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			First Utterance

			




			In Francis Bacon’s unfinished utopian novel, New Atlantis, posthumously published in 1626, the British natural philosopher and “father of the scientific method” wrote of a place that had yet to exist, where scientists and sound researchers explored the nature of acoustics through the use of a new class of instruments, inventing never-before-heard sounds while conveying them across great distances. He wrote:

			


			We have also sound-houses, where we practice and demonstrate all sounds and their generation. We have harmonies, which you have not, of quarter-sounds and lesser slides of sounds. Divers instruments of music likewise to you unknown, some sweeter than any you have, together with bells and rings that are dainty and sweet. We represent small sounds as great and deep, likewise great sounds extenuate and sharp; we make divers tremblings and warblings of sounds, which in their original are entire. We represent and imitate all articulate sounds and letters, and the voices and notes of beasts and birds. We have certain helps which set to the ear do further the hearing greatly. We also have divers strange and artificial echoes, reflecting the voice many times, and as it were tossing it, and some that give back the voice louder than it came, some shriller and some deeper; yea, some rendering the voice differing in the letters or articulate sound from that they receive. We have also means to convey sounds in trunks and pipes, in strange lines and distances.

			


			It would be more than two centuries before Bacon’s so-called “sound houses” began to manifest.

			The history of electronic music is inseparable from the history of radio and telecommunications. Beginning in the nineteenth century, electricity opened up new worlds of sound, from the dits and dahs of Morse Code, to the crash of static and detuned voices heard over radio. Time and time again, the same breakthroughs and devices invented by electrical engineers for communicating in telegraphy, telephone, and radio were quickly adapted for use by musicians. Elisha Gray, one of the inventors of the telephone, heard music in the oscillating sounds of the telegraph, leading to his invention of one of the first electronic music instruments, the Electro-Harmonic Telegraph. Gray’s work prefigured the way oscillators would later be used as the basic building block for electronic sounds. Thadeus Cahill coined the word synthesizer and invented the first one that he intended to use to transmit music over the telephone. Lev Theremin’s work as a radio engineer led to him using antennas in his namesake instrument. 

			This book explores the ways the telecommunications field gave birth to electronic music as we know it today. We’ll discover how research into the transmission, compression, and synthesis of speech over telephone lines and radio waves gave birth to the techniques and tools now used as part of the standard kit in electronic music in particular, and music production in general. In this way, electronic music can be seen as the unintended, if happy, byproduct into research on the nature of speech and its electrical transformations.  

			As the twentieth century got underway, musical experiments by electrical engineers and radio engineers became increasingly common. They sought to transmute electrical energy into sound and a new category of electronic instruments emerged out of their curiosity. Recording technology in the form of wire recorders, phonographs, and magnetic tape later enabled them to play with sound, rearrange it, and investigate its properties in ways that had not been done before. Halim El-Dabh used wire recorders borrowed from Radio Cairo to creatively remix the sounds of a traditional Egyptian exorcism into music. Pierre Schaeffer started off as telecommunications engineer and quickly perceived the way in which the radio test equipment could be used to create audio laboratories where sound could be manipulated and explored. He invented the musique concrète style and established the GRM electro-acoustic music in conjunction with French national broadcaster Radiodiffusion-Télévision Française. 

			Schaeffer’s work created the template for the electronic music studios that followed in the way that they were allied to broadcast radio and television. The Electronic Music Studio where Karlheinz Stockhausen composed his groundbreaking experiments was made possible by Westdeutscher Rundfunk radio station in Cologne, Germany. The Nippon Hōsō Kyōkai broadcasting service in Japan followed suit to create their own electronic music studios, as did the BBC’s mythic Radiophonic Workshop. These stations and their studios became the original innovators of the genre, who performed their experiments and made a new kind of music that was perfect for transmission over the aether. 

			Meanwhile, Francis Bacon’s dreams were most fully realized in Murray Hill, New Jersey, where Bell Telephone Laboratories had their headquarters. They  became an inadvertent laboratory of music as their research into acoustics, phonetics, speech, noise, and information theory put their scientists on the path of writing the first programs to enable computers to synthesize music. 

