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ABSTRACT

The subject of the paper is the analysis of the energy transport phe-
nomenon of hall lightnings,but momentum and charge transport phenomena are con-
sidered as well. The physical properties as energy density and transfer are
investigated using several abserver's accounts of interactions with different
objects. It is shown that contrary to previous assumptions the ball lightning
has negative electric charge, and very high internal enercgy density.

Both internal and external energy source models are analysed, and it is
shown thatregardless to the details of a given model neither of them can
explain actual observations. This has been validated by a well documented
case study, and by seversl additional ohservations, ;

An entirely new, testable model is suggestied, which is able to stand for
all ohserved properties of hall lightnings, and it explains the cause of
rarity of ball lightnings, and the reasans of the unsuccessful experimental
efforts. It is shown that the plasma sphere is just a visible side effect of
a mgre important phenomenan.

AHHOTALMA

CTaTosl MOCBANAESTCS BONDOCAM IMepemaun PHEDIHH MAPOBHX MONHHI. B paBore wHc-
CIeNYITCA TaKke ¥ [MOTOKH HMIYNbCA M 3apinoB. AHAMUIHPYRTCH DUBHUYECKHE OCHOBbL
I€penauy u NINOTHOCTH SHEPIHU KWCXOOR HI HIBECTHbX HaGaome Huii . HdoxaswBaercs,
4TO, B OTIHYHE OT CYMECTBYWHMX OO0 CHX HOp NPeAcTaBleHuil, 3apa)] WAPOBOH MOIHHH
ABNAGTCA OTDHUATENBHHM, M B Hell COZEDWUTCH 3HEPLHs RbICOKOM MIOTHOCTH.

AHaNMSHDYIOTCH MOMENM, OCHOBAHHME KaK Ha BHYTDEHHEM, Takx M Ha BHEMHEM HC-—
TOUHMKE SHEDIUM, M [OKA3HBAETCHA, 4TO HH OMHA M3 HUX He CHOCOBHA OMKCLIBATL pe~
a7bHbIE Criydad, 3TO YTBEDHACHWE B CTATBE NONTBEDKNAETCS OMHCAHKWEM pfiga U3BECT-
HEIX HabBmwmeHwu#.

B paBore npepcrasneHa Hopas MOIEnb, KOTOPas OTJAMYAETCS OT OPENHAYIHX MO-
Iellell ¥ XOPOWO ONMCHBAET BCE CHOMCTBEE WAPOBOH MONEMK. C & NOMOHBI0 MOXHO mo-
HATL, TOYeMy WMAPOBAs MOJHUS SBMNAETCH TAKuM DEIKHM SBNICHHEM, A Taloke MPHYKHY Heymaum
PPOBELEeHHEX N0 CHX NOP 3KCHePUMEHTANbHHX paboT. Jansas MOpesib NOKA3LHBAET, YTO
MNA3MEHHEH Wap ABNSETCA NHID SBISHMEM, COnyTCTBYOUHM Golee BamHOMy mpoleccy.

KIVONAT

A cikk a gémbvillamok energiatranazportjdval foglalkozik, de az impulzus
€5 thltésdramldst is vizsgdlja. Esetleirdsokat felhasznalva elemzi az energia
slriség és dtvitel fizikai alapjait. Kimutatja, hogy az eddigi felteveésekkel
ellentétben & gombvilldm t&ltése negativ és energissirisége magas.

Mind a kils8 és belsd energiaforrdson alapuld modelleket vizsgdlja és bi-
zonyltje, hogy a részletekre vald tekitnet nslkiil egyik modelltipus sem képes
leirni a valdésdgos eseteket, Ezt esettanulmanyokkal, megfigyelésekkel tamaszti--
Ja ald. Egy dj, az eddigiektdl eltérs modell keriil bemutatésra, amelyik az
Gsszes tulajdonsigot 3§l lairjs és segitségével beldthatd, hogy az eddigi ki-
sérleti erGfeszitések midct nem Jartak sikerrel, és midrt ennyire ritka ez a
jelenség. A javasolt modell szerint a i1dthatd plazmagémh egy fontosabh folya-
mat kisérdjelensége csupdn, ;
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Introduction

The problem of bsll lightning is a permenent source of interest for
researchers for more than a century.

