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INTRODUCTION

A smallportfolio of ball lightning fusion reacterelated innovationkas been accumulatafter two decades of
research and collaboration with numerous inventosne of these inventions are so radical that they could
require tens of millions of dollars each to fully expldtiseems likely that some of these inventiohgew
energy sourceand space propulsion technologaesually work as claimed and are suitably practical for
worldwide deployment. An ideal energy source satisfies all these requirements:

Is practical, economical, and sable from 1 kilowatt througlhO00 megawatts.

No rare elements for construction or fuel are needed.

Operates standalone or needs minimal fuel or auxiliary energy input.

Does not pollute.

Can be stored and operated reliably and safely withmudensome maintenaniceDeath Valley dung
summer andhe South Pole during winter.

Is quiet

Inventor(s) is (are) reasonable to do business with.
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Other energy researchers can provide similarly extensive compilations of new energy technologies. Tom
Val oneds | ntegrit htpRusesseals.am/iji/htip:Swwiv.hewenergytfmesecem/

St er | i nhitp://KkreeErengydNews.comitttp://www.infinite-energy.com/ Jerry Decker 6s
http://escribe.com/science/keelynet/ Br u c e htiéwwav.elechifgingtimes.com/ and Russi ab
http://www.faraday.rinave all accumulated large databases of reports and comments on energyARobe
Nelson, P.O. Box 19250, Jean, Nevada 89019 amassed 10,000 pages on energy inventions and other scient
and technological subjects in isvw.rexresearch.comthe contents of which are available on a £IR

Development and commercial manufacturing of a proven new energy source requires competent people, a
doable business plan, integrity, and sufficient money to carry the enterprise until it reaches profitability. Each
energy invention may be burdenedwihe baggage of its own unique little tale. Some energy inventors may be
brilliant, of course, but are otherwise incompetent businesspeople. Development may be hampered by unethi
i nvestors or associates, an byexstaqenagy ddustried ahditles s o
tanglefooted US federal government. Shortcomings in the energy invention itself may need further research t
be mitigated or eliminated, if possible.

New energy sources typically do not qualify for financial supfrorh venture capital, large corporations
restricted to operating within their chosen missi@hsyitable foundationgnd governments unaware of or
even hostile taanconventional energy sources.

BRIEF SUMMARIES

Electron Power Systems, Inc. i Electron Power Systems, Iftas discovered the explanation for ball

lightning and from that has invented gmibtectedt with patents. The ball lightning solution is a s&tble

plasma ring (toroid) that needs no magnetic fields fotasoment. Pairs of balls othese plasma toroids can be
created and collied with each other. This is a potential improvement to the colliding plasmoid processes
developed over the years by others. The result will be clean energy from one plasmaaiog ablliding

with one of protons. Safe, clean, low cost colliding plasma tdusidn generators couldngefrom 10

kilowatts through 1000 megawatts. All transportation vehicles could be yedéinfisafely powered with

plasma toroidusion reactorsvith substantially lower manufacturingperating and maintenance costs and
without poisonous emissions. EPS expects to reduce the mass and cost of aircraft by 70% and space launch
costs by more than 95%.
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Ball Lightning Events Explained as SeKStable High-Density Plasma Toroids or Atmospheric

Spheromaksi Spinning plasma toroids are created using high power electric arcs similar to lightning bolts.
The spinning toroids are observed to be stable in atmosphere with no confining magnetic fields. Spinning
toroids have the appearance of spheres, or balls, and create bright light through collisions with neutrals in the
atmosphere. The spinning toroids are observed to last for more than 200 milliseconds in partial atmosphere.
An explanation for the plasmartid is presented

High-Density lons May Make Clean Fusion Energy a Realityi Electran Power Systems, Inc. (EPS) claims
to havediscovered the explanation for ball lightniagd protected that explanatiofith severapatents EPS is
working towardmakingclean fusion energy a reality by creating high densityplasma toroids and colliding
them to create clean fusid®afe, pollutiorfree fusiongenerators could reliably generate electricity with
capacities ranging from 10 kilowatts through 1000 megaveaithe cost of 10% of today's electricity. All
transportation vehicles could be reliably and sapelwered with fusion gendras with substantially lower
production, operating and maintenance costs and without poisonous emissions. EPS expectsie redsse
and cost of aircraft by 70% and space launch costs by more than 95%.

New Space Propulsion Technology to Lift Payloads into Orbit with 99% Cost Savings per Kilogrami
Rockets would hav8,000,000 pounds of hydrocarbon fuel replaced by one pofuineél. The basis for this
new propulsiortechnology isa stable plasmapiral toroidsimilar to ball lightninghat remais stable in partial
atmosphere with no magnetic fields for containment.

Ball Lightning and Self-Confined Thermonuclear Reactionsi Ball lightning characteristics, theories and
experiments are discussed. The long lifetime of ball lightning in an otherwise explosive situation suggests tha
perhaps the confinement mechanism represents processes that could be exploited to confilge sustaine
thermonuclear reactions. A mathematical model of ball lightning treating it as asqpasconducting sphere is
presented.

A simple ball lightning fusion reactor is designed that has hundreds edrkiperes discharged through two
electrodes. The eleat field between the electrodes will polarize the discharge plasma into an upper half with
negative space charge and a lower half with positive space charge. Magnetic fields turn the plasma sphere ir
hydro-magnetic capacitor. A gas jet is initiatedigrhblows the discharge plasma from between the electrodes
to the more spacious reaction chamber. Another gas jet then supports and stabilizes the plasma sphere in th
reaction chamber. Once the plasma ball is in the reaction chamber thermonucleaddetiito the ambient
atmosphere. The fuel enters the plasma ball through diffusion and the meridianal circulation carries it to the h
thermonuclear center where release of nuclear energy sustains the reaction.

Gary Vesperman suggests substituting caddteicity for the massive current between the electrodes to possibly
greatly increase the thermonucl ear reactionds en
Superpositivecharging of hydrogen will align it to crystalline structure for a few seconds. During this period,
anyelectical spark will fuse the atoms of hydrogen with great sp@aty Vesperman suggests experimenting

wi th Mi ke Hans on 06 2rdeutesiusntasafliel far zetbrfined thefnoougleanreactions

Hydrogen Charging Vesseli Superpositivechargingof hydrogen will align it to crystalline structure for a
few seconds. During this period, aglgctrical spark will fuse the atoms of hydrogen with great spi2ee.
possible application of crystallized hydrogen or deuterium is as fuel fec@dihed themonuclear reactions.

Hawkingsd Gener at arTheddfa wRo Indy sl @ e thachtaBined whitgpspaskdiu ¢ e s
cold electricity (no electrons) 4 inches in diameter with very little power. Cold electricity can still power lamps,
etc. Materials inserted in a spark of cold electricity sometimes transmute to elements of higher density.
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Electron Power Systems, Inc.,

Electron Power Systems, Inc. (EPS) has discovered the explanation for ball lightning and from that has inven
andpatented thexplanation which is a se#ttable plasma toroid that neeus external magnetic field for
confinement.Pairs ofstable plasma toroids will leated and collided with each other. The resydtasned

to be clean fusion of ptons andoron which producesseable clean heat energy

EPS mew discovery irphyscs offersthe potential to locally produce lewost, clearenergy for homes and
buildingsi independent of power plants. EPS owns the new technology and plans to initially produce a safe,
clean,compactlO-kilowatt electricity generator thatould not ned anynuclear fuels nor fossil fuels and will
produce no green house gases.

A home owner would need a chtr sized container of environmentally benign hydrogen/boron fuel per year
at a 20:1 fuel cost savings compared to commercially produced etgatriédssil fuels.

EPS's new discovery would allow anyone worldsvid buy a small home generatasbout the size but less

than the cost of a Sears-kilowatt portable generator. It would power their home plus several nearby homes
even where there ar® power grids or power plants. This will be a step towards providing¢siy local
electricity to help eliminate poverty worldwide.

EPS plans to build TRilowatt generators by applying its newly discovered technology to improve work done
by othersd create energy. The basic work was shown successfully in the 1980s at the University of Miami. Bl
that technology had limitations at that time. EPS's new technology will overcome those limitations.

From a modest startithh producing 1&kilowatt ball lightningfusion reactor powered generators, EPS expects
to branch out to other applications of its technology as well as producing larger and larger geRevata@s.
modest start producing cleaejiable, safe 1&ilowatt ball lightningfusion reactor pwered generators, EPS
plans to methodically produce larger and larger generatmrslso tdranch out to other applications of its
technology. EPS even has a preliminary design with supporting calculations for massiveeh@20@att base
load generators.

Safe, clean, much cheaper pollutivee ball lightningfusion reactoipowered generators could reliably

generate electricity with capacities ranging from 10 kilowatts through 1000 megawatts at the cost of 10% of
today's electricity. All transportation kieles could be reliagland safely powered with ball lightnirigsion

reactors with substantially lower production, operating and maintenance costs and without poisonous emissic
EPS expects to reduce the mass and cost of aircraft by 70% and spacetstsiby more than 95%.

Humarkind's practically insatiable demand for energy implies a simply humongous market potential for EPS
which would encompass all of the world's producers of oil, coal, uranium and electricity plus all manufacturer
of transpordtion vehicles including cars, trucks, buses, farm equipment, ships, boats, construction equipment,
mining equipmentirains, satellites, aircraft, snowmobiles, and military vehicles.

Countries which export oil will benefit from not having to quicklyrn up their finite oil reserves on gasoline
and diesel fuel. Instead they will be able to draw down their reserves more slowly by making products of high
value such as plastics, medicines,ifiegrs and synthetic textiles.

Several thousand neutrambies are in use in the USA today that safely collide hydrogen ions to produce
neutrons, which in turn are used for medical testing, industrial process control, and homeland security. An ior
source produces hydrogen ions (deuterium), which are accelerdi#@ kilovolts, then directed to hit a

hydrogen target (also deuterium), which produces neutrons, and also heat as a waste product.
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Neutron tubes today produce neutrons and a low level of heat energy. The low density of the hydrogen ions
limits the amounof energy produced.

In the 1970's, Dr. Wells at the University of Miami collided two plasma toroids to produdeveifusion
energy in the TRISOPS system. The amount of energy produced was limited by the short duration time of the
plasma toroids i, as well as their low density and their low level of energy.

Electron Power Systems, Inowyww.electronpowersystems.cmmas discovered a plasma electron spiral toroid
that remains stdd without magnetic confinementby using background gas pressure for confinement instead.
These new plasma toroids are observed to remain stable for thousands of times longer than classical plasma
toroids, which opens the way for new clean energy aggita T hese t or oi ds are si mi
lighning which are equally stable for up to many seconds and have no need for magnetic confinement such a
the case with massive power hungry hot fusion machines.

EPS's new stable plasma electron $poaids overcome each of the neutron tubes limitations, and will
potentially result in fusion with no magnetic containment requirddis producing a practical ball lightning
fusion reactor. EPS's challenge is to adapt the new stable plasma toreid RISOPS method.

The ball lightningfusion reator adapts the electron spiral tor&@gheromak tohe neutron tube design. The
electron spiral toroidpheromak is patented jointly with MIT scientists who also havégha papers

confirming the electno spiral toroidSpreromak physics and data. The electron spiral tdspideromak will
overcome the neutron tube limitations by increasing ion density by 2500 times. A metal containment can be
used for efficient heat energy collection and conversion.

The dectron spiral toroid Spheromdiased ball lighnindusion reactor will be less than three feet in length, the
same as for present neutron tubes, and small enough to fit in an electric car. Elimination of the need for
magnetic containment allows this poveeipply to besmall and compact.

A ball lightningfusion reactor will use hydrogen/boron to produce clean energy without neutrons. The energy
in one pound of hydrogen/boron fuel equals the energy of 250,000 pounds of gasoline. Hydrogen and boron .
plertiful and will not run out, as oil is projected to do in the 21st century.

