FE: C) 

he~d id ntificd an abandoned 
moc-;t dcsir;tble cc to c·stablis 
rcadi available, acccs sible, and r 

no1sc~. In the sur unding ni:ral area, 

sta.tion N .. , as the 
scattc ground statwn. It was 

free of ctcctrical or radio 

was general isolation frorn and 
was low, there 

machinery, and there 

ound conditions were no nea indus trial facilities, These 
s ee1r1ed to as sure continued freedom fron1 excessive elec 
interference. 

The slave station of the CONSOLAN system, with its 300-
foot antenna, had been located 5700 feet to the north of 
the CONSOLAN master station. After the 300-foot antenna was dis-
rnantled the 15- 20-foot e buiJ the slave station, 
latitude 3 08 120' 1 N.' 5 125' 1 W,' was restored and i'NO 

new VHF antenna towers, 11 feet tall were erected 2 ). Both 
antennas were lo ated near this and ar 
of space divers rec could be studied with them. 

epa ration of the two Avalon sea tter antennas corres-
to s orne 80 in the band from l 8 MHz to 13 6 MHz. 

The northeast tower was 0 feet away from the southwest tower along a 
true azimuth of 5 Thif> of antennas was situated in the saltwater 

l 

mead.ows a few mile'l to the northwest of the beach front. Both antenr~as 
were aligned so as to radiate in a. true azimuth of 145°. 

Each antenna had two 
a vertical array of 16 colinea.r 
isotropic source was about 24 dB. See also 

a carne r reflector behind 
3). Gaincompa.redtoan 

ndix I. 

Ground Terrnina.l - In addition to the s ca.tter 
antennas, the expe rirnental 
message generation and 

terrninal included subsystems for 

of messages from the test airc The c 
the ratory tests is described in endix IL 

The rnessage-gene fac delivered to the radio-
frequency rn.odulators s of a constant-frequency test stand--
ard , and voice n'les sages. The repeated the 

e modulation amplitude 
mo 
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F 3 c -UP VIEW OF TER ANTENNA WITH 16 s 
IN A VERTICAL ARRAY 
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Output power at VHF s was deriv2d from a 
2-kW linear amplifier driven by a 50- W exciter. 

A Collins Type T E-204 A-4 1.Jata Modem, using frequency­
shift keying to convert binary data into four audio tones, modulated the 
exciter. Although capable of detecting as well as producing Audio-. 

Frequency Shift Keying signals 9 the data modem functioned only as an 
AFSK modulator in the ground terminal. 

Airborne Antennas - The airborne antenna, Bendix Radio Type 
ANA-2 was mounte at an opening provided for project antennas 
about 5 inches to the port side of the top centerline at Station 265 of 
a Grumman G-159 "Gulfstream" aircraft, igure 4). This location was 
aft of the propellers and nearly in line with the leading edge of the 
wing at its root. The special antenna w;cs offset from the top centerline 
to avoid cutting structural mernbers; it v'vas tilted from the vertical 
approximately 5° to the port side. The ANA-22A antenna had been 
designed to handle as much as 250 watts of transmitter power from 118 
to 150 MHz. 

The smaller operational VHF antenna, not shown in Figure 4, 
was located on top of the aircraft, forward of the project antenna, 

at Station 237; it was aligned vertically at the centerline. One end of a 
high frequency {HF} communications antenna wire was secured to the 
top of the aircraft structure at Station 151 near the cockpit and the other 
end was secured near the top of the vertical tail surface at Station 637. 

Airborne Terrninal Equipment - Compatible with the airborne 
antenna, the airborne terminal included subsystems for reception, 
processing and recording both the test messages and certain performance 
data. The airborne equipment and test instrumentation for the explor­
atory tests are described in Appendix III. In addition, there were air­
borne transmitters which delivered test signals to the airborne antennas 
during preliminary tests and furnished incidental air-to-ground comrnuni­
cations signals during the exploratory testing program. 

The airborne receiver for the test messages was especially 
chosen for its performance and versatility. In the laboratory, the 

sensitivity of this receiver was measured at -127 dBm. However, as 
installed the effective sensitivity was in the order of -124 dBm. 

Audio output of the receiver was monitored, recorded, and 
processed. A data modem,· identical to the Type TE- 204 A-4 utilized 
at the ground, recovered bir,ary data fron1 the received foL1r-tone 
modulation. 

7 
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Theoretical Notes: In Appendix IV consideration is given to 
several aspects of propagation theory which were part of the background 
behind the planning of tests and interpretation of results. 

Unknown at the beginning were the most efficient type of 
flight plan, the problems of data processing that would arise, the 
system behavior when carrier-signal level was just above the threshold 
of receiver sensitivity, the shape of the antenna radiation patterns, and 
whether the environment might actually confound the results of tests. 

One of the assumptions underlying the experiment, therefore, 
was that absolute control of all the test conditions was not needed for a 
comparative evaluation. 

It was expected that the aircraft would reach a distance beyond 
the horizon before the level of carrier-signal power would approach the 
limit of receiver E:ensitivity and the airbo:rne radio receiver would no 
longer be able to sense the intelligence in a message. Before signals 
were lost, errors were to be counted during teletype transmissions as 
the basis for comparing modulation techniques. 

All of the observations reported herein were concentrated 
during the summer months when meteoroL)gical conditions have been 
known to· favor over-ocean propagation of radio signals. Earlier 
experiments had suggested that during winter, communication distances 
would be less than during the summer. Nevertheless, summertime 
conditions were accepted as a useful sample of tropospheric propagation 
conditions for a test to compare one form of modulation with another. 
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DISCUSSION 

Test Pr am 

The test prograrn consisted s: several static tests 
during pre of the preliminary 
flight tests; 

Incidental to the 
inspec ground ter 

measurements we-re made of antenna noise temperature and 

wave ratio Tests of other parts of the system were 
perf~nrned in the laboratory at NAFEC. 

the initial of 
the site, the ound ctrical noise in the vicinity of the 
antennas had be n surveyed. No evidence of appreciable man-rnade or 
industrial noise had been detected. Noise enter the tropo­
scatter antennas was s d. A VHF receiver, DEI Type TMR-6, a 
Brush s --chart pen recorder, and a calibrated noise generator, 
manufactured Airborne Instruments Laboratory, were arranged so 
measured arnounts of ial noise could be compared with natural 

noise up way of th<~ SW antenna. noise temperature 
in degrees Kelvin ( was n.wasured 48 times at l-rninute intervals by 

subs a calibrated noise source for the antenna to equivalent 
noise; average value was 398° K. 

- A survey of VSWR over 
-----~~------~~---~~~-~~~~~---·--7~7~-~~~ 

the frequency range was carried out the 
1nethod of conJ.par incident and reflected power at a Thruline watt-
meter. Bendix Mode RA-41A VHF transmitter was tuned across the 
band at l ~-M.Hz intervals. Table I ontains the; rEsults of this measure­
ment for both antennas the gr station. At no frequency did VSWR 
exceed l. 6 for either antenna. At the frequencies ass d to the pr ct 
for the tes program 29. 5 33. 2, and 33.4 MHz) VSWR was less 
than l. 2 at both antennas. At the operational frequency of 123. 4 MHz, 
the VSVvR at the SW antenna was about 1. 2 WR was also measured 

in the pr ct airc while the airborne antenna ANA-2 was connected 
to the rece tern:1inal; the ratio did not exceed 2. 0 at any frequency 
hom 116 MHz to 5 MHz. 
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TABLE I 

VOLTAGE STANDING WAVE RATIO MEASURED 
AT TWO VHF TROPOSCATTER ANTENNAS 

Frequency Northeast Antenna Southwest Antenna 
MHz VSWR VSWR 

118 1. 33 1. 33 
119 1. 42 l. 12 
120 1. 24 1. 55 
121 1. 17 1. 47 
122 1. 27 1. 37 
123 1. 35 1. 12 
124 1. 22 1. 20 
125 1. 08 l. 24 
126 l. 16 l. 07 
127 l. 17 l. 23 
128 l. 09 1. 
129 1. 16 1. 14 
130 1. 22 1. 26 
131 1. 14 1. 22 
132 1. 12 1. 04 
133 1. 17 1. 09 
133.2 1. 18 1. 10 
134 1. 12 1.04 
135 1. 04 1. 
136 l. 11 1. 58 
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tment - Gain noted in some of the back 
~--~---~------------~--------lobes of -antenna rn was sufficient to support static lab-

oratory tests of the s m. Before installation of the air-
borne equipme it was ed in operation at the NAFEC laboratory, 
about 25 statute miles frmn the Avalon site. A yagi antenna. with a 
forward n of l 0 dB was roughly d into tl1e se back I obc s for a 
ground-to-ground check of system operation. Later, the airborne 
ten·ninal was also able to receive signals at NAFEC chrcctly from the 
Avalon site while undcrg pre-flight exercises in the parked <cdr-
craft. All elements: were found to operate satisfactorjly. 

pre --flight exercises, optirnum modulation index 
was selected for PI\1 and AM modes of c rier modulation. The fre­
quency deviation in the P:M module was first adjusted rnanuall y until 
distortion of the audio test tone was noted at the receiver. Then, the 
frequency-deviation control was returned to a setting at which the tone 
was once free of distortion. 5 

ted to produce 95 percent 

from the 

method of adjus 

scope where a s 
linear amp was displayed. This 

of the carrier in AM and PM modes 
was fo also for the ratory tests. 

After stment for normal operation~ variations 1n 
power- were observed. r delivered by the 2000 watt trans-
miH<3r appeared very stable. It varied throughout the ens flight 
tests not more than 50 watts, a fraction of l dB. 

of the system were calibrated according to the 
manufacturers 1 instructions. Since the test was primarily a compar-

ison between two modes modulation, special care was taken to make 
their treatrnents and the m.easurernents c The test cone 
did not re exact ective determination of absolute performance, 

because there were so r~1any uncontrolled factors, such as 
meteorology, but also because a short sc._mple, taken in one 

season only, could not be counted as representative of performance 
throughout the year. 

5 No deviation meter was available; this cumbersome 
the exact deviation was not was 

considered reasonably close to maximum allowable, and sufficiently re­
f'or purposes of 
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Prelimina Tests: The flight test program started with 
invest} gation of the nominally-horizontal radiation patterns for the 
ground and airborne antennas followed by a series of preliminary survey 
flights, an air-to-ground test of diversity-reception, a long-distance 
flight to check operation of the complete exploratory test system, and a 
series of four exploratory flights, in a 3-d,ay period, to collect the 
quantitative exploratory data. During the preliminary survey flights, 
transmission was from air -to- ground only. The later long-distance 
maneuvers involved transmission from ground-to-air only. 

Appendix V is a copy of the Tropo Test Flight Operations Plan 
which governed the ground-to-air tE;st operations. Preliminary flights 
had been governed by sirnilar plans, each showing the prescribed 
operational routes, check points, and maneuvers. 

One brief flight was conducted mainly to investigate whether 

there were troublesome sources of daytime electromagnetic interference 
within the back radiation lobes of the troposcatter antennas. There was no 
appreciable interference during the flight. 

Test erations P - Coverage attainable with the high-
gain troposcatter antennas was estimated from earlier tests and 
examination of the antenna patterns. The weak-signal limits of the 
radiation from the main lobe were calculated between 500 and 600 nmi. 