There are a great number of proposed models to describe its strange
behaviour, but it met little success so far. A relatively large amount of
observation data has already been collected, and a more or less consistent
behaviour pattern can be set up along these. The accumulated data renders
possible the deduction of gualitatively nmew conclusions.

Little attention has been paid so far to the description and modeling of
ball lightning interactions -with different objects of our environment.

The purpose of this paper is to have a closer look at these interactions,
and to learn about the nature of ball lightning through these observations.
The investigstion of these interactions reveals the physical nature of B.L.
more teadily than any theoretical model. Two detailed and several qualitave
case studies have lead to the major conclusions of the paper:

1) The problem of ball lightning is unsolvable in three space dimensions,

because the energy and charge conservation is breached by all models,
irrespective of the applied physical models.

2) The only way to resolve this contradiction is to introduce an addi-
tional space dimension, and in this manner all the properties of ball
lightning can be explained.

The paper extensively used different compendiums of hall lightning o
observations- Stanley Singer [17, W N. Charman[2], I.P.Stahanov[3] Corliss{a],
J.0.Barry[51, A G.Keul[6]1, R A.Leonov[7]. The ball lightning case in Habarowsk,
observed and investigated by M.T Dimitriev, B.I Bahtin, V.I.Martinov[B], is
the backbone of this pasper. Its major parameters were simulated by calcula-~
tions.

The attention is focused to the problem of energy and charge transport
in the paper, and it will be discussed briefly why previous experimental and
modeling efferts failed, and how is it possible tn test the proposed new
model .

For the readers, who are not familiar with the features of ball lightning
phenomena, the case descriptions of appendix B are suggested to start with.

List of Symbols Greek letters
temperature A heat conduction coefficient
specific heat f density, or specific ochmic
power resistance
potential difference & frequency
current ¥ viscosity
volume specific particle flux
magnetic inductian particle flux
work - &Eelectron energy
area ©(heat transfer coefficient

total partiele number

specific particle number
y radiation yield

electric charge

velocity

particle mass

heat flux

path length

time

G0 COTI Z>=E O T —



Major Features of Ball Lightning observation

Due to the rarity of the B.L. appearance, our knowledge about its proper-
ties is only slowly increasing. Nevertheless there are enough writlen reports
- by reliable obssrvers as well - fo establish quite confidently the charac-
teristic features. Identical properties were found by independent researchers
[1,2,3,71. Additional collections of B.L. ohservation [6,12,13] confirmed the
reality of the existence of its contraoversial features as well. More than tuwo
thousand written reports have bsen accumulated during the last hundred years,
but naturally it appears more frequently as not all the observations were
reported to journals, and nat all events were ohserved.

1.) Shape: Usually spherical, 80-90 % of the cases, or ellipsoidal -
(always the longer axis is the rotation axis, not the shaorter) 10-20 % of the
cases. Occasionally the ratio of the longer axis/short axis is guite high, so
the object is cigar-shaped.

In a few cases pear-shaped, and ring-shaped objects were observed as well.

Size: Diameter: 1 cm<D<1.5 m, however, rarely longer diameter were
observed as well. The B.L. is spatially stable, but sometimes it became
ellipsnidal  from an initally spherical shape, and rarely the ball diameter is
increasing or decreasing.

2.) Temporal stability: Contracy to the streak lightning, where the
maximum "Iife expentancy™ is much less than 1 sec, a numbér of ball light-
nings are stable for more than a minute, that is, the difference could hbe more
than two order of magnitude. Very rarely its lifetime is well over 10 min.,
that is, the life expectancy ratic is even higher. The temporal and spatial
stability is a remarkable feature, and observations are nol contradictory in
this respect.

3.) Energy content: While there is a concensus concerning the previous
Tfeatures, the opinions are divided cancerning the maximum %gecific output of
the B.L.. Barry [9] estimates the energy density between 10™ J/cm® and
105J/nm3, which is quite a wide range. The lower values were estimated by
theoretical censiderations, while the higher values were derived from the
analysis of actual vbservations. Kozlov [10] estimates a much higher value far
the energy content <than Barry, based an different observations. The highest
estimated value is given by Oimitriev [B]. There was no trace of radipactivity
or alien material in the molten trace [8].