The dectran spiral toroid Spheromak a plasma toroid that is selfganized and seBtable with no magnetic
fields needed to contain it. Inventor Clint Seward has not seepudrighed descriptions of any devices n
phenomena similar to the electron spiral toroid Spheroifiaé& US Patent Office agrees and has issued five
patentgo date

The ball lighningfusion reactor was recently selected by the New Energy Congress a$ the few
technologies now known to have a genuine potential to replace fossil fuels. Seettihedeagysis of the ball
lightning reactor inhttp://pesn.com/2003/08/9600242_Spheromak_Plasma_Toroid/

Gary Vesperman has compiled numerous nonmainstream energy technologies in his websites
www.padrak.com/vespermanwww.commutefaster.com/vesperman.htard http://thedoor.net/thecolorade
center/radioactivityneutralizatioamethodsandmore/ They include the ball lightning fusion reactor (also
cal |l ed 0 e loreid Sphecomak snigrtusiom feactad Yith the hydrino generator, focus fusion,
thorium power pack, IPMS thoriw232 electricity generator, Clem ovenity vegetable oil engine, thiiilm
electrolytic cellsmagnetic drive generatarpble gas plasma engine, Searl effect generator, Magrialigirt-
activated cold fusion magnetic motor, hyanagnetic dynamo, IPMS energy storage/battery device, electrino
fusion power reactor, environmental heat engines, and several &bers.of these other energy inventions
appear to have at least one liation that isnot shared with the ball lightnirfgsion reactor.
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Why this is important is that all spheromaks reported to date dissipaticroseconds, while the electron spiral
toroid Spheromakhas been observed to endure with no confining magneticféehundreds of milliseconds,
and theoretically will remain stable for many seconds.

Each year 15 million cars and trucks are sold in the USA, and 48 million are sold worldwide. EPS expects to
eventually replace all of them with silent, réli@, safegmissiondree ball lightning fusiorelectric vehicles
with substantially lower manufacturingperating, and maintenance costs.

In addition, EPS has designed a 10 kilowaid lightning fusiongenerator that will operate on clean, non
polluting fuel,and can operate locally. This innovation will potentially improve the lives of most of humanity
by making available lovzost electricity that anyone can produce in their own homes. It will help literally
billions of people. Theaper design shows théietball lightning fusiogenerator will be the approximate size
and cost of a 10 kW generator available today in any hardware store, with the advantage that it will not use
fossil fuels, but will use clean energy instead.

Hoover Damés 1 @tal hameplate capasity ¢f 2080emegawadtsarticle in the Institute of
Electrical and Electronic Engineers, InSpectrunmagazine over ten years ago stated that world demand for
electricity increases approximately 500 megawatts every @ayut thisin perspective, the equivalent of
anothemHoover Dam would have to be built every four days to keep up with world electricigasecdemands.
The EPS6s ball | wilgnmakerocah ggnerfatiors gossible witleoat the reeed for more power
plants or more power lines.

Major contributors to air and water pollution are the feksled engines of aircraft, farm harvesters and
tractors, ships, boats, snowmobiles, trains, military vehicles, ateradin vehicles. Their engines could be
replacedwith cheaper electric motors and batteries chargedfey sanpolluting compactonboard ball
lightning fusion generators.

Electron Power Systems, Inc. is an early stage company working to devehagil fightningfusion reactor.
From EPS will come ne applicatons, including a practical ball lightnirfigsion electricity generator, a lew
cost space launch vehicle, a higihetic energy antmissile beam, and practical zezmission cars, trucks,
buses, farm equipment, construction equipment, militahyales, and jet aircratft.

EPS is moving to commercialize these concepts. EPS has assembled a tegineef& and plasma physicists
T all as contractors. EPS is working on proof of concept demonstrations for the applications.

EPS plans to build al@ratory demonstration unit in two to three years with present funding levels, and then
the first commercial prototype. Recent breakthroughs in the EPS lab give confidence this will happen within
this timeframe. More funding will make this happen sooner.

EPS is seeking $2 million as a first round of investment to complete the development of a demonstration unit
eighteen months. A second investment of $8 million will be needed to complete a prototype unit in eighteen
months after the demonstration unit

Up until now EPS has had no sales and operates with funding from angel investors, each of whom is retired :
has accumulated a substantial personal fortune, algpthiese types of investmentshiagh risk, high reward.
EPS also operates with fundifrgm the founder.

EPS operates on a low budget, spends only what it has, and has incurred no debt or obligations. In this manr
is able to operate indefinitely, while continuing to make progress each year. Additional small amounts of
funding will peed developments.
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Some years ago a Forbes article stated that PECO (formerly Philadelphia Electric Company), with an income
stream to back it up, was able to sell on Wall Street $4 billion worth afsbpeying 5.8 per cent. A ball

lightning fusion geneator manufacturer could simply sell bonds to build and operate generators at a low intere
rate. Generator loan payback times may be in the ball park of-gd@lto a year, depending on the local
electricity market price.

As soon as a ball lightnirfgsiongenerator is paid for, the revenue from that time on would be almost pure
profit. Once a track record is established by esstully installing a few ball lightninfyision generators,
Electron Power Systems, Inc., could raise money to build arallingire generators by simply selling billions
of dollars of bonds instead of stock. So therefore, there wouldn't be any dilution of ownership.

EPS plans to partner with major electricity producers and suppliers. EPS will license them to produdgyelectric
as they do now. EPS plans to partner with automobile manufacturers to license the technology. EPS plans to
partner with defense and aerospace cordradb license the technology.

The electron spirabroid Spheromak ball lightningeactor has five gtents and is documented in published
papers confirming the physics and d&aee the first four references bel¢ly, (2), (3), (4)

Clint Seward discovered the electron spiral toroid Spheromak, see Referemdalé3$tudying ball lightning.
Seward has developed asst formula to produce the electron spiral toroid Spherdimatkis not reported in
any other refemgce to date that he has seen.
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MANAGEMENT

Clint Seward is the de®verer of the electron spirarbid Spheromak and received the initialgras. He has
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The Products page afww.electronpowersystems.caells a book "Ball Lightning: Leading to Clean Energy"
and a paper "Spheromaks Observed Forming in AtmospHdre'faper's abstract:

Plasma toroids, called spheromaks, are reported here as observed forming in partial atmosphere from high
power electric arc events similar in power to lightning ground strokes. The spheromaks are observed to be
stable in partial atmosphere with no caoirig magnetic fields and are observed to last for more than 200
milliseconds in partial atmosphere. This paper describes the observations and presents a model that explain
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properties of these spheromaks, which we call Electron Spiral Toroid SpherOQEB3KS's) due to the spiraling
motion of the charged particles. It includes four TV images.

The model presented is a hollow toroid with a thin outer shell of electrons that all travel in parallel paths
orthogonal to the toroid circumference, in effggiraling around the toroid. A comparable inner surface of ions
acts to neutralize the space charge. The paper provides formulas describing the ESTS. Potential ESTS
applications include Xay production, air defense, and energy production.

The costo produce a HBilowatt EST Spheromak electricity generator would be about $1100 in production
guantities. The EST Spheromak generator would have fewer parts than a comparable Sears generator.

Electron Power Systems, Inc., does not have a working ppetotihe company has identified the
instrumentation and needs another $100,000 for laboratory work. With $2,000,000, the company expects to
have in two years a demonstrable prototype. In an additional year for $8,000,000 a production prototype is
expectedd be built. Remember, each piece of the project uses technology others have demonstrated.

Inventor. Clint Seward, Acton, Massachusetts, UBww.electronpowersystems.com
US Patents 5,175,466, 5,589,727, 5,773,919, and 6,140,752

Ball Lightning EventsExplained as SelfStable High-Density Plasma Toroids or
Atmospheric Spheromaks

Spinning plasmé#oroids are created using higlower electric arcsmilar to lightning bolts. The spinning

toroids are observed to be stable in atmosphere with no confining magnetic fields. Spinning toroids have the
appearance of spheres, or balls, and create bright light through collisions with neutrals in the eemadsghe
spinning toroids are observed to last for more than 200 milliseconds in partial atmosphere.

An explanation for the plasma toroid is presented that it is a hollow toroid of electrons where all the electrons
travel in parallel paths orthogonalttte toroid circumference and reside in a thin outer shell of the toroid. The
electron motion creates a current in the surface that in turn creates an internal magnetic field. Equations are
presented detailing the initiation of the plasma toroid, andlidegtéhe plasma toroid itself.

The stability analysis for the plasma toroid has been completed that explains how the plasma toroid remains
stable in atmosphere. The spinning plasmaiddnas the appearance of bajhkning, in observations,
computersimulations, and equations. The plasma toroid explains how a plasma ring can be stable in
atmosphere with no external magnetic fields, and how it can contain many electrons with high energy. Ball
lightning is often reported as a ring current, in toshidpe, and since a spinning ring appears as a sphere or
ball, the spinning plasma tadbprovides an explanation for balyhtning. The technology of the plasma toroid
has the potential for new applications in propulsion and energy generation and. storage

The source of the following paperhgp://ieeexplore.ieee.org/xpls/icp.jsp?arnumber=6748850

Abstract

Spinning plasma toroids, or spinning spheromaks, are reported as forming in partial atmosphere during high
power electric arc experiments. They amneew class of spheromaks because they are observed to be stable in
partial atmosphere with no confining external toroidal magnetic fields, and are observed to endure for more tt
600 ms. Included in this paper is a model that explains these stabla ptasids (spheromaks); they are

hollow plasma toroids with a thin outer shell of electrons and ions that all travel in parallel paths @aittlgon

the toroid circumferenciin effect, spiraling around the toroid. These toroids include sufficient ions to
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neutralize the space charge of the electrons. This model leads to thé&heatren Spiral Toroid Spheromak
(ESTS). The discovery of this new class of spheromaks resulted from work to explain ball lightning. A
comparison is made between the experimestiaérvations of spheromaks in partial atmosphere and reported
ball lightning observations; strong similarities are reported. The ESTS is also found to have a high ion density
of ~ 10*%ions/cn? without needing any external toroidal magnetic field for ammhent, compared, for

example, to tokamaks, with ion density limits of 4%iOns/cn?. This high ion density is a defining

characteristic and opens the potential to be useful in applications. The ESTS is a field reversed configuration
plasma toroid.

SECTION |

INTRODUCTION

Spheromaks are sadfrganized plasmas in a toroidal shape, in which an internal magnetic field is produced by
the internal current flow in the plastn&pheromaks have been studied since the@%¥5ecause of their
potential inthe field of nuclear fusion as a plasma confinement device or a reactor fueling8leliee is

also potential as an intenserXy generating device because the spheromak can be magnetically compressed
and acceleratéd.

Many laboratories are curréynconducting spheromak experiments with spheromaks formed in high vacuum
and at high energy. For example, this work is reported by the Princeton Plasma Physics Laboratory, Los Alar
National Laboratory, the University of Washington, the University of Mampshire, and the Swarthmore
Magnetofluids Laboratory, to name just a f&t#!1213 The work at these labs is reported as conducted in large
spheromak containment chambers that are necessary to creat@dugim environments and to provide

external magnetic containment.

Lp. M. Bellan Spferomaks: A Practical Application lfagnetohydrodymanic Dynamos and Plaspedi-Organization, pp. 114,

2000, ImperialCollege Press

2S. Lundquistii Ma g rheytda o s t a Ark. Eys. fvol.€ | pp. 86865, 1950

SH. P. Furth, M. A. Levineand R. W. WanigkPr oducti on and use of hReg®cilnstrumnwli28nt n
no. 11, pp. 94M59, 1957 Quick Abstract:

The transient containment of higiagnetic energy densities in coils of various geometries is discussed. Inherent mechanical and
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This paper presents observations of spheromaks that are prodpegtiahatmosphere in a laboratory, using
electric arcs that are similar to lightning evelit$16

The spheromaks reported here are stable without any external toroidal magnetic field for containment. They «
formed in partial atmosphere in a bell jather than in the high vacuum in large containment chambers, as
reported in most spheromak reseéafciihis is a new class of spheromaks, cafféléctron Spiral Toroid
Spheromak® ESTS$, and was first reported in 2001 by CHerAn excerpt fromthatpape not es, Al t
that a class of selfrganized [ESTS] equilibria exists with or without an externally applied toroidal magnetic
field. It is shown that in the absence of any applied toroidal magnetic field, the [ESTS] equilibria are stable at
high ekctron densities, i.e., at high toroidal sel&gnetic fields, although they are unstable at low electron
densities, i.e., at low toroidal setfagnet i ¢ fi el ds. 0 Chen's paper was
plasma toroid experimental resuitsm the laboratory of Electron Power Systems, Inc., (EPS).