6 

Estimates were based on the ground-antenna gain of 24 dB, transmitter 
power of 2 kW, minimum detectable signal level of -124 dBm, and 
altitude of 19, 000 to 20, 000 feet. Test operations, tl\erefore, were 
expected to be concentrated within 200 nmi of Bermuda in an area 
bounded by longitudes from 66°W to 74°W and latitudes from 31 °N to 
35°N. Operations as far down range as 500 nmi from Avalon, N. J., 
were possible in a Gulfstream G-159 aircraft because it could operate 
out of Kindley Air Force Base, Bermuda. 

rior experim.entation with the Barnstable systelll propagatilif!, over 
tt1e Atlant c Ocean t1ad indicated that grmnd- o-air c:ommuoications 
could be sustained with 95% ility tc a ud.nimurn all-year-round 
distance of 360 nwi, To achieve that performance, tile airbon;e 
terlllinal would operate at about 20,000 feet with a receiver sensi­
tivity of -124 dBm and the ground transmitter would deliver 4 kW to 
tne 24 dB antenna. 
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data for antenna, rcraft was 
operated in an orbital With 
the Sea Isle VOR TAC at the center of the maneuver, the aircraft :flew 
a constant 20-mile radius at reduced speed g an altitude of 3700 
feet. During two such orbital runs, winds of about 18 knots came 
from a true bea of about 210°. Frorn the airc l of con-
tinuous carrier power was broadcast at 133.2 MHz. Since the Sea 
Isle VORTAC is approximate 4 rniles to the southwest of the Avalon 

I 

the data had to be corrected for differences in ~he propagation 
path due to parallax. Furthermore, elevation angle had to be corrected, 
in some sectors, for paralla:;:: differences and for earth 1 s curvature. 
Data taken to determine the general hori shape of the troposcatter 
antenna rns, and corrected for parallax effects, are plotted in 

re 5. 

At a true of 40° and a of 16 nmi from 
! 

Avalon® the elevation to the airc corrected for effects of 

earth 1 s curvature, was 2. 1° above the horizontal. At a true bearing of 
22 and a distance of 24 nrni from the corrected elevation angle 
to the aircraft was 1. In the direction of the p axis, that is, 
along a true bear of l , while radial distance was 20 the 
corrected elevation angle was 1. 

For purposes of test the horizontal pattern was 
assumed to be s al about its axis along 145° T, both halves 
resembling the s of the sector plotted in e 5 
between azimuth an es from l45°T to 325°T. Effects of geometric 
distortion and instrurnental inaccuracies pr deteriorated the data 

l to 2 dB. 

a secto:~ from 70°T to 220°T most of the avail-
able energy was The test gene confirmed that the orientabon 
of the princ axis was a true bearing of 145°. Furthermore, 
back radiation lobes had been suppressed to le-,els 35 dB or more below 
the maxirnum level of the princ forward lobe. Nevertheless, the back 
lobes still had enough to permit VHF ation signals or 
interference to enter the antenna at detectable levels. 
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General e of Airborne Antenna Patterns - The general 
shape of representative radiation patterns the airborne antenna, 
Type ANA-22A, as mounted at Station 265, offset by 5 inches from 
the top centerline of the Grumman G-159 aircraft, was determined 
by flight testing. The first test made use of an airborne trans­
mitter operating at a consta'nt level of output power through the 
airborne antenna, Received signal levels were recorded at the 
troposcatter antenna as aircraft was maneuvered through a 
cloverleaf pattern into eight straight-line courses, These straight 
runs were arranged in the pattern so that' all intersected over a 
common point. Since the altitude of the aircraft for this test was 
20,000 feet and the distance 100 eff(ktive elevation angle m 
the vertical pattern, taking into account the earth's curvature 
correction, was down 1. 3°. Results are presented as an 
eight-point pattern in e 6. 

Since the project antenna was offset from the center-
line and tilted 5° to the port side, was not a surprise to find the 
pattern asymmetricaL The pattern showed several dB greater 
gain to port than to starboard. The pattern also suggests that gain 
was slightly greater looking forward than aft. 

A second test was conducted to assess qualitatively the 
performance of the system as a function of aircraft orientation, for 
relatively low signal strengths. For this test, a signal was radiated 
fror:1 the tropos catter antenna amd received in the airplane. The 
airplane was maneuvered very close to the radio horizon in a clover­
leaf pattern with 16 headings. Distance from ground station to air­
craft was 150 nautical miles, and aircraft altitude was 15, 000 feet. 

Results of this test are also shown in Figure 6. 

- Fading has been com~~on 1n VHF 
radio rec es of carrier- signal level have been 
reported, sometimes for brief mornents and sometimes at length. 
When communication distances are extended GO f:tr that the system 
is operating at the limits of its performance, deep fades can hold the 
carrier level below receiver sensitivity for seconds; fading, there­
fore, can interrupt messages. Arrivals of energy at the receiving 
antenna via several alternate paths of slightly different length prob­
ably cause most fading. Often, the effects of short-term fading, 
which follows a Rayleigh distribution, can be overcome by applying 
diversity to the system. Long-term fading, which responds 
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primarily to the gradient in the refractive index of the atmosphere, 
is not appr corrected divers One of the preliminary 
experirr1cnts w s to test :for prot ction fading space-
divers at the ground station. The test consisted of 
rec at both opos atter antennas, a continuous wave of energy 
broadcast from the project aircr The down range, along a 
true b of 137°,, was continued to a radius of 350 nmi and then 
the aircraft returned the same holding its altitude at 20, 000 
feeL this test the airborne transmitter 250 watts at 
133. 2 MHz to the airborne Bendix Type ANA- 22A" 

A TMR·- 5A receiver was connected to the NE antenna 
and Type RV 8-8 eceiver with Type FAA-5433/4 pr r to 
the SW antennao from these calibrated receivers was 
recor as a measure of s str Levels of power received 
at the two outbound and inbound legs of the flight are 
presented in and 8, resp Deep to the limits 
of receive was observed at the antenna as the aircraft 
reached 220, 280, 300 3 0 the outbound 

the return leg, de s was observed at 
the SW at distances nmi. Rec 
via the NE antenna appar c have compensated for most of 
the at the SW antennc but it was not ible to obtain 

e proof since the receivers at the two antennas were not 

Air -to-· ground voice comrnunications were tried with the 
250-watt airborne transmitter; strong s were still b received 
at 350 nmi when the aircraft turned back. from the 

data suggested that usable voice messages should have been 
one antenna or the othe , at least tr) 450 nrni if the 

had been continuecL 

made to Che 
zone. At that 

the 3-
42 of the 84 

was 
the Bermuda control 

the aircraft turned. 
transrrtission was om ground-to-air, 

s transmitted for this test 
am, the carrie r was e rrodu-
the other 42 were pr as modulation. 

seven of these rr1essages were error free while seven erroneous 
messages occurr three se and the other 
four modulation, A total erroneous 
characters was observed thr the almost 12, 000 
characters transrnitted, 
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After the end of each received message, _whether the printou t 
was correct or partially incorrect, there appeared, usually on a lowe~ 
line, a number of additional characters which had not been transmitted 
and made no sense. The exact cause was not determined; but t he 
extran eous characters were attributed to the inte r ruption of synchroniza­
tion of the Collins Data Modem as the sequencer at the ground station 
switched from one type of test signal to another. Occasionally the randor:n 
characters after a message overprinted part of the las t line of the message. 

Three of the eight observed 'errors were the absence o f a 
figure "3" after a space , These errors were attributed to the condition 
of the airborne printer. Thus, only five independent errors w e re counted. 

Figure 9 shows how carrier signal level varied with t i me 
and distance during the 200 - minute test. ~lso shown at the top of the 
figure is the direction of flight relative to Points SHAD and CHARLIE. 
At no time during this test did the level of carrier signal fall below the 
threshold of receiver sensitivity of - 1 2 7 dBm; background noise and 
noise associated with the airborne installation placed the practical limit 
of receiver sensitivity at - 124 dBm. 

A weak cold front had been observed near Avalon. The re 
was cloudiness to the north and west of the front, but clear skies t o the 
sou th. Air aloft wa$: relatively dry and a superrefractive l ayer existed 
near the surface. Flow was southwesterly near the surface and 
westerly at 20, 000 feet . 

Exploratory Flight Tests: After the main features of the r adi at ion 
patterns of both the fixed and airborne antennas had been investigated, 
two types of carrier modulation were compared; test messages were 
alternated between them while measurements of the received powe r 
were being made in the project aircraft. For the f(!)rmal explorat ory 
tests, signals were propagated from ground-to-air by VHF ca r rier, 
modulated first by PM and then by AM. 

The test-message sequence began with a steady tone followed by 

a period of no modulation during which noisy could be observed. Then 
the sequence continued with a prepared teletype message, a short period 
available for a live-voice message, and finally a taped voice message. 
A fter each AM sequence, the carrier-frequency signal wa,s interrupted 
to afford the transmitt er a brief rest period. 
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The airborne test record on magnetic tape» on strip charts,~ 
and on the teletypewriter as appropriate, indicated hew teletype 
message errors, VHF-carrier signal power, the ratio of signal-plus­
noise to noise, and the general quality of voice messages varied as 
they were received in the down range regions where the level of the 
carrier power was very low. 

Meteorological Conditions During Exploratory Flight Test ·· 
Winds aloft were steady and light during the exploratory flights. Dur 
most of Flight #1, winds were from 220°at 15 to 20 knots producing an 
average crab angle of 3. 5° to the right. During Flight N2, winds were 
from 240° at 15 knots producing 3° of crab angle to the right when 
beading toward Bermuda and to the left when beading away from Be r­
muda. Crab angle was less than l 0 during the excursion from 

the Victor route to the axis of the Avalon pattern antenna. Similar 
wind conditions also existed during Flights #3 and #4. The 500 millibar 
charts of the Daily Weather Map, U.S. Departtnent o£ Commerce, for 

the 3-day flight test$ showed a steady southwesterly flow over the 
first few hundred miles off the coast of New Jersey. Throughout the 

3-day period slight precipitation of a few hundredths of an inch 
per day was recorded by the Weather Bureau over the South Jersey 
area. 

Surface refractivity at the transm.itter site was not available. 
Surface refractivity at Wallops Island, Virginia, was from 370 to 
380 N units. 7 Refractivity gradients determined at Wallops Island 
from the soundings at 1200 feet showed some indications that these could 
have been superrefraction at the surface and at 4000 feet on tJ1e 
second day. Trapping conditions were not identified. Superrefraction 
also was indicated at Bermuda without evidence of trapping. 

General Description of Exploratory Flights - On the morning 
of the first day the Gulfstream passed over the Avalon site, followed 
the nearby air corridor to the corner of the warning zone near Check­
point Shad and tb:once continued at 20, 000 feet along a true bearing of 
145°, parallel to the Yankee Route laid o~J.t over the principal axis of 
the troposcatter antenna pattern (See Appendix V, Figure V -1). When. 

N=(n-l)xlo+6 where n is the index of refraction. 
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the received in the aircraft was no longer sati at a 
distance down range of :; 15 the airc proceeded to 
Kindley Air Force Base in Bermuda. On the second and third days 
the aircraft back and forth the Victor Route, course 129 

re of the troposcatter pr {See 
V On the afternoon of the third 

the Route, course 30 , for 
Fourteen transits of the 

these 
the aircraft its straight and level courses at 

a speed of about 5 .miles per mjnute. Thus, the position of the air-
c almost l mile om start to the end of a teletype 
message. 

follows: 
183 minutes about 

about 000 EDST; and 
EDST. 

was accumulated as 
#2, 

124 minutes start­
about 1530 

the NE antenna was b used for transmission 
the atory tests, the SW antenna was for reception 

via. the operational VHF s of the ect aircraft. 

upon r 
lateral 

After the maneuvers had been accorn­
re- entered the radiation pattern 

nxni from Avalon, turned left to make a 
Route onto a course of 217°T. This 

course was came over the axis of main 
lobe 145° from Avalon. The aircraft turned 
180°, returned to the Victor Route, where it xnade the turn 
of the test, and then passed over Point on its way back to the 
Bermuda base. 

