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    This collection brings together three seminal texts by Nikola Tesla that illuminate his investigations into alternating currents and high-frequency phenomena. It is conceived as a focused gateway into his experimental program and public exposition, allowing readers to observe how ideas were tested, demonstrated, and communicated. By pairing two technical works with Tesla’s autobiographical narrative, the volume provides both the laboratory and the life behind it. The purpose is not to exhaust Tesla’s vast output, but to gather a coherent core that reveals his aims, methods, and enduring impact on electrical engineering and the culture of scientific demonstration.

The texts assembled here comprise distinct but complementary forms. Experiments with Alternate Currents of High Potential and High Frequency is a technical lecture expanded into a detailed account of apparatus and results. Experiments with Alternate Currents of Very High Frequency and Their Application to Methods of Artificial Illumination is an article-length exposition originating in a public lecture, with the tone of a report to professional peers. My Inventions – Autobiography of Nikola Tesla is a first-person memoir, reflecting on the origins of ideas, the discipline of invention, and formative experiences. Together, these genres map theory, practice, and personal perspective.

Each work has a clear and well-documented publication context. The article on very high frequency currents and artificial illumination stems from Tesla’s 1891 address to the American Institute of Electrical Engineers. The lecture on high potential and high frequency currents was delivered in 1892 in London and circulated widely in professional venues. My Inventions was serialized in 1919 in the magazine Electrical Experimenter. These contexts underscore Tesla’s dual identity as a laboratory investigator and a public communicator, presenting experiments that were performed before audiences of engineers and lay observers, then recorded for a broader readership.

Taken together, the works trace Tesla’s exploration of alternating currents from foundational demonstrations to visionary applications. The technical pieces emphasize apparatus, experimental sequences, and practical observations under conditions of high frequency and high voltage. They document phenomena that would become central to radio-frequency engineering and power transmission, including resonant behavior and the challenges of insulation, dissipation, and control. The autobiography complements these accounts by revealing the habits of mind that supported his experimental rigor—conception, visualization, and disciplined iteration—offering a narrative counterpart to the laboratory record without duplicating its content or methods.

The scope of this collection is deliberately focused: it centers on alternating currents and their extension into very high frequencies, where behavior diverges from direct-current intuition and everyday experience. Readers encounter Tesla’s strategies for making the invisible visible—through staged demonstrations, carefully arranged circuits, and vivid descriptions of effects. While the technical vocabulary reflects its era, the questions he poses remain contemporary: how to manage energy at scale, how to transmit it efficiently, and how to convert it into useful forms of light and motion. The themes of resonance, control, and practical ingenuity bind the works together.

In genre terms, the collection balances instructional lecture, scientific article, and personal memoir. The lectures function as structured demonstrations, moving from setup to effect, with attention to apparatus and safety. The article refines this pedagogical arc into a concise technical narrative, suitable for professional scrutiny. The autobiography, published later, shifts to reflective prose that situates the experiments within a life of invention. The juxtaposition of these forms enriches interpretation: the same investigator appears alternately as demonstrator, explainer, and narrator, each role casting new light on the principles and practices at the heart of his work.

A unifying hallmark across these texts is Tesla’s commitment to empirical theater—public experiment as a vehicle for understanding. He favored demonstration and lucid qualitative exposition over dense mathematical derivation in these forums, enabling specialists and non-specialists to grasp essential principles. Stylistically, the technical works proceed with deliberate clarity: apparatus are introduced, parameters are varied, and phenomena are described before broader implications are sketched. The autobiography shares this directness while admitting the contingencies of a working life. The result is a coherent voice that bridges workshop, lecture hall, and printed page without sacrificing precision.

The collection’s significance lies in its convergence of experimental insight and communicative craft at a pivotal moment in electrical history. The lectures and article arrive amid expanding adoption of alternating current systems, offering practical evidence of their capabilities and limitations. They show how high-frequency currents interact with materials, space, and human perception, informing later work in lighting, radio, and power engineering. The autobiography, appearing decades later, preserves an internal record of motivations and methods, allowing readers to connect early demonstrations with later developments without conflating retrospective perspective with the contemporaneous technical record.

Experiments with Alternate Currents of Very High Frequency and Their Application to Methods of Artificial Illumination presents Tesla’s approach to lighting technologies derived from high-frequency currents. It documents the conditions under which luminous effects can be obtained and sustained, and it weighs practical considerations that accompany such methods. The piece reflects his effort to translate laboratory effects into workable systems, acknowledging constraints while emphasizing possibilities. As a genre, it is concise and focused, derived from a lecture yet adapted for print, and it exemplifies his aim to communicate complex physical behavior through clear description and replicable procedure.

Experiments with Alternate Currents of High Potential and High Frequency broadens the lens to include the challenges of very high voltages and frequencies together. Organized as a sequence of demonstrations and analyses, it interrogates how apparatus respond under extreme electrical stress and how resonance can be harnessed rather than feared. The emphasis on insulation, control, and measurement anticipates later standards in high-voltage practice. The piece also shows Tesla’s talent for designing experimental setups that reveal governing principles. Its methodical progression makes it a cornerstone document for readers tracing the evolution of modern alternating current techniques.

My Inventions – Autobiography of Nikola Tesla adds the interior dimension often missing from technical literature. Written decades after the lectures, its serialized chapters disclose how ideas were conceived, refined, and tested, and how personal experiences influenced professional choices. It discusses the discipline behind his creative process and the persistence required to carry concepts from vision to practical apparatus. By situating episodes of invention within a broader life narrative, the autobiography frames the lectures as milestones rather than isolated spectacles, helping readers understand the continuity of goals that underlies the more episodic rhythm of public demonstrations.

