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Abstract


We estimate the rise time of the electric field amplitude caused by sudden changes in the load of the atmos​pheric maser in the Maser-Caviton Ball Lightning Theory.  It is found that this time is inversely proportional with the volume of the atmospheric maser feeding the ball lightning.  Therefore, it turns out that this rise time can be​come extremely short.  This explains the mechanical destruction effects caused by Maxwell ponderomotive forces in the premature demise of open air ball lightning, and their absence in enclosures poorly coupled to the outside free space.'
1. Introduction

Although it was known and described since antiquity and in spite of having been seen by 5% of the population, BL was never understood giving rise to superstitions in some countries.  Now we are able for the first time to understand its fascinating nature on the basis of our Maser-Soliton Theory (MST).  BL is explained as a nonlinear quasistationary state of plasma and trapped electromagnetic field (Langmuir soliton), representing a high frequency (HF) discharge.  The latter is in an antinode of a standing electromagnetic wave, fed by an atmospheric (most likely H2O) maser that can be many cubic miles in volume.  Due to a strange first property of BL that is explained for the first time by the MST, it was almost never seen by workers in the field of atmospheric electricity, causing them to become frustrated and to even doubt its existence.  

Another, second, property of BL, now understood with the MST, prevented its generation in the laboratory.  It is a peculiarity of large atmospheric masers that allows for a new type of electric HF discharge.  This is a unique low-temperature discharge at atmospheric pressure.  Because of its low temperature and buoyancy force, and because of the mentioned second special property of the large volume maser, it is stable at an antinode of the standing wave generated by the maser.  Finally, the peculiar final explosion that is often associated with the demise of open air BL, is also explained by the MST, as a spiking phenomenon.  BL provides our first contact with the awesome power of low frequency masers of very large volume, and with their mind-boggling properties caused by practically instantaneous avalanches of photons.  The maser is most often caused by the field pulse associated with lightning.

The new type of discharge will have countless civilian and military applications.  The solution of the BL puzzle will allow us better protection against, and control of, the BL discharge.  Furthermore, it will shine light on some other ill-understood natural phenomena such as larger luminous formations usually classified as UFOs or radar angels.  Here is a number of arguments that support an intensified study of the MST:


A. The study of large-volume atmospheric masers is of tremendous practical and theoretical importance and opens a new field of research both in atmospheric electricity and in quantum electronics.  The creation of population inversions in volumes of many cubic miles of moist air by lightning-related electric field pulses is explained by the Maser-Soliton Theory (MST) as the result of four factors:


a) A sudden, short, electric pulse of duration  and amplitude E can produce a population ratio R = |W12sin r|/[(hf/2)2 +|W12cosr|2], according to the solution of the Schrödinger equation, for two close energy levels connected by the matrix element W12 corresponding to the applied electric field E.  Here r=[2/4+|2W12/h|2]1/2 and h is Planck’s constant. If the energy difference hf between the almost degenerate levels is small (hf<W12), Eq. (1) predicts an inversion whenever the duration  is relatively close to (2n+1)/2r. The HF spectrum of the asymmetric top molecule H2O is honeycombed by such pairs of very close energy levels.

b) Most of the closely laying pairs of energy levels of H2O correspond to forbidden transitions that become allowed in the presence of an applied electric field.  This could switch on stimulated emission, i.e., maser action while the electric field regenerates after a lightning flash.  


c)The quality factor of a large maser with no cavity walls is approximated by fD/c, where f is its frequency, D is its smallest dimension, c the speed of light. This yields 104 for f=500 MHz and D=10 km.

d) The rise time of a photon avalanche (maser spike) is inversely proportional to the maser volume, becoming extremely short perhaps of the order of 10-14s and less for atmospheric masers.  Together with points b and c, this explains how the maser can extract RF energy, before the collisions of water molecules have a chance to dissipate most of it.