All the tests described above ·.made use 
of the northeast antenna. 

An incidental observation made with the southwest antenna 
also was notew As the first proceeded away frorn Avalon 
on the first voice transxnissions from the aircraft had been moni-
tored continuous at the ground terminal until a distance of 315 nmi 
was reached. The 25-watt airborne transmitter, Collins l 7L 7, 

at 23.4 MHz the standard Collins 37R-2 VHF 
blade antenna on the side centerline at station 237. 



code. 

!! 

reproduce 
aLmo t all cases, 

e co Available 

rnes s ge was 
rnuch alike 
character 

the an 
E MODULA TION' 1 or 

the text of each 
others, all messages were 

) . The several different 
its identification included control 

s rs, letters s es, s s line fee 
return and spac s. The largest total nurn be r of characters, 

152, was found rnessage #5; the sxnallest number, 43, was found in 
message The average number of characte per message, to the 

nearest whole nurnbe , was 147. 

the average, e test rnessages contained 62 
letters, 32 es, and 55 control characters. Among the control 
characters, l 0 wer letters s 8 were s s 10 were line 
fee 4 were ca return and 23 were space; some spaces appeared 
before and s orne follo 
a space at the be 

d text. Since each of the characters included 
and a mark ::1t the the total number o: 

poss 
bits 

bits pe essage was, on the average, 1029 

Voic e contained es s 
as te etype r:ne s::tge 

Ther ·v;.;e e some cases where 
all of a 20-second message. 8 However, rnost 
carriers levels of -l 2 dBm lasted less than 
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the san1e infor.rnation 
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which reached 
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Anal Test Data 

The several s of recordings taken dur exploratory te5ts 

on paper charts, on tel paper, and on note paper, were 

first reduced to tables in which values were adju5ted for calibration-

correction5, correlated with tin:-~e and aircraft distance. 
data were plotted gr cally and the graphs examined to 

The corrected 

de the 

nurnerical analysis of teletype inaccuracies. Teletype rnessages were 
studied in detail; inaccuracies were analyzed accordin; to several 
directions of fli and distances to the aircraft. Then, voice record-

s on magnetic tape were listened to and some were related to fading 

by com pari son with pen recordings of AGC voltage at the airborne 
receiver. 

First the errors in tel,c:type messages were simply counted because 
offered the possibility of an objective, quantitative cornparison. 

A Sllmmary of the te data is given in Table II. 

This tabulation of errors did not show clearly that either A1v1 or 
PM was superior for transmission at VHF; chance could have 

allowed more PM rnessages to occur during the turns. Each message 

was reexamined indi vi However, detailed explanations of 
individual inaccuracies were not available. A complete analysis 

would have re red a detailed comparison of the changing levels of 

noise, carrier power, and interference, as recorded during particular 

time intervals when each corresponding teletype character was being 

received, Furthermore, radial first and fourth flights, dis-

tance to the aircraft was less than 488 nmi during most of tlle simple 
c so that aver of errors was not appropriate. 

cal Treat.ment of Te Each ratory flight 
prc·duced a.n abundance of data, against distance was not 
practical because of the back and forth shuttle maneuvers, the 

lateral excursion, and the nurnerous turns. There was no convenient 

way to ay carrier si level, signal-plus -noise to noise ratio, 

distance, direction of fli , tirne, missing characters, and wrong 

characters on a It was convenient to plot average 
carrier··si level and the corresponding numbers of missing charac 

ters for each PM or AM teletype message against sed time 
on one graph for 

aircraft. On a 

along with distance and direction of the 

, signal -noise to noise ratio 
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TABLE II 

SUMMARY OF EXPLORATORY TELETYPE DATA AT AIRBORNE TERMINAL 

Carrier Flight #1 Flight #2 Flight #3 Flight 
Total Number of: Modulation Aug. 9, 1966 Aug. 10, 1966 Aug. 11, 1966 Aug. 11, 1966 TOTALS 

Messages Sent PM 41 67 44 23 175 

AM 41 67 43 24 175 

Characters Sent PM 6037 9859 6468 3381 25,745 
lude s functions) AM 6037 9859 6321 3531 25,748 

Correct Characters PM 5948 8302 5643 3085 22,978 
Received AM 5957 8350 5768 3318 23,293 

Wrong Characters PM 15 558 263 79 915 
Received AM 30 471 110 36 647 

N 
Two or More PM 1 21 9 1 32 -J 

Adjacent errors AM 1 18 3 2 24 

Missing Characters PM 74 999 562 217 1852 
AM 50 1138 443 175 1806 

Figure 3 Missing PM 16 6 17 11 50 
after Space AM 13 15 14 10 52 

Teletype Pulses PM 29,975 49,445 32, 164 16,813 128, 397 
Sent, (l's) AM 29,975 49,445 31,433 17,544 128, 397 

Teletype Bits PM 42, 189 68,943 45,276 23,667 180,075 
Sent , (l' s + 0' s) AM 42, 189 68,943 44, 347 696 180,175 



ztnd the cor:rcs 

cd time 

Both 

number of w characters were t 

with aircraft distance and di rcction informa-

of g s show boundaries of distance~ dura-
success s, and relative time at which 

each lc tY!C S S 

s two fo each 
of the data were s 

v The tirne base was 

VI contains c gr 

ed time as 

arbitrarily; true 
values of the time scale had no immediate b..:: 
the character or intern:~ the 

Numerical Inac:::u:racies: Once the data had 

of 

been was easier to decide where 

the inaccuracies occurred at randorn and where systematically. 

inspection of the g of each flight were delimited so that 

several effects could be inve separately in a straightforward 

nun1erical srs. Radial courses, both outbound from Avalon and 
inbound toward be segregated from turns and lateral 

rnaneuvers. Simila the effects f direction o and distance 
from Avalon could be studied se 

To o the numerical data so that PM could be co 
with A the data for each message with aircraft distance 

ainst c ed time in minutes were marked off in straight flight seg-

rnents and the error data reassembled, as shown in IIL Outbound 
the aircraft flew alo course of 145° 

and H3 course of 12 Inbound legs 
0

T. Errors turns, and 

between segments, were reassem-
ction of the data in these tables suggested 

factors gove te performance were direction 
and di tance down range to the airborne receiver. refore, 

the data corres \t~ith s radial segments were once 

again assembled into Tables V and VL 

c1e s \vas 

distanc 

info 

s le s than 0 the number of te inaccura-
with 

obliterated the message 

The question whether AM or PM was supenor was approached 
a final summarization of d Table 

8 



TABLE III 

INACCURACIES IN TELETYPE MESSAGES RECORDED 
RADIAL/SEGMENTS OF EXPLORATORY FLIGHTS 

Direction 
Distance, Course 

Flight Avalon to Aircraft, No. of No. of Missing No. of Wrong Total Missing & of 
No. nrni Messages Characters Characters Wrong Characters Aircraft 

Start End PM AM PM AM PM AM PM AM True Azimuth 

1 380 406 2 2 4 0 0 0 4 0 145° 
l 338 490 4 4 3 34 3 ll 6 45 145° 
1 491 520 2 3 45 42 5 32 50 74 145° 
2 427 463 4 3 3 2 5 2 8 4 129° 
2 409 485 6 7 76 68 46 48 122 116 129° 
2 431 483 4 4 106 98 7 8 113 106 129° 

N 2 484 508 2 2 15 97 19 19 34 116 129° --!:) 

3 436 486 4 4 6 5 8 2 14 7 129° 
3 416 476 4 4 4 2 3 1 7 3 129° 
3 433 495 5 5 83 95 18 27 101 122 129° 
3 496 550 5 4 162 87 65 25 227 112 129° 
2 552 490 6 6 1Sl5 335 73 66 268 401 309° 
? 489 421 6 6 106 106 88 53 194 159 309° '-

2 459 404 4 4 42 53 32 73 74 126 309° 
2 477 424 5 5 4 39 5 20 9 59 309° 
3 545 482 5 5 132 166 30 35 162 201 309° 
3 462 427 3 3 1 13 0 5 1 18 309° 
3 485 417 4 4 29 4 36 2 65 6 309° 
3 480 427 4 4 49 12 28 6 77 18 309° 
4 538 486 5 5 199 159 46 32 245 191 309° 
4 485 429 5 5 10 3 32 0 42 3 309° 
4 428 380 4 4 3 3 1 0 4 3 309° 



TABLE IV 

RECORDED 
DURING TURNS AND TANGENTIAL OF EXPLORATORY FLIGHTS 

Direction 
No, Avalon to Aircr No, of No. of Miss No, of Wrong Total No. of of 

nrni Messages Characters Characters Inaccuracies 

PM AM PM AM True Azimuth 

2 420 2 2 2 2 Turns 
frorn 

2 403 408 2 2 3 5 0 12 3 17 129° 
to 

3 430 2 2 2 3 0 0 2 3 309° 

3 416 410 2 3 28 50 2 54 52 

w 
0 3 2 2 18 1 28 0 46 l 

2 0 2 2 1 16 6 145 135 Turns 
frorn 

2 478 2 1 46 56 47 ll 93 67 309° 
to 

3 487 2 
, 

56 1 21 0 77 l 129° 1 

3 477 487 2 2 28 50 26 2 54 52 

2 423 441 11 11 107 84 100 207 l 8 21 

039° 
2 441 423 ll 12 145 45 108 253 91 



TABLE V 

EFFECT OF NUMBER OF 
INACC PER TELETYPE MESSAGE 

Total Distance rs Characters Average No. of Direction 
No. of to Aircraft Missing Wrong per Inaccuracies of 

Messages nmi per Message Message per Message Flight 

PM AM Start End PM AM PM AM PM AM True Azimuth 

8 9 436 472 6. 5 8.4 l.O 4.8 7.5 13.2 145° 

16 16 438 485 12.5 16.6 4.8 4.8 17.3 21.4 129° 

18 17 440 502 14.2 11. 1 5.2 3.2 19.4 14. 3 129° 

w 
·~ 21 21 494 435 16.5 25.4 9.4 l 0. l 25.9 35.5 309° 

16 16 493 436 13. 3 12. 3 5.9 3.0 19 •. 2 15. 3 309° 

14 14 484 432 15. 1 11. 8 5.6 2.3 20.7 14. 1 309° 

11 11 423 441 10.7 8.4 10.0 8.4 20.7 16.8 2190 

ll 12 441 423 14.4 4. 1 10. 8 4.2 25.2 8. 3 039° 



w 
N 

Total 
No. of 

Messages 

PM AM 

10 9 

16 16 

23 24 

18 18 

9 9 

16 16 

TABLE VI 

EFFECT OF DIST E UPON AVERAGE NUMBER OF INACCURACIES 
PER TELETYPE 

Distance Characters Characters Total Character Direction 
to Airc lvli "s Wrong per Inaccuracies of 

nmi per Message Message per Message Flight 

Start End PM AM PM AM PM AM True Azinmth 
---------

408 448 l. 1 0.4 0.8 0.3 1.9 0.7 129° 

404 3. 1 6. 7 2. 7 6 0 l 5.8 12.8 309° 

429 ll. 9 12.5 3.2 3.6 15. l 16. l 12 

485 423 10.4 6.9 3.4 8.5 13. 8 15. 4 309° 

490 529 24.7 25.1 9.9 8.4 34.6 33. 5 129° 

545 486 32.9 41.4 9.3 8.3 42.2 49.7 309° 



w 
w 

TABLE VII 

SUMMARY ANALYSIS OF INACCURACIES IN TELETYPE MESSAGES RECORDED 

Number of 
Runs 
each 

Flight #2: 4 
#3: 4 
#1: 3 

Totals: 11 
Averages: 

Flight #2: 4 
Flight #3: 4 
Flight #4: 3 

Totals: 11 
Averages: 

DURING EXPLORATORY AUGUST 9, 10, 11, 1 6 

Average Messages Number of Incorrect 
Distance Recorded Missing Characters, 

to Total Characters, Totals 
Ai:rc Totals 

nm1 

Start End 
PM AM PM AM PM AM 

of Run of Run 

437 485 16 16 200 265 77 77 
440 502 18 17 255 1 55 

472 8 9 52 76 8 43 

42 42 507 530 179 175 
439 488 

Errors per message, outbound runs: 12.1 12. 6 4. 3 4. 2 

494 435 21 21 347 533 190 212 
493 438 16 16 211 196 94 48 
484 432 14 14 212 165 79 32 

51 51 770 894 363 292 
491 435 

Errors per message, inbound runs: 15. 1 17. 5 7. l 5. 7 

Incorrect 
and 

Miss 
Characters 

PM AM 

277 342 
244 

60 119 

686 705 

16.4 16.8 

537 745 
305 244 

291 197 

1133 1186 

22.2 23.2 

Note: The course for Flight #1 was along a true bearing of 145° down range relative to the transmitter site. 
other flights followed the Charlie Route along a true bearing of 1270 when heading toward Bermuda 

r half of table) and a course of 307°T when heading inbound toward SHAD r half of table). 
Flights were at 19. 000 to 20, 000 feet in Grumman Model G-159 air-:: raft. 