			This book is divided into three parts. The first part, Telemusik, concerns the invention of instruments out of the telecommunications technology that brings the distant up close: from the beginnings of the telegraph and telephone, to the radio-frequency based sounds emitted by early high voltage arc lamps, sounds made by vacuum tubes and on to the radio engineering work that influenced Lev Theremin’s musical inventions. The experimental musical antics of George Antheil, his work with Hedy Lammar, and the subsequent invention of spread spectrum radio—the principle on which wifi networks are based—show how developments in the arts can influence engineering. 

			The second part of the book, The Synthesis of Speech, delves into the quest to compress speech so that more conversations could fit over the telephone wires, resulting in the invention of the voder and vocoder, which were first used in wartime cryptography before their musical characteristics were exploited. Meanwhile, the quest for fidelity, and the idea of making a machine that could listen to voiced instructions, as well as talk back, resulted in research that eventually led to the creation of the first singing computer. In time, vocoders and other principles around speech synthesis, such as linear predictive coding, led to innovation in avant-garde music circles and popular music alike.

			The third section of the book, We Also Have Sound-Houses, looks at the creation of the first electronic music studios in association with radio broadcasters and telecommunication companies: from the wire recorder experiments first done by Halim El-Dabh with equipment loaned from Radio Cairo, to the studios associated with Radio France, the BBC, and Columbia-Princeton in collaboration with the RCA Corporation, and the experiments at Bell Laboratories, Stanford, and IRCAM that gave birth to FM synthesis and the first computer programs written to mimic the human singing voice. 

			In its earliest years, electronic music was a distorted maze of vibrations. Madcap inventors attempted to trace their way through the lines of circuitry to create sounds out of the chaos. Later, researchers tasked with solving a specific problem often found themselves opening the door to a vast imaginary landscape they wouldn’t have even knocked on if the job hadn’t landed on their desk as assigned by a manager. Later still, the avant-garde sensibilities of artists on the fringes found a foothold in the studios where they were more likely to hang out with engineers than other musicians. The conductor Herbert Weiskopf was prescient when he wrote in 1926 of the “two opposing professions, which previously had no relation with each other, namely the electrical -particularly the radio- engineer and musician now engage with one another. Out of this marriage the ‘music engineer’ is born, which is seen as a paradox today, but tomorrow might be taken for granted.” He was right. The music engineer is now essential for everything, from live sound at clubs and concert halls, to the studios where records, television, film and video games are made. 

			 This is the story of how the musician and the engineer joined forces to create the electronic musicians and music engineers who have made themselves at home in the sound houses of Francis Bacon. It is the story of the telecommunications scientists and idiosyncratic composers who helped give birth to the wide variety of electronic music which continues to capture the imagination of dedicated listeners around the world.
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			1: Telegraphies

			




			Visible Speech

			Speech can be made visible as well as it can be made audible. The written word is the simulacrum of speech rendered to the sense of sight. Audible speech can also be written with a stylus, transcribed to wax cylinders, as Thomas Edison showed the world when he invented the phonograph.

			The father of “the father of telephony,” Scottish linguist Alexander Melville Bell was a man who worked hard to create a system of visible speech to be used by the deaf and hard of hearing. Thus his more famous son, Alexander Graham Bell, grew up in a household where phonetics, articulation, elocution, and linguistics abounded in the playground of the imagination. It is no wonder he went on to invent the telephone by developing a way to transcribe speech into electrical currents and make it audible again on the other side of a stretched wire. 

			This transliteration of words from one mode to another can be seen as part of the quest for a universal language that has been ongoing for over two millennia. Mystics, theologians, and philosophers had long been convinced that there used to be a universal language that enabled clear communication between people on all manner of topics, including the most erudite and complex. Some of these thinkers sought to rediscover a lost universal language, the original tongue people spoke before the fall of the tower of Babel, while others aimed to create one of their own. The invention of these languages was much in vogue in the nineteenth century, a game for intellectuals whose minds bent towards the way of words. As a linguist and teacher of speech, Alexander Melville Bell knew of these trends and devoted a portion of his life towards developing his own system.