All four factors listed above indicate the fascinating novelty and uniqueness of the gigantic atmospheric masers.  They are different from anything obtained in the laboratory, and are exceeded only by the well-known, enormous, cosmic H2O and OH masers, blitzing us from thousands of light years away from us.  For the first time we have a chance to examine some fragments of these fascinating phenomena here on earth.  

Due to the proportionality of the spontaneous emission rate with the cube of the frequency, the masers become much more awesome at low frequency.  This and point d above makes their spiking, known as a BL explosion, so destructive.  It also is very peculiar, because most of the destruction is caused by giant ponderomotive forces, also known as electrostatic pressure forces or maxwellian tensions, on a time scale often too short to set charges in motion and cause electric breakdown, shielding or even ohmic heating.  Each of these components of the BL phenomenon are startling on their own.  They are of tremendous scientific and technical interest, opening an unexpected window to a highly nonlinear and unexpected world.


B. The Phenomenon of Ball Lightning has resisted all attempts of study or understanding by atmospheric electricity scientists, and for the first time we know why.  On the basis of the new theory, we know that it happened because these scientists had to do their lightning studies on high peaks, with abundant flashes.  Right there, however, BL is utterly impossible, because the maser volume is too small, limited to a narrow cone, right above the peak.  The photons are lost before they get a chance to produce stimulated emission, because the volume of the inverted medium is too small.  This way, we understand how science so far has inadvertently condemned itself to failure by trying to be more efficient in the observation of lightning flashes.  Until now, this approach seemed justified, because BL has a high degree of correlation with the usual streak lightning flashes.


This new understanding removes the major obstacle that hampered or precluded the scientific study of BL so far.  It opens the way for scientific BL investigation at properly selected sites and in the laboratory, as our initial investigations with the participation of the Kadomtsev and Plasma Sources Sections of the Kurchatov Russian Scientific Center in Moscow showed in 1992-2000.  It opens new avenues for harnessing Bl power in civilian and military applications, and for protection agains its danger. Finally, it puts an end to the misunderstanding and mystification of an important natural phenomenon.  It would be wrong for our society to fail to seize this great opportunity.  This is the second reason why right now this Program is needed, and this is why I agreed to chair it this time at the unanimour request of my colleagues in the International BL committee.


C. A completely new type of high-frequency discharge, contradicting the known limitations, is provided by the BL phenomenon; for the first time we understand it, and are able to approach its study on the basis of the new theory, both in nature and in the laboratory.  The new type is an order of magnitude colder than the arc discharge, but is nevertheless present in air at atmospheric pressure.  Our Maser-Soliton theory explains BL as a Langmuir soliton (caviton) localized in an antinode of the standing electromagnetic wave generated by the atmospheric maser.  The soliton is a nonlinear state of plasma and elecrtomagnetic field.  The field digs its own cavity in the plasma, due both to an initial localized resonance and to the well-known ponderomotive forces.  The resulting soliton is described by a solution (ground state or excited states) of the nonlinear Schroedinger-like equation that describes the partially ionized plasma and the electromanetic field.  The latter has a strong longitudinal, or electrostatic component that can be interpreted in terms of Langmuir waves.  Any photon generated by the maser has a similar spatial distribution of its electromagnetic field amplitude as the one that stimulated its emission.  This has several consequences:


a) When the discharge is about to end due to lack of electrons, the load perceived by the maser decreases, and an instantaneous avalanche of identical photons is generated by the maser.  This avalanche instantly restores the missing electrons through cold emission.  This way, the discharge can be sustained at atmospheric pressure at much lower temperatures than any discharge sustained with the sources available in the laboratory.  How many times is that temperature lower in air at atmospheric pressure?  To obtain a lower limit of this factor, together with my group at the Kurchatow institute we performed simulations with instantaneous negative feedback and obtained a fact or of about two by neglecting the cold emission alltogether.  This result was obtained for the plane-parallel plate capacitor discharge.  For cylindrical and spherical discharge geometries the factor was slightly lower.  Calculations with the inclusion of the cold emission effect will also be performed.  Our preliminary conclusion is that the minimal discharge temperature obtained this way will be much lower, possibly up to 10 times lower than without the maser power source.  The experimental and theoretical Ball Lightning research project at Kurchatov (1992-2000) was under my scientific direction.  It included Professors Jiltsov, Timofeev, Skovoroda, Zvonkov, Manykin, Znamenski, Ojovan (Radon Inst., Sergiev Posad/Zagorsk, Moscow Region), Poluektov and Kulikov (the later from the secret TSNIIMASH Institute, Kaliningrad, Moscow region), plus their collaborators and technicians.  It involved 3 of the 11 institutes that make up the Kurchatov Center).  This research was funded privately through the generosity of Mr. Jean-Francois Leitner.  This research is likely to continue in the same form in the future, for now first on the theoretical plan.


