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InTRODUCTION

E first commercial radiotelegraph cireuits were operated in
the long-awave band between 15 and 500 kilocycles. While these

annoying in the tropics and other arens where such storms commonly

The most obvious method of inereasing the signal-to-noise ratio
‘was by increasing the power output of the transmitters. I soms cao,
the use of directionl receiving and/or transmitt
provde aditiona improvement. Both of these approaches wers fob
Towed, but rather severe practical limitations restricted their ust

Communications in th long-vave band reaulres large amonnts o

e because of the low efficiency of antennas used for these wave
Y, T satio ot gepurecn it SAER s 1 s
times the power actually radiated by the antenna. As a result, 200-
kilowatt and even 500-Kilowatt. alternators were common in the carly
days of radiotelegraph. At these levels, the power inerease which would
be needed to provide a significant improvement in signal-to-noise ratio
at a distant point, would be entirely out of the question from an
cconomic standpoint.

Similarly, the improvement which was theoretically possible with
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ksl ot el el s S b
antenna is roughly proportional to the number of wave
enabti e 1 1o et M B ecaieR 24 o
A R
example, at 20 kilacyeles the physical length of & wave length is 9.3
e, The construelan of glgantie strotaren required £ upDOE &
reasonably efficient transmitting antenna of that type was impractical.
Another growing pain experienced by the wireless communication
industry was the lack of space in the radio speeteum. Because of the
Iarge demand for frequencies in the long-wave region, there was little
chance for expansion of commercial communication services.
As a result of these difficultics, communications engineers turned

the disruption of service by noise was mich less frequent.
The success of this nitial installation brought sbout the replace-
ment with short-wave equipment of most of the long-wave gear used

for
mlab!vxhed for trafie with several Buropean cities. On these European
however, certain effects were discovered which were mot
preset onthe South Amerlean iralts Large, rpld changes In signal
intensities were observed, and occasionally there would be complete
absence of signals for extended pes ime. There were also wide
variations in signal intensities recived from day to day and from hour
to hour. These effects were in addition to the normal fading found
oo mop g range,shurvre clrcals. The disurinnces aypuarsd
to b most severe in circuits between New York and the northern
Counrlen of Buropo. Tt was als found tat creuts o the Orlent in
circlo paths passed over the north polar region were
rated most of the
. tochbaues had heen develaped which permittad
reliable short-wave communications on the European circuits during
all but the most severe of the disturbances. Perhaps the most important
single development in this respect was space diversity reception,! which

" VH. M. Beverage and I, 0. Peterson, “Diversity Recoiving Systom of
eations, The. for Radiotelegraphy. Pove. 1. Vol. 19. b,
"Rpril, 031
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consists of a system of two or more directional receiving antennas
spaced 4 sufficient distance apart so that the signal inensity on
e e i e e

wave eireuits during the disturbed periods, continuously reliable com-
muncations were possible.

PROPAGKTION STUDIES

Extensive studies were made of the vazaries of short-wave propags
e e
and conditions of terrests metism.* Short-wave propagation over
lon dsancos depends on relletions f the tranamitted wave by the

I
in the disturbed areas. This effcct had not been ovi

fent i the long-

Further studies showed that the periods of greatest lonospheric
storms were also periods of groatest sunspot activity, and that the
inten: the storms was greatest near the north magnetic pole, in
the Northern Hemisphere. Since means of predicting sunspot activity
e e 11t eorsdan anpeoch o e peeletin o ahocrace
result o . it was possible
to establish zones which were x!cdgnntm as “effective,” “disturbed.
and “dead” with respect fo & fixed commanication center. Figure 1
is a chart of these zones about New York for 2. There is
o ftonons of e g of Aiinchemne o cislly e 1
inverse relationship between the severity of the disturbance and the
distance to the disturbed zone for all eireuits outside of the zone. The
¢ also varies with solar setivity, but the loeation of the maxi-
mum disturbance in the zone does not change appreeiably. The ones
Ml it Skl Bopagation’ canltons epeiancid
during 1
Tt can u- seen from Figure 1 that the cities of northern Europe
bt reliable

employ a relay station at a location which does not lie near the dis-
turbed zones of either New York or the cities of northern Europe.

borg, “Terrestrial, Magneticm and Tts Relations to World-
0 Siori-Wave Commmmestion” broc LB Vol B4 vo. S50677, March,

1936,
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Average disturbed and dead soncs about New York
or short-wave signals during 19:2.

