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How the Telegraph and the Telephone Formed a Worldwide
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INTRODUCTION

Alessandro Volta’s invention of the electro-chemical battery in 1800 launched new and revolutionary
investigations of the phenomenon of electricity. Used almost exclusively in research laboratories for
thirty years, early 19t century European and US scientists discovered that electricity and magnetism
were somehow coupled and could be put to work. By 1825, scientists knew that a battery-powered
electric current traveling in a wire wrapped tightly in a coil around an iron bar would magnetize the iron,
enabling it to move pieces of metal and even lift heavy weights. By 1832, Michael Faraday and Joseph
Henry had independently discovered that a magnet moving in a solenoid, or coil of wire, would induce a
current in the wire and produce an electromotive force. With the discovery of induction, a new and
technologically revolutionary era was born.

The electromagnetic telegraph was the first practical result of this new era. Its impact was perhaps
comparable to Guttenberg’s invention of the printing press four centuries earlier. In the mid-1840s the
telegraph, followed a generation later by the telephone, started a long and still unfolding process of
continuous creation of new forms of instant communication, a process we take for granted, but
unprecedented when it began. Within scant decades, the first telecommunications industries had
utilized millions of miles of electric wire that crossed all continents except Antarctica, as well as the
world’s oceans and sea floors, “belting” the world with electromagnetic “lines of force” and becoming
ubiquitous wherever humans lived. As they penetrated society, telegraphy and telephony powerfully
shaped a new and increasingly urgent value — speed. The telegraph and telephone not only profoundly
altered human relations on a global scale, but also launched a long, ongoing process of altering Earth’s
natural electromagnetic environment. Starting in the late 1870s, the alteration of the electromagnetic
environment was also significantly intensified by the emerging electric light and power industries whose
lines, radiating even more powerful electromagnetic force, competed for space with the more
established lines of existing 19t century telecommunications industries.

In part because electromagnetism is invisible, the pervasive environmental transformation it has
brought about is little understood, even today.

How did these momentous developments begin?
INVENTING THE TELEGRAPH

Historian of telegraphy J B Calvert tells us, “Practical electromagnetic telegraphy arose in Germany,
England and the United States at about the same time and more or less simultaneously” in the late
1830s and 40s and “rested on a common foundation of technical knowledge” [1]. Within a year of the
publication of Faraday’s first seminal paper on induction, two eminent German scientists, Karl Friedrich
Gauss and Wilhelm Weber, had set up “the first operational telegraph line.” The simple network ran a


















As London went, so went the world, and in cities everywhere “forests of overhead wires tangled their
way between housetops, church steeples, and chimneys, to which they attached themselves like vines.
And from those vines hung electric fields that blanketed the streets and byways” below [15]. The electric
fields “beneath these earliest telegraph wires were,” researcher Arthur Firstenberg estimates, “up to
30,000 times stronger than the natural electric field of the earth at that frequency.” Firstenberg also
calculates “that the magnetic field from a single early telegraph wire would have exceeded the earth’s
natural magnetic field at that frequency for a distance of two to twelve miles on either side of the line”
[16].

To the terrestrial land-line mazes was soon added the explosive growth of submarine cables. The
abortive first transatlantic cable laid between Ireland and Newfoundland in 1858 had been celebrated
by a contemporary source “‘as the greatest event in the present century ... the whole earth will be
belted with electric current, palpitating with human thoughts and emotions. It shows that nothing is
impossible to man’” [17]. Due to scientific and technical misconceptions, the cable soon failed to
function. Eight years later, in 1866, the first successful transoceanic cable was finally and dependably
laid, thanks largely to the oversight of England’s foremost physicist, William Thomson.

Thomson was “one of the few thinkers then taking Faraday’s vision seriously,” meaning Faraday’s
concept of “invisible force fields” that filled all of space, and when activated by a battery, mysteriously
“pushed the current forward” in a wire. “The ‘sparks’ (the electrons) that tumbled along inside a wire
didn’t move by their own power but were transported as though by an invisible flying carpet...the
invisible force field” [18]. (Electrons were not discovered until 1897. Before then, some electricians
believed indissoluble atoms were the smallest units that constituted an electric current, manifest as
sparks.) Thomson believed a force field emerged from a battery and “would travel partly within but also
alongside any wire stretching ahead of it” and — here is where he departed from conventional electrical
knowledge — the field “would take up position along the whole length of the wire, very quickly [at the
speed of light], and then it would reach in and pull forward any charged particles ... it found near its
path.” To Thomson, as to Faraday before him, the force field was “almost a living thing, constantly
writhing and twisting” as it bore its “incredible pulling power” along the course of a conducting wire
[19].

