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INTRODUCTION
Land telegraph became established in Britain and Europe during the 1840s. Britain was
connected by undersea telegraph cable to France in 1851. A light cable between Holyhead and
Howth was laid in 1852 but only lasted three days. A permanent cable between Ireland and
England (Port Patrick and Donaghadee) was laid on 23 May 1853.
There was strong pressure for extension westward but the vast expanse of the Atlantic Ocean
was a daunting prospect and it is for this reason that in 1857 Valentia island first assumed
prominence in the world of cable telegraphy.
The great circle route from the Kerry coast to Newfoundland represents the shortest distance
across the Atlantic. An attempt was made to lay a cable from the Valentia area in 1857. It failed.
The success of an attempt in 1858 was short lived because the engineer-in-charge destroyed the
insulation by the use of excessively high voltages. Loss of confidence and the American Civil
War delayed further attempts until 1865. Even then success eluded the pioneers and what is
often called the 'great Victorian dream' was not achieved until one year later.
The first cable from Valentia (1858) barely managed 3 words per minute during its short life.
Yet by the end of the century an average day's business constituted no less than 50,000 words.
The technical developments that led to a total capability of 1,000 words per minute, before the
entire telegraph system was superceded by telephone, are intertwined with the history of the
submarine cable stations on the Kerry coast.
In surveying the history of technology it is often difficult to see which came first, the technical
developments or the factors which influenced then. It will be seen that in this case at least the
developments generally came about as the result of external pressures and progress was by no
means even with time. The two world wars were of course major catalysts but even without
them there were several factors which together contributed to the continuing developments in
submarine telegraphy. These can be viewed under three rough headings:
1. The requirements of commerce made ever increasing demands and new cables were
laid only when technology could not improve the efficiency of existing ones.
2. Improved means of transmitting and receiving signal was the first line of response to
increases in traffic density during the early period. After the first world war it was
improvements in cable design that dictated the pace of developments in transmission
and reception.
3. The technology of cable manufacture was improved to make them more robust and
reliable (repair was a costly business and broken cable meant a serious loss of
revenue). Later improvements were aimed at making cables faster (able to carry
more words per minute).
It is very useful to bear these in mind when considering the development of the Irish submarine
cable stations.

THE TECHNOLOGY OF THE FIRST VALENTIA CABLES
A telegraph cable consists of a copper conductor surrounded by a covering of insulator with an
outer coating of iron or steel wires which gives it both mechanical strength and protection.
Gutta percha was generally used as the insulator. It is a natural product from South East Asia
and is very closely related to latex rubber. Unlike rubber it becomes plastic at about 80oC and
can therefore be moulded. In the early days Siemens Brothers held the patents for coating
conductors using a machine like a macaroni-extruder. This monopoly was broken by Henry
Bewley, a Dublin chemist. He perfected an alternative method for coating cables with gutta
percha and this became standard throughout the British cable industry. As a result of this he
was able to purchase Willow Park in Booterstown, which was to remain within the family until
after his death in the 1870s.

Figure 1. Willow Park, Booterstown, now the preparatory school for Blackrock College. It
is interesting to note that the Holy Ghost fathers who purchased it from the Bewley family
retained the same font in the name-plate at the entrance and on their headed note-paper

In the era before the telephone the obvious method for the electrical transmission of
information was to use a code based on the presence or absence of an electric current. Today's
most sophisticated computers still use the same approach. The Morse code had been
developed for land telegraph and attempts were made to apply it to long undersea cables. In
1856 Professor William Thomson of Glasgow University (who later became Lord Kelvin)
showed that a Morse-like signal injected into a cable would suffer dispersion. The cable can be
modeled as a very long 'ladder' circuit consisting of resistors in series. Shunt capacitors with
insulation loss resistors connected in parallel are like the rungs of the ladder, shown on its side
at the top of the figure below. We see the signal that is injected into one end of the ladder and
we see that the signal that comes out the other end has a distorted shape. The amplitude of this
distortion and the time over which it is smeared depends on the length of the cable and three
examples can be seen. It is this time-scale that determines the maximum number of Morse
characters per minute that can be transmitted.

Figure 2 (top) electrical circuit that mimics a real submarine telegraph cable. The
transmitted signal for a single Morse dot is shown. The received signal has a slow rising
and falling transient. The time-scale over which the signal arrives is dependent on the
length of the cable. The one thing that does not shown is the amplitude of the incoming
signal. This would probably be of the order of mA in the case of the North Sea, 100nA
for the Atlantic and 10nA for the Pacific

