
The history of voice before valves 
is one of the most fascinating 
adventures that unfolded during 

the embryonic years of our hobby.

As we tune across the crowded HF amateur 
bands with a sensitive modern communications 
receiver, it’s difficult to imagine the eerie hush 
that the set would have captured if we were 
magically transported back some 120 years. In 
parts of the spectrum, it would have picked up 
the cosmic noise that has pervaded space since 
the beginning of time; and crashes of distant 
lightning strikes and local precipitation static 
would have punctuated that constant hiss. But 
near centres of population the electrical noise 
from arc lamps, switches, leaking insulators and 
the first electric streetcars would have revealed 
that man was beginning to harness the new 
form of energy that would change the world.

In 1865, Clerk Maxwell had formulated 
the classical theoretical foundation for the 
understanding of electromagnetic waves, and 
by 1888 Heinrich Hertz had confirmed the 
existence of such waves and measured their 
properties, using spark gap transmitters with 
frequencies between about 50 and 500MHz. 
But Hertz thought that his work had no 
practical use, and it was left to Guglielmo 
Marconi, Oliver Lodge, William Preece, 
Reginald Fessenden, Lee de Forest, Karl Braun 
and others to pursue the application of these 
discoveries to the first practical systems of long 
distance radio communication. Enthusiastic 
amateur experimenters soon began to explore 
the wonder of wireless, and the first official 
radio amateur licences in the world were issued 
by the British Postmaster General (PMG) in 
June 1905.

The vital spark
Although he had many formidable rivals 
and competent supporters, and used the 
discoveries of several other inventors, the 
enterprising young Marconi is acknowledged 
as the outstanding initial driving force behind 
the widespread use of wireless telegraphy. 
The ambition, foresight and determination of 
the experimenter who once declared himself 
a radio amateur laid the foundations of the 
connected world in which we live today.

Feature

72 July 2017

From Spark to 
Speech – the birth of

wireless telephony

A simple Righi-style spark transmitter at Salvan in Switzerland, where Marconi carried out 
successful tests at a range of 1.5km in 1895. In 1897, Rodolfo Lonardi proposed to send speech 
by modulating the positions of the spark spheres.

Fessenden’s synchronous rotary spark gap transmitter was powered by a 35kVA alternator driven 
by a steam engine. The 1.5m diameter spark gap rotor had 48 electrodes.
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But, as with Hertz’s experimental apparatus, 
Marconi’s early transmitters were unable to 
generate continuous pure sinusoidal signals, 
since they relied on sparks to excite oscillatory 
currents in the antenna. They produced a 
train of damped waves with a typical spark 
repetition rate of a few hundred Hz. Indeed, 
Marconi’s first high power transmitter at 
Poldhu is believed to have had a second-stage 
spark rate of less than 5Hz. With such a low 
frequency spark train it was difficult to send 
the dots and dashes of Morse code at a useful 
speed, far less the nuances of human speech.

Despite Maxwell’s seminal work, the 
radiation of electromagnetic waves wasn’t well 
understood by many early experimenters. Even 
reputable scientists such as Ambrose Fleming 
(of diode valve fame), who was retained as 
scientific advisor by Marconi, postulated in 
his authoritative 1906 book that the impulse 
produced by a spark discharge (the so-
called ‘whip-crack effect’) was essential to 
cause radiation, whereas a continuous high 
frequency alternating current could not. This 
erroneous argument became progressively 
muted in later editions.

Continuous waves
However, on the other side of the Atlantic, 
the Canadian-born radio pioneer Reginald 
Fessenden appreciated much earlier the 
importance of developing ways of generating 
CW [1]. Although ultimately his commercial 
ventures were unsuccessful, Fessenden was 
a prolific inventor of extraordinary calibre. In 
1891, he experimented with multiplexed line 
telegraphy by sending sinusoidal signals of 
different frequencies generated by ‘dynamos’. 

This inspired his ideas about using CW at radio 
frequencies to support voice communication.

There was a second important reason why 
Fessenden believed that CW would prove 
superior to spark. Before radio amateurs 
were relegated to the ‘useless’ wavelengths 
below 200m, and in 1921 discovered 
short wave communication by multihop 
ionospheric reflection, reliable long distance 
communication was thought to require the 
use of frequencies between about 20kHz 
and 1MHz. (At lower frequencies antenna 
efficiency was poor, whereas at higher 
frequencies daytime absorption was found to 
severely limit the possible range). With their 
unstable frequencies and broad spectra, spark 
transmitters made poor use of this very limited 
bandwidth, and it was realised that many 
more stations would be able to operate without 
mutual interference if CW could be generated.