The seaport of Tangier is so situated. Figure 2 is a chart showing
propagation zones with respect to Tangier. It might be supposed that

Fig. 2 Average disturbed and dead ones sbout Tangier
or short-wave signals during 19¢%.
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a location farther from the magnetic pole would be more desirable, but
0 e o B A decreases, the noise increases. While
Gl Sl il o onisc sl chor) wars (s o e e
circuits, it can, nevertheless, become a limiting factor in the tropies.
O e e whieh rangen feom 1 10 B Tangier has an annual
average of 234 Approximately the same figure applies to Riverhead,

Island, New York, where the RCA Communications main receiv-
ing: station is located. Tangier, then, represents a good compromise
between the opposing factors.

ati

Fig. 3—Circuits between New York and Europe and the
Near and Middle East.

‘The utility of a relay station in northern Africa was demonstrated
by the U. . Army station which was put into operation in Algiers in
1944, This station enabled considerably more reliable Morse and
teletype service between the United States and our armed forces in
Europe than had been possible on direct circuits.

THE TANGIER RELAY STATION
In carly 1946, RCA Communications Ine. installed a relay station

mbay cireuits,
‘enabling continuous reliable short-wavé comianications between these

Tongheric Railo Propagation” Notoual Bucau of Standards
g " V%2, pp. 161162, 0.5, Government Frinting Ofce, Washimgion,
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after inauguration of this service, its usefulness was
tabishos for rlying rtic bebmean Now York and oase cies
Northern Europe during periods when the space paths of the direct
circuits were adversely affected by severe ionospheric storms. and
auroral phenomena. The value of the station is indicated by the fact
that its facilities have increased approximately sixfold since 1945.

A plan of the station is shown in Figure 4. The administrative
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offces are located in the receiving area in the northern part of the
Property, and the diesel-lectric power station and the fresh water
supply and pumping station are in the transmitter avea in the southern
part. The main diesel-electric unit is a low-speed machine capable of
delivering approximately 100 kilowats of 230-volt, 3-phase, 60-cycle
power. This is shown in Figure 5. In addition, there are § standby
its, each rated at 50 kilowatts, There are provisions for synchroniz-

Pig. 5—400-Klowat diesel-driven generator.

without interrupting the power supply. Step-up transformers provide
2300-volt power for transmission to the central radio office and receiv-
ing station. This is car) w0 underground cables, either of which
is capable of supplying the entire load. The voltage is stepped-down
t0 230 volts for use at these locations.

Fresh water is obtained from a deep well owned by the Tangier
Administration. In order to ensure an adequate supply, it was neces-
sary to install pumping facilities and more than a mile of cast iron pipe.

OpERATIONS

Communications hetween Tangier and New York are conducted
over four sets of four-channel send/receive electronic time-division
multiplex cquipment. The five-unit teletype system is employed, with
an operating speed of 60 words per minute. In addition to the time-
division equipment, there is & four-channel send/receive frequency-
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division multiplex system which is operated in conjunction with single-
sideband transmitting and receiving equipment. for_shor
‘maintenance periods, the e e
operation. A five-unit “solo” printer channel is used for the exchange
of information ] m-mmm between the operating personnel in
New York and Tany

Most of the traffic between Tangier and th of Europe and
the East is in the form of five-unit teleprinter signals.! At Tangier,

tape. They are then read off the tape and fed into the second leg of the
circuit. For the few remaining circuits which still employ Morse
signals, & rapid system has been developed for converting five-unit
teletype signals into Morse 5o as to minimize conversion delays.

‘The volume of tralic between New York and certain European cities

(e signel o rseve at. Tangior, demodulte, xognersted, and re
trasamitid on ancther frgaeney. method has the advantage

e e p B e elei e this
wa.y.iw in the future is indicated.

For leased-channel services hetween New York and several cities in
‘Burope, five-unit teletype single-channel signals are velayed automati-
cally. A rogenerative telograph repeater unit is used for each such
channl at the output of the multiplex unit. This serves to restore the
signals as nearly as possible to their original form prior to retrans-

n occasion, Morse signals have also been automatically relayed.

o sgna o domolulated snd then spplied (o » eying deice which
‘modulates the relay method has the disadvantage
st Rt e Rl 09 o san i 5 Sy 1o
a minimum of equipment is required at Tangier.