The first moves to establish a trans-Atlantic telegraph connection were made in 1856/7.
Although Professor Thomson was a member of the board of the Atlantic Telegraph Co. his
views on the nature of transmission of signals were not taken into account by his fellow
directors. They had appointed Edward Orange Wildman Whitehouse, a retired medical doctor
and an voluble electrical hobbyist as Company Electrician. His theory of electrical
transmission was based on the premise that if it had to travel a long distance, it needed a good
kick to get it on its way. Whitehouse planned to attach a crude printing machine of his own
design to the end of the cable so that he could get a permanent record of incoming dots and
dashes. He had his way and as a result the insulation of the 1858 cable between Valentia island
and Bay Bull Arm, Trinity Bay, Newfoundland was irreparably damaged even before the cable
had been opened for business.
Only after Whitehouse had done his work did the company ask Thomson to take charge of the
now-damaged and daily deteriorating cable. Thomson attached a very sensitive galvanometer to
the receiving end of the cable and used the Steinheil system for transmitting Morse. This
operated on the basis that a dot is represented by a positive impulse of current and a dash by a
negative impulse of identical duration. Thus if the letter 'a' (.-) was transmitted, the received
signal would appear as a positive swing of the galvanometer followed by a negative swing. It
turns out that it is much easier for an operator to discern these transitions than to distinguish
between a dot an a dash in the received signal of figure 1. This is the technique that was
adopted when cables were eventually laid between Valentia and Heart's Content, Newfoundland
in 1866.

Figure 3 Letters of the alphabet and their Steinheil Morse equivalents (cable code). A
cable key is shown on the right. When no key is depressed then the cable is connected to
ground. If the right key is pressed then the battery anode is connected to the cable core,
while the cathode is still linked to ground. If the right key is then released and the left key
is depressed, then the connections are reversed. Finally, when the left key is released the
cable is once again connected to ground and we have transmitted +V immediately
followed by -V ( the letter 'A').

The trans-Atlantic cable of 1857/58 had several inherent design defects. It was too pliable, its
breaking strain was too low and its specific gravity was too high. Thus while it was being laid,
it made a very steep angle with the water, which meant that the strain on the cable during laying
was at all times close to maximum. The cables which were used during 1865/66 had a much
greater breaking strain and a lower specific gravity. They were accordingly much bulkier and
were it not for the availability of Brunel's Great Eastern there would have been no ship large
enough to carry the entire length. When the 1865 cable did break in deep ocean, its inherent
strength was sufficient to permit it to be grappled. The problem in 1865 was not the strength of

the cable but the strength of the available grappling line and the lack of power of the lifting
winch. In the summer of 1866 the Great Eastern laid a Valentia - Heart's Content on behalf of
the Anglo American Telegraph Co. who had taken over from the Atlantic Telegraph Co.
Immediately that task was complete the Great Eastern returned to sea, raised the broken cable of
1865, spliced onto it and completed the task that it had started one year earlier.

THE WORKING STATION AT VALENTIA
The technical history of cables on Valentia island can be treated in the context of four discrete
phases.
(1) 1866 - 1885
The temporary building at Foilhommerum Cliff
In the summer of 1866 the staff of the new Valentia Cable Station had two cables to work and
much to learn about the technology. Transmission was done using the Steinheil method, which
involved the use of a double handed key (see figure 3). The signals were received on a
Thomson's mirror galvanometer. This consisted of a tiny mirror attached to a magnet which
was suspended in the centre of a coil. The incoming signal moved the magnet clockwise or anti
clockwise about its suspension. A fine spot of light reflecting on the mirror and focussed onto
a screen would then be deflected left or right of a centre point. The deflection would therefore
indicate a dot or a dash. Obviously this form of reception was labour intensive. One person
would watch the spot and dictate to a writer behind him. The message would then be carried
across to the 'land-room' where the message would be retransmitted to any destination
eastwards as far as the Ural mountains. This isolation of land lines from the cable was vital.
Land telegraph wires were frequently damaged by lightning and if it damaged the cables, then
the impact on business as well as the cost of repaire could be astronomic.
Linguistic and accent differences sometimes created problems of communication between staff.
There is a report of a mirror reader (from London) who dictated the word 'hoax' on an
incoming message. The eventual recipients were not amused when they received information
concerning 'oaks'. However this was an isolated difficulty as staff soon learned to forestall
these more obvious pitfalls.

Figure 4 Operational arrangement for the avoidance of 'earth-currents'. The inclusion of a
capacitor between the galvanometer and the receiver ground was not favoured by
management. Such components had been used to create the very high voltages that had
destroyed the 1858 cable and they were afraid that it might do the same here.