SECTION lI

OBSERVATIONS

Electron Spiral Toroid Spheromaks (ESTSs) have been created at Electron Power Systems, Inc. for a numbe
years by using higlpower electric arcs with similar currentradties and pulse widths to lightning evéftIhe
ESTSs are observed to be stable in partial atmosphere with no confining external toroidal magnetic fields.
ESTSs formed by arcs are often observed to be spinning, and so have the appearance of spheats|ipht
through collisions with neutrals in atmosphere. A method for generating ESTSs has been’fatettied

latest experiments, the ESTS is formed around the electric arc, as sheignlin a new observation (patent
pending). Ongoing experimental work to increase the ESTS density produced the fully formed ERTS in

l4g, Singey The Nature oBall Lightning, pp. 214, 1971, Plenum

155, p. Barry Ball Lightningand Bead Lightningpp. 1-298, 1980, Plenum
16\, A Uman, The Lightnind@ischarge, pp. 225, 1987, Academic

17 c. sewargBall Lightning Explanationpp. 190, 2011, Amazon.com

8c. Chen, R. Pakterand C.Sewd@icEqui | i bri um and s-orgahized eletctrgnspraloper dsés of se
Phys. Plasmas, vol. 8, no. 10, pp. 444160, 2001
19c. seward, C.ChenandK.WaiiBal | | i ghtning expl a,iProeEEECSnf. RecsPPRShpp.&2B8h | a s m

2001 Quick Abstract: Summary form onbjiven, as follows. Describes spinning plasma toroids that are created using high power
electric arcs similar to lightning bolts. The spinning toroids are observed to be stable in atmosphere with no confietigfiakatgn
Spinning toroids have the aance of spheres, or balls, and create bright light through collisions with neutrals in the atmosphere.
The spinning toroids are observed to last for more than 200 milliseconds in partial atmosphere. The paper descriaggrthe initi
apparatus and paratees. An explanation for the plasma toroid is presented that it is a hollow toroid of electrons where all the
electrons travel in parallel paths orthogonal to the toroid circumference and reside in a thin outer shell of the taleictrdine

motion creges a current in the surface that in turn creates an internal magnetic field. Equatipresantéed detailing the initiation of

the plasma toroid, and detailing the plasma toroid itself. The stability condition for the plasma toroid has been tHahgfipthins

how the plasma toroid remains stable in atmosphere. The observations of the plasma toroids match computer simulatiogs of spin
toroids with constant luminosity. The spinning plasma toroid has the appearance of ball lightning in obseametinorcomputer
simulations. The plasma toroid explains how a plasma ring can be stable in atmosphere with no external magnetic fields, and h
can contain many electrons with high energy. Ball lightning is often reported as a ring current, ishapaidand since a spinning

ring appears as a sphere or ball, the spinning plasma toroid provides an explanation for ball lightning. The technelstgyplef th
plasma toroid has potential for new applications in propulsion, energy generation, andsesraigg/.

20 c. Seward, C. Chen and R. TemKinE n esrtgoyr a g €6,1d0952j 2008 6
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Fig. 1. Plasma toroid, or spheromak, formed around an electric arc in 1/8 atmosphere of nitrogen.
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Fig. 2. A 7.9 cm Electron Spiral Toroid Spheromak moving away
from the initiating arc at the top of the image.

The observation ifig. 2 is consistent with the behavior of a smaller 0.5 cm ESTS, which for many years has

been observed and reported to form from an arc, and then leave the arc whilenmgirnisashape, as seen in
Fig. 3.
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Fig. 3. A0.5 cm ESTS obsemd during an electric arc experiment.

The ESTS irFig. 3 is observed to endure for more than 200 milliseconds (msec) in 1/8 atmosphere of nitrogen
before passing out oféffield of view of the experiments. Pressures used have been in the range of 1/16
atmosphere to 1/2 atmosphere; although the upper limit has not been explored to date and it is expected that
they can form in full atmosphere. ESTSs formed by an arc (&g.i) and leaving the arc are normally

spinning rapidly after initiation. 1fig. 3 thespinning has been effectively slowed using a tsghed video

camera at 1/10,000 second shutter speed. The size of the earliest ESTSs observed was 0.2 criPto 1.0 cm

Although the initial observations of small ESTSs were interesting, useful applications were seen to require a

method to scale up the size of the ESTSs. A method was recently developed to scale up the ESTSs to 8 cm,
shown inFigs.1 and?2. First, it was necessary to form stable arcs of high energy, which was done as shown in
Fig. 4. The arcs accommodated currents in a wide range, from hundreds of amperes to a few thousand ampe
This range of currents will produce arcs with currents consistent with lightwients®
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Fig. 4. A typical stable arc used to form an EST$note bell jar shield in upper left of image).

Using a combination of experiments and analysis, we recently found an arc arrangement that allowed us to f
large spheromaks around the arc, as showvngril. A typical large spheromak is shownhig. 2. Work
continues to increase the density and to characterize more accurately thegzropénrese large spheromaks.

SECTION I

PROPOSED MODEL

During the ESTS initiation phase, electrons are observed to leave the arc and to begin to orbit around it. In th
model presented here, ions are trapped within the electron orbits because pasténein and near the arc,

due to the arc dynamics; ions also form outside the ESTS, near its surface, from collisions with neutrals. The
role of the ions is important because they act to neutralize the space charge of the electrons. The iotts intern:
the ESTS also act to hold the electrons in orbit. The model is shdvig. &

i)

1_::.1 Jay
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Fig. 5. The ESTS with parallel electron orbits and internal magnetic field.
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The physics for the sefftable spheroak were first published by Chéffollowed by a set of engineering
formulas published by Seward in 208vith the soleoid field equation used to approximate the magnetic field
inside the toroid:

B _ J”“!' _ 1”“':.1:".-
||I:|'“ r.fr. ||I:|'“ rlirr_

(1}

where-eis the electron chargkyg is the spacing between orbite; s t he el e cistheocorremtand t a |
is equal teeVn/de whereV is the electron velocity and n is the number of electrons. After the initiation phase, if
conditions are correct and enough electrons form into the surface, the ESTS will transition into a state in whic
the forces reach equilibrium. In this way, colleetforces are established within the toroid to stabilize its
geometry.

The forces on a single electron can be defined. We assume for this model that the electrons form a thin toroi
shell, and therefore the force on a single electron from the othé&oekeds:

2

="
= T =
'_'u-'rm'ul’lrr'.

F.

The magnetic force on each electron due to the internal magnetic field is:

- pige?V2 22172 .
e .'rm'uﬁrﬁ o '.'u.ﬁ'ufEf'g \
The internal ions attract the electrons with a force:
[.2
F; (4]

- '_'u-'rw'uﬁf;;'j‘

Wherede = fidi is the ion distance arfdis the ratio of ions to electrons. Thederof rotation oreach electron
is:

3
ml = )
F. = (]
T Tl

T

Wherem is the electron mass ands the electron orbit radius. The forces acting on the ions are, similarly:
-F.;m.l + -Fr'::fm'.;m.l = Umagnetic + F-e"-e’.??.'fn;?.'r'?.lll"?.'f |_[-j_|

Becausd- andFn, are small relative t&;, this reduces to the following equality, which can be defined as the ion
equlibrium condition:

e

— T Fs':rr.lm.;r.lr.llr-r.lf il
'_u-'ra'ul’lf,:

This says that the ion equilibrium condition can be met with a containment force. In our model, we calculate
that this is the atmospheric pressure in which the arc is formed. The atmospheric force on a single ion is:

o
-FP = -P"r"ilr'r.i = F{'{rr.ll’uir.'r.llr-r.'f (&)
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WhereP is the pressure. For the ESTS to be in equilibrium, the forces on the electrons and ions must be in
balance. For the electrons this is described as:

F—-F,+F. +F,=10. (9)
For the ions, this is described as:

F,—Fp=10 (10
Note that the sign of each force is relative to the surfateedESTS.

The results of this analysis are consistent with the Virial theorem because the atmosphere pressure keeps th
ESTS in equilibrium in atmosphere. A theoretical treatment of the stability of the plasma toroid in atmosphere
has been completéd?! and these two references should be read together because the first assumes a fixed ic
background while the second considers the ion motion.

SECTION IV

APPLYING THE PROPOSED MODEL TO THE EXPERIMENTS

The observed data relative to the EST&im 2 demonstrate the ESTS equilibrium of forces using the above
equations and model. The first ESTS data and balance of forces were originally reported for 0.5 chi ESTSs

The radiusof the toroid inFig. 2 is observed as 0.033 m, and the radius of the electron orbit is observed as
0.0066 m, resulting in an overall diameter of 7.9 cm, with an aspecbfdi:1. The pressure is 0.125
atmospheres of nitrogen. The electron energy in the surface of the ESTS is estirh@feeMasith electron
velocity of 593 m/s.

With three assumptions we can calculate all of the forces in the model. The first assusnpi the electrons
are equally spaced, providing a geometric ratio of orbit distance to electron distinee0087 Second, the
theoretical treatment assumes an ion fraction utilized in the theoretical treafrhe€@1d® Finally, de and d
areassumed to be close, withsmaller by the ion fraction.

Because the background pressure provides the restoring forceegsatmn(9) above de is calculated ag.69
x 10° m, at which value the forces within the ESTS are in equilibrium.

The original proposed model demonstrated equilibrium for an electron surface of a single electron shell a sing
electron thick, and similarly, @on surface a single ion thiéR The reason for this one shell was a tacit
assumption that the ESTS contained only particles captured within the ESTS volume at time of formation. It
turns out that observations suggest that this limitation is too restrictive. The ESTS forms aroundnithésarc a
seen to continue to accumulate charged particles for as long as initiating conditions remain in place, observe:
for a few hundreds of msec to date.

The model has been extended here to an ESTS with multiple thin shells. This suggests that asred#dtron

the outermost surface, with an ion shell next, then an electron shell, then an ion shell, and so forth. The
alternating electron and ion shells would maintain the charge neutrality. This series of shells would continue t
accumulate as long asetifiorce balance remains in equilibrium, which by this model would be limited by the
total internal magnetic field strength because it increases with the increasing number of shells.

2Lw. J. Guss and C. Chei E gui | i broiganiredeléctrom @l ¥ a |l ,Phys Plasmabsvdl. 9, no. 8, pp. 33R.1, 2002
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The balance of forces holds for each shell. In addition, the numbeglisf séts the overall limit to the number

of charged particles by setting the limit to the internal magnetic field, which acts to repel electrons. The
example analyzed here achieves the balance of forces up to a maximum of 486 shells, and2a6dtal 61°
Coulombs of charged particles. The internal magnetic field at these values is 6.09 Tesla, using the formula fo
closed solenoid.

The equations above have been incorporated into a computer model of the ESTS that is found to be useful tc
describe ad predict the experimental results.

SECTION V

BALL LIGHTNING COMPARISON TO EXPERIMENTAL ESTS OBSERVATIONS

Ball lightning is seen to occur in atmosphere during or in the proximity of lightning events, and is reportedly ir
spherical form, or toroidal forif1>1%22 The case is made here that ball lightning could be a spheromak. This is
based mainly on the experiments reported here because they produce spheromaks that exhibit characteristic
ascribed to ball lightning.

Many researchers have been intrigbgdall lightning because it has been reported thousands of times over the
past 2,000 years. Researchers have offered explanations of ball lightning, butteprodocibility of ball

lightning in atmosphere has made it difficult to reproduce it defelifiin a laboratory or to develop its

theoretical explanatigh Attempts using microwaves to produce ball lightning in atmosphere in laboratories,
for example, have been reporféd® Also reported have been attempts to use direct current discharges to
produce ball lightning®2"28 but there is, as yet, no consensus that these results provided a definitive ball
lightning explanatiof?.