			These interests in translating speech to electricity and back again can be seen in the work of his son, and later in the field of telephony as people worked to encode voices and develop machines that could recognize speech. This same impulse also led to the eventual development of machines that could synthesize speech and the creation of circuits that mastered the art of utterance. 

			Though overshadowed by his son’s frontier of interconnected wires and exchanges, the senior Bell’s creation of “Visible Speech” represents the first universal phonetic alphabet, and Melville Bell designed it so that it could depict the sounds from many different languages, as well as common sounds such as coughing and sneezing.

			Melville Bell was born in Edinburgh, Scotland, in 1819, to a father also named Alexander Bell. The original Alexander Bell was an expert on phonetics and speech disorders, and passed on his knowledge to his son, who studied under him and became his principal assistant. His work as an elocutionist took him from being a college lecturer in his hometown to Kingston, Ontario, and on to Boston, Massachusetts. His work centered on teaching college students, and providing elocution lessons to public speakers, deaf speakers, and those who had articulation problems such as stuttering. Today he would be known as a speech therapist. 

			In 1850, Melville Bell began working in earnest on his universal system of phonetics. The physiological aspect of speech was an area he chose to specialize in, and it became a key factor in the characters he created to represent sounds, making them iconic representations of the speaker’s physical actions. Those who had worked on phonetic alphabets before him focused on place, manner, and voicing, and Melville Bell kept with this tradition. 

			The Bells were principally concerned with improving the state of affairs for the deaf, but Visible Speech could also be used by anyone who learned it to render all the languages of the world with the same visual characters. This was part of the appeal of a universal language: to solve the inconvenience presented by the towering diversity of tongues. The construction of a universal language presents enormous challenges and difficulties, however, and it was seventeen years before Melville Bell published the book Visible Speech: The Science of Universal Alphabetics in 1867. 

			Due to the fact that Melville Bell’s wife (and Graham Bell’s mother) was hard of hearing, forced to use an ear-tube for one-on-one conversations, the Bells already knew American sign language and the British two-handed alphabet. They would have also been familiar with Braille and Morse Code as alternate communication systems. Philosopher Marshall McLuhan pointed out in Understanding Media how Braille had started off as a tactile system for reading coded military messages in the dark, writing, “Letters had been codified as dots for fingers long before the Morse Code was developed for telegraph use.” In their continued search for ways to help the hard of hearing, the Bells were led to look into the new field of electrical devices. 

			Prior to developing the telephone, one of Graham Bell’s inventions was a Visible Speech Machine based on his father’s work. Also called the ear phonautograph, it was based on the first phonautograph, or sound-writer, created by Édouard-Léon Scott de Martinville in 1857, which attempted to reproduce graphic traces of sound waves and was used to further the scientific study of sound. Scott de Martinville experimented with a number of natural materials to try and replicate the tympanic membrane of the human ear drum and ossicle bones.

			Graham Bell and his partner in this project, Clarence J. Blake, took the next logical step and used an actual excised human ear as the mouthpiece for their second generation phonautograph. A stylus was attached to the ear drum’s ossicle bone and the spoken vibrations caused it to move across a plate of glass that had been smoked with soot from an oil lamp. The stylus etched the vibrations across the sooted glass, and a trained person could read the shape of the pattern to determine what was said. The Bells felt that this Visible Speech Machine could be used to teach deaf students what vowels looked like. Though this did not work in practice, the work he had done with tympanic membrane and the ossicle bone in this invention gave him the technical skills he needed to accomplish his next feat: the invention of the telephone.

			In recalling how the earlier invention influenced the other, Bell wrote, 

			


			I was struck with the remarkable disproportion in weight between the membrane and the bones that were vibrated by it. It occurred to me that if a membrane as thin as tissue paper could control the vibration of bones that were, compared to it, of immense size and weight, why should not a larger and thicker membrane be able to vibrate a piece of iron in front of an electro-magnet. 

			


			The word “telephone” was around before Alexander Graham Bell was even born. According to McLuhan, it originated in 1840 and first referred to “a device made to convey musical notes through wooden rods.” The word literally means “sound from afar” and it seems no coincidence that a family of people who dedicated their lives to helping the hard of hearing communicate gave birth to a device that is an electrical extension of the ear. 

