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First, it must be pointed out that not only for historical reasons, but for reasons of
clarity, the term high frequency must be used in preference to the more currently used
terms of short wave currents or diathermy treatments which have been frequently abused
or misused.
Since wave-length ( >.) can be calculated from a simple relation, by dividing the
velocity of the propagation of the wave analogous to the velocity of propagation of another
electromagnetic wave: light ( c), by the frequency ( v) or number of cycles per second:
Speed of light in meters
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this distinction might seem academic, and contrary to tradition.
Nevertheless, it seems useful to stop the confusion which exists for many physicians
when they deal with physics, and for many physicists when they try to apply their knowledge to medicine. Several facts must be made very clear indeed.
1)

We do not use the electromagnetic waves as such in medicine, but only the electric
fields induced by them, i.e., the high-frequency currents which generate them.

2)

The speed and length of one definite group of waves, whether they are in the ether,
the air, or the vacuum, are completely changed and reduced when it hits a medium
with such a high dielectric constant as the human body. [Assuming that the body had
only the dielectric constant of water, 81 ( and it is probably greater), the wave length
would already be reduced by as much as the square root of the above figure, which
means nine times less than in free space.]

3)

To insist on the wave length seems to imply specific characteristics and properties as
in the case of x-rays, ultra-violet or infra-red radiations. This is not the case.

4)

The only significance of the wave length is that it is the variable factor indicative of
the quality of an alternating current. Its eventual properties are derived from the very
frequency, i.e., the number which represents its cycles per second. Every organic
action or reaction seems linked in direct or indirect relation to the frequency. As
important, any absence of action or reaction of the organism exposed to alternating
current is connected with its frequency.

5)

.
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the denominator is the important specific variable. As a matter of fact, it is the common denominator of all effective variations observed in the applications of highfrequency alternative currents. Furthermore, it constitutes the distinctive factor which
identifies this variety of electric current in the scale of radiations.
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6)

/

Finally, in anticipation of this expose, it has been demonstrated that waves do not
exist in nature but only in the representation of man's mind to understand nature.
7) Which means that the traditional description of waves is only valid subjectively in
man-scaled observation or rather interpretation, but does not exist objectively at the
level of electronic and atomic reality. This has been demonstrated if we introduce
in this evaluation Einstein's theory of relativity, Planck's and Heisenberg's theory of
quanta and Bohr's practical observations of the comportments of electrons at the
atomic level.
8) This apparent temporary complication constitutes in fact a simplification; by integrating electronic phenomena into the general laws of classical and nuclear mechanics, it
will clarify research and facilitate progress.
In short, to study the effect or absence of effect of a high-frequency current upon the
living organism by observing the frequency itself or its impact or variations upon the cells,
is to study the real phenomenon. The short waves emitted during that operation can interfere with a radio-receiver in the vicinity; that is why regulations have restricted medical
use to a certain wave length; but to study them is as indirect an observation as to study
the light emitted by a furnace to appreciate the caloric problem in the processing of steel.
Both are side effects relatively independent of the main reality and object of experience.
Be that as it may, the first authors who dealt with these phenomena and applications
in great foresight concentrated curiously enough on the real problem, the level of frequency
at which an alternating current can be efficient upon the organism without being harmful.
Before giving an enumeration of the people who fundamentally contributed to establishing modern therapy by high-frequency current, let us state beforehand that the three
pioneers and real originators of this technique were a physiologist, Dubois Reymond (1848),
and two physicists, Hertz (18 87) and finally and more especially D'Arsonval (18 89),
who can be called the true father of present therapy by high-frequency currents.
The following chronological list doesn't constitute a bibliography of the question but
only the essential landmarks of the contributions made for the establishment of the laws
regulating the production and action upon the organism of high-frequency currents. Beforehand, it can be noted that aside from physicists, physicians, chemists and physiologists, there
are also a few mathematicians. All the prominent people belonging to these different
disciplines· sometimes didn't know that their research or discoveries would contribute to
the progress or the understanding of the action of the high-frequency currents. This is a
new demonstration that in theoretical research as well as in practical experimentation one
knows what one is looking for, but one does not always know what will be found and what
its application will be.
1746 Cuneus and Musschenbroek of Leyden must obviously be the first to be mentioned
since they were the ones who devised the Leyden jar, which is the precursor of
the modern condenser, a condenser being, as is well known, the main device for
storing electricity. This was indeed the first electric "capacity" capable of storing,
containing and releasing electricity.
1801 William Wollaston, an English chemist and physicist, discovered that the discharge
of a Leyden jar was pulsatory in character.
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1801

Romagnosi discovered the magnetic effect of an electric current.

1820

Oersted, a Danish physicist, discovered the laws relating to the magnetic effect
of an electric current. He described the magnetic field and its strength.

1831

Faraday demonstrated that an electromotive force is induced in a conductor when
it is moved in a magnetic field. He thus released the embryo of all m·odern production of electric current.

1842

Joseph Henry saw that the discharge of a Leyden jar is alternating in character.

1848

Dubois-Reymond, French physiologist, studies muscular contraction under the influence of electric currents. For the first time, he studies the conditions of excitability as well as inexcitability of the neuro-muscular system. At this early stage, he
is already able to state "that it is not the absolute density of the current at each
instant which induces muscular contraction, but the variations of this value". He
adds, "the quicker the variation, the stronger the resulting excitation."

1853

William Thomson, later known as Lord Kelvin, describes the conditions in which
the discharge of a condenser induces an alternating current.

