a Cable to Shrink

Sixteen hours to send a
telegram? That was

a technological
revolution in 1858.

By Robert O. Woods

the Barth

n August 15, 1858, Queen Victoria sent a telegram to Presi-
dent Buchanan. It congratulated him on the successful
completion of the transatlantic cable. That had been a joint
American and British effort, spearheaded from the Ameri-
can side by an indefatigable financier, Cyrus West Field,

and on the British by a telegraph company. The message of
ninety eight words took sixteen and a half hours to transmit.

~ “Great times these™: Brother Jonathan, forerunner to Uncle Sam, and John Bull on the completion of the first cable in 1858.
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In an age when anyone on the globe with a cell phone can
communicate with anyone else on Earth, a single message
which took hours to transmit might strike us as a quaint
but unimportant event. Today it is hard to imagine the
earthshaking impact this message had.

In the mid-nineteenth century, before the cable was laid,
there was no direct communication between continents.
No message could travel faster than the fastest steamships,
which required at least 10 days to make the sea voyage
between America and Europe. The submarine telegraph
cable reduced communication time from days to
hours. A world that had seemed infinite was reduced
overnight to human proportions.

Like the space program in the 20th century, the
Atlantic cable extended the limits of the technology
of its time. And like the space program, the Ameri-
can side of the effort was authorized at the highest
level of government. President Franklin Pierce
signed the Atlantic Cable Actin 1857 in the last day
of his term.

The government’s backing of the cable was analo-
gous to the federal support for the transcontinental
railroad in the 19th century. It authorized no more than
two ships and seventy thousand dollars per year for a term
keyed to the contractors’ profits. It was taken as a given
that the program would ultimately show a profit and gov-
ernment support would cease to be necessary.

It was a good investment. The frontiers of engineering,
science, and mathematics were challenged; advances were
made in electronics and physics that echo to the present day.

Robert 0. Woods, a Fellow of ASME, is a frequent contributor
to Mechanical Engineering. He has a working knowledge of
Morse code, as an Advanced Class radic amateur.

The Atlantic cable was unique only for its length.
Underwater cables had been investigated since Morse
began experimentation in 1852. By 1858 a large num-
ber of submarine cables were already in operation over
shorter distances. Gulfs, harbors, lakes, and other sizable
bodies of water were already spiderwebbed with them.
They could be regarded as intermediate stages of devel-
opment leading to the transatlantic cable.

The transatlantic cables exploited a natural product,
gutta percha, that seemed to have been created especially

<The Great
Eastern was
the onty
ship in the
1860s that
could carry
all the cable
to connect
Ireland

and Nova
Scotia.

for the job. It continued to be used for electrical insula-
tion until it was replaced by synthetic polymers, which
appeared at the beginning of the twentieth century.

The cable that carried Victoria’s congratulations was
laid in two sections beginning from a rendezvous point in
mid-Atlantic (53 degrees north, 32 14 degrees west). Two
converted battleships spliced their cargoes and parted lay-
ing cable; the Agamemnon provided by the British govern-
ment steered east to Ireland, and the American Niagara
west to Newfoundland. =

The ships had made several previous attempts in which

the cable broke and was lost at early stages of the process.
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Each time, they had to start over. The refusal to give up
the project after repeated failures is a particular tribute to
Cyrus Field’s tenacity.

Both ships reached harbor successfully and the cable was
complete in August 1858, when it was used to deliver the
inaugural telegram. That was the greatest communica-
tions achievement of the time and it is important because
it was the first transatlantic communication, but the cable
did not last long.

During the early stages moderate voltages were used. Lat-
er, higher voltages were applied in an effort to boost signal
strength and the cable insulation broke down and failed.

The story of subsequent cable laying involved a ship
which was the colossus of its time.

As is inevitable whenever discussing Victorian-era engi-
neering, we encounter Isambard Kingdom Brunel. Brunel,
whose middle name, however evocative, referred to noth-
ing more than his mother’s maiden name, epitomizes the
wild ride that engineering was having at the time.

He began his career at the age of eighteen when his father
delegated him to supervise the construction of the Thames
Tunnel branch of the London Underground, the city’s sub-
way system. It ended when he created what was the largest
iron ship ever constructed. Merely moving that 700-foot-
long vessel transversely down the ways a distance of 300
feet was a herculean engineering effort in itself; it is said to
have killed Brunel from overwork

The ship, named the Great Eastern for the iron works
that produced it, was built at its gigantic scale in the hope
that it could profit from the advantage of size and carry
enough coal to fuel an entire trip from England to Aus-
tralia without stopping to refuel. It was initially outfitted
as the ultimate in first-class luxury cruisers, although
the bills were to be paid by 4,000 second- and third-class
passengers. The ship’s initial cruise in September 1859, a
few months after Brunel’s death, involved a major steam
explosion, a not uncommon occurrence among boilers of
the age. Such steam explosions, epitomized by the tragic
Sultana episode, were directly responsible for the develop-
ment by ASME of its boiler code.