Some early wireless professionals were 
very supportive of radio amateurs. Fessenden, 
who later held the callsigns 1XS and VP9F, 
was a founding member of the NY Junior 
Wireless Club, which succeeded in averting 
implementation of the very restrictive Depew 
Wireless Bill in 1910. In Britain, Marconi and 
Fleming wholeheartedly backed the amateurs 
in their struggle to regain transmitting rights in 
the period immediately following WWI. Their 
efforts were fully justified just a few years later, 
when amateurs led the way in exploring short 
wave propagation.

High-speed spark gap transmitters
For his first voice experiments, Fessenden used 
a spark transmitter in which the Ruhmkorff 
induction coil was driven by a special 

interrupter that could operate at up to 10kHz. 
The interrupter was driven by microscopic 
incisions cut in a phonograph cylinder, and 
modulation was achieved by connecting a 
carbon microphone in series with the antenna 
lead. With this setup, he was able to transmit 
speech over a distance of 1.5km in December 
1900. What may have been the first intelligible 
voice message ever transmitted by radio was, 
“Is it snowing where you are, Mr Thiessen? If it 
is, telegraph back and let me know”.

No spark transmitter could generate 
true CW, but Fessenden obtained a cleaner 
narrower-band signal by coupling a 3-phase 
alternator to a rotary spark gap with 48 
electrodes, synchronised to fire in sequence on 
the positive and negative peaks of the output 
waveform. His station at Brant Rock, a small 
village near Boston, initially employed a steam 
engine driving a 35kVA alternator with a 
1.5m diameter synchronous rotary spark gap. 
Unlike that of her elder sister ship Olympic, the 
5kW Marconi transmitter of Titanic was also 
equipped with a synchronous rotary spark 
gap. This produced a distinctive musical tone, 
unlike the rougher sound of the asynchronous 
rotary spark gaps that were used at the time by 
many radio amateurs and most other Marconi 
stations.

In January 1906 Fessenden briefly 
established the first two-way transatlantic 
radiotelegraphy link, between Brant Rock 
and his station near Machrihanish on the 
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A small Poulsen arc AM phone rig. Note the arc chamber on the left and the six-head carbon 
microphone (rated for a maximum antenna current of 4A) on the central stand. The crystal receiver is 
behind the headphones on the desk.

This 1906 AM phone transmitter has a battery of 
six water-cooled arcs in series. The microphone 
with the large horn shunts the antenna coupler, 
and the electrolytic detector receiver board is 
behind the headphones on the table.
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Kintyre peninsula in western Scotland, but 
communication was sporadic and couldn’t 
be maintained during daylight hours or the 
summer months. (At that time, Marconi was 
also still struggling to establish a reliable LF 
transatlantic radiotelegraphy service. He 
only succeeded after the huge 300kW disc 
discharger stations at Clifden and Glace Bay 
became operational in October 1907).

As in today’s smartphone world, fierce legal 
battles over patent rights were commonplace 
in these early years, but many rivals also 
considered that intentional jamming was fair 
game. During one important demonstration 
of the Brant Rock system, competitor Lee de 
Forest hired an individual to operate a powerful 
arc in a building next to the station, blotting 
out reception. The individual was eventually 
located and bought off with liquor and food.

The Poulsen arc transmitter
The first successful CW transmitter was 
developed in 1903 by the Danish engineer 

Valdemar Poulsen, who is also credited with 
inventing magnetic sound recording. In his 
design the negative resistance of a burning 
arc maintained continuous RF oscillation in 
a tuned circuit that was connected directly 
across it. By applying a strong magnetic 
field perpendicular to the arc, frequencies 
up to 1MHz could be achieved, although 
the technique was most successful up to a 
few tens of kHz. For Morse telegraphy, FSK 
or absorption switching was used instead of 
on-off keying of the arc, precluding break-in 
operation. In 1905 Poulsen set up an AM 
phone station at his laboratory in Lyngby, from 
which Lorenz successfully transmitted speech 
over 370km to Berlin in 1909, using 12 
carbon microphones in series to modulate the 
5kW RF output. 

