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Overseas Telecommunications
The development of submarine telegraph and telephone systems fc reviewed from the days of the gutta-percha single-core cable to the 
modern repeatered submarine coaxial cable, and brief details are given of the Post Office fteet of cable ships. Then follows a survey 
of the country's overseas radio services starting with those to ships at sea and finishing with a short description of the new Rugby 

short-wave transmitting station. Mention is made of the latest telecommunications service, international telex.

Introduction

r ■ he centre of Post Office overseas telecommunica- 
■ tions services half a century ago was, as it still is, 
Ltmdon, the source of the great majority of this 

country's outgoing traffic and the target towards which 
most of the incoming traffic is directed. Centred on London, 
there was then a telegraph cable network equal in extent 
to that which exists to-day, and so well had our forebears 
built that many of the cables in service then are still in. 
use.

In comparison with telegraphy, which was already more 
than 50 years old, international telephony was in its very 
early youth for, although the first telephone cable to the 
continent of Europe had been laid in 1891, progress had 
been slow, and by 1906 overseas telephone service was 
available only between the principal towns in this country 
and certain towns in France and Belgium. Communication 
by radio was in its infancy and, like cable telephony, had 
to await the perfection of the thermionic valve before it 
could thrive, but a radio-telegraph service to ships in 
coastal waters had already been established, using spark 
transmitters and coherer detectors.

Overseas Cable Telegraphy
Although the overseas telegraph cable network at the 

t^rn of the century was very much the same as it is to-day, 
the method of working was very different. On the long 
cables the syphon recorder, invented by Sir William 
Thomson 30 years earlier, was still in general use, and a 
message travelling over a long cable chain—for example, 
from London to Bombay—had to be read from the recorder 
tape and manually retransmitted at every intermediate 
station. On the route mentioned this involved retrans
mission at no less than six stations: Porthcurno, Gibraltar, 
Malta, Alexandria, Suez and Aden.

To overcome this slow and expensive method of trans

mission, relays of various types, among them the Brown 
drum relay, 1 were invented. The disadvantage of such 
relays was that the distortion of the first cable was passed 
on to the second, and it was found impracticable to link 
more than two cables in this way. This stage was reached 
about 1905-06, but in 1910 rapid improvements took place 
following the production of a more robust relay which 
could operate an automatic reperforator. The perforated 
tape thus produced was fed into a transmitter and so 
passed the signals into the second cable with full power 
and without distortion. More-sensitive relays of various 
types, among them the Heurtley hot wire and the electro
lytic magnifiers, 2 then made their appearance and, because 
they could deal with still weaker incoming signals, permitted 
an increase in transmission speed of the order of 25 per cent.

Progress on the shorter continental telegraph cables had 
been much more rapid owing to their smaller attenuation 
and distortion, and such well-known systems as Wheatstone, 
Creed, Hughes and Baudot multiplex were in general use. 
These continental cables were mainly owned by the Post 
Office, whereas the long-distance ones3 were largely the 
result of private enterprise. This had broadly been the 
position from the early 1850s, during which period such 
well-known British companies as the Eastern Telegraph, the 
Eastern Extension, the Eastern and South African, West 
African, and Western Telegraph among many others had 
played their parts, but the Pacific cable which stretched 
from Bamfield (Vancouver) via Fanning Island and Fiji to 
Australia and New Zealand was owned jointly by the 
governments of Australia, Canada, New Zealand and the 
United Kingdom, and the British Post Office later laid and 
owned the Imperial cable from Porthcurno via the Azores 
to Halifax, Nova Scotia.

A map of the British long-distance submarine telegraph 
cable network as it was in 1906 is shown in Fig. 1, and the 
network is substantially the same to-day.

Fig. 1.—The British Long-Distance Submarine Telegrafh Cable Network in 1906.
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The Regenerator System.
The 1914-18 war found the United 

Kingdom and its Allies in possession of a 
world-wide network of cables, and during 
that time both the cables and their staffs 
were strained to the utmost. The laying of 
new cables and all experimental work was 
abruptly brought to a standstill, and it 
was not until the early 1920s that de
velopment could be resumed. In 1923 the 
Eastern and associated telegraph companies 
introduced regenerator working,'? and in 
the space of the next four years the whole 
network, some 145,000 miles, was equipped. 
The function of the regenerator, which is 
used in conjunction with a cable relay 
or magnifier-cum-relay, was to provide an 
automatic device which selected each signal 
at its centre point and retransmitted a 
perfectly regenerated signal, by means of 
cams and contacts, into the next cable. 
This necessitated a very high degree of 
synchronism between the sending and 
receiving stations and this was achieved by 
phonic motors driven from clock-controlled 
tuning forks. Synchronizing units at the 
receiving stations took up the difference between the forks at 
different stations.

The regenerator system, mainly by its accuracy of signal 
selection, permitted a considerable increase in the safe 
working speed of cables and the introduction of channelling, 
in the form of element interleaving, whereby the fast cables 
could be made to take two or more channels for greater 
ease of handling. It also permitted the introduction of call 
devices, by means of which cables could be automatically 
switched at intermediate points for local or through traffic, 
and of automatic scrutinizers, which gave audible or visual 
warning of signal deterioration.

Continuously Loaded Cables.
In 1887 Oliver Heaviside had propounded the theory that 

the effect of the large electrostatic capacitance of cables 
could be minimized by increasing the inductance throughout 
their lengths, but it was not until about 1921, when high- 
permeability nickel iron alloys were developed, that con
tinuous loading became an attractive proposition. The 
first telegraph cables having high-permeability alloy wire or 
tape wrapped over the copper conductor, which increased 
the maximum sending speed approximately tenfold, were 
laid in the Commonwealth system in 1926.

The Impact of Radio.
In the middle 1920s short-wave radio began to compete 

successfully with the cable services, and it quickly became 
apparent that a merger of the cable and wireless services 
was desirable. An Imperial CoQference was therefore 
convened and a government-sponsored merger was arranged 
by which the existing cable and wireless organizations 
were transferred to a new public utility organization 
registered in April 1929, and later known as Cable & 
Wireless, Limited. This company acquired, under authority, 
the Pacific Cable Board's (P.C.B.) cables, the West Indian 
cable and wireless system worked by the P.C.B., the 
Imperial Atlantic cables, the Eastern Telegraph, Eastern 
Extension, Eastern and South African, West African, and 
Western Telegraph Companies' systems, and also took over 
on a lease of 25 years the Post Office beam wireless stations 
serving the Dominions and India. The company then 
controlled more than half the cable mileage of the world, 
some 164,000 miles, and had a staff of 13,000 persons.