Experiments reported here are based on producing lighliemed electric arcs in partial atmosphere. Initially,

the experimnents produced small, bright, spinning spheres that left the arc. In analysis of these withpebadh
camera at shutter speeds of 1/10,000 second, the spinning was found to be atmpgiedsmall, bright spheres
were seen to be small rings or toroiBased on these observations, Chen was able to derive the physics of a
new class of plasma toroids, or spheromaks that remain stable in partial atmosphere with or without an exter:
toroidal magnetic field for containment, as long as the density of éisenpl toroid is greaterah a critical

valuel®

It is interesting to compare the experimental observations with what is known about ball lightning. There are
thousands of published reports of ball lightning sightings, as noted in the references, wikt Sdimsenariziig

2013 descriptions for exampléA summary of observed ball lightning properties is locatedikipedia.org

and i n cheyadkeagenerallyispherical with fuzzy edges; their diameters rangeifidy@ ém; their

22y H. Ohtsukj Science of Ball Ligtning (FireBall),pp. 1318, 1988, World Scientific

23K H. TsuiiBal | Il ightning as a-fraadieldp b & 6 gRhystPiasmas ywhld,ro. &é0adp. 48187, c e
2003

24y H.Ohtsukjii Pl asma fireball s f omome di, Matyra, ivol. 850, ppwi884E 199Int er f er e
5K.D. Stephanfi Mi cr owav e ¢ e nBnospheiigoprne 04 u rse¢ afhiPhge Rewv.| vibls74, pm 0554055405,

2006

26 K.H. Tsui, C. E. Navia, M. B. Robba, L. T. Carneiro and S. E. Emali@f-similar magnetohydrodynamic model for direct
current di schar gPBhys. Plasrbas, vdl. 13eno.d g ppi 1h3a®3614,2006

21 G. S. Paiva, A. C. Pav¢ ¢ 0, E. A. deVasconcelos, O. Mendes and E. F. da Bilvao d u ¢ t -lightmng-bké lunbireus balls by
electrical discharges i | i, RhysrRév. Lett., vol. 98, no. 4, pp. 04858505, 2007

28T Ito, T. Tamura, M. A. Cappelliand S. HamagyéhiSt r uct ur e of | a,lPloys. Rav.crvygl. 80, a0. 8, ppl i ght
067401067405, 2009

29 M. Steinhoff Ball Lightning: An Unsolved Problem iAtmospheric Physicgp. 1238, 2010, Plenum
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brightness correspondstoh at of a domestic | amp; many are desc
consistent with the experimental observations reported here.

The fuzzy edges are likely the ions formed around the edges as background gas neutrals collide with the ball
lightning, and the same effect is seen around spheromaks during the experiments dageernTime

diameters reported are consistent with the computer model abovegagxperiments to date have produced
spheromaks of 0i24 cm, with no known upper limit. The brightness is consistent with observations of the
experiments. Finally, the small ESTSdHd. 3 have always been observed as spinning during the experiments.

Of particular note here are reports that ball lightning does occur in ring form. Ohtsuki reported nine such
observations, which appears to be a strong clue and perhapsardirraation that ball lightning may be a
spheromak? Note that a spinning ring with no holding forces applied will spin randomly about any of its three
axes, and so a spinning ring might appear randomly as a sphere, or a band, or an oval, orat igclall

Ohtsuki reports. All of these shapes and more have been observed during experiments at EPS. As part of a
research contract, our consultants produced a computer simulation of a spinning toroid and demonstrated thz
these and other shapes wouldelzspected to occur.

The multiple shell model for the ESTS proposed above are also consistent with observations of ball lightning.
The one observer who reportedly has witnessed the formation of ball lightning in air notee thedt t

lightning formed whié¢ bfi owi ng up | i ke a bal |l oo.WBerepurtedthatthepa r i
lightning was seen to come out of a telephone receiver, expand to about the size of a soccer ball over many
seconds, then float around the room, gently bounceioffibe (leaving no burn marks), and then settle on his
mother's stomach (as she was lying on a bed); it ended with a loud bang, without hurting anyone.

What is observed during ESTS formation experiments is that the ESTS remains in place while fodning, an
under the right circumstances electrons and ions can be added, likely in outer shells, causing the density to
increase visibly, as evidenced by the ESTS brightness increases. This would increase the overall total charge
a point greater than that comed in the original volume. The model allows for this possibility. The implication
of this is that the ESTS ion density can be quite high, as predicted by the computer model; this is presently
being studied experimentally.

A word of caution:The published observations of ball lightning are descriptions made by normal people under
unusual circumstances, and as a result, have not yet led to a definitive explanation of ball lightning. The
experimental observations reported here give a good pictarstable plasma toroid, or spheromak, which
resembles ball lightning. A definitive experiment to tie the two together would be interesting.

A suggested definitive experiment would be to record many lightning strikes at a tall building or antenna that
repeatedly attracts lightning. A video camera with a fast shutter speed could be left over time in a weatherpro:
housing to record many strikes. With luck, a ball lightning would pass by and be recorded in stop action to
reveal its toroidal shape. Note tltaire must be taken to set the light filtering of the event correctly, and
experience indicates that two cameras would be Betiee with a filter setting to observe the bright sphere,

and the second at an appropriate filter setting and shutter speedtoeed t he br i ght nteess i1
spinning.

SECTION VI

HIGH ION DENSITY MEASUREMENTS

Work has been completed to measure the density of the ESTS on a preliminary basis. lon density was meas
to be greater thah0’ ions/cn? with no confining tooidal magnetic field.
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We first discovered that the formation of the ESTS caused a significant change in the current oFtgesarc.
shows the normal arc current chaeaistic when no ESTS is present. The power supply is capacitive and
exhibits the expected exponential curve. For explanation, the trace shows the characteristic of a drawn arc, w
the electrodes touching at the start, the drawing apart, and, at apgedyig@® msec the significant increase in
current. This dual current approach is used to protect the electrodes at the start of the event.
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Fig. 6. Normal arc current characteristic when no ESTS is present; horizontal scale is 40 millisec/mark;
vertical is 3.68 amperes/mm with 5 mm/mark; 4/18/2013 is the date and the experiment ID.

Fig. 7 demonstrates that the arc current undergoes a significant change that occurs at the time that the ESTS
forms. This change in current is measured as 5 mm on thisadeecause three power supplies are used to
reach the current required, and three traces are made during each event, the total current is measured as 18
amperes for 40 msec, or 0.737 Coulombs of charge per 40 msec. This current goes directly 8f&the E

which is consistent with the video observations. Because this is a charge neutral plasma and ESTS, no magr
confinement is needed to hold this charge in place.

Fig. 7. A current trace showing the point of ESTS formation at 860 msec; tih@5 at that point is the 25
mm current trace measurement, which equates to 92 amperes (for one of three identical power supplies).

The experiment ends at apgimately 1,080 msec. In this case, the ESTS was still forming at 200 msec at the
end of the experiment, for a full charge of 3.68 Coulombs.

The density of the ESTS can be estimated using this initial estimate of charged particles. The ESTS volume i
calculated ag.7 x 10" m® with toroid radius of 0.00625 m and orbitlnas of 0.0025 m, as observed. The

density inelectrons/volumés calculated a2.98 x 16° electrons/mor 2.98 x 10° electrons/crih Because the
number of ions and electrons has teebsentially equal to ensure charge neutrality, the ion density is the same
as the electron density, 2198 x 13°ions/cn¥. More work is in progress to verify this initial set of results. The
computer model calculates the density as greaterli®diongcm?® with conservative assumptions and supports
densities greater tha®'® ions/cnf.
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Fig. 8 shows the ESTS at different times during the experiment. It is a side viewaadlyhe shape is a band
rather than the more characteristic toroidal shagegs. 11 3. This set of images is from a different experiment
than was eithelFig. 6 or Fig. 7. Fig. 8 shows the increasing density with time, which appears visually as
increased brigimess. The density reduces late in the experiment as the power supply discharges and is unabls
maintain the conditions necessary to increase the density. With a longer experiment we project that the dens;
will increase above the critical density negde remain stable, as seerfig. 3.

The ESTS The ESTS
at 300 msec at 500 msec.
as it first Note the
forms. Note increase in
the light J*- density
appearance (brightness).
from low

density.

The ESTS The ESTS

at 700 msec. at 1000 msec.
Note that Note that the

density is density is
still * reducing.

increasing.

Fig. 8. Photos showinghe ESTS at different times during the experiment, and the changes in density.

SECTION VI

FIELD REVERSED CONFIGURATION PLASMA TOROID

The ESTS is a new kind of Field Reversed ConfigurgftdC) plasma toroid. An FRC plasma toroid is a
plasma configuration starting as a plasma beam and then formed into a toroid by using externally applied
magnetic fields. As the FRC plasma toroid forms, the internal magnetic field inside the plasma toroid is
revased compared to the externally applied magnetic ffll@ise cited reference here is a particularly

excellent reference on the Internet that provides further diagrams and discussion and is agreed to by a long |i
of notables in the FRC field.

There argwo significant features of the ESTS that separate it from all other FRCs that we have seen reported
date. First, there are no externally applied magnets needed to shape the ESTS because the ESTS is formed
around an electric arc, and the arc itself pdes the shaping magnetic field under the proper circumstances.
This one feature makes the ESTS initiator small in mass and size compared to all other reported approaches
The second feature of th&SES is that it has high densityhigh enough that it wlikemain seHstable without

any externally applied magnetic field containment as described by Chen. These two features have a significa
positive impact on applications.

L. c. SteinhauerA White Paper on FRC Developmefh§98, Univ. Washington
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SECTION VI

POTENTIAL APPLICATIONS

Work has been done to determine useful pagéapplications for the ESTS and several are briefly described
here. The first potential application is an air defense beam, because the ESTS is stable in air and also can
potentially be accelerated to high velocities (calculated as 600 Mach) to theargittaat 65 Km distance in
less than a secorid.

The second potential application is a new method for creatirayX given that ESTSs have been accelerated
in experiments and calculations show that they can potentially be accelerated and therostappeget to
create Xrays across a wide range (of stfthard Xrays) by controlling the acceleration of the ESTS.

The third potential application is an improved colliding spheromak fusion energy process. By comparison, the
Tokamak approach can achéeapproximatelyl0*° ions/cn¥. A colliding spheromak fusion process reported by
Wells in the 1980's reportedly achieved ion densitied8fions/cnt.footnote®2. The ESTS is measured to

have greater thah0'® ions/cn? on a preliminary basis potentiallyalging to an improved colliding ESTS fusion
process. Because no confining toroidal magnetic field is needed, the apparatus needed for this is calculated 1
similar in size to a neutron tube, and a potential product would be a 10 kW backup generatozpuldic
potentially lead to a clean, practical fusion energy process and product.
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High-Density lons May Make Clean Fusion Energy a Reality

Electran Power Systems, Inc., (EPS) claims to hdigeovered the explanation for ball lightnifggom that
EPShasinvented and protected with sevepakents anethod of making clean fusion energy a reality by

creating highdensity ionsSafe, pollutiorfree fusiongenerators could reliably generate electricity with

capacities ranging from 10 kilowatts through 1000 megawatts at the cost of 10% of todaycstyledtri
transportation vehicles could be reliably and sapelwered with fusion gendras with substantially lower
production, operating and maintenance costs and without poisonous emissions. EPS expects to reduce the r
and cost of aircraft by 70%nd space launch costs by more than 95%.

A clean energy generator that saves 80% of energy costs and produces no pollution.

By Clint Seward, Electron Power Systems, leeeward@verizon.net

We have discoveredreew plasma toroid, or ring, that remains stable in atmospligheno external magnetic

field coils for containment Hundreds of the greatest labs throughout the world work with plasma rings trying
to create fusion energy. We are the only ones who hagewtred how to make plasma rings without magnetic
containment. Scientists from MIT have published papers confirming the discovery. We call our discovery the
Electron Spiral Toroid Spheromak (ESTS).

Here is how our discovery will be useful. We measisréon density as 10,000 times greater than magnetically
confined fusion processes such as Tokamaks, and enough for a clean energy process. Also, neutron tubes
collide hydrogen isotopes (deuterium) and fuse them to produce neutnblmwy ion densitieprevent thause

of neutron tube®or energy production.

