IRVING LANGMUIR
AND
ATOMIC HYDROGEN.

By
Nicholas Moller

This article was inspired by William Lyne’s book “occult Ether Physics” where I read about Irving Langmuirs
Atomic Hydrogen Arc Welding for the first time. Extracts from this book appear in the article including a
stylistic version of an idea for an Atomic Hydrogen heat generator. My warm thanks to William Lyne for
bringing this work out to the public eye.

This is the story of Irving Langmuir who on the basis of empiric research and experimentation was the first to
develop a theory on Atomic Hydrogen. His work in this field spanned from 1909 to 1927 during which period
he was employed with the Research Laboratory of the General Electric Company. The patents and
discoveries that Langmuir developed during his time with General Electric were to a considerable extent
instrumental in laying the foundations for what is today one of the largest corporations in the world.
The question that gave birth to this article, is why his works and discoveries on Atomic Hydrogen, were the
only works that received hardly any attention at all and why his revolutionary break-through was deprived of
world attention for almost 100 years? This question becomes even more relevant when taking into
consideration the high standing he enjoyed with his contemporaries (including being awarded the Nobel
Prize in Chemistry) and with his employers, which is an acknowledgement of the high commercial value of all
his other work.
The answer to this question is given through a detailed account of his work on Atomic Hydrogen and
followed by suggestions for new applications of Atomic Hydrogen in the field of CLEAN SUSTAINABLE
ENERGY.
Irving Langmuir was born in Brooklyn, New York, on January 31, 1881, as the third
of four sons of Charles Langmuir and Sadie, neé Comings. His early education was
obtained in various schools and institutes in the USA, and in Paris (1892-1895). He
graduated as a metallurgical engineer from the School of Mines at Columbia
University in 1903. Postgraduate work in Physical Chemistry under Nernst in
Göttingen earned him the degrees of M.A. and Ph.D. in 1906.
Returning to America, Dr. Langmuir became Instructor in Chemistry at Stevens
Institute of Technology, Hoboken, New Jersey, where he taught until July 1909. He
then entered the Research Laboratory of the General Electric Company at
Schenectady
where
he
eventually
became
Associate
Director.
Langmuir's studies embraced chemistry, physics, and engineering and were largely
the outgrowth of studies of vacuum phenomena. In seeking the atomic and
molecular mechanisms vacuum phenomena he investigated the properties of adsorbed films and the nature
of electric discharges in high vacuum and in an environment of certain gases at low pressures.
Fig. 1. Irving Langmuir.

His work on filaments in gases led directly to the invention of the gas-filled incandescent lamp and to the
discovery of atomic hydrogen. He later applied his knowledge of atomic hydrogen, in the development of the
atomic hydrogen welding process.
He was the first to observe the very stable adsorbed monatomic films on tungsten and platinum filaments,
and was able, after experiments with oil films on water, to formulate a general theory of adsorbed films. He
also studied the catalytic properties of such films.
Langmuir's work on space charge effects and related phenomena led to many important technical
developments which have had a profound effect on later technology.
In chemistry, his interest in reaction mechanism caused him to study structure and valency, and he
contributed to the development of the Lewis theory of shared electrons.
Some of the awards he received include: Nichols Medal, (1915 and 1920); Hughes Medal (1918); Rumford
Medal (1921); Cannizzaro Prize (1925); Perkin Medal (1928); School of Mines Medal (Columbia University,
1929); Chardler Medal (1929); Willard Gibbs Medal (1930); Popular Science Monthly Award (1932); Nobel
*
Prize in Chemistry (1932) ; Franklin Medal and Holly Medal (1934); John Scott Award (I937); "Modern
Pioneer of Industry" (1940); Faraday Medal (1944); Mascart Medal (1950).