I0G. 2.—Thk Direct Cable-Cod« Printer.

At the same time an Imperial Communications Advisory 
Committee was constituted to provide a measure of 
co-ordination of policy on Commonwealth communication 
matters. This committee was succeeded in 19!4 by the 
Commonwealth Communications Council and, in 1950, 
when the ownership of the Commonwealth system was 
divided between the various Commonwealth Governments, 
it was replaced by the Commonwealth Telecommunications 
Board6 with considerably increased functions and powers. 
The Board to-day meets regularly, usually in London, 
to advise the partner governments on the various technical, 
traffic and financial matters that affect the Commonwealth 
radio and cable telecommunications system.

During the ten years following the merger, developments 
were mainly concerned with the close integration and most 
efficient and economical running of this world-wide network 
of cable and wireless services. Cable code—a three-condition 
form of the Morse code with the dot, dash and space 
elements of equal length—had been in general use over the 
cable network since the "regenerator" was installed, but 
a two-condition code was more suited to radio operation 
and ordinary Morse code had been employed on such 
circuits. To facilitate the inter-working of cable and radio 
circuits a two-condition form of cable code, known as 
double-current cable code (D.C.C.C.), 7 was introduced in 
about 1930, and in the next few years all the main 
Commonwealth beam radio routes were changed to this 
form of working. This, in conjunction with the develop
ment of a direct cable-code printer (Fig. 2), an instrument 
which received cable-code signals and printed them 
directly in Roman characters on tape, facilitated the 
integration of the cable and radio services and permitted 
a large reduction in the number and skill of operators. It 
thus became possible for cables to work directly into radio 
circuits and vice versa, and gave a flexibility and traffic
carrying capacity undreamed of in the early 19920s, This 
and the development of radio-relay stations were of the 
utmost importance during the last war when traffic 
reached unprecedented heights.

Present-day Developments.
In 1950 the operation in this country of the long-distance 

overseas telegraph cable and radio services reverted to the 
Post Office and there is now scope for a closer integration 
of these long-distance overseas services with those of the 

206



continental and the inland telegraph services. The first 
step towards this goal must be the adoption throughout the 
Commonwealth system of 5-unit working. Means of 
achieving this on the radio circuits, with provision for the 
automatic correction of errors to which radio circuits are 
at times subject, are already available and are in operation 
on some routes. Methods of converting the complicated 
Commonwealth cable system to 5-unit working without loss 
of traffic-handling capacity are being developed, and this 
year should see the conversion of the first long-distance 
telegraph cable chain to this method of working.

Throughout the 50 years reviewed in this article, the 
cable itself has remained basically unchanged; in fact, 
most of the telegraph cables in use to-day were laid before 
1900. Those laid since that date have differed in design 
only in that the dielectrics have been improved from 
gutta-percha to polythene and that, on a few, continuous 
tape loading has been introduced. To-day the usefulness 
of these old cables is being enhanced by the use of sub
merged d.c. telegraph repeaters (Fig. 3), which amplify the

Fig. 3.—The First British 5u8marine Telegraph Repeater.

received signals just before they enter the shallow water 
areas, where most noise is picked up. Such repeaters are 
already in service and consideration is being given to 
increasing the usable bandwidth by the insertion of audio 
repeaters at intervals along suitable cables.

Improvements in submerged telephone repeater tech
niques have increased the capacity and range of submarine 
telephone cables. On the shorter ones, telegraph channels 
are derived from a speech circuit by normal inland 
amplitude-modulation voice-frequency methods, but on the 
new transatlantic cable maximum use of the frequency band 
allocated to telegraphs is being obtained by employing 
synchronous working over frequency-modulation voice
frequency channels. By these means it is hoped to double 
the amount of telegraph traffic carried in the available 
bandwidth.

Submarine Cable Telephony
The history of overseas telephone communication from 

the United Kingdom begins as early as 1891, when the 
first submarine telephone cable was laid to France. It 
consisted of four gutta-percha-insulated wires similar to the 
cable shown in Fig. 4, and its design was obviously based on 
existing telegraph practice. The two circuits it provided 
were extended by heavy overhead copper wires to London 
and Paris and, having an attenuation of the order of 
25 dB, were suitable for conversations between these cities 
only. By 1906 four such cables had been laid—three to 
France and one to Belgium—and the service had been 
extended to the larger and nearer towns in these countries.

Fig. 4.—Cross-section of a 4-core Cross-Channel Cable Laid 
in 1)10 (actual size).

Up to the First World War three further cables to Belgium 
and France were laid and these are of interest in that two 
were coil loaded8 and the third, laid in 1913, was the first 
continuously-loaded cable laid for telephony. A service to 
Switzerland, switched at Paris, was opened in 1914, but 
records show that it was somewhat unreliable, and that 
telephoning to the Continent was still an adventure 
requiring patience and spare time.
The Advent of the Telephone Repeater. •

The 1914-18 war gave an impetus to the development of 
the thermionic repeater and after the war means were thus 
available for providing service over distances hitherto 
impossible. The next decade was a period of intense 
activity during which telephone service was extended 
rapidly. Although the submarine telephone cables had, 
perforce, to follow short routes to the Continent and con
tinued for the next 20 years to be laid to points on the 
French, Belgian and Dutch coasts, extension via these 
countries gradually enabled the more distant parts of 
Europe to be reached.

This expansion was aided by a notable step taken on the 
initiative of the French administration in 1923, when a 
conference on international communications9 was called 
which resulted in the formation, in 1924, of the Inter
national Consultative Committee dealing with telephone 
questions (C.C.I.F.}. This committee has, since that date, 
co-ordinated and guided technical, traffic and tariff 
matters affecting international telephone communications 
over metallic circuits.