The Poulsen arc system was introduced to 
Britain by Nevil Maskelyne, who founded a 
rival company to Marconi’s and sparred with 
him frequently. History tells us that hacking did 
not begin with the internet: During Fleming’s 
1903 demonstration to the Royal Institution of 

the interference rejection afforded by Marconi’s 
tuning system (the practical embodiment 
of his famous four-sevens patent of 1900), 
Maskelyne broke into his receiver from a 
transmitter on the roof of the nearby Egyptian 
Hall. Being quite deaf, Fleming carried on with 
his lecture, oblivious to the derisive interfering 
messages from Maskelyne that were amusing 
his audience.

In 1907, a UK radio amateur called 
Anthony Hankey demonstrated wireless 
telephony to the War Office with a portable 
Poulsen arc transmitter powered by a dynamo 
driven by a petrol engine. He successfully 
transmitted voice (and song) over 29km from 
Aldershot to Midhurst; but in the years prior to 
WWI, and unlike the Admiralty, the Army was 
reluctant to adopt wireless. In 1910, Leonard 
Fuller, who had become a radio amateur at the 
age of 16, built a Poulsen arc to replace the 
synchronous rotary spark transmitter at Cornell 
Radio Club, making what may have been 
the first CW amateur radio station anywhere  
in the USA.

Although the Poulsen arc transmitter 
generated CW, its output waveform was not 
sinusoidal, so that it had a large harmonic 
content that was difficult to filter out. To 
encourage rapid de-ionisation the arc operated 
in an atmosphere of hydrogen gas or alcohol 
vapour. It has been said that in some British 
ships equipped with these transmitters, the 
alcohol had to be adulterated to discourage 
any of the seamen from consuming it!

The Alexanderson alternator
While Marconi, Cross and others initially 
refuted the idea that significant radiation 
could be produced by a continuous sinusoidal 
alternating current, Fessenden pursued his 
concept energetically, and from 1903 he 
financed the development of RF alternators 
by General Electric (GE). Although the theory 
of alternators was well established, this was 
a challenging task in view of the high speed 
at which the machines had to be run, and 
the hysteresis losses at high frequency. This 
contrasted with Poulsen arc transmitters, which 
were straightforward to build, but difficult to 
scale and optimise because the physics of the 
arc plasma was not well understood.

Using a hybrid alternator/quenched spark 
configuration, Fessenden achieved radio 
telephony communication over 40km in 
1904. Then in 1906, the Swedish-American 
engineer Ernst Alexanderson at GE succeeded 
in supplying him with an improved 50W 
75kHz alternator with a rotor of unique design. 
This prototype machine was eventually 
upgraded to achieve an output of 500W, and 
after 1917 much larger versions achieved 
200kW at 100kHz.

After the interruption for war work, 
Marconi negotiated the purchase of 24 
Alexanderson alternators from GE. But just 

The QRO Alexanderson alternator VLF transmitter at Varberg radio station in Sweden is still regularly 
on the air. (Photo courtesy SK6SAC).
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before the contract was signed in April 1919, 
Stanford Hooper of the US Navy intervened 
to block the sale, because he feared possible 
domination of worldwide communications by 
the British company. Instead, he orchestrated 
the establishment of the Radio Corporation 
of America which, under David Sarnoff 
from American Marconi, was to become 
effectively the corporate instrument of US 
communications policy. Nevertheless, in 
1920 GE did supply two 200kW alternators 
(out of a total of 20 manufactured) to upgrade 
the timed spark discharger transmitters at the 
Marconi station near Caernarfon in North West 
Wales. In the same year British manufacturers 
started the production of high power 
transmitting valves, and no more alternators 
were purchased by Marconi.

Initially there was such fear that the fast 
spinning rotors of Alexanderson alternators (up 
to 20,000rpm for 100kHz output) would fly 
apart that they were tested in a sandbagged 
bunker. But the alternators proved as reliable 
as a Swiss watch, and several continued to be 
used until well after WWII. The last transmitter 
at Grimeton in Sweden, which was in service 
until 1996, is still operated for special 
demonstrations, and on Christmas Eve every 
year, with callsign SAQ.

Amplitude modulation (AM)
In the days before AF (audio frequency) 
amplification by thermionic valves became 
possible, ingenious high power carbon 
microphone configurations were devised to 
directly modulate antenna currents of 20A 
or more. Fessenden is also known to have 
used a special high current telephone relay 
to modulate his alternator transmitter with 
local and remote telephones; and a condenser 
microphone to produce AM by detuning the 
antenna circuit. Water, oil, and forced-air 
cooled microphones were developed, as well 
as assemblies containing up to 20 carbon 
microphone cells with asbestos packing. 
Telefunken even attempted without success to 

use a cluster of 72 microphones to modulate 
directly 7kW of RF (radio frequency) power.

