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I. THE THING IN THE WATER



Chapter 1 - A cable on the seabed

Somewhere on a stretch of ordinary coastline - a dune-backed beach in
Brittany, a fishing shore on Long Island, a coral flat on a Pacific island - there
is a manhole cover that does not lead to a sewer. Lift it, and you find a conduit,
and in the conduit a black cable about the thickness of a garden hose. It runs up
the beach, through a concrete duct, into an anonymous building set back from
the road, and there it ends in racks of equipment that hum with fans and glow
with status lights. Follow that same cable in the other direction and it goes
down the beach, under the surf, and out to sea. It does not come up again for

thousands of kilometres.

That unremarkable black tube is the most consequential piece of infrastructure
most people will never see. As of August 2024, by the estimate of the Center
for Strategic and International Studies in Washington, subsea fibre-optic cables
carried more than 95 percent of all international data [R6] - nearly every email,
video call, bank transfer and cloud request that crosses an ocean. Satellites
carry the remainder, a rounding error by volume. One major international bank
alone, the same report noted, moves an average of 3.9 trillion dollars through
these cable systems every workday [R6]. The global financial system, the
internet, and most governments' own communications all ride, at some point in
their journey, through a tube smaller than a broom handle lying on the floor of

the sea.

This book is about that tube: what it is, where it came from, who builds it, who
owns it, how it breaks, and who fights over it. The story begins with a tree
latex tapped in Malaya and a pair of optimistic English brothers who ran a
telegraph wire across the English Channel in 1850, and it arrives at a present in
which a handful of American technology companies have quietly become the
largest owners of the world's undersea capacity. But before any of that, it helps

to hold the thing itself in the mind's hand.

THE ANATOMY OF A MODERN CABLE

A modern submarine cable is not one design but several, chosen according to
the depth and danger of the water it will cross. In the deep ocean - the abyssal
plain, two to six kilometres down - the cable is at its most slender. Almost all
the violence that shallower water does to cable cannot reach it there: no anchor
sinks to it, no trawl board touches it. The deep has hazards of its own -
mudslides and turbidity currents that can snap a cable in an earthquake's
aftermath, the slow chemistry of the sea - but the sudden ones strike rarely, and
the slow one works in years rather than afternoons. So the deep-sea cable sheds
nearly all its armour and keeps only its working core. At the centre are the
optical fibres, hair-thin threads of exceptionally pure glass, arranged in pairs -



one fibre for each direction of travel. Around them is a structure of steel
strands that gives the cable its tensile strength, so that it can be picked up from
the seabed kilometres below without snapping under its own weight. Around
the steel is a tube of copper, which serves as the electrical conductor, and
around the copper a sheath of polyethylene, the same family of plastic as a
washing-up bowl, which insulates the conductor from the sea. The whole deep-

sea assembly is perhaps seventeen to twenty millimetres across.

The fibres carry the light. The copper carries the electricity that feeds the
amplifiers which keep the light going - and this is one of the submarine cable's
most surprising features. The cable is not passive. Light travelling through
glass fades with distance, so a long submarine cable is studded with repeaters:
sealed steel housings, spliced into the line at intervals of roughly a hundred
kilometres or less, each containing optical amplifiers that receive the fading
pulses, strengthen them, and send them on. These amplifiers need power, and
there is no battery at the bottom of the Atlantic. The power comes from the
landing stations at the ends, which feed a direct current down the copper
conductor - typically anywhere from 3,000 to 15,000 volts, at around an amp
or so, adding up to as much as 16 kilowatts poured into the line. [R11]
Conventionally the two ends cooperate: one feeds a positive voltage, the other
a negative, so that a virtual earth point sits somewhere near mid-ocean, and
every repeater draws its power from the voltage drop across it. The sea itself
serves as the return path for the current. The cable, the repeaters, and the ocean

floor form one continuous electrical circuit thousands of kilometres long.

In shallow water the cable changes character. Approaching the coast - over the
continental shelf, through fishing grounds and shipping lanes - it puts its
armour back on. One layer of galvanised steel wires is wound around the core,
then a second on the most exposed stretches, until the cable near the beach is a
stiff, heavy rope of steel perhaps four or five centimetres thick. The armour is
not there to make the cable strong against the sea. It is there to make it
expensive for an anchor or a trawl board to bite through. Even so, as later
chapters will show, anchors and trawls bite through constantly: the
International Cable Protection Committee, the industry's own body, counts
roughly 150 to 200 cable faults a year worldwide, and attributes seventy to
eighty percent of them to accidental human activity - fishing gear and ships'
anchors above all. [R28]

Where the cable must serve more than two places, it splits. A branching unit - a
larger, blunter cousin of the repeater housing - sits on the seabed at the fork,
routing fibre pairs down one arm or the other and, in modern designs, allowing
operators to re-route traffic if one arm fails. The first transatlantic fibre system,
TAT-8 in 1988, was built with exactly such a branch, so that one cable could

land in both Britain and France. [R3] Today's systems may have several.



Two PLANTS, ONE SYSTEM

The industry divides every system into two estates. The wet plant is everything
in the sea: the cable, the repeaters, the branching units. The dry plant is
everything ashore: the cable landing station with its power-feed equipment, its
line terminals and transponders - the devices that put the light onto the fibre in
the first place - and the landward connections into terrestrial networks. The
distinction matters commercially as well as technically. The wet plant is
bespoke, expensive and slow to change; once a cable is on the seabed it is there
for a design life that, since TAT-8, has conventionally been twenty-five years.
[R4] The dry plant, by contrast, is electronics, and electronics obey the
ferocious improvement curve of the wider industry. A system designed in the
2010s can have its terminal equipment replaced several times over its life, each
generation of transponders squeezing more capacity out of the same wet glass.
Operators have learned to separate the two decisions: buy the fibres and the
amplifiers as one long-lived asset, and light them with whatever the current
generation of shore equipment can do. This "open cable" arrangement - the wet

plant specified independently of the transponders - is now standard practice.

The result is that a cable's capacity is not a fixed number printed on a
nameplate. It is a negotiation between glass and electronics that keeps being
renegotiated upward. A fibre pair laid in 2016 with a modest expected
throughput may, with newer terminals, carry many times its original design
traffic. That is why the industry's favourite statistic - how many terabits per
second a given cable can carry - is always a moving target, and why any honest
account of capacity must say not just what a system was built to do but what it

is lit to do, and when.

THE SCALE OF THE THING

How much of this infrastructure is there? TeleGeography, the research firm
whose annual submarine cable map has become the industry's reference,
counted 570 cable systems in service around the world as of February 2025,
with a further 81 planned [R2] - more systems live at once than at any point in
the previous two decades. Its 2025 printed map depicted 597 systems and
1,712 individual cable landings, active or under construction. [R5] The total
length of the world's subsea network is on the order of 1.5 million kilometres
[R44], some thirty-seven times the circumference of the Earth, most of it
invisible from the moment it leaves the surf zone.

These are not trunk lines in the old telegraphic sense - single threads on which
a nation's whole correspondence depended. They are a mesh. Between any two
major regions there are now several, sometimes dozens, of competing systems,
and traffic can be re-routed when one fails. But the mesh is uneven. Some
shores are thick with landings; others - small islands, poor countries, remote

territories - hang off a single cable, and feel every fault. Some ocean corridors



are crowded chokepoints where dozens of cables squeeze through the same
narrow passage: the Red Sea and the Suez corridor between Europe and Asia,
the Strait of Malacca, the Luzon Strait between Taiwan and the Philippines.
And some routes that geography would suggest do not exist at all, because no
cable crosses them - the South Atlantic is crossed by only a handful of systems,
and large stretches of the Pacific floor have no cables at all.

WHAT THIS BOOK FOLLOWS

The submarine cable is worth a book because it is simultaneously a physical
object with a precise anatomy, a technology with a 175-year evolution, and an
industry with owners, builders, customers and enemies. Each of those threads
runs the whole length of the story. The object changed three times: from copper
telegraph wire wrapped in tree latex, to coaxial telephone pipe, to glass fibre lit
by lasers - and each change remade the business on top of it. The science had
to be invented, more than once, by people who first got it wrong at great
expense. The industry grew from Victorian telegraph monopolies through the
post-war telephone consortia to today's consortium of clouds. And the politics -
who may land a cable where, who may repair it, who listens to it, who might

cut it - has been continuous from the day the first line crossed the Channel.

The chapters that follow keep the cable itself at the centre, as a thing you could
in principle hold: its insulation, its factories, its ships, its repeaters, its landing
stations. Around that object the wider system comes into view - the science of
signalling, the economics of capacity, the geography of routes, the contests of
companies and states. The subject is narrow by design. The industry it reveals

is not.

We begin where the Victorian pioneers began: with the problem of the sea

itself, and the unlikely tree that solved it.



Chapter 2 - Why the sea

A wire between two cities on land is an ordinary thing. Poles, rights of way, a
man with a spade: the problems are legal and financial more than physical. Put
the same wire between two cities separated by an ocean and everything
changes. The sea is at once the best and the worst medium a long wire can
occupy, and the entire history of the submarine cable is the story of engineers

learning which it would be, kilometre by kilometre.

Begin with what the sea offers. It is free. A transatlantic cable crosses no farms,
buys no wayleaves, fells no trees, and pays no rent. Its bed is, for the most part,
soft, flat, dark, cold and utterly still - conditions that a terrestrial cable engineer
would regard as paradise. Nothing digs in the abyss. Nothing builds over it,
floods it with a burst water main, or steals it for scrap. The cold helps too: the
electronics in a repeater live longer at four degrees than at forty. And the water
itself, being conductive, provides a ready-made electrical environment - in
modern systems, the sea is literally the return path for the current that powers

the amplifiers.

Against this, the sea presents four great difficulties, and the Victorian pioneers
met them in the order listed. First, insulation: seawater conducts, so any wire
immersed in it leaks its signal away unless wrapped in something that does not
conduct, does not rot, and does not dissolve. Second, weight and depth: a cable
must be manufactured on land, carried in a ship, and lowered through
kilometres of water to a bed the engineers cannot see, without kinking,
snapping or tangling - and ideally with the possibility of picking it up again
when it fails. Third, the shore: the last few hundred metres, where the cable
climbs through surf and into fishing grounds and anchoring grounds, are the
most violent environment it will ever meet. Fourth, signalling itself: a wire
surrounded by conductive water behaves electrically in ways that baffled the
best physicists of the 1850s, and getting words down a long submarine wire at
commercial speed required an act of theoretical invention. That fourth problem
is the subject of a later chapter; the first three shaped everything about the

cable's physical form.

THE THREE OCEANS A CABLE CROSSES

A transoceanic cable does not cross one sea but three, and it wears different

clothing in each.

The first is the landing: the surf zone and the beach, where the cable endures
breaking waves, tides, shifting sand, and every small boat that drops anchor for
an afternoon's mackerel. Here the cable is at its most heavily armoured and,

where the bottom permits, buried out of harm's way - modern practice digs it a



metre or more into the seabed, with divers finishing the job close inshore.
[R16]

The second ocean is the continental shelf, and this is where cables die. The
shelf is the shallow apron, rarely more than a couple of hundred metres deep,
that fringes the continents - and it is where humanity works at sea. Trawlers
drag heavy boards across the bottom to herd fish; ships anchor in hundreds;
dredgers, wind farms and pipelines crowd the bed. Fishing gear disturbs the
seabed to roughly half a metre down, and a large ship's anchor can bite deeper
than a man is tall. [R18] It is no accident that the great majority of cable faults
- some 150 to 200 a year worldwide in the industry's own counts [R28] -
happen in these shallows, and that anchors and fishing gear between them
cause the overwhelming share of it. The cable's answer is armour and burial:
steel wires wound around the core, and a plough towed behind the cable ship
that lifts a wedge of sediment, slips the cable beneath it, and lets it fall back -
slow, expensive work at perhaps two hundred metres an hour for an armoured
cable [R16], which is why burial is confined to the danger zone rather than the

whole route.

The third ocean is the deep sea, and the paradox at the heart of the whole
industry is that the deep sea is the safe part. Below a thousand or two thousand
metres there are no anchors and no trawls, no tides, no storms - no weather of
any kind. Down there the cable is at its slenderest, an armoured rope no longer,
just a polyethylene tube with glass and copper inside, resting on the sediment
or spanning gently between rises. A modern cable's working life in the abyss is
limited not by the sea but by the economics of the electronics ashore. When a
deep-water cable fails, it fails from a flaw in manufacture or a slip in laying -
or from geology: submarine landslides and turbidity currents, triggered by
earthquakes, can snap every cable across a swathe of seabed at once, as the

world re-learns every decade or so.

THE WEIGHT OF WATER

Getting the cable onto that quiet bed is the second great problem, and it
defeated clever men for years. A cable long enough to cross an ocean weighs
thousands of tonnes. It must be coiled into a ship - the coil itself an engineering
problem, since a kinked cable is a dead cable - and then paid out over the stern
as the ship steams along the route. Pay out too slowly and the cable is dragged
taut across the bottom, spanning gullies and straining at every ridge; too fast
and it heaps up in wasteful, snag-prone bights. The Victorians discovered, by
painful experiment, that a cable needs slack - several percent more cable than
the route's length - and that the paying-out gear had to hold back thousands of
tonnes of descending weight with delicate control. They learned to watch the
dynamometer, the gauge reporting the strain on the line, as a sailor watches the
sky.

10



DowN IN THE DARK

It is worth pausing on the sheer depth involved, because the numbers shaped
the industry. The open Atlantic floor lies some three to five kilometres down;
the great trenches run to eleven. Pressure rises by about one atmosphere for
every ten metres of descent, so a cable resting at four kilometres endures
roughly four hundred times the pressure at the surface - the equivalent, per
square centimetre, of a small car. The cable itself shrugs this off: it is built
solid, with no voids to collapse. The repeaters are another matter. Each is a
pressure vessel, a cylinder of high-tensile steel sealed against the ocean, and
designing one to hold its shape and its seals for twenty-five years under that
load, with electrical and optical feeds passing in and out, was one of the quiet
triumphs of twentieth-century engineering. The failure of a single seal at depth
ends the life of a repeater, and a dead repeater means a ship, a grapnel, and a
bill.

For cables do not only lie on the bottom. They also have to be found there.
When a line fails, the repair ship's first task is to locate and recover a thread a
few centimetres thick in kilometres of water, often in weather, usually from
position information that is good but never perfect. The technique is a century
and a half old and works as well now as then: the ship steams slowly across the
line of the cable dragging a grapnel - a hooked iron on a wire - until the strain
gauge announces that the hook has caught. Then comes the delicate part. The
cable must be raised without being snapped, buoyed or cut at the surface, and
each end tested to find which side of the break the ship is holding, before the
lost end is grappled for in its turn, the two ends tested and trimmed, and a
splice made on deck. A repair in deep water can take days of patient steaming
for hours of actual mending. Everything about it was worked out by the
Victorians within twenty years of the first successful cable, and the modern
cable ship, for all its thrusters and dynamic positioning and remote vehicles,

still recognisably performs their dance.

And the sea never entirely stops surprising the cableman. In 1873, repairing the
Persian Gulf cable between Karachi and Gwadar, the crew of the cable steamer
Amber Witch found the line strangely heavy, and winched up from the depths a
dead whale - a large one, which had apparently tried to use the cable to scrape
barnacles from its skin where the line crossed a steep drop, tangled its tail in a
loop, and drowned. The incident is recorded with complete seriousness in the
technical literature of the time. It stands for the whole endeavour: an industry
built on precise electrical theory and precise navigation, forever at the mercy of
an ocean that does not read specifications.

The insulation problem, though, came first in time, and its solution was not
invented in a laboratory but found growing in a rainforest. The next chapter is

about a tree.
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II. THE INSULATION
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Chapter 3 - Gutta-percha

Every submarine cable laid before the 1930s - and by 1865 one London works
alone had made fourteen thousand miles of core for them [R19] - depended on
the sap of a tree most Europeans could not name, growing in forests most had
never seen. The tree was Palaquium gutta, a tall evergreen of the Malay
Peninsula and the islands beyond, and the sap was gutta-percha: a grey-brown
latex that the peoples of the archipelago had worked for generations into knife
handles, walking sticks and vessels, and that would become, for the better part
of a century, the only material on Earth that could keep electricity dry.

The physics of the problem was simple to state and brutal to solve. A telegraph
wire is a copper thread that must be wrapped in something that electricity
cannot leak through. On land, air and glass and cotton sufficed. In seawater - a
ready conductor - the wrapping had to be perfect and stay perfect: no pores, no
seams, no rotting, no swelling, for years, under pressure, in the dark. Natural
rubber, the obvious candidate, perished in seawater and, before vulcanization,
grew brittle with age and cold. Tarred hemp leaked. What was needed was a
substance that was at once an excellent insulator, impervious to water,
indigestible to marine life, workable in a factory, and stable for decades on the

seabed.

Gutta-percha was all of these, by accident of molecular geometry. Chemically
it is a close relative of rubber - both are polymers of isoprene - but where
rubber's molecules coil in one configuration, gutta-percha's are built in the
mirror arrangement, and that difference makes it crystallize as it cools. The
result is a material that is rigid and leathery at room temperature, softens in hot
water or steam into a plastic dough that can be moulded or extruded, and
hardens again without vulcanization - the first industrial thermoplastic, arriving
fifty years before anyone coined the word. [R15] Under the cold and pressure
of the ocean bed, its insulating properties were found to improve rather than
degrade. [R19] Seawater did not rot it; the shipworm and its kin left it alone. It
was, in the words of one of its manufacturers, as if it had been made for the

purpose.

FROM THE FOREST TO THE FACTORY

Europe had known of the material since the seventeenth century - the collector
John Tradescant brought back a specimen in 1656, filed away and forgotten
under the name "Mazer wood" - but its career began in 1843, when William
Montgomerie, a Scottish surgeon in the service of the East India Company at
Singapore, sent samples to London with a note of its properties. Montgomerie
saw medical uses; the Royal Society of Arts saw promise enough to award him
its gold medal. Michael Faraday, experimenting with the new substance soon

13



after its arrival, saw something more: a nearly ideal electrical insulator. By

1845, British manufacturers were coating telegraph wire with it.

The firm that made a business of it was the Gutta Percha Company, established
in 1845 in London. Its early years were spent on anything the remarkable
material could be pressed or extruded into: chessmen, mirror frames, tea trays,
inkstands, machinery belts, acid-tank linings, a full-size sideboard shown at the
Great Exhibition of 1851, and - in an innovation that would matter far more
than all the ornaments - seamless tubes. The extrusion machinery, modeled, it
was said, on Italian pasta presses, forced the plastic dough out through a die in
a continuous unbroken sleeve. An American visitor, David Bartlett, toured the
company's Wharf Road works in 1850 and left an account of gutta-percha
arriving as rough lumps, sliced by revolving knives at six hundred cuts a
minute, boiled to a tough dough, torn to shreds, washed clean in cold water -
the pure gum floated, the dirt sank - kneaded at two hundred degrees to drive
out the last air and water, and pressed into sheets. He watched a four-hundred-
foot speaking tube being tested for a mine, admired unbreakable vases, and
was given, as a souvenir, a piece of the wire that had first connected England

to France.

That gift was the company's future. Earlier experimenters had wrapped wire in
gutta-percha sheets, leaving seams that leaked; the seamless extruded tube had
no seam. When the Brett brothers laid their first Dover-Calais cable in 1850 - it
failed within days - and their second in 1851, the insulation was the Gutta
Percha Company's tubing, two layers of it under iron armour. The 1850 coating
was irregular and had to be shaved by hand; it was riddled with air holes. It
worked anyway. The 1851 cable worked for decades, and the lesson ran
through the industry: the insulation was the cable. Everything else - conductor,

armour, ship, theory - was in service to a few millimetres of tree gum.

THE APPETITE OF THE CABLE

Demand followed success at tropical speed. Two hundredweight of gutta-
percha reached England in 1843; by 1851 imports had passed thirty thousand
hundredweight - some fifteen hundred tons - and by 1861 they exceeded a
thousand tons a year [R25], the bulk of it going to cable core. The Gutta Percha
Company, nearly alone in the field through the 1850s, supplied the cores for
the Atlantic cables of 1857 and 1858, and by 1865 had produced over fourteen

thousand miles of core for sixty-four separate cables [R19].

The forests paid for the network. A gutta-percha tree needed thirty-five years to
become worth tapping, and the efficient way to harvest it was the fatal way:
fell the tree, ring the bark, and collect perhaps sixteen pounds of gum. Careful
tapping of a standing tree yielded far less and often killed it anyway, through

fungal infection of the wounds. The arithmetic of the cable age was therefore,
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at the forest's edge, a saw: millions of mature trees across Malaya, Sumatra and
Borneo were cut through the second half of the century, supply faltered, prices
climbed, and the industry's own journals worried openly about exhaustion. The
submarine network of the Victorian world was built by mining a standing

forest faster than the forest could grow.

The cable ate companies as readily as forests. To build the Atlantic cable of
1865 - larger, better and far more expensive than its predecessors - the Gutta
Percha Company merged with its own best customer, the armouring firm
Glass, Elliot & Company, forming the Telegraph Construction and
Maintenance Company, known thereafter simply as Telcon. For the first time
one house controlled every stage: it drew the copper, extruded the core, served
and armoured the cable, coiled it into ships, laid it, and maintained it under
contract. Telcon's works at Greenwich, on the Thames downriver from
London, became the industry's capital, and the vertical formula it proved - one
firm from raw gum to finished ocean crossing - remained the shape of the

cable business into the twenty-first century.