			 Four years after creating the telephone, in 1880, Graham Bell was given the Volta Prize by the French government and awarded 50,000 francs. He used this money to start the Volta Laboratory, which later became Bell Telephone Laboratories after his death. Its mission was to research and analyze sound, with a focus on its electrical transmission. 

			Graham Bell was like a distant father to the Volta Lab and used the prodigious funds earned by the lab for the “diffusion of knowledge relating to the deaf” and improving their lives.

			The telephonic researchers at Volta/Bell Laboratories would continue on, seeking new ways to encode information over wires. As a premier facility devoted to pure research, it developed information theory, the transistor, radio astronomy, and the first musical computers. At Bell Labs they made talking machines and machines that could recognize human speech. From an artificial larynx, to the voder and the vocoder used in WWII crypto communications, to the first text-to-speech computer programs written on gargantuan mainframes, Bell Labs innovated the electronic blips and bleeps we now take for granted. 

			



			The Musical Telegraph

			The stories of telecommunication and electronic music both begin with the telegraph, parent to both telephone and radio. Well before the internet, the telegraph changed the face of communication and commerce across the globe. It was an invention that revolutionized the transmission of information just as the printing press did nearly four centuries earlier.   

			Elisha Gray was born in Barnesville, Ohio, in 1835, the year Samuel Morse invented his system of dots and dashes, and two years before he received his patent for his electromagnetic telegraph. That very same year, Sir William Fothergill Cooke and Sir Charles Wheatsone had also come up with their own telegraph system. They received a patent, but it was Morse’s design and code that stole the day.

			As a young man Gray supported himself as a carpenter while attending Oberlin College, where he became enraptured with electricity. He had the bones of an inventor, and began tinkering. In 1867 he got a patent for his design of an improved telegraph relay that adapted to the variable insulation that coated the lines, the first of his more than seventy patents.  In 1869 Gray went on to found the telegraph supply company Gray & Barton Co. with his partner Enos M. Barton in Cleveland, Ohio. One of their chief customers was the Western Union Telegraph Company, who then went on to buy Gray & Barton Co. outright and change their name to Western Electric. Gray continued to work and invent for them until 1874, when he went independent and set about work on developing the telephone.

			Just as Morse, Fothergill, and Wheatstone were inventing the telegraph, Gray and Alexander Graham Bell both came up with designs for the telephone at the same time, and it wasn’t just them who were at work transmitting voices over wire. Both Bell and Gray used liquid transmitters in their experiments with voice transmission over wire. Each inventor developed the work independently, and in fact Gray supposedly arrived at the patent office to file his apparatus “for transmitting vocal sounds telegraphically” just two hours after Bell did. After years in the courts, it was Bell’s patent that the lawyers held up in a number of decisions as the first telephone. Though Elisha Gray may only be considered a kind of begrudged step-father in terms of telephony, it is clear that the electric synthesizer is the fruit of his seed.

			While working for Western Union Telegraph, Gray had been obsessed with solving the problem of creating a “multiple telegraph,” a way to transmit a number of messages over the same wire. He needed to figure out a way to control sound that was coming from an electromagnetic circuit. This led him to the invention of a basic oscillator made of steel rods whose vibrations were created and transmitted over a telegraph line. The instrument consisted of a number of single-tone oscillators that could play over a range of two octaves. Each tone was controlled with a separate telegraph key. This Electro-Harmonic Telegraph was one of the earliest electronic musical instruments, and used keys like on a piano or organ to open and close a circuit creating a similar buzzing tone as used in Morse Code. His keyboard spanned the pitch range of two octaves making the tone higher and lower in places than it would have normally been when just used for sending a telegram. An operator could now potentially dash out simple melodies over the wires, for the telegraph operator on the other end to hear. The use of oscillators prefigured their later extensive use in making music, and the multi-tone transmitters over the telegraph line prefigured the use of multi-tone dialing in later telephony.