1865

This is a very imp@rtant date: Clerk Maxwell studying the electromagnetic character of light discovers also the electromagnetic fields induced by the oscillatory
discharge of a condenser, through a circuit containing the inductance, which produces an electromagnetic radiation that can be propagated through space at the
velocity of light.

1888

Heinrich Hertz, capitalizing on Maxwell's discovery, demonstrates the existence
of radiations which subsequently became known as the Hertzian waves. He was
able to manufacture an oscillator which was the first radio station and to detect its
waves by a resonator. He showed also that these waves could propagate themselves
through the air and pass through stone walls and through floors.

1889

D'Arsonval started his fundamental work at the College de France. He has been
rightly called the father of short-wave and diathermy treatment. He specified that
the excitability of the neuro-muscular system fades away after a certain level of
5,000 cycles per second ( the greater the frequency, the lesser the excitation), to
the point of total disappearance after 10;000 cycles a second. With his original
interruptors built by himself, he could not overcome that frequency, but capitalizing
on Maxwell and Hertz's discoveries, he used Hertz's oscillators, to utilize even at
this early stage, frequencies of 30 million cycles a second, which means in the ten
meter band wave length. He emphasized that alternating currents of equal power
seem less dangerous when their frequency is greater, and he added, which was so
true at that period, "contrarily to what one could have believed."

1891

Nicola Tesla extends the indications for treatment of patients by high-frequency
currents and insists upon their heating effects.

1896

Marconi produces more powerful electrical high-frequency oscillations, that can be
picked up at greater distances, and perfects wireless communication systems.

1899

H. Becquerel and the Curies discover radioactivity. Atoms of the heavier elements
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are found to disintegrate spontaneously by the em1ss1on of different particles: a
particles ( with a positive charge equal to two electrons), /3 particles ( with a rest
mass and negative charge similar to the one of an electron). In many elements this
was accompanied by an emission of y rays, an electromagnetic radiation of very
high frequency.
1899

Planck, the great mathematician, developed his theory of quanta, which is going
to revolutionize modern physics, allowing greater and more precise insights in
phenomena which until then were unaccountable.

1899

Van Zeynek, for the first time, evaluates and measures the heating of tissues under
the influence of high-frequency currents which will allow the standardization of
diathermy.

1903

Rutherford and Soddy describe the laws of disintegration of radio-active substances
and give the first conception of the nuclear atom.

1907

Nagelschmidt, at the Congress in Dresden, speaks for the first time in detail of
thermopenetration of high-frequency currents, and believes that the diathermic effect
is the most important. His influence was spread over the fifty years to follow.
Most of the emphasis of the treatment with high-frequency current was placed on
the heat factor. Contrary to what D'Arsonval, the originator, had thought, namely
that it was the extra-thermic effects which were the most important.

1911

Donnan standardized his crucial laws concerning the passage of electrolytic solutions through semi-permeable membranes.

1913

Niels Bohr studies the movement of electrons in the atoms and shows that the
ultimate particles of matter move inside the atom, not like railway trains running
smoothly on tracks, but like kangaroos hopping about in a field (from one orbit
to another around the atom nucleus).

1915

Einstein formulates the generalized theory of relativity that he had started and
studied since 1905. This is a momentous date when all previous knowledge in
physics, physiology, biology and mathematics has to be re-evaluated adjusted for
greater precision and simplification in spite of the apparent complications. Einstein's
discovery was closer to the facts of nature, to· their deeper reality and constitutes
a great clarification and simplification than all earlier theories.

1919

Pierre Girard of Paris, studies electric osmosis; he studies especially the electric
potentials of semi-permeable membranes, and demonstrates that their semi-permeable
character was under the influence of the electric charges of this very membrane. By
modifying the sign of these charges (positive or negative) by solutions containing
polyvalent ions, or by electric currents, he was able to control the direction of
osmosis, independently of the concentrations of the solutions.

1924

Gewaerts studies the osmotic pressure of proteins and their influence over the water
retention in the organism. De Vees studies the iso-electric point of proteins.

1925

Loeb publishes his studies completing the laws of Donnan and their variations under
biologic circumstances and also studies colloidal phenomena.
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1925

Heisenberg, revising the theory of quanta published by Planck in 1899, establishes
a new theory of quanta which works at atomic levels and beyond space and time,
even when they are considered as a unit and as a fourth dimension, as Einstein had
considered them. He also demonstrated according to his new theory that at atomic
level the phenomena which are beyond the reach of the human senses or even human
instruments and which therefore cannot be appreciated directly, can be foreseen
and predicted in their dynamic consequences on a statistical basis. This is also an
important date in the interpretation of the effects of high-frequency current, in spite
of the fact that their author was not concentrating on that point.

1926

L. Lapicque, in Paris, publishes his important study (l'excitabilite en fonction
du temps).

1928

Schliephake, with two physicists, Edau and Patzold, practices the clinical applications of diathermy with short wave and insists upon the heating effects as the major
element of efficiency.

1930

Carpenter and Page induce general fever and elevation of temperature of the whole
body; and at the same time, the Viennese school insists upon fever· therapy induced
by high-frequency current in the treatment of nervous syphilis. All of these fever
therapies have since been abandoned, since the discovery of antibiotics;

1936

George Crile publishes a book: "The Phenomena of Life, a Radioelectric Interpretation"; where he demonstrates that the body cells can be considered as microscopic batteries. These dipoles have essentially an acid nucleus constituting the
positive pole towards a relatively alkaline cytoplasm representing the negative pole.