One design had a turret of four pairs of 
microphones that rotated 90° every two 
minutes to avoid any of them overheating, 
while another model continuously fed a 
stream of carbon granules from a hopper 
through the microphone cell into a collection 
cup. (At regular intervals, the contents of the 
cup had to be emptied back into the hopper). 
Later, ferromagnetic amplifiers were used to 
modulate RF outputs of over 50kW, as well 
as to regulate the speed of Alexanderson 
alternators to control the carrier frequency.

Transatlantic telephony
With their alternator running at about 60kHz, 
operators at Brant Rock regularly used AM 
phone to communicate with a testing station 
at Plymouth, some 16km away. In the autumn 
of 1906, Adam Stein at Brant Rock was 
instructing an operator at Plymouth how to 
run his alternator. He was astonished to learn 
some time later that his audio transmission 
had been heard so clearly across the Atlantic 
at Machrihanish that his voice could easily 
be recognised. To avoid premature disclosure 
of this achievement to the cable companies, 
what might be termed a ‘direct QSL’ reporting 
the reception was sent to the USA from 
Scotland by registered post.

This was nine years before AT&T claimed 
the first successful transatlantic telephony 
with highly publicised test transmissions 
from Arlington to the Eiffel Tower. But on 5 
December 1906, due to faulty guy-wire 
jointing, the 126m hollow tubular mast at 
Machrihanish collapsed in a severe gale, and 
it was never re-erected.

AM broadcasting
In January 1932, Fessenden belatedly 
claimed that he and his associates had made 
the world’s first public wireless broadcast 
of speech and music from Brant Rock on 
Christmas Eve 1906. A phonograph recording 
was transmitted, and Fessenden made a 
speech and played the violin. The programme, 
which was repeated on New Year’s Eve, was 
said to have been received by the operators 
of Fessenden stations on several ships along 
the Atlantic seaboard and in the Caribbean. 
From 1907 de Forest promoted the idea of 
broadcasting, and in order to boost sales of his 
radio apparatus, he made regular broadcasts of 
speech and music from 1915. But Fessenden, 
Marconi, GE, Telefunken, the GPO, the private 
telephone and telegraph corporations, and 
later major players such as RCA, all failed 
to foresee that public broadcasting would in 
due course become a huge activity compared 
with the narrower field of point-to-point radio 
communications.

Instead, it was the Pittsburgh radio amateur 
Frank Conrad who started the broadcasting 
revolution, when in April 1920 he began 
playing phonograph records on a regular basis 
from his garage station 8XK. Westinghouse 
soon saw the commercial possibilities, set up 
transmitter KDKA with a PA (power amplifier) 
of six 50W valves, and gave birth to what 
would rapidly grow to become a vast new 
industry. In Britain, many radio amateurs 
were broadcasting entertainment by 1921, 
although this was outside the terms of their 
GPO licences. In January 1922 official 
permission was finally granted for 2MT to 
broadcast regular concerts from Writtle, and 
this paved the way for the start of national 
broadcasting by the BBC later that year.  

Ingenious high power microphones were devised 
for the direct modulation of antenna current:
1) Rotating turret type. 2) 20 microphone cluster. 
3) Continuous carbon granules stream type.

Brant Rock shack in 1906. Adam Stein is on the left of the photo. The RF alternator is lower right, in 
front of the compressed air tuning capacitor. The receiver is on the left, the loudspeaker on the wall, 
and the high current telephone relay under the glass dome on the table.
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Detectors
During the early years of wireless, inventors 
developed a wide range of detector 
technologies, such as different versions of 
Branly’s coherer, the magnetic detector, 
and the hot-wire barretter. Many of these 
devices were designed to detect Morse 
signals from spark transmitters; so they had 
bistable characteristics and were not suited 
to the demodulation of speech. Fessenden’s 
electrolytic detector was one of the most 
sensitive of these early instruments, although 
Marconi continued to use the more rugged 
magnetic detectors until he began to adopt 
valves from 1912. Titanic was equipped with 
a Fleming diode valve receiver as well as the 
standard Marconi ‘Maggie’ and multiple tuner.