			After giving several private demonstrations of the instrument, he gave a public performance at the Presbyterian Church of Highland, Illinois, on December 29, 1874. A newspaper announcement stated that it transmitted “familiar melodies through telegraph wire.” In July of 1875, Gray was granted a patent for his “Electric Telegraph for Transmitting Musical Tones.” In later models of the instrument he added a simple diaphragm speaker that amplified the tones to a louder volume.

			In William Peck Banning’s 1946 book, Commercial Broadcasting Pioneer: The WEAF Experiment 1922-1926, he wrote that “historians of the future may conclude that if there was any ‘father’ of broadcasting, perhaps it was the telephone itself.” Today those of us with access to cell phones and data plans tend to take things like streaming music, news, on-demand videos, and FaceTime for granted. Yet the impulse to do more than just talk over the wires has been part of the spirit of telephony since its earliest days. In the 1890s, the telephonic playground was still in its infancy and commercial applications for the technology could have gone in many different directions. During this time entrepreneurial types were coming up with creative experiments for using telephones as a news delivery system or for musical entertainment. 

			Two years after Elisha Gray’s playing of the musical telegraph, other folks decided it would be a swell idea to transmit music concerts by way of the commercial telegraph lines, done initially for the entertainment of the operators. In 1881 the first “stereo” concert was given via telephone when French inventor Clément Ader used dual lines to pass music from a local theater to two separate phone receivers. At the time this was dubbed “binauriclar auduition,” a name that, for some reason, didn’t stick. Later in 1890, AT&T was at work on a service to provide music over the phone for subscribers to listen to at mealtimes. Though there were some issues with sound quality, AT&T stated that “when we have overcome this difficulty we shall be prepared to furnish music on tap,” with an ultimate ambition of essentially “streaming” music, lectures, and various audio entertainments to all the cities of the East Coast. 

			While these types of efforts didn’t take hold Stateside, a few in Europe did. The first regular streaming service was an outgrowth of Clément Ader’s work, known as the Paris Theatrophone. A subscription-based phone service launched in the 1890s, the “Theatraphonic network” provided Parisians with “programs dramatic and lyrical” and held its own until 1932. Meanwhile in Hungary, the concept of a telephone newspaper caught on via the Budapest Telefon Hirmondo, which began service in February of 1893. It included news reports, original fiction, and other entertainment. Still going strong in 1925, it added a radio station while still offering a telephone relay to customers all the way until 1944. 

			



			The Telharmonium

			It was during this early phase of tele-technology that Thaddeus Cahill obsessed over and created what must be considered the ultimate behemoth of a musical synthesizer, the Telharmonium, a type of electrical organ. Cahill, like Elisha Gray, had also been a student at Oberlin College, where he studied the physics of music. Cahill took inspiration from Gray’s earlier musical telegraph, but thought it could be much improved, and intended to create an instrument to be played over the phone lines.  With amplifiers not yet invented, the phone receiver was still the only available technology that could make electrical sounds audible.  Rather than use an oscillating circuit, the Telharmonium implemented an early form of  additive synthesis via mechanical means using tonewheels, an apparatus that generates musical notes, and alternators, a device that turns mechanical movement into electricity. 

			Among his other legacies, Thaddeus Cahill is credited with coining the phrase “synthesizer” for describing his instrument, which was patented in 1897. Five years later he founded the New England Electric Music Company with two partners, but it wasn’t until 1906 when the Telharmonium, or Dynamaphone as it was also called, was first demonstrated. The instrument was a true boat anchor. The Mark I version weighed in at a hefty seven tons and could be considered light compared to the Mark II and III, which weighed around 200 tons and took up thirty train box cars when shipped to New York for assembly in what Cahill called his Music Plant. Featuring a sixty foot chassis and 145 rotors, with each rotor producing a pitch, the instrument looked like a power generator and took up an entire floor on 39th Street and Broadway in New York City. The machine itself put out 670 kilowatts of power and required massive energy inputs. The sound of the electrical hum and machinery in the Music Plant alone might be enough to send noise music fans into a state of rapturous ecstasy.