*

Although Niels Bohr recommended him for the Nobel Prize in Physics, Langmuir was awarded the Prize for Chemistry. A fact that
most probably bears relation to the efforts of ignoring the importance of his discoveries on the properties of Atomic Hydrogen.
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In addition, he was a Foreign Member of the Royal Society of London, Fellow of the American Physical
Society, Honorary Member of the British Institute of Metals, and a member of the British Chemical Society
(London). He had served as President of the American Chemical Society and as President of the American
Association for the Advancement of Science.
Honorary degrees were bestowed upon Langmuir by the following colleges and universities: Northwestern,
Union, Edinburgh (Scotland), Columbia, Kenyon, Princeton, Lehigh, Harvard, Oxford, Johns Hopkins,
Rutgers, Queens (Canada), and Stevens Institute of Technology.
Dr. Langmuir's hobbies were mountaineering, skiing, flying. However, his biggest hobby and life passion was
the pursue of the understanding of the mechanism of simple and familiar natural phenomena.
He married Marion Mersereau in 1912. They had a son, Kenneth, and a daughter, Barbara. He died on
August 16, 1957 after a short illness.
General Electric Company
Langmuir first entered the Research Laboratory of the General Electric Company in the summer of 1909,
expecting that by fall he would return to Stevens Institute, where he had been teaching chemistry. Instead of
assigning him to any definite work, Doctor Whitney who was heading the Lab, suggested that he spend
several days in the various rooms of the laboratory, becoming familiar with the work that was carried out. Dr.
Whitney also asked him to let him know what he found of most interest as a problem for the summer
vacation.
A large part of the laboratory staff was busily engaged in the development of drawn tungsten wire made by
the then new Coolidge process. A serious difficulty was being experienced in overcoming the "offsetting" of
the filaments. This was a kind of brittleness which appeared only when the lamps were run on alternating
current. Out of a large number of samples of wire, three had accidentally been produced which gave lamps
that ran equally well with alternating and with direct current, but there was no explanation as to what had
made these wires so good. It seemed to Langmuir that there was one factor that had not been considered,
which was, that the offsetting possibly was due to impurities in the wire in the form of gases. He therefore
suggested to Doctor Whitney that he would like to heat various samples of wire in high vacuum and measure
the quantities of gas obtained in each case.
In looking through the laboratory he had been particularly impressed with the remarkably good methods that
were used for exhausting lamps. These methods were, he thought, far better than those known to scientific
research workers at the time. His desire to become more familiar with these methods was undoubtedly one
of the factors that led him to select for his first research an investigation of the gas content of wires.
After starting the measurements that he had planned, he found that the filaments gave off surprisingly large
quantities of gas. Within a couple of weeks he realized that something was entirely wrong with his apparatus,
because from a small filament in a couple of days he obtained a quantity of gas which had, at atmospheric
pressure, a volume 7000 times that of the filament from which it appeared to have come; and even then
there was no indication that this gas evolution was going to stop. At the time one could find in the literature for example in J. J. Thomson's book on the "Conduction of Electricity through Gases" - many statements that
metals in vacuum give off gases almost indefinitely, and that it is impossible to free metals from gas by
heating. Still he thought that 7000 times its own volume of gas was an entirely unreasonable amount to
obtain from a filament. He spent most of the summer trying to find where this gas came from, and did never
investigate the different samples of wire to see how much gas they contained. To any other researcher, it
would have been much more logical if he had dropped the work as soon as he found that he would not be
able to get useful information on the "off-setting" problem by the method that he had employed. Instead
Langmuir continued working.
What he really learned during that summer was that glass surfaces which have not been heated a long time
in vacuum slowly give off water vapor, and this reacts with a tungsten filament to produce hydrogen. At the
same time, the vapors of Vaseline from a ground-glass joint in the vacuum system give off hydrocarbon
vapors, which produce hydrogen and carbon monoxide.
That summer's work was so interesting to him that he dreaded to return to the comparative monotony of
teaching, and gladly accepted Doctor Whitney's offer to continue working at the laboratory. No definite
program of work was laid down. He was given at first one assistant and then others to continue experiments
on the sources of gas within vacuum apparatus, and a study of the effects produced by the introduction of
various gases into tungsten filament lamps. The truth is that he was merely curious about the mysterious
phenomena that occurred in these lamps. Doctor Whitney had previously found that gases had a habit of dis-
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appearing in lamps, and no one knew where they went to, so Langmuir wanted to introduce each different
kind of gas that he could lay his hands on into a lamp with a tungsten filament and definitely find out what
happened to that gas.
It was the universal opinion among the lamp engineers with whom he came in contact that if only a much
better vacuum could be produced in a lamp a better lamp would result. Doctor Whitney, particularly, believed
that every effort should be made to improve the vacuum, for all laboratory experience seemed to indicate
that this was the hopeful line of attack on the problem of a better lamp. However, Langmuir really didn’t know
how to produce a better vacuum, and instead proposed to study the bad effects of gases by putting gases in
the lamp. He hoped that in this way he would become so familiar with the effects of these
gases that he could extrapolate to zero gas pressure, and thus predict, without really trying it, how good the
lamp would be if they could produce a perfect vacuum.
This principle of research he found extremely useful on many occasions. When it is suspected that some
useful result is to be obtained by avoiding certain undesired factors, but it is found that these factors are very
difficult to avoid, then it is a good idea to increase deliberately each one of these factors in turn so as to
exaggerate their bad effects, and thus become so familiar with them that one can determine whether it is
really worth while avoiding them. For example, if you have in lamps a vacuum as good as you know you can
produce, but suspect that the lamps would be better if you had a vacuum, say, 100 times as good it may be
the best policy, instead of attempting to devise methods of improving this vacuum, to spoil the vacuum deliberately in known ways, and you may then find that no improvement in vacuum is needed or just how much
better the vacuum needs to be.
During these first few years, while he was thus having a good time satisfying his curiosity and publishing
scientific papers on chemical reactions at low pressures, he frequently wondered whether it was fair that he
should spend his whole time in an industrial organization on such purely scientific work, for he didn't really
see what applications could be made of it. Several times he talked the matter over with Doctor Whitney,
saying that he could not tell where this work was going to lead them. Whitney replied that it was not
necessary, as far as he was concerned, that it should lead anywhere. He would like to see him continue
working along any fundamental lines that would give them more information in regard to the phenomena
taking place in incandescent lamps, and that he should feel himself perfectly free to go ahead on any such
lines that seemed of interest to him. For nearly three years he worked in this way with several assistants
working for him before any real application was made of any of his work. In adopting this broad-minded
attitude Doctor Whitney showed himself to be a real pioneer in the new type of modern industrial research
known as Free Research, and thus made Langmuir the first scientist in modern history to be given the tools
and resources for free research.
For his study of the effect of gases, he had to devise new types of vacuum apparatus. He needed particularly
to be able to analyze the small quantities of gas that existed in the tungsten lamp. With some of this special
apparatus he was able to make a practically complete quantitative analysis of an amount of gas which would
occupy about 1mm3 at atmospheric pressure. In this sample of gas they could determine the percentages of
oxygen, hydrogen, nitrogen, carbon dioxide, carbon monoxide, and the inert gases.
In regard to the behavior of the different gases which he introduced into the lamp bulb, he found that no two