One flaw the material never lost. Gutta-percha's dielectric constant - the
measure of how much electrical charge its insulation stores - was stubbornly
high, and that stored charge was the reason long submarine cables were slow,
smearing each telegraph pulse into its neighbours. The cable-makers could not
fix this with chemistry; it took a professor in Glasgow and the failure of the
most famous cable ever laid to teach the industry what its wonderful insulator

was doing to its signals. That story belongs to the Atlantic chapters.

It is one of the story's quiet ironies that this devastation purchased something
close to permanence. Gutta-percha cores a century and a half old, raised from
the seabed in repairs, have been found sound. The material outlasted the
companies that bought it, the telegraph traffic it carried, and eventually its own
industry: polyethylene, born of 1930s chemistry, replaced it - first in a military
cable laid across the Channel in 1945 - and gutta-percha retreated to the last
niches where biology is kind to it. It is still there. Anyone who has had a root
canal has carried a piece of the cable age: the dentist's obturating point, packed
into the cleaned root, is gutta-percha, chosen for the same inertness that once
kept the Atlantic's telegrams dry.

15



Chapter 4 - The cable factory

A submarine cable is born in a factory beside deep water, and it never leaves
the sight of the sea for long. The Victorian works stood on navigable rivers -
the Gutta Percha Company by a London canal, Glass, Elliot and later Telcon
on the Thames at Greenwich, R.S. Newall at Gateshead on the Tyne - because
a finished ocean cable cannot be cut into lengths and carted away. It is one
continuous object, two or three thousand miles of it, and it must be coiled
directly from the production line into a tank, and from the tank into a ship. The
factory, the tank and the cable ship form a single machine, and the ship is

merely the part that moves.

The making of a Victorian cable began with the conductor: not a single solid
wire but a strand of seven small coppers twisted together, so that a flaw in any
one wire could not interrupt the circuit. The strand was drawn through the
extruders and came out wearing its gutta-percha - three layers of it in the
Atlantic cable of 1857, on the reasoning, sound for its time, that the chance of
a pinhole falling at the same point in all three layers was exceedingly small.
Over the insulation went a serving of tarred yarn, a soft bedding, and over that
the armour: eighteen separate iron wires wound spirally around the core,
giving the cable its strength, its weight, and its only defense against the
hazards of the shore. Where more protection was wanted, more iron was the
answer. The shore ends of the 1865 Atlantic cable, armoured for thirty miles

out against the anchors of warships, weighed twenty tons to the mile.

Each stage was tested, and testing was the factory's religion. The copper was
measured for resistance, the core for insulation - a mile of good core leaked so
little that its resistance was reckoned in hundreds of millions of ohms - and the
finished cable, coiled in its water-filled tank, sat connected to batteries and
galvanometers around the clock, so that a fault developing overnight would
show itself before a mile of good cable had been coiled over a bad one. The
discipline was learned at terrible price, as the Atlantic chapters will show: the
1857 cable had been manufactured in a tearing hurry, split between two firms,
with flaws baked in; the cables of 1865 and 1866, made under continuous test
with three times the copper and eight alternating coats of gutta-percha and
compound, carried seventeen words a minute where their predecessor had
managed three or four.

Scale is the factory's other theme, because a submarine cable cannot be
sampled. A land telegraph company could buy wire by the mile as needed; a
cable company had to order the Atlantic in advance, all of it, to a design fixed
before the first foot was made. The first Atlantic order, in 1857, showed what
happens when that rule is bent. Four months were allowed for the whole

manufacture; no single wire-rope maker could armour so much cable so fast,
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so the work was split between Glass, Elliot at Greenwich and R.S. Newall at
Birkenhead - and only when the two batches came together did anyone
discover that their strands had been twisted in opposite directions, so that a
straight splice would unwind under load. An improvised wooden bracket held
the joint together, and the publicity did the project no good. The conductor
itself told the same hurried story: William Thomson, examining samples of
nominally identical copper core that year, found their resistance varying by a
factor of two. The cable that resulted weighed about 1.1 tons to the nautical
mile and was asked to hold several miles of its own hanging weight; its
conductor was so slight that the whole Atlantic's messages would crawl along

it, when they moved at all.

The contrast of 1865 is the factory's vindication. The new conductor weighed
three hundred pounds to the mile - nearly three times the old - which is to say
that the rebuilt cable carried some three hundred tons of copper strand in its
heart; its insulation ran to eight alternating coats of gutta-percha and
compound; it was coiled under continuous electrical watch into tanks that kept
it wet; and it worked, on completion, at four times its predecessor's speed. This
is why the industry consolidated so early and so completely. Only a handful of
works in the world could wind core, lay up armour, maintain the tanks, and
berth a cable ship at the door, and in 1865 the two most important of them
merged to become the Telegraph Construction and Maintenance Company.
Telcon did not merely dominate the trade; for a generation it very nearly was
the trade, and the vertical template it set - one house from raw material to laid

and maintained system - has never really been abandoned.

THE MODERN WORKS

Walk into a cable factory today and the Victorian grammar is still legible
beneath the glass. The conductor is no longer the message, only the
messenger's power supply: hair-fine optical fibres, drawn elsewhere from
preforms of ultra-pure silica and proof-tested for strength, are gathered into
loose steel tubes with a water-blocking gel; the tubes are stranded with steel
wires for strength; a copper sheath is welded and swaged over the assembly to
carry the power-feed current; and an extruder lays down the polyethylene
jacket in a continuous run. Armouring, where the route demands it, still means
steel wires wound around the core, and the finished cable is still coiled into

great tanks or carousels under continuous test, awaiting its ship.

Around the core business the satellite trades gathered early and stayed: W.T.
Henley's works, grown from an 1837 machine for wrapping wire in silk;
Siemens, armouring at Woolwich; the rope-walks and wire-drawers of the Tyne
and the Thames. Making cable was never one trade but a parliament of them,
and the works that won were the ones that made the parliament sit in one
building.
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What has changed is the pace and the proprietors. SubCom's plant at
Newington, New Hampshire - opened in 1953 as Simplex Wire & Cable, and
the source, the company says, of every one of the more than two hundred
systems it has deployed [R24] - produced about 58,000 kilometres of cable a
year as of early 2026, with an expansion under way toward 100,000. Alcatel
Submarine Networks, heir to the oldest continuous lineage in the business,
builds its cable at Calais and Greenwich's spiritual successor works in France;
in January 2025 the French state, declaring submarine cables a strategic
industry, bought eighty percent of the company from Nokia for 350 million
euros [R39][R22]. Japan's NEC completes the trio of dominant system houses,
with China's HMN Technologies pressing them from a fourth seat. The cable-
makers have become few enough, and important enough, that governments
now buy them rather than merely regulate them - a turn in the industry's

politics that a later chapter follows to its end.

But the essential scene is unchanged since Greenwich in 1865: a line of
machines drawing a continuous thread, a tank of water keeping it honest, a
ship waiting at the quay, and behind them a forest or a silica works, a mine or a

chemistry plant, feeding the endless appetite of the cable.
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III. FIRST CROSSINGS
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Chapter 5 - The telegraph before the sea

The submarine cable was not the beginning of the electrical age but its second
act. By the time anyone dared to sink a wire in salt water, the electric telegraph
had already spent a decade remaking the expectations of anyone who did
business at a distance, and it is worth recalling what that first decade proved,
because every assumption the cable pioneers carried into the sea was formed

on dry land.

The telegraph arrived as a railway technology. William Cooke and Charles
Wheatstone took out their master patent in 1837 and had a working line in
service alongside the Great Western Railway out of London by 1839 - five
needles pointing at letters on a diamond board, worked by reversing currents
down paired wires. The instrument was ingenious and awkward: the needles
danced and had to be watched, letter by letter, by a clerk who wrote down what
they said. In America, Samuel Morse, a painter turned electrical entrepreneur,
took the simpler road of a single wire and a code of dots and dashes, with an
electromagnet that embossed the signals onto a moving paper strip - a self-
recording instrument whose alphabet could be learned in an afternoon. In 1844
he opened his Washington-to-Baltimore line with a message chosen from
scripture: "What hath God wrought." The two systems divided the world's
telegraphs between them, and the rivalry of needle and code runs quietly
through the whole cable story: the deep-sea cable, when it came, would force
yet another instrument into being, because its signals were too feeble to move

either.

There was a third pattern, and it mattered to everyone who wanted to cross a
border. In Britain and America the wires grew as private speculation - joint-
stock companies racing one another along the railways - while in France and
most of the continent the telegraph was a state monopoly from birth, an
instrument of administration on the model of the old semaphore towers. A
private wire could no more cross the Channel than a private road could cross a
frontier: someone had to negotiate with governments, secure concessions,
satisfy admiralties and post offices. The submarine cable business would be
shaped as much by that diplomacy as by any physics. Within fifteen years the
industrial world was webbed with wire. Railways ran on telegraph signals;
newspapers fed on it; commodity markets in Liverpool and New York repriced
on it; police caught a murderer with it as early as 1845, when a description
telegraphed from Slough met John Tawell as he stepped off the train at
Paddington. The telegraph collapsed the time between an event and its report
from the speed of a horse or a hull to the speed of charge in a wire - and

everywhere it went, it stopped at the water's edge.
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Two lessons from that first landward decade travelled straight into the cable
age. The first was that insulation was the weak science. The early companies
buried much of their urban wire in gutta-percha coated cores drawn through
iron pipes, and the buried lines failed in damp patches with a persistence that
drove their owners back to poles and porcelain; yet it was precisely those
temperamental underground lines that would later serve as the industry's
laboratory, when experimenters joined them end to end into two-thousand-mile
artificial oceans to rehearse the Atlantic in a British field. The second lesson
was commercial: the telegraph's appetite for distance was insatiable, because
the value of a wire grew with the length of the delay it abolished. A mile of
telegraph saved minutes; a mile under the Atlantic would save a fortnight.

That edge was the era's open wound. Britain and France were twenty-two
miles apart at Dover and Calais and as much as a day apart in correspondence.
News from India took weeks; from Australia, months; a message between New
York and London moved at the speed of the fastest steamer, about ten days in
fair fortune. Every merchant, minister and newspaper editor could feel the
absurdity: the wire ended at the coast as if electricity were afraid of getting its

feet wet.

It was not fear; it was physics and materials. A bare wire in water is no circuit
at all - the current simply leaks away into the sea. The experiments of the
1840s were therefore experiments in insulation. Morse, in 1842, submerged a
wire insulated with tarred hemp and India rubber in New York Harbor and
telegraphed across it; the following autumn Wheatstone did the like in
Swansea Bay. Moritz von Jacobi in Prussia had tried rubber even earlier. These
were proofs of possibility, not of practicality: rubber perished, tarred yarn
leaked, and nobody proposed to cross twenty miles of open sea, let alone two
thousand, on such wrappings. The material answer, when it came in 1843 from
Singapore, has had its chapter. The point here is the sequence: by the mid-
1840s the need was universally felt, the physics was roughly understood, and
the insulator existed. Wheatstone himself, in 1845, proposed gutta-percha for a
Dover-Calais wire. In 1847 William Siemens laid a gutta-percha insulated
cable across the Rhine between Deutz and Cologne - the first successful
underwater line using the new material. In 1849 Charles Vincent Walker,
electrician to the South Eastern Railway, sank two miles of gutta-percha coated

wire in the sea off Folkestone and telegraphed through it to a boat.

There was even an early warning of the subtler trouble ahead. As far back as
1816 the English inventor Francis Ronalds had noticed that signals slowed in
an insulated wire laid underground, and in 1853 Latimer Clark measured the
same sluggishness on long cable cores immersed in water - a smearing of each
pulse into its successor that grew worse with length. Faraday explained the
cause: the water around an insulated wire forms, with the wire, a capacitor the
length of the cable, and every signal must first fill it with charge. [R11] On
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short lines the effect was a curiosity. Nobody yet grasped that it would set the

speed limit of empires.

The stage was set for someone to join two countries. It is worth one last look at
what "joining" meant in 1850, because the cable age is unintelligible without
the isolation it ended. London and Paris were the two greatest cities on Earth, a
day apart. Washington learned of California's doings by way of a month at sea.
The Indian Mutiny of 1857 - the gravest imperial emergency of the century -
was forty days old before London heard of it [R25], a delay that would soon be
cited in Parliament as an argument for wiring the East. Every such gap was a
standing order for whoever could close it, and the gaps with water in them
were the widest of all. What was missing was not engineering but a particular
kind of Victorian entrepreneur: patient with ministers, plausible with investors,
and stubborn past the point of reason. The Channel found two such men,

brothers named Brett.
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Chapter 6 - Dover to Calais

The first submarine telegraph cable in the world was laid between England and
France, and it is a measure of the enterprise's character that it was both a
complete failure and a complete success. John Watkins Brett and his brother
Jacob were Bristol-born businessmen - dealers in antiques and curiosities, of
all trades - who had caught the telegraph fever early and understood, ahead of
most engineers, that the wire's value would be measured in miles of water
crossed. In 1847 they obtained from the French government a concession for a
submarine telegraph between Dover and Calais, a permission with a time limit

that would drive everything that followed.

Their first attempt, in August 1850, was the barest minimum that could answer
the name of cable. The English Channel Submarine Telegraph Company - the
Bretts' vehicle - equipped a small converted tug, the Goliath, with a single
copper wire coated in gutta-percha and nothing else: no armour, no bedding, no
protection of any kind against the sea's furniture. Lead weights were lashed to
it at intervals to keep it down. On 28 August the tug steamed out of Dover
paying the naked wire over its stern, the crew buoying the line where it sagged,
and reached the French coast near Cap Gris-Nez by evening. The shore ends
were joined to the land wires - the cable's first breath of life - and the circuit
was made. Signals passed between the two capitals, where a day before they
could not have passed at all. A few jubilant messages were exchanged. Then,
within days, silence. A Boulogne fisherman, by the account that became
legend, hauled up a stretch of the strange seaweed he had caught on his lines,
hacked off a piece - some said to see whether it contained gold - and the first
chapter of submarine telegraphy closed. Whatever the literal truth of the
fisherman's knife, the engineering truth was plain: an unarmoured wire in the

Channel, one of the busiest waterways on Earth, had no chance.

The 1850 failure was, commercially speaking, a triumph of positioning. The
Bretts' concession required a working line by a deadline, and the Goliath's one-
day circuit was enough to secure its renewal. Over the following year the
brothers raised money for the real article. The specification of that second
cable survives in detail, and it deserves a sentence, because it is the true
ancestor of everything since: four sixteen-gauge copper conductors, each
wrapped in the Gutta Percha Company's seamless tubing, laid up together,
served with tarred yarn, and armoured with ten galvanised iron wires [R62] -
twenty-five miles of it, some 180 tons, costing about 9,000 pounds for the
cable and perhaps 15,000 with the stations [R26], under the direction of the
company's engineers Crampton and Wollaston. The deadline concentrated
minds wonderfully. The renewed French concession expired in September
1851, so the whole work - finance, manufacture, charter, laying - was

compressed into months, establishing a rhythm the cable industry has never
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quite shaken: the impossible schedule, met. The new cable, laid that September
from a government hulk, the Blazer, towed across the Channel, was heavy
where its predecessor had been flimsy, manufactured rather than improvised,
and it worked. Regular public telegraph service between London and Paris
began that autumn, and the cable - formally opened on 17 October 1851 [R26],
patched, spliced and repaired many times over a long life - remained in service
for thirty-seven years [R26]. Its traffic announced the future at once: stock
prices, money-market intelligence and news copy, the three cargoes that would
fill cables for a century and a half. The working arrangement foreshadowed the
industry's durable shape. The cable itself belonged to the Bretts' company,
which landed it at Calais and Dover and sold transmission by the word; at each
shore it handed its messages to the national telegraphs - private enterprise on
the British side, the state administration on the French - so that a telegram from
London to Paris was already the product of two bureaucracies and an ocean.
David Bartlett, visiting the Gutta Percha Company's works that year, was
shown a cutting of the wire and told it was "the true chain of brotherhood"
between the two shores. The phrase was commerce as much as sentiment - but
the commerce was real. Within weeks of the opening, Julius Reuter - who had
been shuttling market prices between the Brussels and Aachen ends of the new
continental wires by pigeon - established himself in London to exploit the link,
building on it the news agency that still bears his name. The cross-Channel
wire did not merely join two cities; it fused two markets into one trading floor,

and every cable since has done the same thing at longer range.

The significance of Dover-Calais is easy to understate because the distance
was trivial. Twenty-two miles of shallow water was never the point. What the
1851 cable proved was a system: that a manufactured, armoured, insulated
cable could be laid from a moving ship in open water, landed at both ends, and
worked as a business, year after year. Every element of the mature industry
exists in embryo in that autumn's work - the concession and its politics, the
specialist manufacturer, the chartered ship, the shore-end ceremony, the tariff
sheet. The Submarine Telegraph Company that the Bretts built on the route
became the first of the great cable companies, and the Channel its nursery. For
the rest of the decade it held the crossing to itself, a monopoly of the most
valuable twenty-two miles of water in the world, and the brothers used the
position as a platform: Jacob ran the engineering side into one cable after
another, while John Watkins Brett talked cables the way other men talked
railways, and in 1856 helped to found, with Cyrus Field, the Atlantic Telegraph
Company - the vehicle for the maddest and most consequential jump in the
industry's whole history, from twenty-two miles of Channel to two thousand
miles of open ocean. In 1853 the new art spread to the Irish Sea, the North Sea
and the Danish Belts. The brothers, naturally, looked west, toward the Irish
coast and the ocean beyond it. So did a retired paper merchant in New York
named Cyrus Field.
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The Channel also taught the industry's first lesson in its oldest enemy. The
cable had not failed through electricity or chemistry but through a third party
with a knife, an anchor or a net - a category of accident that has never stopped
being the leading cause of submarine cable faults in the 175 years since.
Protection, not insulation, was the problem the sea kept setting. The
apprenticeship of the 1850s was spent learning to answer it.
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Chapter 7 - Learning to lay

Between the Channel triumph of 1851 and the Atlantic attempt of 1857 stand
six years in which the cable industry served its whole apprenticeship - a rapid,
expensive, mostly forgotten education in what the sea does to man's longest
artifact. The syllabus was written by failure. Each new route taught one lesson,

usually by breaking.

The lessons came quickly, because routes did. The year 1853 alone saw Britain
wired to Ireland, to Belgium and to the Netherlands, and the Danish Belts
crossed in the Baltic. The Irish Sea crossing - Portpatrick in Scotland to
Donaghadee in Ireland, opened in May by the British and Irish Magnetic
Telegraph Company using a chartered collier, the William Hutt - was
physically the roughest water yet attempted, and the cable that survived it was
correspondingly massive, armoured like a chain-cable. The North Sea links ran
from Orford Ness to Scheveningen, laid by the paddle steamer Monarch,
which went on to become the first vessel fitted with permanent cable gear: the
first true cable ship, and the beginning of a breed. The early companies were
learning, route by route, that no two crossings were alike, that depth charts
lied, that tides off headlands ran like rivers, and that a cable which could be
laid in a calm week in the Channel might be unlayable in a stiff week in the
Irish Sea.

Out of these jobs came the first canon of the laying art, which the Atlantic
expeditions would later write into textbooks. Survey first: know the bottom
before you commit the cable - its depth, its slope, its nature, rock or sand or
ooze. Carry slack: a cable laid bar-taut spans gullies, hangs on ridges, and
chafes; the rule of thumb that emerged - some ten to fifteen percent more cable
than the measured route - remains recognizable in the industry today. Watch
the strain: the dynamometer, a pulley riding the outgoing cable whose
deflection reported the tension, became the laying ship's central instrument,
and a bad brake man could lose an ocean's worth of capital in an afternoon.
Armour for the shore: the cable's enemies lived in the shallows, so the cable's
iron was heaviest at its ends. And test without ceasing: the cable in the tank
and the cable going overboard stayed connected to instruments, so that the first

leak could be caught while the guilty mile was still recoverable.

THeE CHANNEL ISLANDS SEMINAR

The most instructive failure of the decade was a modest one. In 1858 the little
steamer Elba laid a chain of cables through the Channel Islands - Jersey to
Guernsey, on to Alderney, and home to Weymouth - completed successfully in
September, in fine style. Then the sea began its corrections. The route crossed
tidal races and moving sand over rock; the cables swung, sawed and wore. By
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1860 there had been eleven separate breaks, and the affair had become
embarrassing enough that the whole business was written up, with unusual
honesty, for the Institution of Civil Engineers - a report that reads like the
industry's first accident inquiry. Its findings sound obvious now and were
dearly bought then: that a cable resting on rock in strong tide must be protected
from its own motion; that sand which buries a cable one month may scour it
bare the next; and that the true cost of a cable is not the laying but the keeping.
The Channel Islands cables were re-routed, re-armoured and in places given
up. The industry had learned that a successful lay is only the first installment of

success.

THE INVENTION OF THE REPAIR

The 1850s also invented cable repair, out of necessity, and the invention
deserves its moment because the trade has never fundamentally changed. The
first breaks - the Channel wire of 1850, the early North Sea lines - forced the
question of whether a cable on the seabed could be recovered at all, or was
simply lost money. The answer, worked out with fishermen's gear and steam
capstans, was the grapnel: drag a hooked line across the cable's path until it
catches, raise the bight, cut away the damage, splice in new cable, and lower
both ends again. By the middle of the decade, recovering and splicing a
shallow-water cable was a routine operation, and with routine came the
industry's characteristic commercial forms: the maintenance contract, the
standing repair ship, the per-day hire of a cable steamer and its crew. The
economics were sobering and instructive. A cable of the Channel type cost on
the order of 360 pounds a mile to manufacture [R26]; a single failed laying
could write off the whole of it, and a single repair could consume weeks of
chartered ship time. Nobody would insure the early cables at any price the
companies could pay, so the cable owners became their own insurers - one
more pressure toward the large, vertically integrated firms that could spread

such risks across many routes.