			One floor up from the instrument was Telharmonic Hall, a concert space where the Telharmonium was controlled and played. Two to four musicians could sit at the controls to play inside the listening hall. It was a unique arrangement of four keyboard banks each with eighty-four keys. Before the minimalist composers La Monte Young and Terry Riley brought it back into the fold of Western music in the 1960s, it was possible to play the Telharmonium using the tuning style of “just intonation.” Just intonation differs from equal temperament—and was developed for keyboard instruments so that they could be played in any scale or key—in that it occurs naturally as a series of overtones where all the notes in a scale are related by rational numbers. Through additive synthesis, and the ability to control timbre, harmonics, and volume, the Telharmonium was extremely flexible in its sound, if cumbersome in its sprawling apparatus. 

			Though there was no channel separation, the Telharmonic Hall was fitted with eight telephone receivers augmented with paper horns to amplify the sound, which were arrayed behind ferns, columns, and furniture. An electrician at the company suggested splicing the current from the Telharmonium into the electric arc lamps hanging from the ceiling, which then resonated at the same audible frequency as was being played to create a “singing arc.” The Telharmonium could also be piped to any phone number connected to the AT&T system.

			Engineer Thomas Commerford Martin described the new sounds of the Telharmonium as an alliance of electricity with music, writing that Cahill had “devised a mechanism which throws on the circuits, manipulated by the performer at the central keyboard, the electrical current waves that, received by the telephone diaphragm at any one of ten thousand subscribers’ stations, produce musical sounds of unprecedented clearness, sweetness, and purity.” 

			Thaddeus Cahill had ambitious plans for his Telharmony -the kind of music played on a Telharmonium. He advocated that a form of “electric sleep-music” could be tapped at any time for the cure of modern nervous disorders. The electric drones could also be used to relieve boredom in the workplace. Both of these uses are how many people use ambient music today. But his plans were not to bear fruit in the manner he thought. His massive instrument sometimes caused interference or crosstalk on the phone lines, with electronic music interrupting business and domestic conversations. It also required vast amounts of power. When vacuum tubes started to appear and in the 1920s, less expensive electronic instruments started being built. Then, with the advent of broadcast radio, many of these types of ventures ceased to be profitable. It is unfortunate that no known recordings of the Telharmonium exist. 

			In the 1930s, American engineer Laurens Hammond patented the electrical amplified organ. Hammond organs generated sound by creating an electric current from a metal tonewheel that rotated near an electromagnetic pickup. It was essentially a smaller and more economical version of Cahill’s Telharmonium, whose patent had not yet run out. It seems no coincidence then that when Cahill passed away in 1934, the Hammond organ went into production the following year. 

			Thaddeus Cahill’s work and his seminal place in the history of electronic music has since been recognized, even if the instrument itself had long ago been recycled for scrap metal. 
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			2: A Wireless Fantasy

			
			The Sounds of the Arc

			“A light bulb creates an environment by its mere presence,” wrote influential philosopher Marshall McLuhan in 1964, using the metaphor of a light bulb to frame his entire understanding of media theory. It is only appropriate then that a key development in radio was made by inventors exploring the musical potential of early electrical lighting.

			The first source of electrical lighting was the arc lamp. Invented by Humphry Davy in the first decade of the nineteenth century, the arc lamp created light from the electricity passing between two carbon electrodes in free air. To ignite a carbon lamp the rods were touched together, allowing a low voltage to strike the arc, then drawn apart to allow the electric current to flow between the gap. This first means of electrical lighting also became the first commercial use for electricity beginning around 1850, though it didn’t really take off until the 1870s when regular supplies of power became available. 

			During the 1880s major advances in the technology occurred that helped spread the adoption of the arc lamp and a number of companies became involved in there manufacture as they began to be used for lighting streets and other public places. The only problem was a feature of the light source many folks found disagreeable: the audible power-frequency harmonics caused by the arcs’ negative resistance. In other words, noise. Famed inventor Nikola Tesla was one of the men who set out to solve this problem and in 1891, he received a patent for an alternator running at 10,000 cycles per second that would suppress the undesirable sounds of humming, hissing, and howling emitted by the arc lamps. 

			Yet there is a musicality to noise, later to be explored in depth by the likes of the Futurists, John Cage, and Throbbing Gristle, among others. As collective electrical activity tarnished the relative silence with audio pollution, it also opened the door to new ways of perceiving these sounds—not just as a noisome nuisance, but as vibrations with their own unique essence.  