Until 1924 all the submarine telephone cables had 
consisted of four stranded copper conductors, each 
weighing about 160 lb/mile, insulated with either gutta
percha or balata, but the advent of the valve amplifier 
enabled a considerable reduction in the size of the conductor 
to be made, and a corresponding increase in the number of 
conductors per cable was possible. The cables laid to 
Holland in 1924 and 1926™ represented a malor change m 
design in that they contained 16 and 17 wires, respectively, 
each line wire being continuously loaded, and in that they 
employed paper insulation under a lead sheath. The 
number of circuits obtained from these cables was mcreased 
by the use of phantoms, double phantoms, "ghosts" and 
"spooks," as shown in Fig. 5. Further submarine cables 
of similar design, but larger capacity, were also laid m the 
period up to 1930, and in some instances still further circuits 
were obtained by the use of l + l carrier equipment.

Carrier and Coaxial Working.
The first submarine cable designed with the requirement 

for carrier working in mind wwas laid in 1932 to La Panne 
in Belgium^; it contained 120wires (Fig. 6) and was intended

207



CENTRE CON^TOR

Fig. 5.—Schematic Diagram Showing Arrangement of Circuits 
in an Early Submarine Telephone Cable.

Fig. 6.—Cross-section of Angj.o-Belgian (able of 1932 
(actual size).

from the start to be worked on a 4-wire basis, the con
ductors being separated into two groups by a diametrical 
screen of metallized paper. Each wire was semi-continu- 
ously loaded; that is, on each conductor, 400 yd were con
tinuously loaded and the next 400 yd unloaded. The cable 
weighed 30 tons/nautical mile and was probably the heaviest 
ever laid. With 1+2 carrier equipment it provided 90 
telephone circuits.

After a further cable of the type laid to La Panne, 
another notable advance was made in 1937, when a pair of 
coaxial cables was laid between this country and Holland^ 

and equipped for one 12-channel carrier group, the "go" 
channels being in one cable and the "return" channels in 
the other. The diameter of the outer coaxial conductor was 
0^62 in., a dimension which has become a standard for 
submarine use; the dielectric was paragutta.

The introduction of the coaxial type of submarine cable 
brought about a very great advance in the transmission of 
speech over submarine cables. The old multi-pair cables 
required either double lead sheaths or a single lead sheath 
with a rubber covering, and on the longer routes continuous 
loading or very heavy conductors had to be employed to 
reduce the attenuation. Hence, a cable of diameter and 
weight sufficiently small to be laid and repaired by 
the normal cable ships contained very few wires. With 
such cables, it was always difficult to avoid excessive1 
crosstalk after repair and to keep within C.C.I.F. slaudarb. 
In fact, the requirements for near-end and far-end 
crosstalk were the limiting factors in determining the 
attenuation that could be allowed between the two 
terminal coastal repeater stations. The crosstalk tended to 
become steadily worse during the life of these cables since, 
at each repair, very little balancing could be carried out on 
board ship. The coaxial type of cable, apart from providing 
circuits generally at a much lower cost, has also the great 
advantages that it is more easily repaired, and that its 
electrical characteristics do not deteriorate when a new 
length is inserted during a repair.

However, very-wide-band amplifiers and terminal modu
lating equipment had not been fully developed when the 
requirement came in 1939 for additional circuits to France, 
and a paper-insulated pair-type cable was preferred. 
Twelve-circuit carrier systems were then being_installed on 
inland routes and it became practicable to design a London
Paris cable system as a single co-ordinated project. The 
cross-channel portion of this system differed from the 
British inland section only in that the "go" and "return" 
pairs were combined under one lead sheath. A magnetic 
and electric screen separated the seven quads of the centre 
from the 16 outer pairs. The cable thus had a capacity of 
12 X 14 = 168 circuits. This large capacity was obtainable 
since the distance across the Straits of Dover is only about 
20 miles and wires of relatively small diameter could be used. 
The cable was laid in 1939 between St. Margaret's Bay and 
Sangatte and was the last lead-sheathed multi-pair paper- 
insulated cable laid to the Continent. At that time there 
were approximately 180 circuits in service, providing 
direct routes to 34 towns on the Continent.

The years 1944 and 1945 saw much activity in the laying 
of submarine coaxial cables for invasion operations^ and 
telephone contact with the Continent, which had been 
severed in 1940, was re-established on 8th June, 1944 
(D-day plus 2). In all, ten new 0-62-in.coaxial cables similar 
to the pre-war type, except that the dielectric was polythene 
instead of paragutta, were laid between this country and 
France. These cables served to meet the post-war demand 
for circuits to France and the countries served through 
France; but to Holland and Belgium, and the countries 
served through them, capacity additional to that provided 
by the restoration of some pre-war cables was urgently 
required and this demand was met hy a new design of 
coaxial cable, in which the diameter of the outer conductor

Note: The hole in the insulation has been cut to show the polythene spiral rod.

Fig. 7.—View of F7-in. Submarine Coaxial Cable.
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was increased from 042 in. to l ■! in. and the dielectric was 
partly polythene and partly air (Fig. 7). On the 80-mile 
route to Holland, 14 cable of this type provided 84 circuits 
and on the shorter route to Belgium 214 circuits were 
obtained.

Submerged Repeaters.
By 1938, wide-band amplifiers and terminal equipment 

had been developed to meet the needs of the inland coaxial
cable network and the possibility of inserting repeaters in 
submarine coaxial cables had also been considered. Work 
on this important problem continued during the war years 
and in I 943 the first submerged repeater (Fig. 8)ls was^

Fig. 8.—Shallow-Water Submarine Telephone Repeater.

inserted in a 042-in. submarine coaxial cable between 
Anglesey and the Isle of Man, increasing its capacity from 
24 to 48 circuits. In 1946 the second submerged repeater 
was inserted in the 200-mile cable between this country 
and Germany. Both these repeaters amplified one direction 
of transmission only, that using the higher frequencies, 
and work continued on the design of two-way amplifiers 
and on repeaters that could be operated in tandem. 
This work culminated in the insertion, during 1950 and 
1951, of four repeaters in each of the two 0-62-in. coaxial 
cables existing between this country and Holland, giving one 
supergroup of 60 bothway circuits on each cable. Similar 
60-circuit schemes involving two to four repeaters were 
provided on new cables laid between 1952 and 1955 to 
Ireland, the Channel Islands and Holland.