THE FIRST CABLE IN WAR

The apprenticeship's strangest job came in 1855, and it announced from the
beginning that this infrastructure would never be merely commercial. The
Crimean War had ground into its second year, and the allies' commanders
before Sevastopol were exchanging messages with their governments by
steamer and horseback - a round trip of weeks. In April 1855 the British laid a
cable across the Black Sea from Varna, on the Bulgarian coast, to the Crimean
peninsula, some three hundred miles of gutta-percha core sunk in open water
by a navy that had never done such a thing. [R49] It worked. For the rest of the
war, London and Paris heard from the front in hours, and the world's generals

and ministers received their first taste of a permanent condition: distant war
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conducted in something like real time, with all the meddling that enables. The

military cable was born four years after the commercial one.

By 1856 the industry could point to a working body of knowledge: dozens of
cables laid, the worst mistakes made and named, instruments and practices
codified, companies with balance sheets proving the traffic was real. Nothing
in that body of knowledge justified the leap that was attempted next. The
longest cable yet worked ran a few hundred miles in shallow coastal seas. The
Atlantic offered two thousand miles of open ocean, two miles deep, on a
bottom no one had seen, with signals no one had yet pushed through such a
length, from ships no one had yet built. The men who decided to try knew all
of this. They went anyway, and the next four chapters are the story of what it

cost them.
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IV. THE ATLANTIC
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Chapter 8 - The enterprise

The Atlantic cable began, as large foolish necessary things often do, with a

map and a bankrupt.

The map was Matthew Fontaine Maury's. Maury, a United States Navy
lieutenant and the era's great organizer of ocean knowledge, had spent years
extracting soundings from the logs of passing ships and plotting the floor of
the North Atlantic, and what his charts showed, between Ireland and
Newfoundland, looked like an answer to prayer: a broad, gently undulating
plateau, deep but not too deep - soundings ran between seventeen hundred and
twenty-three hundred fathoms - with a bed of soft calcareous ooze, the fallen
shells of microscopic creatures so fragile, as Edward Bright later told his
Lancashire audience, that a breath would crush them. Their unbroken delicacy
was itself the evidence that no currents scoured that floor. Maury named the
feature, hopefully, Telegraph Plateau. A cable laid on it would rest on a bed as

kindly as any on Earth, two miles down.

The bankrupt was Frederic Newton Gisborne, a Nova Scotian telegraph
engineer who in 1851 had talked the Newfoundland legislature into backing a
line across the island - St. John's to Cape Ray - with cables onward across the
Gulf of St. Lawrence, to trim days off the passage of news between Europe and
America by meeting the mail steamers at their first landfall. Gisborne's
company collapsed under the cost of building through Newfoundland's woods
and bogs, but the scheme did not die with it, because in 1854 it reached Cyrus
West Field.

Field was a New York paper merchant who had made a fortune young and
retired on it, and he brought to the cable idea the three gifts the project would
most need: he knew nothing of the sea, he was immune to discouragement, and
he could raise money. Hearing Gisborne's plan for a line to Newfoundland, he
asked the question that made the project what it became: why stop at the nearer
shore? He consulted Morse, who was enthusiastic, and Maury, whose plateau
made him bold. He adopted Gisborne's Newfoundland line as the necessary
first stage, threw himself into finishing it - the Cabot Strait cable was lost to a
gale on a first attempt in 1855, cut away to save the towing barque, and relaid
successfully in 1856 - and by the time the New York, Newfoundland and
London Telegraph Company had spent over a million dollars reaching the
island, Field was already committed to the ocean beyond. The Atlantic crossing
was his fifty-sixth crossing's obsession; he made that many passages in the

project's service, and the first, in 1855, was to call on John Watkins Brett.

THE coMPANY
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Field needed Britain, and said so. All the world's cable factories were there; the
only experienced cablemen were there; the money was there too, for Field had
failed to raise serious capital in New York. His method was characteristic:
before the company to build the Atlantic cable even existed, he ordered the
cable - twenty-five hundred nautical miles of it, from the Gutta Percha
Company. The Atlantic Telegraph Company was formed in October 1856 with
Brett as president and Field as vice-president [R12]; Field held a quarter of the
capital himself, and the rest was raised largely among the investors of Brett's
Submarine Telegraph Company. Charles Tilston Bright, twenty-four years old
and already one of the most accomplished telegraph engineers in Britain,
became engineer-in-chief. Wildman Whitehouse, a retired physician who had
taught himself electricity and made a name in its practice, was appointed chief
electrician. On the unpaid board sat, among others, Samuel Morse - and a
young Glasgow professor of natural philosophy named William Thomson, who
had never laid a cable in his life and understood, better than anyone alive, what

a cable was.

The state, on both sides, held its purse mostly shut but not quite. The British
government offered a subsidy of fourteen hundred pounds a year and the loan
of ships. The American subsidy bill survived the Senate by a single vote,
against protectionists who saw a British scheme in American dress, and was
signed by President Pierce. The sums were symbolic. The ships were not: no
commercial vessel of the day could carry half an Atlantic of cable, and the

enterprise would go to sea in borrowed warships.

What the enterprise did not have, in 1856, was any verified answer to the three
questions on which everything turned. Could a signal be pushed through two
thousand miles of submerged wire fast enough to pay? Could a cable be
manufactured sound enough, and laid gently enough, to survive the laying?
And could it be lifted from two miles down when - not if - it broke? Each
question had a theoretical answer. Each theoretical answer was wrong in some
instructive way. The reckoning took nine years, three major expeditions, and
one complete cable laid and lost, and it forms the heart of this book, because

every submarine cable since has lived in the world those expeditions made.

THE LABORATORY BEFORE THE OCEAN

The first question received its rehearsal on land. To prove that signals could
traverse an Atlantic's length of gutta-percha covered wire, Charles Bright and
Whitehouse arranged, with the cooperation of the Magnetic Telegraph
Company, to join its underground lines into a single continuous circuit of more
than two thousand miles - an artificial Atlantic threaded through Britain's
fields. Signals passed, at two hundred and seventy a minute on the best runs,
and the retardation that the length inflicted was fought with a trick Whitehouse

favored: driving each pulse with a following opposite current, to blot out the
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tail of its predecessor. The demonstration convinced the investors, as it was
meant to. It convinced Whitehouse of more than it proved. Thomson,
watching, kept his doubts: buried pipe was not the open sea, a wire in iron was
not a core in water, and the mathematics he had begun to publish said the
difference would matter. The argument between the doctor and the professor -
between the voltage that blasts a signal through and the sensitivity that coaxes
it out - was now built into the company's own management. It would be settled

at sea, at the expense of the most famous cable ever laid.
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Chapter 9 - 1857-1858: the first cable

The first Atlantic cable was laid twice - once in fact, in the summer of 1858,
and once in the world's imagination, where it has been laid ever since as a
cautionary tale about reaching too far. The truth is more useful: the 1858 cable
was a flawed machine, built in a hurry to a design already known to be
undersized, worked by instruments that tortured it, and yet it carried the first
messages between the Old World and the New and showed, in dying, exactly

how its successor had to be built.

The expedition of 1857 set the pattern of heroic frustration. Two borrowed
warships, HMS Agamemnon and the American Niagara, carried the cable -
neither could hold it all - and the plan began at the Irish coast. The cable broke
on the first day, was grappled up and repaired; broke again, days later, in more
than three kilometres of water over Maury's plateau, and could not be
recovered. Three hundred miles of cable went to the bottom, the year was
written off, and the recriminations at least produced one durable good: a
redesigned paying-out brake, proved the following May in sea trials in the Bay

of Biscay, that could pay out thousands of tons of cable with a delicate hand.

In June 1858 the ships tried again, adopting Bright's plan of a mid-ocean start:
meet at the centre, splice the two halves, and lay outward in opposite directions
- halving the time at sea and with it the exposure to weather. The weather
refused to be halved. Ten days out, the squadron ran into one of the worst
summer storms in Atlantic memory; the ships, top-heavy with cable that would
not all fit below, laboured for a week on the edge of capsize, ten sailors were
hurt, and Thomson's electrical cabin was flooded. They met on 25 June,
spliced, and started - and the cable broke, and broke again, and broke a third
time, at which point the expedition limped back to Ireland with some directors
ready to sell the remaining cable and be done. Field would not hear of it. On 17
July they sailed once more; on 29 July the mid-ocean splice was made again;
and this time the cable ran out smoothly in both directions. On 4 August the
Niagara reached Trinity Bay, Newfoundland; the next day the Agamemnon
reached Valentia Island, and the shore ends went in. The Atlantic had been

crossed.

THE MONTH OF WONDERS

What followed was equal parts jubilee and slow-motion disaster, and the two
were entangled from the first week. The public celebration exceeded anything
the telegraph had known. The first official company message crossed on 16
August; Queen Victoria's telegram of congratulation to President Buchanan
followed - ninety-eight words that took sixty-seven minutes to send westward,
and sixteen hours for the confirmation copy to be coaxed back east. Real traffic
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passed too: on 17 August the cable reported a collision between the Cunarders
Europa and Arabia, and the British government used it to countermand the
embarkation of two regiments from Canada, saving fifty thousand pounds in a
single message. In all, 732 messages crossed before the end. [R12] New York
fired a hundred-gun salute, hung its streets with flags, and on 1 September held
a torchlight parade that set fire to its own City Hall. Tiffany's sold souvenir
slices of spare cable at fifty cents. Bright was knighted, the first honor of its
kind for the telegraph industry.

Meanwhile, in the cable houses, the line was dying. The 1858 cable was under-
designed for its task - a conductor too slight, insulation too thin - and its
signals, smeared by two thousand miles of capacitance, arrived so faint that
reading them was an art in itself. Thomson had brought his mirror
galvanometer, an instrument of almost absurd delicacy - a magnet and mirror
together weighing a grain, suspended on silk, throwing a spot of lamplight onto
a scale - and it read the cable's whispers faithfully. Whitehouse, the chief
electrician, wanted volume. He brought his own apparatus: massive induction
coils driving currents of a ferocity the cable had never been designed to carry -
potentials running to some two thousand volts [R40] - so that the feeble
incoming signal might be strong enough to work an ordinary printing
telegraph. Thomson's philosophy was to listen more closely; Whitehouse's was
to shout louder. The shouting won the argument and burned the cable: day by
day, leakage at its weak points grew under the assault of the huge currents, the
signals smeared further, the intervals of useful working shrank. The working
log that survives runs from 10 August to 1 September; service flickered on and

off for a few weeks more, and by 20 October the cable was dead [R25].

The sordid coda came out later. When the Queen's message failed to appear on
schedule, and the press began to speculate, Whitehouse announced that five or
six weeks of "adjustments" were needed; when he finally announced receipt on
17 August, he did not announce that the words had been read, at last, on
Thomson's mirror galvanometer - the instrument he had scorned - and then re-
entered by hand into his own printing apparatus so that the tape could be
shown as if his equipment had received it. The board, which had already
wearied of his clashes, his evasions of sea duty and his vagueness in reports,
recalled him; Thomson took over the Valentia station and reconstructed what
had happened; Whitehouse was dismissed. Whether the cable would have died
anyway is a fair question - the worst of its insulation, the spliced-in 1857
remnant nearest Ireland, was already failing - but the manner of its dying was
the old argument's verdict. Experiments on cable samples settled it: a perfectly
insulated length bore thousands of volts without harm, while a length with a
pinprick flaw, given Whitehouse's treatment, "lit up like a lantern" and burned

through.
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It had worked, in some fashion, for about two months, and the post-mortems
began before the celebrations' echoes had faded. The public inquiry that
followed - the first systematic inquest the industry ever faced - would take
apart every decision of 1857 and 1858: the hurried manufacture, the thin
conductor, the opposite-laid armour batches, Whitehouse's coils, Thomson's
warnings. Its conclusions rebuilt the cable from first principles. The next
attempt would be a different enterprise in every respect but one: the man

raising the money was still Cyrus Field.
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Chapter 10 - Inquiry and redesign

The dead cable of 1858 lay two miles down off Ireland, a quarter of a million
pounds of public disappointment, and for four years it stayed there. The
enterprise was not technically finished - Field never considered it finished - but
it was financially and reputationally dead, and the interval before anyone dared
again is part of the story. The Atlantic was crossed in 1866 by men who had

spent the interval learning, with unprecedented rigor, why 1858 had failed.

The learning was institutional, and it set a pattern the industry has followed
ever since: the cable business, when it breaks, investigates itself in public. The
wreckage of the first cable was picked over in two great inquiries - the Atlantic
Telegraph Company's own post-mortem on Whitehouse, and then, decisively, a
joint committee of the Board of Trade and the company, appointed in 1859 and
reporting in 1861, which took evidence from everyone who had manufactured,
laid, worked or theorized about submarine cables. Its proceedings ran to
hundreds of pages and became, in effect, the industry's first textbook. Witness
by witness, the committee established the canon: that insulation must be
manufactured to a tested standard, not merely applied; that conductor and
dielectric must be proportioned to the electrical theory of the line; that laying
machinery must govern strain continuously; that a cable must be worked
within the limits of its materials. And thread by thread, it vindicated the

professor over the doctor.

William Thomson's role in those years is worth a moment, because it made his
reputation as surely as it remade the cable. Thomson had published, from 1855,
a mathematical theory of signal propagation in submarine wires - the "law of
squares," which said that the retardation of a signal grows with the square of
the cable's length, so that doubling a cable quadruples its sluggishness. The
practical consequence was the doctrine the 1858 cable had ignored: speed on a
long submarine line cannot be forced with voltage, only designed for - with
more copper, better insulation, and instruments sensitive enough to read a
whisper. The 1858 post-mortem proved him right point by point. The
committee's engineers tested samples, reviewed the logs, and wrote into their
report what amounted to a new constitution for the industry: henceforth, cables

would be designed by theory and verified by test, not driven by force.

THE SECOND CABLE

The redesigned Atlantic cable of 1865 was the committee's child. Its heart was
a strand of seven coppers weighing three hundred pounds to the nautical mile -
nearly three times the old conductor - coated in Chatterton's compound and
four layers of gutta-percha alternating with four more of compound, so that

conductor and insulation were each the best the art knew. Its armour was

36



eighteen strands of high-tensile steel wire from Webster & Horsfall's works at
Hay Mills near Birmingham, each wire separately served in Manila yarn -
sixteen hundred tons of it, drawn by two hundred and fifty workers over eleven
months. The whole cable, at some two tons to the nautical mile, was nearly
twice the weight of its predecessor, vastly stronger, and specifically lighter in
water, so that it could be lifted from great depths - a requirement written in
blood, from 1858's unrecoverable losses. Its makers rated it for seventeen
words a minute; its predecessor had managed three or four on its good days.
[R20]

The manufacture found its form in the same years: the Gutta Percha Company
and Glass, Elliot & Company amalgamated into the Telegraph Construction
and Maintenance Company - Telcon - with Richard Atwood Glass as managing
director, taking the whole responsibility from raw gum to laid cable. And the
laying found its ship. The Great Eastern, Isambard Kingdom Brunel's leviathan
- six times the tonnage of any vessel afloat, a financial catastrophe in every
trade she had tried - was lying idle, and she alone could carry an entire Atlantic
of cable in her holds. [R14] Three iron tanks were built into her hull to keep
2,300 nautical miles of cable wet and under constant electrical test; Canning
and Clifford's paying-out machinery, with its train of jockey pulleys and its
dynamometer, went on her decks. In July 1865 she sailed for Valentia, picked

up the shore end, and headed west, testing as she went.

She very nearly made it. Three times during the lay, the watchful
galvanometers reported faults - in each case, a sliver of armour wire driven
through the insulation to the conductor - and twice the cable was hauled back
aboard, the fault cut out, and the lay resumed. On 2 August, during the third
such recovery, with 1,062 nautical miles paid out and the ship drifting across
her own cable, the line caught on a projecting hawse pipe, strained, and
snapped. The end went down in two thousand fathoms, over a thousand miles
from Ireland. For days the Great Eastern steamed back and forth with grapnels,
hooking the lost cable again and again, and each time the grappling rope broke
before the bight could be lifted. The ropes simply were not strong enough for
the depth. At last, with the weather turning, the expedition came home - and
the strange thing, the measure of how far the industry had come since 1858, is
that nobody despaired. The cable had not failed; the fishing gear had. [R12]
That could be fixed with rope.

MEANWHILE, THE WIRES WENT EAST

The seven years between the attempts were not idle elsewhere, and the
elsewhere matters to the Atlantic story because it trained the men and proved
the money. Submarine cables pushed down the Mediterranean; a government-
subsidized line was rushed out toward India by the Red Sea route in 1859-60,
prompted by the forty days the Mutiny's news had taken to reach London - it
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failed, expensively, and its failure taught more than most successes. The
companies that would dominate the eastern routes were being formed; John
Pender, a Manchester cotton merchant who had backed the Glass, Elliot group,
was learning the business he would soon personify. When Field went back to
the market in 1864 for the third attempt, it was Pender and the railway
contractor Thomas Brassey who anchored the subscription. The Atlantic had

become one front of a general advance, and the army was ready.
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Chapter 11 - 1866: the working Atlantic

The third expedition sailed under a new flag. Field had issued another
prospectus - the man's resilience was by now the project's most tested material
- and formed the Anglo-American Telegraph Company, with Telcon contracted
to make and lay the cable. The cable itself was of the improved 1865 pattern
with one change born of bitter experience: the tarry compound saturating its
outer hemp, which in 1865 had kept seawater from reaching faults and so
hidden them from the testing instruments, was reformulated, so that any injury
would announce itself at once. Testing on the voyage was made continuous -
an ingenious circuit that kept the whole length under insulation watch even
while messages passed between ship and shore. The cable would not be

allowed to fail silently again.

On 13 July 1866 the Great Eastern began paying out from Valentia, under
Captain James Anderson, with the laying under Samuel Canning and Charles
Clifford and Daniel Gooch - Brunel's old lieutenant, now Telcon's chief
engineer - in command of the enterprise. The ocean, for once, was kind. The
single alarm came on 18 July, deep in the ship's own bowels: a flake of cable in
the tank fouled its neighbors and dragged three turns into a tangle at the coil's
eye, and only a smart stop kept the knot from entering the paying-out
machinery - the sort of accident that answered no theory and killed cables
anyway. Canning and Clifford's men unpicked it in a few hours. After that,
nothing. On Friday 27 July, in a thick fog, the Great Eastern made Heart's
Content, a small fishing bay on the Newfoundland shore, and the shore end
went in during the day. Gooch telegraphed the Foreign Secretary: "Perfect
communication established between England and America; God grant it will be
a lasting source of benefit to our country." The Times' leader, quoted back
across the wire the next morning, caught the world's mood: "It is a great work,

a glory to our age and nation."

But the expedition was only half done. Twelve hundred miles east, two miles
down, lay the end of the 1865 cable - half a million pounds of good wire on the
bed of the Atlantic - and the squadron went back for it.

FISHING AT TWO MILES

The recovery of the 1865 cable remains, a century and a half later, among the
most extraordinary feats of seamanship ever performed, and Edward Bright's
account of it, given to a Lancashire audience four months later, loses nothing
in the telling. The sole clue to the cable's position was the set of observations
made during the previous year's disaster, chiefly by Captain Moriarty of the
Royal Navy; by them, the grappling ship Albany, with HMS Terrible, was
guided to the spot, in longitude 38° 50" west, and there began to fish with five-
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pronged grapnels in fourteen thousand feet of water - nearly the height of Mont

Blanc, as Bright asked his listeners to imagine it.

The fishing tackle was itself a triumph of design: a composite rope of steel
wire and hemp, two and a half inches thick, forty-nine wires strong, bearing
thirty tons, yet so buoyed by its hemp that five miles of it hanging in the sea
weighed barely eight tons. On 10 August the Albany hooked the cable, lifted it,
and buoyed it - and in the night, in a heavy sea, the buoy chain parted and the
cable went back to the bottom. On 15 August the Great Eastern, newly arrived,
raised the bight half a mile and lost it at the buoying. On 17 August she
actually brought the cable above the surface, to a roar of cheering that had not
died away when the line parted again in the rough weather and vanished a third
time. A man was flung across the forecastle by a recoiling rope. For three
weeks the little squadron fought the ocean for the end of that wire, and the

ocean won every round but the last.

On 1 September, in calm weather at last, at a second position fixed by
Moriarty's observations in 36° 7' west, the Great Eastern hooked the cable
again, lifted it a mile and a quarter, and buoyed it; then moved west, hooked it
again, and signaled the Medway - grappling two miles farther west - to haul
until the cable broke between them, taking the strain off. The bight came up
slowly, rigid as a bar of iron under eleven tons, and this time it stayed. It came
over the bow parti-coloured like a snake, half black and half grey with the ooze
of those microscopic shells - proof, Bright noted, that it had lain half-buried
and undisturbed for thirteen months. The tests showed it sound. [R20] Signals
were exchanged at once with the telegraph office at Valentia. Spliced to the
spare cable in the Great Eastern's tanks, the rescued line was laid on to Heart's
Content and landed in the first week of September - and there were two
Atlantic cables. The recovered 1865 line, consolidated by a year under two

miles of cold water, tested better than the cable that had just been laid new.

