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Abstract— Tesla made several of the most significant discoveries in electric power systems and wireless signal transmission.
These contributions were crucial in enabling economic and
technological progress leading to our modern world. In his
long creative life, he impacted many other areas in engineering,
sciences, medicine, and art. This paper discusses examples of
Tesla’s work as it influenced others in diverse areas over a long
period of time, continuing to the present day.
Index Terms— lighting, mental models, microfluidics, neuroimaging, resonant circuits, sensors, telerobotics, thermomagnetic generators, transducers, turbines, visualization.

I. I NTRODUCTION
HIS paper discusses several examples of the continuing
presence of Tesla’s work in science, engineering, and
other areas. We analyze papers and patents over an extensive
period of time that cite directly Tesla’s work and comment on
his ideas. It is evident that the impact of some of his creations
is still present in several research and industrial areas, attesting
their timeless ingenuity, depth and uniqueness – after almost
a century since their inception.
Tesla’s pioneering discoveries and inventions in electric
power systems and wireless signal transmission are evidently
among the most significant creations that enabled the economic and technological progress of society. These will not be
discussed here. Many of his other engineering achievements
– he seemed to have an unbounded wealth of ideas – such
as wireless lighting, uses for high frequency currents, wireless
remote control, bladeless turbine, and valves with no moving
parts, as well as visionary ideas about future developments
such as radar, facsimile, and wirelessly interconnected world,
left a notable impact on modern research and development.
Brentano offerred the following characterization of
Tesla [1], “There are three aspects of Tesla’s work which
particularly deserve our admiration: The importance of the
achievements in themselves, as judged by their practical
bearing; the logical clearness and purity of thought, with
which the arguments are pursued and new results obtained;
the vision and the inspiration, I should almost say the
courage, of seeing remote things far ahead and so opening
up new avenues to mankind .”
To analyze the impact of Tesla’s work in general is a
daunting research task. The comments presented here are an
attempt to illuminate only a small portion of it in order to
show the continuing omnipresence of Tesla’s work and ideas.
In the following sections we discuss several areas ranging
from mental models and visualization in problem solving to
tele-robotics, including areas such as radio-frequency (RF)
lighting, sensors, microfluidics, and performing art.
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II. M ENTAL M ODELS , V ISUALIZATION , AND C REATIVE
P ROCESS
Tesla’s way of visualizing problems and discovering solutions in his mind before committing time and effort to the
physical realization anticipates amazingly well the modern
approach of using computer-based visualization in discovery,
creation and exploration of solutions to complex problems in
science and engineering. Without it, progress in many vital
areas such as molecular biology, design of aircraft and complex mechanical systems, would be hampered or impossible.
West [33], [32] gives a fascinating account of exceptionally
creative people including Faraday, Tesla, Poincaré, and da
Vinci who had the ability to visualize solutions to a desired
level of perfection. West develops a convincing argument about
the power of learning in ”one’s mind” with the help of ever
more powerful computer-based visualization systems.
West uses Tesla as a good example of an inventor who relied
on “a powerful innate ability to develop mental models as a
tool to produce what might be called prototypes in thought.”
Tesla was fully aware of his powerful and unusual method of
work [23] which enabled him to create an extensive number
of profound inventions:
“ ... I observed to my delight that I could visualize with
the greatest facility. I needed no models, no drawings or
experiments. I could picture them all in my mind.”
Then he elaborates on his “new method of materializing
inventive concepts and ideas, which is radically opposite to the
purely experimental ... . The moment one constructs a device to
carry into practice a crude idea he finds himself unavoidably
engrossed with the details and defects of the apparatus . . . .
My method is different. I do not rush into actual work. When
I get an idea I start at once building it up in my imagination
. . . . In this way I am able to rapidly develop and perfect
a conception without touching anything. When I have gone
so far to embody in the invention every possible improvement
I can think of and see no fault anywhere, I put into concrete
form this final product of my brain. Invariably my device works
as I conceived that it should...”
West comments “It is of no small significance that what
Tesla could do in his own mind, without the help of outside
machines, is just what is now recommended by consultants
investigating the successful use of interactive computer-aidded
design and other three dimensional graphics computing systems: The speed and power of 3D computing has all but
eliminated the requirements to produce physical prototypes
and models.”
The use of modern 3D visualization systems allows management and engineering design of increasingly complex systems
in aerospace industry, biology research and drug development,
and architecture - to name a few. West suggests that “It is