Read as a whole, this collection offers a coherent portrait of Tesla’s engagement with alternating currents: an experimental program articulated in accessible lectures, an article focused on illumination, and a memoir that records the mind at work. The unifying themes—resonance, control, visualization, and public demonstration—give the volume a strong internal logic across genres. Its purpose is to make these core materials available in a single, contextualized setting, inviting both technical and general readers to follow the thread from apparatus to idea and back again. In doing so, it underscores why these works continue to command attention.
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    Introduction
Nikola Tesla was a Serbian-American inventor, electrical engineer, and prolific scientific writer whose ideas reshaped modern life. Best known for the alternating-current (AC) induction motor, the polyphase power system, and the Tesla coil, he also pioneered radio control and envisioned global wireless communication. Beyond laboratories and patents, he addressed broad audiences in lectures and essays, notably the autobiographical series My Inventions and the widely read Century Magazine article The Problem of Increasing Human Energy. His blend of technical mastery and visionary prose made him a compelling public intellectual. Tesla’s work underpins large-scale power transmission and influenced later advances in radio, automation, and electronics.
Education and Literary Influences
Tesla received a rigorous technical education in Central Europe during the 1870s, studying electrical engineering at the Austrian Polytechnic in Graz. Although he did not complete a degree, he excelled in mathematics and physics and developed an intense facility for mental visualization of machinery, a method he later described in his autobiography. He subsequently attended lectures in Prague, broadening his scientific formation. Multilingual and widely read, Tesla immersed himself in technical treatises and popular literature. This dual literacy—precision in calculation and fluency in language—shaped his ability to communicate complex ideas clearly to engineers, investors, and the general public.
Public accounts and Tesla’s own writings attest to formative influences from both science and literature. The experimental legacy of Michael Faraday and the field theories of James Clerk Maxwell informed his conceptual approach to electricity and magnetism. In literature, he admired European classics and formed a cordial connection with Mark Twain, whose work he read avidly and who later visited Tesla’s laboratory. Tesla credited early family influences for nurturing his inventive habits, particularly his mother’s ingenuity in devising household tools. These currents—empirical science, theoretical physics, and humanistic letters—converged in his plain yet often lofty prose and in the ambition of his projects.
Literary Career
Tesla’s professional ascent in the late 1880s and early 1890s coincided with his emergence as a lecturer and author. In talks delivered to engineering societies in the United States and Europe, he demonstrated high-frequency alternating currents, gas-discharge illumination, and resonant transformers that came to be known as Tesla coils. These lectures, published in technical periodicals, combined mathematics with vivid stagecraft, translating experimental spectacle into coherent theory. They also served as manifestos for AC power: polyphase generators, motors, and transformers that, he argued, would enable efficient transmission over great distances. The clarity and confidence of these presentations helped win industrial and public support.
Tesla wrote across genres: detailed technical papers, popular essays, and an autobiography. In The Problem of Increasing Human Energy, published in the early 1900s in Century Magazine, he examined energy resources, efficiency, and the social consequences of electrification. Later, his memoir My Inventions, serialized in the late 1910s, offered insights into his methods of visualization, work habits, and key experiments. His laboratory notebooks from Colorado Springs, recording high-voltage, high-frequency research, survive and have been published, providing a day-by-day account of his methods. Together, these texts show a writer who sought to connect laboratory practice with sweeping programs for human progress.
Beyond articles and lectures, Tesla’s patents—spanning AC motors, transformers, wireless control, and turbines—constitute a major written corpus. Patent specifications and claims reveal his disciplined exposition: definitions of terms, careful diagrams, and stepwise reasoning from principle to apparatus. His and contemporaries’ public writings framed radio not as a single invention but as a field, where tuning, detection, and power handling all mattered. In prose aimed at general readers, Tesla often adopted a didactic tone, using metaphor to convey abstract phenomena, yet he anchored speculation in experiments he could demonstrate. This combination of rhetorical range and technical rigor broadened his audience.
Critical reception followed the fortunes of his projects. His alternating-current system won wide recognition as utilities adopted polyphase power, showcased at international expositions and, crucially, in the harnessing of large-scale hydroelectric resources in the mid-1890s. Public fascination intensified after his late-1890s demonstration of radio-controlled machinery. Yet ambitions for global wireless power, notably the Wardenclyffe project in the early 1900s, met financial setbacks and skepticism. Reviewers praised his lucid explanations and showmanship but questioned feasibility and investment risk for grand schemes. Even so, his stature as a persuasive communicator of electrical science endured, and his essays continued to circulate widely.
Beliefs and Advocacy
Tesla held a resolute belief that scientific knowledge should advance human welfare. He championed electrification as a public good, arguing that abundant, affordable power would elevate living standards and reduce laborious toil. His advocacy for alternating current was both technical and social: polyphase power promised efficient generation and transmission, enabling factories, lighting, and transportation to flourish. In lectures and articles, he urged rational standards for electrical practice and safety. He consistently presented engineering not as an end in itself but as a means to expand human capabilities, aligning his inventions with a broader ethic of practical humanitarianism.
Wireless communication, to Tesla, was a civilizational project. He forecast instantaneous global messaging, the distribution of news and culture through the air, and the coordination of commerce at planetary scale. Although his specific architecture for wireless power transmission remained unfulfilled, he framed it as a way to reduce inequities in access to energy. His writings linked resonance, tuning, and propagation with social aims—less isolation, more knowledge, and fewer frictions in exchange. By addressing lay readers in mainstream magazines, he practiced public science: translating abstract physics into civic narratives about connectivity, education, and the diffusion of opportunity.
Tesla also advocated for inventors’ rights and careful adjudication of priority in emerging fields. He pursued and defended patents on radio and control systems, emphasizing the importance of foundational concepts such as tuned circuits and coherent system design. His term “telautomatics” expressed a belief in remote control and automation as tools to reduce danger in industry and, potentially, in warfare. He was wary of sensationalism and proprietary secrecy that obscured scientific credit, arguing instead for transparent standards and documentation. Later judicial decisions in the early 1940s acknowledged prior work, including his, in radio, reinforcing his long-standing claims about the field’s development.
Final Years & Legacy
In the early 1900s Tesla focused on large-scale wireless transmission at Wardenclyffe on Long Island, a project that stalled amid financial strain. He turned to other pursuits, including a bladeless turbine and refinements in lighting and control, while continuing to publish and give interviews. Residing in New York hotels, he maintained a public presence through occasional demonstrations and statements. He received major professional honors, including a prominent electrical engineering medal in the late 1910s. Tesla died in the early 1940s in New York City. Tributes from engineers, scientists, and civic leaders recognized both his practical achievements and his bold imagination.
Tesla’s legacy is both technical and cultural. The global AC power system reflects his polyphase concepts; the Tesla coil remains a staple of high-voltage research and education; and his work on tuning and control informed radio and robotics. The SI unit of magnetic flux density bears his name, signaling enduring scientific esteem. Museums, academic centers, and professional societies preserve his papers and interpret his contributions, while artists and writers recast his story for new audiences. Ongoing research in wireless energy transfer and resonant systems continues to revisit ideas he explored, ensuring his place as a touchstone of inventive modernity.
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    Nikola Tesla’s writings on alternating currents emerged amid the Second Industrial Revolution (circa 1870–1914), when electrification transformed industry, cities, and communications. In the United States and Europe, rapid urban growth, mass manufacturing, and transatlantic scientific exchange enabled new electrical systems to be conceived, tested, and adopted. The professionalization of engineering, via organizations like the American Institute of Electrical Engineers (AIEE, founded 1884), created platforms for theory to meet practice. Tesla’s lecture-based works and later autobiographical reflections belong to this milieu, in which demonstration, public persuasion, and institutional validation were inseparable from invention. His projects intersected with corporate consolidation, patent regimes, and the spectacle of world’s fairs that showcased “modernity.”