THE WORLD, RE-PRICED

The consequences were immediate, and they were economic before they were
anything else. Within weeks, London market prices were being quoted in New
York by cable, and the price gap between the world's two great markets -
which had spanned the width of a steamer's uncertainty - narrowed to the width
of a telegram. It is not too much to say that from 1866 the Atlantic economy
ran on a single clock. The cable also repriced courage in the market's eyes:
capital that had fled the enterprise in 1858 now chased it. New Atlantic cables
followed in 1873, 1874, 1880 and 1894 [R12]; the French, the Germans and
the Americans laid their own; and the route that had ruined one company
became the busiest cable corridor in the world. Honors followed the men:
Field, feted on two continents; Thomson, knighted - the first of his distinctions
that the general public could name, though by no means the last. The deep

40



ocean had been joined to the telegraph network, and nothing in human
communication has since been out of reach of the wire - only out of reach of a

ship with a grapnel.
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V. THE SCIENCE OF THE SIGNAL
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Chapter 12 - Retardation

The submarine cable forced physics to grow a new branch, and it did so
because of an embarrassment. By the early 1850s, electricians knew how to
signal instantly - for practical purposes - along a wire on poles, and they
assumed the same wire would behave the same way under the sea. It did not. A
pulse that snapped crisply down a hundred miles of landline oozed down a
long submarine cable like honey off a spoon, arriving smeared, delayed, and
reluctant to stop. The phenomenon had a name before it had an explanation:
retardation. And it nearly bankrupted the Atlantic Telegraph Company.

The explanation, when it came, was Michael Faraday's, and it was beautiful in
its simplicity. A wire insulated from the seawater around it is not merely a wire
in a wet place. It is one plate of a capacitor the length of the ocean: the copper
core on one side, the conductive sea on the other, the gutta-percha between
them as the dielectric. Every foot of cable stores charge. Before any signal can
pass, the line's whole distributed capacity must begin to fill; and when the
sending key releases, the stored charge drains away slowly through the same
resistance, trailing a tail that smears into the next signal. The faster the operator
keys, the more the pulses merge, until at the far end there is no message at all,

only a muddled rise and fall.

The observation had been accumulating for decades. Francis Ronalds had
noticed signals slowing in buried insulated wire as early as 1816; Latimer
Clark measured the effect on long cable cores in 1853, and Faraday supplied
the capacitor picture. [R11] What was missing was the mathematics, and that
was William Thomson's contribution - the work that made him the first great
scientist of the cable age. Treating the cable as a conductor with resistance and
electrostatic capacity distributed along its length, he derived how a pulse
diffuses along such a line, and extracted the result that became notorious: the
retardation grows with the square of the length. Double the cable and you
quadruple the delay. A cable from Ireland to Newfoundland would not be
twenty times as slow as a hundred-mile line, but four hundred times.
Whitehouse's answer - more voltage - attacked the symptom; Thomson's
mathematics showed the disease was in the geometry, and prescribed the cure:
more copper to cut the resistance, better dielectric to cut the capacity, and
receivers sensitive enough to work with the feeble currents that resulted. The
law of squares was, in a sense, a death sentence for brute force. It took the

1858 catastrophe, and the public inquiry after it, to make the sentence stick.

The commercial teeth of the law of squares were shown by the two Atlantic
cables themselves. The 1858 cable - slight conductor, thin dielectric - could be
worked, at its painful best, at two or three words a minute, and on bad days

two minutes went to a single letter. The 1865 cable, designed under Thomson's
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doctrine with nearly three times the copper and a far better dielectric, was rated
at seventeen words a minute and worked in regular practice at eight [R20] - an
improvement of something like eighty-fold, purchased not by louder signaling
but by more copper and more mathematics. From that demonstration dates a
quiet revolution in the standing of theory. The Atlantic cable was perhaps the
first great engineering project in which the decisive asset was an equation: a
firm that owned the best mathematics owned the speed limit, and everyone else

paid tolls to it.

THE INSTRUMENTS OF A WHISPER

If a long cable could only be worked gently, then the whole art of reception
had to be reinvented for gentleness, and Thomson did that too. His mirror
galvanometer of 1858 was a detector of almost nothing: a magnet and a
fragment of mirror together weighing about a grain, hung on a filament of silk
inside a coil of the finest wire; a lamp's beam, thrown by the mirror onto a
distant scale, turned the magnet's slightest tremor into a wandering spot of light
that a trained clerk could read as letters. It made the Atlantic cable of 1858
workable at all - and it had a commercial defect, for it could not print. The
reading clerk's eye and hand were in the circuit, at a few words a minute,

forever.

Thomson spent the 1860s closing that gap, and the answer, perfected for the
post-1866 traffic, was the siphon recorder - an instrument that let the cable
write its own messages. The signal's tiny currents moved a fine glass siphon
pen across a moving paper tape, ink jetting without contact, so that even a
whisper of current left a permanent wavy line the operators could read at
speed. The recorder, the mirror galvanometer, and the duplex working that
soon let a cable carry messages in both directions at once, between them
multiplied the capacity of every cable afloat - without anyone laying a yard of
new line. Thomson grew rich on the royalties, and no one begrudged him: he
had shown the industry that its bottlenecks were physical, and that physics,

properly engaged, was a paying proposition.

THE COMPLETED THEORY

Thomson's cable theory had one deliberate omission: it ignored the line's self-
induction, negligible at the slow speeds of the early cables. As the century
closed and engineers pushed for more words per minute, the omission began to
bite, and it was Oliver Heaviside - eccentric, self-taught, chronically under-
recognized - who in the 1880s and 1890s completed the theory into the modern
telegrapher's equations [R11], showing how inductance and capacitance
together govern the shape of a signal, and how a line could in principle be
made distortionless if its electrical constants were balanced just so. That

insight became a practical technology a few years later, when Michael Pupin
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and others turned it into the loading coil: inductance added at intervals along a
line to cancel the smearing. Loading could not be dropped into two miles of
ocean in the nineteenth century - the coils and their housings were landlubber
technology - but it pointed the way to the twentieth century's answer, the
undersea repeater: a device in the cable itself that would not merely balance the
signal but rebuild it. The voice chapters of this book begin there.
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Chapter 13 - Words from pulses

A cable is a business only when it carries words, and a long submarine cable
resists carrying them. The physics of retardation meant that what arrived at the
far end of an ocean was not dots and dashes but a slow swell and subsidence of
current, each signal melting into the next. The entire fifty-year technology of
the telegraph cable - its keys, its instruments, its codes and its working
practices - was a campaign to wring a payable stream of words out of that
reluctant ripple. It is one of the great stories of ingenuity working against a
physical limit, and it explains why the cable station, for generations, was a

stranger and more skilled place than any telegraph office on land.

The first necessity was simply to see the signal. The arriving current after two
thousand miles was too feeble to twitch an ordinary galvanometer needle with
any clarity. Whitehouse's answer had been to force the matter with two-
thousand-volt induction coils; the 1858 cable's graveyard proved where that
led. Thomson's answer - the one that survived - was to listen more softly
instead of shouting: his mirror galvanometer of 1858 [R40] hung a coil so
light, and magnified its motion with so small a mirror, that the cable's whisper
became a readable spot of light on a scale. With it, a transatlantic cable could
be worked at a few volts. The price was human: the mirror galvanometer
required two operators, one to watch the dancing spot and call the letters, one
to write them down - a duet performed for hours, in darkened rooms, at a few
words per minute.

The second invention made the signal permanent. Thomson's siphon recorder,
patented in 1867 [R40] and in general use by the 1870s, was in effect an inkjet
printer a century and a half early: a fine glass siphon, tugged by the receiving
coil, sprayed ink from a charged reservoir onto a moving paper tape, drawing
the signal as a wavy line whose humps and dips a trained eye read as dots and
dashes. Now the cable wrote itself, unattended, leaving a slip that could be
transcribed, filed and disputed over. The siphon recorder remained the standard
receiving instrument of the cable world into the era of the telephone cable -
nearly a century of service for a device built around a thread of ink.

THE SENDING END, AND THE RACE FOR SPEED

Transmission was re-invented to match. Because the cable's capacitance
smeared anything it was given, the cable key sent positive and negative pulses
for the two elements of the code, grounding the line between them to bleed off
the charge - a practice that gave submarine signalling its own distinct thythm
and its own skilled profession, the cable operator, whose trade lasted into the
1950s. Hand keying nonetheless topped out at speeds no accountant could
love, on an asset that cost a fortune a mile. And one further trick doubled the

46



value of every wire: duplex working - sending in both directions at once on the
same conductor, the receiver's own outgoing signals cancelled by a local
balancing network of artificial cable. Duplex came to land telegraphy in the
1870s and was coaxed into submarine service behind it; on a route where a
second cable cost a fortune, a balanced line was the closest thing to free
capacity the century knew. The next step was to mechanize the sender:
Wheatstone had patented an automatic transmitter as early as 1858 [R40], and
once adapted to cable work it read a punched paper tape - prepared in advance
by perforator operators, whole rooms of them - and sent at a steady rate many
times faster than any hand. Cable stations became little factories: traffic clerks,

perforators, transmitters, readers, all feeding the one expensive thread.

There remained the problem of the relay. A signal weak enough to need a
siphon recorder could not itself work another instrument: every onward leg
required a human to read and re-send, multiplying delay and error. Before the
valve made electronic amplification possible, cable engineers built mechanical
amplifiers of baroque ingenuity - the Brown drum relay [R40], a
hundredweight of brass in which a trembling contact wire on a spinning drum
switched a stronger current, and the Heurtley magnifier, which turned signal
currents into puffs of cooling air on heated platinum wires. That such devices
were built at all, and worked, marks the boundary of what could be done
without electronics: the cable world of 1900 was squeezing the last words per

minute out of physics that Thomson had mapped in 1855.

THE WORD AS COMMODITY

Through all of this ran the economics of the word. Capacity was fixed and
dear, so language itself was compressed to fit: businesses traded in commercial
codes that collapsed whole standard phrases into single pronounceable code-
words, and the wealthy learned to cable in a private shorthand of their own.
The tariff - dollars per word across the early Atlantic, shillings per word to
India - disciplined every message; telegraphese, the stripped grammar of STOP
and abbreviation, is the fossil of that discipline in ordinary language. Every
improvement in instruments moved the same needle: more words per minute
on the same cable, more revenue on the same capital. When the telephone
cable finally arrived, it killed the telegraph cable not by reaching new places
but by ending this economy - bandwidth ceased to be metered by the word, and
the whole ornate apparatus of keys, siphons, tapes and codes became, within a
decade, museum stock. The museums are worth visiting; few industries have

ever written their own obsolescence so beautifully in brass and glass.
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VI. WIRING THE WORLD
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Chapter 14 - To India and the East

The Atlantic had been crossed for glory and for markets. The next great cables
were laid for the empire, and the difference shows in the financing: where
Field had begged his subsidies, the eastern lines were pulled eastward by the
state itself, because the state had discovered, in the worst way, what it meant to

govern at the speed of steam.

The lesson came in 1857. When the Indian Mutiny broke out in May of that
year, the news took forty days [R25] to reach London - forty days in which the
greatest imperial emergency of the century unfolded beyond the reach of
orders, reinforcements or reply. Parliament did not forget the number. Within
two years a subsidized cable was being rushed toward India by the Red Sea
route, and it became the decade's expensive counter-example: laid in haste,
worked briefly, dead within the year, and a charge on the public purse - the
guarantee ran to thirty-six thousand pounds a year for fifty years [R53] - long
after it had ceased to carry a word. The Red Sea failure taught the same lesson
as 1858, in a harsher classroom: that a long cable was a system of manufacture,
laying, testing and theory, and that subsidizing the wish did not conjure the
system.

The second attempt, a decade later, did it properly, and by the new method: not
one speculative line but a chain, built by seasoned companies with the Atlantic
lessons in their pockets. In 1870, by the combined work of four cable
companies, Bombay was linked to London - down the Atlantic coast, through
the Mediterranean and Egypt, across to Aden and up the Indian Ocean - and the
forty days became hours. The Great Eastern, in her second career, laid the
deep-sea section from Aden toward Bombay. The political effect was
immediate and has never really reversed: government at a distance changed

character when instructions could follow events within the day.

PENDER AND THE EASTERN WEB

The man who consolidated the eastern cables was John Pender, a Manchester
cotton merchant who had moved into telegraphy through the Atlantic
subscriptions and found his vocation. In 1872 the four companies of the India
chain were merged into the Eastern Telegraph Company, with Pender as its
moving spirit - the first of the great globe-spanning cable combines, and for
half a century the largest telegraph enterprise on Earth. A sister concern, the
Eastern Extension, Australasia and China Telegraph Company, carried the web
onward: Singapore, Hong Kong, Shanghai, and in 1872 the long leg to Darwin,
where the cable met the overland line across Australia; by 1876 the wire ran
from London to New Zealand. The pattern was now set that would govern
cable geography for a century: routes followed flag and trade, landing where
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British coaling stations and colonies offered a friendly shore, arching from
Gibraltar to Malta to Alexandria, Aden to Bombay to Singapore, and out along

the imperial sea lanes.

The strategic logic was explicit, and it had a name: the All Red Line - a
worldwide telegraph touching only British territory, safe from foreign
interruption and available for imperial command. Britain's position was
uniquely favorable to the project, and not by accident of industry alone: it held
Ireland on one side of the Atlantic and Newfoundland on the other, the shortest
crossing; it held Malta, Egypt, Aden, Ceylon, Singapore, the Cape - a staircase
of landings around the world. The numbers at the century's end tell the story. In
1892 British companies owned and operated two-thirds of the world's cables
[R61]; in 1896, of thirty cable ships in existence, twenty-four were British
[R61]. A Treasury secretary, looking at the web around 1900, called the cables
"the true nerves of the Empire." It was not a metaphor. In the Boer War, British
stations censored the cable traffic of neutral powers; the system's masters read

the world's mail because the world's mail ran through their stations.

THE PACIFIC, LAST AND LARGEST

The last ocean resisted longest, on simple grounds of scale: the Pacific is wider
than the Atlantic and emptier of islands, and its telegraph waited for the turn of
the century. The United States, newly arrived as a Pacific power after 1898,
laid from San Francisco to Hawaii in 1902 and on from Guam to the
Philippines in 1903; the British Pacific cable - the Pacific segment of the All
Red Line, promoted with the fervor of a national crusade - crossed from
Canada to Fanning Island, Fiji, New Zealand and Australia in the same year,
1902, at the time the longest single cable ever laid; Japan joined the system in
1906. With that, the girdle was complete: a telegram could circle the globe on
British or American wires, and the age of worldwide instantaneity - for
governments, markets and news, at least - had begun, half a century after

Dover-Calais.

THE PRICE OF A MONOPOLY OF NERVES

The eastern web also fixed the industry's commercial shape for two
generations. The Eastern companies and their Atlantic counterparts charged
what the traffic would bear - telegrams by the word, at rates that made cabling
an instrument of states, banks, press agencies and great merchants, and a
telegram home an event in a household. Press rates and government business
underwrote the economics; the general public admired the system from a
distance. And the combine defended itself the way monopolies do: by owning
the chokepoints, landing rights and repair ships that a rival would need. When

competition did come, it came from a technology that needed none of those
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things - wireless - and the story of how the cable companies absorbed that rival

rather than dying of it belongs to a later chapter.

One more legacy of the eastern push survived the empire that built it: the map.
Look at a modern cable map and the Victorian ghost is unmistakable. The Suez
corridor is still the throat of Europe-Asia traffic; Aden, Mumbai, Singapore,
Hong Kong are still landing cities; the Pacific's cables still thread the island
stations the All Red Line made useful. Later chapters will follow what the
twenty-first century has done to redraw that map - around China, around the
Red Sea's troubles, under the ice. But the pencil lines were drawn between
1865 and 1876, by a power wiring its possessions, and the world has been

adding color to them ever since.
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Chapter 15 - Australia, China, the Pacific

India in 1870 was the proof of concept; what followed in the next three years
was the conquest of the remaining oceans. The eastern network grew outward
from its Singapore hinge - to Hong Kong and Shanghai, to the Dutch East
Indies, and at last to the most distant settler society on earth, Australia, whose
mail from London had been an affair of eight-week sea passages and whose
news arrived, in the most literal sense, stale. The last leg was laid from
Banjoewangi in Java to Darwin in November 1871, and when the overland line
across the continent - three thousand kilometres of poles through desert,
completed from Adelaide to Darwin in August 1872 - closed the gap, Australia
joined the electric world: the time between an event in London and its
knowledge in Melbourne fell from two months to something measured in
hours. The psychological fact is hard to overstate and easy to sentimentalize;
the concrete fact is that Australian markets, newspapers and governments now

lived on European time.

The route to China had its own strangeness. The great powers would not
lightly grant landing rights, and the network that reached Hong Kong and
Shanghai in 1871 did so by a detour worthy of the age: the Great Northern
Telegraph Company, a Danish firm, carried its line across Siberia to
Vladivostok and then by sea to Japan, Hong Kong and Shanghai - a Russian
land concession joined to a Danish sea cable, serving British trade, in Chinese
waters. The cable map of Asia was never simply British; it was a tissue of
flags, concessions and working arrangements, and the companies learned early
what every cable owner since has relearned: the hardest part of crossing an

ocean is getting permission to come ashore.

THE LAST OCEAN

The Pacific resisted longest, on the simple ground of size. A transpacific
telegraph was proposed almost as soon as the Atlantic one succeeded, but the
distances were double and the traffic a fraction, and for thirty years the ocean
stayed uncrossed. When the cable finally came, in 1902, it came as a deliberate
act of imperial strategy rather than a commercial calculation: the All Red
Route, so called for the colour of British territory on the map, ran from
Vancouver by way of Fanning Island - a speck of coral in the central Pacific,
annexed for the purpose - to Fiji, Norfolk Island, and thence to New Zealand
and Australia. The opening section, from Vancouver to Fanning Island, was
some three and a half thousand nautical miles, the longest single cable yet laid
- the Atlantic crossed in a stride of the Pacific. Every landing was on soil under
the British flag; no foreign government could cut the Empire's longest line
without an act of war. The first messages passed in the autumn of 1902, and the

completion was celebrated, with some justice, as the girdling of the earth:
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London could now reach its farthest dominions without a word leaving British
hands.

The relay stations the route required became some of the strangest postings in
the world: Fanning Island, a coral atoll a thousand miles from anywhere, was
settled by cable staff and their families - a company village on a lagoon, kept
supplied by ship, existing only because a repeater-less cable needed no power
but the line still needed landing, testing and operators. Its strategic value lasted
exactly as long as the peace. In September 1914, one of the first German
operations of the Pacific war landed a party at Fanning and cut the cable [R50]
- proof, within weeks of the war's outbreak, that the All Red logic cut both
ways: an all-British cable was also an all-targetable one. The break was

repaired in weeks; the lesson was permanent.

The All Red cable was also, quietly, an admission. It was built not because the
traffic justified it but because the strategy demanded it, subsidized by the
governments it served - Canada, Australia, New Zealand, Fiji and Britain
sharing the cost. The cable had become too important to be left to commerce;
the precedent of the state-built, state-subsidized strategic cable, set in the
Pacific in 1902, runs straight through the century to the present day, when
governments again reach for the chequebook where the market's map and the

strategist's map disagree.

By the close of 1902 the pattern was complete. A person in London could
telegraph every continent; the world had acquired a nervous system; and the
companies that owned it - above all the Eastern group - had become something
new under the sun: private firms on whose unbroken wires the business of
empires was conducted. How those companies behaved, and what their near-

monopoly meant for the people who paid the tariffs, is the next chapter.
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Chapter 16 - The cable ships

The submarine cable industry owns a strange fleet: a few dozen specialized
vessels, most people have never seen one, and the functioning of the modern
world depends on their existence in a way that depends on nothing else they
carry. The cable ship is not a ship that happens to carry cable. It is a machine
for lowering a thread into an ocean, and its evolution - from chartered colliers
to the Great Eastern to today's dynamically positioned factory ships - is the

industry's material history told in hulls.

The first cable ships were improvisations: the Bretts' little tug Goliath, the
Admiralty's hulk Blazer, the collier William Hutt. The first vessel fitted with
permanent cable gear, the paddle steamer Monarch, appeared as early as 1853,
and her descendants form an unbroken line - a Monarch of a later generation
completed the first transatlantic telephone cable in 1956. But the first true
ocean cable ship, and still the most famous, was a white elephant. Brunel's
Great Eastern - six times the size of anything else afloat, bankrupting every
trade she entered - found in cable the one employment equal to her hull: she
alone could carry an Atlantic's worth in her tanks, with room for the paying-out
machinery, the dynamometers, the smiths' shop and the army of cable hands.
After 1866 she laid cables to India and France; and the lesson she taught
became doctrine. Cable work wanted the largest, steadiest platform available,

with the cable under cover, under test, and under control from tank to sea.

The Victorian and Edwardian fleets professionalized the type. By 1896 the
world had thirty cable ships, twenty-four of them British [R13] - most working
for Telcon and the Eastern companies, which kept their own tonnage the way
railway companies kept locomotives. These ships invented the working rhythm
that still holds: weeks of patient idleness in port punctuated by days of intense,
slow, expensive activity - laying at a few knots with the dynamometer under
watch, or creeping across a charted position dragging a grapnel, the whole

ship's company listening, in effect, for the twitch of the line.

THE MODERN SHIP

The contemporary cable ship is that same idea rebuilt around precision. Cable
is coiled no longer in open tanks alone but in great powered carousels below
deck; it is fed out through a linear cable engine - pairs of caterpillar tracks that
grip the cable and can pay out some eight hundred feet a minute or, reversed,
haul it back aboard - over stern sheaves on the modern layers, with the ship's
position held over the route by dynamic positioning rather than anchors. The
ship maps as it goes: every metre of a modern lay is logged against position,
because the chart of the cable is the insurance policy for its repair. Laying

speed is capped around eight knots, and much slower when the plough is down
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- the towed subsea plough that jets a narrow trench and buries the cable a metre
into the seabed through the danger zones, at a few hundred metres an hour.
Where the plough cannot go, remotely operated vehicles follow the lay with
water jets, tucking the cable under crossings and rocky stretches by hand, as it

were, from two kilometres above.