» Preparations in 1858 included coiling the cable aboard the HMS
Agamemnon, which laid the eastern half of the connection.
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¢ Machines operated by the Gutta Percha Co. applied the insulation
to the copper conductor, three layers for the 1858 cable.

After a history as a liner that was never quite financially
successful, Great Eastern, being the only ship capable
of carrying the entire length of a transatlantic cable,
was radically refitted in 1863. Passenger facilities were
removed and three tanks varying in diameter from 50 to
75 feet were installed. These were used to transport 2,490
nautical miles of cable weighing 7,000 tons.

The project required the further installation of winches
fore and aft to handle cable, as well as ancillary hardware
devoted to grappling cable from the seabed and to laying
marker buoys. Since the cable would sometimes have to
be retrieved from depths of as much as three miles this
required winches of prodigious capacity.

The ship’s initial attempt to lay the cable, in 1865, ended
in failure. In 1866, eight years after the first transatlantic
telegram, the Great Eastern successfully laid cable from
Valentia, Ireland, to a port in Newfoundland, aptly named
Heart’s Content, thus performing a feat that had previ-
ously required two ships.

Construction and splicing
utta percha, a material essentially
unknown today, made the cable possible.
It has properties somewhat similar to
India rubber, but unlike rubber, which
deteriorates after immersion in seawater,
this material thrives in that environment.
It has another unique property. When heated to a moder-
ate temperature it remains plastic for some time and can
be hand molded. Gutta percha was introduced to Europe in
1847 and was immediately adopted as wire insulation. In
1848 Charles Hancock used it in his patent for a machine
that extruded shielded insulated wire of unlimited length.
Before this, the practical length of underwater cables had
been limited. They had used, among other things, wire
that was insulated with rubber-impregnated cotton and
contained in lead tubes. This was clearly not practical on a
transatlantic scale.
A vast amount of gutta percha came to be used in cable




making. A cable 2,500 nautical miles in length involved
300 tons of it, in addition to 340,000 miles of wire. In
the beginning, the importation of gutta perchaled to the
destruction of 26 million trees per year in Borneo alone.
Later, methods of harvesting the sap without destroying
the tree were mandated.

Itisironic that this material, which contributed so much
to human history, is forgotten today. The only current
application which uses significant amounts is in
dentistry, where it is used to backfill cavities.

The ability to splice cable was fundamen-
tal to the overall operation. The cable was
shipped in sections that had to be spliced,

and splicing was necessary in the replacement of defective
portions after laying.

Faults were discovered by transmissions from the ship
to a ground station. Their location was established using
asophisticated application of the ohmmeter. In the fairly
frequent case of a short circuit between the conductor and
the shield a knowledge of the combined resistance of the
conductor and the shield per unit length allowed a concep-
tually simple method of locating the fault.

In the case of abreak in the conductor, a more sensitive
measurement of the conductance between the conductor
and the braid, through the insulation, was required. This
was not as easy as it might sound and the presence of sea
water introduced further complications.

There is a good reason why leading experimenters like
Lord Kelvin and James Clerk Maxwell were involved.
Replacing or repairing a length of cable involved retrieving
it from the seabed using grapples that varied from primi-
tive to quite sophisticated. In some cases they not only
captured the cable but also cut it, leaving one end to be
retrieved later.

Splicing was an involved operation. The cable comprised
a stranded copper conductor encased in gutta percha insu-
lation and surrounded by a braided steel cable which also
acted as a shield. This in turn was protected by additional
layers of insulation and shielding, the number of layers
depending on the environment. Over-wrapping usually
included a flat iron ribbon that was a barrier to marine life.
All of this constituted a shell that had to be opened before
the conductor itself was accessible.

The mechanical joint was called upon to transfer force of
as much as 14,000 pounds and to do so without allowing the
tension in the sheath to be transferred to the conductor.

Making such a joint was manpower-intensive. It took

skill on the part of workers who were chosen from men
who performed the same duty at cable factories.

To make the joint, 90 feet of cable were brought on deck.
The conductor itself was joined by rabbeting both sides
of the wire for a distance of an inch or two, and soldering
it using a soldering iron which was literally an iron tool
which had been heated in a torch that could operate on
deck in the wind. The joint was wrapped with fine wire and
soldered a second time.
After this, the gutta percha insulation was restored.
This exploited the unique ability of gutta percha to
be molded like modeling clay and to be welded into a
monolithic mass. A mechanic could hand shape the
replacement, which had been wrapped in the form

¢ The 1865 deep sea cable comprised a seven-strand copper
conductor, four gutta percha layers, tanned jute, and armoring
wires wrapped in hemp yarn.

of a sheet, to make an invisible joint in the insulation.
A smooth joint was vital in order to avoid disconti-
nuities in the load-carrying braid and to protect the
copper by remaining watertight.

After they made the electrical connection, the splicers
rewove the load-carrying steel cable in an operation that
resembled making a macramé basket. The entire process
could be completed in as little as two hours. It involved
reweaving for alength of 60 feet in order to successfully
distribute the load.

» Schematic of a cable splice:
A splicing tool works the
sheathing wires into the
protective spiral.