4.) Connection with ordinary streak lightning: While in most cases the
B.L. has been observed during strong atmospheric eleciric activity, a small
but not negligible part of observations were made before or after the stroms,
or without any strom

Some observers reported the appearance of B.L. when an ordinary lightning
stroke the ground or conductor, or when the streaic lightning split into iwo
or more branches [3].

5.) Appearasnce and movement in.closed spaces: One of the most striking
feature of B.L.isthat it can appear in closed space, even in metal cages, like
acroplanes, without dameging the walls. It can move through long tubes, some-
times it "flows" through small openings, contracting itself, later re-expand-
ing to its original size.[97], [111.

6.) Appearance in groups: While about 90 % of the reported cases are
single B.1. appearances, the rest is when two or more of them ace visible, and
sometimes they move together with the same velocity and same directions.

Glcrasionally a single B.L. falls apart into smaller ones, but they seldem
dnity inlo a single B.1L.[1-6], [12].



7.) Rotation: Usually the shape of B.L. is perfectly round, and its colour
is homogeneously distributed, uniform. Therefore it is hard to judge whether
it is rotating, or not. .

Despite this difficulty, some observers reported a definite rotational
movement, when they had the opportunity to watch B.L. movement from a close
distance [13].

B ) Aura, Halo: Several observers Teported that a halo surrounded the
"body" of B.L., and sometimes straight or spiral-shaped arms, protrusions
emerged from body, often sparks were emitted [1,2,3,8,13,14 o

A characteristic hissing sound accompanied the spark emission resembling
to an arc welder.

9 ) Sound and electric effects: the formation of B.L. is accompanied with
an explosion like sound. while the extinction is not always, the B.L might
disappear without any noise, or with a loud bang. [l 6]. The B.L. moves and
behaves like an electrically charged sphere 71,

Several observers noted mild ar strong electric shock ar prickling at the
time of B.L. collapse. Sometimes the smell of orone or No, has been noted [3].

Electric circuit breakers, fuses are frequently melted when the 8.L.
disappears with g detonation, but never when it vanishes silently.

10.) Magnetic effects: In some cases strong magnetisation has been repor-
ted after the impact of 8.L., 1 while in other cases there is no apparent
magnetic sffect. [13].

11.) Characteristic movement: the B.L. is usally stationary, or moves
with a modest velocity, But occasionally very high velocities were reported.

While most observations were made on ground_level, several B.L. has been
reported on high altitudes, from airplares.[1-6f. The B.L. usually ascends
from higher altitudes, and rarely 1ifts to high altitudes. When it is on the
ground level, it moves horizontally.

12.) Effect of wind: There is a general agreement that wind speed and
direction has Iittle or no effect on the movement of B.L., some ohservers
noted that it moves against the wind direction, [1-6].

13.) Colour: In most cases white or red colour has been reported, but
blue, yelTow, green and violet has been observed as well,

Uccasionally the same B.L. has shown temporal change in colour,f3] or it
could be transparent as well. [137.

14.) thermal effects: Observers-standing guite near to the fall did not
feel heat [1,7,3,6 7 but scorching heat was felt when the observers reached
out for the "body" of B.L. Significant thermal damage has hbeen reported after
interactions with solid, liguid targets, nbjects.fl»lﬂ,la]. It is important
to note that B.L. may exist under water as well [1,2,3Jor in heavy rain [8].

15.) Laboratory replication: Despite some limited efforts so far no
successful laboratory B.L. obsecvation has been reported.




Causality, conservation laws and Ball Lightning

There are no successful theoretical models or laboratory test so far, and
it is not for the lack of trying. There is a general agreement, however, that
the key of the problem is to understand the energy fransport mechanism, be-
cause all other features - like temperal and spatial stability, formation -and
collapse, etc. - are the consequences of energy transport.

There are two possible locations for the Eﬁergy source, - internal or
external - and these will be examined from the viewpoint of conservation
principles and causality.

Internal energy source:

A) The very first problem to be tackled is causality, because a number of
observers have seen the formation of B.L. without any apparent reason in
clear weather. For the internal energy source models this is a clear-cut
breach of causality.