The data recorded in the aircraft during comparable legs of the 
several test fli away from Avalon were compared with the cor res-
ponding data recorded legs of fligr_ts directed toward Avalon. The 
average nurnber of characters rnissing from AM rnessages was nea 
the average number missing from PM messages during flights away from 
Avalon. During the toward Avalon, the average number miss 
was somewhat higher for AM rnessages. The difference between the 
nurnbcrs of wrong characters received in Aivl messages and in PM 
rnessages was trivial away from Avalon; during 
toward Avalon, the average nmnber of wrong characters was more than 
20 percent greater for PM messages. Whereas slightly more individual 
characters were missing frorn AM messages, regardless of direction of 
flight, PM messages contained slightly more erroneous characters during 
the flights toward Avalon. 

Table VII shows that the total nurnbers of inaccuracies were 
almost identical, for both modes of modulation, during the flights away 
from Avalon; the average nun1bers per message were identicaL Similarly, 
the overall total of 1133 inaccuracies in the PM messages received, and 
the 1186 in the AM messages, were almost identical results. The average 
inaccuracy per message during flights away from Avalon, as shown in the 
upper half of the table, was roughly 25 percent less than the correspond­
ing average inaccuracy per message recorded during flight in the opposite 
direction. 

The average total inaccuracy listed in the last two columns at the 
left of the table was noticeably larger during AM messages for three 
cases and noticeably larger during PM transmissions for the other three 
cases. 

In summary, the data offered little or no basis to suggest that the 
AM system performed better or worse than the PM system. Data sugges 
that the effective radiation rn of the airborne antenna, as installed on 
the p influenced the level of carrier signal 
1neasured at the airborne rec<t:iver. 

Bit- Inaccuracies -AU the erroneous 
characters recorded dt;cring 3, including control signals such as 
line feed, carriage return, etc., were studied in a search for bit-error 
tendencies. Table VIII sumrnarizes the number of bits dropped and the 
nurnber of erroneous bits for characters printed out in e ror at 

the airborne te The total number of wrong characters ecorded 
PM transmission was 37; meanwhile, 29 wrong characters 

were recorded during AM transmission, The table shows that 
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TABLE VIII 

SUMMARY OF BIT ERRORS IN TELETYPE MESSAGES RECORDED DURING 
#3, AUGUST 11, 1966 

No. of Bit No. of Bit Pulses No. of Spaces No. of Bit Pulses 
Pulses Sent Missing from Proper Sent Added at Wrong 

Level Level 

PM AM PM AM PM AM PM AM 

Code Level 1 11 9 3 4 26 20 4 5 

Code Level 2 14 14 3 4 23 15 9 4 

Code Level 3 16 17 5 3 21 12 5 4 

Code Level 4 8 11 1 4 29 18 8 11 
i..N 
V1 

Code Level 5 14 12 5 2 23 17 17 10 
- -

Totals: 63 63 17 17 122 82 43 34 



a s r pr of the AM characters were wrong because of 
extraneous bits ente where spaces should have been. This result 
suggests that the PM channel was somewhat less vulnerable to s~d 

Meanwhile the pr of bits d by the AM 
was exac the san'le as the pr dropped by the PM c:hannel. 

This latte result suggests that both channels suffer c from 
drop-outs in the weak s areas. However, this s 
very small. 

Data: One Air Traffic 
_ __:::__. ____________ .J ________ l_i_s_t_e_n_e_d_t_o_t,_h_e_;;cv,_o_i ___ c_e_rn __ e s sage s 9 r e cor de d 

#3. Appendix VII gives the plain-
of the voice n1essages. The playback was accomplished 

1n office. Thus, audio interference of an airborne 
acoustic environment was avoided along with other interference 
which rni have been introduced rnernber s of an operating flight 
crew. 

to each voice message$ the ATCS first 

in each message were 
final in r to and refine the 

comments. 

The results of the examination 

then re 
message. 

record of ACC for each 
s of the pen records of 

re audio and 

Voice mess alrnost 

s became fell 

oral communicator has characteristic patterns of inflection, 
diction ion, and tone. To account for all these personal 

a careful controlled would have been well 
of the The voice of one 

municator sufficient to this 
the 
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below -122 dBmo As signal level became higher than -122 dBm, back­
ground noise became less objectionable. There were no evident errors 
in reading words as long as the words were at all readable. Voice was 
very clear at levels above -115 dBm. Voice was of good quality, even 
though received carrier- signal power levels fluctuated as rnuch as 10 dB 
during messages, provided the lowest carrier-signal level was above 
-115 dBm. During one message, severall-second fades, from -115 dBrn 
to -120 dBm, earned a rating of "Good, but occasionally intermittent. "l 0 
When carrier- signal level rose to an average of -l 00 dBm, base tones 
were notic7ably deeper which suggested that the system equalization was 
being modified by AGC level. The AGC system seemed to respond more 
to low frec,uencies in the audio baseband. At carrier-signal power levels 
of -113 dBm, the ATCS listener rated rnessages as clear, even though 
the presence of AGC voltage fluctuations suggested that there was some 
form of radio-frequency interference. 

Some voice messages faded out at a carrier level of -117 dBm. 
The audio-frequency noise, which became noticeable at a carrier level of 
-117 dBm, made reading more and more difficult as carrier level was 
reduced toward the receiver threshold. At carrier levels of -121 
signal generally was characterized as weak. 

10 

An average value for carrier signal power was not computed separately 
for each voice message as it had been for each teletype message. 
Instead, the manner in which carrier power faded and revived with 
time and distance is indicated qualitatively the reproduction 
of actual records, shown in IV, e al Figure IV-7 
and IV-8. 
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RY OF RESULTS 

Tr Antennas 

Noise temperature at the troposcatter antennas was observed only 
during a test period of less than l hour of the forenoon on March 21, 1966; 
the average value of noise temperature was 398°K. 

wave ratio ( was measured at l. 6 or less 
ncies in the band from 118 MHz to 136 MHz; at project 

frequencies 133.2 MHz and 133.4 MHz the VSWR was l. 2. 

The n1ain lobe in the forward sector of the horizontal radiation 
pattern from 70° T to 22 T with re to N. J., was 

d gene as d and its directed along a true 
azimuth of 1450. 

Average back-lobe 

antennas, in the secto from 
or more below the maximum 

one flight around the troposcatter 
22 0°T through 36 0°T to 70°T, was 3 1

) dB 
the axis of the main forward lobe. 

Bac radiation was sufficient for pre reception of teletype 
and voice rrte s sages at the airborne terminal in the pr ect aircraft 
while it was d on the NAFEC ramp about 25 statute miles away. 

For rnore than 

a radius of 350 nrni 
percent of the time during a fli at 20. 000 feet 1:•) 

the axis of their main forward lobes (145° 
rece at one antenna. or the other was for air-to-ground 
communication de deep fades observed at the SW antenna.. Only 

a few percent of total time was there coincident deep 
at both antennas. of the trend line for tropos catte r power 
the radio horizon was estimated from the test data to be about 

ooO. 18 dB per nautical mile. out this line, fading varied the received 

power s ometirne s as much s 30 dB to ent peale 

Voice rec 
be excellent dur 

ground test. 
onto450 

from the 250- W airborne terminal was observed to 
both the outbound and ound legs of an air -to-

of results suggests that space-diversity 
nmi could have been achieved had the flight been extended. 
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When an unmodulated VHF test signal was applied to the receiver 
input in the laboratory at a level of -127 dBm, automatic gain-control 
voltage increased just enough to be detected by the pen recorder. In 
the aircraft, indicated sensitivity was 3 dB less due to the airborne 
antenna, cable, and noise environment. 

Fading of the received VHF carrier to power levels of -122 dBm 
and below resulted most of the time in miss teletype characters. 
However, short term fading which brought carrier power to -122 
dBm usually lasted no rnore than 5 seconds whereas the intervals 
between fades were generally one or more orders of magnitude longer 
than the fade intervaL 

As heard during playback in a private office, voice messages 
recorded on the airborne tape recorder were very clear when received 
carrier power was at or above -115 dBm. Fading to -120 dBm during 

a voice message led the evaluator to rate the message "intermittent. 11 

Although some voice rnessages were not readable when received carrier 
power wa13 observed to be -117 dBm, the evaluator characterized most 
voice messages as 11 weak 11 at carrier power of -120 dBm. At -122 dBrn, 
voice messages generally were 11 unreadable,. 11 

Airborne Antenna Effects 

The airborne antenna for the test was topside, aft of the operational 
VHF antenna, and several inches to the port side; this location made the 
horizontal radiation pattern asymmetrical, substantially favoring the 
port side with horizontal gain. 

Maneuvers during turns, usually made to the left, increased the 
number of message inaccuracies; intermittent fading which occurred 
during turns cor responded with missing characters. 

The average number of inaccuracies per message was roughly 
25 percent greater during flight segments aimed toward the Avalon trans­

mitter than during flight segments outbound ;toward Bermuda. 

The character of transmission during the tangential excursion of 
Flight #2 was noticeably different according to whether the port or 
starboard airborne antenna patterns were directed toward the Avalon 
transmitter. While the port-side antenna pattern was directed toward 

Avalon, near the latter part of Flight , inaccuracies were about 
300 percent more during PM than during AM transmission. While the 
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starboard-side PM transmissions 
suffc ed about 25 percent more 

During both outbound and return legs of the ntial excursion fr01n 
the Victor Route , received carrier power fluctuated 
between -104 dBm and 1 dBm with periods typically less than 20 
seconds and mos about 3 to 5 seconds. 

PM and AM Transrnis sion 

Both PM t-lnd AM transmissions were interrupted 
carrier power below receiver sensitivity levels. 

fading of 

Randor:'l ina_ccurac:ies in te messages occurred about as fre-
que n during PM as dur AM transmission when received VHF cc1rrie r 
was well above the level of receiver sensitivity. During a long flight 
within such are almost 12, 000 chara.:::ters were transmitted and 
all but eight were receiv corre Four of the inaccuracies occurred 
dur three PM messages and the others during four AM messages. 