gases acted alike. For example, Oxygen attacked the filament and formed tungstic oxide, W03. That seemed
simple enough, but the kinetics of the reaction presented many features of considerable scientific interest.
In studying the effect of hydrogen he observed very peculiar phenomena. A limited amount of hydrogen
disappeared and became adsorbed on the bulb, where it remained in a chemically active form, which was
capable of reacting with oxygen at room temperature even long after the tungsten filament had been allowed
to cool. This suggested hydrogen atoms and seemed to confirm some conclusions that Langmuir had
already drawn from observations on the heat losses from tungsten filaments in hydrogen at atmospheric
pressure. In making squirted tungsten filaments, and sometimes in cleaning the drawn wire, filaments were
heated in this manner in hydrogen. Because tungsten filaments melt at a temperature 1500° above the
melting point of platinum, it seemed to him that tungsten furnished a tool of particular value for the scientific
study of phenomena in gases at high temperatures. From his work on lamps he knew approximately the
relation between the electrical resistance of tungsten wire and its temperature, and could thus use a
tungsten wire as a kind of resistance thermometer. By connecting a voltmeter and an ammeter to the
tungsten filament which was being heated in hydrogen, he could determine the temperature as well as find
the heat loss from the filament in watts. He wanted to see if anything abnormal happened when the
temperature was raised to the extremes which were only possible with tungsten.
The results greatly interested him, for they showed that the energy loss through the gas, was proportional to
the square of the temperature up to about 1800°K., and increased at a much higher rate above that, until at
the highest temperatures the energy loss was proportional to about the fifth power of the temperature. This
result could only be explained if hydrogen at high temperatures were dissociated into atoms. The diffusion of
the hydrogen atoms from the filament, and their recombination at a distance from it, would cause an
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enormous increase in heat conduction. After publishing these preliminary results, he was naturally very
interested in getting more information about the properties of these hydrogen atoms. A large number of
experiments, extending over several years, were thus made in this study of atomic hydrogen. Nearly all of
these experiments would have seemed quite useless, or even foolish, to a man who was making a direct and
logical attack on the problem of improving tungsten lamps.
When nitrogen at low pressure was introduced into a bulb containing a tungsten filament at extremely high
temperatures, such as 2800°K., the nitrogen disappeared at a rate which was independent of its pressure.
This suggested that the reaction velocity was limited by the rate at which the tungsten evaporated from the
filament. To check this hypothesis the rate of loss of weight of filaments at various temperatures was
measured in good vacuum. This rate varied with the temperature in accordance with known thermodynamic
laws, and it was concluded that the loss of weight was really due to evaporation and not to chemical action of
residual gases or to electric currents that passed from the filament to the surrounding space.
A comparison of the rate of disappearance of nitrogen with the loss of weight in the filament showed that one
molecule of nitrogen disappeared for every atom of tungsten that evaporated. A brown compound, WN2, was
formed which deposited on the bulb and decomposed when water vapor was introduced, forming ammonia
gas.
From time to time the question kept arising-how good would a lamp be if it had a perfect vacuum? And now,
from his studies, he began to have an answer. Hydrogen, oxygen, nitrogen, carbon monoxide, and in fact
every gas that he introduced, with the exception of water vapor, did not produce blackening of the lamp bulb.
The serious blackening that occurred with only small amounts of water vapor depended upon a cyclic
reaction in which atomic hydrogen played an essential part. The water vapor of molecules in contact with the
hot filament produced a volatile oxide of tungsten and the hydrogen was liberated in atomic form. The
volatile oxide deposited on the bulb where it was reduced to the metallic state by the atomic hydrogen, while
the water vapor produced returned to the filament and caused the action to be repeated indefinitely. Thus, a
minute quantity of water vapor may cause a relatively enormous amount of tungsten to be carried to the
bulb.
The question then arose whether the traces of water vapor, which might still exist in a well-exhausted lamp,
were responsible for the blackening which limited the life or the efficiency of many of these lamps. They
made some tests in which well-made lamps were kept completely immersed in liquid air during their life, so
that there could be no possibility of water vapor coming in contact with the filament. The rate of blackening,
however, was exactly the same as if no liquid air had been used.
Having thus proved that the blackening of a well-made lamp was due solely to evaporation, he could
conclude with certainty that the life of the lamp would not be appreciably improved even if they could
produce a perfect vacuum.
Early in 1911 William Stanley, one of the pioneers in the electrical industry, felt that General Electric should
do more fundamental work in connection with heating devices. Since Langmuir had become interested in the
physics of heat losses from filaments in gases, he was glad to work along these lines and therefore
undertook to direct a small laboratory at Pittsfield, Mass. at which he spent about two days a week. Besides
studying the heat losses from plane surfaces at various temperatures he measured the heat losses from
wires of various sizes in air at different temperatures, working at first with platinum wires, and was able to
develop a theory of the heat losses which enabled him to calculate the loss from a wire of any size at any
temperature in any gas, provided of course, that the gas did not dissociate at high temperatures.
Having now a definite theoretical basis on which to calculate the normal heat loss by convection, he was
able to prove that the abnormal rate of heat loss previously observed with tungsten filaments at high
temperatures in hydrogen was due to actual dissociation; in fact he was able to calculate the heat of dissociation and the degree of dissociation at different temperatures.
In order to confirm these conclusions, he undertook experiments with heated tungsten wires in mercury
vapor at atmospheric pressure to measure heat losses under such conditions. A little later he experimented
with nitrogen and found that nitrogen did not dissociate either. In both of these gases the filaments could be
maintained at temperatures close to the melting point for a far longer time than if heated in vacuum at the
same temperature. Thus the rate of evaporation was greatly decreased by the gas, many of the evaporating
tungsten atoms being brought back to the filament after striking the gas molecules.
By this time he was familiar with all the harmful effects which gas can produce in contact with filaments and
knew under what conditions these bad effects could be avoided. In particular, he realized the importance of
avoiding even almost infinitesimal traces of water vapor. Thus, when he found a marked effect of mercury
vapor and nitrogen in reducing the rate of evaporation, it occurred to him that it might be possible to operate
a tungsten filament in gas at atmospheric pressure and obtain a long useful life. Of course, it would be
necessary to raise the temperature far above that at which the filament could be operated in vacuum in order
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to compensate for the serious loss in efficiency due to convection. Whether or not the increased rate of
evaporation, due to this increase in temperature, would be more important than the decrease in the rate due
to the gas was a matter that could only be tested by experiment.
After a series of detailed experiments, they were soon able to make lamps having a life of over 1000 hours
with an efficiency about of 80 to 40 per cent better than could have been obtained with filaments in vacuum.
A result out of which, General Electric made astronomic fortunes.
The invention of the gas-filled lamp is thus nearly a direct result of experiments made for the purpose of
studying atomic hydrogen. Langmuir had no other objective in view when he first heated tungsten filaments
in gases at atmospheric pressure. Even at the time that he made these experiments at higher pressures,
they would have seemed to him useless if his prime objective had been to improve the tungsten lamp.
However, as it turned out, this preliminary work, not only produced a superior lamp but also resulted in the
following important conclusions:
• The energy loss from heated wires in various gases can be readily calculated by simple equations.
• For nitrogen and mercury vapor the results calculated in this way agree well with experimental results
up to temperatures as high as 3500°K.
• With air and carbon dioxide similar agreement was obtained up to the melting point of platinum.