The machinery of the fibre age brought its own peculiarities, and one of them
is almost comic: the repeater problem. A modern cable is not a uniform line -
every sixty to a hundred kilometres it swells into a repeater, a steel pressure
housing the size of a man, far heavier than the cable around it, which must pass
over the ship's gear without kinking the line or smashing the housing. The
British answer, worked out on ships like Monarch and Alert in the coaxial era,
was a bypass trough that carried the repeater around the sheave while a parallel
rope took the strain; American ships tried flexible repeaters that bent through
the sheave before conceding to rigid housings. And because a sinking repeater
falls faster than the cable beside it, repeaters go overboard fitted with
parachutes - sea anchors that hold them back to sink at the cable's own pace,
keeping the line straight all the way to the bottom. Nothing better captures the
trade: half the apparatus of a moonshot, in service of a steel bottle falling
gently through the dark.

The fleet divides its labor, and the division explains some of the industry's
pinch points. Traditional laying ships are large and steady, built around their
carousels; repair ships are smaller and handier, built to hover over a chart
position and fish. The trend in newbuilds is to combine both in one hull - the
American naval ship Zeus, designed to lay or recover cable over bow or stern,
is the type specimen - because a repair call cannot wait for a laying ship to
finish someone else's contract. The economics press in the same direction. A
cable repair runs from one to three million dollars by the time the ship, the
crew, the spare cable and the days at sea are counted [R58]; repair ships
themselves cost tens of thousands of dollars a day; and installation of new
cable is reckoned at thirty to fifty thousand dollars per kilometre. In this
business, time afloat is the most expensive commodity there is, and the ship is

the meter that measures it.

THE BOTTLENECK

Here is the strategic fact that the land-based world keeps rediscovering with a
shock: there are not many of these ships, they are not easily replaced, and the
world's stock is aging. A new cable ship today costs on the order of a hundred
million dollars [R57] and years to build; the working global fleet numbers in
the dozens, split between installation and maintenance, flagged to a handful of
nations, and booked far ahead by the very companies and consortia whose
cables it must also repair. When three cables faulted in the Red Sea in February

2024, the repairs took months - not for want of technology but for want of
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ships permitted to enter the zone; when Taiwan's Matsu cables broke in 2023,
the island's residents waited weeks largely because repair tonnage had to be
found and sailed. Governments have noticed. The United States keeps a
dedicated cable security fleet under contract; Japan's NTT has weighed
building new tonnage of its own. In an industry where capacity is advertised in

terabits, the true unit of account is still the ship.
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Chapter 17 - The cable companies

The network that girdled the world by 1902 was not a public utility, and it was
barely a market. It was a portfolio. Most of the long cables of the eastern
hemisphere belonged to one interlocking group of companies assembled by
John Pender - the Manchester merchant who had staked the Atlantic enterprise
in its darkest hour and emerged, by 1872, as chairman of the Eastern Telegraph
Company, formed that year by merging four firms into one [R63]. The Eastern
and its sisters and extensions became the largest cable enterprise on earth: from
its hub at Porthcurno in Cornwall its wires reached through the Mediterranean
and the Red Sea to India, Singapore, China, Australia and beyond, and its
name became so synonymous with the trade that for a generation "the Eastern"
simply meant the telegraph to half the world. Porthcurno itself was the group's
signature: a Cornish cove chosen in 1870 for its shelter and its soft beach, it
grew into the largest cable station on earth [R63] - at its height the landing
point of more than a dozen cables, with its own engineering school training
operators for the whole network. The valley is a museum now, and the most
instructive single site in the whole history of telecommunications: the place

where the Victorian world's wires came ashore.

The group behaved as monopolies behave, and it is more instructive to
describe than to denounce. Tariffs stayed high for decades - a few shillings a
word to India at the start, falling by stages as traffic grew, but always priced by
scarcity rather than cost. Rival promotions were bought, strangled by exclusive
landing concessions, or met with selective price cuts on the contested route
alone. The companies divided the world among themselves by agreement,
pooling receipts on shared routes so that competition could not break out even
where two lines physically reached the same city. The customer who found the
rates extortionate - the merchant, the newspaper, the colonial treasurer - had
precisely one alternative: the ship, with its weeks of delay. The newspapers
found ways to share the burden, pooling their cable costs through agencies -
Reuters above all, whose business was the cable tariff rendered as a news
service - but the cost of urgency remained a line item that shaped what the
world knew and when. Press rates, deferred rates, urgent rates: the tariff sheet
was a map of how much speed was worth, to whom, and for what.
Governments grumbled, commissions inquired, and the tariffs crept downward,
but the essential fact held into the new century: the world's rapid
communication was a private, priced, near-monopoly good, and London sat at

its centre.

THE WIRELESS SHOCK

The monopoly's undoing arrived from the air. Marconi's first transatlantic

wireless signals in 1901 [R64] were a parlour trick by cable standards - faint,
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slow, unreliable - and the cable companies treated them as such, at first with
contempt and then with lawsuits over landing rights. But wireless improved on
a curve that cables, bound to their physics of pairs and poles, could not match.
The decisive blow came in the 1920s with the short-wave beam services: radio
circuits to India and Australia that carried a growing share of the traffic at a
fraction of the cable tariff. Within a few years the cables had lost half their

messages to a competitor with no copper in the sea [R64].

What happened next was the first of the cable industry's great consolidations
under technological stress - a pattern that would repeat in the satellite era and
the Internet era. In 1929, pressed by the government and by ruin, the Eastern
group and Marconi's wireless interests were merged into a single company,
Imperial and International Communications [R64], renamed Cable & Wireless
in 1934: cables and their destroyer under one roof, tariffs coordinated, traffic
allocated between wire and air. It was a defensive masterpiece. It also froze the
industry's structure for a generation: the great consolidation of 1929, like the
consortium system it foreshadowed, was built to manage scarcity and decline,
not abundance. When abundance finally came, it would come from
technologies - coaxial repeaters, then fibre - that the consolidated company's
caution had done nothing to invent. But the deeper legacy of the cable
companies was not commercial at all. They had taught the world to expect that
any place worth reaching could be reached in minutes, and they had written the
routes, the landing stations and the legal habits that every successor network
still uses. The Eastern's wires are long melted or rusted; its map is the one you

are using.
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VII. THE VOICE GOES UNDER
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Chapter 18 - Why telephony was hard

By the 1890s the world was wired for the telegram and beginning to be wired
for the telephone, and an obvious question hung over the cable stations: when
would the two networks meet? When would a voice cross an ocean on a wire?
The answer took sixty years, and the reason is one of the cleanest illustrations
in the whole history of engineering of the difference between a problem of
daring and a problem of physics. The Atlantic telegraph had been an act of
daring. The Atlantic telephone was a problem of physics, and it had to wait for

the physics to have an answer.

The difficulty was bandwidth. A telegraph signal is, at bottom, one thing
happening slowly: a current rising and falling a few times a second. The cable's
capacitance blurs it, but slowly enough that the blur can be read. A voice is
thousands of things happening fast: a band of frequencies from a few hundred
to a few thousand cycles per second, all of which must arrive intact, in the right
proportions, at the right loudness. And the submarine cable's central curse - the
capacitance between its conductor and the sea - punishes high frequencies far
more savagely than low ones. A long cable is a filter that passes the slow and
strangles the fast. Send a voice into a cable built for telegraphy and what
emerges, after a few hundred miles, is a bass murmur with the consonants -
which carry the intelligibility - filtered out of existence. The submarine cable
is, in this respect, worse than any land line: the sea wraps the conductor's
insulation in a continuous conducting envelope, so the cable behaves as one
unbroken capacitor the length of the ocean, with none of the segmented

character of a pole route that the land engineers knew how to doctor.

The land engineers had a partial cure, and its limits define the problem.
Loading coils - inductances inserted at intervals along a line - cancel
capacitance over a band of frequencies and had made long-distance telephony
practical overland; Michael Pupin's patents at the turn of the century made him
rich and the long-distance network possible. Loading worked underwater too,
up to a point: in 1921 three deep-sea cables continuously loaded with iron wire
carried telephone service between Key West and Havana [R65], proof that the
trick could cross a strait. But loading has a cutoff: above some frequency the
loaded line stops passing anything at all, and the longer and more heavily
loaded the cable, the narrower the band it will carry. One could load a cable for
one voice channel, barely, across a short sea. Across the Atlantic, loading
offered either no voice or no cable. What was wanted was something that did
not yet exist: a way to rebuild the signal - to amplify it - inside the cable, on
the seabed, unattended, for the life of the plant.

THE STOPGAP IN THE AIR
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While the cable industry waited for its amplifier, the voice crossed the Atlantic
by radio. The first transatlantic radiotelephone service opened in 1927 [R66],
and for thirty years it was the only transatlantic telephone there was. It was a
genuine service and a miserable one: a handful of circuits, booked ahead,
priced in pounds per minute, at the mercy of the ionosphere - fading, static, and
the peculiar indignity, familiar to a generation of the great, of shouting state
secrets and sweet nothings into a medium that any amateur with a receiver
could hear. Privacy, such as it was, came from scrambling equipment at the
terminals - a confession, built into the service's architecture, that the air
belonged to everyone. The radiotelephone established both the demand and the
frustration. Governments, newspapers and financiers proved they would pay
almost anything to talk across the ocean; and everyone who used the service
understood that what they were paying for was the worst telephone line in the
world. The market for a cable - a private, clear, reliable cable - was being
demonstrated nightly, in static, at enormous prices. All that was missing was

the machine that would make it possible.
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Chapter 19 - The deep-sea repeater

The machine that made the telephone cable possible deserves a chapter of its
own, because it was, at its invention, the most demanding electronic artifact
ever specified. The deep-sea repeater had to amplify a band of frequencies
containing dozens of telephone conversations, in both directions, while lying
two or three miles down in the dark. It had to draw its power down the cable's
own conductor from shores thousands of miles apart. It had to survive being
built, handled, shipped, and fired over the stern of a moving vessel into the sea.
And then it had to work, untouched, for twenty years - because the alternative
to reliability was a repair operation measured in weeks and fortunes. No
consumer electronics, no military electronics, nothing had ever been asked to
combine this performance with this lifetime. The repeater is where the modern

discipline of reliability engineering was, in large part, invented.

Begin with power, because power dictated everything else. A transatlantic
cable needed repeaters every few dozen miles - dozens of them in series on one
conductor. The adopted scheme, used ever since, feeds a steady direct current
from the shore stations at both ends, the sea itself serving as the return path;
each repeater sips what it needs from the constant stream, and the whole chain
is engineered so that the current remains what it should be whatever any single
repeater does. The elegance is matched by the fragility: the cable's conductor is
simultaneously the signal path and the power main for a hundred devices

strung across an abyss, and a break anywhere is a blackout everywhere.

One subtlety belonged to the signal itself: a coaxial cable carries one broad
band, and the telephone art of the day - frequency-division multiplexing -
stacked many conversations into that band side by side, each voice shifted up
to its own four-kilohertz lane, the way apartment blocks stack households
under one roof. The repeater amplified the whole block at once. This is why
the coaxial cable's capacity was always expressed in conversations: the cable
did not know it was carrying thirty-six telephones [R27]; it carried one river of

frequencies, and the shore equipment sorted the water.

Then the amplifiers themselves. The repeaters of TAT-1's generation ran on
vacuum tubes - valves, in the British usage - a choice made in the shadow of
the transistor and made deliberately. Tubes had decades of manufacturing
statistics behind them: they could be selected, aged on the rack, graded and
derated, operated far below their ratings so that their failure curves lay beyond
the horizon of the cable's design life. The transistor promised smaller, cooler,
better - and unproven. For a device that could not be recalled, proven beat
better. The housings, meanwhile, were engineering of another trade entirely:

steel cylinders built to submarine-hull standards, holding sea pressure off the
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delicate interior for decades, passing the cable's conductor and the power

current through seals that could admit no water, ever, at abyssal pressure.

Two scHOOLS, ONE SEABED

The industry developed two architectural answers to the laying problem, and
the difference is a small window into national engineering cultures. The
Americans, designing for ships that paid cable over a stern sheave, built
flexible repeaters - long, articulated housings that could bend around the
sheave like a stiff snake. The British built rigid repeaters - compact, robust
cylinders that could not bend - and redesigned the ships' gear to carry them
around the drum on a bypass while a rope took the strain. Both worked; the
rigid school eventually won, and the bypass gear it required became standard
fleet equipment. The deeper convergence mattered more than the rivalry: by
the mid-1950s both traditions had arrived at the same verdict on the seabed as
an environment - utterly hostile to visit, remarkably benign to inhabit. Constant
cold, darkness, stillness, no oxygen to speak of against sealed steel: an
electronic component that could be got safely to the bottom could expect a
quieter life there than anywhere on land. The repeater's twenty-year promise
was kept, generation after generation, and its descendants - the optical
repeaters of the fibre age - inherit the same specification, the same housings,
the same power scheme, and the same unforgiving arithmetic: everything on

the cable must outlive the cable, because the sea permits no service calls.
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Chapter 20 - TAT-1, 1956

On 25 September 1956 [R27], the telephone did something it had never done:
it crossed an ocean. The inaugural call on TAT-1 - the first transatlantic
telephone cable - was a three-way conversation between New York, Ottawa
and London, and it marked the end of a thirty-year siege. The Atlantic had
carried voices by radio since the 1920s, expensively and badly, at the mercy of
the ionosphere's weather. Carrying a voice by wire under two thousand miles
of sea required solving, in one system, every problem the telegraph age had left
unsolved - and one it had never faced: a cable that could think.

The fundamental difficulty was bandwidth. A telegraph dot is a slow, blunt
thing; a voice is a three-kilohertz wave, and the distributed capacitance that
smeared telegraph pulses annihilated voice frequencies within a few hundred
miles. The land engineers' answer had been loading coils - but coils only
stretched the limit; what a transatlantic telephone cable needed was
amplification: devices in the cable itself, every few dozen miles, that would
take the dying signal and rebuild it. A repeater. And a repeater at the bottom of
the Atlantic had to meet a specification no electronics had ever met: it had to
work, unattended, at three kilometres' depth, for twenty years, because every

repair meant a ship, a grapnel, and a fortune.

That requirement shaped everything. The repeaters were designed around
specially aged vacuum tubes with conservatively rated lives, bathed in the deep
sea's free air-conditioning, housed in steel pressure vessels engineered to
submarine standards, and powered from the shores by direct current fed down
the cable's own conductor - a scheme in which every repeater on the route
draws its life from the same fragile thread of current, so that the failure of one
darkens all. The cable itself was coaxial: a central copper conductor inside a
copper tube, one channel of broadband capacity shared by thirty-six
simultaneous telephone conversations [R27]. And because two-way
conversation wants two paths, TAT-1 was not one cable but two, laid side by
side - one for each direction of speech - from Clarenville, Newfoundland, to
Oban, Scotland, some nineteen hundred and fifty nautical miles, with fifty-one
flexible American repeaters [R27] spliced into each at intervals of about forty
miles, and rigid British repeaters of the Post Office's design guarding the
shallow Cabot Strait crossing. The consortium that built it was itself a blueprint
for the era: AT&T, the British Post Office, and the Canadian Overseas
Telecommunication Corporation - the monopoly carriers of three countries,

sharing an ocean.

The repeater problem deserves its own note, because it was the difference
between this cable and every cable before it. A telegraph cable is passive: what

enters at one end exits, weakened, at the other, and the cable needs nothing
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from anyone in between. TAT-1's cable had a hundred and two powered organs
in the dark, any one of whose deaths would silence the whole. So the
engineering was inverted: instead of designing for performance and testing for
life, Bell Labs designed for life and negotiated performance downward. The
choice of vacuum tubes, when the transistor had existed since the late 1940s,
was exactly this conservatism - tubes could be selected, aged and derated on
decades of failure statistics; the new solid-state devices could not yet offer the
same actuarial confidence. Every component was tested, tracked and over-
specified; every repeater housing was built to take the full pressure of the abyss
and the abuse of a stern sheave; and the laying itself was choreographed so that
repeaters passed overboard under control, each one a small ceremony, fifty-one
times per cable across an ocean. The result was the first large electronic system
designed to be forgotten - to be installed, abandoned to the sea, and trusted.
Nearly everything electronic since that claims reliability owes it a
methodological debt.

WHAT THIRTY-SIX CIRCUITS CHANGED

By modern measure TAT-1 was tiny: thirty-six telephone circuits [R27] for two
continents. The waiting lists formed immediately, and the price of a
transatlantic call stayed high for years - a scarcity priced into every minute, in
the tradition of the shilling-a-word telegraph. Nor was the cable a complete
path by itself: the ocean crossing plugged into land networks at Clarenville and
Oban, and a New York to London call still owed half its journey to microwave
towers and terrestrial trunks. The cable had replaced the ocean, not the
telephone system. But three consequences followed at once. First, quality: a
call that had been a shouting match with the ionosphere became a conversation
in a quiet room, and the world's habits changed accordingly - diplomacy,
journalism, finance and family life all began to assume the transatlantic
telephone the way they had assumed the transatlantic cable telegram a century
before. Second, the telegraph's reign ended: a single one of TAT-1's four-
kilohertz telephone channels could carry twenty-two telegraph circuits by
frequency division, and the economics were merciless - by the mid-1960s the
old transatlantic telegraph cables, the direct heirs of 1866, had been withdrawn
from service. The cable that had killed the letter was itself killed by the cable
that carried the voice. Third, the consortium template: TAT-1 was followed by
TAT-2, TAT-3 and their Pacific and Caribbean cousins - CANTAT, COMPAC,
SEACOM - each a treaty among national carriers, each sharing costs and
circuits by formula. For forty years, until the consortia in turn dissolved into

the era of private cables, that was how the world bought its oceans.

And the repeaters? They worked. The design objective of twenty years'
unattended life was met and bettered; TAT-1 served for twenty-two years, and

the deep-sea repeater - the cable that thinks - became the most quietly reliable
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artifact of the electronic age. Its descendants are down there now, by the

hundred thousand, still taking fading signals and sending them on their way.
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Chapter 21 - The coaxial ceiling

TAT-1 was a beginning, and the thirty years after 1956 made a mature industry
of it. Cable followed cable: TAT-2 in 1959, TAT-3 in 1963, and their
counterparts in other oceans. The Commonwealth completed its own girdle -
CANTAT to Canada in 1961, COMPAC across the Pacific from Canada to
Australia and New Zealand in 1963, SEACOM onward to Southeast Asia in
1967 - a second All Red Route, this time for voices, a lifetime after the first.
Each generation squeezed more conversations through the same coaxial
architecture: better valves, then transistors once the new devices had earned
their actuarial tables; wider bands; more repeaters, closer spaced. By the mid-
1960s the transistor had passed its seabed apprenticeship and taken over the
repeaters, bringing smaller housings, lower power and wider bands in the same
stroke. By TAT-5 in 1970 a single cable carried 720 circuits [R46]; TAT-6, in
1976, and TAT-7, in 1983, each carried about four thousand [R46]. In twenty-
seven years the transatlantic cable had multiplied its voice capacity more than
a hundredfold. And it was visibly approaching a wall.

The wall was the analogue amplifier's noise. Every repeater added gain and,
with it, a little corruption; chain hundreds of amplifiers across an ocean and the
accumulated noise sets a budget that bandwidth must live within. Wider bands
wanted more repeaters; more repeaters meant more noise. The coaxial
engineers were climbing a curve that was bending over, and everyone in the
industry could see the asymptote. Capacity would keep growing by expensive

inches. The world's appetite was growing by leaps.

THE BIRD IN THE WAY

While the coaxial cable climbed its curve, a rival appeared over its head. The
communications satellite - passive balloons first, then the active repeaters of
Telstar in 1962 and Early Bird, the first commercial geostationary craft, in
1965 - offered transoceanic telephony without an ocean: one earth station, one
hop, one earth station. By the 1970s satellites were carrying a large and
growing share of transoceanic telephone traffic, and the confident obituaries of
the submarine cable were being written again, much as they had been written
in the beam-wireless years of the 1920s. Early Bird itself - a cylinder the size
of a man over the Atlantic - offered a couple of hundred telephone circuits or
one television channel, and the pictures it carried, beginning with the first live
television between the continents, did more for its fame than any circuit count.

The cable, said the futurists, was a Victorian artifact in the space age.

The coaxial era also quietly changed what a telephone cable was for. Among
the stacked voice channels, an increasing share was given over to traffic that
was not voice at all: telex circuits, leased data lines for banks and airlines, the
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first trickle of computer-to-computer communication. A telephone channel is,
from the cable's point of view, just four kilohertz of band; what the customers
chose to pour into it was their affair. The habit of regarding the cable as a pipe
for anything, established in the coaxial years, is the conceptual bridge to
everything that followed. The obituaries were wrong for two reasons, one
human and one physical. The human one was delay: a geostationary satellite
hangs so high that a voice's round trip takes a perceptible beat - a quarter-
second and more each way - and with the echo-suppression of the day, long
satellite conversations acquired a stilted, walkie-talkie rhythm that subscribers
disliked and business users noticed. Cables felt like telephones; satellites felt
like distances. The physical reason was capacity: a satellite of the era carried
far fewer circuits than the newest coaxial cable, and bandwidth in the sky was
rationed by spectrum while bandwidth in the sea was rationed only by how
many cables one could afford to lay. But the satellite had changed the terms of
the argument for good. Transoceanic communication was no longer the cable's
monopoly to defend but a market to fight for, on price, quality and capacity.
The cable industry's answer to that fight was already growing, in laboratories,
out of purified glass. When it arrived - the subject of the next part - it did not

merely beat the satellite on its old metrics. It changed what the metrics were.
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VIII. LIGHT IN THE PIPE
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Chapter 22 - Light in the pipe: TAT-8

The coaxial telephone cable grew for thirty years by multiplication: more
circuits per cable, more repeaters, more cables. Each generation was an
engineering marvel and an economic treadmill, because analogue amplification
has a tax - every repeater adds its own noise, and the ocean is long. The way
off the treadmill came from a different physics altogether, and from a heresy:
that glass, the most familiar brittle solid in the world, could be drawn into a

thread of such purity that light could travel through it for kilometres.