The Station staff list for March 1867 indicates that there was six cable clerks (including the
Superintendent who doubled as Station Electrician), a junior clerk, a house boy, a lamp boy, a
cook and a housemaid.
From the very start a major problem at the receiving end of the cable was earth currents. These
are geophysical effects and arise on account of the fact that the potential of the earth is not
identical at both sides of the Atlantic. Earth currents change quite slowly so they can be easily
distinguished from the telegraphic signal. However they caused a large offset on the receiving
galvanometer. It was very quickly found that if a capacitor were placed between the receiving
instrument and ground (as shown in figure 4) then all earth current effects were eliminated.
The Knightstown Station
On 20 September 1868 the Station was transferred from its temporary wooden hut at the top of
Foilhommerum Cliff to new permanent offices at Knightstown. This had been designed by the
Dublin firm of architects, Thomas Dean & Son. The cables still came in at Foilhommerum and
were connected to the new Station by wires which were placed in iron conduits, buried
alongside the road (the trenching operation cost the company £185-18s-1d). Almost
immediately after the move the operators became aware of a new problem. The spot on the
galvanometer suffered a continuous, fast vibration which made it very difficult to detect
incoming messages. This was eventually traced to the fact that a metal rod stuck into the
ground (or the sea) just off Knightstown was totally inefficient as an earth return. The
Superintendent devised a system of connecting the earth wire directly to the outer metal
sheathing of the ocean cable. This gave excellent results and was eventually adopted at all long
distance cable stations.
By August 1869 another two cable clerks joined the staff which now included two check clerks
and a messenger. This number increased steadily so that in December 1873 there were 16
cable clerks, and 3 check clerks. In 1871 the UK inland telegraph system had been
nationalised and brought under the Post Office. The Anglo American Telegraph Co. were
given responsibility for land-line transmission from the Valentia Station. This added another 7
landline clerks and 2 check clerks to their payroll.
New cables
The cable of 1866 did not last very long on account of a design deficiency. The wires which
constituted the outer protective sheathing of both the 1865 and 1866 cables had a cladding of
hemp. In 1865 the hemp had been soaked in tar, which was not very popular with the cable
layers and could well have been responsible for some of the major problems during laying. In
the meantime the Telegraph Construction and Maintenance Co. who manufactured the cable
devised a method of galvanising the mild steel wires used in the 1866 cable. It was decided to
continue the practice of cladding the sheathing with hemp but it was not felt necessary to use
tar. This was a most unwise decision as the hemp soon rotted, the sheathing worked itself
loose and the cable was no longer protected. In addition to this the route along which the 1866
cable was laid left it more prone to damage from grounded icebergs (a major hazard on the
Newfoundland coast).
In this situation the Company had little alternative but to abandon the 1866 cable in 1873 when
a new cable (which eventually became known as 1VA) was laid. Another cable was landed in
1874. In the Western Union days this was always known as 2VA.
It should be remembered that each time a cable is repaired a new piece has to be inserted. With
the depth of ocean and the distance between undamaged material each repair might add 10 - 15
miles extra cable. The speed of a cable is determined by its length. The shorter it is the more
words it can carry per minute. That is why Valentia was chosen in the first place. Well, by
1877 the 1865 cable had become so slow and damage-prone that it was abandoned. However
the condition of the shore ends of the 1866 cable was excellent and so, with increases in traffic
it was resolved in 1880 to renew the entire ocean length of the 1866 cable. The 1880 cable was

later given the identification 3VA. It was of revolutionary design in that the gutta percha
insulator was replaced by a derivative called Chatterton's compound, which it was claimed gave
it superior mechanical properties. Time proved that this claim was justified. There was still
some original length in circuit when the cable was finally abandoned in. However as will be
seen later the electrical properties of 3VA left much to be desired.
More traffic
The Valentia staff handled more traffic every year. In fact the rate of 9,000 words per day in
1875 was to increase by a factor 2 every 9 years until the turn of the century.
Two factors brought this about. The first was the introduction of the word rate on cablegrams.
Until 1872 messages were charged at a fixed length of 20 words, so that the cost was well
beyond all but the richest: merchant bankers, international traders etc. Even the Press found it
too expensive and Reuter took to lumping several coded messages together as an economy.
After 1872 cablegrams were charged per word; the initial rate was 4/= (20p) per word.
The second pressure that increased traffic was competition. The first competitor was a French
cable co. which opened for business in 1869. It was absorbed by the Anglo American
Telegraph Co. in 1873. The second competitor was the Direct United States Telegraph Co.
who opened their Station at Ballinskelligs in 1874. This created a tariff war which benefited the
public and they responded. By January 1876 the rate had dropped to 1/= (5p) per word but
being profitable to neither company, negotiations resulted in it being returned to a somewhat
higher level.
Technical improvements
The increased level of traffic required more efficient use of manpower. The first major
improvement was in 1874 when a Thomson siphon recorder was first introduced. The
schematic arrangement of this remarkable instrument (the first ink-jet printer) is shown in
below

Figure 5 Schematic arrangement of a siphon recorder

A very fine mechanical linkage connected the moving coil of a galvanometer with a horizontally
suspended plate. This translated the rotary movement of the galvanometer into an amplified
left/right motion. Ink drawn by siphon action from a reservoir passed through a capilliary onto
a paper slip. Friction between the pen and the paper was reduced by means of an electrostatic
device (the mouse-mill) which caused the pen suspension to vibrate.

Figure 6 The operating principle of the siphon recorder

The introduction of the siphon recorder meant that cable readers and writers were no longer
required. Messages were still transmitted as before, but incoming signals appeared on a
recorder strip. Junior staff then stuck these strips onto the appropriate form, where a
translation could be appended. Under normal circumstances the forms were handed over in the
raw state for relaying by the land line clerks. The maintenance of the siphon recorders of
course required additional staff.