Tesla’s career connected provincial Central Europe with the industrial Atlantic. Born in 1856 in Smiljan, then in the Austrian Empire (now Croatia), he studied in Graz and worked in Budapest, where in 1882 he conceived the rotating magnetic field that underpinned polyphase alternating-current motors. That same year he joined the Continental Edison Company in Paris, gaining practical experience with power systems. In 1884 he immigrated to New York, entering Edison’s Machine Works before striking out independently. This arc from Graz and Budapest to Paris and New York framed a cosmopolitan engineer’s outlook that informs both his experimental treatises on high-frequency currents and his later narrative of invention in his autobiography.

The late-1880s contest over electrical standards in the United States—popularly called the War of Currents—formed a critical backdrop. Thomas A. Edison championed direct current (DC) distribution through Edison Electric, while George Westinghouse promoted alternating current (AC), leveraging transformers and higher-voltage transmission. Tesla’s polyphase motors and system patents (filed 1887–1888) entered this commercial and cultural battle. The debate extended beyond laboratories into newspapers, courtrooms, and municipal councils debating safety, regulation, and franchise rights. Tesla’s lectures and demonstrations in the early 1890s presented high-frequency, high-potential effects not merely as wonders but as arguments for AC’s technical breadth, while his retrospective memoir connects their origins to formative ideas and collaborators.

Patent finance and entrepreneurship structured Tesla’s path. In 1887 he formed the Tesla Electric Company with backing from Alfred S. Brown and Charles F. Peck, turning laboratory concepts into defensible intellectual property. His May 16, 1888 AIEE paper in New York on the induction motor helped attract George Westinghouse, who licensed key patents and hired Tesla as a consultant in Pittsburgh. Royalty arrangements, often sensationalized later, reflected the era’s speculative capitalism and volatile credit. The Panic of 1893 tightened markets and tested Westinghouse. These pressures shaped the timing, tone, and strategic intent of Tesla’s subsequent public lectures on alternators, transformers, and high-frequency apparatus, and colored recollections in his autobiography decades afterward.

Public science in the 1890s relied on prestigious platforms. Tesla’s famed demonstrations before the AIEE at Columbia College in New York (1891), the Institution of Electrical Engineers and the Royal Institution in London (1892), and the Franklin Institute in Philadelphia and the National Electric Light Association in St. Louis (1893) placed experimental AC phenomena before leading engineers, financiers, and journalists. Such venues lent credibility to spectacular effects: brush discharges, luminous vacuum tubes, and wireless energy transfer across halls. They also provided the institutional scaffolding by which lecture texts circulated, appeared in technical periodicals, and were later edited into cohesive volumes—historical currents that also flow through his autobiographical account of career stages.

The World’s Columbian Exposition in Chicago (1893) solidified alternating current’s public legitimacy. Westinghouse, drawing on Tesla’s polyphase patents, won the contract to generate and distribute AC that illuminated the “White City.” The fair, visited by millions, turned technical standards into cultural symbols and made “electrical modernity” tangible to municipal leaders worldwide. Tesla’s demonstrations of high-frequency lighting and resonant effects resonated with the fair’s ethos of spectacle linked to utility. Shortly after, the Niagara Falls hydroelectric project—chartered in the early 1890s, with power delivered to Buffalo in 1896 at 25 Hz—provided industrial-scale proof of the AC system. These milestones frame both the didactic lectures and later personal reflections.