1937

In Vienna, at an International Congress, D'Arsonval is recognized in retrospect as
the father of modern diathermy, in spite of the fact that he insisted more on the
extrathermic effects of the current than on the production of heat. It is proposed
that this treatment with high-frequency currents be called D'Arsonvalisation.

193 7

At this same Congress, Liebesny gave photographic evidence of the pearl-chain
reaction of fat globules in emulsion when this emulsion was subjected to highfrequency fields. He did not claim any specific therapeutic effect as the result of
this phenomenon.

1938

William Bierman, in New York, published his book revising all the medical applications of short-wave current, and summing up a comprehensive review of the
literature on the subject. Many original viewpoints are also given in this book
concerning the application of high-frequency currents.

1938

Philippe Bauwens, in England, introduces the cross-fire technique of the application of diathermy with the purpose of heating of the deeper tissues in localized
parts of the body.

1940

Harold Saxton Burr of Yale develops a vacuum tube microvoltmeter by means
of which it is possible to measure practically pure voltage differences in animals,
independently of resistance changes and affected only to a limited extent by change
in current.
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1950

1956

1957
1958

1959

Abraham Ginsberg presents to the New York Academy of Medicine an apparatus
with the possibility of interrupting the high-frequency current to induce what he called
a "cooling-off" period. This apparatus is of fifteen meter wave-length and the interruption of 60 times per second, allows the author to emphasize the extrathermic
effects of the current, thus resuming the original idea of D'Arsonval. Since the
danger of burn is eliminated, it allows the author through intermittent exposure
to increase the potential of the electrode to 35,000 volts, whereas the usual machine
in use at that time had a maximum intensity of 3,000 volts. He stressed that this
variety of current is especially efficient to combat infection.
Introduction in the production of high-frequency current of the magnetron tube
which was used during the war for radar. This leaves far behind the frequencies
of conventional diathermy of 400 to 3,000 kilocycles per second, and also the
ordinary short-wave diathermy with frequency ranges from 10 to 30 megacycles
per second ( corresponding to length waves from 10 to 30 meters), and even ultra
short-wave diathermy with frequency range from 30 to 100 megacycles per second
( corresponding to length waves from 10 to 3 meters). This new microwave diathermy ranges in frequency from 300 to 2,450 megacycles, which means that its
wave length ranges from 1 meter to 12.5 centimeters; and for the first time a highfrequency current is induced of approximately two and one-half billion cycles per
second. Krusen, Herrick and Leden of the Mayo Clinic claim that these microwaves
reverse the heating radiant so that the temperature of the muscle is greater than that
of the skin and subcutaneous tissue, but these findings are opposed by Osborne
and Frederick.
Bauwens and Peter Styles design and build a crystal short-wave generator which
is fitted with an automatic tuning unit and also with a wattmeter. The apparatus
gives a constant power input into the load and also measures accurately the total
load input. The automatic tuning seems to be of great clinical advantage.
Styles designs a short-wave generator incorporating a device called a "pot resonator"
which has the effect of reducing the power of the harmonic radiations. This reduces
considerably the amount of radio and television interference due to the highfrequency generators.
J. H. Heller studies the effect of high-frequency currents upon the reticuloendothelial system.
Under the chairmanship of Colonel George M. Knauf, a group of scientists among
whom especially Joseph H. Vogelman, Herman P. Schwan, Julia Herrick and Russel
L. Carpenter, study the effect upon the living organism of radar waves. But as
interesting as this work is, it deals with frequencies of 1,000 to 10,000 megacycles
or more, far above the frequencies dealt with in medical application.
. Resuming the original modality in treatment introduced by Ginsberg in 1940 with
technical perfection brought about by Arthur Milinowski, Remington Rand creates
a machine which, without changing the specific quality of high-frequency current,
is able to interrupt these currents from 80 to 600 times per second and to vary the
intensity and penetration, as can be verified by the size of the waves on an oscillo8

scope. This variety of interruptions allows afao the use of greater intensity without
significant increase in temperature. To designate its main characteristic and to differentiate it from ordinary diathermy, this new modality has been named "Pulsotherapy". This relatively cold electrotherapy through high-frequency current does not
mean that the rate of temperature is not physically existent at cellular level and
highly biologically significant. This procedure seems very efficient clinically, not only
against infection but also to fight against spasm and pain of various origins.