Figure 7 Examples of siphon recorder messages

Landline duplex
Further improvements were required to make efficient use of manpower. The landlines from
Valentia were causing concern. By the early 1870s the Anglo American Telegraph Co. were
suffering severe delays on messages passing through Ireland. The cross channel cables were
full to capacity and the Post Office, who were now responsible for communications between
Ireland, Britain and Europe, were unwilling to commit themselves to the cost of laying more. In
an effort to improve matters within the status quo, plans were made to operate the Post Office
lines in duplex. This is a technique whereby a single line can carry messages simultaneously in
both directions. It was introduced in 1873 and relieved the pressure for some time.
Automatic transmission on landlines
It must be remembered that British and European commercial markets and merchant banks were
the major users of the system. In the case of the Stock Exchange, time differences meant that
there was only one hour of simultaneous trading at London and New York. Thus a lot of
telegraph business was packed into this small space of time when a broker might require to
send and receive many messages during a single session. When further improvements were
required the landlines were operated with Wheatstone automatic transmitters. Staff would hand
punch messages onto paper tape. This was then fed through a Wheatstone, which would
transmit Morse much faster than any human key operator could.

Figure 8 Circuit arrangement for duplex (bi-directional) transmission/reception of an
ocean cable.

Ocean cable duplex
The next improvement, duplexing of the ocean cables, was a much more difficult task. The
system which was used on ocean cables generally involved placing the receiving instrument at
the centre of a Wheatstone bridge. The electrical source for the bridge (see figure 8) constituted
the transmitter. The ocean cable formed one arm and the other arm was called the artificial line.
Thus when the bridge was properly balanced, any use of Valentia's transmitter would have no
influence on their receiver. The signal would however appear on the receiver in Newfoundland.
Similarly messages transmitted at Heart's Content would appear only at Valentia.
The most important item in this equipment was the 'artificial line'. It had to be an exact replica of
the ocean cable, whose electrical properties changed with minute changes in ocean temperature.
Once balanced, the line had to be maintained at constant temperature and this is the reason why
each station had a special artificial line room. Right up to the end of the telegraph era, balancing
of the artificial line was one of the most skilled tasks in the Station.
The simulation of ocean cables by means of artificial lines presented major problems and the
lines from Valentia were not properly duplexed until 1880. The people at the Direct United
States Telegraph Co's station at Ballinskelligs, using a slightly different technology managed to
duplex their cable 18 month earlier. However once the techniques of balancing had been
perfected, the system worked extremely well and by 1881 the Anglo American Telegrtaph Co.
were reporting 100% improvement in efficiency. Duplexing of cables gave both Valentia and
Ballinskelligs some technological breathing space for the ever increasing traffic load.
The Valentia-Emden cable
The new German nation had commenced its rise towards empire status after the FrancoPrussian war of 1872 and was now making heavy use of the Atlantic cables. They found the
landline delays through Britain and Ireland intolerable. This was in spite of the fact that the
Post Office had finally relented and had installed additional cables across the Irish sea. These
were between Fishguard Bay and Blackwater, Co Wexford and constituted the major direct
route to London for cable traffic. This was not sufficient and in order to circumvent delays, the
German Union Telegraph Co. decided on a direct cable link between Germany and Ireland. It
was hoped that this would also avoid any surveillance of German traffic in transit through
Britain. There was no German company in a position to carry out the work. Accordingly the
British cable giant, the Telegraph Construction and Maintenamce Co. laid the cable between
Greetsiel on the Frisian islands near Emden and Valentia island. The landing of the Irish end
took place at Foilhommerum Bay on 15 April 1882 and the Valentia Station Superintendent was
paid a gratuity of £100 per year to look after the interests of the German company.

(2) 1885 - 1914
In 1885 the Superintendent at Valentia in an article to the Telegraphist magazine listed the
instruments in his Station. These included four siphon recorders for ocean cables, three to
Newfoundland (duplexed) and one to Emden, two sets of Wheatstone automatic transmitters for
the landlines to London, a local Morse circuit for communication with the Station at
Ballinskelligs, an Alphabetical Wheatstone for communicating with the local post office. Test
equipment included resistance slides, an astatic galvanometer and one of Sir William Thomson's
quadrant electrometers.
First cable diversion
The cables of 1865/66 were landed at Foilhommerum Bay. They were connected to the
Knightstown Station by a series of wires led through iron pipes buried alongside the road. By
the mid 1880s it was well acknowledged that Foilhommerum was in fact a most inappropriate
site. The foreshore was very rocky and there were underwater deposits associated with an