The scientific landscape had shifted rapidly. James Clerk Maxwell’s field theory (1860s) had been vindicated by Heinrich Hertz’s 1887–1888 detection of electromagnetic waves, prompting widespread exploration of resonance, induction, and radiation. J. J. Thomson, Oliver Lodge, Lord Rayleigh, and Sir William Crookes probed gases, vacuum discharges, and oscillatory circuits. Tesla’s high-frequency apparatus—self-acting transformers and resonant coils introduced in 1891—joined this broader inquiry, emphasizing practical demonstration alongside theoretical plausibility. His accounts emphasize empirical control of frequency, potential, and dielectric effects to achieve lighting and transmission phenomena. These currents—mathematical, experimental, and instrumental—connect his performance-like lecture texts and the explanatory narrative voice of his memoir.

Instrumentation culture was crucial. Glassblowers, machinists, and instrument makers in New York, London, and Paris sustained experiments with high vacuum tubes, capacitors, and carefully tuned coils. Tesla’s “coil” of 1891—an air-core, loosely coupled resonant transformer—permitted voltages of extraordinary magnitude and frequencies that rendered new physical regimes visible: corona, streamer discharges, and phosphorescence in rarefied gases. Such equipment linked laboratory spectacle to proposals for illumination and wireless signaling. The iterative devices showcased in Tesla’s lectures also populate his later narrative of invention, in which apparatus design, materials (mica, gutta-percha, shellac, silk insulation), and workshop practice intertwine with conceptual advances, revealing how technique and imagination coevolved.

Public debates about electrical safety and ethics haunted the 1890s. The first execution by electric chair in New York (1890) amplified anxieties over high-voltage systems, and adversarial publicity stoked fears of AC. Municipal authorities grappled with line voltages, insulation standards, and street lighting contracts. Tesla’s demonstrations of currents at very high frequency—producing intense light with comparatively modest physiological effect—entered this discourse as counterintuitive evidence that not all “high voltage” carried equal danger. Professional societies convened committees, and trade journals parsed experiments with living subjects, animal tests, and insulating media. Such controversies formed the social backdrop for both his technical expositions and his later self-fashioning as a public inventor.

Print culture knit the electrical world together. Journals such as Electrical World, The Electrical Engineer (New York), The Electrician (London), and the Proceedings of the AIEE disseminated Tesla’s demonstrations and graphic schematics. Mass-circulation magazines interpreted them for broader audiences, culminating later in The Century Magazine essays (1900) and, after the war, Hugo Gernsback’s Electrical Experimenter, which serialized Tesla’s recollections in 1919. Photography and illustration translated luminous, rapid phenomena into public iconography, while stenographic transcripts preserved the rhythm of lecture-demonstrations. The same channels that popularized his high-frequency work also shaped the reception of his autobiographical voice, recasting laboratory feats as episodes in an unfolding technological drama.

Economic cycles left fingerprints on Tesla’s trajectory. The Panic of 1893 imperiled Westinghouse, curbing royalty streams and investment in speculative projects. In March 1895, Tesla’s South Fifth Avenue laboratory in New York burned, destroying instruments, notes, and models just as X-rays (announced by Wilhelm Röntgen in 1895) galvanized physics and medicine. Rebuilding led to new ambitions: the 1899 Colorado Springs experiments explored powerful resonant transmitters at rarefied air pressures. At the century’s turn, J. P. Morgan’s 1901 investment supported Wardenclyffe Tower on Long Island, envisioned for global wireless telegraphy and power. These events contextualize the confidence of earlier lectures and the retrospective tone of later memoir.

Wireless communication controversies reframed earlier high-frequency work. Guglielmo Marconi’s demonstrations in the late 1890s and his 1901 transatlantic signal spurred legal and technical disputes over prior art, tuning, and antenna systems. Tesla’s emphasis on resonance, ground and atmospheric conduction, and large-scale transmitters traced to his 1890s experiments. Patent filings around 1900–1903 and subsequent litigation echoed principles displayed in his public lectures. Though the U.S. Supreme Court’s 1943 decision in Marconi Wireless Telegraph Co. v. United States posthumously complicated credit, the episode illustrates how laboratory phenomena—capacitive coupling, spark gaps, tuned circuits—became contested economic assets, fusing scientific priority with the era’s global communications boom.

Transatlantic networks fostered Tesla’s hybrid identity. Lectures in London before the Institution of Electrical Engineers and the Royal Institution (1892), and earlier work in Paris with Continental Edison (1882–1884), tied him to European schools of precision measurement and display. In the United States, the AIEE, the Franklin Institute in Philadelphia, and industrial clubs linked him to practitioners facing urban electrification’s practical constraints. This circulation created a common language—frequency, phase, impedance—through which demonstrations and patents could travel. Tesla’s later autobiographical reflections draw on this international scaffolding, presenting a career that speaks to both European salons of scientific culture and American boardrooms of infrastructural capitalism.

Standardization and infrastructure translated experiment into policy. Utilities chose system frequencies—25 Hz for early hydroelectric traction and heavy industry, later converging on 60 Hz for general North American use—while Europe’s grids settled variably at 50 Hz. Transformers, switchgear, and insulation standards moved from workshops to municipal codes and national laboratories, culminating in the U.S. National Bureau of Standards (1901). Tesla’s assertions about efficient transmission, polyphase motors, and lighting systems engaged with these emerging frameworks. His demonstrations at AIEE, Franklin Institute, and NELA functioned as unofficial hearings where performance evidence informed procurement, manufacturing, and education, anchoring a bridge between experimental theater and public utility governance.