At distances where car ie:r power approached the lirnits of receiver 
sens rec of PM and AM messages was characterized by 
almost identical frequency of inaccuracy. While on the average the 
total numbe of inaccuracies made up partly of missing characters 
and of wrong characters was about the same, the proportions 

shifted. As N fell to 30 PM remained less to r 
wrong characters. However, as S + /N fell still further to 20 dB, 

both modes of transmission produced wrong characters and since carrier 
level was aJs o both suffered miss characters. :Fiowever, PM 
suffered more 1n:iss characters as carrier decreased to threshold. 

Both Plvl and AM systerns produced ess satisfac teletype 
trans rnis sions to distances between 440 and 520 nmi, within the half~ 
powc sector of the n~Lain-lobe coverage. At distances less than 440 
nmi, transmission was esse 
effects of noise attributable to the 
520 messages were often 

rational Factors 

free of errors exc for occasional 
data transfer equipment. Beyond 

obliterated. 

When trans at 2 kW from Avalon, the most efficient maneu-
vers were conducted so far out over the ocean that flight operations 
with the G-159 aircraft had to be based at Kindley Air Force Base, Bermuda. 
At shorter distances, received s s w~re strong and all modes of 
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modulation performed so well that no comparisons could be made. 
Similarly, when distance was so great that no carrier power could be 
received, no comparisons could be made. Thus operations had to be 
concentrated about the fringes of the effective radiation coverage. 

Noise varied independently of carrier power for the most part. 
Measurement of signal power and noise power, therefore, should have 
been instrumented separately. However, the Lvo values should also 
have been so measured that they could be related directly with each 
other and with significant parts of the several test messages. Data 
processing was cornplicated because of the sequential manual switch­
ing from. (S + N) to N measurements between which fading often 
occurred. 

Elapsed time was found to be a convenient common argument for 
plotting all the test data. 

Available meteorological data were not adequate for convincing 
explanations of the maxirnum communications distances, 
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Based on 
established at 

CONCLUSIONS 

tests conducted from a cornmunication site 
:,·ersey, it is concluded 

l. The troposcatter antennas c ed for 
space-divers rec the communication test site arc suitable 
for experimentation with data transfer and autornatic communications 

VHF troposcatter to aircraft in an over ocean environment. 

2. troposcatter antennas will allow coa.stal sites to 
communicate with aircraft at substantial distances over the ocean, in 
sorne cases several hundred nautical miles the radio horizon. 

3. Performance of a data 'communication s u1 a noise-
limited environment is to be ed very little by a simple 

cation of e rnodulation to the carrier frequency instead of 
modulation. 

-4. Performance of a catter communication system 
for voice messages is to produce good- vo1ce 
at sub the same distances as it delivers error --free 

messages -speed data modems are simply substituted 
for voice-frequency modulation and detection. 

5. Aircraft maneuvers back and forth across the down-range 
threshold of rec offer an abundance of test data for comparison 
of various systems ope in a nois e-lirnited environnlent. 



RECOMMENDATIONS 

Based on the results and experience c!erived from this project, 
it is recommended that: 

l. The troposcatter antennas at Avalon, New Jersey, be 
accepterl and utilized for experimentation to determine the character­
istics of over-ocean data communications by tropospheric propagation 
at VI-IF. 

2. An experiment be undertaken to ascertain the probable 
increase of operational coverage to be expected if coastal sites are 
equipped with high-gain troposcatter antennas without changing the 
VHF communications antennas of over-ocean aircraft. 

3, In any long-term study of the over-ocean propagation 
medium, a simplified but complementary facility for reception and/ or 
transrnission be established at Bermuda so that, by monitoring of 
point-to-point reception and study of meteorological factors, effects 
due to phenomena of the medium may be separated from effects due 
to the airborne terminal or its movement. 

4. A communicator be included among the airborne test crew 
to render "real-timer! appraisals of the quality and readability of 
voice messages when the performance of a voice communications 
system is evaluated. 
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APPENDIX I 

DESCRIPTION OF TROPOSCATTER ANTENNAS 
FOR GROUND TERMINAL 

Parts for the high-gain antennas had been taken from the eight-bay 
antenna structure recovered in 1965 from the experimental site at 
Barnstable, Massachusetts. Five vertical columns in each antenna 
structure were arranged at the apexes of three adjacent equilateral 
triangles each with one side open so that the plan view of the structure 
resembled the letter ''W". Two vertical panels, 107 feet high by 
12 feet wide, forming an angle at the center of the structure, were 
reflector panels which met at the center column where they intersected 
at an angle of 60°. Since the 12-foot side ':::lpposite this 60° angle was 
open, it became the aperture of the antenna through which radiation 
was directed from a vertical array of dipoles mounted within the 
central triangle. (Figure I-1). 

The two reflecting panels behind the dipoles were strung from top 
to bottom with aluminum wire, AWG #10, spaced every 2 inches along 
the 12-foot width of the pane~s. Wires were 106. 8 feet long, supported 
at 12-foot intervals by insulating grommets on horizontal crossbars. 
All the vertical wires were inter-connected electrically by jumpers at 
the bottom crossbar. 

The vertical array of 16 colinear dipoles, suspended between the 
two reflecting panels, was 4 1/2 feet from the corner at the center 
column and rigidly supported in the plane which bisected the 60° 
aperture. Electrical distance vertically between vertically-polarized 
radiating elements was 0. 775 wave 1 ength. Energy was distributed 
among these elements by a binary l:arness of Heliax coaxial cable. 
Near each element, feeders were 7/8 inch in diameter while the 
main distribution cable was 1 5/8 inches in diameter. The calculated 
gain of the antenna through the front aperture was 24 dB. 

The antenna was erected so that the principal axis of the antenna 
pattern would. as nearly as possible 9 be aime;d toward the horizon along 
a trv.e azimuth of 1450. The shape of the pattern was designed to be 
broad and flat with a horizontal angle of 30° between the half-power 
vectors of the major lobe. The half-powei· vector in the vertical plane 
along the principal axis was elevated zo above the horizontal; a deep 
null was expected at an elevation angle of 4. 6o. A secondary lobe above 
this null was pointed toward an elevation angle of 6. 5°; its gain was 
about 14 dB less than that of the main lobe. 
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The effective center of radiation was at o.-: slightly above the center 

of the dipole array. The grade level at the base of the antenna structure 
was approximately 7 feet above mean sea level; the center of 
radiation was norninal1y 67 feet above mean sea leve~. 

At the base of each tower, the pressuri?;ed HeUax coaxial cable 
harness was terminated with a standard pressurized fitting for a l '3/8 
inch coaxiaJ cable. A pressure gage and valve were included at the end 
of the harness near the pressurized connector. Specifications for the 

harnc~ss required testing to a pressure of 8 psi with no more pressure 
I 

leakage tha11 2 psi in 8 hours. 
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APPENDIX II 

DESCRIPTION OF GROUND TERMINAL EQUIPMENT 

mcnts cornprising the rnajor con1ponents of ground terminal 

assembled fo the c oratory tests between July 25, 1966, throug}, 

Augc1st 16, 1966, are listed in Table II-I. 

}\. Mess 

Several different rnc s sage ·-generating units were intc rconncctcd 

w.ith the other e mcnt of the grm:nd terrninal ( reii-1}. 

A c:omrnercial audio oscillator, Telesigna] Model 101, 

provided the constant -frequency test-tone modulatior: at 1615 Hz. 

d teletype equipment generated the eli data at the 

norrnal te Seven messages, al of air traffic control 

copy, were prepared in advance on punched paper The text of 

each of the seven rne s sages was punched t·;vice on the paper tape; the 

first message of each pair was preceded by an identification including 
the rnessage nun1ber, and the wends "PHASE MODULATION, 11 and the 

next by the message number, and the words "AMPLITUDE MODUloATION. ' 1 

Once all seven pairs of messages had been run through the paper 

reader, the paper was recycled manually. The text of the seven 

tele messages is presented in Figure II-2. 

The tele paper-tape reader delivered its data s gnals to 

an audio-frequency-shift keyed (AFSK) Data Modem, Collins Radio 

Company TE-204 A-4, through the modem, to a Tel Model 

28 ASR page printer, which was used at the ground station to rnonito:r the 

outgoing messages. 

Output of the data then was also delivered to a sequencer, which 
consisted of a manually-adjustable timer connected mechanically to a 
s re After passing through thE stepping re of the 

modern was a 

Modulation ( 

re ated levels 

d, regulated, and introduced either to the Phase 

exciter or the Amplitude Modulation (AM) exciter at 

When the teletype rnessage within a sequence came to an end, 

a hand-held tr1icr could control the exciter until the sequencer 

switched control about 10 seconds later to the output of a magnetic 
recorder /reproducer, the Webcor Viscount rnocleL La.st wc;s inforrnation 

contained in the seven teletype rne s sages, enunciated in c: or res pond 

plain (Appendix V), by an experienced communicator, and 

recorded on an endless loop of 1/4 -inch rnagnetic 
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TABLE II-1 

MAJOR COMPONENTS OF GROUND TERMINAL FOR EXPLORATORY TESTS 

nt 

r 1ape Reader 
Printer 

:tv1agnetic Recorder-Reproducer 

Microphone 
Data Modern 
Sequencer 
Tone Oscillator 
Re d Output r #l 
Regulated r #2 
VHF Transmitter 

2000- Watt Linear r 

50- Watt Powe:r A r 
AM Exciter 
PM Exciter 

Vertically-Polarized Antennas 
Counter quency Meter) 

Oscilloscope 
VHF Receiver with Power 
Audio r 

aker 

Manufacturer 

Webcor 
Electrovoice 

Radio 
(Local} 
Telesignal 
Tritronics Laboratories, Inc. 
Maxson Instrument Corp. 
Collins Radio 

Page e:c-

Hewlett Packard 
Tektronic s 

Bendix Corp. 
Local 
Local 

/Model 

Model 2 
Model 28ASR 
Viscm.mt 
25 Differential 
TE-204 A-4 

cial 
Model 101 
Type CA-1762 
Type CA-153 

TV -37X 
TV-36 
Special 

cial 
cial 

Mod-52452 
310-A 
RA-21 
Special 
Special 
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GROUND TERMINAL FOR 
SUPERVISORY VOICE SYSTEM 

i --, 
I 
I ~ 

I PAGE 
PRINTER 

1'---------' 
I ...-------, 
I MAGNETIC 
I TAPE 

RECORDER­
I REPRODUCER 

TONE 
OSCILLATOR 

DATA 
MODEM 

SEQUENCER 
(TIMER AND STEPPING 

RELAY) 

OSCILLOSCOPE 

CYCLE 
COUNTER 

REGULATED 
OUTPUT 

AMPLIFIER 

REGULATED 
OUTPUT 

AMPLIFIER 

EXPERIMENTAL GROUND 
TERMINAL 

r-- -­
' I 

AM 
EXCITER 

PM 
EXCITER 

SWITCH 

2000WATT 
LINEAR 

AMPLIFIER 

50 WATT 
POWER 

AMPLIFIE;R 

L VHF TRANSMITTER ----------- ----CONTROL OF MODULATION MODE 

L __ ----________ 2..:'-~LE~VAN__::_\~~E...:..._ANTENNA _____ ----

OF GROUND TER 
FOR 

--, 
i 

I I 
I I 
I I 
I I 
I I 
I 

I I 
I I 
I I 
I I 

I I 
I I 
I . 
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To approximate random word sequences during the test, there 
was no synchronization of the magnetic tape; the free--running tape was 
sensed at random, whenever the sequencer ordered transrnission of a 
taped voice mess , and interrupted when the allowed tirne was up. 
Such voice messages typically contained 20 to 25 words. 