• In the case of hydrogen, however, there was agreement only up to about 2100°K. Above that the

energy loss increased extremely rapidly such that at 3300°K it was four or five times the calculated value.

• This was explained by assuming that hydrogen at very high temperatures is dissociated into atoms.
• A theory of the heat conductivity of a dissociating gas was developed.
• The heat of reaction and the degree of dissociation at various temperatures was thus calculated.
Experiments at low pressures proved that the phenomenon was a true dissociation, and that the volume
of the dissociation products was approximately twice the volume of the original hydrogen. That is, the
dissociation took place according to the equation H2 2H.
• There was much evidence that the dissociation was not electrolytic.
• Nitrogen, even at 3500°K, was not dissociated at atmospheric pressure. That is, its
dissociation did not exceed 5%, at 3500°K.
• The following quantitative results were obtained. The heat of reaction at constant volume for
2H H2 was 550,000 joules, or 130,000 calories. At constant pressure it was approximately
575,000 joules, or 136,000 calories at 3000°K.
• The degree of dissociation at any temperature, T, was given by the equation

Log

p1

VP – p1

= 2.665 – 14,400 + 1 log T.
T
2

Here p1 is the partial pressure of the hydrogen atoms (in atm), and P is the total pressures (in atm).
From this equation the free energy of formation of hydrogen molecules from atoms can be calculated.