We will now examine briefly and successively:
a) the comportment of high-frequency currents directed towards a living organism
following classical physics.
b) the theoretical electric condition of the receiving organism.
c) the practical interpretation of clinical reactions or absence of reactions to highfrequency currents following the conceptions of modem physics.
Let us repeat here to avoid any confusion in the mind of the physician ( confusion unfortunately spread the world over), that the so-called therapy through short waves does not
in fact constitute a short wave therapy. Contrary to the current denomination, we use in
this therapy only the high-frequency currents induced by the same vacuum tube oscillators
which are eventually capable at the same time of generating, if properly directed through
an emitting antenna, the "short waves" which can be received by our radio receptors.
Kowarschick long ago insisted that it was quite improper therefore to speak of irradiation
by short waves in medical treatment. Aside from this, we shall demonstrate later that, from
the viewpoint of modern physics, short waves do not exist in nature, and constitute mainly
a man-made mental representation, only created in our minds to help us to understand the
real nature of electric propagation. This being said, it is well-known that alternating currents are oscillating currents; the number of oscillations per second is called their frequency.
They are divided purely artificially into currents of low and high-frequency. We shall only
consider the latter here: those of which the frequency exceeds 100,000 cycles per second.
This division is of course purely arbitrary since there is no solution of continuity in the
gradation of frequencies.
In opposition to direct currents, these high-frequency a.c. are able to "flow" through
the open circuit and the armatures of a condenser, the latter being constantly charged
and discharged and developing between its armatures an electric field. These plates of the
condenser in spite of their relative conductibility oppose a certain capacitative resistance.
But it must b~ emphasized that independently of the intensity, the greater the current frequency, the lesser this capacitative resistance interferes, which means the greater becomes
the ultra-oscillant electric field induced between the plates of the condenser. Should a living
organism be exposed between the electrodes representing such a condenser, the very forces
developed by the intermediary electric field, will be the ones to act upon the electric particles of the body.
Classically a living organism is constituted by mixed layers of conductive and dielectric substances and the activity of the high-frequency a.c. is different upon each. Let us
consider them successively.
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A conductor is a material within which there are free charges, that is, charges which
are free to move provided a force 'is exerted upon them by an electric field. If by any means
an oscillating electric field is maintained within a conductor, there will be a constant motion
and reversal of its free charges. This motion is called a current. This current will induce
thermic effects following the intensity of the current, the frequency, and the resistance of
the conductor. This thermic effect or Joule effect, has been long considered the main phenomenon in so-called "short wave" therapy, in fact high frequency therapy, therefore called
diathermy ( through heat) .
Let us now consider what happens in dielectrics, which are non-conductive substances.
They behave like relative insulators, since they contain no ( or at least very few) charged
particles free to move under the influence of an electric current. Nevertheless, the electric
field induces its influence over the relatively fixed charges of the dielectric material. Since
there is po free motion, there is no free flux of electrons, and no flowing current in the
usual sense of the term. What takes place is a new phenomenon called polarization, most
important to consider both from an electrical and from a biological viewpoint. Whereas in the
case of a conductor we observed especially a surface effect, and a thermic effect, here w1/
observe a volume effect, and a displacement current with no significant thermic effect. Let us
give a few precisions to illustrate this and make it clear at least as a representation.
From an electrical viewpoint, the dielectrics have the property of molecular polarizability. That is, the very presence of an electric field may tend to shift the positive and negative
charges within a molecule away from its average position, so then an inductive redistribution charge occurs. From a biological viewpoint we know that most cells possess electric
charges either pre-existent to or induced by the establishment of the field, but in any case
localized firmly at the extremities of the cells, on the nucleus and on the mitochonaria of the
protoplasm. These cells constitute and behave as molecular dipoles, with positive charges
concentrated at one extremity of the cell and negative charges at the other. Since these
charges cannot move ( or very little) in the interior of the cells, and since the cells cannot
move in an organized tissue, these cells, as soon as the current is established, are solicited by
a force which tends to change their position towards the magnetic field like the needle of a
compass. This action of the electromagnetic field, usually perpendicular to the electric
field, induces a deformation, a sort of contortion ( torque force of the physicists), a
tendency to displacement. From there originates the name of displacement currents. These
currents go through the dielectric tissues, practically without loss of energy, which means
also without production of a significant amount of heat. On account of their extrathermic
effect, they have been, if not neglected, at least minimized in their importance, when
physicians thought that the caloric effect constituted the only_ important therapeutic weapon.
When the frequency is increased, it appears that the conductive c11rrents are experimentally reduced in importance and therefore in influence, whereas the displacement currents become more important. Therefore the energy expanded by the cellular dipoles in
their effort to orient themselves in the quickly reversing field becomes greater, and absolutely significant, even if the heat produced during this process is relatively insignificant.
At very high frequencies, such as those of light waves ( of the order 10 15 cycles per
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second), the field alternates so rapidly that the polarization effects cannot build up to
their full values before the field reverses. Hence, the effective dielectric coefficient at these
frequencies ( everything else being equal) is much smaller than at low frequencies. Furthermore, since the ability of dipoles to follow a disturbance of a given frequency varies
with this very frequency, it follows that the effective dielectric coefficient, and hence, the
velocity of an electromagnetic wave in a material substance, such as a living tissue, is
reduced. This reduction and diffusion induces an effect analogous to the one called dispersion, even though the present frequencies do not nearly approach that of light.
Without anticipating too much the re-evaluations ( that will be discussed later, when
we introduce the theories of modern physics at atomic and electronic levels, to give an
interpretation of these phenomena) let us say that at high frequencies used in clinical work
(from 100,000 cycles per second to 100,000,000 cycles per second) the electric field alternates so rapidly in direction that neither the polarization nor the dispersion effects have
enough time to build up their full values before the field reverses. A sort of "electrotonus"
occurs.
This is why technically there seems to be a great advantage in interrupting this current without altering the quality of its frequency. The most modern medical machines (such
as the Dia pulse types made by Remington Rand) take this factor into account and allow the
operator to interrupt at will the flow of the oscillating current from 80 to 600 times per
second. It means that at maximum efficiency the current passes in short pulses or peaks of
energy which added to one another do not occupy more than 3.9% of the total time.
In the interval of these peaks of efficiency of the electric field, a sort of "relaxation
time" is given to the cells; physically we can say that it "relaxes" the dipoles releasing the
torque forces, allowing their possibility of reorientation, and making them more susceptible
to the full benefit of polarization and secondary depolarization. In short and as an overall
picture, this procedure allows more time for the action and the influence of the displacement
current to exert itself. On the reverse, the heat effect of the conduction currents is automatically reduced not only in relation to the value of the displacement current, but also
in absolute value, since the time actually given for dissipation of energy and therefore
heat, is greater than the time allowed for the accumulation of both, i.e., the sum of the
conductive and displacement currents.