B) As the wind has no effect upon the B.L. - it is not airborne -
the momentum conservation principle is breached, unless some strange propulsi-
an mechanism is assumed, which is able to compensate the effect of momentum
transfer. 4

C) The B.L. usually floats in the air, but it can immerse into liguid.
Therefore it antagonizes the principle of action-reaction, or it sefs its own
density to that of the ambient. ) ;

D) The internal energy content of plasma is low, and it can not stand for
the huge amount of energy released in interactions with sblid objects. Thus
the conservation of energy is not fulfilled for the internal source models.

E) The B.L. behaves like an electrically slightly charged sphere, but
when it is terminated by an explosion a large amount of charge is released
- thus confronting the principle of charge conservation.

All of these issues are insurmountable problems for any internal energy
models, but the causality breach alone excludes the feasibility of these
models. This statement is valid for any of these models, no matter how
tricky or ingenious it is in the details.

External Eriergy Source Models

In this case the causality, momentum transfer, and density problems (A,B,
C) are not raised, but there are serious problems here as well.

The observers categorically state the lack of heat sensation near the B.L.
There is no reason to assume that the air is heated by the energy source, but
not the human body. As the plasma sphere cannot store significant amount of
energy, the supply must be continuous. Lacking any indication of this energy
supply, the energy conservation is not satisfied. The situation is the same
for the charge conservation as well. While there is ample evidence for the
continuous electron emission, and a large charge release after the- collapse,
there is no evidence for the charge absorpticn by the B.L. and charge transport
to the B.L.

The only likely candidate for external energy source is short-wave EM
radiation, but it could melt only electrically conductive materials, while
B.L. melts and evaporates glass as well.

That is, energy and charge conservation ish reached in the case of external
energy source models as well, and there are problems with the means of energy
transport as well, (Apart from these fundamental problems, there are a number
of other difficulties as well, mainly in the field of plasma physics. These
will be listed briefly in the concluding remarks, to show that the visible
plasmg sphere of the ball lightning is just a by-product of a primary pheno-
menor) .

The analysis led to an apparent deadlock, because conservation principles
and causality have to be satisfied, but regardless of the energy transport



mechanism, according to the ohservations—conservation principles are breached,
The conservation principles and causality are the cornerstones aof our knowledge,
and there is no reason to assume that they are not valid for the very case of
ball lightning.

On the other hand ball lightning exists, its existence is supported by a
large number of independent and simultaneous observations, and it leaves a
definite damage pattern after interactions. It exists when it should not
exist

The contradiction can be resolved without giving up either the conserva-
tion principles or the observations - but at 7 price. The study of actual
observations will help to understand the physical features of ball lightning,

Features of energy transfer in ball-lightning interactions

(first case study)

During & heavy storm and rain a 1.5 m diameter, orange red, very bright
ball lightning appeared abave the treés of a pack in Habarovsk, Siberia [8j,
on 24th of August, 1978 The B.L. emitied sparks and hissing sound was heard
all over It slowly descended through, the branches of the trees, then suddenly
dropped into a small pond. There was a bright flash, the B.L. Jumped up, and
soon expleded. The whole event took about 1.5 min. time. The electric wires
were damaged in a 100 m radius. : .

The pond disappeared, and the ground has been melted into a grainy slag3
uniformly through about a 20-25 cnp deep and 1.5 m diameter spot, of ~0.4m
volume. The interaction with the soil took about 0.1 sec. No radioactive  trace
or elien matter has been found. [8]

M.T.Dimitriev, B.I.Bahtin and B.I.Martinov collected the molten soil, and
galculated the inecessary energy input to melt the soil - neglecting the
' évaporation heat.

11The_ir calculation vielded a ~107 Joule energy content, (~ 600 J/cm3), and
107°W power, (~§.10% W/em ). : .

(During the same storm an other B.L. struck a 7000 1it. caukron, and
boiled off pa~t of the water. The estimated energy ‘content was about B.3.10
Joule in that case).

9

The artifical simulation of the energy transfer has not been successful:
using the ambient, uneffected soil for the experiments, the heat radiation,
direct current heating, and high voltage pulse heating could not replicate
the outcome - and high frequency heating was partly successful only when 30 %
copper has been added to the soil sample. Without copper the heating was un-
successful.