It was because of his respect for the invisible force field that Thomson succeeded in one of the most
significant and difficult engineering projects of the century, a transatlantic cable that permitted
instantaneous intercontinental communication. “Thomson didn’t know what exactly was inside the
copper core [wire] ... but he did know that whatever carried the electric current there was almost
ineffably light in weight, so much so that the finest jeweler’s balance scales couldn’t detect it” [20]. And
so, unlike the electrician Edward Whitehouse, his predecessor, who had used greater and greater
voltages in the botched attempt to bridge the ocean span in 1858, shorting out the line, Thomson used
relatively little power to send Morse’s coded messages 2000 miles beneath the sea.

Thomson’s method worked. The 1866 transatlantic cable “was hailed as ‘the most wonderful
achievement of our civilization’” [21]. Two years later Malta was connected to Alexandria beneath the
Mediterranean Sea and “[n]ew cables were being laid all over the world ... Cables reached India, Hong
Kong, China, and Japan in 1870; Australia was connected in 1871, and South America in 1874” [22].
Within 30 years of Morse and Vail’s first long-distance telegraph between Baltimore and Washington,
DC, “there were over 650,000 miles of wire, 30,000 miles of submarine cable, and 20,000 towns and
villages were on line.” By 1880, “there were almost 100,000 miles of undersea telegraph cable” [23].






By the early 1870s, the telegraph’s vast and expensive infrastructure was being challenged by mounting
traffic demand. Charles Wheatstone’s “electric Jacquard” or automatic telegraph used a perforated tape
that reduced transcription errors and speeded up transmission. In the 1870s, the automation of the
telegraph began to grow, having started with Wheatstone’s invention; in 1871 the duplex doubled the
traffic capacity of a line; in 1874 Thomas Edison’s quadruplex doubled capacity again. These
developments accelerated the growth of online traffic and “meant that current flowed at all times” so
that electricity became a constant “presence in the average urban dweller’s life” [25].

In this intensifying climate, merchants and bankers, statesmen and diplomats, generals and admirals,
newspaper editors and reporters, among others, became effectively addicted to continuous information
updates, updates that forced businessmen, in particular, to “be continually on the jump” [26].

Despite the growing societal addiction to telecommunication speed, no one was ready for the next
wired-technology revolution, which not only allowed instantaneous two-way information exchanges but
carried instant telecommunications beyond business, commercial, and governmental users into private
residences.

This revolution arrived on what, in retrospect, seemed like gossamer wings.
BELL’S INVENTION OF THE TELEPHONE

Early proponents for the telephone assumed “that discrete electrical pulses, not a continuous current,
should be used to transmit information,” as was done by the dominant telecommunications technology,
telegraphy [27]. But early prototypes, such as Johann Philip Reis’s telephone (1861), could not capture
the whole, complex sounds of human speech using the telegraph’s make-and-break circuits. The
electrical community of scientists and technicians — collectively called “electricians” during the 19+
century — had “pronounced the telephone an impossible thing” [28]. This false pronouncement was
made because electricians possessed only “a slight grasp ... of magnetic action and the interrelation of
the magnetic field and the electric current” [29]. As Bell himself later confessed: “‘Had | known more
about electricity, and less about sound, | would never have invented the telephone’” [30].

Trained and employed to teach the deaf to speak, Bell had a secure understanding of speech as vibrating
sound waves that varied along an almost infinite range of pitch or frequency. Sound waves compressed
the air, traveling along in energetic kinetic pulses: they could be felt, as well as heard. Bell used
vibrations to sensitize his deaf students to the world around them: “By clutching” a toy balloon “tightly
against their chests, deaf children could feel the vibrations of surrounding sounds,” such as the rumbling
noises made by potentially perilous horse-driven carriages on cobblestone streets [31].