ancient copper mine close by which caused corrosion of the outer metal sheathing of cables.
The cost of repairs to shore ends was such that it was resolved to divert the landing site for the
'73, '74, and '80 cables to Cooscroon in Dingle bay and this was effected by the C.S. Minia in
1887. The German cable, however, which remained in use until 1901 was not diverted.
The Commercial Cable Co.
1885 saw dramatic changes. There was fresh and vigorous competition from the Commercial
Cable Company. This all American enterprise was financed by the millionaire John W. Mackay,
(an Dublin man who had become one of the richest men in America following his discovery of
the Comstock Lode silver mine in Nevada) and James Gordon Bennett, proprietor of the New
York Herald. Mackay's wife, like Bennett, lived in Paris and as a result incurred heavy expenses
in trans-Atlantic telegrams. It seemed obvious to establish their own company in order to
overcome the British dominated cable cartel which had heretofore dictated cablegram tariff
levels. The station at Waterville was opened for business in 1885, offering superior pay, so that
Valentia lost many of its best staff. Perhaps the most significant feature of the Commercial
Co's operation was that they avoided landline delays across Ireland by having an additional
cable from Waterville to Weston-super-Mare in the west of England and another to Le Havre in
France. They were able to attract business, in spite of their higher rates, simply because they
offered a faster service. This removed a large chunk of Valentia's business and a fierce intercompany rivalry developed (which remained unabated until the first world war). Added to this
there was a depression in world trade in the late 1880s which didn't make the situation any
easier. One of the effects of this rivalry was to make the entire operation at Valentia more
secretive and as a result the publication of any information which might be useful to a
competitor was suppressed. Accordingly details of technical developments between about 1887
and 1912 is somewhat limited.
With a return to more buoyant world trade in the 1890s both the Anglo and the Commercial
found it necessary to increase capacity by adding to their complement of cables. One cable was
laid for each in 1894. The Anglo '94, later called 4VA was of revolutionary design. One of the
features was the large dimension of the central conductor which consisted of a large (for cables)
diameter copper wire with several small wires wound around it. It was capable of carrying more
than 250 words per minute (duplex) and became popular as the major carrier of stock market
traffic.
The Commercial's 1894 cable, nick-named 'Jumbo' was of similar dimensions but was not quite
so fast. Secrecy during this period has meant that we are not exactly sure how this phenomenal
capability was utilised. It is most likely that some form of automatic transmitter was used as the
Valentia Station records show that the staff now included many punch clerks, who would have
manually perforated paper tape.
Second cable diversion
Over the years it became evident that Cooscroon, while better than Foilhommerum Bay was not
a particularly good landing site for the cables. The approach was very rocky and the shore ends
required frequent replacement. It would appear as if the '94 cable was brought straight into
Knightstown Harbour and thereafter as each shore end came up for renewal, it too was brought
in along the same route. By 1898 only '74 was still at Cooscroon. Figure 9 shows a map of the
network as it existed at about that time.

Figure 9 A schematic map showing the identities and ownership of the various cables
which were in operation at the three Kerry cable stations ca. 1898.

The Western Union takeover
The economic strength of the Anglo American Co., the owners of Valentia island station was
never very good. It had an enormous, and useless capital value based on the cable laying failures
before 1866. Thus when in 1910 Western Union made an offer to buy out the entire operation,
there was little alternative but to accept. In fact the story is somewhat more complex than
appears at first sight. The Anglo American Telegraph Co. was the major partner in a British
dominated monopoly called the Cable Pool which fixed traffic tariffs. The Commercial Cable
Co. applied behind the scenes pressure in America using the US anti-trust laws to force
Western Union to withdraw from this cartel. In this situation Western Union identified a useful
tactical move. They were in the situation that they carried all Pool traffic from the North
American termini to the major cities in Canada, the United States and South America (the
Commercial Co. had its own independent feeder network). Now if Western Union's withdrawal
from the Pool was total, there would be no American landline support and the Pool would be
ruined. This was the Damocles sword that Western Union placed before the shareholders of
the Anglo American Telegraph Co., who reluctantly agreed to lease the entire system; cables,
stations and cable ship for a period of 100 years from 1911.
The Valentia station records appear to have been lost at some time before about 1963, but those
at Heart's Content form part of Newfoundland's cultural heritage. In the Archives there, there is
a letter which lists all the equipment at Heart's Content at takeover in 1911. This included 493
Fuller bicarbonate batteries, 196 Daniell batteries, 100 Tray batteries, 36 perforators, 7 cable
transmitters, 7 Muirhead pattern siphon recorders and 6 cable keys as well as artificial lines
(total 3222µF) for eastern and western sections. Test equipment included 1 Thomson quadrant
electrometer, 2 astatic galvanometers and 1 marine galvanometer. The total value of this
equipment was put at over £50,000. It must however be remembered that Heart's Content was

handling cables both east and west. At a guess Valentia might have had about 16 perforators
(for punching tape for transmission on the 1894 cable), 4 siphon recorders and about 4 or 5
cable keys, some held in reserve. The test equipment would have been the same. The
electrometer was used for testing the quality of the cable insulation. The galvanometers would
be used with a bridge circuit for locating cable faults and the marine galvanometer was always
used on cable watch; that period when a cableship was undertaking repairs to a damaged cable.
Western Union brought a new atmosphere of professionalism to the operation. The 1873,
1874, 1880 and 1894 cables emanating from Valentia were afterwards called 1VA, 2VA, 3VA
and 4VA respectively. Western Union were quite meticulous about recording detail and the
records, where they have been retained, are most informative. The cable at Ballinskelligs was by
this time getting old and unreliable and that station was well into its long period of limbo.