This being said about the incipient electric fields, let us consider now what are the
"electric" circumstances of the receiving living organism exposed to them. What we know
about the deeper mechanism of cellular life, both through observation of cells in living
organisms, or of living cells in tissue cultures, shows us indeed that the electric phenomena
are of paramount importance for their very existence, function and reproduction,- in short
for their survival or death.
In accordance with the expression of George Crile in his book published as far back
as 193 6 ( "The Phenomena of Life, A Radioelectric Interpretation"), the cellular phenomena of oxydo-reduction, which constitute life itself, induce radiant and electric energy.
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These cellular individual "furnaces", he calls "radiogens", act like microscopic batteries in
which an acid nucleus constitutes a sort of positive pole towards a relatively alkaline and
negative cytoplasm. We know also that each constituent cell of a tissue is at the same time
separated in its structure from, and united with its sister cells by a semi-permeable membrane. Also this membrane is what directs and conditions the exchanges between the internal
protoplasm and the intercellular exogenous spaces following the laws of osmosis. But long
ago Pierre Girard also demonstrated that these laws of osmosis can be modified or even
reversed when one induces an action over the electric potential of these very membranes.
This is accomplished either through solutions of polyvalent positive or negative ions, or
through electric currents which modify the electric polarization of the membrane and thus
its very permeation. These are facts.

It is a fact also, that one of the important characteristics of each living tissue, very
definite for each animal species, is its isoelectric potential. It is very stable in ordinary
circumstances, just functionally oscillating slightly around a point of equilibrium in normal
healthy conditions. But it can be drastically modified in such pathological circumstances
as infection, intoxication, shock, burns, etc., or physiological circumstances as, for instance,
menstruation or pregnancy. It has been the merit also, long ago, of Vies and De Coulon
( 1924-1929), capitalizing on the classical work and theories of Loeb and Donnan, to
account for the sometimes paradoxical reactions of the cells to ·these well-established laws
of osmosis. Vles in particular demonstrated that each protein cell can successively behave
either as an acid or as a base. He calls the cell an ampholyte to describe its ambivalent
possibilities. Experimentally he verified extensively that for each of these biological ampholytic units there was a particular point, that he termed isoelectric, where both the acid
and basic valences were equally little dissociated, in a way as if blocked, and electrically
neutral. This, he recognized, constituted a critical point, where all the cellular properties
and functions are at their minimum, a point of equilibrium. But it also is a characteristic
of life that this equilibrium should be very fragile and unstable: on one side of the critical
point the ampholyte unit will behave as an acid, on the other side as a base. And this,
whether the relative variation around this critical point is induced by a variation of the
exogenous pH, or on the contrary, by an endogenous move of the critical point itself in
the pH scale.
In our own previous personal research, we have as far back as 1930 insisted upon
the impact of these electric factors in the pathogenesis of water retention in the organism.
Our clinical studies were aimed at the modification of edema or ascitis and at the prevention of their facilitation induced by the lowering of the osmotic pressure of proteins. Our
experimental studies concentrated on the impact of this isoelectric point of proteins in the
. physiologic mechanism of thirst, and in the pathologic hydration which is either intracellular or interstitial, following the very level of this critical point, or the nature or the stage
of the infection or disease.
Herman P. Schwan of Philadelphia, 1958, makes a new study of the same phenomena
for different purposes, and emphasizes that the water content of the tissues, which can
constitute an important dispersion factor ( when they are submitted to an electric current),
must be considered under two separate aspects: bound water which represents the hydration
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coefficient of the cells, and free water into the intercellular spaces. As an overall picture,
he considers "all organic tissues as protein solutions, i.e., electrolyte solutions in which are
suspended individual protein molecules and protein lipid complexes".
This is especially true when he studies the behavior of tissues at ultra high-frequencies
of the radar type, where the capacitance, the inductance and the resistance of the cellular
membranes become negligible, when in short, the membrane reactance vanishes, to the point
of functional disappearance of the membrane in spite of its anatomical persistency.
In summary, there is no doubt that in the comportment of cellular life electricity plays
a major role, whether statically to maintain tissular equilibrium, or dynamically to control
exchange between the cellular dipoles and the electrolytic solutions of intercellular spaces,
separated from one another by semi-permeable membranes. Even this very semi-permeability of the membranes is dependent upon the electric sign and potential of their charges
and discharges, which in the last analysis and under ordinary circumstances controls
osmosis, i.e., the possibility of exchange, nutrition and therefore the very maintenance
of cellular life.