			Tesla’s invention must have been impractical or just never caught on, because in 1899 London-based electrical engineer William Duddell had been appointed to tackle the problem of the lamps’ dissonant electrical noise. Duddell was an illuminated man, no pun intended, and he took a different angle than Tesla. Instead of suppressing the sounds, he transformed them into music. In the course of his experimentation, Duddell found that, by varying the voltage supplied to the lamps, he could control the audible frequencies by connecting a tuned circuit that consisted of an inductor and a capacitor, both components that store energy, across the arc. The arc, in a state of negative resistance, became excited by the audio frequency oscillations from the tuned circuit at its “resonant frequency,” the natural frequency where the circuit would vibrate at its highest amplitude. This could be heard as a musical tone.

			 Duddell used another one of his inventions, the oscillograph, to analyze the particular conditions necessary for producing the audible oscillations of different electronic frequencies. He demonstrated his invention before the London Institution of Electrical Engineers by wiring up a keyboard to make different tones from the arc, and being a patriotic fellow, even played a rendition of “God Save the Queen.” His device came to be known as the “Singing Arc” and was one of the first electronic oscillators. It was noted that arc lamps on the same circuit in other buildings could also be made to sing, leading the engineers to speculate that music could be delivered over the lighting network, but this never became a reality, with the exception of Thaddeus Cahill’s Telharmonium. Duddell toured his instrument around Britain for a time but his invention was never capitalized on and remained a novelty.  

			William Duddell’s Singing Arc had been very close to becoming a radio. The spark-gap transmitter invented by Italy’s Guglielmo Marconi had already been demonstrated in 1895, yet Duddell thought it was impossible to leverage his Singing Arc to produce radio frequencies instead of audio frequencies. The alternating current (AC) in the condenser was smaller than the supplied direct current (DC), so the arc never extinguished during an output cycle, making it impractical to use as a radio frequency (RF) transmitter. With this setup, it was not possible to reach the high frequencies required for transmission of radiotelegraphy. If he had managed to increase the frequency range and attached an antenna, his invention could have become a continuous wave (CW), or Morse Code transmitter. 

			Duddell’s oscillator was left for other experimenters to improve upon. This was done by Danish physicists Valdemar Poulsen and P.O. Pederson. In 1903 they patented the Poulsen arc wireless transmitter, the first device to generate continuous waves and one of the first pieces of technology to transmit through amplitude modulation. 

			Without William Duddell attempting to make the sounds of arc lamps more pleasant, Valdemar Poulsen may have never thought of adapting the original invention for use in the radio frequency spectrum. His design helped radio transmissions become a more reliable form of contact between two points, and they were installed on ships at sea to stay in contact with stations on shore. This type of transmitter was used for radio work around the world until the 1920s when vacuum tube technology came along to reinvent the way radio was done. 

			
			The Audio Piano and Wireless Fantasies

			No man works in a vacuum. Before the industry of radio got off the ground, it had been customary for researchers to use each other’s discoveries with complete abandon. As technical progress in the field of wireless communication moved from the domain of scientific exploration to commercial development, financial assets and intellectual property came to be at stake, and rival inventors soon got involved in one of the great American pastimes: lawsuits. The self-styled “Father of Radio” Lee de Forest was involved in a number of infringement controversies, the most famous of which involved his invention of the “audion” (from audio and ionize), an electronic amplifying vacuum tube. 

			It was Thomas Edison who first produced the ancestor of what became the audion. While working on the electric light bulb, Edison noticed that one side of the carbon filament behaved in a way that caused the blackening of the glass. Working on this problem, he inserted a small electrode and was able to demonstrate that it would only operate when connected to the positive side of a battery. Edison had formed a one-way vacuum tube, or valve, as it is also called. This electrical phenomenon made quite the impression on another experimenter, English physicist John Ambrose Fleming, who brought the device back to life twenty years later when he realized it could be used as a radio wave detector.