Electrical Transmission
elegraphy was an emerging technology at
the time of Victoria’s message. It was to be
amature factor less than five years later,
when it was used for critical communi-
cations during the American Civil War.
Transmitting data through a cable more

than 2,000 nautical miles in length proved to be a far more

complicated problem than transmitting through the rela-

tively short distances of terrestrial communication.
Dealing with the problem stimulated work by some of the

most respected scientific minds of the time. James Clerk

Maxwell, of Maxwell’s Equations fame, was involved. He

seems to have taken a lighthearted view of the effort. He

composed a satirical ballad which he called “The Song of
the Atlantic Telegraph Company.”

William Thompson, later Lord Kelvin, took a more seri-
ous view and was involved from the earliest stages. He
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took part in the deep sea soundings that were essential to
understanding the environment in which a cable would
have to survive. He was also responsible for innovations
like the mirror galvanometer which became an essential
part of the system.

It is interesting that Thomas Edison,
who was a brilliant intuitive experi-
menter but short on theory, did not
contribute to the effort.

A deep understanding of electron-

» A case from the Science Museum
in London holds samples of the 1858,
1865, and 1866 transatlantic cables.

ics as it was then known was
required to deal with the question
of transmitting a direct current
pulse through the distributed
capacitance of a cable.

A great deal of new technology was born. It was, for
example, found possible to transmit messages in both
directions without interference by using clever circuits
based on the Wheatstone bridge.

Merely making and breaking a circuit was not adequate
to transmit a recognizable pulse. Closing a circuit resulted
in charging a thousand-miles-long capacitor to a voltage
high enough to be detected at the far end. After charging it
was necessary to discharge this capacitor before it could be
used to transmit another pulse.

In some cases, called “curb sending” a shorter pulse of
opposite polarity would automatically be transmitted
after the pulse which carried information. It also became
common to use a system in which the dots were transmit-
ted in one polarity and the dashes in the opposite.

With shorter terrestrial lines a transmission was
decoded by an operator listening to the spacing of pairs
of clicks made by a receiver as pulses began and ended.
Such a straightforward approach was not possible with the
transatlantic cable. Reception was initially done using a
sensitive galvanometer in which a needle was deflected in
one direction or the other depending on the polarity of the
incoming pulse. Early work on this had been done in 1839
by Cooke and by Wheatstone, the inventor of the bridge
circuit that bears his name.

The needle was soon replaced by Kelvin’s galvanometer
in which a mirror was used as an optical lever to produce

amore visible deflection. This was further refined to a
system in which a permanent record was produced on a
moving paper tape by deflecting a hypodermic needle-like
“siphon,” which deposited a continuous trail of ink.
In the absence of intelligent
machines, data handling necessarily
put aman in the link. A land-bound
telegraph operator could transmit
as many as eight words per minute.
By contrast, during the early days

it took as much as two minutes to
transmit a single Morse code char-
acter of a few dots and dashes.

Data were entered by manual

keying, although the hardware

rarely resembled the single

straight key cherished today

by radio amateurs. It was not

unusual to use two keys or a com-
pound key in which deflection in one direction produced a
pulse of one polarity and deflection in the other direction
produced a pulse of the opposite polarity. In some cases
one key produced a dot, another produced a dash.

‘When not actually in use the cable was kept grounded
and the fact that the Earth could be used as areturn was
an important early discovery. It had not been recognized
at the outset.

Power was a supplied by stacks of lead-acid cells as well
as by other more exotic plate and electrolyte combinations.
A type very common during the Victorian era had been
invented by Voltain 1799. It comprised a stack of disks of
alternating copper and zinc separated by pads soaked in
salt water.

In early stages of development, voltages on the order of
500 were used. It was later concluded that 60 volts was
adequate. The fact that such a voltage reduction was possi-
ble was a very fortunate but late discovery by the pioneers.

In the failure of the 1858 cable, the insulation was broken
down by excessive voltage. The higher potential, perhaps
as much as 2,000 volts, had been tried by the aptly named
and soon replaced chief electrician: Wildman Whitehouse.
Ashappens in developmental work, he had been misled by
alogical snare. If a little voltage is good, a lot looks attrac-
tive, but is not necessarily better. m

Author’s note: Mr. Lin of Rimpex Rubber in China kindly
furnished a sample of gutta percha for the author’s edification.

a B Virtually everything thereis to know about the Atlanticcabte  URLs. The Web page which gives access to this fount of informa-
_:.E has been assembled into a Web site by an English electron-  tion is: http://atlantic-cable.com/. Burns included contributions by
"I'_'g ics engineer, Bill Burns. Burns currently has a computer  Bill Glover, a well-known philatelist who has an extensive collection
= @ consulting business. He began collecting classical com-  of telegraph-related stamps and covers; Steve Roberts, a London-
t BE munications hardware in the 1980s and has specialized in  based researcher into the history of land-based telegraphy; and Jim
(=] undersea communication since 1994. His site includes over ~ Jones, a retired cable company employee who assembled first-hand
(T2 850 pages, most of which are directly accessible by their  accounts by people in the cable industry.
- Profile of the sea floor on which the cable lay; it could take as long as two minutes to transmit a single character in Morse code.
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