Taking into account these physiological electric conditions of the living organism,
and what we have said previously of the action of electric fields, following the laws of
classical physics, let us try now to re-evaluate the possible deeper mechanism of action of the
incipient current, following the more precise laws of modern physics, more adjusted .to
the deeper structure of the living cell at atomic and electronic level.
The high frequency currents with which we are dealing can be assimilated, in a way
which is not artificial, to other electromagnetic fields and currents, those of light. The difference is not so much qualitative as quantitative; the frequencies are much higher for
light, than for "the invisible light" frequencies of our medical high-frequency currents.
On account of this invisibility, it requires still a greater self-control to describe or to visualize
a quantum of energy without bringing in some matter to which to attach it.
As well as for light, we are tempted following the phenomena observed to describe
the energy of these high-frequency currents as moving particles or as waves. But aside from
the fact that Broglie had demonstrated long ago that one could pass from matter to energy
or vice-versa without discontinuity, we can today assert following the work of Planck,
Einstein, Bohr, and Heisenberg, that the wave or corpuscular description of these highfrequency currents or their effects are only to be regarded as two complementary ways of
viewing one and the same process. The viewpoint of the observer being modified following
his system of reference, in one case concentrating more on visualizing the way of propagation, in the other case trying more to actualize the energetic and kinetic effects in reference
to the material substance of electrons. In both cases, the viewpoint represents a mental
picture, even if and when it is symbolically framed in a mathematical systematization.
This is why we must resist the temptation of an oversimplified formula, since, should
it be accurate for the incipient current, it could not be pertinent to the complex and variable
13
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organic responses of a living animal with a highly developed nervous system and an active
circulation.
This being said, at the atomic and cellular level, where these electromagnetic waves
hit the organism, there seems to exist an "all or none" effect, analogous to the one described
by Einstein ( 1905) for the quantitative explanation of the photoelectric effects. The "all
or none" response can be connected either with the incipient current, or with the state of
electric receptivity of the organism.
\

Let us consider these two orders of phenomena successively: we know today that in
spite of the constancy of the oscillator ,which induces the high-frequency current, and in
spite of the constancy of the electric field induced for instance by a solenoid conductor acting
as a "wave guide", the energy of an electromagnetic current is not distributed evenly over
the whole wave front, as the classical picture assumed, but is rather concentrated or localized
in "lumps" or "bundles", following the description of Einstein for the energy of light. He adds
that a mental image is difficult to come by, but that the following analogy might help:
"If the same statement could be applied to the energy of water waves, we could expect that
an incoming wave could move a floating cork up and down (i.e., give the cork energy) only
at certain spots along the wave front; between these spots, the passing waves would leave
the cork undisturbed".
In Einstein's analogy, the' cork represents a quantum of light, a proton falling on an
atom with an energy capable or incapable of liberating an electron. This accounts for the
"all or none" effect and clears the meaning of "threshold frequency". Should we transfer
and extrapolate these facts and comparisons to a current of high-frequency hitting the compound layers of conductive and dielectric material which constitute a living tissue, the bundle
of energy, the quantum of force, will be capable there again or incapable of inducing over
the cellular dipoles a response, "all or none", following the frequency threshold.
But many corrections must be emphasized: at relatively "low" high-frequency currents (from 100,000 to 3 million cycles per second) such as are used in conventional
diathermy, the waves are damped and the inductance, the capacitance and the resistance
play an important effect. On the other hand, with vacuum tube oscillators, higher frequencies (10 million to 30 million cycles, and still more with higher frequencies), the
inductance, capacitance, and even resistance factors are overcome, the importance of displacement currents becomes more predominant and the waves are undamped and behave
much more like light waves, which can be reflected, diffracted, dispersed or polarized.
Nevertheless, as an overall picture, resuming Einstein's comparison, the cork in front
of the short wave is now the quantum of energy capable or not of influencing the cellular
dipoles, and again giving an "all or none" effect. Everything happens as if the "all" effect
was quantitatively more predominant whenever, without modifying the quality of the
frequency, the current was interrupted, e.g. from 80 to 600 per second. This clinical favorable effect can be physiologically understood and pictured using the former analogy.
If we consider first a cork on, the sea, we can well visualize that ten waves per minute
would induce a definite movement of the cork, whereas ten waves per second would proba-
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bly disturb the cork much less, because of necessity with the increased frequency the
height of the waves would be lessened; if from these relatively low frequencies we try to
visualize waves at the rate of one thousand per second, or still more of one million per
second, the sea would be almost flat and the undulation of the water or the energy communicated to the cork almost imperceptible. And yet, should we be able to interrupt
suddenly this vibration, to start it again at the same rate, the new "train of waves" would
at lea~t change the conditions of the cork, and communicate to it the impact of a renewed
kinetic energy.
I