			At the time Fleming was working as an advisor for Guglielmo Marconi. It occurred to him that if he connected an Edison effect bulb to an antenna, grounded the filament, and placed a telephone within this circuit, that he could reduce the frequencies so that the receiver would put out audio from the effect of the waves. Fleming made these adjustments and substituted a metal cylinder for Edison’s flat plate, finding that the sensitivity of the device was improved by increasing electronic emissions. This great idea in wireless communication was called the Fleming valve. 

			Fleming had patented this two-electrode tube in England in 1904, before giving the rights to the Marconi Company, which took out American patents in 1905. Meanwhile, American inventor Lee de Forest had read a report from a meeting of the Royal Society where Fleming had lectured on the operation of his detector. De Forest immediately began experimentation with the apparatus on his own and found himself dissatisfied. Between the cathode and anode, or positive and negative sides, he added a third element made of a platinum grid that received current coming in from the antenna. This addition would soon transform the field of radio, setting powerful forces of electricity—as well as litigation—into motion. 

			The audion increased amplification on the receiving side, but radio enthusiasts were doubtful about the ability of the so-called “triode” tube to be used with success as a transmitter. Finding himself in financial trouble after various scandals in the wireless world, de Forest was persuaded to sell his audion patent in 1913. 

			De Forest found a nemesis in fellow American inventor Edwin Howard Armstrong, who had been fascinated by radio since his boyhood. When de Forest was thirty-two years old, Armstrong was just fifteen and already an amateur radio operator. Experimenting with the early de Forest audions, which were not perfect vacuums (de Forest had mistakenly thought a little bit of gas left inside was beneficial to receiving), Armstrong took a close interest in how the audion worked and developed a keen scientific understanding of its principles and operation. By the time he was a student at Columbia University in 1914, he was doing intensive work using an oscillograph to make comprehensive studies based on his fresh and original ideas. Following the muse of invention, he discovered regenerative feedback, another coup for the growing wireless industry, revealing that when feedback was increased beyond a certain point, a vacuum tube would go into oscillation and could be used as a continuous wave transmitter. Thus, Edwin Armstrong received a patent for the regenerative circuit.  

			In turn, Lee de Forest claimed he had already come up with the regenerative principle in his own lab, and so the lawsuits began, and continued for twenty years, with victories that alternated as fast as electric current. In 1934, the Supreme Court made a final decision in the favor of de Forest, saying he had the right in the matter. Armstrong, however, would achieve lasting fame for his superheterodyne receiver, invented in 1918.    

			Around 1915, de Forest had used heterodyning—where two signals are merged to create a third—to create a musical instrument out of his triode valve. His Audion Piano was to be the first instrument created with vacuum tubes (i.e. valves), which became the basis for nearly all future electronic instruments until the invention of the transistor in 1947. 

			Looking like a shrunken version of today’s electronic pianos, the Audion Piano consisted of a single keyboard manual and used one triode valve per octave. The set of keys allowed one monophonic note to be played per octave. Out of this limited palette, the instrument created variety by processing the audio signal through a series of resistors and capacitors that vary the timbre. The Audion Piano was notable for its spatial effects, prefiguring the role electronics would play in the spatial movement of sound. The output could be sent to a number of speakers placed around the room to create an enveloping ambiance. De Forest later planned to build an improved version with separate tubes for each key to give it full polyphony, but it is not known if it was ever created.  

			In his grandiose autobiography, Lee de Forest described his instrument:

			
			...sounds resembling a violin, cello, woodwind, muted brass and other sounds resembling nothing ever heard from an orchestra or by the human ear up to that time – of the sort now often heard in nerve racking maniacal cacophonies of a lunatic swing band. Such tones led me to dub my new instrument the ‘Squawk-a-phone’….The Pitch of the notes is very easily regulated by changing the capacity or the inductance in the circuits, which can be easily effected by a sliding contact or simply by turning the knob of a condenser. In fact, the pitch of the notes can be changed by merely putting the finger on certain parts of the circuit. In this way very weird and beautiful effects can easily be obtained. 

			
			In 1915, when an Audion Piano concert was held for the National Electric Light Association, a reporter wrote the following: 

			
			Not only does De Forest detect with the Audion musical sounds silently sent by wireless from great distances, but he creates the
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