B. Modulator and Transmitter of Ground Terminal - A 50-watt 
Power Amplifier, s Radio Type TV- was mounted within the 
case of the 2- kilowatt Linear Amplifier, Collins Radio Type TV- 3 7X 
(Figure II- 3 ). The power amplifier had been modified so that its exci ta­
tion could be switched from the standard AM module to a special added 
PM module. This equipment was located in a trailer van and connected 
to the antenna by means of flexible Heliax coaxial cable. 

Message input to the AM and PM exciters was kept within 
manageable dynamic limits by means of two Regulated Output Ampli­
fiers (ROA) one of which, Type CA-l589A, by Maxson Instruments 
Corp., regulated the teletype signals and the ot'J.cr, Type CA-1762, 
by Tritronics Laboratories, Inc., regulated the voice and tone signals. 
The levels of voice and teletype signals delivered by the ROA 1 s were 
so balanced that the exciters could not be overdriven or underdriven 
as the sequencer switched signals from one source to another. 

C. Re - During the pre-
patterns for the airborne an.d 

ground antennas, the Defense ctronics, Inc., ) Telemetry 
Receiver, Type TMR- 5A, and a RIXON preamplifier and RV- 9 receiver, 
each were connected to one o£ the ground antennas. Their automatic 
gain control C) voltages, calibrated laboratory signal gener·-
ators, were recorded on paper charts either by Brush Instruments, 
model Mark II, or Esterline Angus pen recorders. 

During the ground-to-air transmissions, a standard receiver 
Type RA- 21, was located together with its power supply at the south-­
west antenna. Audio output of this ~eceiver was amplified and 
monitored within the van at the other antenna. This channel was 
used to receive administrative messages transmitted frorn the aircraft 
via standard VHF communications equipment. 
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APPENDIX III 

DESCRIPTION OF AIRBORNE TERMINAL EQUIPMENT 

Equipment c sing the airborne terminal for the exploratory 
tests is listed in Table III-1. Interconnection of the components of the 
experimental airborne terminal is illustrated in Figure III-1 along with 
the operational airborne components employed for supervisory communi­
cations from air-to-ground. 

A. Airborne Transmitters 

During preliminary tests, a 25 -watt airborne transmitter, 
Bendix Radio Type RTA-41A, was operated within line-of-sight distances 
of Avalon. The 250-watt VHF amplifier-r:wdulator, Bendix Type 
RAA-204A, was operated while the aircraft maneuvered near and 
beyond the radio horizon. 

B. Rece and Instrumentation 

The airborne antenna was connected, during the ground-to-air 
tests, through 12 feet of RG-8 coaxial cabl'c to a DEI Type TMR--5A 
telemetry receiver mounted 1n a standard airborne test rack along with 
several other components e III-2}. 

After pass 
Model 72-2, the audio 

through a coaxial switch, Bird Electronics Corp. 
of the receiver was filtered first by a 

bandpass filter, Kronhite Model 210 whose bandpass was nominally 
from 300 to 3000 Hz. 

After the first filtering s were recorded on 
magnetic and also passed thr divider man-
ually adjusted to keep the audio test-tone at a useful level for recording. 

audio from. the divider was connected to a Simpson Mode 
269 multirn.eter h served as a visual monitor of the signal level, to 

the Data Modem Type TE 204 A-4 which demodulated the audio tones of 
the teletype messages, anct continuous to the special narrow-band filter 
through which the s noise levels were measured in order to secure 
the ratio of signal -noise to noise. A vacuum tube voltmeter 
(VTVM) measured these voltages at the output of a special narrow-band 
filter, appr 120 Hz in bandwidth, and tuned to the 1615 Hz 
audio tone. of the TMR-5A receiver was admitted continu-
ously to this narrow-band filter. 

AGC voltage from the receiver was recorded direc and 
continuously by one pen of a two-pen recorder, Brush Development Co., 

Mark II (Figure III-3). The other pen recorded short samples of 
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TABLE 1 

MAJOR COMPONENTS OF AIRBORNE TERMINAL 
FOR EXP OR Y TESTS 

nt 

rational VHF Antenna 
Operational VHF Transmitter 

ect VHF Antenna 
Telemetry Receiver 

Coaxial Switch 

Audio Bandpass Filter 
Voltage Divider 
Magnetic Tape Recorder 
Data Modem 
Page Printer 
Multimeter (120 Ez) 
Narrow-Band Filtc,:;r 
Vacuum Tube Voltmeter 

r -Chart Pen Recorder 
(Two Channel) 

Sequencer 
Monitor Loudspeaker 

Manufacturer 

Collins Radio Co. 
Collins Radio Co. 
Bendix Corp. 

e Electronics, 
Inc. 

Bird Electronics 
Corp. 

Kronhite 
(Local) 
Webcor 
Collins Radio Co. 
Teletype Corp. 
Simpson 
(Local) 
Hewlett-Packard 

Brush Instruments 
(Local) 
(Local) 
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/Model 

Type 37R-2 
Type 17L7 
Type ANA-22A 

Type TMR-5A 

Model 22-2 
Model 310 -AB 
Special 
Model Viscount 
Type TE-204 A-4 
Model UA28RO 
Model 269 
Specjal 
Model 3400A (RMS) 

Model Mark II 
Special 
Special 
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audio output voltages corresponding first to signal-plus -noise, and 
then to noise only. Since the linear speed of the paper chart was 
practically constant, length of the chart was relied upon to measure 
elapsed time, 

All audio signals were recorded in flight with the airborne 
e recorder, a W ebcor Viscount modeL In addition, the teletype 

signals, demodulated during the flight by the Collins Radio Data 
Modem Type TE-20 were printed out directly on a 
packaged Teletype Page Printer, Type UA 28RO. Meter readings 
taken by the airborne observer, and other notations, were manually 
recorded either on the teletype page printout or on the paper 
of the Brush Instruments recorder, or both. 
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APPENDIX IV 

TROPOS PRO FACTORS 

Several factors considered while planning the tests and interpreting 
the results were taken from the literature of tropospheric propagation 
theory. Of special interest were the concepts of the ''common volume, 11 

scatter mechanisms, fa , ducting, andinterference. 

A. Common Volume - When the transmitting and receiving 
antennas are located beyond each other 1 s radio horizon, their radiation 
patterns are gene directed toward each other so as to intersect in 
some "common volume'' above the surface of the earth. 1 As the dis­
tance along the great circle is increased between the two antennas, the 
intersection of patterns must occur at higher and higher altitudes and 
at increas acute s. As long as the cornmon volume remain:3 
within the troposphere, the mechanism which supports beyond- the-
horizon propagation is often called "tropos ric scatter" or fltropo-

scatter. 11 Whether the mechanism involves refraction, reflection, or 
both, its operation is affected by the ever-changing conditions of 
temperature, moisture content, pres sure, and rates of change of 

the resulting permittivity within the common volume. 

Not only are contents of the common volume 
gene underg at all times, but the shape and location 
of the effective 
volume embraces 
and relative effi 

rn-inter,;ection also 
different scatterers in va 

When one terminal is 
the common volume also moves, changes s 
any simple is. 

; the changing com1non 
numbers, locations, 

airborne and moving 
rapidly, and precludes 

If nvo terminals are sufficiently far apa the bottom 
of the common volume can be well above moisture-laden levels of the 
troposphere at altitudes where the dielectric properties do not support 
useful scatte Furthermore, a:·, separation increases, radio eneT·gy 
scattered toward the re antenna will suffer increasing propagation 
losses. 

B. Scatter Mechanisms - The theory of tropospheric propagation 
offers a conce of scatterers in a volume of the troposphere. 
Scatterers within the 11 common volume" have been described both as 

Institute Science and Technology, 

1 ix A, Genera 
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"s rica] blobs" and as ''flat pancakes" which either refract or 
internal -reflect radio waves. The presence of scatterers j s an 
inhomogeneous atmo re. the irregularities which cuuld cause 
"scattering" are essentially .invisible and transitory. The cone of 
scattering requires a statistical framework adjusted by arbitrary 
assumptions regarding the size, number, and distribution of the irregu­
larities. To the extent that scattering is due to reflections internal to 
each atmospheric irre fading of received signals during point-
to transmission would be associated with motion of the several 
scattering parcels. The average internal..,.reflection field received from 
each parcel would then be related to the rate of decrease of density with 
height within the parcel. Some of these fields would cancel and some 
reinforce at the receiver. 

None of the early hypotheses has been entirely satisfactory. 
In 1963, K. Bullington wrote that:2 

"If the problem of inhomogeneous atmosphere could be solved 
rigorously, there would be no difference of opinion, but a 
r orous solution that can be re evaluated has not yet been 
achieved without s ant approximation, and the relative 
accuracy of the different approxin1ations is in question." 

In an effort to bridge the gap between the earlier reflec­
tion concept and the scatter hypotheses, Bullington presented another 
method. In his method, it is assumed tha·;: 

a. Internal reflections occur within the atmosphere, whose 
dielectric permittivity (index of refraction sq1.:ared equals the permit­
tivity) varies as a smooth exponential function of altitude, but also has 
randon1 variations superimposed on the exponential decrease; 

b. Random variation of the differential dielectric perrnit-
from one given hei to another ha'3 Gaussian distribution; 

c. Between two heights within a common volume, the 
average reflection coefficient is derived as a :('unction of the average 
exponential decrease :in per and 

d. The variance of the reflection coefficient is related 
to the variance of the dielectric permittivity by the same function that 
relates average reflection coefficient to the average permittivity. 

is 
of 18 references, 

a paper Gordon 
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~-·~-~- Whether due to rnultipath interference, deflection of 
pr on, or other effects of the propagation medium, fading of VHF'-

radio carrier signal power received in the aircraft was expected 
to occur with s of aircraft position and with time. Fading influ-

enced by aircraft position in space could not be sorted out from fading 

due strictly to the propagation characteristics of the medium. This 

limitation was ace d for the exploratory tests. 

D. - Where the gradient of 'refractive index is abnormal 

over a wide ge al area, pr may be trapped within 
curved layers called ducts. 3 Energy s'o d can propagate over the 

ocean to distances of hundreds, even thousands, of miles before it 
escapes from the duct. A combination of ducting followed scatter 

of the energy erne r 

instances of 

from a break ir: the duct seerns to explain many 

comrnunication distance. 

Stable meteor cal conditions with large temperature 

inversions are often indicated over the o2ean by widespread cloud cover. 

Ducts also can exist on cloudless days but they usually occur where 

a strong negative m.oisture gradient is coupled with a temperature 
inversion. Where the duct is broken as by the convective turbulence 

of a storm, or by some major in tropospheric conditions, the 

erne energy then proceeds to scatter. , therefore, rnoch-

fies the location and s of the ''comrnon volu1ne. 11 

d , rotation of 
signals also are affecte us 
reflections from the ionos 
from many sources--such as 

radios--also inte the flow of 
racie s at the receive . 

3 See 
in 
to 

4 Western Test 

- In addition to those variations 
the comrnon volume 

and motion of the airc 
tu a far less 

s in 
received 

scatter and 

trails. Interference 
tic noise, sun's radia-t:ion other 

zed inforrnation or produce inaccu-

ion 

technical No. AFTWRT-TH-65-1 
Transfer Between Two Antennas 

ca 
Beuhring W. Pike offe~s a 

transfer between 1wo 
i.n free space. The ization mismatch loss was expected to be 
a effect the tests herein. 
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Models are available from which the expected values of 
transmission loss can be predicted statistically as a function of path 
geome and the term averages of atmospheric parameters. 2 • 5 

The value of test data taken in a particular environment is greatly 
enhanced if receiver carrier levels can he compared with predictions 
ace to the methods prescribed for these models. After the ea 
data offer a check on the of specific prediction methods, 
the results can then be d to other propagation paths, or to 
other climatic areas to which the sarne model applies. 