Similarly and physiologically we can well imagine that when high-frequency currents
of 30 million cycles per second or more send upon the tissues the tremendous impact of
their electric fields, the alternative variations are so quick that their effects are almost
blocked in one direction or in another following the previous electric potential of the resistant semi-permeable membranes and following the ionic-concentration of the dipoles. This
kind of relative blockage constitutes only a description of the well-known phenomenon
of polarization through electrical influences, which at these levels of frequencies certainly
overcomes the conduction phenomena. If, on the other hand, the current is interrupted, it
can give to the electric charges within and without the cells, a kind of "relaxation time"
which can make them more sensitive to the new impact of energy when the same highfrequency is reestablished.
Biologically, the "relaxation time" is, of course, only a picture to actualize an interruption of the sort of electrotonus observed. Physically we know that the electrotonus corresponds to the phenomenon of polarization. We know also following R. Beutner that, if
the duration of a stimulating current is extended over its minimal duration, the current
produces no further stimulation as long as it flows continually; on the contrary, if an
interruption takes place, another stimulation occurs, the "break shock". This "break shock"
is due to the abrupt electromotive change which induces a sudden disappearance of the
polarization. In short, the physiological "relaxation time" which suppresses the cellular
electrotonus corresponds to the physical "break shock" which suppresses the electric
polarization. If we insist more on the "break shock" than on the "make shock", where the
current is suddenly re-established at a new peak or pulse, it is because experience shows
that both electrically and biologically the electromotive changes are less sudden and less
intense at this time, and therefore physiologically less significant, although still active.
To give a material picture enabling us to visualize the physical phenomenon described
above, we may borrow from H. P. Schwan his comparison of a molecular protein to a
tree, where the branches of the tree represent the side chain groups of the protein. The
incipient high-frequency current can be represented as a wind blowing on the tree and
turning its branches ( torque force of polarization above described). Whenever the current
or the wind are constant in their force and frequency "flow continually" the branches of
the tree are blocked, the side chains of the proteins are polarized. It requires an interruption, a "relaxation time", a "break" to allow both the resumption of the original position
or condition, and secondarily to permit a new efficiency at the moment of the re-establishment of the wind or current.
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Already in 1926, L. Lapicque (l'excitabilite en fonction du temps) re-evaluating the
merits of Nernst's work, and studying neuro-muscular stimulation or polarization in
function of time, prepared the way for the necessity of interruption to make high-frequency
currents efficient beyond the blocking "electrotonus". He said, "By one of those synthetic
glances ( coups d'oeil) which precede and dominate every analysis and which characterizes
the genius, Nernst perceives that an electric polarization is at the base of the phenomenon;
and as soon as this polarization is recognized as the only possible mechanism for the
exciting action of the current, the diminution of the efficiency of alternating currents with
their frequency becomes evident. Since the physical effects of each wave are destroyed by
an equal wave in the opposite direction, the physiological effect cannot be attained, not
even by an intensive wave if this rapidly is followed by the opposite wave."
All this constitutes today a new confirmation of the observation above mentioned by
Dubois-Reymond (1848) that it is not so much the "density" of the current but the
quickness of its variations which favors tissular excitation, and justifies the necessity of
interruptions for greater physiological· efficiency of high-frequency alternating currents.
It will be the task of tomorrow to find out what specific tissue is more sensitive to what frequency, and to what rate of interruption. It might very well be that, compared with the
extremely high frequencies utilized, the rate of our interruptions is proportionately still
much too slow (between 100 and 600 per second on the most modern machines) to have
as yet a maximum curative value. It is not irrational to foresee that the peaks or pulses of
intensity of the current could then be eventually diminished, since actually a greater cellular
responsiveness could be created through the higher rate of interruptions.
Thus, by balancing at the proper relative level a decreased intensity and an increased
rate of interruptions, without modifying the frequency, the physiologic action could be
"harmonized", if not controlled to a certain extent, to induce an optimum action, effective
at one level to· fight infection, at another level to stimulate growth or scar formation, at
another level to stop growth and perhaps induce tumor resorption, following the respective
proportions of intensity and potentiating ( depolarizing) interruptions.
Let us be frank. When we deal with currents of such intensities, high-frequency and
velocity, we can describe them but hardly imagine them; they are not in man's scale of
realization, nor in man's space and time reality. These electromagnetic speeds and forces
are the same which account for the formation of stars and the movement of planets, and
which are also real at the level of atomic or sub-atomic space and time, which means that
the specific comportment or behavior of one determined electron over one individual
cell is beyond our reach of real direct appreciation, even through the electron microscopes.
To take only one example at electronic level, it is not a question of considering their
movements or predicting their destiny in a space of three dimensions, as for the ordinary
undulatory theory. The waves of a single electron could be represented in a three-dimensional space, but it would require six dimensions for two electrons, while the waves of one
million electrons would require a space of three million dimensions! Thus, the wave-picture
of even the simplest group of electrons or of other electrified particles cannot be drawn
or represented in ordinary space. This wave picture just described is due to De Broglie,
Schrodinger, Bohr and Heisenberg.
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What then? Following James Jean of Cambridge, this human knowledge or description
has very little value; whatever we think or describe concerning waves has no importance;
"Waves are not part of nature, but of our efforts to understand nature" ... "Energy must
be transferred from place to place, but the waves and the electric and magnetic forces are
not part of the mechanism of transfer; they are part simply of our efforts to understand
this mechanism, and picture it to ourselves."
This being said, synthetic statistical observation is possible. Clinical observation of the
improvement of patients under definite circumstances when submitted to determined highfrequency currents during a limited time constitute the best experimental answer to many
of our questions without even knowing which individual electrons have acted upon which
individual cells or even tissue.
Similarly we can statistically foresee with a very slight coefficient of error the time
when the population of the U.S.A. will be 200 million inhabitants, but we do not know
specifically those who will have disappeared, and which individuals will contribute to that
general result by having 2 or 3 more children or none.
Similarly also, we can say that clinically, most of our therapeutic processes, have
also been statistically and empirically established: we know that morphine kills pain, that
the barbiturates induce sleep, that belladona calms spasm, that digitalin tonifies the heart
muscle and slows its pace. But we do not know why at cellular level. Therefore, it can be
said that almost all of our medical treatments are based on animal experience, clinical
observation, and statistical evidence of empirical nature. Why do we seem to accept it with
more resistance when physical values are involved than when chemicals are concerned?
It is highly probable that the deeper mechanism of action at cellular level must be very
similar, being physico-chemical, without possible dissociation other than artificial, and
again man-made, i.e., an artefact.