possible, therefore, that in such a new world of education,
research and work, advanced interactive computer systems
may have profound but sometimes unexpected beneficial effects. If (like Einstein) one’s intuition is clear enough, or, if
(like Tesla) one’s mental model is powerful enough, then one
might be able to dispense with direct physical experiment for
a time and do a great deal of experimenting and simulation of
reality using the imagination alone. Then, hopefully, the tests
and confirmations can be performed much later in the process,
through real experimentation, with more unequivocal results.”
III. T ELE - PRESENCE AND W IRELESS -R ADIO
C ONTROLLED S YSTEMS
One of the most futuristic inventions was Tesla’s radiocontrolled boat [23], described in U.S. Patent 613,089 (1898).
Tesla effectively introduced tele-robotics and foresaw its potential when he articulated a modern Artificial Intelligence
view of robotics: [it] will be able to follow a course laid
out or obey commands given far in advance, it will be
capable between what it ought and what it ought not to
do and of recording impressions which will definitely affect
its subsequent actions. Paulos and Canny [18] discuss the
progress in systems providing tele-presence, i.e., the systems
which allow user to “move” into a remote space and act
in it as being physically present. Tesla’s rather complete
design of a wireless-radio controlled boat anticipated teleoperated systems developed 50 years later for use in hostile
environments.
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Fig. 1. Microwave-powered sulphur lamp realizing Tesla’s proposed wireless
light (From [7]).

these advances were not available during Tesla’s time, nevertheless his basic idea of wireless light survived the test of
time.
V. S ENSORS AND T RANSDUCERS
In a survey paper [14] that focuses on a finger-like (interdigital) geometric structure of electrodes that are frequently
encountered in a variety of sensor and transducer designs,
Tesla’s 1891 patent in [22] is discussed as possibly the
earliest example of interdigital electrode design (Figure 2).
The use of interdigital electrodes became pervasive in areas
such as micromechanical systems (MEMS), chemical sensing,
piezoacoustics, and biotechnology.

IV. R ADIO -F REQUENCY (RF) L IGHTING
Electric lighting sources have been a target of intense engineering efforts during almost two centuries. The early work
culminated in Edison’s incandescent bulb which has evolved
over the years into the most common electrical device. Its
inefficiency and short life time, however, motivated search for
better lighting sources, eventually leading to radio-frequency,
electrode-less lighting devices. Godyak [7] observes that the
first proposal for RF electrode-less lighting appeared about
a century years ago in the 1891 lecture [20] delivered by
Tesla before the American Institute of Electrical Engineers
at Columbia College, New York, in which Tesla demonstrated
a ”wireless light”, energized by a capacitive RF discharge.
Tesla’s wireless lamp embodied the key concept which led to
modern lighting remotely energized by microwave electromagnetic fields. In particular, a microwave-driven high intensity
discharge (HID) sulfur lamp described in [30] appears as
a practical realization of Tesla’s idea. This lamp, shown in
Figure 1, is remotely energized by a microwave power source
generated by a magnetron. A quartz bulb filled with argon and
sulfur, is rotated in the microwave resonant cavity, covered
with a light transparent window. It has a very high efficiency
of about 100 lm/W with an expected life of 15,000 hours.
In fact, it illuminates the National Air and Space Museum in
Washington, DC.
RF light sources required recent progress in semiconductor
power switching electronics and advancements in RF plasma
understanding to become commercially acceptable. However,

Fig. 2.