(3) 1914 -1919
The advent of the First World War caused massive changes in the Irish cable stations. Traffic
volume increased astronomically. There was a staff of approximately 200 at Valentia and 12
hour shifts became the norm. The records at Newfoundland show that the 200 operational staff
there included several girls, mostly daughters of existing staff members. The increase in
pressure required further technical developments and these were initially associated with signal
transmission.
The Kleinschmidt perforator
Kleinschmidt perforators came in in 1916 and at first were probably mainly used with 4VA.
With these machines it was no longer necessary to use a sending key or even manually
perforated paper tape. The operator had an alphabetical keyboard and the machine produced the
appropriate code as a punched tape which was then fed to an automatic transmitter. The records
in Newfoundland indicate that there was one Kleinschmidt used on 1VA, 2VA and 3VA. There
were two in use on 4VA. 4VA also had two siphon recorders in circuit, which confirms the
hypothesis that a simple form of multiplexing was in use on that cable. Indeed the Heart's
Content inventory at that time includes a list of switches which could be used to perform the
task of continuously switching between one transmitter (or receiver) and another.

Figure 10 A Heurtley hot-wire magnifier manufactured by Muirhead

Amplified signals
During the war considerable effort was also put into improving the reception of signals. The
signal from the cable consisted of attenuated and smeared-out representations of the transmitted
signal superimposed on an offset which could be due to a variety of causes including lack of
balance in the artificial line. The signals of themselves would be unable to drive any form of
regenerator. The first requirement was for amplification. The Heurtley hot wire magnifier
(figure 10) was used by Western Union and the first trials on the Valentia cables took place
during 1915. This instrument depended on the fact that the resistance of platinum wire is
strongly dependent on temperature. A battery was used to drive sufficient current through a
0.006mm diameter platinum wire to keep it hot. The receiving galvanometer had a special
pointer which touched against this wire and depending on the direction and magnitude of
deflection, moved more or less of the wire in or out of an air jet. The air jet had the effect of
cooling the wire and thus decreasing its resistance. The changes in current in the wire due to
changes in resistance represented an enlarged image of the signal current through the
galvanometer. Once amplified, the signals could be fed through a regenerator such as a
Brown-Allen drum relay (see below).

Figure 11. In a drum relay the left and right side of the drum are isolated from each other
by a central grounded region. The galvanometer is driven by the current through the
platinum wire of the Heurtley magnifier. With zero signal through the magnifier, the
galvanometer is adjusted (polarized) so that its needle is in contact with the grounded
section of the rotating drum. If the original signal (a dot) drives the galvanometer to the
left/right segment of the drum, then the needle is connected to the anode/cathode of a
battery (positive/negative output). The potential which appears at the needle pointer is
then a significantly amplified version of the original input.

The teleprinter
Following the introduction of the Kleinschmidt perforator and the Heurtley magnifier it was
possible to revolutionise the entire process of transmission and reception of traffic. Towards
the end of the war Western Union introduced the five digit code, which had been invented by
Emile Baudot for use with his telegraphic printer. Each letter of the alphabet had a unique code
which could be interpreted by the printer. Before the advent of amplification and regeneration
distortion would have made it impossible to use the Baudot printer on long ocean cables.
Figure 12 shows the International Telegraph alphabet (ITA2), which developed from Baudot's
code. There was a teleprinter on 2VA in 1919 and it was capable of 232 words per minute.
Incidentally the British Post Office reckoned that the teleprinter saved £50,000 per operator per
year on landlines.

Figure 12

Laying of 1PZ
In an effort to speed up the relaying process to Britain a cable was laid between Valentia and the
Western Union Station at Sennen Cove, Penzance in 1918. This was known as 1PZ and was to
be extremely important during 1922 when as a result of the Civil War the Station was put out of
action. It is not well known that during this unhappy period one of the ocean cables was
connected to 1PZ so that communication between Britain and the United States was maintained,
albeit at a very much reduced transmission speed.

(4) 1919 - CLOSEDOWN
The developments mentioned in the previous sections were virtually the end of the skilled
operator and the end of the Irish cable stations as anything more than mechanical relaying sites.
Once it was possible to amplify and reshape signals there was no reason for the human
intermediate in the relaying process and staff numbers were reduced drastically.
Expansion of the Atlantic cable network
The First World war had been a very sobering experience for the cable companies. Before
1914 the entire network was insufficient for the demands that were about to be made upon it.
However military traffic, delays due to censorship and the difficulty in repairing cables with the
ever present danger of submarine attack brought about the realisation that further drastic
improvements were required. The new age of communications was on its way. During the first
eleven post-war years there was a frenzy of cable laying. 1HV (Valentia/Le-Havre) went in
1920. 2PZ (Valentia/Sennen) in 1923. The Commercial Co. also increased its number of
cables and there was similar activity in Newfoundland and Nova Scotia. In the meantime the
focus of attention had moved to the Azores, which was to become the nerve centre of Atlantic
communications for the remainder of the telegraph era.
Loaded cables
This phase also saw massive improvements in cable performance. Research resulted in
improved insulating material and the applications of the theories of Oliver Heaviside resulted in
the introduction of loaded cables. The implementation of these ideas was not possible until
permalloy and mumetal were developed in the mid 1920s. The first loaded cables confirmed
Heaviside's predictions with speeds of 1600 words per minute!