Flames of Atomic Hydrogen
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Armed with fresh knowledge, Langmuir continued his work exploring the new phenomenon of Atomic
Hydrogen and found that the heat carried away from an incandescent wire by a surrounding inert gas at
ordinary temperatures increases roughly in proportion to the 1.9th power of the absolute temperature, T of
the filament. This relation holds, for example, for such gases as nitrogen, argon, and mercury vapor up to the
temperature of melting tungsten, 3660°K. In the case of hydrogen, however, abnormal results were obtained
in experiments made at high temperatures. Up to about 1700°K the normal exponent of 1.9 was observed,
but at higher temperatures the exponent increased until at 2600°K and above it was about 5.0. At 3400°K the
heat conducted by hydrogen was twenty-three times as high as that carried by nitrogen under similar
conditions.
Nernst in 1904 had developed the theory of heat conduction in a dissociating gas and had shown that
dissociation results in a great increase in the heat conductivity. The dissociation products diffuse from the hot
portions of the gas into the cold portions and there, by recombining, give up the large energy of the reaction.
This suggested, as mentioned earlier that the abnormal heat conductivity of hydrogen at high temperatures
was due to dissociation of the hydrogen into atoms according to the reaction

H2 → 2H.

By means of theoretical considerations it was possible to determine the degree of dissociation and the heat
of the reaction by which atoms combine to form molecules. The results that were published in 1915 gave
90,000 calories as the heat of combination of 2 grams of hydrogen atoms at constant pressure and at
3000°K. The degree of dissociation, x, expressed as the fraction of the molecules which have been
dissociated, was found to be, at atmospheric pressure, 0.00165 at 2000°K, 0.0109 at 2400°K, and 0.0421 at
2800°K.
Niels Bohr, one of the most prominent theoretical physicist of the time and a close friend of Langmuir,
calculated in a valuable and wonderfully suggestive paper on the Constitution of Atoms and Molecules (Phil.
Mag. xxvi, p.863, 1913), the heat of formation of hydrogen molecules from the atoms to be 60,000 calories
per gram-molecule. He pointed out that this value was “considerably less than the value of 130,000 found by
Langmuir (J. Amer. Chem. Soc. xxxiv, p. 860, 1912) by measuring the heat-conduction through the gas from
an incandescent wire in hydrogen."
In order that the results obtained by Langmuir should not bear false evidence against the theory derived by
Dr. Bohr, he gave a preliminary account of some more recent measurements carried out by Mr. G.M.J.
Mackay and himself, on the dissociation of hydrogen.
The method adopted was similar to that previously used, namely, to determine the heat-loss from electrically
heated tungsten wires in hydrogen. In these experiments, however, very much greater care was used in
determining the temperatures of the wires and in obtaining extremely pure hydrogen. Pressures of hydrogen
ranging from 1 mm up to 760 mm of mercury were used. Still further experiments were made at pressures
from 0.01 mm up to 20 mm pressure.
The measurements at low pressures gave very interesting results: At about one-tenth of an atmospheric
pressure in hydrogen, the total heat-loss from filaments heated to very high temperatures (3000°K) was
several times as great as in hydrogen at atmospheric pressure.
By subtracting the heat-loss due to normal heat-conduction from the total observed heat-loss, the heat
carried by diffusion of hydrogen atoms was obtained. By plotting the logarithm of this quantity against the
reciprocal of the absolute temperature, straight lines were obtained in each experiment. The slopes of all
these lines were practically equal, no matter what pressure of the hydrogen was used (above 10 mmHg).
On the assumption that the diffusion coefficient varies with the 3/2 power of the temperature, this lead to the
result that the heat of formation of hydrogen is about 76,000 calories per gram-molecule, as against 130,000
previously found. The reason for the high value of the latter figure is that it was based on a calculation of the
actual value of the diffusion coefficient of hydrogen atoms through ordinary hydrogen. These results showed
that the actual degree of dissociation was much smaller than that previously found, and that even at 3500°K
hydrogen was probably not dissociated to a very great extent.
Further measurements finally suggested the heat of recombination to be 90.000 calories per gram/molecule.
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Still a value of extraordinary proportions.
Chemical Properties of Atomic Hydrogen
While the measurements of the heat losses from filaments in hydrogen were being made, other experiments
showed that hydrogen which had been in contact with heated filaments acquired entirely new chemical
properties, and they were quite in accord with those to be expected of an atomic form of the element.
A very remarkable phenomenon occurred when a mixture of oxygen and hydrogen at low pressure was
admitted to a bulb containing a filament at 1500°K. The oxygen reacted with the filament rapidly to form W03,
which evaporated at this temperature as fast as formed. The oxygen thus cleaned up at a rate proportional to
its own pressure and the pressure of oxygen thus fell to half value about every 2 minutes in a bulb of
ordinary size. All this occured exactly as if no hydrogen were present. During this time there was no
measurable disappearance of hydrogen. After 10 or 15 minutes the oxygen was nearly all gone and then for
5 or 10 minutes more the gas pressure remained apparently constant and corresponded exactly to that of
the hydrogen which was admitted. Then suddenly, when the pressure of oxygen was low enough (10-9 mm),
the hydrogen pressure began to drop by dissociation and in a few minutes the pressure fell practically to
zero. Water vapor has an effect similar to oxygen in preventing the dissociation of hydrogen. At filament
temperatures of 1750°K some of the hydrogen disappeared while the oxygen was cleaning up, but the kink in
the curve still occurred when the oxygen was gone. Water vapor and oxygen are thus powerful catalytic
poisons for the reaction of the hydrogen dissociation.
Arcs in Hydrogen at Atmospheric Pressures
Several years earlier in the General Electric laboratory studies were made of arcs between tungsten
electrodes in various gases. Arcs in hydrogen were remarkable because of the high voltage drop and small
cross section. A 10-ampere, direct-current arc between heavy tungsten electrodes about 7 mm apart in a
bulb containing pure hydrogen at atmospheric pressure appeared as a sharply defined, brilliant red line
about 0.5 mm in diameter along which the potential gradient was 150 volts per centimeter, making a power
dissipation of 1500 watts per centimeter of length, this being about fifteen times as great as in nitrogen or
argon. This abnormal behavior of hydrogen was then attributed to the dissociation which apparently carried
energy so rapidly out of the arc.
Arcs in Hydrogen at Low Pressures
In attempting to obtain the Balmer spectrum of hydrogen without contamination by the secondary spectrum,
they built very long vacuum tubes of moderate bore, in which they passed currents as large as 20 amperes
through moist hydrogen at about 0.5 mmHg pressure. They observed many remarkable phenomena. Short
pieces of tungsten wire projecting into the discharge were heated to incandescence, although a fine thread
of glass or a platinum wire in a similar position was apparently not heated by the discharge. On drying the
hydrogen with phosphorus pentoxide the secondary spectrum (due to molecular hydrogen) appeared
strongly and the Balmer spectrum (due to atomic hydrogen) nearly disappeared. The heating of the tungsten
wire was also prevented by drying the hydrogen.
In correspondence with Professor Wood, Langmuir pointed out that oxygen and water vapor decrease the
rate of dissociation of hydrogen in contact with tungsten and must thus also tend to prevent the
recombination of hydrogen atoms an a tungsten surface. He also suggested that moisture poisons the catalytic activity of the dry glass surfaces that otherwise converts atomic into molecular hydrogen. Thus with
moist hydrogen the tube becomes filled with nearly pure atomic hydrogen and the diffusion of this to the
catalytically active tungsten wire causes the heating of the latter. Calculations based on the measured heat
0
of dissociation proved that a pressure of only 0.16 mmHg of atomic hydrogen at 500 C would suffice to
°
maintain a tungsten filament at 2400 K.
These conclusions were confirmed by Wood's observations that the walls of the tube became only slightly
heated if the hydrogen was moist, whereas they were strongly heated with dry hydrogen. A tungsten wire
was heated red hot even when mounted in a side tube (of 5 mm diameter) at a distance of 4 cm from the
discharge tube, showing that the hydrogen atoms could diffuse in relatively large quantities out of the
discharge.
It occurred to Langmuir that it should be possible to obtain even higher concentrations of atomic hydrogen by
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passing powerful electric arcs between tungsten electrodes in hydrogen at atmospheric pressure and this
atomic hydrogen could be blown out of the arc by a jet of molecular hydrogen directed across the arc.
Preliminary Experiments with Flames of Atomic Hydrogen
To try out the possibility of blowing atomic hydrogen out of an arc, 20-ampere arcs from a constant-current
transformer were passed between two tungsten rods 6 mm in diameter mounted transversely in a horizontal
alundum tube (10 cm diameter) through which a stream of hydrogen flowed. With voltages from 300 to 800V,
arcs could be maintained with electrode separations up to 2 cm. The magnetic field of the arc caused the
hydrogen to move transversely so that it became fan-shaped. Iron rods 2 or 3 mm in diameter melted within
1 or 2 seconds when they were held 3 to 5 cm above the arc.
By directing a jet of hydrogen from a small tube into the arc, the atomic hydrogen could be blown out of the
arc and formed an intensely hot flame. To maintain the arc in a stable condition the electrodes were brought
close together (1 to 3 mm), but the arc did not remain entirely between the electrodes, but extended as a fan
to a distance of 5 to 8 mm. The flame of atomic hydrogen, however, extended far beyond the arc. At
distances of 1 or 2 cm from the arc molybdenum (m.p. 2900°K) melted with ease. Near the end of the arc
tungsten rods and even sheet tungsten (m.p. 3660°K) could be melted.
The use of hydrogen under these conditions for melting and welding metals proved to have many
advantages. Iron can be melted without contamination by carbon, oxygen, or nitrogen. Because of the
powerful reducing action of the atomic hydrogen, alloys containing chromium, aluminum, silicon, or
manganese can be melted without fluxes and without surface oxidation.
Temperature of Atomic Hydrogen Flame Compared with Other Flames
Let us suppose we could obtain atomic hydrogen in bulk at atmospheric pressure and room temperature and
that we could then let this "burn" to the molecular form in a flame. What would be the temperature of this
flame and how would it compare with that of other flames? Taking the heat of reaction (for 2 grams) to be
98,000 calories and taking the specific heat of molecular hydrogen (for 2 grams) to be
6.5 +
0.0009 T, we find that the heat of the reaction would be sufficient to heat the hydrogen to 9200°K.
The dissociation of the hydrogen, however, would prevent the temperature from rising to any such high
value. If x is the degree of dissociation at the maximum temperature reached, the available heat of
recombination is only (1-x) 98,000.
Langmuir plotted two curves based on his accumulated data . These two curves intersected at T = 4030°K
and x = 0.642. Thus atomic hydrogen at room temperature and atmospheric pressure would heat itself to
0
4030 K and the degree of dissociation would then be 0.642.
There is another factor which tends greatly to increase the temperature of the atomic hydrogen flame even
above the calculated value of 4030°K. The atomic hydrogen, instead of being originally at room temperature,
is already at a high temperature at the moment of its escape from the arc. The conditions are analogous to
those in an oxyhydrogen flame in which both gases are preheated. Thus the upper limit of temperature is
fixed only by the degree of dissociation of the hydrogen and the rate at which heat is lost by radiation or
contact with bodies of lower temperature.
Rate of Surface Heating by Flames
Although the high temperature of the atomic hydrogen flame is of great importance when it is desired to melt
substances of very high melting point such as tungsten, a factor of even greater importance in for example
ordinary welding operations is the speed with which heat can be delivered to a surface per unit area.
If a Bunsen burner flame delivers 51 watts per sq. cm to the whole surface of a black body, it would thus
0
heat it to a maximum temperature of 1730 K. If heat is applied by the flame to one side of a plate-shaped
body and the heat is radiated from both sides, the maximum temperature reached would be 1450°K. The fact
that the Bunsen flame does not heat bodies so hot as this indicates that the rate of surface heating
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decreases as the temperature of the body increases. The heat reaches the surface from such a flame by
conduction through a relatively stationary film of gas. The decrease in the temperature gradient when the
body becomes hot would explain the lower rate of surface heating. With 1330 watts per sq. cm delivered by
the atomic hydrogen flame, the temperature of a black body would rise to 3900°K. The power radiated from
tungsten at its melting point is 395 watts per sq. cm, and 1330 watts per sq. cm should heat tungsten to
about 5300°K.
At such high temperatures, however, the rate of surface heating by an atomic hydrogen flame must decrease
because of the fact that the hydrogen remains partly dissociated so that the recombination is not complete.
With surface temperatures below 2000°K, however, this factor would be negligible. It is probable that the rate
of surface heating would be dependent not so much on the temperature gradient in the surface film of gas as
on the rate of diffusion of atomic hydrogen through this film. Thus we may expect the rate of delivery of
energy to a metal surface to remain nearly constant until the surface reaches a temperature of at least
2000°K.
Total Heat Delivered to Surfaces
It now became of interest to determine what fraction of the total energy in an arc or a flame could be
delivered to a large flat surface against which the flame was directed. For this purpose a cylinder of copper
10.5 cm in diameter and 9.8 cm long was used, which weighed 7950 grams. The flame was directed against
one of the flat polished ends, and the rate of temperature rise was measured. An atomic hydrogen flame was
produced by a 60-ampere a.c. arc using a torch like that shown in Fig. 2.