Prediction of transrnission loss was not made for these 
tests ac to the several recommended methods 

be cause the brief experiment was expected to be too limited for 
meaningful conclusions. Nevertheless, the results obtained seemed 
gene s cient to suggest what other experiments might be 
undertaken. 

Prediction of the performance of a communication link 
can be done for specific meteorological situations on a long-term 
average basis. Short-term correlation between meteorological and 
propa on parameters has us been found to be smalL 

for the 
transfer 

Extensive meteorological instrumentation, not available 
ry test, would be needed to determine a quantitative 

function between meteorological conditions and VHF radio 
the radio horizon. Once such a transfer function had 
its use would probably be based on data also obtained 

with a simila 
radar- observation 

sticated system of instrumentation. At pres 
launched from Bermuda, 

ShipE ntia 
Sable Is land New , Washington, 

. c.} 
broad area east 
s 

Avalon New 
This station network leaves a 

rs ey, uncovered by meteorological 

In the absence of surface meteorological information for 
the region between Avalon and Bermuda to-day coverage predictions 
would have to be based on ca conducted soundings. Air- to- ground 

A .P., 
on Circui NBS 
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soundings could be cornbined with to-point propagation rnonitoring 
between Avalon and Berrnuda, A combination of fixed and changing 
paths should reduce the confounding of effects due to the rnediurn alone 
frorn effects attributable solely to rnovernent of the airborne terrninal. 

Cloud coverage photographs frorn satellites are not 
analyzed without difficulty; the work involves rnuch experience, 
subjective judgrnent and patience. Although cloud analysis probably 
would not supply all the answers to questions about variable coverage, 
it is a. developing field which, it seerns, could be cornbined with VHF 
soundings to irnprove short-tern1 coverage predictions. 
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TROPO TEST PLAN 
OVER-OCEAN DATA TRANSFER 

Aircraft No. 
Type 

Dates 

N 376 
G 159 Gulfstream 

st 10 11, 1 6 

The foJ will be followed for ''TROPO TESTS" on the 
above mentioned dates. The code names ass d to the routes arc for 
Proj ct test purposes and are not to be confused with the re 
Oceanic rottte names. Additional} y they will permit spec 
tion between all parties and reduce ve or lengthy ons. 
i\11 Pr ect Tearn personnel shall ac themselves with this plan. 
TheN. Y. Center personnel be requested to relay all messages 
between the Avalon test site and the airc either in the air or on 
the ground at Bennuda Cente and N.Y. ARTCC. 

v -1) 

Course--proceed from ACY to A 
HOTEL 

thence to GOLF, thence to 

If it becomes expedient to go direct to HOTEL frorn ::oome point 
enroute and before re GOLF, send this message to TROPO TEST 

CONTROL: 

YANKEE 

The blanks would be filled in with the three nece t3 s;:;~_ry to give 
the distance down range on the track whc re we cut off. For 
If we decided to proceed direct to HOTEL from a point 457 miles down 
range from Avalon, we would send the signal YANKEE FOUR FIVE 
SEVEN. AT l347ZEBRA 

If it becornes expedient to return to ACY without proceeding 1.ny 

further the s should be: 

X-RAY At 

the three blanks would be filled in with the distance down 

range from AVALON. For 
We are 326 miles from AVALON and the decision is made to return 

to ACY. The s to be sent is: 

X-RAY THREE TWO SIX AT 1445 ZEBRA 
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PLAN VICTOR ( e V-2 

Course- -proceed from KBV on VICTOR route for ACY until the 
desired test signal is received. Reverse course and proceed until 
the signal is lost. Reverse course again and repeat the procedure as 
many times as the planned endurance of the flight will allow. The 
decision whether to continue to ACY or return to KBV will be decided 
by the location of the 11lost signal circle. ' 1 

If the decision is to return to KBV the signal to be sent should be: 

VICTOR KILO BRAVO VICTOR AT 

If the decision is to return to AC the signal to be sent should be: 

VICTOR ALPHA CHARLIE YANKEE AT {GMT) 

PLAN CHARLIE (Figure V·- ) 

Course--proceed from KBV on CHARLIE route to ACY. This will 
be the final flight of the series and no test maneuvers are planned or 
antic d. 

General Comments: 

The Test Coordinator will be at TROPO TEST CONTRO 

Avalon, N. J. 

Phone: 6 5-7060 

THE MISSIONS COORDINATOR IS THE COGNIZANT MAN IN 

NY ARTCC. 

Phone: 516-588-1233 

Bermuda Centre, ( you know)~ has a direct line to NY 
ARTCC. This phone may be used from Base Operations at Kindley AFB. 

Andrews Airways is capable of phone patching frorn aircra,ft to 

TROPO TEST CONTROL 

If any difficulty is encountered in zing the direct line to NY 
ARTCC, do not hesitate to call the TROPO TEST CONTROL collect. 
Dial direct to the Test Control at Avalon. 

ICAO flight plans will be filed and must be received in NY 
AR TCC no later than one hour prior to departure nor sooner than four 
hours. 
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APPENDIX VI 

GRAPHICAL TREATMENT AND ANALYSIS 
O F TELETYPE TEST DATA 

Inaccuracies found in t e letype messages, r eceived during four 
test flights, were sorte d into missing characters and wrong characters. 
Inaccuracies are plotted b elow for ea ch teletype messag e , acc ording t o 
whether the VHF car rier was in the PM or AM mode . Numbe r s and 
missing characters are plottid on the sarne graphs with corres ponding 
values of carri er signal leve '. while numbers of wrong characters 2. re 
plotted on the same graphs with cor responding values of signal-plus­
noise to noise ratio. Two graphs the r e fore are presented f or each of 
the four exploratory test flights. 

Straight and Level Outbound Flight - The carrier signal levels 
for adja cen t PM and AM rnessages are presented in Figure VI-1 which 
pertains to the firs t flight , August 9, 1966 . The carrier signal l evel, 
which dipped characteristically as the aircraft passed over the radi o 
horizon e n route to Bermuda , recovered somewhat and fluctuated there­
after with a profile resembling data published elsewhere for tropos ca t ter 
propagation. 1 H ere the receive d signals were attenuated, as distance 
increased, at a rate of appr oximately 0 . 18 dB per nautical mile. 

During these rnessages, there was no deep fading . Never ­
theless, as a_;erage carrier power drifted below - 110 dBm toward the 
sensitivity limit at- 124 dBm , missing characters were more frequent. 

The ratio (S + N)/N together with wrong characters per 
message for the first flight are plotted in Figure VI-2. Values of 
(S + N)/N were not obtained for all test messases . The manuall y ­
operated instrumentation was unable to secure signal- plus -noise 
readings at the same time that noise was observed. The strip-chart 
record showed that a grea t change of ca,rrier-power level could occur 
within a few seconds. (See Appendix VIII.) Some records had to be 
rejected as clearly not representative . Values of (S + N)/N were 
plotted as separate curves for PM and for AM messages. Nevertheless, 
in many cases, not only in Figure VI-2, but in corresponding figure s 
showing data from the other flights, values of (S + N)/N for consecutive 
PTv1 and AM messages were closely related. 

lsee Figure ':i6 , Session No . 7, Propagation , M.W . Goug h , "!>ssessi n g 
Re liab le Ranges i n t he VHF Aeronautic:;al B~£.~" Proceedings, Extende d 
Rauge VHF Sy;nposiunl, International Aeradic' , Li. mi te d , Hidd l e sex, 

England, 1963. 
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Inspection of the graph over a brief portion of the first 
flight from 112 m inutes to 130 minutes revealed that when (S + N)/N 
fell below 30 dB, some wrong characters were received. Further ­
more, errors b egan to occu r at hi gher values of (S + N)/N within A M 
messages than within PM messages. 

Shuttle Maneuvers Down Range and Latera l Excursion - Figures 
VI-3 a nd VI-4 s how data collected during the se cond fli gh t , Augu s t 10, 
1966. After the aircraft left Bermuda to fly over Point Charlie, s ome 
complete m essages were recorded. One of these was receive d at an 
elapsed time of 6 minutes . Although the distance was about 550 nmi, 
carri e r signal level was 120 dBm. Two minu tes later , when carri er 
powe r was at a l evelof - 122 dBm, many cha ra cters were missing from 
the rece i ved message. The strip chart was exami.ned at PM message 
No. 4 and the carrier level found t .o have been at - 124 dBm for about 
one-third of the message , - 123 dBm for about one-third, and at -122 dBm 
for the other thi rd. Mere inspecti on of the dis tributi on of number s of 
missing characters versus carrier level i ndica ted that there was a 
threshold in the vicinity of - 122 dBm be l ow which both PM and AM 
messages lose continuity. 

T u rns of the aircraft seemed to be accompanied by o n e 
or more incomplete messages. 

The maneuver away from Victor Route toward the southwest 
and back, which started a t 120 minutes and w as completed at 180 m inutes' 
provi ded an especially interesting graph of carrier signal level. At about 
139 minutes, the average value of received carrier power during ames­
sage dropped below -120 dBm , (S + N)/Nfell below 20 dB, missing 
characters increased and wrong characters exc~eded ten per rnessage. 
Along this leg, the starboa rd side of the 'airborrie antenna pattern was 
d i rected toward Avalon. After the 180° turn at about 153 minutes, the 
port side of the airborne pattern was directed toward Avalon. Average 
value of carrier level rose about 4 dB, and character i naccuracy dis­
appeared for a few minut es. Along thi s leg backto the V i ctor Rou te, 
noticeably fewer characters were m i ssing from AM than from PM 
messages . Also, the fluctuations of received PM carrier power coin­
cided neatly with fluctua t ions in the number of missing PM characters. 

The r e st of the data for Flight #2 generally showed that 
received carrier power at a threshold of -118 dBm, or stronger, 
supported accurate data transfer, but power levels 1 dB less were 
accompanied by noticeable discontinuities. A similar correspondence 
seemed to exis t between b u rsts of errors and the noise levels whi c h 
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dropped the (S + N)/N ratio below 20 dB while carrier level remained 
stronge r than -120 dBm·. 

Distance to the aircraft at the - 1 18 dBm level for carrier 
signal during Flight /12, . most often was between 440 and ·,450 nmi dur ing 
outbound legs and bet-ween 450 and 430 nmi during inbound legs. B ursts 
of missing and wrong characters generaily accompanied turns; bursts 
were greater for the turns made furthe r down range . .(All turns w e re 
left- hand turns except for the turn at 180 minutes.) 

S e veral general observations were made from the Flight # 2 
data : 

a. Where large numbers of characters are missing , 
few , if any, w rang chara~ters w e r e l ogged; 

b . Although the graph far (S + N}/N generally cor­
responded with the graph for carrier signal level, ,·the two differed 
sufficiently to argue <that noise and carrier~ signal level va r y independently ; 

c. There were enough gaps in the (S + N)/N data to 
warn that for large- scale e :£perime n t s depending on (S + N) / N, sequenti al 
measurernents first of signal-plus - noise and then noise alone would not 
be satisfactory; instead, noise should be measured simultaneous l y with 
signal plus n oise . 