Figure 13. The electrical ladder network analogue of a loaded cable. If the conductor
resistance and inductance (Ri and Li ) are related to the capacitance, Ci and the insulator
resistance, Ri as shown above, then the signal is attenuated in amplitude, but has no
dispersion. It is a diminished replica of the original transmitted signal

The Civil War
The events of the Civil War, as they affected the cable stations in Kerry had far reaching effects
on Ireland's role in Atlantic communications. The British Government had come to the
realisation that they needed their own independent cable and in 1920 jumped at the option
offered by Western Union who had found the Ballinskelligs cable to be 'surplus to
requirement'. I n fact by this stage it was quite unrealiable and the Post Office, who operated the
cable on behalf of the Government, had to have large sections renewed.
Most of the cable stations suffered damage or disruption in 1922. Valentia fared worst of all
and was out of action for several months. During this time the cables were connected directly
through to Britain via Penzance.
The British Government viewed a secure link as an essential part of its Empire communication
network. Accordingly once the Civil War was over, they cut out fast. The Direct Co's cable
was diverted to Moushole in Cornwall in 1923 and Ballinskelligs was closed down for good.
Even as late as the 1950s, when a route for TAT1 (the first Trans Atlantic Telephone cable) was
being considered, the events at Valentia in 1922 specifically caused Ireland to be bypassed.
TAT1 was landed at Oban in Scotland.
Increasing cable capacity
Loaded cables were used on Waterville's lines. However although they were never used in
Valentia, faster cables and improved methods of signal amplification increased the demand to
exploit this new potential. Increased line utilisation was achieved in several ways.
Time division multiplexing
Cable design and signal shaping increased the speeds to levels which exceeded the ability of
automatic transmitters. It was obvious that some form of multiplexing was required to permit
several operators to use the cables simultaneously. On telegraph cables time division
multiplexing was used. Each operator was connected in cyclic order for a short period of time.
Western Union achieved this by using a rotary device. Signals from the transmitter of each
channel were distributed onto brass segments of a fixed face plate (see figure 14).

Figure 14 The two ends of a time-division multiplexing system where five users get a
share of a single line (cable)

A rotating spider connected each segment in turn to the cable. Demultiplexing at the other end
was performed by distributing the incoming signals into their corresponding channel segments.
It is obvious that the speed of rotation of both multipliplexer and demultiplexer as well as their
relative phase had to be identical. In modern TV transmission a synchronising pulse is
transmitted so that the receiver can lock onto the transmitter. This was not done in this case.
The transmitter and receiver were locally controlled. The skill of the electrician at each end was
the important factor. The rotaries were driven by phonic motors, a type of stepper motor which
was controlled by a tuning fork. The tuning forks were of identical frequency and were
maintained in a constant temperature environment. Before start of business a prearranged
sequence of signals were transmitted. Duplexes were balanced and then the phase of the motor
was stepped on, one segment at a time until coherence was obtained and the correct signals were
received. In later designs there was provision for self correction segments. The equipment
would detect if it had advanced or stepped back by a segment. A pulse would then be added or
removed in order to return the system to the correct phase.

Figure 15 The operation of a Western Union rotary regenerator

Signal regeneration
Western Union's rotary multiplexers arrived in Valentia during the early 1920s. Shortly
afterwards they introduced their own type of patent regenerator which was in all respects
compatible with their multiplexers. This worked on a signal sampling principle which is still in
use today. A distorted incoming signal would be spread out over five successive segments
(figure 15). Statistically the third segment would be the most likely to contain the sense of the
original signal. This was therefore sampled and depending on its sense a positive or negativegoing relay would be activated for the period of the next five segments. Figure 16 gives some
idea of the results from a rotary regenerator and can be compared with figure 7.

Figure 16 Signals as they might appear at a receiver after the regeneration process

Figure 17

Before the Second World War Western Union developed a further refinement called Varioplex.
If a cable had four channels each capable of 60 words per minute, then additional channels
could be accomodated at reduced speed. For example, if there were five operators, the four
cable channels would be permuted in sequence between them and each would operate at 48
words per minute. A sixth operator in circuit would reduce the speed to 40 words per minute.
Diversion to Lacknabau
In the 1930s Western Union once more questioned the landing site for the Valentia cables.
The direct route into the Harbour was quite sensible, but anchor damage and compensation

for fouled fishing gear was an expensive business. Perhaps they brought it upon themselves.
In an effort to prevent fishermen cutting cables to release fouled gear, they offered generous
terms if they were prepared to sacrifice the gear and spare the cables. This was too good and
is reported to have been a popular means of replacing old nets and lines. Accordingly the
Company decided on a diversion and after an extensive survey Lacknabau was chosen. A
cable hut was constructed at the landing site and the cables were once more taken overland to
the Station.