Fig. 2. Atomic Hydrogen Torch

The voltage across the electrodes was 70 volts. A wattmeter showed that the power consumption in the arc
was 3510 watts, which gives a power factor of 0.84. The electrodes were tungsten rods 3.2 mm in diameter
which made an angle of 55 degrees with one another. The rate of flow of hydrogen which bathed the
electrodes was 14.2 liters per minute (30 cubic feet per hour). From the temperature rise of the copper block
the heat delivered to the surface was found to correspond to 3100 watts when the electrode tips were 3 to 5
mm from the copper surface. This decreased to 2800 watts at 13 mm, 2500W at 25 mm, and 2200W at 35
mm. With the arc turned off but the molecular hydrogen burning in the air, the rate of heating corresponded
to 250 watts with the electrodes 6 mm from the surface. Subtracting this energy delivered by the combustion
of the hydrogen in the air, we find that the energy carried to the metal by the atomic hydrogen ranged from
2850 to 1950 watts. Thus with the electrodes 3 mm from the metal 82 per cent of the power input into the arc
was delivered to the copper surface. This efficiency became 78 per cent at 6 mm, 71 at 13 mm, 65 at 25 mm,
and 55 per cent at 35 mm. The power corresponding to the complete combustion of 14.2 liters of hydrogen
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per minute is 2360 watts. Actually, only 250 watts or 11 per cent of this reaches the copper. The total energy
of the arc and the flame of molecular hydrogen is 5870 watts, of which 3100 watts or 53 per cent is delivered
to the copper.
An oxy-acetylene flame from a standard welding torch consuming 30.6 liters of oxygen per minute (64.8
cubic feet per hour) and 28.6 liters of acetylene per minute (60.6 cubic feet per hour) delivered energy at the
rate of 4400 watts to the copper surface. A smaller torch consuming 13.7 liters of oxygen per minute and
13.0 of acetylene (29.0 and 27.5 cubic feet per hour, respectively) gave energy to the copper at the rate of
3900 watts.
Application of Atomic Hydrogen Flames to Welding of Metals
The high temperature of The Atomic Hydrogen flame, together with its powerful chemical reducing action
and the avoidance of gases containing oxygen and nitrogen, render it particularly useful for welding, not only
for iron and its alloys, but for such metals and alloys as contain aluminum, magnesium, chromium,
manganese, etc.
Fifg. 2. illustrates one of the later forms of torch used for welding. Two tungsten rods, as electrodes, are
held at a definite angle to one another by easily adjustable clamps, and a jet of hydrogen is directed from a
small nozzle along each of these rods near its end. The hydrogen thus bathes the heated parts of the
electrodes and forms a gentle blast of gas which passes through the arc between the electrode tips, and
blows the atomic hydrogen away from the electrodes so that these are not unduly heated. Other torches
were also built suitable for automatic welding using machine feed.
The electrodes were ordinarily separated 3 or 4 mm and the arc assumed a fan shape extending 6 to 10 mm
from the electrodes. Alternating current was generally used.
To utilize the atomic hydrogen flame for the welding of metals it became important to have easy and
complete control of the flame. Many different forms of welding torches were constructed and tested. The
electrodes between which the arc passed were mounted at a convenient angle to one another and were
adjustable so that they could be brought into contact at a point which was exposed to a blast of hydrogen
from one or more orifices. Thus the atomic hydrogen was blown out of the arc in a definite direction and
formed a flame which could be brought into contact with the metal to be welded. The jet of hydrogen also
served to bathe all the heated parts of the electrodes and the work, thus preventing oxidation and the
introduction of impurities such as nitrogen into the weld.
The hydrogen was supplied by a tube which passed through the handle and then by flexible tubes was
delivered to each of the electrode holders and escaped through the annular spaces between the electrodes
and the lava insulators. Sufficient hydrogen was used not only to surround each of the electrodes to their tips
but to form a blast which blew the atomic hydrogen against the work and bathed it in hydrogen.
Electrical Apparatus
Both the striking voltage and the arc voltage were higher for an arc in hydrogen than for the ordinary welding
arc since there was no appreciable amount of metallic vapor generated in the arc. The standard arc welding
equipment of those days was therefore not suitable as a power source for operating the atomic hydrogen
torch.
If direct current was used the arc could be stabilized by a series resistance or a specially designed generator
of the constant-current type could also be used. With series resistance a line voltage of 250 was found to
give good results.
Alternating current was more convenient and, since the arc could then be stabilized by reactance instead of
resistance, greater efficiency was usually obtained. A line voltage of 350 to 400 gave satisfactory operation.
Voltages as high as this were needed solely to give stability and to enable the arc to be started at any time
by separating the electrodes even when these were cold.
A number of tests were made to determine the voltages required to strike an arc by means of the lever
mechanism of the torch. With cold electrodes an open circuit ac voltage of 320 was needed for striking the
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arc. After the arc had been started and the electrode tips had reached the operating temperature a line
voltage of only 150 was sufficient to restart the arc as long as the electrodes remained nearly at the
operating temperature. These lower voltages could also be employed to start and maintain the arc if the
electrodes were first raised to high temperature by a high current while separating them very slightly so as to
have a high contact resistance or by bringing a thin tungsten rod between the separated tips of the
electrodes.
It was more convenient, however, to use open circuit voltages of approximately 400V rather than to employ
these special means of starting the arcs. In normal operation the drop across the arc was in the
neighborhood of 80 volts. To avoid danger to the operator the entire arc circuit was preferably insulated from
ground. A motor-generator was used to give either direct or alternating current for the arc, but it was usually
more satisfactory to use a specially designed transformer.
The connections that were used in most of the work to be described are shown in Fig. 3. When the arc was
not operating the electrodes were in contact by the action of the spring attached to the control lever, so that
there were no voltages on the electrodes and the torch could be laid down on any material without danger of
flashing the operator's eyes. To strike the arc the electrodes were merely separated by pressing the lever.
Should the open-circuit voltage at any time be impressed across the electrodes when separated, or the
operator break the arc by spreading the electrodes too far apart, a relay in the arc circuit (contactor B as
shown in Fig. 3) would trip the feeder circuit, in which case it was necessary for the electrodes to be brought
in contact again before the main feeder circuit could be restored.