These submerged repeaters were suitable only for the 
shallow water surrounding the British Isles and were 
designed primarily for insertion in existing cables. Follow
ing the successful use of this design thoughts were turned 
to a repeater suitable for deep sea use, capable of being 
operated with a greater number in tandem and designed 
for laying at the same time as the cable. A new pattern of 
repeater was evolved, seven of which were successfully laid 
in 1954 in a cable over 300 miles long between this country 
and Norway to provide 36 circuits.

This development and similar work in the U.S.A. paved 
the way for a project which had for long been exercising the 
thoughts of engineers on both sides of the Atlantic—a 
transatlantic telephone cable. After many technical 
discussions an agreement was signed in November 1953 
between the American Telephone and Telegraph Company, 
the Canadian Overseas Telecommunications Corporation 
and the British Post Office to provide, jointly, a 36-circuit 
scheme across the Atlantic from Ohan in Scotland to 
Clarenville in Newfoundland, and thence to the mainland 
of Canada, with extensions from the cable heads^ to New 
York, Montreal and London. This project is now approach

ing completion, and by the time this article appears in 
print the system should be in operation and thus form a 
fitting climax to the 50 years of telephone progress that 
have been reviewed.
International and Continental Exchanges.

Until 1033, the United Kingdom end of overseas circuits 
had been terminated in a special foreign section of the 
London inland trunk exchange, but at that date a separate 
International Exchange^ of 121 sleeve-control positions, 
equipped for 480 continental trunks, was opened in the 
same building as the inland trunk exchange, Faraday 
Building.

The exchange catered for radio as well as cable circuits, 
but due to the continued growth of overseas traffic of 
both types the exchange outgrew its accommodation and 
it became necessary in 1947 to separate the two units, the 
radio exchange going to Wood Street, where it became 
known as International Exchange,^ and the cable circuits 
remaining at Faraday Building with the title of Continental 
Exchange.

Generator signalling was employed, though earlier 
forms had been modified to suit amplified circuits and to 
give greater immunity to false operation by speech currents. 
The well-known 500/20 c/s ringer was evolved and, in fact, 
remains the standard for international manually-operated 
circuits to this day.

No further advance in methods of signalling on overseas 
circuits was made until 1952 when, under the aegis of the 
C.C.I.F., trials of 1-v.f. and 2-v.f. dialling and signalling 
systems were made. The trials established that these 
systems of signalling can meet the needs of international 
semi-automatic working, whereby the operator at the 
originating end can establish connexion automatically with 
the subscriber in the distant country. These systems will also 
permit the ultimate adoption of international subscriber- 
to-subscriber dialling. The trial equipments remain in use 
to a number of countries, and additional equipment to 
convert most of the continental routes to this method of 
operation is being engineered.

Post Office Cable Ships
The Post Office first became interested in cable ships in 

1870, when the private telegraph systems operated in the 
United Kingdom were formally transferred to the Post 
Office and the few cables belonging to various telegraph 
companies were taken over, together with a small paddle 
ship of some 500 tons gross, named Monarch, used for 
repairs. It is interesting to recall that that Monarch 
was the first cable ship that grappled for a lost cable 
and successfully carried out a repair; aboard her was 
fitted the first cable-picking-up engine ever made, and 
the present technique of cable repairing originated in 
her. From this modest beginning the Post Office has built 
up a very efficient cable fleet capable of undertaking any 
cable-laying operation or repair, not only around the British 
Isles but in any part of the world.

In 1883, the second Monarch was specially built as a 
cable ship for the Post Office to replace the first ship of that 
name and a few years later the Alert, a small paddle ship, 
(Fig. 9) was acquired. These two ships maintained for 
many years the network of cables serving the Continent 
and the islands around Great Britain. Submarine cables at 
that time were mainly of the single-core and four-core types 
and their repair was a simple operation. The cable ships 
seldom steamed at night and repairs were generally effected 
during daylight.

During the First World War the Post Office cable ships 
were immediately on active service and enemy-owned 
cables were cut in the Channel as soon as war broke out. 
Monarch was, unfortunately, sunk in the Straits of Dover
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Fig. 9.—H.M.T.S. Alert (about 1900).

by a mine in 1915, and Alert was condemned; but these two 
ships were replaced by modem cable ships, also named 
Monarch and Alert,™ which continued to maintain the Post 
Office cables until 1940.

On the outbreak of the Second World War a third cable 
ship, Ariel, 1,500 tons gross, was being built to assist in the 
maintenance of the rapidly expanding telephone cable 
network and, to cope with additional war work, a sister 
ship, Iris, was ordered immediately Ariel had been launched. 
These two ships™ came into operational use during 1940.

Submarine cable-repair operations had not changed very 
much during the years before the war and, apart from the 
development of the echo-sounder, there had been little 
advance in electronic aids to navigation.

During the war years, 1939-45, in mined and submarine- 
infested water, in areas constantly subjected to attacks by 
aircraft, the cable ships sailed to maintain essential lines 
of communication. Post Office cable ships were also able 
to render assistance in the early stages of 
development of what was to become so well 
known as "Pluto."

The preparations . made for "D-day" 
will always be of interest. Immediately 
the beach at Longues was cleared of the 
enemy, the splice to the U.K. shore end 
was made and Iris and Alert proceeded to lay 
the first cable. All went well, and 25 hours 
after starting, the cable end was connected 
to a mobile repeater station on the Normandy 
beach and telephone communication was 
re-established with the Continent.

When the break-through in Normandy 
came and the Allied Armies swept through 
France to the Rhine the cable ships followed 
up the Channel closely in support laying tele
phone cables as and where required. The Post 
Office cable ships had not so far been 
too unfortunate having regard to the 
many risks which they had to take in their 
work during the five years of war, but 
the last few months of hostilities were to 
see them suffer grievous loss. H.M. 
Telegraph Ship Alert was sunk, and 
although an extensive search was made, 

there were no survivors from the 
entire ship's company of 55 officers 
and men. This loss was soon followed by 
that of Monarch, which was also torpedoed. 
Fortunately, the weather was fine, so 
that it was possible to rescue 69 out of 
a total complement of 72 men. V.E.-day 
came in May without further loss to 
ships or personnel.