Other fusion processes are being researched around the world to try for a clean fusion energy solution, but Ic
ion dendies are their main barrier. 8have found a way around that with our hegnsityion technology. For
example, Tokamaks can achieveliOns/cn? i not high enough for a continuous fusion process. We measure
3.0 x10*jons/cn?; 10,000 times begt, and enough for clean fusioRor comparison, a Tokamak needs a

large externaloroidal magnetic containment which is costly and consumes a lot of power.

Based on this new discovery EPSleeloping a clean energy generator for powering buildings, cars and
vehicles with an 80% fuel cost savings while producing no pollution. i§lpistentially an ultrdnigh growth
opportunity with a Microsoftike long termresult

The home energy generator is calculated to beizkeeasd cost of a Home Depot-kilowatt backup generator.
The potential igor clean energy generatdsrun 247 for a year on one gallon of fuel, vs. 100,000 gallons of
gasoline needed for todayodés fossil fueled gener a

We will do this by applying a new technology to improve the commercially available neutron tube to produce
useful amounts of clean enerngging a clean energy process. Neutron tubes are in use by the thousands for
industrial and medical testing, but have technical limitations that prevent their use for energy. Our new
technology will overcome the limitations. We are seeking seed investmeomplete an energy

demonstration within the next two years.

In addition, EPSechnology provides near term sales opportunities with the DOE and the DOD and for license

with large companies and utilities selling energy and energy products. Wbdmueresponding to six
specific identified opportunities.
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We plan to improve the fusion process demonstrat
They collided two plasma toroids at low energy of 3keV and average ion densit@$ iohis/cnt and

produced low level fusio??, and with our higher densities now and even higher ion densities planned, we
expect to improve on these results.

The physics of the EST itself is derived in two pafféfsand quoting from the first paper by MIT scientists:
filt is found that a class of sedfganized EST equilibria exists with or without an externally applied toroidal

magnetic yeld. 't is shown that i n tBSEeqalbrmar@ce o
stable at high electron densities, i.e., at high toroidals@lfgnet i ¢ yel ds, although
electron densities, i.e., at low toroidalsela gnet i ¢ yel ds. 0 The paper not

neutra] meaning it contains essentially the same number of ions and electrons. This new EST is a new plasr
discovery, not reported elsewhere.

EPSrecently achieved a breakthrough in EST initiation that allows its scale up. The first step in this new
method vas to learn how to consistently make stable electric arcs. Arc references instruct that arcs tend to fo
randomly from experiment to experiment even with identical conditions. We have learned how to overcome
this as shown in FigA.

Fig. 1A stable aran EPS lab Fig 1B 8 cm ESTS formedroundstable arc

Fig 1B showsan ESTS formed by modifying a stable arc path in a proprietary manner. The BB has
densitymeasured to b&0'’ ions/cnt. Note: The apparatus to form the ESTS is containedii&inch bell

jar, which demonstratdbat initiation can be done on a small scale and needs no external toroidal magnetic
field for containment.

Ourcomputer model predicts the formation of the EE®@ closely matches the experimental results we see
including the high density. It predicts higher density by orders of magnitude with simple adjustments to the
experimental setup, but that prediction will need experimental verification. The computrisnbased on
well-known electrical engineering formad published in two referenc&s’

Bwel I s, D. R., P.E. Ziajka, and J. L. TuRlasmasl Huson TetchgotbgydadlQy n a mi
1986
%chen, cC., Pakter, R., Seward, D. -@ganizédElgctran Spirdl ToroidPhysiosdf St a b

Plasmas; Vol. 8, No. 10, pp. 444149, October 2001.

35 Guss, William J., Chen,.C (2002), AE®uwanl 2 dd i Bime otf r S@HyScp of Plasinas,TAagush 2002s , 0
3¢S e wa r dBall Lightnjng Events Explainess Self-StableSpinningHigh-DensityPlasma Toroids oAtmosphericSpheromaks 6
IEEE Access, 5 March 2014.

S’Seward, C. iBall Lightning Explanation Leading to Clean
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Potential Clean Energy Supply

Based on the high ion density results we seplan todevelop a Clean Energy Suppiging anew clean

neutron tube designt Wwill potentially reduce fuel mass for electric generators by four orders of magnitude
since it will not use fossil fuels, andll therefor greatly reduce thuel requirementsf local generatorsThe
potential: t will run 24/7 a 10kW generator foryaar on one gallon of fuel, vs. 7400 gallons of gasoline. This
will be the firstplannedproduct with this technology and can potentially be scaled up to large generators and t
power supplies for weapons systeriifiere will likely be a fuel cost savings 80%.

This project will apply new technology tmprove thecommercially available neutron tube technology to increase
neutron tube energy output by overcoming commercial neutron tube limitafibase are several thousand
neutron tubes in use tod#yat safely collide deuterium ions to produce neutrons, which are used for medical
testing, industrial process control, and homeland security.

Source anode 7' ey A /ngh-volmgemsula(or

e~ ACCelerator
foms lens
N

Gas
pressure pulser High-voltage
control power supply

tan Womde

Fig. 2 Onemeter long Neutron Tube schematic, from Dec. 20@8strial Physicist

Fig.2shows todaydéds neutron tube schematically. An
accelerated to 110 kV, then directed to hit a metal target that contains absorbed hydrogen (also deuterium).
Collisions within the target produce nearts, and also energy. The limitations of the target limit the energy
output. Itis a thin metal target that reduces collision efficiency and also allows excessive heat buildup with ni
straightforward way to remove headtiote: This fusion process needs external toroidal magnetic

containment.

EPS plans talevelop a replacement to the limiting target with a new target based B8THe provide an
increase in the amount of energy producéde beam will be replaced with a second plasma toroid, using an
adaptation of the TRISOPS colliding plasma toroid fusion process. This wilbdse Bime oE P Sprogect. This
will be done in a one half meter long configuration and evidrcome the neutron tube target limitatiassg

E P Spooprietary methods.

Phase Two will substitute a clean energy process to eliminate neutrons by replacing deuterium with boron/
hydrogen. Phase Three will increase power output to 10kW to build a first prototype similar to a Home Depot
backup generator. The generator casdaded up to higher outputs to be used in many systems.

Recent breakthroughs in data and analysis at EPS provide a high confidence that this project will produce a lab
energy demonstration and a prototypenin yeass, assuming funding is in plate
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New Space Propulsion Technology to Lift Payloads into Orbit with 99% Cost Savings per
Kilogram

Title: New Space Propulsionfechnoloqgy to Lift Payloadsinto Orbit with 99% Cost Savings per Kg
March 2012

Author:  Clint Seward; Electron Power Systems, Inc.; Acton, MA 01720
E-Mail: dcsiii@aol.comPhone: 978 263871

Engineer: C. Seward, Projed¥lanager (978 263871)

Abstract:

A new propulsion technology has the potential to lift payloads into orbit for $100 per pound, compared to abo
$10,000 per pound today. As an example, calculations show they will replace 8,000,000 pounds of
hydrocarbon fuel with one pound of fuel. This would reduce the takeoff fuel mass of a launch veBd.by

The basis for this technology is stable plasma torated Electron Spiraldroid (EST) that remais stable in
partial atmosphere with no magnetic fields for containment. This new plasma toroid discovery was recently
confirmed by MIT scientist&®°® as part of a recent MDA (BMDO) STTR contract.

The TRISOPS project succeeded in producing fusion iratheé¢ 1 @ coldigtwolplasma toroids.

TRISOPS could only produce small amounts of energy due to plasma toroid limitations, and so the project we
almost forgotten. Newly discovered electron spiral toroid (EST) technology will potentially overdoeme t
TRISOPS limitations to producepaactical microfusion reactor.

As an example, Eartto-orbit launch vehicles could potentially use microfusionrgpén place of fuel

combustiori thus reducing launch vehicle fuel mass at liftoff by about 99%. First, a jet/ramjet engine would
heat air for thrust using fusion energy instead of combustion, reducing by 10,000 times the fuel load mass to
from 0 km to 100 km. Secondly, air is hecdtand used for |Hoff propellant instead of ehoard propellant.

Launch vehicle velocity could achieve orbit velocity at k@Ousing NASA HypeiX technology, which

achieved manageable skin tesngtures at 30.5 km and 3212 meters/sednmedeasing tarbit velccity of 7671
metergsecondat 100 km should be achievable.

Technol ogy readiness | evel i's 3. TRI SOPS produc
confirmed the EST physics on a ussmgnagnetic &ilsTResignr o e
calculations are completed. What remains to be done is to build a prototype in the lab. A project will reach
TRL 4 within two years.

38Chen, C., Pakter, R., Seward, D. 6.E guilibrium and SOrgahizedEl et Proop SPhysicadf dor e l
PlasmasVol. 8, No. 10, pp. 4444449.
39 Guss, William J., Chen, C. (2002 Eq ui | i b r-Orugm roifz eSde | E| e ¢ t Physits ofPasmasubustZ002. o i d s .
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Background

ESTO6s are plasma toroids t hahnoexemdmagnets fielkdbfore 1 n  p

containmentEST6s are observed to remain stable for#hun

Normal plasma rings dissipate in tens of microsecttfdsA CCD image of an EST is shown in Fig. 1. An

electric arc generates the EST since high current is essential to obtain a large number of electrons to achieve
high densities required for stability. We use commercially available arc furnace electrodes. EST physics has
been detailed@*°and engieering equationsave been detailetd

¢

Figure 1. An Electron SpiralToroid captured at 1/10,000 shutter speed.

The electric arc to make ESTO6s is simple to form
current are applied. A motor draws the electrodes apart, forming an electric arc. The electrodes carry arc
furnace level high currents of 10804,000 amperes, depending on the experiment. The arc event is initiated
within a vacuum chamber (bell jar) in order to control the background gas pressure. dp@axanates a
lightning event.

The EST has an internal magnetic field, whichallowsws use magnetic field pre:
add kinetic energy. Because the EST is stable in partial atmosphere it could potentially be accelerated over
hundreds of milliseconds. This is potentially important because it will allow us to gédalawounts of kinetic

energy prior to colliding the ESTO66s in order to
EST6s al so have nearly equal amounts of el ectron
NASA commissioned a review di¢technology in2006* The revi ewer agreed, fié
experi mental evidence [from EPSOs experiments] o

the ion stability question had not been treated sufficiently in the papershabéisthat time, and this has since
been answed in two new paper8 and® as part of the MIT effort on the DTRA contract. Also since then the
stability property of the observed EST6s hashadee

40 seward, C., Chen, C., Gus¥,, Seward, DCA El ect r on Spiral Toroid (EST) fortnEner g
DTRA01-99-C-0095

“Lwells, D.R., P.E. Ziajka, and J.L. Tunstall. Hydrodynamic Confinement of Thermonuclear Plasmas. Fusion Technology. V 9, 19€

42Degnan,J. Hetal |, ACompact Toroid Formati on, ofHudpB5R338(1993)., and Ac
“®seward, C., Chen, C., Ware, K. ( 200Tgr. o iNdB2001 Puk&dAp8wer Rlasmg E x
Science Conference. June 2001.

44 Mountain State Engineeringca mbi er , J ., Mi chel etti, Bnalysis 6f th&/EBe€trod SpicahToroid o g y

Concept . 0-2000RA0BR/ CR
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NASA review and as a s p &dhisasa signdicamt step for eGablmgpdogresd anr i
the engineering applications.