Fig.3. Circuit diagram of apparatus used with atomic hydrogen welding torch.

The voltage drop across the arc while in operation varied from 60 to 100 volts, depending on the amount of
opening between the electrode tips. This voltage was nearly independent of the current, between the limits of
20 and 70 amp., although a slight decrease in voltage was usually noted when the current was increased.
Repeated experiments showed that the lower voltage arc (60 to 80 volts) obtained by separating the
electrodes only 1/16 or 1/8 of an inch had a more concentrated working zone and was the most efficient arc for
most kinds of welding.
By bringing the arc closer to the surface of a larger mass of metal it was found that the metal melted very
rapidly. For welding, the maximum rate of heating was desired and this was obtained by bringing the torch so
close to the metal that the lower portion of the fan shaped arc was just about in contact with the metal and
this caused the arc to change its shape somewhat.
The tips of the electrodes were then usually about 3/8 to 1/2 in. from the metal. Portions of the arc could at
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times become short-circuited by the metal so that the tracks of cathode spots on the metal could be seen,
but this seemed to play no important part in the welding process.
Conclusions
The above is a general account of the course of events that led to the development of the atomic hydrogen
arc welding technique. Although Langmuir himself had many ideas for other applications of atomic hydrogen,
such as using it in melting furnaces, and although General Electric themselves were aware of the vast
potential of atomic hydrogen (as expressed by the editor of the General Electric Research Laboratory
Publication “….The point of inception of many important practical processes can be found in researches in
pure science. Following Dr. Langmuirs discovery of atomic hydrogen, conclusion was reached that flames of
this gas make possible new applications of far-reaching importance”), no subsequent effort was made to
develop neither the welding method nor any other application using atomic hydrogen.
In spite of the obvious value of the process, industry’s excuse for laying the process aside was that it had
been ‘replaced’ by ‘better’ processes such as Heliarc, TIG, and MIG welding, though plasma arc welding is
rarely mentioned which has also almost disappeared from the market. Since plasma arc welding is merely an
extension of the atomic hydrogen process, the reasons are undoubtedly the same.
As a welding process, atomic hydrogen arc welding was “obsolesced” by MIG and TIG neither of which
compare to its welding efficiency and uses. Considering that atomic hydrogen arc welding hardly got of the
ground before it was replaced, it is not a far fetched thought to assume that the interests of welding suppliers
and electric power companies were being nursed so that more archaic tanks, transformers, gauges, torches,
electrodes, gases, fluxes, power etc. could continue to be sold at profit.
The reader is reminded of the fact that Langmuir’s experiments and findings were taking place almost 100
years ago. Since then, technology has progressed dramatically in many fields. If Langmuir had at his
disposal the know-how and technology of today, our world may have looked different.
However, we are now in the fortunate situation that we do possess the data of Langmuir’s findings, which
can be combined with today’s technological know-how. The obvious direction in which to look is the same
direction that seems to have been the fundamental reason for Langmuirs discoveries having been swept
under the carpet: CLEAN AND ABUNDANT ENERGY.
If anyone looks up to find any information on atomic hydrogen arc welding, only a few lines will appear,
simply informing that “the arc is maintained between two metal electrodes in an atmosphere of hydrogen.
Shielding is obtained from the hydrogen. Pressure and/or filler metal may or may not be used. Although the
process has limited industrial use today, atomic hydrogen welding is used to weld hard-to-weld metals, such
as chrome, nickel, molybdenum steels, Inconel, Monel and stainless steel. Its main application is tool and die
repair welding and for the manufacture of steel alloy chains. Also used in special military welding
requirements.”
Nothing is mentioned of the extraordinary properties of atomic hydrogen, nor of its potential for the use as
energy to drive the wheels of mankind. However, and quite surprisingly, in one edition of Van Nostrand’s
Encyclopedia of Science it was stated “Hydrogen molecules dissociate to atoms endothermically at high
temperatures (heat of dissociation about 103 cal/gram mole) in an electric arc, or by irradiation” ….”the
hydrogen atoms recombine at the metal surface to provide heat required for welding.” What is surprising
here is that the actual energy value needed for the dissociation of the hydrogen molecule is given, but the
calorific value for the recombination of the atoms into molecules is strangely omitted.
From Langmuir’s experiments and findings we know that the minimum calorific value for the recombination of
atoms was agreed to be in the region 90.000 cal/gram molecule. In other words we have an input energy of
103 cal/gram molecule and an output energy of 90.000 cal/gram molecule. In conventional science this
seems to be violating the law of conservation of energy. Langmuir explained this (however, not very
convincingly) by the heat being carried forward from the arc to the metal surface. One area which certainly
deserves the attention of modern science, is the replication of Langmuirs experiments using high-tech
measurement equipment.
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During the 1920s there was a general scientific consensus in the community of theoretical physics, that the
space between the nucleus of the atom and its orbiting particles, was empty space, vacuum. It was not
before the late 1950s that the existence of Zero Point Energy was discovered by the Dutch physicist M. J.
Sparnaay. He continued the experiments carried out by Hendrick B. G. Casimir in 1948 which showed the
existence of a force between two uncharged plates that arose from electromagnetic energy surrounding the
plates in a vacuum.
Mr. Sparnaay discovered that the forces acting on the plates arose from not only thermal energy (heat) but
also from another type of radiation now known as classical Zero Point Energy. Mr. Sparnaay determined that
not only did the zero point electromagnetic energy exist in a vacuum but also that it persisted even at a
temperature of absolute zero. The term Zero Point Energy (ZPE) has been based on the concept that even if
matter were cooled down to absolute zero (minus 273°C), in terms of its temperature, the energy field still
remains.
Because it exists in a vacuum, ZPE is homogeneous (uniform) and isotropic (identical in all directions) as
well as ubiquitous (exists everywhere). In addition, the intensity of the energy at any frequency is
proportional to the cube of that frequency. Consequently, the intensity of the energy field increases without
limit as the frequency increases resulting in an infinite energy density for the radiation spectrum. With the
introduction of the ZPE into the classical electron theory, a vacuum at a temperature of absolute zero is no
longer considered empty of all electromagnetic fields. Instead, the vacuum is now considered as filled with
randomly fluctuating fields having the ZPE spectrum.
The special characteristics of ZPE are, as mentioned above, that it has a virtually infinite energy density and
that it is ubiquitous (even present in outer space), which makes it very desirable as an energy source.
However, because high energy densities exist at very high frequencies, and because conventional methods
are only able to convert or extract energy efficiently at lower frequencies, effectively tapping this energy
source has been unavailable using conventional techniques….Until now.
Had Langmuir been familiar with ZPE, he would most certainly have reached other conclusions in terms of
explaining the extraordinary energy properties of atomic hydrogen. As it was proven by Langmuir, the
volume of the hydrogen when dissociated into atoms increases to the double of the volume of its molecular
state. Upon recombination, heat energy is released to the tune of 90.000 cal/gram molecule. When
incorporating ZPE in the explanation of the hydrogen process, it could be argued that the hydrogen is not
really a fuel but rather a medium, gateway or a super-conductor of ZPE from the vacuum of space,
converting ZPE radiation and ultra-high frequency electrical energy into infrared (heat) radiation. On
recombination into molecules the ZPE is “squeezed” out, releasing the absorbed energy.
Actually since heat is infra-red spectrum radiation, the process can be conceived as a means of converting
ZPE from an ultra-penetrating cold spectrum radiation, to a mass-reactive infra-red heat spectrum radiation,
and that is the proximate source of so called FREE ENERGY, in the form of exothermic heat radiation. ZPE
can be analogized to a concentrate of sunshine, except it penetrates all matter all the time and is not
affected by day or night, so it can be converted into usable energy at all times with the appropriate
technology, such as the atomic hydrogen process. The apparent source of the anomalous exothermic heat
produced in “Cold Fusion” is also based on atomic hydrogen.
It is important to note that the hydrogen process does not involve a consumption of the hydrogen as it is not
combusted in the process. It is merely dissociated and recombined and can therefore be recycled over and
over again without consuming more hydrogen than the quantity used to start with.
So how do we move forward and develop a feasible technology that harnesses this abundant and clean
source of energy? The answer is simple. Take Langmuirs work, dust it of a bit and upgrade it by applying
modern technology and know-how. The basic design in Fig. 4. should serve as a source of inspiration for
researchers to accept the challenge and pour their attention in that direction.
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Fig. 4.