During the war the only large British 
cable ship, the Faraday, owned by 
Siemens Bros. Ltd., had been sunk off 
the Welsh coast. The loss of this fine 
ship was a serious handicap in view of 
the large British interests in submarine 
cables, so it was decided that the Post 
Office should build and maintain a large 
cable-laying ship capable of maintaining 
the high prestige that had been built up 
by such fine cable layers as Faraday and 
her predecessors Dominia and Colonia.

From the design and specification 
prepared by by the Engineer-in-Chief of 
the Post Office, Messrs. Swan Hunter and 
Wigham Richardson built H.M. Telegraph 
Ship Monarch20 (Fig. 10), the fourth ship 

in Post Office service to bear that name. Monarch is 480 ft 
overall, 55-ft beam and can carry about 2,600 miles oi 
deep-sea submarine cable. She is oil-fired and has every 
modem scientific device to enable cable faults to be 
located and the ship to be navigated to the required 
position in the most efficient manner. Monarch is th€ 
only cable ship to be fitted with electrically-operated 
cable machinery. The particular requirements of the cable 
engines made it desirable to provide a form of drive very 
similar in performance to that given by a steam-engine, anC 
use has been made of the constant-current system in which 
one or more generators are so controlled that they deliver a 
perfectly steady current—in this instance of 300A—m 
matter what the load. This novel application of the system 
to cable engines has proved to be a great success.

With the great advances in radio aids to navigatior 
during and since the war, it is now possible to navigate ir 
any weather in the vicinity of the British Isles, the Norn 

Fig. 10.-H.M.T.S. Monarch (1955).
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Atlantic and the Eastern seaboard of North America.21 
Radar is fitted in all Post Office cable ships, enabling them 
to proceed in fog with reasonable safety.

The principal system of radio navigation is the Decca, by 
which the exact geographical position of a ship can be 
found at any time from radio signals, continuously emitted 
from four shore-based transmitting stations. The Decca 
system, which is comparatively short-ranged (about 
300 miles), is installed in all Post Office cable ships and has 
proved of immense value. Monarch, when working in the 
North Atlantic outside the range of the Decca system, uses 
the Loran system for position finding, a long-range system 
which has proved most valuable during the laying of the 
transatlantic telephone cables.

Radio Communications
Shorter-Distance Ship-to-Shore Communications.

At the beginning of the 50 years under review; radio 
services (as distinct from experimental circuits) were almost 
non-existent except for an established telegraph service to 
ships at sea, the value of which, in cases of distress, had 
been spectacularly shown on several occasions. The Post 
Office was responsible for the collection, transmission and 
delivery of ship-to-shore and long-distance messages and, 
in 1909, took over control of the British coastal stations for 
working with ships in coastal waters. The service was 
reorganized between 1909 and 1913, and a well-founded 
ship-to-shore service was built up with a chain of coastal 
stations equipped with Marconi synchronous spark trans
mitters, such as that shown in Fig. 11. The Washington 
Radio-telegraph Convention, 1927, abolished spark working 
by coast stations, and the transmitting equipment was 
completely replaced between 1932 and 1935 by new valve 
transmitters. At the same time new receivers in keeping 
with the then existing practice were installed. In general, 
each coast station was equipped with a main and an emer
gency transmitter and a minimum of two receivers, and had 
a range, by day, of approximately 300 miles. By night the 
range was much greater. The transmitting and receiving 
aerials were erected on the same sites and only simplex 
working was possible.

Bellini Tosi direction-finding equipment was first intro
duced in 1924, and by 1932 equipment had been installed 
in six more stations ; bv 1939 all but one of the stations 
were equipped with the Bellini Tosi system and one with 
that of Adcock. During 1932, about 6,^00 bearings were 
given to ships, but this number has fallen since as a large 
number of ships carry their own direction-finding equipment 
and a comprehensive marine radio-beacon system has been 
established. Nevertheless, clirection-finding by coast 
stations remains of great importance during distress 
working, and a plan has been drawn up for the installation 
of modern Adcock systems at each station, for use in the 
500-kc/s and 2-Mc/s bands: so far three stations have been so 
equipped.

Up to 1932 the services provided by the coast stations 
were all conducted by radio telegraphy, but in that year 
fishing vessels and other small ships began voluntarily to 
carry radio-telephone apparatus, and suitable equipment 
was also installed at certain of the coast stations. At first 
the commercial services given by radio telephony were 
similar to those given by radio telegraphy, but in 1934 a 
link service between small ships and inland telephone 
subscribers was introduced on a simplex basis. Since the 
end of the 1939-45 war there has been a great expansion in 
the short-range radio-telephone link service (in 1955, 
70,000 link calls were handled). and a comprehensive 
re-equipment and expansion program has been taking place 
at the coast stations, of which there are now 12.

In general, each coast station has a minimum of three

Fig. 11.—An E.\rly Spark Transmitter at Cullercoats Radio 
Station ( 1914).

modern medium-frequency transmitters of Post Office 
design, used for radio telegraphy and radio telephony, 
and suitable apparatus to permit duplex working in the 
radio-telephone link service. A view of a typical receiving 
room is given in Fig. 12. The transmitting aerials are 
located at the station, the receiving aerials {including those 
for direction-finding) being located at remote sites and 
connected to the station by balanced transmission lines 
and coaxial cables.

The most important function of the coast stations 
remains, however, their contribution to safety of life at 
sea, and the stations maintain continuous watch on the 
telegraph and telephone distress-frequencies, 500 kc/s and 
2,182 kc/s, respectively.

Long-Distance Ship-to-Shore Communications.
In 1920 the Post Office supplemented the coastal service 

to ships with a long-distance telegraph service in the 
band 110 to 160 kc/s from a station at Devizes in Wiltshire. 22

Fig. 12.—The Receiving Room at Wick Coastal Radio Station.
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The range covered was of the order of 2,000 miles. By 
1925 separate transmitting and receiving stations became 
necessary to pennit simultaneous operation of several 
channels in the band. The new stations were provided at 
Burnham-on-Sea for reception, and at Portishead, 19 miles 
distant, for transmission, and keying was effected over 
land-line connexions between the two points. The service 
was extended to high-frequency (h.f.) bands in 1926. and 
by 1938 six such transmitters were in service and the traffic 
handled was three million words per annum. After the 
Second World War an additional facility was introduced 
whereby messages to and from British ships in distant 
parts of the world were routed via a number of stations 
overseas, the world being sub-divided into areas, each with 
its area station.