How we accelerate the EST6s to add energy

We accelerate ESTO6s using thadheectetli Bl depressuoe
them to fugon energy levelAs reported on the recent DTRA project, we added coils to the EST initiator
apparatus, and then obs e%for Banillisehoads,avhich ean berreadijteadd o f
to hundreds of millisecond$his acceleration capability to add energy to the EST can be thought of as an
improvement to the Shivdt ar pr oj ect that accel er atWedalcdabertiinect
can accel er d@ /s, sehdydevets cepoted by the AFRY

Since the CT and the EST both have toroidal shapes, they can be accelengtedcalatral guid€? located

along a centerline to ensure they will always strike their target with 100% certainty. flerende between
EST6s and CTO6s is that ESTOs can be accelerated
very important for a smalimobile fusion power supplyT hi s i s because theinRFRL
microsecond4’necesar y because they only endure for 40 mic
hundrels of millisecond$® On our recent DTRA project, for example, we reported that we accelerated the
EST6s for 18 milliseconds, wredsofmiliseaonds.prlous, evmle Shisgal | y
Star reports using a large pulsed power supply to accelerate the CT, the EST can use a time 900 times longe
with 900 times less magnitude to achieve the same energy and reducing the power supply size andtcost to tt
of a commercially available power supply.

What we include in a full proposal

*The EST density is much greater than TRISOPS or S&tea plasma toroids since the background gas@acts t
compress the ES®

*The EST can be accelerated to fusion energy levels using methods similar t&&iniveve have MIT
computer simulations and a lab apparatus design to accomplish this.

*The EST has been observed to remain stedslaundreds of millisecond$Ve extendhe TRISOPS work with
calculations to demonstrate the EST fusion reaction will provide net energy. *TRISOPS collided plasma rings
to produce fusion. We analyze their method and data. Applying the EST to the TRISOPS will overcome the
TRISOPS limitationsad produce useable fusion.

*We provide calculations to show that a small, mobile fusion reactor will replace 30,000 pounds of jet fuel witl
2.2 pounds of fusion fuel. We provide calculations for aircraft and other vehicles.

*We detail the Tasks to pve the feasibility of the EST TRISOPS concept. Each task is an incremental step
that applies the patented EST to the vast amount of work by others.

*We discuss the technical risks and the feasibility of the approach.

*We provide copies of excerpts$ the key references.

“Hammer, J. H., et al., 1988, AEXxXperi ment al Demonstr ast,idoon
Phys. Rev. Lett61, 2843.
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Technology Readiness Level and Level of Risk

1. Can the EST be accelerated to®@’m/ s ? This has been done withth
calculates that the AFRL results are readily achievable.

2. What is the collisional probability for the ions with this method, and can we get net energy
production? TRISOPS collided two plasma rings and achieved fusion. We will improve TRISOPS results.

3. Will the resulting power supply be practical? r @alculations show that the small, mobile fusion
reactor will achieve net energy production. We will replace 30,000 pounds of jet fuel with 2.2 pounds of fusio
fuel.

4. Technology Readiness Level: TRL 1 is Basic research, and we are passe@lthiBR&? is
Technology Concept Formulated, and we have done this. TRL3 is Critical Functioropomofcept
compl eted, where fusion was demonstrated by TRI S
ESTO6s with TRI SOrM®movefrom TRL3t0 TRa4. be d

Company Information and Facilities

Electron Power Systems, Inc. (EPS) maintains offices and a lab in Acton, MA. MIT Plasma Science and Fus
Center has been an STTR research collaborator with EPS.

Patent

Seward, D. C., Chen, C. Temkin, R. Energy Storage Device; US Pat.6,140,752.

Ball Lightning and Self-Confined Thermonuclear Reactions

Ball lightning characteristics, theories and experiments are discussed. The long lifetime of ball lightning in an
otherwise explosive situation suggests that perhaps the confinement mechanism represents processes that ¢
be exploited to confine sustathéhermonuclear reactions. A mathematical model of ball lightning treating it as
a quasisuperconducting sphere is presented.

A simple ball lightning fusion reactor is designed that has hundreds erkiperes discharged through two
electrodes. The elat field between the electrodes will polarize the discharge plasma into an upper half with
negative space charge and a lower half with positive space charge. Magnetic fields turn the plasma sphere ir
hydro-magnetic capacitor. A gas jet is initiateflieh blows the discharge plasma from between the electrodes
to the more spacious reaction chamber. Another gas jet then supports and stabilizes the plasma sphere in th
reaction chamber. Once the plasma ball is in the reaction chamber thermonucleaddetlito the ambient
atmosphere. The fuel enters the plasma ball through diffusion and the meridianal circulation carries it to the h
thermonuclear center where release of nuclear energy sustains the reaction.

Gary Vesperman suggests substituting eddttricity for the massive current between the electrodes to possibly
greatly increase the thermonucl ear reactionds en

Superpositivecharging of hydrogen will align it to crystalline structure for a few seconds. During this period,

anyelectrical spark will fuse the atoms of hydrogen with great spigad). Vesperman suggests experimenting
wi th Mi ke Hans on 0 2reuen gestériarfiorlthermendcledr fuel.r o0 g e n
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The following report was originally published in tReoceedings ahe 1986 International Tesla Society
Symposium, pp.-31 through 338. The author islack Y. Dea, Ph.D., 315 E. 14th Street, Tempe, AZ 85281

Introduction

Ball lightning is a phenomenon thaasbeen reported since ancigmtes. Acrostic art depicts sl types of
lightning, and Aristotle wrote a discussion on ball lightning in his work on meteorology in the fourth century
B.C. (Singer 1971, p. 5). It is a relatively rare phenomebonits occurrence is frequent enough that its
existence cannot be doubted. Modern reports and discussions on ball lightning are numerous. The collected
references from two source books alone numbéraver 2000 (Barry 1980, Singer 1971). It is a cusistate

of affairs that whereas ordinary lightning is fairlylwenderstood in principle, ball lightning is a phenomenon
that is far from being weunderstood. Balightning has engaged the attention of leading scientists such as
Boyle, Faraday, Arrhens and Kapitzgbut little unanimity of opinion is found on this subjethe many

theories that have been proposed each succeeded in explaining a few properties of ball lightning but often
ignored others.

This state of uncertainty in our understandingyaif lightning, however, presents an opportunity to learn more

of its nature. Perhaps a new qualitative understanding will arise from ball lightning research; thatafdeng
coherence in high temperature plasmas. A better understanding can alscald&edtér treatment of the highly
nonlinear equations which describe high temperature plasmas. The most important consideration, however, i
the prospect of sustained thermonuclear reactions derived fromcasiifed plasma. The Lawson criterion

for swstained thermonuclear reaction for akk/pl as ma ilssecfed, =whleor e n i s pl as
is confinement time (McGrawill Encyclopedia of Physics, 1983, p. 541). For ball lightning which floats in

the atmosphere its density is roughly thithe surrounding air which is 3 x ¥@cn?. For a fully ionized ball,

the minimum confinement ti me f ofsetdr&nicnoseandsc!| ear r

The observed lifetimes of ball lightning is 1 second to a minute or so. Thukghialing can provide long
confinement times. There are a number of papers which purport to show that some ball lightning events are
sustained by nuclear reactigos that the ball lightning mechanism can sustain nuclear reactions (Altschuler et
al., 1970; Dauvillier, 1965, 1970; Dmitriev, 1969; Hill and Sowby, 1970; Snigier, 1976; Kapitza, 1970). An
additional list of references can be found in Singer (1971, p. 165). A very interesting and convincing paper
gives a relatively simple theory of ball ligiig and provides fusion reactor concepts (Dijkhuis, 1979). Part of
the remainder of this paper will be devoted to a discussion of the Dijkhuis paper.

A Short Summary of Ball Lightning Characteristics, Theories andExperiments

Ball lightning is usudy observed during stormy conditions and associated with lightning. However, some
observations were made during fair weather conditions. In some cases, it is seen to descend frdmtthe air
more frequently it is seen near ground level after clougroundlightning discharges. It hovers or meanders

and can enter buildings through cracks or windows. Puzzling aspects of this phenomena are the observation
the penetration of ball lightning through barriers, such as window glass and walls, and the créatiion of
lightning inside a room. Ball lightning often exhibits a hissing spand its color varies from red to white to

blue with the red color predominating. A more complete listing of ball lightning characteristics can be found in
Appendix A.

Theories 6ball lightning are numerous (Singer, 1971; Barry, 1980; Ritchie, 1961). Chemical reaction theories
have lightning igniting or creating combustible substances in the air such as methane, propane, and benzene
The charged cloud theories have ball lightrasga collection of glowing charged dust and droplet particies
presumably heated by lightning. DC discharge theories have DC currents exciting metastable states in
atmospheric molecules. Plasma theories have ball lightning as-dvedglasma ball or plsmoid with the
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recombination rate somehow reduced. Nuclear theories have ball lightning sustained by nuclear reactions
initiated by highenergy protons from lightning or from cosmic rays. Electromagnetic heating theories have bal
lightning created and stained by focus microwave radiation in the environment. Except for the
electromagnetic heating theories, most of the theories tend to have difficulty in explairliongtlfe times of

ball lightning. However, electromagnetic heating theories cannddiaxpe occurrence of ball lightning inside
airplanes which have their interiors shielded (Dijkhuis, 1980).

Laboratory generated ball lightning is an even rarer phenomena than natural ball lightning. However, luminol
globes have been observed from D&ctiarges (Plante, 1890), AC Tesla coil discharges (Kovac, 1984), and RF
heating (Powell and Finkelstein, 1970). Summaries of other experiment works are given in Barry (1980) and
Singer (1971).

The Confinement Problem in Ball Lightning and Hot Plasmas

It is wdl known that laboratories in this country and abroad are attempting to induce nuclear fusion through
confinement of hot plasmas. The two most popular concepts involve magnetic confinement and inertial
confinement. However, other concepts do exisusRher (1984) suggested that plasma instabilities may be
overcome through a better understanding of their nature. It is argued that plasma instabilities are actually stal
growth modes in the plasma. These modes are actually dispersive but containrasmefdraecoherence

through a nonlinear term. It was then suggested that these unstable modes be monitored and nonlinear pulse
fields applied to disperse these modes through a feedback network.

Another mechanism for plasma confinement may be found ureiaitball lightning. The long lifetime of ball
lightning in an otherwise explosive situation suggests that perhaps the confinement mechanism represents
processes not yet formulated. It can be speculated that ball lightning representssapprasinductig state in
which charges are carried by bodike particles (solitary waves) which decrease ohmic losses. A very
gualitative theory of this sort does exist and will now be described.

A Ball Lightning Model

A lightning discharge produces both a plasand a magnetic field. The magnetic field will decay in the plasma
and its energy will go into ohmic heating. The time scale of the collapse of the magnetic field is given by the
magnetic diffusion time (Chen 1985, p. 205).

U =200L (1)

Where O is the magnetic permeability, G the elec
lightning stroke). Using = o= X 107 N/A2, (1= 1.8 X10* S/M, and L = 1&m yields a magnetic time of 2

x 10* seconds. This time scale is very much shorter than that of ball lightning.
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Dijkhuis (1979, 1980) has proposed a simple model for ball lightnig. He argued that in analogy with
superconduycthieviitnyc,r efasnead by increasing 0. This ca
electrons and ions but by charged fluid parcels. The fluid parcels are rotating charged vortices and behave
macroscopically the way bosons do on the atomic level. A sidgsleation of the existence of vortices can be
obtained by assuming the plasma obeys the London equation

J=AN Bo (2)

hereJis current densit Aist he vector potential, and & the Lond:¢
parcel with c¢har g=hadse nas ictoyn vjevcdtettitg v eclumd takietgwhe cyrl of
both sides of (2) re$ts in a vorticity equation

~ =B
Vxv=—

(3)

w h e r e= is:ithe xorticity and is opposed By(diamagnetic behavior). Collective motion of electrons and

ions on length scales smaller than one [@eleygth are dissipated by Landau damping and local deviations
from charge neutrality are screened out on length scales larger than one Debye length. Thus it is argued that
size of the charged vortices lies around one Debye length.

Feynman (1966) hash own t hat a fluid of char ged? bbT%, 0 nush ehraes
is charge density or equivalently, mass density. In a density stratified plasma a potential energy oflihe form
-c 2 " T 7 (c>0) can be assumed. The plasma vostitgeract with each other via a force fieldF U =

: ¢ 2 " T 7. Inhydrostatic equilibriunthe force field is balanced by pressure, hence
1

() = VP+VCV;@—
P NP
4)

A spherical symmetric, nesingular, isobaric (P = constant) solution with negative potential energy

U=-K%xis
_ — sinh(Kr)
-\/E = \/E Kr

(5)

w h e rcdenojes the central core density and 1/K is a length scale. Equation (5) represents a plasma sphere
lightning) with a hot and tenuous central region surrounded by a cooler and more dense outer region.
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The@pt i cal opaci t y®dedendgnteas demsity laral sem@eraturd (Kramer opacity). For a
lightning ball whose average density is that of atmospheric density it has been calculated that the central regi
is transparent but the outer region is opaque. Hence in this model radoative ¢s minimized.