b) When the discharge is suddenly stopped by force, e.g., by collision of BL with some object, in small shielded rooms, e.g. inside an air plane or submarine, nothing happens.  The total maser energy, even assuming total inversion of all water molecules, is only about 10J and therefore negligible.  However, this happens in open air, the volume of the maser may be several cubic miles and the disappearance of the load will cause, by stimulated emission from the photon excess, an enormous instantaneous avalanche of photons, well-known as “spiking“ in the case of lasers.  The photons are almost identical copies of the photons that did not get absorbed due to the forced removal of the load.  Therefore they have a peak of the electric field about where the BL was located.  This causes enormous, short-lived instantaneous electric fields that break everything due to the large pondermotive forces.  The forces are concentrated at discontinuities of the dielectric constant, causing metallic tubes to be broken, ripped out from walls and thrown several yards away, usually with very little heating.  Non-metallic dielectrics are also dislocated.  In many cases, electric breakdown of insulation and shorting of circuits is observed.


This new type of nonlinear solitonic or cavitonic discharge is of tremendous theoretical and practical importance, e.g., for application in the chemical and semiconductor industries, and also for military applications.  It differs fundamentally from the high frequency arc discharge that is usually obtained at atmospheric pressure, e.g., in the focal point of a radar dish, or even in a microwave oven containing a burning candle.  The former (BL) is colder, well defined in spheroidal shape, localized in an antinode, moving along the antinode plane according to the phase change present in the component waves.  The latter is much hotter, quickly flaming upwards due to large unbalanced buoyancy forces.  If a superposition of two stationary BL states is obtained, non-stationarity is observed in the form of rotation and periodic oscillation in the BL soliton.  Finally, we note that there exist many theories of BL and that BL had been suggested to be a high-frequency discharge already in the 4th decade of the 20th century.  That concept was championed by Nobel laureate P. Kapitsa in Russia in 1948 who first introduced the notion of a standing wave between cloud and ground as the source of the BL energy.  This was before the discovery of the maser in 1954 and of the laser in 1962, or of the solitons by Saharov in the seventies.  Therefore, Kapitsa was unable to understand the true nature of BL, and to suggest the right experiments.  His search in the Kaukasus mountains remained unsuccessful, just as the search of other scientists investigating peaks with a high incidence of lightning.  No official funding of BL research has been possible so far, due to the difficulties of understanding mentioned above and due to the ensuing frustrations and misinterpretations.


D. In summary, our Maser-Soliton approach explains all known properties of BL, including ducting through chimneys and passage through closed windows, including the about 35% incidence of damage by breakdown of the glass. It explains why this phenomenon frustrated both investigation by atmospheric electricity scientists and attempts of reproducible generation in the laboratory.  The theory is based on a few experimentally verified postulates, such as:


a) A general, loose association with streak-lightning flashes, with the exclusion of high peaks. 


b) A partial similarity with the behavior of high-frequency discharges in the horizontal antinodal planes of a standing wave between ground and cloud; descent or ascent in steps; dependence on the boundary conditions for standing electro-magnetic waves;  microwave heating of metallic objects or other conducting objects in the vicinity of a passing BL.


c) Explosive effects in the open or when strongly coupled with the open space, similar to maser spiking;  peculiar nature of damage caused, entirely consistent with low-frequency spiking of a large atmospheric maser with ultra-short rise-time inversely proportional to the maser volume.


d) Absence of explosive effects once BL is inside shielded enclosures such as air plane or submarine; possibility to put hand in BL with no harm in this case.


e) Coincidence of the extremely stringent, theoretically derived, instantaneous feedback conditions for sustaining a hypothetical ultra-cold Townsend-like discharge in air at atmospheric pressure, with the steep load line and ultra-short spiking time of a very large atmospheric maser.