To cope with the steadily increasing traffic the Burnham 
station was enlarged and re-equipped during the period 
1946 to 1948.23 In addition to omni-directional aerials, on 
which most calls are initially received, a fan of rhombic 
and vertical Vee aerials with a distribution and selection 
system were provided to enable each operator to obtain 
the benefit of high-gain aerials in the reception of messages 
from any ship to which he be working no matter 
where its position at sea. These aerials can be used simul
taneously by any or all of the operators without interaction. 
Low-frequency (l.f.) reception is provided by an aerial 
system incorporating crossed loops giving directional or 
omni-directional facilities for simultaneous and independent 
use at the four l.f. positions. Twenty-eight h.f. and four 
l.f. positions are provided, each incorporating a modern 
communications-type receiver. Ten h.f. and two l.f. 
transmitters at Portishead and a third l.f. transmitter at 
Criggion are available. Traffic in 1955 had grown to ten 
million words.

With the development of h.f. telephone services from 
Rugby-Baldock, primarily for fixed services, which are 
referred to later, a service was provided from these 
stations to large passenger liners. At first used chiefly 
by the very large transatlantic liners the service is now 
available to suitably equipped ships anywhere in the 
world. The service was originally provided solely on double
sideband equipment, but for the past ten years either 
double-sideband or single-sideband working has been 
available, according to the equipment fitted on the ship.

Point-to-Point Telegraph Services.
The early work of the Marconi Wireless Telegraph 

Company resulted in a limited commercial service across the 
Atlantic in 1907. In 1913, provision of a series of radio
telegraph stations throughout the world was approved to 
form an Imperial chain of communications. However, 
construction was interrupted by the First World War, and 
only temporary service was available from Egypt until 
1921, when permanent bothway service was established, 
using Poulsen arc transmitters at Abu Zabal and Leafield.24 
The next step was the erection by the Post Office, between 
1923 and 1925, of a 500-kW v.l.f. transmitting station at 
Rugby2s (Fig. 13) with its aerial system supported from 12 
820-ft lattice masts. The transmitter incorporated high
power water-cooled valves and a high-stability tuning fork 
for frequency control, both of which were novel features.

To supplement the v.l.f. service a series of h.f. directional 
services was planned, and in 1924 an agreement was con
cluded between the Postmaster-General and the Marconi 
Company, for the provision of h.f. beam stations26 to work 
at 100 words/min with Canada, India, South Africa and 
Australia. These stations, which were brought into service 
in 1926-27, gave 10 to 15 kW output, and the transmitters 
were adjustable to any frequency between 7 ^5 and 20 Mc/s, 
the bandwidth of the receivers being 20 kc/s to accommo
date possible frequency drift of the transmitters. High-gain 
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Fig. 13.—The High-Power Stages of the Rugby V.L.F. 
Telegraph Transmitter (1925).

transmitting and receiving aerials of the Franklin pattern 
were employed, and are still giving good service to-day.

As already recorded, competition between these new 
radio circuits and the existing cable system led to a merger 
of the two services, and in 1929 control of the beam-radio 
stations passed out of Post Office hands, until 1950, when 
the operation of both the cable and radio services became 
again the responsibility of the Post Office.

Although telegraph service is now available by cable or 
radio to almost every country in the world, the demand 
for channels is still increasing, but the emphasis is more 
for telex and leased channels requiring five-unit working. 
This has led to a need for channelling equipment to enable 
fuller use to be made of the available bandwidth, and for 
automatic error-correction systems to minimize the 
incidence of printed errors due to poor radio conditions.

Point-to-Point Telephone S^rnces.
Shortly after the establishment of the v.l.f. telegraph 

service at Rugby, a long-wave telephone service27 wwas 
developed in conjunction with the American Telephone & 
Telegraph Company and opened for traffic in 1927. It io 
interesting to note that single-sideband technique with 
suppressed carrier was employed and that the same fre
quency was used in both directions. The United Kingdom 
transmitter was located at Rugby and the receiving statior 
at Wroughton, and later at Cupar in Scotland, where tht 
highly-directional receiving aerials on a mean frequency o: 
60 kc/s (5,000 metres wavelength) occupy several squart 
miles.

As with the telegraph service, this transmitter wa 
quickly supplemented with high-frequency services and i 
group of h.f. transmitters and aerial arrays was constructe< 
at Rugby with a complementary receiving station a 
Baldock. Double-sideband receivers incorporating auto 
matic gain control were used and, to facilitate frequenc; 
changing, the h.f. amplifying stages were originally providei 
in duplicate. The first h.f. telephone service was opened 01 
the transatlantic service in June 1928. Two additiona 
channels were provided in 1929, and circuits to Australia 
Buenos Aires, Capetown and Cairo were opened in 1930 
followed by circuits to Canada and India in 1932. At thi 
time London could truly be said to have become the world' 
trunk exchange.

The h.f. double-sideband transmissions were capable o 
being received on any h.f. telephone receiver, and it wa 
necessary to provide radio-telephony systems with som 
form of privacy. Various types of privacy equipment,  2 
starting with inversion of the speech frequencies, were use



in conjunction with periodic variation of the carrier fre
quency. More elaborate privacy equipment is now used in 
which each speech channel is split into five frequency bands, 
and the position of the bands interchanged at intervals of 
20 sec or so.

By 1934, single-sideband working was practicable for 
h.f. circuits, a low-level pilot-carrier being radiated and 
used to control the oscillators in the receiver, and in 
collaboration w:th the American Telephone & Telegraph 
Company, conversion of all the circuits between London and 
New York was put in hand.29 The transmitting facilities 
were then extended so that two independent speech channels 
of 5-kc/s bandwidth could be translated into single-sideband 
signals, one above the pilot-carrier and one below, and 
applied to one transmitting amplifier, with complementary 
facilities at the receiver. From 1939 to 1945 the public 
radio-telephone service from the United Kingdom was 
closed down and on reopening after the war it grew rapidly 
until to-day 73 radio-telephone circuits exist to 45 overseas 
terminals in 40 different countries. On resumption of 
service new independent sideband equipments were intro
duced with a bandwidth of 6 kc/s, and by combining 
two-speech channels in this range, up to four channels could 
be applied to one transmitter.