Within a year of his arrival in Boston in 1871 to teach the deaf to speak, Bell read about the Western
Union Company’s offer to pay “a hefty sum” to the inventor of a telegraph system that could transmit
more than one message simultaneously over a wire. Before leaving England in 1870 Bell had already
learned that “a sound’s pitch relies on its frequency — how quickly it vibrates — and that everything has
its own natural frequency” [32]. In London a distinguished linguist had exposed Bell to the great German
physicist Hermann von Helmholtz’s “Sound Synthesizer,” an instrument that used electromagnetism to
keep tuning forks humming so that they “blended the tones...together to produce the complex quality of
the human voice” with its undertones and overtones [33]. From Helmholtz Bell learned, early on, about
electromagnetism’s relationship to sound.

By 1874, Bell had developed his idea of a “harmonic telegraph” that could send multiple simultaneous
messages of varying pitches over a single wire. Frequency or pitch in one object, such as a magnetized



vibrating reed at the transmitting end, could induce a “sympathetic vibration” in another magnetized
reed of the “same natural frequency” connected along the length of a wire to it at the receiving end
[34].

Trained in music as well as acoustics, Bell understood the principle of “sympathetic vibration,” and had
observed that by singing into a piano and varying his voice’s pitch he could make the piano’s
corresponding strings vibrate in response. He explained to one of his two benefactors and future father-
in-law, the well-known Boston attorney Gardiner Hubbard, “that if two pianos were connected by a
wire, striking a note on one would cause the same note to answer back on the other” [35]. What,
Hubbard asked, was the practical significance of that? Bell replied that one could telegraph messages,
each with a different pitch, simultaneously along a wire to a receiver whose waiting “tuning forks would
be tuned to [the] different frequencies” of the transmitted sounds [36].

Hubbard was captivated by Bell’s idea. With another Boston businessman, Thomas Sanders, also the
father of a deaf child Bell was teaching, they backed Bell’s idea of a “harmonic telegraph,” and formed a
partnership with him early in 1875. They also hired a talented 20-year-old machinist, Thomas Watson, to
help him with his invention. Hubbard was eager, it turned out, to break the monopoly Western Union
had on the telegraph.

But Bell himself had become “[e]nthralled by the elegance of the link between sound and electricity”
[37] and by the elusive possibility of making a radically new use of magnetically induced current to carry
a continuous, fluctuating sound wave that somehow mimicked the human voice: “‘theoretically you
might, by magneto-electricity, create such a current’ Bell claimed, but he did not yet know how to do it”
[38].

Aware of this impossibly impractical, competing interest of their young partner, the two businessmen
persuaded him to keep his focus on the harmonic telegraph and sent him to Washington to file a patent
for it. When Bell arrived in Washington, DC, on the first of March 1875 to file his patent, he visited
America’s foremost physicist, Joseph Henry, then head of the Smithsonian Institution. As we have seen,
Henry’s basic scientific insights had guided Morse’s commercial development of the telegraph, still the
world’s reigning electromagnetic communications technology. Dutifully, Bell discussed his ideas for the
harmonic telegraph. Numerous inventors, including Thomas Edison, were working on the idea of
different ways to send several messages simultaneously on a single wire, however, and Henry seemed
bored by Bell’s ideas for yet another form of the multiple telegraph.

Fortunately, Bell carried with him an apparatus consisting of “an electric wire stretching from a battery
and connected to a single tuning fork. By switching the battery on and off he could make the tuning fork
hum in various ways” [39]. This apparatus intrigued the old physicist, who invited Bell to return the
following day, when they spent the afternoon playing with Bell’s primitive machine. Toward the end of
the visit, they had a brief conversation Bell never forgot. “You are in possession of the germ of a great
invention,” the elder scientist told Bell, half a century younger, “and | would advise you to work at it
until you have made it complete’. ‘But,” replied Bell, ‘I have not got the electrical knowledge that is
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necessary.”” Henry’s laconic reply was, “‘Get it.”” [40].
The two imperative words were all Bell needed to persevere.

Bell’s path to discovering how an electric current could be made to carry the whole-sound complexity of
the human voice, with all its subtly differentiated tonality or timbre, was critically aided by the gift of
another scientist, Dr. Clarence Blake, who invited Bell to experiment with a HelImholtz Sound Synthesizer
in a lab at MIT. When Bell soon complained the human ear was more sensitive than Helmholtz’s