Ball Lightning Fusion Reactor

It is believed that the ball lightning model presented may be realized through large current discharge betweer
two electrodes (Dijkhuis, 1979). Recent experiments with high current discharges havedbsenccurrence

of ball lightning and even captured one event on photograph (Golka, 1984). Hence it is not unreasonable tha
this scheme can generate ball lightning.

Dijkhuis (1979) proposed that hundreds of almperes be discharged through two etetds. A schematic

drawing and equivalent circuit is shown in Figure 1 bel@ary Vesperman suggests experimenting with
discharging cold electricity (see below) between the two electrodes which possibly could require far less pow
than a hot electric asuch as those produced by arc welders.)

The electric field between the electrodes P, and Q, will polarize the discharge plasma into an upper half with
negative space charge and a lower half with positive space charge. The discharge current-idiiadiienz

and theB field lines circle the alirection as shown. However, from equation (3), fluid currents circlB the

field lines. The net effect is meridianal circulation from the two polar regions to the equatorial regions. This
turns the plasma sphere into a hydromagnetic capacitor. Hence the equivalent circuit shown in Figure Ib.

The ignition sequence is shown irgkie 2.

9}

(a) (b)

Figure 1. (a) Schematic view of discharge current J, magnetic field B and
streamlines v during formation of a ball lightning (b) equivalent electrical
circuit with circuit inductance L and discharge capacity C.
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[y | R——
)
e d

Figure 2. (a) Equivalent electrical circuit of power supply E, circuit inductance

L and resistance R, and discharge capacity C. (b) time dependence of the
current I before and after switching.

At t=0 the power supply, E, charges the circuit and stores the energy in the magnetic field. Ath@rssvitch
disconnects the power supply and connects the capacitor (the two electrodes) to the circuit. The magnetic
energy is turned intelectrical energy until maximum dischargezatit this point a gaget is initiated which

bows the discharge plasma from between the el ectr
Figure 3.
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Figure 3. Cut-away view of reaction chamber "U" showing central plasma
sphere R in equilibrium position.

Anot her j et f r omlizéshé plasnasghere in tee rematiah charmberbltiis not necessary that
the initial plasma ball contain thermonuclear fuel such as a mixture of hydrogen isotopes. However, once the
plasma ball is in the reaction chamber therméeaucfuel is added to tleembient atmosphere. The fuel enters

the plasma ball through diffusiométhe meridianal circulation carries it to the hot thermonuclear center where
release of nuclear energy sustains the reaction. Reaction products are carried to the surface biatied merid
flow and escape by diffusion to exhaust ring O6W.

(Mike Hansorhas providedhid escr i pti on and schemat i(seelmelow)a O hydi
Superpositivecharging of hydrogen wikhlign it to crystalline structure for a few seconds. During this period,
anyelectrical spark will fuse the atoms of hydrogen with great sfgeaq. Vesperman suggests experimenting
with crystallized hydrogenr even deuteriurfor thermonuclear fuél.

Conclusion

A brief description of ball lightning and the problem oif snfinement has been presented. As of this date
there is no consensus of opinion on the true nature of ball lightning. However, a simple model of ball lightning
treating it as a quasuperconducting sphere has been presented. An equally simple fusion reactor scheme ba:
on this simple model has also been presented. It would be of tremendous interest to follow up on the progres
these ideas.
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11.

12.

13.

14.

Appendix A
List of Ball Lightning Characteristics (Singer, 1971)

Ball lightning is a rarelong-lasting electric discharge in ball form (less often in pear shape, among others)
which is relatively more frequent in winter storms and occurs at the end of the storm. Its effects are weak
than those of linear lightning.

Ball lightning usually appears as a red, glowing ball or hollow ball é2@8m diameter surrounded by a

blue contrasting area and with veporders. It can occasionally be blindingly white and sharply defined.

A hissing, buzzing, or fluttering noise can be heard.

After it disappears there is often left behind a stsmnelling mist which appears brown in transmitted light,
blue in reflected light, or white in moist air.

Its lifetime varies from the shortefsaction of a second up to several minutes; most often it |a5tse8.

Ball lightning may appear from the bottom of a cloud or floating free in the air or attached to some object.
Often it is directly.preceded by an initial lightning, and the badiinates at the place struck or a small
distance from it. The preliminary lightning may be absent in more than a few cases.

The lightning ball disappears quietly, or with a mild bang, or with a terrific explosion in which short linear
flashes shootwt in great number on all sides. Sometimes it ends when a linear lightning discharge strikes
the ball.

The speed of ball lightning which appears from the bottom of clouds and falls down to earth is consideral
(conversion to linear lightning). Nearetlyround or in enclosed rooms it moves at abouts2c. The

globes can remain entirely motionless at times; the attached ones especially can be stationary arid then
disappear, boiling and spraying out sparks (conversion to St. EImo's fire). Occasiartailly caused by

the wind is noted, but the path is most often unaffected by wind.

Sometimes several lightning balls appear around the place struck by a linear discharge. A single large be
can burst and several small ones shoot out. In rare caséisefvadls occur one over the other, connected

by a chain of small luminous beads, or a short beaded chain appears with a single lightning ball
(transformation to true bead lightning).

The free floating and attached ball lightning seem to behavelgmdifierently, but they can change into

one another. The floating type gives the impression of veryoghge dischrges ofow current,

comparable to Tesla discharges. The attached ball lightning seems to be of lower voltage but greater
current.

The floating balls have the red color of the light given by meteorites in nitrogen. They avoid good
conductors and usually select a path in air. They appear to be drawn into enclosed spaces from the air,
entering through an open window or door or even allstrack but especially favoring the better

conducting combustion gas of the chimney, so that they very often come into the kitchen from the fireplac
After repeatedly circling the room a lightning ball may leave again, often by the same path, soimeimes
new one. Ball lightning is harmless even when it falls in a group of people since it keeps its distance from
human bodies as from good conductors. Sometimes it makes two or three vertical movements of several
centimeters or even meters which when cord with translational motion appears like jumping. Often

the path is a single descent from the cloud to a few meters from the ground followed by a rise.

The attached lightning balls are blindingly bright, either white or blue. They remain on guhdttwrs,
especially right on the highest point or roll along such objects (e.g., raingutters). They heat up the
substances they touch, including the human bodies, on which severe burns may be inflicted when
contacted, sometimes in passing under the aigttoften with fatal effect.

The change of a floating ball lightning to an attached one occurs after a short pause when the ball sudde
darts to a nearby conductor, particularly water. On contact with the conductor it may disappear quietly,
with anexplosion, or remain as a stationary ball lightning. Those falling from clouds usually continue until
they hit the ground and then explode.

The conversion of an attached ball into aileating one takes place simply by its rising, usually followed
by a sioping flight to the clouds, but such a ball disappears soon after, as a rule.
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Brand described in this way the widely different types of behavior reported in observations and provided one
the most complete and authoritative short summaries aftberved characteristics. The need for more
systematic data on the properties in question led to consideration of questionnaires, several of which were
proposed and published in attempts to guide future observers.
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Hydrogen Charging Vessel
(From Mi k dulyR@ 2081cemdl 0 Gary Vesperman, etc)

You know hydrogen is volatile and can be used as fuel, but little does anyone know that superpositive
charging of hydrogen will align it to crystalline structure for a few seconds. During this period, any
electical spark will fuse the atoms of hydrogen with great speed. Speed means increased volatility. This
means at least thrdeld in volatility increase. Spinning a superconductor disc at 85 cps or more, and
injecting hydrogen directly through a laser smalehshot through its center will produce the desired

effect. See below for schematics of hydrogen charging vessel.

s

=

Gary Vesperman suggests experimenting with crystallized hydargeaybe deuteriuras fuel for sel
confined thermonuclear reactions.

Hawkings Generator of Cold Electricity

KennethHa wk i ngs & gener at bigh vatageswdcilasng dt oponmally f150,600 hentgto two
4-inch fluorescent lights. Each fluorescent tube has agfpermanent magnet attached to its centerth

pole on one side, and south pole on the other Sltkemagnetic field between the two poles deflects the
electrons in the tube off to one side. The tube is now no longer capable of generating hatyelbwtéad

only cold electricity is extracted from the zero point energy field by the flibe.cold electricity comes out the
other end of the tubes which are each wired to a brass electrode. Ar&lovéhite spark of cold electricity 4
inches in dianeter is produced between the two brass balls.

Apparently very little power is being drawn from two car batteries. An equivsieed spark generated by an
arc welder would require thousands of amperes and volts.

Cold electricity is not measurable witihdinary voltmegrs and ammeters since it strangelymaglectrons.
However, cold electricity can power lamps, etc. Totally different applications could result from the observatior
that materials inserted in a spark ofctelectricity sometimes transteuto elements of higher density.

GaryVespermahas a video of an earlier version of the
cold electricity is only about the size of a peanut due to a much lower fagoeimg used. Aweird s i ngi nc
noise heard in the video indicates that energy is being extracted from the omnipresent zero point energy field
Even Nicola Tesla himself long ago observed the same connection of singing noise to energy esgeaction.
below for some freeze frames of the video.
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The Hawki ngs ®uglfainysimpetamdrcgn compldtety be made with commonly available
components, is still in its earliest stagd development. Gary Vespermaws f and felowdhew energy
researcheHenry Curtis was the person who broughttha wk i n g s 0 BeeGarg Veaperm@ns t ot
attention and provided him with a video. Curtis has been investigating and attending conferences on new ene
technol ogies for over 15 years. Curti s-lesskenemgk s t h
saurce he has eveseen. Gary Vespermduas talked with some Las Vegas engineers about building their own
prototype for testing.

Frankl|l y, 0 ciostillderyariue ahuge mgsieny. yséry Vesperntaas a B.S. Electrical Engineering
degree from University of WiscsinMadison and has become familiar with all sorts of weird devices. Even he
has no idea as to how mathematical formulas could be written describing the most fascinating phenomenon ¢
cold electricity. Hot fusion has received billions of research doN#@sno hope of a practical electricity

generator for decades to come. Surely studies and development of cold electricity and new energy devices s
as the Hawkingsdé generator are equally deserving
than hot fusion.

The following report was written by Henry Curtis and Gary Vesperman in 2001.

Report by
Henry Curtis and Garyesperman

Gary C. Vesperman lives in a house on 588 Lake Huron Lane, Boulder City, Nevadal8380302435

7947; garyvesperan@yahoo.com. He worked as a technical writer with 18 computer engineering companies
Silicon Valley and with EG&G Special Projects in Las Vegas. Since 1992, he has written small initial public
offering memoranda anlisiness plans for twadozen startugompanies. During that time he became involved
with a network of inventors and scientific pioneers in new sources of energy. He has a BS Electrical
Engineering degree from University of Wiscon$fiadison. He has compiled several reports on numerous
advancd technologies (see@ww.padrak.com/vespermpan

Gary met Henry Curtis at the Institute of New Energy Symposium in Salt Lake City September 2000. Henry h
been involved with the new energy field for approately 15 years. Henry has investigated in person numerous
new energy devices. Henry's permanent address is c/o Adv Cmp Bkkpng, 6111 North Pepper Tree Lane,
Tucson, Arizona 85741. Phone is 38366 4 6 6 . Henr y 0 s-2958407. Hepgravelsneost tifis 95 4
time. His email address is hcurtis@mindspring.com.

Henry first met Ken Hawkings at the Keelynet conference in Dallas the weekend of JLine2081. Norm

Wootan had introduced them. Not that Henry knew Norm all that well, but Henry was talkingosthabout

the Gray electric motor and the prototype car that was built about 10 years ago and is now for sale for $50,0C
When Henry and Ken talked about the Gray motor car Ken told Henry that he did not know where it was and
that Joe Gordon had the caat information. Ken was in a hurry to go and gave Henry his cell phone number.