The simplest demodulator for AM phone 
signals is an envelope detector comprising 
an HF (high frequency) rectifier followed by 
a low pass filter and DC block. Karl Braun 
(who also invented the CRT (cathode ray tube) 
oscilloscope and phased array antennas) had 
observed the rectifying properties of a point-
contact diode as early as 1874. Semiconductor 
physics wasn’t understood at that time, and 
experimenters such as Greenleaf Pickard tried 
thousands of crystal and metal materials to find 
the best ‘cat’s whisker’ detectors by trial and 
error. Had Pickard stumbled upon the point-
contact transistor configuration during this 
work, the entire course of electronics during 
the first half of the 20th century would have 
taken a profoundly different course. In view 
of the cost, unreliability and high frequency 
limitations of early diode valves, it was crystal 
and carborundum detectors that initially drove 
the democratisation of wireless.

Heterodyning
Several methods were used to render CW 
Morse signals audible in early receivers, such 
as the crossed gold-wire ‘tikker’ interrupter 
devised by Peder Pedersen, a colleague of 
Poulsen. Fessenden invented the heterodyne 
method, patented in 1902, and that remains 
ubiquitous in amateur radio to this day. But 
he was initially without a signal source to 
implement a stable HF BFO (beat frequency 
oscillator). (Although de Forest invented 
the triode in 1906, the principle of positive 
feedback that led to the electronic oscillator 
and Autodyne receiver wasn’t discovered until 
1912). Despite the rather broad spectrum of 
the Poulsen arc, Fessenden used it as the local 
oscillator in a direct conversion receiver that 
was adopted by the US Navy.

Of course, the heterodyning principle came 
into widespread use after the invention by 
Edwin Armstrong, Lucien Lévy and others of 
the superhet, and the rapid expansion of radio 
broadcasting during the 1920s and 30s. As 
a result, Fessenden’s heterodyne patent, then 
controlled by Westinghouse and cross-licensed 
with RCA, became very important indeed, and 
it was the object of a storm of litigation, but it 
withstood repeated challenges in the courts.

The electronic age
Spark gap phone transmitters were of 
mediocre quality, while arc transmitters and 
RF alternators were restricted to the lower 
part of the spectrum. The key innovation that 
eventually made short wave phone operation 
readily accessible to radio amateurs was the 
invention by de Forest of the ‘Audion’ triode 
valve, which he patented in 1907, although 
it became apparent during the lengthy court 
battles with Armstrong over regeneration that 
he had only a rudimentary understanding of 
how it worked.

The early gas ionisation Audions were 
fragile, erratic in performance, and had a short 
filament life. It was not until Irving Langmuir 

developed the ‘Pliotron’ high-vacuum triode 
in 1913 that thermionic valves became really 
useful for CW oscillation, signal amplification 
and modulation. In that year, the first edition 
of Wireless World was published, and the 
London Wireless Club, forerunner of the 
RSGB, was founded with a Membership of 
four people. (By 1924 the RSGB had over 
1,000 Members, and today there are around 
22,000).

The hiatus for WWI was initially followed 
by a period of restrictive regulation in Britain. 
In October 1919 receiving was authorised 
again, but special permission from the PMG 
was required to use thermionic valves, which 
Ediswan had been manufacturing near Enfield 
since before 1916. Valves were hand-built 
and expensive, and some amateurs procured 
them from pirate manufacturers such as Elmer 
Cunningham, who initially made counterfeit 
triodes without a licence. But in 1920, Stanley 
Mullard started the production of transmitting 
and ‘R’ valves in Britain, prices began to fall, 
and the electronic age of amateur radio began.

When the first comprehensive post-war 
amateur station listing was published by 
Wireless World in August 1921, it showed 
that almost half of the stations were already 
equipped for phone operation, allowing more 
natural social contacts. Spark transmissions 
soon disappeared from the amateur bands, and 
were prohibited in Britain from 1924; while 
in the same year UK and US amateurs made 
the first transatlantic telephony contacts on a 
wavelength of 100 metres. The extraordinary 
journey from spark to speech had taken just 
20 years of exciting invention, experiment and 
discovery.
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Notes
[1] For brevity, I have used the abbreviation CW for 
continuous wave in its original literal sense, not its 
present-day signification of Morse code signalling 
as against phone operation.

All the photos are author’s own or in the public 
domain, with the exception of that which is 
credited to SK6SAC in its caption.

The production of Henry Round valves by Ediswan 
allowed compact AM phone rigs to be made. This 
elegant British 1914 set had a 10W T.N. valve 
oscillator (in the frame), and the receiver had a 
C valve regenerative RF amplifier followed by a 
carborundum detector.

The first transatlantic AM phone signals were 
received at this station near Machrihanish in 
November 1906. It was possible to climb to the 
top of the 126m hollow mast by an internal ladder.