E. There are many theories of BL, and their insufficient connection to the observations (15,000 cases reported by Grigoriev’s data base in Yaroslavl, Russia, alone; Over 20,000 known!) has precluded their being taken seriously.  They involve anything from dark currents to fractal plastics, to antimatter, to black holes.  They are not presented here, but a partial review is provided by the books of Mark Stenhoff (1999, most recent), Singer and Barry, as well as by the earlier ORNL study.

2. Rise Time of the Field Spike

The gain G is from stimulated emission, is proportional to the number N2 of molecules present in the upper maser level E2, and to n+1, i.e., roughly to the number of photons already present in the mode under consideration


dn/dt = K(n+1)N2 - n/c - n/b

      




(1)


dN2/dt = -KnN2 - N2/2 + Re,

      




(2)

where tc is the cavity ringing time, we added also the rate equation for the upper maser level population N2 in terms of the relaxation time 2 (>>c) of the upper maser level, a time which can be as long as a second or a minute, because the transition is, in fact, one of the many well-known strongly forbidden transitions between pairs of nearly coincident rotational energy levels of the H2O molecule and is becoming only weakly allowed under the influence of perturbing fields.  We also included an effective pumping rate Re describing the rate by which in some cases the population inversion is replenished by various processes (such as, e.g., a circulation of inverted air through a barn, or recuperation of a hole burned into an inhomogeneously widened gain profile in the frequency domain).


Spiking has a very short rise time when the volume of the atmospheric maser feeding the BL is large.  Indeed, the characteristic time of the photonic avalanche is given by Eq. (1) in first approximation for large n, through


dn/dt = (KN2* - 1/c)n;
n = noexp[(KN2* - 1/ c)t] = noexp[St] = noexp[t/to]..
(3)
Here 

 K = pKo = 1/rad ≈ 10-2 s-1,    N2* ≈  1029, 





(4)

for example.  Indeed, considering the concentration of H2O molecules in saturated vapor at 20oC to be 6.1017cm-3, the inversion volume 2x5x5 km = 5.1016 cm3, we obtain N1+N2 ≈ 3 1034.  The degree of inversion can be considered about (N2-N1)/N1 ≈ 10-5, because in thermal equilibrium it is about e-kT/hf-1 ≈ -kT/hf ≈ -10-5.  The electromagnetic pulse generated by lightning may almost reverse this population difference, therefore justifying our choice for the fractional population inversion.  We obtain from Eqs. (3)-(4)

S=K N2* ≈  1027/s 
to = 10-27 s. 






(5)

This is indeed a very short time, that precludes dielectric screening of the destructive field.  The large values of the rate S and of n also cause strong line-narrowing.  This conclusion of a very short rise time is also applicable to smaller maser volumes, e.g., 500 m3, therefore explaining the instantaneous re-ignition process for indoor BL with to = 10-19 s in smaller volumes, e.g., airplanes or living rooms.  We conclude that low frequency atmospheric masers can generate a completely new type of discharge at atmospheric pressure, in the form of BL.

3. Suggested Experiments

1. Outdoors Experiment. Both during a thunderstorm and in cloudy, humid, weather without thunderstorm, we will measure atmospheric absoption in the 300-1,000 MHz frequency interval, and determine the reduction caused by the thunderstorm as a function of frequency, as shown below in Fig. 1.


       CW or radar-like emission/reception




  Reflector



Fig. 1.: Atmospheric absorption spectrum measurements during thunderstorms, over a distance of 1 km, using a tunable VCO, or other generator.