Tesla’s condenser design with interdigital plates. (From [22])

The term interdigital refers to a fingerlike pattern of parallel
in-plane electrodes providing a capacitance of the electric
fields used by sensors, increasing approximately linearly with
the number of plate electrodes. In Tesla’s invention each finger
electrode is a rectangular plate, immersed in an insulating
liquid. The same principle is sometimes used in the design
of modern capacitors. Periodic interdigital patterns are also
used in the design of strip antennas. An example of a modern
sensor-transducer design with interleaved electrodes is illustrated in Figure 3.
VI. B LADELESS T URBINES
In 1909 Tesla proposed a novel design of turbines made of
several closely spaced rotor disks ( U.S. Patents No. 1,061,142
and 1,061,206) . These turbines are commonly referred to as
Tesla turbines and, sometimes, as bladeless turbines. Their
unique principle continues to be a starting point for many
new designs currently proposed. For example, in the 2004 U.S.

Fig. 3. An example of modern sensor - transducer design. (From [14], [13])

and when the fluid is highly heated or corrosive. Pumps
with valves having no moving parts (fixed valves) are of
interest because they avoid the above mentioned problems
and are relatively easy to fabricate and inherently reliable due
to their simplicity [17], [31]. The original, rather ingenious
idea of such a valve with no moving parts and its design are
described in Tesla’s 1920 US Patent No. 1,329,559. It is an
ingenious device that acts as a fluid diode. The resistance
in a non-conduction direction can be arbitrarily increased
by adding identical sections. Figures 5 and 6 illustrate the
original invention and its model as used in a recent work [17],
respectively. A realization of a micro pump using Tesla’s valve
is shown in Figure 7.

Patent No. 6,682,077 (Labyrinth Seal for Disc Turbine) which
improves on Tesla’s turbine by introducing an improved seal to
reduce fluid turbulence. The author states that “Tesla’s design
offers substantially similar gaps between pairs of opposed
surfaces.” In other words, Tesla’s original engineering details
are fundamental and remained relevant for current designs.
Tesla’s turbine is of growing interest in the design of medical devices. In [15] a multiple disk centrifugal pump (MDCP),
based on the Tesla turbine design [25], is being developed as
a potential left ventricular assist device. A schematic drawing
of the pump is shown in Figure 4.
Fig. 5.

Valve without moving parts. (From US Patent 1,329, 559, (1920)).

Fig. 6.

A model of a typical Tesla-type valve. (From [17])

The use of Tesla-type valves in micropumps, which are
key components in microfluidic systems, is of growing interest [17]. These systems are an important area of MEMS,
with many applications such as drug delivery, microbiology,
and clinical analysis in medicine.

Fig. 4.

Multi-disk blood pump. (From [15]).

Tesla’s bladeless pump is essential in an assist device under
steady or pulsatile flow. Other advantages include far more stable flow regimes than those of other centrifugal blood pumps
and, importantly, its construction is less complex compared to
other centrifugal blood pumps.
VII. M ICROPUMPS WITH FIXED VALVES
Traditional methods of controlling fluid flow with valves
using moving parts are imperfect due to mechanical wear
of moving parts, and poor behavior for rapid flow impulses

VIII. T HERMOMAGNETIC G ENERATORS
A thermomagnetic generator converts heat energy into electrical energy. The generator consists of a permanent magnet,
a shunt made of ferromagnetic material, a pickup coil, and a
heat source and sink. Tesla proposes one of the early design in
U.S. patent 428, 057 (Pyromagneto-Electric Generator), 1890.
A general diagram of a thermomagnetic-electric generator is
shown in Figure 8. Tesla’s invention is depicted in Figure 9.
Elliott [3] discusses improvements of effciency of thermoelectric generators based on gadolinium which allows heat
source to be at the room temperature of 20o C. Kuzmin [11]
reviews results of experimental and theoretical investigations
of the magnetocaloric effect (MCE) and mentions ongoing
efforts using this effect to create magnetic cooling devices.