RECEWVING EQUIPNENT

The recefvers employed at Tangiee inhuds bty (il dnmuy
receivers, and or

% Spasks and B, G. Krcse e Moy Systom for Radtclgraph
Overption RO Regiow, Vol VL vy s Bon 7.

Hcare, “Resent Developminis n Divtrats” Resei
mont,? REA Hovion, Vot T, pp. SLTI0 Futy, 105

Eauip-
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and receiver. The last is used in conjunction with the frequency-
ivison maltipis quipment. Bach of th recetves 1 equipped with
an antenna patching panel so that it may be connected to any of the
e e L
for receiving frequency-shift telograph signals. The freque
taos of Eeplas N mable A+ autages ovGE 1 o/ s wmd
{n wned cn nesly ol o th iguals reeyed hvigh Tusglec. Figues §
ng

is an interior view of the x

. 6—Tangier receiving station. The control center is at the left.

Rhombic recelving antennas are used almost exclusively. The loca-
tion of th bics now in use or nearing complotion can be seen
S Fenes ¢ ThnJargn nber ofasstmas eqolend o e i wide
and of frequencies which must bo covered (4 t0 22 megacycles), the
directivity requirements, and the need for space diver

Ten of the antennas are in the form of five dual units. Fach unit
employs four masts to support two yhombic antennas. One of the pairs
is for a “day” frequency, and the other for a “night” frequency, con-
hected so that both can be used simultaneously. The night frequency

the niannas, a ter of dleccon I an Tollowa:

3. Atwoud, 1. B, Goldgine, G, E. Hagacl, e
B, Sihod, “Chiarvations and Corparssn on Hadoteiopry S
55 Freauency Shifs and On/OF Kevings» FCA Reviow, Vol 13t
Maxeh, 1546
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4 “night” antennas for New York

Fast
6 general purpose antennas for Middle, North, and Far
rthern Europ

In addition 1o the rhombics, there are several dipolo and 2 experimental
V-type antennas.

Allof the rhombies are of standard design. Four-wire transmission
lines! are used to carry the signals to the antenna line termination
structure adjacent to the receiver b From there two-wire lines
pass through plate glass lead-in ports, into the receiving building and
distribute the signals to the various receiving locations. The interior
two-wire lines are transposed at intervals of approximately two feet.
The characteristic impedance of each transmission line from the output
end of the exponential line of a particular rhombic antenna to the input

ohms. All Lransmission lines are carefully balanced to ground.

TRANSMITTING EQUIPMENT.

Tho tranamiter st Tanlersre houaed n bn adizcent bl
with & combined floor area of 5700 square feet. Some

iters may b s 1 Fgurs . oo ae » tial o

i iiad
as follows:

8 Lo-kilowatt transmitters

nsmiters

£
i

4 Skilowatt transms
1 Sxllovats tramsmitter
@

kilowatt transmitters
Ikilowatt, transmitters

Either frequency-shift or on/off keying may be used on each trans-
mitter. When using frequency-shift keying, a quartz crystal oscillator
unit is employed to hold the transmitter frequency constant.

Twenty-six transmitting antennas are employed, all of which are
vhombics. Four “day frequency” and four “night frequency” antennas
are directed toward New York, twelve antennas are directed to
e Etopa 8 s pEb S L R MMM Bt
one toward Capetown.
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Radio-frequency power from the transmitters is carried by two-
wire balanced transmissions through glass lead-in ports to a central-
transmissionline cross-conneet. frame outside of the main transmitter
balling. Two-wrs open tranmisin L lexd (o this (e o
the main outdoor transmission-line trunks. The lines for the individual
antennas branch off from the main trunk. oo vutdon tovammason
lines are supported by wooden poles.

i, T—Interior view of the transmitting station.
RELAYING RADIOPHOTO AND RADIGTELEPHONE SIGNALS

While the facilities at Tangler were installed primarily for the

the direet eireuit. Radiotelephone signals can be relayed in the same
manner as radiophoto signal
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¢ §Photoradio pieture xelayed to New York via Tangior.
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