2. Pulse Experiment. We plan to apply a strong electric field pulse or other similar pumping agent inside a large metallic container with high H2O vapor content, tunable as a resonator, and 

a) Listen to VHF signals right after the pulse; 

b) Measure a reduction in the absorption at certain frequencies, close to the resonance frequencies of the H2O asymmetric rotor molecule;

c) Repeat the experiment with various levels of constant superposed electric field that may cause the many forbidden transition frequencies of H2O vapor to become weakly allowed through Stark effect.

At atmospheric pressure the resonance frequencies are broadened into oblivion by the large frequency of intermolecular collisions.  We count in all cases on the frequency narrowing phenomenon present at high Q-factors of the cavity employed.  The narrowing corresponds in the time domain to snatching the energy out of the “jaws” of the collisions due to the large volume of an atmospheric maser.  The latter causes both a large Q even without cavity walls, and an extremely short rise time of the maser signal.  That short rise time is needed, in order to extract the energy before the collisions can dissipate it.

d) Therefore, in order to get an initial value of the practically important resonance frequencies, we plan to do the points a-c above also at low pressures, and with additional gain in the tunable resonance loop.  That will allow tuning of the cavity to the resonance frequencies at lower collision frequencies, and will increase the chances of success as we gradually increase the pressure up to the atmospheric domain.  Note that the collision frequencies scale like the square of the density, or pressure.  We also plan to add electron-scavenging impurities to the H2O vapor, in order to discourage the formation of electric discharges in the applied electric fields.


3. Wind Tunnel Experiment. This repeats a previously successful exploratory experiment of the author with 2 students at the McDonnell Douglas Lightning Research Facility (no longer existent here at Boeing) in the mid-seventies, and is in essence a different, stationary flow based, implementation of points a-d explained above for the static case.  In this case moist air is rushed through a portion of a wind tunnel between a pair of capacitor plates parallel to the flow (Fig. 2).  The portion of the wind tunnel right after the plate has metallic walls and represents a tunable high Q electromagnetic Helmholtz resonator, from which the signal is coupled out, as in points a-d above.

[image: image1.wmf]
Fig. 2: Schematic of the moist wind tunnel high voltage experiment

4. Laboratory Ball Lightning Generation.  The author’s Maser-Soliton BL theory allows for the first time not only to understand the natural phenomenon, but also to emulate it in the laboratory.  This represents a new type of discharge.


The experiment planned as part of the present proposal is based on a 10-20KW Klystron amplifier with negative feedback, trying to simulate the behavior of the atmospheric maser.  The klystron is connected through a directional coupler to a tuned resonator that serves as discharge chamber.  From there, a waveguide completes the loop, as shown in Fig. 3.  An optical feedback strengthens the natural tendency of the klystron to spike almost instantaneously when the load decreases.  The discharge sought is a glow at atmospheric pressure, at much lower temperature than the lowest temperature arch discharge ever obtained so far at normal pressure.
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   Fig. 3.: Scheme of laboratory ball lightning generation, emulating atmospheric maser with klystron


At these low temperatures there are no electrons that could sustain the discharge.  However, right when the discharge is dying, a powerful klystron spike is automatically caused by the sudden decrease of the load.  This extracts electrons through cold (Fowler) emission, also known as field ionization, and rekindles the discharge.  However, like in the case of the atmospheric maser, the presence of the large spike automatically stops the klystron power.  The optical feedback is responsible in part for the fast reaction.  Then the spiking cycle repeats itself. 

4. Conclusions

The maser-soliton theory of BL provides a reasonable explanation of the explosive demise possibility of open-air BL.  It interprets it as a maser spiking phenomenon, and evaluated its energy in reasonable agreement with the observations.  The theory also explains the forces that are observed at BL explosions, as well as the character of the destruction.  Finally, the theory explains the nature of the discharge, its low temperature, its lack of buoyancy, based on the unusual load response of the atmospheric maser that causes the continuous sequence of births and extinctions, and based on the extremely short rise time calculated for the photon avalanche in a spike.
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