Urban modernity formed the lived context for alternating currents. Electric street railways, elevator motors, and incandescent lighting remapped nighttime and labor rhythms in cities like New York, Pittsburgh, and Chicago. High-rise architecture required reliable motors and distribution, while storefronts and theaters competed in luminous display. Tesla’s experiments with high-frequency illumination—signaling possibilities for efficient, flicker-minimized light—spoke to such aesthetics and economics. His later autobiographical portraits of patrons, hotels, and laboratories in Manhattan’s Midtown and Lower East Side sit within this evolving metropolis, where franchises, watchdog commissions, and real estate intertwined with electrical engineering to create the ambiance that made lecture halls and magazine pages culturally potent.

The post–World War I environment shaped Tesla’s autobiographical turn. In 1919, Hugo Gernsback published My Inventions in Electrical Experimenter, a magazine that helped seed American science fiction and popularize speculative technology. The war had accelerated radio, vacuum tube, and power applications, renewing interest in pioneers whose prewar experiments seemed prescient. Economic volatility, the 1918 influenza pandemic, and shifting patent landscapes raised the value of narrative authority. Tesla’s recollections, revisiting the 1891–1893 high-frequency lectures and the AC system’s adoption, placed personal memory alongside public record, speaking to readers who had seen wireless and electrification transform everyday life and who sought origin stories for their technological age.

Together, these currents—industrial consolidation, professional institutions, standardization, spectacle, media, and crisis—frame Tesla’s works on alternating currents and his memoir as parts of one historical fabric. The lectures elaborate a technical repertoire: resonance, polyphase power, high potential, and very high frequency effects, staged at AIEE, London institutions, and American forums in 1891–1893. The autobiography situates those acts within a life that traversed empires, corporations, and laboratories, and within a public sphere intoxicated by electricity’s promise. Dates like 1888, 1893, 1896, 1899, and 1919 mark not endpoints but junctions where invention met institutions, and where Tesla’s ideas crossed from experiment into culture and infrastructure.
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    Experiments with Alternate Currents of High Potential and High Frequency
Tesla outlines apparatus and principles for generating and controlling high-voltage, high-frequency AC—most notably resonant transformers (Tesla coils), capacitors, and spark gaps. He reports demonstrations such as single‑wire and wireless lighting and examines the behavior and apparent safety of very high-frequency currents in conductors and the human body.
Experiments with Alternate Currents of Very High Frequency and Their Application to Methods of Artificial Illumination (Article)
This lecture-article explains how very high-frequency currents can excite gases and phosphorescent materials to produce light, comparing illumination methods and efficiencies. Tesla details circuit arrangements and frequency-generation techniques enabling single‑wire or wireless lighting while noting thermal and physiological effects.
My Inventions – Autobiography of Nikola Tesla
Tesla’s memoir traces his early life and education through the conception of the rotating magnetic field and induction motor, his work with Edison, and the AC era with Westinghouse. It culminates in his high-frequency and wireless experiments—including Colorado Springs and Wardenclyffe—interwoven with reflections on creativity, method, and setbacks.
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I cannot find words to express how deeply I feel the honor of addressing some of the foremost thinkers of the present time, and so many able scientific men, engineers and electricians, of the country greatest in scientific achievements.

The results which I have the honor to present before such a gathering I cannot call my own. There are among you not a few who can lay better claim than myself on any feature of merit which this work may contain. I need not mention many names which are world-known—names of those among you who are recognized as the leaders in this enchanting science; but one, at least, I must mention—a name which could not be omitted in a demonstration of this kind. It is a name associated with the most beautiful invention ever made: it is Crookes!

When I was at college, a good time ago, I read, in a translation (for then I was not familiar with your magnificent language), the description of his experiments on radiant matter. I read it only once in my life—that time—yet every 
   detail about that charming work I can remember this day. Few are the books, let me say, which can make such an impression upon the mind of a student.

But if, on the present occasion, I mention this name as one of many your institution can boast of, it is because I have more than one reason to do so. For what I have to tell you and to show you this evening concerns, in a large measure, that same vague world which Professor Crookes has so ably explored; and, more than this, when I trace back the mental process which led me to these advances—which even by myself cannot be considered trifling, since they are so appreciated by you—I believe that their real origin, that which started me to work in this direction, and brought me to them, after a long period of constant thought, was that fascinating little book which I read many years ago.

And now that I have made a feeble effort to express my homage and acknowledge my indebtedness to him and others among you, I will make a second effort, which I hope you will not find so feeble as the first, to entertain you.

Give me leave to introduce the subject in a few words.

A short time ago I had the honor to bring before our American Institute of Electrical Engineers A some results then arrived at by me in a novel line of work. I need not assure you that the many evidences which I have received that English scientific men and engineers were interested 
   in this work have been for me a great reward and encouragement. I will not dwell upon the experiments already described, except with the view of completing, or more clearly expressing, some ideas advanced by me before, and also with the view of rendering the study here presented self-contained, and my remarks on the subject of this evening's lecture consistent.

A
    For Mr. Tesla's American lecture on this subject see THE ELECTRICAL WORLD of July 11, 1891, and for a report of his French lecture see THE ELECTRICAL WORLD of March 26, 1892.

This investigation, then, it goes without saying, deals with alternating currents, and, to be more precise, with alternating currents of high potential and high frequency. Just in how much a very high frequency is essential for the production of the results presented is a question which even with my present experience, would embarrass me to answer. Some of the experiments may be performed with low frequencies; but very high frequencies are desirable, not only on account of the many effects secured by their use, but also as a convenient means of obtaining, in the induction apparatus employed, the high potentials, which in their turn are necessary to the demonstration of most of the experiments here contemplated.