The insight dated to the 1960s, when the Chinese-born engineer Charles Kao,
working at Standard Telecommunication Laboratories in England, argued that
the attenuation of existing glass fibre came not from glass itself but from its
impurities, and could be beaten by purification. He was right, and the materials
science of the 1970s delivered: fibres grew steadily clearer, lasers steadier,
detectors faster. The purity required is worth pausing on, because it explains
why the solution took two decades to industrialize. Ordinary window glass is
opaque over metres; the glass of a modern fibre loses only a few percent of its
light over a kilometre, which means impurities held to parts per billion - glass
cleaner, in the relevant sense, than anything that had ever been manufactured at
scale. Kao's heresy, vindicated, was that this was a manufacturing problem
rather than a law of nature. By the early 1980s the telephone industry had its
next ocean in view. The industrial proof came in 1970, when a Corning Glass
team produced fibre below twenty decibels per kilometre - the threshold Kao
had argued made communication practical; decades later the work brought Kao
a share of a Nobel Prize. Submarine trials followed in the mid-1980s on short
routes, and by the middle of that decade the carriers were ready to commit an
ocean. The cable that crossed it was TAT-8, and it changed the units of the

world.

TAT-8 went into service in December 1988, built by the established consortium
of American, British and French carriers, and its specification reads like a
printer's error against its ancestors: 5,846 kilometres, regenerators spaced
about forty kilometres apart, a line rate of 295.6 megabits per second - 280
carrying traffic - good for some 40,000 simultaneous voice circuits. [R3] TAT-
1, thirty-two years earlier, had carried 36. That is nearly three orders of
magnitude in a working lifetime, and the pattern held afterward: TAT-8's

enormous capacity filled within eighteen months of opening. [R7]

That eighteen-month fill is the second lesson of TAT-8, and the cable industry
would have to learn it again in every generation: forecasts of international
demand systematically under-predict it. Each great increase in capacity has
been absorbed not by the traffic that existed when the cable was planned but by

traffic the new price made possible - cheaper minutes summoning more calls,
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cheaper circuits summoning leased lines, and eventually cheaper bits
summoning whole industries that could not exist at the old price. The engineers
kept building oceans, and the world kept discovering it had been waiting for

them.

A DIFFERENT KIND OF MIDDLE

The deep difference was in the repeaters. An analogue repeater is an amplifier:
it takes the whole arriving signal, noise included, and makes it bigger. A digital
regenerator does something closer to reading: it receives the train of pulses,
decides what each one was meant to be - one or zero - and retransmits a clean,
full-strength copy. Noise, distortion and attenuation are not passed on; they are
audited out at every station. That is why fibre could cross oceans while
keeping the signal indistinguishable from new, and why capacity became a
matter of how fast the lasers and electronics could switch rather than how
much noise the ocean could be asked to forgive. The regenerator also marked
the return, in more than symbolic fashion, of the telegraph: the submarine
cable had come home to pulses - dots and dashes, reborn as ones and zeros, at
speeds Samuel Morse could not have imagined in his most expansive

moments.

The hardware still had to live on the seabed. The fibres - hair-thin, absurdly
fragile - were coddled in copper tubes within the cable's steel armour; the
regenerators inherited the pressure-housing, power-from-shore architecture of
the coaxial age; and the twenty-year unattended-life standard was simply
carried over, on the argument that had been true since TAT-1: the sea is a good
home for electronics, but an expensive one to visit. TAT-8 cost about $335
million [R7] - cheap, per circuit, beyond anything the coaxial era could
approach, which was the point. It stayed in service until 2002; and in an
epilogue that belongs to the cable's strange afterlife, in 2025 the vessel
Maasvliet began recovering its retired lengths from the Atlantic for recycling
[R45] - the first transatlantic fibre system, mined at last for its copper and steel,

a monument becoming scrap.

THE CASCADE

What followed TAT-8 was less a series of decisions than a cascade. Fibre
crossed the Pacific the next year. The remaining coaxial systems were made
obsolete in place. And the network's centre of gravity shifted from voice to
data: the same glass that carried 40,000 telephone calls could, with better
electronics at the ends, carry computer traffic - and soon would carry little else.
The Internet, then a research network finding its commercial legs, inherited in
its formative decade the cheapest international bandwidth in history. The

timing was not a coincidence, though it was luck: the fibre cable was built for
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the telephone, and became the roadbed of something no consortium had

planned.
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Chapter 23 - The amplifier revolution

TAT-8's regenerator was a triumph with a built-in ceiling. To read and rewrite
the signal, a regenerator must contain electronics running at the full speed of
the line - and every time the terminals got faster, the repeaters at the bottom of
the ocean had to be faster too, their speed frozen at the day of manufacture.
Upgrade the cable and you were, in the most literal sense, buying a new ocean.
The industry's next leap came from abolishing that coupling: a repeater that

amplified light itself, without ever knowing what the light said.

The device was the erbium-doped fibre amplifier - the EDFA - and it arrived in
1986-87 from two directions at once [R42]: David Payne's group at the
University of Southampton and Emmanuel Desurvire's at Bell Labs, working
independently. Its principle is as elegant as its name is ugly. Take a length of
optical fibre doped with a trace of erbium, a rare-earth element; shine a pump
laser into it, raising the erbium atoms to an excited state; and when a weakened
signal photon passes through, it stimulates the excited atoms to release their
stored energy as more photons of exactly the same wavelength, phase and
direction - the signal leaves the doped section stronger, without ever being
converted to electricity, read, or rewritten. It is an amplifier made of glass,

powered by light, that asks no questions.

Two properties made it revolutionary rather than merely clever. The first was
broadbandness: the EDFA amplifies a whole window of wavelengths at once,
indiscriminately, which meant a repeater no longer cared how fast the signal
was or how many signals there were. The second was simplicity: no electronics
at line rate, no decisions, nothing to obsolete. A cable with EDFAs in its
repeaters could have its terminal equipment replaced - faster lasers, cleverer

modulation - and multiply its capacity without anyone touching the seabed.

MANY COLORS DOWN ONE THREAD

The second property is what unlocked wavelength-division multiplexing -
WDM. Since the EDFA amplifies a range of wavelengths, why send one? By
the mid-1990s, systems were packing dozens of distinct wavelengths -
lambdas, in the trade's shorthand - into a single fibre, each carrying its own
high-speed data stream, all amplified together at every repeater. The first ocean
crossing to use the new amplifiers was TAT-12/13, entering service at the turn
of 1995-96 - a paired system, its fibre pairs worked as a self-healing ring, at
five gigabits per second [R41]: in one step, roughly eighteen times TAT-8's
traffic [R41] of seven years earlier. From that crossing the technology's verdict
was never again in doubt. The numbers compounding on themselves: faster
line rates per wavelength, more wavelengths per fibre, more fibres per cable.

Repeater spacing, which the coaxial age had treated as physics, became once
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again what the telegraph age had known it to be - a design variable: modern
amplified systems place their repeaters wherever the economics of power,
noise and capacity put them, typically somewhere between sixty and a hundred
kilometres, with no fixed standard beyond what each system's designers
choose. A route's capacity stopped being a fact about its cable and became a
fact about its terminals - which could be upgraded in a laboratory, ashore, on a

budget cycle.

This decoupling gave the industry a pair of concepts it still lives by, and which
any honest account of a cable's capacity must keep separate: design capacity
and lit capacity. Design capacity is what the cable could carry with the best
available terminal technology; lit capacity is what is actually switched on
today. The gap between them is not waste - it is headroom, purchased at laying
time at a fraction of what a new cable would cost. When a cable system
announces an upgrade that doubles its capacity with no ship leaving port, this
is what happened: more of the design capacity was lit. Headlines that report a
cable's design capacity as its traffic, or its lit capacity as its limit, are both
wrong, and the confusion matters every time someone estimates how full the

world's oceans are.

FLAG AND THE FIBRE PLANET

The terminal-side story did not end with WDM. In the 2010s, coherent
detection - digital signal processing that reads not just the presence of light but
its phase and polarization, the way a radio receiver reads a carrier - multiplied
per-wavelength capacity again, and turned the terminal into something closer
to a software instrument: modulation schemes could be tuned, traded against
reach, and upgraded in firmware. Each wave of terminal innovation fell on the
same patient infrastructure: fibres laid years or decades earlier, waiting in the

dark with headroom to spare.

The proof of the new economics came quickly. In 1997 the FLAG cable -
Fibre-optic Link Around the Globe - entered service [R43]: 28,000 kilometres
from Britain to Japan by way of the Mediterranean, the Red Sea, India and
Southeast Asia, the longest single cable system yet attempted, and the first
built as a private venture rather than a consortium of national carriers. FLAG
was the shape of things to come in three respects: it was built by an outsider,
financed against expected demand rather than allocated among monopolies,
and routed to serve the world's rising economies rather than its old imperial
capitals. The amplifier had not only multiplied the cable; it had changed who

could afford to lay one, and where the map of the oceans would be drawn next.
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Chapter 24 - The modern cable

Strip a modern submarine cable to its argument, and the argument is this: light
is cheap, glass is cheap, amplifiers are dear, and the sea is free. Everything
about the contemporary design follows. The cable itself - the wet plant, as the
trade calls everything seaward of the beach - is a study in leaving things out. At
its heart are the fibres: today typically eight to sixteen pairs, and in the newest
designs more, each pair a two-way road of hair-thin glass. Around them, a
copper tube or conductor to carry the power current, steel strand for strength,
and a jacket of polyethylene - and in deep water, that is very nearly all. The
Victorian answer to the ocean was armour; the modern answer, in the abyss, is
nothing at all. Down where no anchor drags and no trawl reaches, the cable lies
unarmoured on the seabed, a finger-thick line of plastic across a continent of
mud, protected mainly by the depth itself. Armour survives only where the
danger does: the first miles off the beach, where shipping and fishing work,

where the cable is ploughed into the seabed for its life.

The repeaters keep the architecture their ancestors set in the 1950s: steel
pressure housings strung along the line, drawing power from the cable's
conductor, fed as constant current from the shore at voltages that rise, end to
end, into the kilovolts. Inside, though, the transformation is complete. There
are no electronics running at the speed of the signal; the erbium amplifiers
simply pour pump-laser light into doped fibre and let physics do the rest, and a
modern repeater amplifies every pair in the cable at once. Spacing is a design
choice - typically somewhere between sixty and a hundred kilometres, set by
each system's own arithmetic of noise, power and price - not a fixed standard

handed down by the technology.

One more piece of modern anatomy deserves naming, because the map
depends on it: the branching unit. A cable need no longer run simply from A to
B; submerged branching units let a single system split at sea, serving three or
five or twenty landing points from one trunk, with power and wavelengths
reconfigured from shore. The regional systems of the content era - one line of
glass down a continent's coast with a dozen countries hanging off it - are built
on the branching unit, and so is much of the politics: a branch puts several
nations' connectivity inside one shared asset, with all the cooperation and

exposure that implies.

THe SDM TURN

The deepest change of the last decade is a reversal of strategy with a dull
name: space-division multiplexing. For thirty years, capacity grew by making
each fibre carry more - more wavelengths, faster signalling, cleverer

modulation - an arms race of terminal electronics on a fixed number of pairs.
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But terminal cleverness runs into the physics of the repeater: ever-denser
signalling wants ever more pump power, and power on a ten-thousand-
kilometre conductor is the scarcest thing in the system. The new designs
therefore buy capacity with glass instead of genius: more pairs per cable, each
run at a comfortable, power-thrifty signalling rate. It is the same trade the
industry made in the 1990s, run one level down - parallelism over
sophistication - and it is why the fibre-pair count has become the headline
number of a modern cable, and why the newest transatlantic systems carry a

dozen pairs or more.

A parallel quiet revolution runs through the commercial engineering: the open
cable. The classical submarine system was a single vendor's sealed creation -
cable, repeaters and terminal equipment designed together, warranted together,
and impossible to upgrade with anyone else's gear. The hyperscale buyers,
unwilling to be locked into one supplier's roadmap for twenty-five years, have
pushed the industry toward systems whose owners may light the fibres with
terminal equipment of their choosing, mixing vendors and generations over the
cable's life. [R11] The wet plant becomes a platform; the innovation moves
ashore, where it can be swapped without a ship. Between SDM's multiplication
of pairs and the open cable's liberation of the terminals, the modern system has
become something its designers of 1988 would barely recognize: not a finished
machine lowered into the sea, but a twenty-five-year option on the ingenuity of

people not yet employed.
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Chapter 25 - Ships, routes, landings

A modern cable begins not with cable but with a map. Long before anything is
manufactured, the route engineers do a desktop study - charts, geology, the
history of everything that has ever happened along the intended line - and then
the survey ships go out and sound the route with multi-beam sonar, looking for
the things that kill cables: rock outcrops, steep slopes, mobile sand, wrecks,
pipelines, and the cold war's and two world wars' legacy of unexploded
ordnance. The output is a corridor a few hundred metres wide, negotiated
through permits with every authority whose water is crossed, and it becomes
the cable's address for life: every metre of the lay will be logged against

position, because the chart is the repair manual.

Then the laying, and here the modern operation has a prologue the Victorians
would have appreciated: the route is cleared first. A pre-lay grapnel run drags
the corridor [R17] to snag and remove whatever the sea has accumulated -
abandoned nets, hawsers, wire, and, with increasing frequency, dead cables,
the retired systems of earlier generations, which are grappled up, cut out along
the route, and weighted down at the sides with clump anchors where they
cannot be recovered. Only then does the main lay begin: cable flowing from
the tanks, through the engines, over the stern, at a few knots, day and night, for

weeks.

THE BURIED MILE

Where the water is shallow enough to be dangerous, the cable is put
underground. The standard prescription is burial to about a metre, and it can be
attempted in depths down to around two thousand metres [R18]; the instrument
is the towed subsea plough, which lifts a wedge of sediment, threads the cable
beneath it, and lets the wedge fall back - a furrow less than a metre wide at the
ocean floor, at a plodding pace that for heavy armoured cable can be as slow as
a fifth of a kilometre an hour. Where the plough cannot go - at the crossings of
pipelines and other cables, on rock, in restricted patches - remotely operated
vehicles follow with water jets, digging the cable in by hand, as it were; and
where a pipeline stands proud of the seabed, the crossing is capped with a berm
of carefully graded rock, designed to protect both assets and to shed a trawl
board rather than catch it. [R16] Burial is not a one-time guarantee: sand
moves, tides scour, and cables laid safely a metre down have been exhumed by
the sea within a few seasons. The industry's surveys of cable condition - ships
and ROVs re-walking old routes - exist because the seabed is not a filing

cabinet but a landscape in motion.

The lay ends with tests, not ceremony: end-to-end optical and electrical

measurements, reconciliation of the as-laid positions against the survey, and a
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formal commissioning in which the marine contractor hands the system to its
owners. From contract to that moment is typically a matter of years - the
permits alone, threaded through the environmental and security agencies of
every jurisdiction on the route, can take as long as the manufacture - and of the

whole span, the dramatic part, the part with the ship and the sea, is the shortest.

COMING ASHORE

The end of the cable is a different world, and the most delicate operation of the
whole lay is the shore landing. At the beach, the sea cable - armoured for the
shallows - meets the land cable at a buried junction chamber, the beach
manhole, often reached these days by drilling a bore under the beach and surf
zone from landward, so that no trench scars the shore. From the manhole,
terrestrial ducts run inland to the cable landing station: the building where the
wet plant ends and the dry plant begins - power-feed equipment driving its
kilovolts into the sea, line terminals lighting the fibres, and the first router of
the terrestrial network. Landing stations are unglamorous, heavily secured, and
among the most consequential buildings on earth: a modest shed at the back of
a beach through which a nation's conversation with the world may largely pass.
The Victorians put theirs in picturesque coves and staffed them like embassies;
their successors are anonymous by design. In both eras, the same rule holds:
the ocean is the easy part. The hardest metres of any cable are the last fifty -
from the sea, through the sand, into the hands of lawyers, regulators and the

human network on land.
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IX. THE CAPACITY BUSINESS

79



Chapter 26 - The club and its end

Every century gets the cable mania it deserves. The 1850s and 1860s had theirs
- Atlantic promotions, share frenzies, ruin and eventual vindication. The late
1990s had theirs on a scale the Victorians would have recognized in shape if
not in zeros: in roughly five years, from 1997 to 2002, more than twenty
billion dollars was spent laying submarine fibre [R48], at a peak tempo
measured in tens of thousands of kilometres per month, until the market
collapsed under the weight of its own inventory. It was the purest speculative
episode in the cable's history, and its ruins became the foundation of the

modern Internet.

The club being stormed deserves a sentence of description, because it had run
the oceans for forty years. Under the consortium model, the carriers of the
countries a cable would connect formed a joint venture: they shared the cost by
formula, owned the resulting capacity in proportion, and sold circuits to others
at agreed rates. It was stable, conservative, and slow - every decision a
negotiation among monopolists with veto power - and it priced capacity to
recover cost from scarcity, because scarcity was the business model. The
ingredients were the amplifier revolution plus an idea: the Internet was
doubling in traffic every few months, everyone said so, and the consortia of
national carriers were far too slow to serve it. So the new entrants went around
them. FLAG had shown the way in 1997 [R43]; Global Crossing followed - a
private Atlantic cable backed not by telephone companies but by capital
markets, its founder a man whose previous fortune was in finance rather than
telephony. Then came 360networks, Level 3, and a crowd of imitators. The
logic was the same everywhere: capacity is scarce, demand doubles forever,
the cable lasts twenty-five years, therefore build now and sell the future.
Bankers believed it, investors believed it, and the cable ships worked around
the clock. The claim that Internet traffic doubled every few months became an
article of faith, repeated in prospectuses until repetition passed for verification;
later and more sober measurement found growth that was rapid but far slower,

and by the time the truth was priced in, the glass was already in the sea.

THE ARITHMETIC OF RUIN

What the mania got right was the physics and the demand; what it got wrong
was the arithmetic of competition. The same WDM technology that justified
the building kept multiplying the supply of the thing being sold. A cable
company did not merely compete with other cables - it competed with its own
cable's upgrade path: every new terminal generation made each existing fibre
worth more wavelengths, so the inventory of sellable capacity grew even faster
than the fleets laid new glass. Bandwidth prices on the competitive routes

collapsed at rates measured in tens of percent per year - on the busiest
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corridors, prices fell by roughly two-thirds annually at the worst of it.
Revenues that had been projected at scarcity prices arrived at commodity

prices. The debts had been contracted on the projections.

In 2002 the crash came. Global Crossing filed what was then among the largest
bankruptcies in American corporate history; 360networks and others followed,;
investors lost essentially everything. The spectacle obscured a quieter fact: the
cables did not fail. The companies failed. The fibres were in the seabed, fully
functional, and bankruptcy transferred them to new owners at cents on the
dollar - owners whose cost basis no longer included the construction debt. The
survival of the assets through the wreck of their owners is itself a small lesson
in the industry's structure: a submarine cable is expensive to build, cheap to
operate, and nearly impossible to repossess. Buyers of capacity kept paying
because they had no alternative; maintenance agreements kept repair ships on
standby because the cables were still earning; and the sea, indifferent to capital
structure, went on keeping the repeaters cold. The world's cheapest bandwidth

was the wreckage of other people's fortunes.

THE LONG SHADOW

Three consequences outlasted the crash. First, the inventory: so much dark
fibre lay in the oceans that for years afterward, laying a new intercontinental
cable was nearly irrational - which is why the mid-2000s are a strangely quiet
decade in cable history. The bubble's cables, repeatedly re-lit with better
terminals, carried the Internet's growth for a decade. Second, the geography:
the mania had over-built the Atlantic and the North Pacific while neglecting
Africa, South America and South Asia - imbalances the next building era
would set out to correct. Third, the lesson in ownership: the crash
demonstrated that the scarce, durable value in the business was not the cable
but the customer - the company with traffic of its own to carry. The next
generation of builders would take that lesson further than anyone in 2002
imagined: the largest cable owners of the following era would be companies
that did not sell bandwidth at all, but consumed it.
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Chapter 27 - The new owners

For a century and a half, the cable business had one shape: carriers built cables
and sold capacity to customers. The crash of 2002 shattered the carriers' half of
that bargain, and into the vacancy stepped a buyer no one had planned for - the
companies whose traffic had become the Internet: Google, Microsoft,
Facebook, Amazon and their peers. The story of the 2010s in submarine cable
is the story of these firms discovering that they had become the demand, and

concluding - rationally, ruthlessly - that they might as well be the supply.

The logic was arithmetic. A hyperscale cloud company moves data between its
own data centres in volumes that dwarf most countries' international traffic;
buying that capacity on the market means paying someone else's margin on
your own largest cost. Owning the cable - or a large fraction of one - converts a
perpetual rent into a capital expense with a twenty-five-year life, and the
amplifier-era trick of re-lighting old fibre with better terminals rewards an
owner who plans to be around. The content providers moved in stages: first as
the anchor customers of consortium cables, then as consortium members, then
as sole owners. The old model did not die; it hybridized. Consortia still form -
the largest African and Asian projects of the era are multi-party affairs - but
increasingly with a content company as anchor tenant and largest shareholder,
the way a developer anchors a shopping centre. And the engineering followed
the ownership: a cable built for one owner's traffic can be optimized without
compromise for that owner's architecture, which pushed the technology toward
space-division multiplexing - more fibre pairs per cable, each run more simply

- in place of ever-fancier terminal gymnastics on a few pairs.