Fig. 7. Fixed-valve micropump with a 3 mm diameter chamber and 114 m
wide channels. The channels operate as valves, providing a higher pressure
drop in the reverse (left-to-right) than in the forward direction. (From [17])

IX. E LECTRIC G UNS
Realizing a science-fiction idea of electric guns has been an
ongoing research effort since World War II with potentially
significant implications on warfare – an activity humans seem
not be capable of being without. One approach of powering
electric guns uses special generators of a homopolar (unipolar)
type, called HPGs [16]. This article identifies Tesla’s work in
this area as one of the earliest designs of homopolar generators
[21]. Tesla’s primary interest was in field self-excitation in
homopolars and he proposed several ways of achieving this,
such as spirally subdividing the rotor disk or drum to direct
the current flow appropriately. His objective was to achieve
a simple machine in which the usual field coils and poles
may be omitted and the machine may be made to consist
only of a cylinder or of two disks enveloped by a metal
casting. Tesla designed and built several generators of that
type such as “novel two-disk HPGs in which the high-speed
sliding contact was replaced by a conducting belt connecting
the two disk peripheries electrically, so that brushes were only
required at the low-speed shafts. ” The magnetic field was in
opposite directions through the two disks, so that the machine
outputs were connected in series. Tesla mentions that “several
machines with belt contact were constructed by the writer two
years ago and worked satisfactorily.” Although this approach
may not be applicable for operating speeds expected in modern
designs, its influence on the field survived more than a century.

Fig. 8.

A thermomagnetic-electric generator .(From [3])

Fig. 9.

Tesla’s pyromagneto-electric generator .(From [24])

idea of a “brain reading device” remains largely in the realm
of science fiction, there is a strong research effort in brain
imaging. Significant progress is being made in the use of noninvasive neuroimaging signals to partially “decode” the mental
states of a person [8]. These are strong signs that Tesla’s ”brain
reading device will eventually become a reality.

X. N EUROIMAGING

XI. E LECTRICITY IN M EDICINE

“I expect to photograph thoughts, ... In 1893...I became
convinced that a definite image formed in thought must, by
reflex action, produce a corresponding image on the retina,
which can be read by suitable apparatus. This brought me
to my system of television...” [27]. While Tesla’s futuristic

Tesla demonstrated a highly spectacular work on highfrequency currents in the early 1890s. His results fascinated
both experts and lay people and he was invited to present
his now classic paper “High frequency oscillators for electrotherapeutic and other purposes,” to the American Electro-

Fig. 10.

Tesla’s double-disk homopolar generator (From [21]).

Therapeutics Association in 1898. This points out that Tesla
had a strong impact on the emergence of electrotherapeutics
as a subdiscipline in medicine. Rhees [19] provides a good
account of Tesla’s role in electrotherapeutics. He notes that,
unlike his work on polyphase systems and induction motor/generator which quickly produced far-reaching changes in
power systems, he made significant contributions to induction
heating and medical diathermia.
Tesla was first to recognize properties of high-frequency
(HF) currents when applied to human body and he proceeded
to develop a variety of devices for their generation. “One of the
early observed and remarkable features of the high frequency
currents, and one which was chiefly of interest to the physician,
was their apparent harmlessness which made it possible to
pass relatively great amounts of electrical energy through the
body of a person without causing pain or serious discomfort.”
Unlike many ”experts” at that time who made outlandish
and risky claims about electrical treatments, Tesla was careful
not to imply that he knew how to apply HF currents in
medical treatments - he left that to the physician. “While it
remained for the physician to investigate the specific actions
on the organism and indicate proper methods of treatment,
the various ways of applying these currents to the body of a
patient suggested themselves readily to the electrician.”
Tesla, however, offered a pretty bold suggestion about
maintaining personal hygiene with his approach of harmless
HF currents:
“As before remarked, by adopting the method described, the
body of a person may be subjected without danger to electrical
pressures vastly in excess of any producible by ordinary
apparatus, for they may amount to several million volts, as
has been shown in actual practice. Now, when a conducting
body is electrified to so high a degree, small particles, which
may be adhering firmly to its surface, are torn off with violence
and thrown to distances which can be only conjectured. I find
that not only firmly adhering matter, as paint, for instance, is