Of the various branches of electrical investigation, perhaps the most interesting and immediately the most promising is that dealing with alternating currents. The progress in this branch of applied science has been so great in recent years that it justifies the most sanguine hopes. Hardly have we become familiar with one fact, when novel experiences are met with and new avenues of research are opened. Even at this hour possibilities not dreamed of before are, by the use of these currents, partly realized. As in nature all is ebb and tide, all is wave motion, so it seems 
   that; in all branches of industry alternating currents—electric wave motion—will have the sway.

One reason, perhaps, why this branch of science is being so rapidly developed is to be found in the interest which is attached to its experimental study. We wind a simple ring of iron with coils; we establish the connections to the generator, and with wonder and delight we note the effects of strange forces which we bring into play, which allow us to transform, to transmit and direct energy at will. We arrange the circuits properly, and we see the mass of iron and wires behave as though it were endowed with life, spinning a heavy armature, through invisible connections, with great speed and power—with the energy possibly conveyed from a great distance. We observe how the energy of an alternating current traversing the wire manifests itself—not so much in the wire as in the surrounding space—in the most surprising manner, taking the forms of heat, light, mechanical energy, and, most surprising of all, even chemical affinity. All these observations fascinate us, and fill us with an intense desire to know more about the nature of these phenomena. Each day we go to our work in the hope of discovering,—in the hope that some one, no matter who, may find a solution of one of the pending great problems,—and each succeeding day we return to our task with renewed ardor; and even if we are unsuccessful, our work has not been in vain, for in these strivings, in these efforts, we have found hours of untold pleasure, and we have directed our energies to the benefit of mankind.

We may take—at random, if you choose—any of the many experiments which may be performed with alternating 
   currents; a few of which only, and by no means the most striking, form the subject of this evening's demonstration: they are all equally interesting, equally inciting to thought.

Here is a simple glass tube from which the air has been partially exhausted. I take hold of it; I bring my body in contact with a wire conveying alternating currents of high potential, and the tube in my hand is brilliantly lighted. In whatever position I may put it, wherever I may move it in space, as far as I can reach, its soft, pleasing light persists with undiminished brightness.

Here is an exhausted bulb suspended from a single wire. Standing on an insulated support. I grasp it, and a platinum button mounted in it is brought to vivid incandescence.

Here, attached to a leading wire, is another bulb, which, as I touch its metallic socket, is filled with magnificent colors of phosphorescent light.

Here still another, which by my fingers' touch casts a shadow—the Crookes shadow, of the stem inside of it.

Here, again, insulated as I stand on this platform, I bring my body in contact with one of the terminals of the secondary of this induction coil—with the end of a wire many miles long—and you see streams of light break forth from its distant end, which is set in violent vibration.

Here, once more, I attach these two plates of wire gauze to the terminals of the coil. I set them a distance apart, and I set the coil to work. You may see a small spark pass between the plates. I insert a thick plate of one of the best dielectrics between them, and instead of rendering altogether impossible, as we are used to expect, I aid the passage 
   of the discharge, which, as I insert the plate, merely changes in appearance and assumes the form of luminous streams.

Is there, I ask, can there be, a more interesting study than that of alternating currents?[1q]

In all these investigations, in all these experiments, which are so very, very interesting, for many years past—ever since the greatest experimenter who lectured in this hall discovered its principle—we have had a steady companion, an appliance familiar to every one, a plaything once, a thing of momentous importance now—the induction coil. There is no dearer appliance to the electrician. From the ablest among you, I dare say, down to the inexperienced student, to your lecturer, we all have passed many delightful hours in experimenting with the induction coil. We have watched its play, and thought and pondered over the beautiful phenomena which it disclosed to our ravished eyes. So well known is this apparatus, so familiar are these phenomena to every one, that my courage nearly fails me when I think that I have ventured to address so able an audience, that I have ventured to entertain you with that same old subject. Here in reality is the same apparatus, and here are the same phenomena, only the apparatus is operated somewhat differently, the phenomena are presented in a different aspect. Some of the results we find as expected, others surprise us, but all captivate our attention, for in scientific investigation each novel result achieved may be the centre of a new departure, each novel fact learned may lead to important developments.

Usually in operating an induction coil we have set up a vibration of moderate frequency in the primary, either by means of an interrupter or break, or by the use of an alternator. Earlier English investigators, to mention only Spottiswoode and J.E.H. Gordon, have used a rapid break in connection with the coil. Our knowledge and experience of to-day enables us to see clearly why these coils under the conditions of the tests did not disclose any remarkable phenomena, and why able experimenters failed to perceive many of the curious effects which have since been observed.

In the experiments such as performed this evening, we operate the coil either from a specially constructed alternator capable of giving many thousands of reversals of current per second, or, by disruptively discharging a condenser through the primary, we set up a vibration in the secondary circuit of a frequency of many hundred thousand or millions per second, if we so desire; and in using either of these means we enter a field as yet unexplored.

It is impossible to pursue an investigation in any novel line without finally making some interesting observation or learning some useful fact. That this statement is applicable to the subject of this lecture the many curious and unexpected phenomena which we observe afford a convincing proof. By way of illustration, take for instance the most obvious phenomena, those of the discharge of the induction coil.