The sequence can be read in three cables. MAREA, a partnership of Microsoft
and Facebook with a Spanish carrier, entered service in 2018 between Virginia
Beach and Bilbao - 6,600 kilometres, designed for 160 terabits per second
[R35], the highest-capacity transatlantic system of its day. Curie, in 2019, was
Google's fully private cable from California to Chile [R36] - the first
intercontinental system owned end-to-end by a single non-carrier. And Dunant,
in 2021, ran from Virginia Beach to Saint-Hilaire-de-Riez in France: twelve
fibre pairs using space-division multiplexing, 250 terabits per second of design
capacity [R33], the first new direct United States to France cable in fifteen
years. (Google names its cables for scientists - Curie, Dunant and their siblings
- a habit that would have pleased the telegraph age, which named its ships and
companies after monarchs, gods and empires, and got worse returns on the

investment.)

The emblematic project of the era is not transatlantic at all. 2Africa, announced
in May 2020 and later extended to some 45,000 kilometres [R37] - among the

longest systems ever designed - circles the African continent with landings in
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more than thirty countries, led by Meta with carrier partners, expressly to close
the connectivity gap the bubble era left. Its progress has been incremental and
contested by events: as of the consortium's own wording in late 2025, the core
system was complete and in service in most landing countries [R37], with the
remaining extension expected to follow. It is the consortium model and the
content era fused: a cable the size of a planet's coastline, anchored by a

company whose product is attention.

WHAT THE MAP BECAME

The hyperscalers did not merely add cables; they redrew the map's logic. The
Victorian network had followed empire; the consortium network had followed
the great trading nations; the content network follows data centres - which is to
say, cheap power, cool climates, friendly regulators and the shortest path
between server farms. This is why MAREA landed in Bilbao rather than
Cornwall or Brittany, why cables now thread to places the consortium era
bypassed, and why Africa and Latin America, under-built by the bubble, began
to fill in during the content era: the demand of three billion users for the
services of four companies is a demand that lives everywhere. The scale of the
shift is best told as market share of used capacity: in the early 2010s content
providers carried a modest fraction of international bandwidth; by the 2020s
they accounted for a clear majority of all used international capacity [R30] -
the operators of the world's networks had become the world's largest single

class of network customer, and then its largest class of owner.

The money followed the logic at continental scale: through the late 2010s and
early 2020s the content providers collectively committed tens of billions of
dollars to submarine systems, and in several of those years outspent the entire
traditional carrier sector on new oceanic capacity. A subtle consequence
deserves marking, because it inverts a century of practice: the content-era
cables are not, mostly, for sale to others. The consortium cable existed to sell
circuits; the hyperscale cable exists to carry its owner's own traffic. A growing
share of the world's newest oceanic capacity is therefore invisible to the
wholesale market - the map of cables and the market for bandwidth, once the

same map, have begun to come apart.
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Chapter 28 - The builders

For all the famous names that own cables - telegraph barons then, hyperscalers
now - the number of firms that can actually make and install an ocean-
spanning system has always been vanishingly small. In the 1860s it was,
effectively, two: Glass, Elliot and the Gutta Percha Company, soon merged into
Telcon. A century and a half later, the industry that supplies the world's
submarine cables fits around one table: a French firm, a Japanese firm, an
American firm, and a Chinese challenger, with everyone else in niches. A
widely cited study of the market in the late 2010s attributed roughly eighty-
seven percent of supplied systems to the three established vendors - ASN, NEC
and SubCom - rising toward the high nineties once the Chinese supplier is
counted [R29]. There is no audited current league table; the precise shares are
estimates. But the shape is not in dispute, and it has not fundamentally changed

in decades: the world's connectivity is manufactured by four companies.

Each carries a long inheritance. Alcatel Submarine Networks - ASN - descends
from the French cable tradition and, through acquisitions, from Telcon's own
line; its factories at Calais and Greenwich's successors connect it, almost
unbroken, to the enterprises that armoured the first Atlantic cores. NEC is the
Japanese standard-bearer, builder of much of the Asia-Pacific network since
the coaxial age. SubCom, the American house, grew out of Bell Labs' undersea
division by way of Tyco; its plant at Newington, New Hampshire, occupies a
site that has made ocean cable since the 1950s, and the company - which
claims a million kilometres of cable deployed - announced in early 2026 a half-
billion-dollar expansion aimed at lifting its Newington output from fifty-eight
thousand kilometres of cable a year toward a hundred thousand. [R24] The
fourth seat belongs to HMN Technologies, the firm that inherited Huawei's
submarine networks business when the Chinese giant divested it, around the
turn of the 2020s, under American pressure - a reminder that the supply

question is now inseparable from the geopolitical one.

What the four sell is not, in truth, cable - it is a system, delivered turnkey from
survey to commissioning: route engineering, manufacture, the repeaters that
only they know how to qualify for twenty-five years on the seabed, the
terminal equipment, the marine installation, the warranty, and often the
decades of maintenance that follow. The cable drum is the visible tip; the moat
is everything below it. The maintenance side is its own quiet franchise: the
world's repair ships work under long-term zone agreements that divide the
oceans into districts, each with vessels on standby and depots of spare cable,
and the same small circle of firms dominates that too. An owner does not so

much buy a cable as join a small club's care plan for it.

A STRATEGIC INDUSTRY, RE-DISCOVERED
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The nationality of those four names is now front-page policy. When Nokia,
which had owned ASN through a chain of telecom mergers, agreed in June
2024 to sell it to the French state for 350 million euros [R22] - a deal
completed at the turn of 2025 [R23] - a major European government took
direct ownership of a cable manufacturer, not because cables are profitable
glamour but because they are strategic: the state that can build cables can
decide, in a crisis, who gets built and who gets repaired. The United States
restricts Chinese vendors from cables touching its shores and leans on allies to
do the same; China builds its own champion; Japan guards NEC's standing.
The cable, born as a private speculation, then a cartel's asset, then a
consortium's utility, has become in its latest age what the coaling station and
the oil concession were to earlier empires: infrastructure over which states

compete openly.

The concentration runs deeper than the vendors' names suggest, because the
whole system - cable, repeaters, the ships, the specialist crews - shares the
same narrow base. Newington's expansion is celebrated precisely because the
world's total manufacturing throughput is a binding constraint: there are years-
long queues for capacity, and the same few factories and the same few dozen
ships must serve both the hyperscalers' building boom and the developing
world's first connections. Whether four suppliers are too few is a fair question
without a cheap answer: the industry's concentration is the product of its
economics - oceans of capital, punishing technical risk, lumpy demand - and
the last great attempt to widen the roster, the dot-com era's new entrants,
mostly ended in the bankruptcy courts. For the foreseeable future, the glass
through which the world speaks will come from a short list of addresses. The

statesmen have noticed; the factories, for once, are the news.
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Chapter 29 - Geography and chokepoints

An undersea cable can go almost anywhere, and goes almost nowhere. Physics
permits any route; economics and geology permit few. Cables want short
crossings, gentle depths, soft seabeds far from anchors and trawls, stable
politics at both ends and a paying market in between - and the set of routes
satisfying all of that is small enough that the world's cables pile up in corridors,
and the corridors pile up at narrows. The map of submarine cables, for all its
web-like appearance, is a map of bottlenecks. The sea, which was supposed to
abolish geography, has produced a geography of its own.

The greatest of the chokepoints is Egypt. The shortest water route between
Europe and Asia runs through the Mediterranean, the Suez corridor and the
Red Sea, and so do the cables: the overwhelming majority of Europe-Asia
traffic - estimates commonly put it around ninety percent - crosses Egyptian
territory and the Red Sea's narrow trench, where more than a dozen systems lie
within a few hundred kilometres of one another [R31], several sharing nearly
the same line on the chart. Egypt is not merely a waypoint; it is a landlord. The
crossing is so valuable that cable transit has been, by wide report, one of the
country's dependable earners of hard currency - a revenue stream extracted
from traffic between two other continents that never touches an Egyptian
customer. Cables crossing it pay transit fees to the state-owned incumbent, in a
business arrangement that the pashas who taxed the overland telegraph
caravans would have found entirely familiar. The Red Sea is, besides, a bad
sea: busy with shipping, prone to dragging anchors, and since 2023 crossed by
a conflict zone - as the world was reminded in February 2024, when three
cables through the strait faulted within a short span and months passed before

repair ships could safely enter.

The Luzon Strait, between Taiwan and Luzon, is the Pacific's equivalent: the
corridor through which nearly all traffic between East Asia and the rest of the
world must thread, an earthquake zone where a single 2006 magnitude-7 event
snapped multiple cables at once and slowed Internet access across a dozen
economies for weeks. [R60] The Strait of Malacca, the Suez's twin at the other
end of the Asian sea-lanes, concentrates the same risk in water so shallow and
busy that burial and routing are permanent negotiations. And beyond these
grand narrows lie the quiet national chokepoints: islands and coastal states
served by one or two cables, for whom a single trawler's anchor is a national

event.

WHY THE WEB IS NOT A WEB

The comforting word for the cable network is "mesh," and on the great

corridors it is one: lose a cable across the Atlantic and a dozen systems absorb

86



the traffic. But the mesh thins with brutal speed as one moves away from the
richest routes. Many Pacific islands ride a single cable; several African coastal
states rode one apiece until well into the 2010s; whole archipelagos plan their
resilience around the calendar of repair ships based half an ocean away.
Redundancy, in this business, is a luxury good, purchased in proportion to
traffic - which is to say, in inverse proportion to the need of the places that lack
it. The chokepoints are where the map tells the truth about that: the cables
drawn thickly through Suez and Luzon are the world's wealth showing on the

chart, and the single thin lines elsewhere are its absence.

The industry knows all of this, and the knowledge shapes current construction:
new routes through the Arctic, across the Pacific on novel latitudes, down the
Red Sea's alternates on land through the Arabian peninsula - each an attempt to
buy a way around geography. Landing points concentrate for the same reasons
routes do. A landing station needs power, backhaul, security and a welcoming
regulator, and so the world's cable capacity pours ashore through a short list of
places - Singapore at the hinge of Asia, Marseille for the Mediterranean, a few
beaches in Florida, Cornwall's coves still in service after a century and a half -
each one a cluster of buildings whose failure or closure would be felt across
continents. The chokepoint, in the end, is not always water. The attempts to
buy a way around geography are expensive, and they succeed partially,
because the geography being routed around was never only physical. It is also
the geography of who will let you land, who will let you repair, and whose

water you must cross to get home.
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X. BREAKS, SPIES AND WARS
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Chapter 30 - Faults

The submarine cable is an engineered object in an un-engineered environment,
and it fails on schedule. The industry's own international body puts the
worldwide count at roughly one hundred and fifty to two hundred cable faults
a year [R28] - somewhere around three a week, every week, as a matter of
routine. The network does not collapse under this because it was designed
around it: traffic re-routes, repair ships sail, splices are made, and the world
notices nothing. The interesting questions are what breaks the cables, what
happens when several break at once, and what it means that the repairs depend

on a handful of ships.

The causes sort into a short, stable list. The great majority of faults - seventy to
eighty percent on the accepted estimates [R28] - are external aggression, and
the aggressors are mundane: ships' anchors and fishing gear, the trawl boards
and dredges that work the continental shelves. This is why the industry's
defensive arts are arts of the shore approach - burial, armour, routeing around
fishing grounds, charts and notices to mariners - and why the deep ocean, for
all its pressure, is the cable's safest neighbourhood. Nature's share of the
remainder is more dramatic: submarine landslides and turbidity currents
triggered by earthquakes can snap multiple cables in one event, as the Luzon
Strait demonstrated in December 2006, when a magnitude-7 earthquake off
Taiwan broke systems across the strait and throttled Internet access from Hong
Kong to Australia for weeks. [R60] And sometimes nature writes a new
category: in January 2022 the eruption of Hunga Tonga-Hunga Ha'apai severed
both of Tonga's cables, international and domestic, isolating the kingdom
almost completely; the international link took five weeks to restore, the
domestic link far longer. [R54] A single volcano removed an entire country
from the map it had taken a century and a half to draw.

When several cables fail together, the latent geography becomes visible. In
December 2008 a cluster of breaks in the Mediterranean and off Sicily cut or
degraded much of the Middle East's and South Asia's connectivity for days
[R55]; whole countries discovered in an afternoon how few physical paths
their borderless Internet actually used. The multiple-fault event is the industry's
true stress test - a single break is a work order; three in one corridor are a
geopolitical event - and it is why route diversity, bought expensively in

advance, is the only resilience that matters on the day.

A word, too, on the most famous non-cause: sharks. Bites on cables are real
but historically rare - the industry's records attribute only a small number of
past faults to fish bites, and none in recent decades [R56] - and the modern
cable's construction long ago made the shark a rounding error. The legend

persists because it is a better story than the truth, which is that the most

89



advanced infrastructure on earth is mostly damaged by anchors, nets and
mudslides, the same hazards that troubled the Dover-Calais cable in 1850.

THE REPAIR AT SEA

The anatomy of a repair has changed remarkably little since the grapnels of the
nineteenth century. The break is localized electrically and optically from the
shore stations to within a kilometre or two; the repair ship - the nearest under
contract, which may be an ocean away - loads spare cable from its depot and
sails; on site, an ROV or a grapnel finds and recovers the cable ends; the
damaged section is cut out and a new length spliced in, fibre by fibre, in a
workshop on a moving deck; the splice is sealed, tested, and lowered back,
with a final bight of slack laid along the seabed. Weather permitting, the sea
time runs from days to a couple of weeks. The waiting, usually, is longer than
the work: ship availability, spare stocks, and - increasingly - permission to
enter the waters in question. The February 2024 Red Sea faults [R31], in a
zone where insurers and navies were watching for missiles, took months to

repair for reasons that had nothing to do with the technology.

The economics complete the picture. A single repair runs to a million dollars or
three; a repair ship costs tens of thousands a day whether or not it is mending
anything; and so the industry buys its resilience the way it buys its cable -
collectively, through standing maintenance agreements that keep ships on
retainer in each ocean district. It is a quiet, expensive, indispensable
arrangement, and it is where the physical Internet most resembles a public
utility: nobody's repair, everybody's bill, invisible until the day the map shows

three breaks in the same narrow sea.
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Chapter 31 - Listening in

A cable concentrates what a spy most wants: other people's words, in bulk, on
a single physical path. The submarine cable's history as an instrument of
intelligence is therefore as old as the cable itself - older than its use in war,
nearly as old as its first message. States have cut cables to blind their enemies,
tapped them to read them, and built whole programmes on the fact that the
world's confidences flow through a few hundred strands of copper and glass.
The story has three eras: the telegraph century, the Cold War's astonishing
underwater operations, and the fibre age, in which interception became

industrial.

The telegraph century taught the grammar of cable intelligence. Because cables
landed at a handful of stations, a power that controlled the stations read the
traffic: Britain's global network made London the world's listening post, and in
the First World War the censors at the cable hubs read or withheld the
commercial and diplomatic correspondence of half the planet. The war's
opening act at sea was cable warfare: within hours of the declaration in August
1914, a British cable ship hauled up and cut Germany's transatlantic telegraph
cables - by the older telling the Telconia off the Dutch coast, by more recent
scholarship a ship named Alert; the dispute about the name survives in the
record, the cutting does not. Germany's overseas communications were forced
onto wireless and neutral cables, both readable by British intelligence - an
advantage so large that historians still argue over its weight. Its most famous
dividend arrived in 1917, when the Admiralty's codebreakers read a German
offer to Mexico of the American Southwest - the Zimmermann telegram,
routed precisely through channels the cable war had left open - and passed it to
Washington. The deciphered cable helped bring the United States into the war:
a reasonable claim for the single most consequential interception in the history
of communications. The lesson entered every staff college: in the first hour of a

war, find the cables.

Ivy BELLS

The Cold War produced the most audacious tap ever placed. In 1971 the
United States Navy settled [R38] a specially equipped submarine, Halibut,
onto the floor of the Sea of Okhotsk - then regarded by Moscow as a Soviet
lake - and attached a recording pod to a military communications cable lying in
over a hundred metres of water. The tap itself was a small marvel: an inductive
device that read the cable's traffic from its stray electromagnetic field without
breaking the insulation - the cable was never opened, only eavesdropped, and
no signal on the line betrayed that it was being overheard. Operation Ivy Bells
ran for roughly a decade: divers and submarines periodically returned to

retrieve and replace the recordings, the Soviets none the wiser, until a
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disgruntled American intelligence employee sold the operation to the KGB
around 1980-81 [R38]. When a Soviet salvage exercise duly "discovered" the
pod, it went on display in Moscow. Ivy Bells remains the type specimen of
seabed espionage - the proof that even a cable on the bottom of a closed sea is
a surface exposed to anyone willing to go there - and it drove the quiet
subsequent history: tamper detection built into repeaters, armed patrols over
military cable routes, and, on the American side, at least one submarine

reported to have been fitted from the keel up for cable work.

THE FIBRE HARVEST

The third era began when the cables filled with the Internet. The disclosures of
2013 pulled back the curtain on programmes - the British Tempora among
them - that intercepted fibre-optic cables wholesale: hundreds of systems
tapped at or near their landing points, content and metadata buffered and sifted
in quantities measured in petabytes. The telephone tap on a named suspect had
become the bulk harvest of a medium, and the submarine cable - precisely
because it concentrates the traffic of nations onto a few fibres at a few beaches
- was the natural place to do it. The industry's response was encryption
everywhere, driven in part by the companies whose cables were being read; the
spies' response to the response is not public. What can be said is structural and
permanent: whoever can reach the wet plant, at a station or on the seabed,
stands before the richest single target in communications. The cable's

defenders know it. So does everyone else.
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Chapter 32 - The grey zone

Since 2022 the submarine cable has acquired a new public identity: suspect
object in a shadow conflict. A series of incidents - in the Baltic, the Red Sea,
the waters off Taiwan - has made "cable sabotage" a fixture of front pages and
summit communiques. The reality underneath the headlines is stranger and
harder: a genuine surge of damaging events, a few of them sinister in
appearance, none of them cleanly proven as state attacks [R9], all of them
exposing how thin the world's defenses are against a threat that hides inside the

ordinary traffic of the sea.

The Baltic supplied the emblematic cases. In October 2023 a gas pipeline and
telecom cables between Finland, Estonia and Sweden were damaged; the trail
led to a Chinese-flagged container ship that had dragged its anchor for a
hundred nautical miles across the seabed. In November 2024 two Baltic data
cables failed within a day, and another Chinese-flagged bulk carrier had
crossed both routes at the telling times [R8]; European warships shadowed it,
and investigators boarded the evidence where they could. In December 2024 a
power link and further cables went down, and Finland detained a tanker of
Russia's sanctions-evading shadow fleet. In each case the physical mechanism
was the oldest in the book - a dragged anchor - and in each case the question
was not what happened but whose will it served. Deliberate sabotage and
criminal negligence look identical on a chart; that is precisely what makes the

anchor the perfect grey-zone weapon, if it is one.

The Red Sea told a different version of the same story. In February 2024, three
cables through the strait faulted in short order [R31] while Houthi attacks on
shipping closed the zone; the leading theory tied the breaks to an anchor
dragged by a sinking, stricken freighter - unproven either way - and the repairs
waited months for ships able to enter a war risk zone. Off Taiwan, the pattern
repeats in miniature: the Matsu islands lost both their cables in February 2023
to two separate Chinese vessels in the same week - an improbable coincidence
that investigators attributed to accident - leaving some 14,000 residents [R32]
on degraded connections for nearly two months; Taiwanese authorities have
logged recurring cable damage around the island for years, much of it near

Chinese dredging and fishing activity.

THE ATTRIBUTION TRAP

Here the honest account must hold two truths at once. The industry's
international body states that it knows of no verified instance of deliberate
state-sponsored sabotage of a submarine cable - a bounded claim about what
has been proved, not a proof that nothing has happened. Against it stands the
pattern: the wrong ships in the wrong places, at the wrong times, flying flags of
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convenience, with plausible anchors and implausible luck. The structural facts
favour the grey zone: cables are unguarded, mapped, fragile, and legally
protected mainly by treaties with no police; a state that wished to harass an
adversary could hardly design a better instrument than an accident that cannot
be disproved. And the incentives run further than harassment. Maps of the
world's cables are, for intelligence staffs, maps of leverage - and the drills of
recent years, the shadow-fleet tankers loitering over cable routes, the unusual
attention paid by naval research vessels to the deep Atlantic, are read in that
light by the governments now scrambling to respond. In January 2025 NATO
launched a dedicated Baltic patrol mission over the cable routes [R52]; the
alliance and the European Union have stood up coordination cells for undersea
infrastructure; Taiwan, stung by Matsu, has poured money into backup
microwave links, extra cable routes and the tracking of suspect vessels over its
cables. Landing stations once designed to be anonymous are being fenced,
watched and counted as critical national assets. The first shots of both world
wars of the cable age - 1914 and the Cold War's quiet seabed - were fired in
this medium. Nobody has declared a third such war. The sea, as usual, is not

saying.
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Chapter 33 - Guarding the network

Who protects a thing that lies in no one's country, owned by consortia, carrying
everyone's secrets? The cable has posed this question to law for a century and a
half, and the honest summary of the answer is: patchily, with gaps, and lately
with alarm. The legal and physical defense of the submarine network is a
patchwork - old treaties, national zones, industry agreements, and above all
redundancy - and the present moment is a live argument about whether the

patchwork is enough.