Henry called Ken Wednesday evening, June 20, 2001. Ken was excited about talking and had a lot to say ab
a variety of technical subjects. Ken is a technical person whideasin management of companies for many
years. He appears to be 50 to 60 years old.

Kenlives in Dallas where he has a home and a large warehouse. He said that in the last 3 years he had sper
lot of money on free energy projects. His wife is notdyagbout his negative cash flolen had been a

corporate executive and has a technical background. He has retired three times. He is now working towards
fourth retirement.
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http://www.padrak.com/vesperman

Ken Hawkings was six months into a lucrative amenth contract in New Yorki§ with a

telecommunications company called or with the abbreviation ONI. He was working on a project involving
resonance between two crystals. The objective of the contract is to build two prototype telephones so that
people in separate places can talleach other while bypassing the existing telecommunications network. An
interview with the CEO of ONI Systems Corporation, if it is the same company, is shown on
http://www.itradionetwork.com/scripts/martin2.html. ONI Systems Corporation is -@ptidial
telecommunications company which is only about 2.5 years old.

Ken spoke of building some mica capacitors and of first mining the mica in Montana. He also has a substanti
interest in 300 submarine batteries that he had purchased on consignment.

Continuing theirdiscussion on the telephone of the conferdniken decided to loan Henry the only existing
video of an experimental circuit and invited Henry to make some copies and pass themkanwardanged
for his wife to Fedex a short video to Henrtofvo aet heri c fire experiments

This device (the AHawkingsd generatoro until a m
during the Keelynet conference. Henry thinks the device is the most exciting he has ever seen during his 15
years in the new energy field.

Henry arived in Las Vegas Friday from Denver to attend an Eckankar conference where he met Jeane

Manning, an old friend. Jeane Manning was stayin
there was a lengthy meeting of Henry, Jeane, Gary, and BlslomNof rexresearch.com. Henry gave Jeane,
Gary and Bob each a copy of the video. Henry tol

scheduled Henry to meet with him and John Grubb Wednesday morning July 11, 2001.

Early Wednesday morningHer y came t o Garyés house to have bre
could explain to Gary in detail what he knows about the generator. The video does not clearly show some of
wiring and components so the following description may not béytatecurate and complete.

In these experiments the apparatus was set up with two lead acid batteries as the power source for two
automobile ignition coils. Each of these coils are energized through electronic ignition distributor pick up coils
Thedistt but or pickup coils were triggered by a 555 t
alternate their on or off cycles making a pysshl arrangement.

The high voltage output of each ignition colil is fed to a 4" fluorescent light. ame$cent tube has a strong
permanent magnet attached to its centeorth pole on one side and south pole on the other side. The aetheric
fire (cold electricity) came from the other end of the tube. In the video the two tubes were connected to a sme
spark gap and produced a 1/4 inch or so white spark. The 555 timer maxed out at about 3100 hertz in these
experiments. In a later test with a better timer chip a sweet spot, a point of apparently optimum resonance, w
found at 150,000 hertz. At this frequey a 6 to 8nch white spark 4 inches in diameter was produced.

In greater detail, two standard-%8lt car batteries are shown in the video. Each battery powers one half of the
circuit. A 555 timer, essentially an old model muditbrator, turns on andff a switch in each half of the circuit.
The timerés output is applied to both switches i
alternately function in a pugbull mode.

Each switch connects and disconnects a magnetic pickuprcml(h a car engineds di st
cue from the timerds signal. Each magnetic picku
from each ignition coil s secondary si dseaboutd appl
inches long and an inch in diameter. At this point, the circuit begins to act weird.
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Two magnets are placed next to each tube so that the north pole of one magnet is opposite of the south pole
the other magnet, with the body of the tube nted in between the two poles. The magnetic field between the
two poles pushes the electrons in the tube off to one side. Now only cold electricity is extracted from the zero
point energy field by the tube. The tube is now no longer capable of genewtigdiricity. The other end of

the tube is applied, through a wire, to a brass (or maybe copper?) rod. A brass ball is on the other end of the
from the connection with the wire from the tube.

Each alithread rod is horizontally mounted within a é@dhrough a vertical supporting wooden block. A similar
rod connected to the other tube is also horizontally mounted through a hole in another vertical supporting
wooden block. The bases of these two vertical supporting blocks are attached to a havamdeal base. The
distance between the two brass balls is adjusted by sliding the two rods through their respective holes in the
vertical wooden blocks. The rods are several inches above the base board.

The video shows a white spark between the twesballs at about thresghths of an inch apart with the spark
one quarter inch in diameter. The spark shown has the shape of a football with its pointed ends cut off about
four inches from each point. The frequency being generated by the adjustabl tinectime the amateurish
video was taken was 3100 hertz, the 555 timeros

The reason the video is amateurish, according to Henry, is that the device was made operational, and then it
quickly decided to grab a video camera and enakape which lasts less than five minutes. A more professional
video would show a block diagram or schematic of the circuit on a board or posteypdasesome key
components and an explanation of their function, and then the entire circuit inapesittt a thorough

explanation of functions, possible theories of operation, and test results.

Henry was told that when the switching frequency produced by a different timer is at an optimum of 150,000
hertz, the white spark is approximately six incleeggland four inches in diameter. Apparently very little power
is being drawn from the batteries. An equivalsized spark generated by an arc welder would require
thousands of amperes and volts.

The ci r cwhentin ogestion and i$ definitely ablg on the videotape. It is actually a little loud, which
could be a problem in some applications. When Ken first heard the weird singing noise, he recognized that tt
sound from his circuit is the same singing noise that Nikola Tesla has reportedrag ®dilg and is apparently

a sure sign of interaction with the zero point energy field.

One very big advantage of this circuit is that it requires only a few relatively inexpensive components. In fact,
John Grubb asked if it can be so easily made widwgparts from Radio Shack, a hardware store, and an auto
parts store, how can we make money with it? At the moment, there appears to be no plans to obtain any pate

Early in 2001 Ken, Norm Wootan of Waco, Texas, and Paul Walker (?) went to Germany to sell a hydrogen
generating systemmey wanted to develdp a company that sells hydrogen in Germany. Paul's background is
in physics and submarines. On the flight oweGermany they got into a discussion and figured out the aetheric
fire generating concept whichwasd s equent |l y devel oped .iKenramerbersthi® Ha
as an exhilarating and exciting tirmene of his life's peak experiences.

Gary met Norm at the 1996 Tesla Society convention when Norm and Joel McClain reported on their magneti
resonance amplifier.
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Experimental insertions of objects in the spark, the big one generated with 150,000 hertz, so far have resulte
some peculiar materials and processes. A ceramic has been made with an extraordinarily high melting point «
around 10,000 degrees. Ken, Nornd PauWalker(?) plan to use this ceramic for lining the reaction vessel

of their new hydrogen process.

At least some types of materials become more dense the longer they are present inside the spark. There is
concern that a critical mass of nucleaplosive could be accidentally created.

It is not known to Henry and Gary what the cold electricity can do. For instance, what happens when an elect
motor or an incandescent light bulb loads the circuit instead of a spark gap? It is apparent tnti&ary

that a whole new universe of applications for cold electricity may be opening up, starting with close to ground
zero of no knowledge of the phenomenon.

In Ken's view there are four kinds of electricity:

AC alternating current

DC direct curent

Static electricity or static charges
Aetheric fire or cold electricity

The aetheric fire is produced by working the aether at high voltages and high frequency. The higher the volta
and the higher the frequency, the more power is produced. 3®@A6@nd 150,000 Hz appears to produce
abundant amounts of energy, i.e., in the hundreds of thousands of watts range. At this point in time this is an
estimate based on very limited qualitative observation. There is no real data.

The theory here is th#tte fluorescent tube acts as a spark gap capturing the aetheric energy. The magnets on
either side of the fluorescent tubes deflect the electron flow so that the regular electricity does not flow throug
the tube. Thus the only output of the tubes isexatHire or cold electricity.

The net result of all of this is an ovenity power conversion gain which appears to be greater than 1000:1.

Edwin V. Gray had a company in the 19091990 era that built electric motors and advertised a-smbe-

produced electric automobile with unlimited range. Gray was issued two patents. One patent is on the motor,
and the other patent is on the diffuser tube. These are discussed at length by Peter Lindemann in his book at
video. In this automobile there was afd#fer tube that Gray patented. It is believed that the function of the

diffuser tube is the same as the fluoeesct t ube i n Ken. Hawki ngsdé gener at
It needs to be established that the fluoréscentf f
tube. Another tube that would be interesting to

discharge reactor. It would be ideal for longevity, compact packaging, and sturdiness reasons to find a device
which is not a tube whichotlld be used in place of the fluorescent tube.

Henry thinks that running the aetheric fire through a-g@pn transformer and then rectifying it would result
in an abundant source of very cheap electricity. Tests need to be done to determine tlity fefetbitsi
approach.

Ordinary hot electricity involves electrons moving along an electric field through inductors, resistors, etc. Colc
electricity does not involve electrons moving around. Then just what is cold electricity? Gary has no idea.
Henrydoe n 6t know either. There is much fundament al
ammeter measure cold current? The power of the hot DC electricity from the batteries can be easily measure
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So how can t he powe roldeléctricithbe measured?uNhdt 8 the ovewatl gower gaio bf
the generator? Does cold electricity comprise a hidden part of the commonly understood current flow of
electrons? And when the electrons are deflected in the tubes, the cold electricityythavmalways been
present is now allowed to make its presence detectable in some fashion?

The morning of July 11, Henry and Gary had their meeting with John Grubb. As customary with John, he is
very cautious. They talked about working with the local Yagas electric vehicle experts to experimentally
adapt the Hawkingsdé generator to an existing ele
without recharging from Nevada Power. Gary thinks the Las Vegas chapter of the Electric Autotidgsiscia
one of the associationbdbs stronger chapters.

John, Henry, and Gary decided that the next step is for Henry to talk with Ken Hawkings and ask him what he
wants to do. Henry will emphasize to Ken that there is capability in Las Vegas for incorgpdiatigenerator
as an orboard battery charger for sgibwered electric cars.

In the meantime, John and his wife Marge moved to Calgary where they are permanent residents. Their addr
is 34 Rivercrest Villas, Calgary, AB T2C 4K4. Phone is-263-0831; fax is 403720-9357. Temporary email
address is emueller@cadvision.com. John expects to be back in Las Vegas early August.

Henry is going to try to build his own generator in Tucson. Gary will work with Ralph Cruz and Rick Pool,
Gar yos f r iexpedauterhotive mechaaia)to build his own generator as well. Gary already has had
Rick show him an ignition coil and Rickbs book o
Ignition coils have an 87.5 turns ratio between the primaglysacondary coils and can put out as much as
20,000 volts.

Henry and Gary observed that AC electricity is n
AC is used so that the voltage can be easily stepped up fedistagice transmission. With a DC generator in
each house, a corresponding prddine of DGpowered refrigerators, computers, TVs, etc. will need to be
created. RVs already use 24V DC power. So RVs may be an excellent initial market for a 24V DC version of
t he Hawkingsd generator.

Keep in mind that t hedstkdewkrifiadthatdis capableof ppweany electrid | |
motors, charging batteries, and doing other wonderful things besides densifying matter placed inside the whit
spark.

Below are threéreeze frames of the videotape. The first freeze frame isdfitbuit without powerThe

second freeze frame of the circuit with power. The third freeze frame isauplosthe spark of cold
electricity.
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DISCLAIMER: Inclusion of any invention or technology described in thismtation of ball lightning fusion
reactors and related innovations does not in any way imply its suitability for investment of any kind. All
investors contemplating any investments in these devices and technologies shadddidstwith a licesed
financial professional. Prospective investors should exhaustively perform their own investigation of pertinent
facts and allegations of facts. Investors should also ensure thorough compliance with regulations of the feder
Securities and Exchange Commission appropriate state securities divisions. For more information, see
http://www.zpenergy.com/modules.php?name=News&file=article&sid=1655
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