Figure 18

The Second World War
The Second World War put further strain on the world cable network but the effect was not
quite so marked as 21 years earlier. The lines to Le Havre were cut shortly after the invasion of
France but were quickly restored after the Liberation. There was some talk of diverting the
Valentia cables directly to Penzance but, unlike what is believed to have happened at Waterville,
this was never put into effect.
The electronic valve
The electronic valve first made its appearance in the Irish cable stations in the late 1930s. At
Valentia it was used in an oscillator circuit to replace the tuning forks which controlled the
rotaries. Valve amplifiers replaced the Heurtley magnifier and with them came the possibility of
signal shaping which would take account of all the processes that caused signal distortion and
then add components to compensate accordingly.
The submerged repeater
The Second World War led to some very significant technological developments. Polyethylene,
which was used as an insulator in radar, was also an ideal insulator for submarine cables.
Improvements in the reliability of electronic components, particularly valves meant that it was
only a matter of time before amplifiers would be built into the submarine cables themselves.
This would make submarine telephony a possibility and would spell the end of submarine
telegraphy. This is precisely what happened. The first trans-Atlantic telephone cable link
(TAT1) came into service in 1957. It consisted of two cables (one for eastbound voice and one
for westbound voice) laid between Clarenville, Newfoundland and Oban in Scotland. Ireland
had been bypassed. Each cable in TAT1 had 51 submerged repeaters (amplifiers) and as a
result of this it could handle 49 x 3kHz voice channels.

Figure 19 The location of the submerged repeaters which were installed when the shore ends
of 1VA, 2VA and 4VA were replaced in 1957

The cable companies tried to respond to the new order which had been imposed by the Post
Office in the UK and by A.T & T in America. Repeaters were installed when the shore ends of
1VA, 2VA and 4VA were renewed in 1957. The frequency response of 3VA was such that it
was not worth installing a repeater and for intents it was abandoned. 4VA had a repeater for
one direction only; the cable was operated simplex and carried east-bound traffic only. The
diagrams in figure 19 shows that the direction of 1VA and 2VA could be reversed depending on
the traffic load. The other aspect of these renewals was the fact that polythene was used for the
first time instead of gutta-percha as the insulator.
In spite of all this effort the fact was that once TAT-1 came into service then all Atlantic
telegraph cables were obsolete. One can gain some appreciation of this by means of a simple
calculation. The total bandwidth of 4VA was no more than about 40Hz. If this could support
four teleprinters, then how many telex lines could be supported within one 3kHz voice channel.
The obvious thing for the cable companies to do was to lease channels on TAT1 and after some
lengthy negotiations both the Commercial Cable Co. and Western Union were allowed to do
this.
TAT1 was only the beginning. Other telephone cables followed. TAT-7 which was installed in
1984 had over 2,000 voice channels, but yet was the end of yet another generation of technology
as transistors had replaced valves in the submerged repeaters. TAT-8 was the first cable to used
optical fibres for the transmission of signals. It went into service in 1988 and had over 4,000
channels. TAT-1 was decommissioned after 25 years and rumour had that it was subsequently
used to monitor the movement of Soviet submarines during the Cold War. TAT-1 and TAT-8
highlight another feature which is at the core of the Information era. TAT-1 with its 49
channels had cost £50m, while TAT-8 with more than eighty times the capacity had cost less
than £200m to install. The cost per channel had dropped dramatically and this trend has
continued.
The economic model that drives the internet was outside the wildest dreaming of the rather
conservative management of the old cable companies. They attempted to adapt to the changing
environment. In 1961 the Commercial Cable Co. were allowed to lease one voice channel on
TAT1 and TAT2. This gave them a total of 44 telegraph channels and Waterville and its cables
were immediately abandoned. Western Union on the other hand were not permitted to lease
until they were prepared to comply with US Anti-Trust legislation. This required them to divest
themselves of their international operations. In order to achieve this a new company, Western
Union International (WUI), was established in 1966 to take over the submarine telegraph
operations. Immediately upon formation WUI was given permission to lease voice channels on
the telephone cables.
The closing of the Valentia and Heart's Content Stations was not a simple process. These were
after all leased from the Anglo American Telegraph Co. together with a cable ship for 100
years. The Anglo interests had to be purchased and the company liquidated. WUI also had to
assume responsibility for the Anglo pension scheme. The C.S. Lord Kelvin was sold off. The
Valentia Station was closed, the contents sold for scrap and its records dispersed. An action
group in Newfoundland ensured that the Heart's Content Station, its equipment and its archives
were retained as part of their national heritage. The final act in the drama took place in 1971
when the dissolution of the Anglo American Telegraph Co. was completed.
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