General Considerations
After stating so many ignorances, conclusions would indeed seem paradoxical and
unwarranted.
This much, however, we can heuristically(!) state: Life is energy, mostly electric
energy. Animal as well as vegetable development, metabolism and disintegration in health
and disease are connected with physico-chemical mechanisms, essentially of oxydo-reduction,
whether or not the organism performs its combustions with oxygen or partly or totally in
anaerobiosis. The cellular electric furnaces or batteries which are the active units instrumental in these processes can be either stimulated, or stabilized by high-frequency alternating currents. The factor frequency seems to be the most important variable factor to induce
probably mostly per polarization and resonance a favorable response from the cells or
tissues, either directly or indirectly, through the separate or combined action of the nervous
system, the reticuloendothelial system or the circulation.
/1)

Heuristic-from the Greek heuriskhein: to discover, therefore useful as an aid in the development of a conceptual scheme, persuasive if not logically compelling and not yet necessarily in its final form of expression.
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And this more so, when these high-frequency currents are applied in short pulses or
peaks of high intensity, whereby the interrupting of the current reduces the amount of heat
accumulation and therefore the possibility of bums, and finally allows during the interruption period a "relaxation time" which makes the cells more responsive through successive
polarization and depolarization.
At the cellular level, and more so in the very intimacy of cell protoplasma, nucleus and
membrane, where atoms and electrons reign as masters conducting the Brownian movements
and the exchange in body fluids, time and space as generally represented or visualized in
man's mind do not exist. What counts is the eternity of matter, animated temporarily by
its "electric soul", and eventually also temporarily helped or "reanimated" by high-frequency
currents, capable or incapable following the advance of damage, of re-establishing a
necessary functional instability, when organic stability has been threatened by the assault
of disease or injury or pain.
Here again, the "all or none" law of nature works in its simplicity . . . not to say
cruelty. Anyhow, if in the general interpretation of these phenomena we introduce the
general theory of relativity and the new theory of quanta, we establish a new system of
reference, no longer at man's scale (i.e., beyond the power of observation of our senses
or that of our most powerful and precise instruments), but at the scale of the phenomenon
to be evaluated, for instance at the level of the electron for atomic and cellular phenomena.
Then and only then can the phenomena be approached in their proper terms, beyond man's
space and time, which do not exist for them and therefore cannot account for the eternal life
of the atom ( taking into account the conservation of its energy even if it disintegrates).
Taking into account also these limitations, it is easy to foresee that our appreciation of
phenomena at this level can only be indirect, never individual, but only statistical, no
longer in perspective but only in prospect.
At this stage of history and scientific development so much can be said ... but no more.

Summary
The physiologic effect of high-frequency alternating currents is essentially connected
with their very frequency, independently of every other factor. But this very effect can be
magnified through interruptions of the current. With currents of a frequency varying from
100,000 to 100 million cycles per second, as used in therapy, the rate of the reversal of
the oscillating electric field and the velocity of its propagation is almost beyond human
understanding. These phenomena are indeed beyond man-scaled space and time, but they
are not beyond the atomic and electronic level of comportment.
If, following Einstein's theory of relativity, we displace the point of observation ( the
system of reference) from man's viewpoint to the subatomic electronic's perspective at
cellular scale, then these phenomena become meaningful and significant.

Nevertheless, beyond the apparent continuity of the constant "push and pull" induced
by the oscillating field, we must introduce two new factors to understand the deeper mechanism of action:
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1)

Planck's and Heisenb,~rg's theories of quanta, which account for the quanta of energies
connected with the frequencies or released with them in bundles or packs.

2)

Bohr's demonstration that beyond the apparent continuity of material or electric
phenomena, there is a discontinuity of action, no longer connected with the constant
push and pull formerly described, but by the "jumps" of the electrons, when they
pass from one orbit to another following the process of their gravitation around the
atom nucleus. These "jumps" account for the inconstant frequency of the electronic
response, in spite of the relative constancy of a high frequency incipient current. This
means also that beyond the apparent "continuity" of the action of alternating currents,
there is a real discontinuity of action, understandable and appreciable not on an individual electronic or cellular basis, but with evaluation on a statistical and clinical
overall picture.

Finally, the experimental interruption of the current, without change of frequency,
reduces both the side effects of heat, and the blocking effects of polarization, seems· to allow
at cellular level a "relaxation time" favorable to organic response, and therefore therapeutic
efficiency. Future research will have to test and extend the validity of these conceptions.
Normally greater therapeutic efficiency, in a larger number of pathologic conditions can
interruptions per second to higher levels,
be expected, when by increasing the number of
r
we will be able to increase quantitatively the efficiency of the high frequency currents upon
the organism, and to find out qualitatively the rate of interruptions and the frequency
specific of each electric disturbance, and pathognomonic of each specific disease or abnormal growth.

If this is the dream of tomorrow, today we can already assert that the interruption of
the high frequency currents applied upon the organism has increased their possibility of
action in permitting a new biologic stimulation by releasing ( at least temporarily) an
electric polarization, thus allowing the restoration of an electric equilibrium disturbed by
the assault of infection or blocked by the impact of disease.
This electric interpretation of the deeper mechanism of cellular life may be said to
signify an important step towards the resolution of a problem, which for a long time has
been one of the boldest dreams of natural science and medicine, namely to build up an
understanding of the uniformity of nature compared with and opposed to its apparent
discontinuity in health and disease, in life and death. From this expose, it appears that the
impact of high frequency currents upon the organism constitutes at least a tool excellently
suited for the investigation of life and adjusted to the stimulation of its constant exchange,
i.e., a prerequisite for health. A tool, which not only analyzes life's organic phenomena at
electronic and subatomic levels, but also integrates their order, without discontinuity, to
the universal order of inanimate matter: this is of infinite gravitation beyond man's finite
space and time.
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