The oldest thread is the 1884 International Convention for the Protection of
Submarine Telegraph Cables - one of the earliest pieces of international
infrastructure law, concluded when the network was young, and still
technically in force. [R59] Its premises define its limits: it obliged signatories
to punish their own nationals and ships for breaking cables, and assumed a
world of a few dozen cooperating states and cables owned by identifiable
companies under national flags. The convention's texture is pure nineteenth
century and rather charming: it regulates how close ships may approach cable
operations, requires cable owners to compensate a skipper who sacrifices an
anchor to avoid fouling a cable, and contemplates trials in ordinary national
courts. For eighty years it was nearly the whole of cable law, and it worked
tolerably because the threats it imagined - carelessness and the occasional
private vandal - were the threats that existed. The 1982 UN Convention on the
Law of the Sea layered modern architecture over it: freedom to lay and
maintain cables on the high seas and, with conditions, through other states'
exclusive economic zones; duties on states to protect cables and to criminalize
their willful damage; rules on compensation when anchors and nets do their
accidental work. Between the two instruments sits the problem. The law is
strongest where cables need it least - on the high seas, where little traffic
passes - and weakest where the danger is: in crowded territorial waters and
economic zones, where coastal-state jurisdiction, competing uses and plain
capacity leave enforcement to overstretched national agencies. And the whole
edifice was built against accident and private malice, not against states acting
through deniable commercial hulls - the grey zone sails through the gaps. Even
administration has become friction: permits to survey, to land, and above all to
repair now pass through security screens in many states, and a repair permit
slow-walked for months is, in effect, a way of keeping a rival's cable broken
without touching it. The law grants the right to repair; practice is learning to

bargain over it.

ZONES, CHARTS, AND THE HONEST DEFENSE

The practical defenses are more concrete. A few states have created statutory

cable protection zones - Australia pioneered the model in the waters off its
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landing beaches - inside which anchoring and trawling are simply banned, with
penalties that focus the minds of fishing skippers. Elsewhere the tools are
softer but real: charts and notices to mariners marking cable routes, industry
liaison with fishing fleets, agreements to route or bury around the busiest
grounds, surveillance of ship movements over known corridors, and the quiet
work of navies watching the watchers. The industry itself maintains the
standing repair arrangements that make damage survivable: zone maintenance
agreements, ships on retainer, depots of spare cable, the whole insurance-like

machinery described in the chapter on faults.

But the deepest protection is not law or patrol; it is arithmetic. Redundancy -
more cables on genuinely diverse routes - converts almost any single act of
malice into a non-event, and its absence converts an anchor into a national
emergency. This is why the policy debates of the 2020s, for all their military
vocabulary, keep landing on civilian conclusions: more routes, more landings,
more repair capacity, faster permits, better charts. The cable network's real
guardians are not warships. They are the planners who make sure that
somewhere under another ocean there is always another path - and they are, in
the end, playing the same game as the engineers of 1866, whose answer to the

fragility of one Atlantic cable was, simply and forever, two.
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XI. LiMITS AND FUTURES
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Chapter 34 - Cable versus satellite

Every few decades, the sky is going to kill the cable. It was true of beam
wireless in the 1920s, of the communications satellite in the 1960s, and it is
said today of the low-earth-orbit constellations - thousands of satellites pouring
broadband onto every square metre of the planet. The cable has outlived each
prophecy, and the reasons are not sentiment or inertia but physics, in three
quantities: capacity, latency, and price per bit. Understanding them explains
what satellites are genuinely for - which is a great deal - and why the ocean

floor's grip on intercontinental traffic is not loosening.

Capacity first. A satellite is one radio, sharing one slice of spectrum, with
everyone beneath it; a submarine cable is many fibres, each carrying many
wavelengths, each wavelength a private river. The numbers diverge
accordingly. A single modern cable system carries hundreds of terabits per
second by design; by rough industry comparisons, one such cable can match or
exceed the total throughput of an entire mega-constellation of thousands of
satellites. Spectrum is shared and finite; glass is neither. This is why the
world's data - an overwhelming majority of intercontinental traffic, on the
usual industry estimates - goes by sea, and why the fraction carried by satellite,

vital where it is vital, remains small.

Latency second. A geostationary satellite sits so high that a signal's round trip
takes over half a second - the audible beat in the satellite phone calls of the
coaxial era, which taught a generation what 36,000 kilometres feels like. Low-
orbit constellations fix that by flying low, and their latency is good: but the bits
still race between satellites and gateway stations in zigzag paths, while the
cable takes the geodesic. On the long haul between continents, fibre's path is

shorter, steadier and unshared.

And price per bit third. A cable's cost is nearly all upfront - a billion dollars,
say, for a system that then carries petabytes for a quarter-century, so that the
marginal cost of the next gigabyte rounds to nothing. A low-orbit constellation
is a subscription to entropy: thousands of satellites de-orbiting and being
replaced on a cycle of years, launches forever, terminals at every door. For the
rural household with no fibre, that arithmetic is liberation. For the trunk route

between continents, it cannot approach the cable, and does not.

History has run this experiment more than once. The first communications
satellites took a real bite out of transoceanic telephony in the 1970s - at the
peak, satellites carried a majority of transatlantic calls [R47] - and the cable's
obituary was drafted then too. Fibre reversed the tide within a decade of TAT-
8: voice, data and finally video drained back into the sea, and the satellite
retreated to the markets where its physics wins. The low-orbit constellations

are the same drama at higher resolution: a magnificent solution to the problem
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of the last thousand miles, mistaken by its enthusiasts for a solution to the first

six thousand.

WHAT THE SKY IS FOR

None of this makes the satellite a failure; it makes it a different instrument.
Satellites reach ships, aircraft, islands too small for a cable's economics, poles
the cables cannot cross, and disaster zones whose cables are in pieces. When
Tonga's cables failed in 2022, satellite links carried the first thin trickle of the
kingdom's reconnection. A constellation can serve a moving ship or a front
line; a cable cannot move and does not try to. The two systems interlock:
satellite gateways are themselves cabled into the terrestrial network, and the
constellations' ground stations are, in effect, landing stations of another kind.
The honest summary is complementarity with an asymmetry: the sky is the
network's universal last resort and only resort, for everywhere the sea cannot
profitably go - while the sea remains the main road. The prophecies fail, in the
end, because they mistake coverage for capacity. The sky is wide; the ocean is

deep; and the world's data flows downhill, into the deep, where the glass is.
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Chapter 35 - The physics ceiling

Is there a limit? For seventy years the answer has been an embarrassed yes-but:
every time the industry approached a wall, someone moved the wall.
Retardation limited the telegraph until Thomson understood it; noise limited
the coaxial cable until fibre replaced it; the regenerator's speed limited fibre
until the amplifier freed the terminals. But the current wall is of a different
character. It is not a limit of today's engineering. It is written into the
mathematics of information and the physics of glass, and the debate about it is

one of the more interesting quiet arguments in modern technology.

The mathematical half was stated by Claude Shannon in 1948 [R67] - at Bell
Labs, the same institution then learning to put amplifiers on the seabed, in one
of the neater coincidences of the century: a channel of a given bandwidth,
afflicted by a given noise, can carry at most a calculable number of bits per
second, no more, however clever the coding. For most of the fibre era,
submarine systems operated so far below their Shannon limit that the limit was
a theorist's toy. The closing of that gap is the technical story of the 2010s:
coherent detection, soft-decision error correction and probabilistic shaping
brought commercial systems to within a factor or two of the theoretical best for
a single fibre - a triumph that is also a warning, because there is nowhere

further to go along that axis.

Worse, the fibre itself imposes a ceiling that copper never knew. Push more
power into glass to shout over the noise, and the glass answers back: at high
intensities the fibre's refractive index itself shifts with the signal, and the light
scrambles its own phases - nonlinear distortion that grows exactly as the
signal-to-noise ratio improves. The result is a cruel curve: too little power, and
noise wins; too much, and nonlinearity wins; the optimum sits in between, and
it fixes, for a given fibre and distance, a maximum capacity per fibre.
Researchers argue about the exact number - it depends on fibre design,
distance and assumptions - but not about the curve's existence. On a single

fibre across an ocean, the ceiling is real and it is near.

THE WAY AROUND: MORE FIBRES

The industry's answer has already appeared in this book, wearing its
engineering clothes: space-division multiplexing. If one fibre is capped, use
many; if power per fibre is the constraint, spread the traffic thin across sixteen
pairs where the 1990s would have used two. The modern cable's architecture
is, in effect, a negotiated settlement with Shannon. And the settlement explains
the research frontier: fibres with multiple cores inside a single strand; hollow-
core fibres in which light travels through air rather than glass, trading today's

attenuation for tomorrow's headroom; amplification across wider spectral

100



bands, doubling the usable window of wavelengths. There is also the power
bill, which quietly shapes everything. A transoceanic system runs its repeaters
on a few kilowatts fed from the shore - astonishingly little for the traffic
carried, which is why the cable is, per bit, the most energy-frugal
communications technology ever fielded. But the shore feed cannot grow
without bound: the conductor's voltage and the repeaters' thirst set their own
budget, and the SDM trade - more pairs, less power per pair - is partly a budget
negotiation. Energy, information and glass are the three constraints, and they
are one constraint seen from three sides. None of these is yet the workhorse of
the oceans. All of them are being pursued with the seriousness of an industry
that can see the wall and intends, once again, to move it.

Whether the wall matters economically is a separate and livelier question.
Alarmists have periodically predicted a capacity crunch - demand outrunning
the physics - since the early fibre era, and have been wrong every time,
because cables are added and fibres multiplied. The honest position is this: per
fibre, the ceiling is near and real; per cable, it is far and soft, because pairs can
be added while ships can lay them; per ocean, there is no ceiling in sight, only
a price. The limits of the submarine cable, like most limits that matter, will be
encountered first as economics - and the economics, as the next chapter shows,

are being rearranged by where the cables are going next.
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Chapter 36 - New territory

The map of the next cables is being drawn by three forces: warming seas,
watching states, and a scientific afterthought that may turn out to be the cable's

second career.

The Arctic is the century's new route. As the ice retreats, the shortest path
between northern Europe and East Asia - through the Northwest Passage or
along Russia's Arctic coast - shifts from impossible to merely hard, and
projects to lay it are moving from prospectus to survey: a fibre line through the
Canadian Arctic connecting Japan to Europe, Scandinavian proposals across
the pole, and an already-operating cable along Alaska's north coast that serves
communities the rest of the network never reached. The politics are as frozen
as the ground: the Russian coastal route, once the obvious choice, is entangled
in sanctions, and the Northwest Passage alternative threads through some of
the most delicate indigenous and environmental jurisdictions on earth. The
Arctic promises real savings in latency - the polar path between Tokyo and
London is thousands of kilometres shorter than the route through Suez - and
real new risks: ice scour in the shallows, seabeds barely surveyed, winters in
which no repair ship can reach a fault for months. The engineers who price
those risks will decide whether the Arctic becomes the next great corridor or
remains a niche. Either way, climate change has begun, quietly, to edit the

cable map.

The ice edits it in two directions at once. Retreat opens the routes; but ice is
also the Arctic's trawl board - pressure ridges plough the shallows with keels of
frozen sea, and an Arctic cable must be buried deeper, armoured heavier, and
routed around scour zones whose tracks are written across the chart. The
engineering case therefore runs on burial depth and survey quality, and the
business case on patience: a fault in November may wait for a repair window
until spring, an outage length the lower latitudes have not tolerated for a

century.

THE CABLE THAT LISTENS

The second career began with a realization: a submarine cable is already the
largest sensor mankind has ever deployed, and it is being used for nothing. Ten
thousand kilometres of glass, exquisitely sensitive to strain and temperature,
lying across ocean basins where science has almost no permanent instruments -
the seismologists could not help noticing. Two approaches have followed. The
retrofit is distributed acoustic sensing: by interrogating an ordinary fibre - even
a spare, dark one - with the right laser, researchers have turned existing cables
into arrays of virtual seismometers, no hardware in the sea at all. The published
demonstrations read like parlour tricks with instruments: earthquakes detected
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and located from a cable off California, individual whales tracked for hours
along a fibre in Norwegian fjords, storms heard rolling across the shelf. Every
one of them was done on cable that was earning its keep carrying data. The
purpose-built version is the SMART cable - Science Monitoring And Reliable
Telecommunications - in which temperature, pressure and acceleration sensors
are designed into the repeaters themselves, so that every new cable laid also
extends a planetary instrument network: tsunami warning, deep-ocean
temperature, seismic monitoring, riding free on a commercial asset. An
international task force - an unusual alliance of the telecom union,
meteorologists and disaster agencies - has spent years nudging SMART from
prototype toward standard practice; pilot systems are in the water, and the first
full SMART ring, circling a stretch of the Atlantic near Portugal, is funded and
in development. [R51] The obstacle is not technology but habit: a cable
consortium buys capacity, and someone must decide that the planet's sensors
are worth a line item. The case is strong - a global SMART network would cost
a rounding error against the cables themselves and return the best early-
warning system the oceans have ever had - but the case must be made cable by
cable. If the habit takes, the next generation of cables will be the first

infrastructure in history that pays for its own planetary science.

And the watching states? They are building too - sensor cables with no
commercial traffic at all, seabed arrays for hearing what moves above them, in
a quiet renewal of the Cold War's underwater listening. The cable's first 175
years carried words, then voices, then light. Its next may carry something

stranger: the ocean's own heartbeat, and the footsteps of everyone crossing it.
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Chapter 37 - Conclusion: the wired ocean

In August 1858, when the first transatlantic cable carried its few hundred
flickering words, the celebration consumed itself in a way that feels, in
retrospect, like the modern world announcing its own birth too early:
fireworks, sermons, a public holiday's worth of rhetoric about the annihilation
of distance - and then silence, within weeks, as the cable died. The lesson the
promoters drew was about insulation and induction coils. The lesson the
century taught was larger. The cable had not failed by promising too much. It
had failed by arriving before the engineering could keep its promise - and
everything it promised has since come true, more completely than its wildest
advocates imagined. Distance was annihilated. It just took a hundred and
seventy-five years, three generations of technology, and a million and a half

kilometres of glass on the seabed.

This book has followed that thread from a latex tapped in Malayan forests to
terabit rivers named for scientists, and certain patterns have repeated so
reliably that they amount to the cable's laws. First: every era believes its
network is finished, and every era is wrong - the telegraph network was
complete in 1902, the coaxial network was at its ceiling in 1983, the fibre
network was over-built in 2002, and each time the demand found the capacity
and ate it. Second: the cable's physics is always also its politics - gutta-percha
was an empire's botany, the All Red Line was strategy disguised as
engineering, and today's map of glass is a map of data centres, subsidies and
sea power, read by admirals as carefully as by investors. Third: the sea forgives
nothing and forgets nothing. The same anchors, mudslides and insulation
failures recur across the centuries; the same discipline - survey, armour, burial,

slack, test, log, repair - is the only technology that has never been superseded.

THE PEOPLE

A history of a technology is always secretly a history of its people, and the
cable's people have a consistent character across the centuries: skilled, patient,
sea-going, and obscure. The operators in the darkened instrument rooms,
reading a dancing spot of light at four words a minute; the cable hands in the
tanks of the Great Eastern, knee-deep in coiled iron; the jointer at his bench on
a rolling deck, closing a splice that must hold for twenty-five years; the route
engineer with her charts, the repeater physicist, the crews of the repair ships
who sail toward the fault while the world's traffic holds its breath. The network
feels automatic. It is not. It is a million and a half kilometres of hand-finished
work, tended in perpetuity, and its invisibility is the product of their visibility
to one another: an international guild, small enough to know itself, that has
now kept the world's conversation running without interruption for longer than

anyone alive has been speaking.
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WHAT TO WATCH

If the patterns hold, the next decade's story will be written in three places. In
the supply chain, where four vendors and a few dozen ships strain against a
building boom and the governments that now treat them as strategic assets; the
queues at Newington and Calais will shape the map as surely as any router. In
the chokepoints, where the grey zone's dragged anchors have taught the world
that the network's weakest link is not technology but permission - to lay, to
land, to repair - and where the response, redundancy bought in advance, is old
wisdom newly priced. And at the physics ceiling, where the settlement with
Shannon will be renegotiated with more pairs, wider bands and stranger fibres,

because it always has been.

Beneath all three runs the oldest fact in the book, the one with which it began.
The world's conversation travels under the ocean not because anyone romantic
about the sea planned it so, but because the sea turns out to be the one place on
earth where a thread can lie untouched for decades - cold, dark, still, and
unowned. The cable is the most successful infrastructure ever built precisely
where humans cannot go. When you next send a photograph across the world,
or read news from another hemisphere, or ask a machine a question and take
the instant answer for granted: somewhere under an ocean, in absolute
darkness, a pulse of light is being caught, renewed, and sent on - as it has been,
in one form or another, since the first gutta-percha thread sank into the

Channel, and the world wired itself together under the water.
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Chapter 38 - A cable glossary

Armour - the steel wire wound around a cable for strength and protection;

heavy near shore, omitted entirely in the deep ocean.

Attenuation - the weakening of a signal with distance; in glass, the loss of light

per kilometre, beaten by purification in the 1970s.

Backhaul - the terrestrial connection between a cable landing station and the

wider network.

Bandwidth - the range of frequencies a channel carries; loosely, its information

capacity.

Beach manhole - the buried chamber at the shore where the sea cable is jointed
to the land cable.

Branching unit - an undersea module that splits one cable system to serve three

or more landing points.

Burial - placing the cable beneath the seabed, usually to about a metre, for
protection against anchors and fishing gear.

Cable landing station (CLS) - the building where the submarine system

terminates ashore; houses the power feed and line terminal equipment.

Cable ship - a vessel fitted to lay or repair submarine cable; the working fleet
numbers only in the dozens.

Capacitance - the cable's storage of charge between conductor and sea; the

cause of signal retardation in telegraph cables.

Clump anchor - a weight used to pin cable ends or recovered dead cable to the
seabed.

Coaxial cable - a conductor inside a conducting tube; the telephone-cable

design used undersea from 1956.

Coherent detection - optical reception that reads light's phase and polarization,

not just its intensity; multiplied per-fibre capacity in the 2010s.

Consortium - the joint-ownership model by which carriers shared a cable's cost
and capacity; dominant from 1956 into the 2000s.

Design capacity - the maximum traffic a cable system could carry with the best
available terminal equipment; compare lit capacity.

Distributed acoustic sensing (DAS) - interrogating a fibre with laser pulses to

use it as a continuous vibration sensor.
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Dry plant - everything on land: landing stations, terminals, power feed.

Compare wet plant.

Duplex - working a channel in both directions at once; on telegraph cables,

achieved with balancing networks.

EDFA - erbium-doped fibre amplifier; amplifies light directly in a short section

of doped fibre, without electronics at signal speed.

EEZ - exclusive economic zone; the 200-nautical-mile belt where coastal states

hold resource rights and cables require their toleration.

Fault - any failure of a cable; worldwide, roughly 150-200 are recorded each

year.

Fibre pair - two strands of glass carrying traffic in opposite directions; the

basic unit of modern cable capacity.

Grapnel - the hooked tool dragged by a ship to find and recover a cable from
the seabed.

Gutta-percha - the Malayan tree latex that insulated the first century of

submarine cables.

Inductive loading - coils or magnetic tape added to a cable to cancel
capacitance over a band of frequencies; extended telephony but could not

bridge oceans.

Jointer - the craftsman who splices submarine cable; a modern fibre jointer

works to tolerances of microns on a moving ship.

Landing point - where a cable comes ashore; physically a beach, legally a

jurisdiction, commercially a market.

Lit capacity - the capacity actually switched on and carrying traffic; compare

design capacity.
Loading coil - see inductive loading.

Maintenance agreement - a standing contract keeping repair ships and spare

cable on retainer for a zone of ocean.

Mirror galvanometer - Thomson's 1858 receiving instrument, reading faint

cable signals as a moving spot of light.

Plough - the towed subsea vehicle that cuts a narrow furrow and lays the cable

into it in one pass.

Power feed equipment (PFE) - the shore plant that drives a steady direct

current down the cable's conductor to power the repeaters.
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Pre-lay grapnel run (PLGR) - the clearance sweep that removes nets, wire and

dead cable from the route before laying.

Regenerator - a repeater that detects and retransmits a digital signal rather than

merely amplifying it; used in early fibre systems.

Repeater - any in-line device that restores a fading signal; housed in steel on

the seabed, powered from shore.

Retardation - the smearing and slowing of signals by a cable's resistance and

capacitance; the central problem of telegraph cables.

ROV - remotely operated vehicle; the tethered submersible that inspects, buries

and repairs by jet and manipulator.

Shannon limit - the maximum information rate of a channel of given

bandwidth and noise; fibre systems now approach it.

Siphon recorder - Thomson's 1867 instrument that drew received signals in ink

on paper tape; standard into the twentieth century.

Slack - the extra cable laid beyond the straight-line distance, so the line

conforms to the seabed and can be recovered for repair.

SLTE - submarine line terminal equipment; the shore electronics that light the

fibres.

SMART cable - a cable with scientific sensors (temperature, pressure,

acceleration) built into its repeaters.

Space-division multiplexing (SDM) - adding capacity with more fibre pairs

rather than more signalling per fibre; the modern direction.

Splice - the joint between cable sections; a modern fibre splice fuses glass

strands end to end.
Submarine plough - see plough.

Turbidity current - a submarine landslide of suspended sediment; the great

natural breaker of cables.

Wet plant - everything in the sea: cable, repeaters, branching units. Compare

dry plant.

Wavelength-division multiplexing (WDM) - carrying many distinct

wavelengths of light in one fibre, each an independent channel.

108