Here is a coil which is operated by currents vibrating with extreme rapidity, obtained by disruptively discharging a Leyden jar. It would not surprise a student were 
   the lecturer to say that the secondary of this coil consists of a small length of comparatively stout wire; it would not surprise him were the lecturer to state that, in spite of this, the coil is capable of giving any potential which the best insulation of the turns is able to withstand: but although he may be prepared, and even be indifferent as to the anticipated result, yet the aspect of the discharge of the coil will surprise and interest him. Every one is familiar with the discharge of an ordinary coil; it need not be reproduced here. But, by way of contrast, here is a form of discharge of a coil, the primary current of which is vibrating several hundred thousand times per second. The discharge of an ordinary coil appears as a simple line or band of light. The discharge of this coil appears in the form of powerful brushes and luminous streams issuing from all points of the two straight wires attached to the terminals of the secondary. (Fig. 1.)

[image: FIG. 1.—DISCHARGE BETWEEN TWO WIRES WITH FREQUENCIES OF A FEW HUNDRED THOUSAND PER SECOND.]

Now compare this phenomenon which you have just witnessed with the discharge of a Holtz or Wimshurst machine—that other interesting appliance so dear to the experimenter. What a difference there is between these phenomena! And yet, had I made the necessary arrangements—which could have been made easily, were it not that they would interfere with other experiments—I could have produced with this coil sparks which, had I the coil hidden from your view and only two knobs exposed, even the keenest observer among you would find it difficult, if not impossible, to distinguish from those of an influence or friction machine. This may be done in many ways—for instance, by operating the induction coil which charges the condenser 
   from an alternating-current machine of very low frequency, and preferably adjusting the discharge circuit so that there are no oscillations set up in it. We then obtain in the secondary circuit, if the knobs are of the required size and properly set, a more or less rapid

  succession of sparks of great intensity and small quantity, which possess 
   the same brilliancy, and are accompanied by the same sharp crackling sound, as those obtained from a friction or influence machine.

[image: FIG. 2.—IMITATING THE SPARK OF A HOLTZ MACHINE.]

Another way is to pass through two primary circuits, having a common secondary, two currents of a slightly different period, which produce in the secondary circuit sparks occurring at comparatively long intervals. But, even with the means at hand this evening, I may succeed in imitating the spark of a Holtz machine. For this purpose I establish between the terminals of the coil which charges the condenser a long, unsteady arc, which is periodically interrupted by the upward current of air produced by it. To increase the current of air I place on each side of the arc, and close to it, a large plate of mica. The condenser charged from this coil discharges into the primary circuit of a second coil through a small air gap, which is necessary to produce a sudden rush of current through the primary. The scheme of connections in the present experiment is indicated in Fig. 2.

G is an ordinarily constructed alternator, supplying the primary P of an induction coil, the secondary S of which 
   charges the condensers or jars CC. The terminals of the secondary are connected to the inside coatings of the jars, the outer coatings being connected to the ends of the primary pp of a second induction coil. This primary pp has a small air gap ab.

The secondary s of this coil is provided with knobs or spheres KK of the proper size and set at a distance suitable for the experiment.

A long arc is established between the terminals AB of the first induction coil. MM are the mica plates.

Each time the arc is broken between A and B the jars are quickly charged and discharged through the primary pp, producing a snapping spark between the knobs KK. Upon the arc forming between A and B the potential falls, and the jars cannot be charged to such high potential as to break through the air gap ab until the arc is again broken by the draught.

In this manner sudden impulses, at long intervals, are produced in the primary pp, which in the secondary s give a corresponding number of impulses of great intensity. If the secondary knobs or spheres, KK, are of the proper size, the sparks show much resemblance to those of a Holtz machine.

But these two effects, which to the eye appear so very different, are only two of the many discharge phenomena. We only need to change the conditions of the test, and again we make other observations of interest.

When, instead of operating the induction coil as in the last two experiments, we operate it from a high frequency alternator, as in the next experiment, a systematic study 
   of the phenomena is rendered much more easy. In such case, in varying the strength and frequency of the currents through the primary, we may observe five distinct forms of discharge, which I have described in my former paper on the subject A before the American Institute of Electrical Engineers, May 20, 1891.

A See THE ELECTRICAL WORLD, July 11, 1891.

It would take too much time, and it would lead us too far from the subject presented this evening, to reproduce all these forms, but it seems to me desirable to show you one of them. It is a brush discharge, which is interesting in more than one respect. Viewed from a near position it resembles much a jet of gas escaping under great pressure. We know that the phenomenon is due to the agitation of the molecules near the terminal, and we anticipate that some heat must be developed by the impact of the molecules against the terminal or against each other. Indeed, we find that the brush is hot, and only a little thought leads us to the conclusion that, could we but reach sufficiently high frequencies, we could produce a brush which would give intense light and heat, and which would resemble in every particular an ordinary flame, save, perhaps, that both phenomena might not be due to the same agent—save, perhaps, that chemical affinity might not be electrical in its nature.

As the production of heat and light is here due to the impact of the molecules, or atoms of air, or something else besides, and, as we can augment the energy simply by raising the potential, we might, even with frequencies obtained 
   from a dynamo machine, intensify the action to such a degree as to bring the terminal to melting heat. But with such low frequencies we would have to deal always with something of the nature of an electric current. If I approach a conducting object to the brush, a thin little spark passes, yet, even with the frequencies used this evening, the tendency to spark is not very great. So, for instance, if I hold a metallic sphere at some distance above the terminal you may see the whole space between the terminal and sphere illuminated by the streams without the spark passing; and with the much higher frequencies obtainable by the disruptive discharge of a condenser, were it not for the sudden impulses, which are comparatively few in number, sparking would not occur even at very small distances. However, with incomparably higher frequencies, which we may yet find means to produce efficiently, and provided that electric impulses of such high frequencies could be transmitted through a conductor, the electrical characteristics of the brush discharge would completely vanish—no spark would pass, no shock would be felt—yet we would still have to deal with an electric phenomenon, but in the broad, modern interpretation of the word. In my first paper before referred to I have pointed out the curious properties of the brush, and described the best manner of producing it, but I have thought it worth while to endeavor to express myself more clearly in regard to this phenomenon, because of its absorbing interest.