Di Christidis 
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Today we have extensive knowledge of materials, heat-exchangers and direct heat converters producing
electricity from heat without any movable parts by using photo-voltaic technology. Even an atomic hydrogen
torch is now available in the market (see Fig.5.), that could eliminate the use and consumption of Tungsten,
which unfortunately is becoming a relatively scarce commodity and therefore increasingly expensive.

Fig.5. Atomic Hydrogen source

This Atomic Hydrogen source works by thermally dissociating hydrogen in an electron bombardment heated
tungsten capillary and was developed for the following applications:
• damage free in situ cleaning e.g GaAs, InP, Ge and Si. Removal of residual oxygen and carbon.
• Low temperature cleaning
• Surfactant - improvement of layer properties during growth
• post growth surface treatment/improvement
• chemical passivation and surface reconstruction
• annealing of amorphous silicon
However, modifying this torch to serve an Atomic Hydrogen Energy Generator should not represent a big
problem. Langmuirs method of dissociating hydrogen could also be improved considerably by bringing down
the expenditure of electric power and by increasing the degree of dissociation as well as the degree of
recombination at the catalytic metal surface.
Relative simple and inexpensive research will do the job in a very short period of time. The investment of
time, work and funds is so negligible in comparison to the potentially gigantic rewards, that it should appear
very difficult for any researcher in any relevant field to find a viable excuse for remaining inactive in this
respect.
Below is a comparison of values for commercial fuels in MJ/kg (megajoules/kilogram):
Gross
Net
Hydrogen
141.9
120.0
Carbon to Carbon monoxide
10.2
Carbon to Carbon dioxide
32.8
Sulfer to Sulfur dioxide
9.16
Natural Gas
53.1
48.0
Liquefied petroleum gas
49.8
46.1
Aviation
46.0of atomic hydrogen 44.0
The
valuegasoline
at the top of the list is for molecular hydrogen as opposed to the value
which
Automotive gasoline
45.8
43.8
isKerosene
over ten times higher.
46.3
43.3
Diesel
45.3
42.5
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The value at the top of the list is for molecular hydrogen which does not even come anywhere close to the
energy value of atomic hydrogen. These figures alone, should be enough to attract both funding and
brainpower to research. Due to the connotations that the word “atomic” has in everyday language, the reader
is reminded that the term “Atomic Hydrogen” does not in any way imply the existence of nuclear radioactivity.
The term is used solely to distinguish between molecular and atomic hydrogen. The Atomic Hydrogen
Process is 100% CLEAN and SAFE.
When you add the fact that the hydrogen is not consumed in the “burning” process, and can thus be
recycled, it should become very clear to any scientist, humanist, environmentalist, business executive and
indeed to every human being that is concerned about the state of our wonderful planet, that no more time
should be wasted. The time has come for removing the responsibility of defining the energy policies and
structures of the future from the hands of the established energy industries, and place it in the hands of men
of science who will work for the preservation of the environment that sustains all life on Earth. Men who will
work for the economic development of the third world by means of providing clean, abundant and
inexpensive energy technologies.
Such initiative will only succeed when massively supported by the visionary captains of industry who will
have the courage to dismantle the existing and scandalous energy grid which now envelopes our planet, by
investing in the production and marketing of small energy generators for individual households, factories,
transport etc.
Once such a generator has been acquired by the consumer, his further energy requirements will be covered
for FREE, giving him independence in terms of energy as well as increased buying power for any other
economic development.
However, before industry will move, Science and the Individual in society must join hands and raise a highly
visible flag, proclaiming the desirability and the feasibility of such technologies.
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