Attempts to improve the directivity of aerials led to the 
development in 1935 of the multiple-unit steerable array 
(M.U.S.A.)30 for reception. This array, by providing sharp 
directivity, steerable in the vertical plane, permits dis
crimination between the waves arriving at different down
coming angles and so reduces selective fading due to wave 
interference. Between 1937 and 1939, the M.U.S.A. 
technique was applied to h.f. telephone circuits between 
the U.S.A. and this country.

Technical control and supervision of long-distance radio
telephone circuits are provided at the Radio Telephony 
Terminal (R.T.T.). The first R.T.T.31, located in Faraday 
Building, had by 1949 been equipped to control simul
taneously 13 circuits, but it has since been superseded by 
a new R.T.T.32 at Brent Building, in north-west London, 
where equipment for the simultaneous control of over 70 
circuits has been installed. The equipment at the R.T.T. 
includes privacy equipment and constant-volume amplifiers 
in the go and return paths to maintain the average modu
lation of the transmitter at a high level and to counteract 
the effects of selective fading. This equipment, together 
with signalling equipment, singing suppressors, etc., is 
rack mounted; operation is controlled from suites of low 
operating positions (Fig. 14) equipped with comprehensive 
test facilities and located in an adjacent room.

Fig. 14.—Two Suites of Operating Positions and Associated 
Control Posmoss at the Radio Telephony Terminal, Brent.

The circuits finally terminate at the International 
Exchange at Wood Street,n in the centre of London, where 
over 100 low-type sleeve-control positions are provided, the 
radio circuís terminating on multiple jacks and being 
sw'tched two-wire. Order-wire facilities are provided on 
each circuit between the traffic and technical operators, and 
"state of circuit" lamps advise the traffic operators when 
the radio circuís are of commercial quality.

Broadcast Press Services.
Reuters were quick to appreciate the use of radio for a 

broadcast news service and, in 1923, rented facilities from 
the Post Office for a long-wave broadcast news distribution 
service in morse to Europe. By 1928, a world broadcast 
news service in code was commenced, using Rugby GBR 
on 16 kc/s, and in 1931 the service was extended for uncoded 
messages by the addition of two h.f. transmitters at 
Leafield, still using omni-directional aerials. In 1935, an 
experimental supplementary service to Europe was started 
on a Leafield l.f. transmitter, using the Hellschreiber direct
printing system, in which the characters are not printed 
from type-face but are built up by a series of marks in a 
frame, seven elements wide and seven elements deep.

From shortly before the Second World War, h.f. broadcasts 
have been undertaken for a number of Press agencies, 
including Reuters, using broadly-beamed aerial-systems, 
which together provide almost world-wide coverage. In 
view of the practical difficulties of making frequency 
changes at short notice on a one-way multi-destination 
service, successful operation depends on accurate propa
gation forecasts, and the Post Office extended its work on 
this subject for this purpose. Morse and Hellschreiber 
transmissions still provide the greater part of these Press 
broadcasts, but they are disappearing in favour of tele
printer transmission. This requires greater efficiency in the 
transmitting and receiving arrangements, particularly the 
latter, and the services are being replanned to employ the 
latest practices.

Photo-telegraphy by Radio.
Radio photo-telegraphy on a commercial basis can go 

back only 30 years, and from its inception, in 1926, pro
gressed very slowly for many years. The crude "dot
modulator" system,33 then employed, keyed in telegraph 
fashion a long-wave transmitter which radiated dots at 
varying speed, controlled by a light spot scanning a picture 
placed on a drum rotating at constant speed. These dots 
produced an illusion of tone graduations at the receiving end 
when recorded on the telephoto equipment,as shown in Fig.15.

This method gave way to the constant-frequencyvariable
dot principle,33 which again keyed the radio transmitter in 
telegraph fashion, but varied the size instead of the 
frequency of the dot and built up a more pleasing pattern 
on the received picture, being very similar in appearance 
to a newspaper reproduction. Both systems had the 
quality of partially defeating radio-fading variations, which 
made direct amplitude-modulation transmission im
practicable.

In those days, the London terminal for extra-European 
radio pictures handled on an average about 120 pictures a 
year, and this remained the figure until 1939, when an 
improved system, known as sub-carrier frequency modu- 
lation,33 was introduced. In this system the picture 
intelligence is contained in the frequency variations of an 
audio tone which modulates a radio transmitter operating 
on radio-telephone principles. With the introduction of this 
system, radio picture transmission was speeded up con
siderably, but poor terminal equipment was a limiting 
factor and, with the expansion of airways, picture traffic 
was not greatly increased.
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Fig. 15.—A Picture Transmitted by RADfO
IN in26 USING THE DOT MODULATOR SYSTEM.

During the Second World War, propaganda radio-pictures 
were broadcast, and after the war, improved telephoto 
equipment was introduced and some 15 countries were 
served from London, with an annual turnover rising to 
3,000 pictures.

In 1950, further improvements were made and the most 
modern equipment installed. In addition, to speed up 
delivery, direct transmission to the customer by line from 
the London telephoto terminal was arranged, in place of 
some 30 minutes' delay, which previously was required for 
photographic processing and production of prints for 
sending out by messenger. For this, the customers, mostly 
press agencies and newspapers, require to have their own 
telephoto equipment. To-day, a customer can rely on a 
reasonably quick clearance, and the press can often receive 
a picture, directly transmitted to their London office, 
within 30 minutes of the event being photographed in, say, 
Australia, Japan or the U.S.A.

In 1953 the London terminal handled 7,000 pictures; 
in 1954, 9,000; and in 1955 the figure rose to 10,800, serving 
31 countries by radio.

The New Rugby H.F. Transmitting Station.
No article on overseas communications would be complete 

without reference to the latest Post Office radio-trans
mitting station recently completed at Rugby.34 This station 
contains equipment for world-wide telephone and telegraph 
radio transmissions between 4 and 27 >5 Yic/s, and the 
28 identical transmitters it houses are suitable for inde
pendent or double-sideband operation on telephony, and 
can carry up to four telephone channels or multi-channel 
telegraph systems. Single-channel telegraph signals, with 
frequency-shift keying or amplitude modulation, can also 
be radiated.