When a coil is operated with currents of very high frequency, beautiful brush effects may be produced, even if the coil be of comparatively small dimensions. The experimenter 
   may vary them in many ways, and, if it were nothing else, they afford a pleasing sight. What adds to their interest is that they may be produced with one single terminal as well as with two—in fact, often better with one than with two.

But of all the discharge phenomena observed, the most pleasing to the eye, and the most instructive, are those observed with a coil which is operated by means of the disruptive discharge of a condenser. The power of the brushes, the abundance of the sparks, when the conditions are patiently adjusted, is often amazing. With even a very small coil, if it be so well insulated as to stand a difference of potential of several thousand volts per turn, the sparks may be so abundant that the whole coil may appear a complete mass of fire.

Curiously enough the sparks, when the terminals of the coil are set at a considerable distance, seem to dart in every possible direction as though the terminals were perfectly independent of each other. As the sparks would soon destroy the insulation it is necessary to prevent them. This is best done by immersing the coil in a good liquid insulator, such as boiled-out oil. Immersion in a liquid may be considered almost an absolute necessity for the continued and successful working of such a coil.

It is of course out of the question, in an experimental lecture, with only a few minutes at disposal for the performance of each experiment, to show these discharge phenomena to advantage, as to produce each phenomenon at its best a very careful adjustment is required. But even if imperfectly produced, as they are likely to be this evening, 
   they are sufficiently striking to interest an intelligent audience.

Before showing some of these curious effects I must, for the sake of completeness, give a short description of the coil and other apparatus used in the experiments with the disruptive discharge this evening.

[image: FIG. 3.—DISRUPTIVE DISCHARGE COIL.]

It is contained in a box B (Fig. 3) of thick boards of hard wood, covered on the outside with zinc sheet Z, which is 
   carefully soldered all around. It might be advisable, in a strictly scientific investigation, when accuracy is of great importance, to do away with the metal cover, as it might introduce many errors, principally on account of its complex action upon the coil, as a condenser of very small capacity and as an electrostatic and electromagnetic screen. When the coil is used for such experiments as are here contemplated, the employment of the metal cover offers some practical advantages, but these are not of sufficient importance to be dwelt upon.

The coil should be placed symmetrically to the metal cover, and the space between should, of course, not be too small, certainly not less than, say, five centimetres, but much more if possible; especially the two sides of the zinc box, which are at right angles to the axis of the coil, should be sufficiently remote from the latter, as otherwise they might impair its action and be a source of loss.

The coil consists of two spools of hard rubber RR, held apart at a distance of 10 centimetres by bolts c and nuts n, likewise of hard rubber. Each spool comprises a tube T of approximately 8 centimetres inside diameter, and 3 millimetres thick, upon which are screwed two flanges FF, 24 centimetres square, the space between the flanges being about 3 centimetres. The secondary, SS, of the best gutta percha-covered wire, has 26 layers, 10 turns in each, giving for each half a total of 260 turns. The two halves are wound oppositely and connected in series, the connection between both being made over the primary. This disposition, besides being convenient, has the advantage that when the coil is well balanced—that is, when both of 
   its terminals T1T1 are connected to bodies or devices of equal capacity—there is not much danger of breaking through to the primary, and the insulation between the primary and the secondary need not be thick. In using the coil it is advisable to attach to both terminals devices of nearly equal capacity, as, when the capacity of the terminals is not equal, sparks will be apt to pass to the primary. To avoid this, the middle point of the secondary may be connected to the primary, but this is not always practicable.

The primary PP is wound in two parts, and oppositely, upon a wooden spool W, and the four ends are led out of the oil through hard rubber tubes tt. The ends of the secondary T1T1 are also led out of the oil through rubber tubes t1t1 of great thickness. The primary and secondary layers are insulated by cotton cloth, the thickness of the insulation, of course, bearing some proportion to the difference of potential between the turns of the different layers. Each half of the primary has four layers, 24 turns in each, this giving a total of 96 turns. When both the parts are connected in series, this gives a ratio of conversion of about 1:2.7, and with the primaries in multiple, 1:5.4; but in operating with very rapidly alternating currents this ratio does not convey even an approximate idea of the ratio of the E.M.Fs. in the primary and secondary circuits. The coil is held in position in the oil on wooden supports, there being about 5 centimetres thickness of oil all round. Where the oil is not specially needed, the space is filled with pieces of wood, and for this purpose principally the wooden box B surrounding the whole is used.

The construction here shown is, of course, not the best on general principles, but I believe it is a good and convenient one for the production of effects in which an excessive potential and a very small current are needed.

In connection with the coil I use either the ordinary form of discharger or a modified form. In the former I have

[image: FIG. 4.—ARRANGEMENT OF IMPROVED DISCHARGER AND MAGNET.]






[image: FIG. 5.—ARRANGEMENT WITH LOW-FREQUENCY ALTERNATOR AND IMPROVED DISCHARGER.]


[image: FIG. 6.—DISCHARGER WITH MULTIPLE GAPS.]


[image: FIG. 7.—DISCHARGER WITH MULTIPLE GAPS.]
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