Flight #3 (Figures V~-5 and VI-6) covered almost the same 
shuttle path as Fligh~ #2 along the Victor Route : Only b eyohd520 nmi 
d id ave rage carrier signal level dip below - 12 0 dBm, duri ng the fir~~ . 

inbound leg. Thereafter from 13 minutes fo 114 minutes , a v erage carrier 
signal for each 20-second message, was stronger than - 120 dBm . PM 
messages at 53, 56 , 66, and 73 minutes were affected by fades for seve ral 
seconds to between -118 and _: 121 dBm. The AM message at 88 m i nutes 
had 50 characters missing. The corresponding average val u e for carri er 
signal level was - 119 dBm . However , for 3 seconds , the carrier actually 
faded to -121 dBm during that porti on o{ the receive d message which was 
missing . Thi s case was typical 6fwhathappene dat turns . 2 

Data transfer during Flight #3 was clearly supe rior to data 
transfer over the same regionoh the preceding day . Once agai n, how­
ever, a threshold appeared, near 500 nrni, within which data transfer 
was relatively free of inaccuracies. On . the final leg heading toward 
Bermuda , carrier signal fell below -120 dBm at a distance of 460 nmi. 

2Th rou g hout t his fl ight, oc casional inaccuracie s occur re d iu bc~ rst s at 
rand om titae s. Bursts usually occurre d at t he tur ns; howev e r , two bu rst-

f r ee tu rns were ma d e a t a distanc e of 420 n mi . 
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While taxiing just b efore take - off on August 10 and 11, 
parts of son1e t e l e type me ss ;:t ges were printed out col-rectly although 
the point-to - point distance from Avalon was some 628 nrrn. Such long 
haul s usually imply ducting ov er part of the distance. It was interesting 
to note that while the aircraft was cli~bing t o altitude a:fter take-off 
from Kindley Air Force Base, few teletype signals were successfully 
received until the distance to Avalon became less than 550 nmi and the 
climb to 20, 000 feet had been completed. 

This incident brought attention to the possible effec ts of 
a ircraft attitude and the vertical pattern of the airborne a:ntenna: which 
was t i lted upward during the climb maneuver . 

During the test period there had been no ready means for 
measuring the v e rtical pattern. 

Straight and Level Return Fligh t - Figures VI-7 and VI- 8 
portray the results of data transfer observations during Flight #4. On 
crossing Point Charlie , the AM message suffered a loss of 46 characters 
as carrier level dipped temporarily below -120 dBm and then the PM 
message suffered 32 wrong characters . Subsequently, only a few random 
inaccuracies were observed throughout the return fl i ght. 

Review of graphs for these tes t flights suggested that only 
15 to 20 minutes of Flight #l and #4 were useful for comparative evaluation 
of AM and PM, whereas a l most all of the flight time of Flight #2 and 
#3 supplied useful comparative data. 
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TEXT OF VOICE MESSAGES RECORDED ON MAGNETIC TAPE FOR 
AUTOMATIC SAMPLING AT RANDOM 

TROPO TEST CONTROL/THIS IS SPEEDBIRD GOLF A LPI1A/POSTTION 
49 45 50 WEST AT 1317/ T LEVEL ONE NINE Z 
NEXT POSITION 50 00 NOR 40 WEST AT 3r:,; ENDURJ\NCE 9 HOURS 
30/ MINUS 18/255 35 END OF MESSAGE ONE 

TROPO TEST CONT THIS IS CLIPPER 101/ POSITION 50 45 
NORTH/ 20 WEST AT /CLIMBING TO FLIGHT LEVEL TWO WO 
ZERO/ NEXT POSITION 49 .25 NORTH/ 25 WEST AT 1621 / ENDURANCE 
10 HOURS END OF TWO 

TROPO TEST CONTRO THIS IS EASTERN 451/ POSITION ABEAM 
OSCAR CHARLIE AT 1829/ FLIGHT LEVEL TWO ONE ZERO/ NEXT 
POSITION C--1 AT 1854 / ENDURANCE 5 HOURS/ PLUS ONE FOUR ZERO 
FEET/ TURBULENCE MODERATE END OF MESSAGE THREE 

TROPO TEST CONTRO THIS IS FOXTROT ALPHA BRAVO PAPA 
DE POSITION ABEAM NANTUCKET AT 2031/ FLIGHT LEVEL 
ONE EIGHT ZERO/ NEXT POSITION PORPOISE AT 2058/ ENDURANCE 
9 HOURS 30/ MINUS I 8/ 255 35 AT 65 30/ PLUS TWO NINE ZERO FEET/ 
IN AND OUT BROKEN C TOP THREE ZERO TI-IOUSAND 
FEET/ TURBULENCE LIGHT/ FRONT 2025/ IN FRONT END OF 
MESSAGE FOUR 

TROPO TEST C THIS IS AMERICAN / POSITION 42 NORTH/ 
40 WEST AT 2248/ FLIGHT LEVEL THREE ONE ZERO/ NEXT POSITION 
43 NORTH/ 50 WEST AT 23 3/ ENDURANCE 8 HOURS 30/ MINUS 4')/ 
300 60/ PLUS SEVEN FIVE ZERO FEET END OF MESSAGE FIVE 

TROPO TEST CONTRO THIS IS KLM 4cJ5/ POSITION 45 30 
52 45 WEST AT 2 45/ FLIGHT LEVEL 'fWO EIGHT ZERO/ NEXT 
POSITION 30 NORTH 53 45 WEST AT 210/ E 7 HOURS 
30/MINUS 30/ 70 30/ PLUS THRFE FOUR ZERO FEET END OF 
MESSAGE SIX 

TROPO TEST C AIREP THIS IS KLM 601/ ABEAM 
BOSTON AT 1543/ ALTITUDE EIGHT THOUSAND FEET/ NEXT POSITION 
SALEM AT ZERO ONE/ ICING SEVERE END OF MESSAGE SEVEN 

7 l 
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APPENDIX VIII 

SAMPLE PEN RECORDINGS OF AUDIO SIGNALS AND 
AGC VOLTAGES AT AIRBORNE RECEIVER 

of this 
s of the pen recordings 

Automatic Gain Control 
(AGC) v s, rec ived dur c te sequences of test messages. 
Each sequenc of test s s started with Phase Modulation ( of the 
VIIF carrier frequency. The same rn of test signals was then 
repeated with Modulation of the carrier frequency. 
Before the next sequence began, transrnission of the carrier was inter·-

d for about 12 seconds. 

Both sets of tests s started with a constant frequency tone 

which lasted for about 10 seconds. Receiver gain was adjusted manually 

until the rec 
usually the 
This calibrated 

pen reached a pre -arranged 
-hand mar of the left 

m.ark set the level of s 
change of carrier modulation. 

mark on the 
of the record paper. 
noise (S + for each 

Immediate following the + N) sounding noise alone was 
observed while the VHF carrie was unrnodulated. The receiver audio 
was passed thr a narrow-band filter the same as provided for S + N. 
For those cases where the level was very attenuation was altered 

until the rec or pen moved to a readable on of the chart. With 
these two levels establishe (S + /N could be c d at the be 
ning of each modulation sequence. 

the carrier was modulated by the TY) message 
prescribed for the frarne. This message, which lasted fo:r 
18 to 20 seconds, was eas identified as a pedestal rising from the left 

hand mar to the first heavy line of the chart. 

Follow the TTY message, sion was made for injection 

of rnessages s into a rnicr at the transmitter. Nor 
there was no such message transrnitted. 

, the d voice rnessage modulated the carrier corn t-
ing the set for each of the PM and AM modes. 

hand chart calibrated AGC voltage was recorded. 

Because range of the AGC, audio s s were not much 
dependent upon its actual value. The s in carrier -frequency 
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power at the airborne receiver were dire represented by AGC 
At the end of each sequence, while the carrier was interr d, 

a pedestal is found at a level represe the receiver sensitivity for 

each record. Calibration of other levels was ace shed before and 

after s by subs calibrated carrier-frequency for a 

laboratory signal-generator at the usual antenna- connection to the 
receiver. Occas the AGC connection was interrupted 

for a zero-si reference check of the pen recor system; with no 
AGC the prope ted pen moved to the right margin of the 

record chart. Speed of the paper was such that 1 inch of record 

corresponds to 25. 95 seconds of e sed time. Curved graduations are 

0. 2, inch apart and therefore represent 5. 19 seconds of elapsed time. 

Dimension lines along the chart s contain three s ols of 

which the first s ol designates the frame number, the second s 

identifies PM (el) from AM ) of the carrie , and the third symbol 

des s which of seven tele messages was transmitted dur ·che 
set. 

Sorne of the high and low levels of received carrier signal are 
marked 1n terms of -dBm at the corresp AGC v 

Distance of the aircraft in nautical miles from the ground 
transmitter is rnarked at several places on the records and so is e sed 
time in minutes (rn With these references, some qualitative corre­
lation rnay be obtained with the corres frequencies of erroneous 

and rnissing characters presented elsewhere in the re 

Sam - Fading of 

carrier -frequency power dur T fron1 

Avalon was characterized several s radio 
horizon was passed. These may be seen1 in Later vari-

ations of received carrier may be traced in successive sequences shown 

1n es VIII-2 to VIII-4. Soon after test message 6A5 was received 
when the distance was about 5 5 nautical miles, test rec 
discontinued. 

s were 

Variation of Maneuvers - During the 
~-----------------~~~~·~~~~----~~-~~---~~----

shuttle operation of Flight aircraft n1ade a number of 180° 
turns to the le VIU-5 illustrates the behavior of AGC 

voltage for several minutes from ju:;t before to 
maneuvers. Flat turns were gene atte 

samples were recorded about 400 nrni from 

s s were recorded at 470 to 490 nmi from 

8-·3 

st after four of these 
The two lower cha .. rt 

and the two upper 
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V l TAGE 

FIIAME 4, U 

MESSAGE NO. 6 
82.5 MIN 

FRAME 4, Pili 

MESSAGE NO. 6 

B1 ~liN 

FRIUIE 4, AM 

MESSAGE NO. 5 
79 MIN 

VIII-2 SAMPLE RECORD OF AUDIO OUTPUT AND AGC 
RECORDED BEYOND RADIO HORIZON AND 
ZONE, FLIGHT #l 
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Constant Distance - e presents s AGC voltage records 
ing the lateral excursion of At the upper right 

corner, message interval 5 is represented as the was heading 
toward Avalon. A 90° left turn started during interval 6A5 was completed 
at 423 nmi the start of interval 6 6. The next lower s was 
recorded dur the s and level flight toward the Southwest. The 
sample at the CC'YJter spans tne 18 turn over the axis of the rnain beam 
(l45°T from Avalon, N.J.). Next to the bottorn, the chart samples the 
AGC variation dur the return str -and -level fl back 
to the Victor route; this time, however, the antenna rn to the port 
side of the aircraft was directed toward Avalon. The character of the 
variations seemed to be subs different than dur with 
the starboard rn directed toward Avalon. In the lowest sample on 
Figure VIII-6 the AGC after the 90° turn back to the Bermuda 
began to assume the sarne character as exhibited at the beginning of 
the illustration dur interval 6 5. 

VIII-7 
signal test voice rnessages. 

voice messages recorded dur Fli 
records of AGC which 
transmission. When the AGC voltage 
comments were unfavorable. 

of carrier­
reader of the 

#3 are esented alongside the 
with the time of d-voice 

dipped to the "no-carrier" levels, 

rnes 5 the voice rness sounded inter-
mittent. The actual record showed that the carrier 
signal d tvrice to low levels near the beginning of the voice trans-

ml s s1on and then rose by more than 20 dB bef,)re the end of the same 

brief message. 
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