thrown off, but even the particles of the toughest metals are
torn off. Such actions have been thought to be restricted to a
vacuous inclosure, but with a powerful coil they occur also in
the ordinary atmosphere. ... The continuous improvement of
the instruments and the study of the phenomenon may shortly
lead to the establishment of a novel mode of hygienic treatment
which would permit an instantaneous cleaning of the skin of
a person, simply by connecting the same to, or possibly, by
merely placing the person in the vicinity of a source of intense
electrical oscillations, this having the effect of throwing off,
in a twinkle of the eye, dust or particles of any extraneous
matter adhering to the body. Such a result brought about in a
practicable manner would, without doubt, be of incalculable
value in hygiene and would be an efficient and time-saving
substitute for a water bath, and particularly appreciated by
those whose contentment consists in undertaking more than
they can accomplish.” In view of a predicted drastic shortage
of water in the coming decades, Tesla’s “electrohygiene” might
become an interesting alternative in personal hygiene.
Rhees [19] notes that Tesla was one of the first electrical engineers to consider the physiological effects of high-frequency
currents. After discovering that he could induce rapid heating
in metal bars, even melting them, Tesla speculated that living
tissues also could be heated in the same manner. He also noted
the unexpected fact that humans can endure high-frequency
currents of extremely high voltage without apparent harm.
These findings led Tesla and others to suggest that such
currents might be of medical use. This approach became
known as diathermy where high-frequency electrical currents
are used to heat deep muscular tissues to increase blood
flow, thus speeding up recovery. Diathermy is also used in
surgical procedures to seal blood vessels with electrically
heated probes. Two key investigators of electrophysiology
during the nineteenth century were d’Arsonval and Tesla. They
independently studied effects of high-frequency current on
human body and discovered their physiological effects . In
1892, Tesla met d’Arsonval on a lecture tour of France: he
was pleased that d’Arsonval used his oscillators to investigate
the physiological effects of high frequency currents. History
has not been kind to Tesla – the credit for all of the pioneering
work in the field of electrotherapy has gone almost exclusively
to d’Arsonval [10].
It can be noted that Tesla’s work found central use in
other disciplines in medicine. For example, early pioneers in
oral radiology [12] like Kells used a Tesla coil as a part of
equipment for taking dental radiographs. Tesla himself wrote
on the negative effects of X-rays on humans [29].
XII. E LECTRIC B ODY AND P ERFORMING A RTS
Electric performances art [4] can be defined as the theatrical display of electrically manipulated human bodies. This
art form started with the scientific/technological electricity
innovations of the 18th century and evolved to use most
advanced computer-based muscle-control pieces. Not surprisingly, Tesla’s equipment and spectacular demonstrations with
electrical discharges that look like strokes of lightning using
his famous Tesla coil [23] attracted attention of artists interested in “electric performances art”. These demonstrations

are frequently shown in science museums and incorporated in
performance pieces [34].
XIII. C ONCLUDING R EMARKS
Hughes points out in his book [9] that “Of the great
construction projects of the last century, none has been more
impressive in its technical, economic, and scientific aspects,
none has been more influential in its social effects, and none
has engaged more thoroughly our constructive instincts and
capabilities than the electric power system.” It can be added
that of all of those involved, none has been more individually
significant than Nikola Tesla. The scope and depth of his other
contributions make him a far greater figure in the history of
engineering. The omnipresence of his ideas, modestly sampled
in this paper, shows that his greatness has withstood the test
of time.
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