For the two-channel and four-channel telephone systems 
each pair of channels is assembled in London and trans
mitted to Rugby over a land line, having a bandwidth 
of 6 kc/s and carrying the two speech channels of 250 to 
3,000 c/s.

The transmitters of 30-kW peak envelope-power are 
designed for remote control and are operated and supervised 
from a central control position (Fig. 16). One man at this 
position can start and stop any transmitter, switch it to any 
one of six predetermined frequencies and to the required

Fig. 16.—Central Control Position at the New Rugby B
Transmitting Station.

aerial, and can monitor any transmission. A number of 
indicators operated by automatic monitors show whether 
normal operating conditions are being maintained or not 
and, when conditions are not normal, the monitors operate 
alarms grouped into urgent and non-urgent categories.

International Telex
Teleprinter exchange service, or telex as il is known 

throughout Europe, is the latest telecommunications 
service to be offered to the public. When it was first intro
duced in. the United Kingdom as an inland service, calls 
had to be established initially as telephone connexions, the 
subscribers then switching to teleprinter operation. Inter
national service on this basis was opened in 1936, to 
Holland and Belgium, and e.xternlen to Germany in 1937, 
but when the international service was reopened after the 
war, it was operated as a purely telegraph network, using 
channels in voice-frequency telegraph systems. Recently 
the inland system has been converted to this method of 
operation and now full interconnexion between the inland 
and overseas circints is provided.

By 1952, access to 14 European countries was available, 
and on seven of the routes the London operator could 
obtain the distant telex subscriber automatically by direct 
dialling. In that year the first extra-European circuits, to 
New York, were connected. These provided a number of 
problems because American teleprinters work at 45! bauds 
as against 50-baud operation, which is standard in this 
country and throughout Europe, and because the automatic 
correction of errors due to interference or fading experienced 
on the radio path had to be catered for. Later, when the 
system was extended throughout America further com
plications arose due to the different keyboards, etc.. in use 
in the different companies' systems in that continent. 
But these problems have been overcome, and to-day it is 
possible for a subscriber in London to communicate by 
teleprinter to telex subscribers in over 30 countries abroad, 
and the service is rapidly expanding.

Future Developments
It would be rash to endeavour to predict the course of 

events for the next 50 years, but the pattern for the more 
immediate future is naturally clearer.

In the telegraph field the Post Office is pledged to play its 
part in the conversion of the Commonwealth cable and 
radio network to 5-unit operation. The plan as seen to-day 
is for the short-distance cables and the easier radio circuits 
to continue to work 5-unit on a start-stop basis at standard 
teleprinter speed. Longer-distance telephone cables wil
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carry v.f. telegraph channels, but these will be worked 
synchronously to conserve band width. Some of the older 
telegraph cables will remain with d.c. signalling, but will be 
converted from cable code to 5-unit working, whereas 
others will be equipped with submerged repeaters and 
worked by v.f. methods. The more difficult radio circuits 
will be operated on a synchronous 5-unit basis with auto
matic error-correction.

When the overseas circuits are converted to reliable 
5-unit operation, there appears to be no insuperable 
difficulty in linking together the overseas and inland 
networks to avoid the re-transmission of messages. This 
could be achieved on an automatic or semi-automatic 
basis, using known methods and apparatus but, with the 
advent of magnetic storage devices, it might be attractive 
to dispense with punched tape as the storage medium and 
develop new techniques. Printing would be on a page basis, 
monitor copies being taken at control points as required. 
The automation of the overseas telegraph office would 
reduce the "office drag" and should effect considerable 
savings in the cost of handling the overseas telegram.

On the telephone side, the h.f. radio spectrum is becoming 
so crowded that one must look elsewhere for alternative 
means of providing additional circuit capacity, and it is 
from the use of repeatered submarine coaxial-cable that 
the more immediate relief may be obtained. Present 
techniques have shown that it is possible, using well-tried 
components, to provide 36 circuits over a 2,000-mile ocean 
span. With later types of valve and with cable insulation 
capable of withstanding higher voltages for the power 
supply, it should be possible to increase the available 
bandwidth very considerably. Frequency conservation 
devices may be perfected which allow more circuits to be 
obtained from a given bandwidth, and new types of cable, 
cheaper than existing types and yet more suitable for laying 
in, and lifting from, great depths of water, may shortly 
be evolved. The transistor may also provide the answer to a 
number of these problems. The next decade or two may 
therefore see a considerable extension of the long-distance 
repeatered submarine coaxial-cable network.

So far as land circuits are concerned, radio and cable 
again seem gradually to be changing their roles for, just as 
the repeatered submarine cable is tending to replace radio 
for transoceanic communication, so are microwave relay 
systems tending to supersede land cables for intra-con
tinental services.

As regards the long-distance radio services there will, 
without question, be significant developments of the many 
types of equipment ranging from high-power h.f. trans
mitters to receivers handling very weak signals. The initial 
communications, which were restricted to telegraph signals 
on low frequencies, have been rapidly supplemented by 
signals on frequencies up to 20 or 30 Mc/s. Still higher 
frequencies, of hundreds or thousands of megacycles/second, 
are attractive in enabling bandwidths of one or more mega
cycles/second to be used on each transmission. Systems 
making use of ionospheric scatter, on frequencies of 25 to 
100 Mc/s with relatively narrow communication channels, 
are already being installed for single-hop transmissions of 
1,^M miles. Frequencies of l ,^^ Mc/s or so are being 
proposed for distances of 100 to 300 miles to provide 
circuits capable of handling signals of 100 kc/s bandwidth 
or more. Fifteen years ago frequencies above 50 Mc/s 
were considered to be useful for just more than line-of-sight 
transmission. As has been the rule with radio, the applica
tions now seem wider than at first envisaged, and it may 
well be that international exchange of television programs, 
already of regular occurrence over a large part of Europe, 
will become a daily occurrence on an inter-continental basis.

Finally, the process of automatizing the inland trunk 
telephone and telex networks will undoubtedly be extended 

to include links overseas so that every subscriber in the 
United Kingdom will be able to dial directly into the 
national networks of at least the nearer continental 
countries. To extend the range further may involve 
accounting and administrative difficulties, but if there is a 
public demand for the service it is certain that engineering 
means will be found to meet it.
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