The analysis of the B.L. impact revealed that the soil has been uniformly
melted. .

What sort of energy transfer mechnism could produce such an effect?
Let us examine ‘the possible mechanisms:

a.) Transient heat conduction from a plasma sphere

The so0il is treated as a homogenegus isotropic layer of SiD2 and one-di-
mensional transient heat conduction is considered.

The egquation af 1-D heat conduction is as follows:



A . BT .. B

o.e  ax T Bt
The initial and boundary conditions are the followings:

Tsurf:Tx=u = surface temperature to be calculated

Tx-o is assumed to be independent of time.
TEnd=TXED.25 = g0 %8 - temperature of melted glass at the bottom
1=0.1 sec

The solution has the following general form:

IL

TOGURT. Ol T B L fe‘ﬂ‘zu

PEAT e UpT end surf T 2 %
TR SO
2 Fé‘t
Substituting the above geometry, and using the material properties of 5102,
the surface temperature T E:u = § can be calculated. For the givén

=0.1 sec

[

where A, = (see Fig 1.)

T
sur

conditions, > 1015 "C is cbtained. At least t=40 sec is necessary in the

T
surfl

case of T 1017 o 45 melt 25 cm thick layer of dry 5i0

surf” 2
In the calculations the soil-water evaporation heat requirement has been
neglected (however, it is a considerable value).

It is obvious. that at such a high temperature the soil would evaporate,
and heat conduction can't be responsible for the ohserved uniform melting. It
has to be noted that the real period of heating was much less than 40 58C, SO
the above temperatures are only a gross underestimations of the real valuas,
if heat-conduction from a plasma sphere is considered' as an energy transfer
mechanism. Therefore heat conduction from a surface can be discounted as a
possible mechanism involved in B.L. interactions. (In the above calculations
an e¢=e0 heat transfer coefficient has been assumed, which is again a gross
overestimation. This fact underlines again that the observed soi] melting
can't be an energy transfer through surface, it .must be s sort of volumeiric
heating).

b.) Heat radiation

Solid materials ebsorb heat radiation in a very thin («£ 0.1 mm) layer,
then the thermal energy is transported by conduction only, so the previous
analysis and results are to he applied, therefore radiation is also discounted.

G.) Heating by electric current

The specific heat generation rate is a function of current and specific
resistance 2 §
. u
P:U'_I:ﬁ_
The U potential should be ahout IDIUV assuming @ =1DllILm specific
resistance. Apart from the high value of the voltage, the shape of the melted
volume can't be explained with this mechanism, because it is far teo regular.

Lightning traces show always irregular conduction channel forms, like roots
of a-plant. i

d.) Eddy current heating

An other possibility for volumetric heating is to use rapidly changing
magnetic fields for eddy current induction, which in turn dissipates, there-



fore the soil is heated.

When the electric resistance of the. heated medium is high, the specific
heat generation rate is

P e?g?p?

VYo

where w is the frequency of the inducing magnetic field, d the object dia-

meter, B magnetic field induction (spatial average), ¢ specific resistance.

The following values are used for the calculations:e =100 MHz using streak
lightning data of Singer [1] pp 144. d=1.0 m although smaller soil-particle
grain-size should be used as well.

As % = 3.1012 E} from Dimitriev's observation [ 8]

m :
[ 10t an (melted glass)

With these values, B~0.1 V__ /n® is obtained, which is a high value if
it is compared to the usual Br 0,01 Vi /m® veslue of air-core coils
used in laborateories. g

But if ¢ =10 ohmom (dry guartz sand) is used, 3~10°V__ /m? is obtained,
which is a very high value. But this high electric resistivi%§ value must be
considered also, because when the wet soil is heated, after the evaporation of
water the electrical resistance is increased to this level. If the temperature
is incressed further, this resistance is decreasing again to the value of
melted glass. Dimitriev et al [8] were unable to pass this threshpld, and
added copper to the STil' But the ratios of conductivities are 10° for melted
glass/ copper, and 10°° for dry sand /capper.

Therefore the eddy current heating can't be considered as the energy
transfer mechanism behind the B,L. - soil interaction.

e.) Particle beam heating

~ The last and only remaining possibility for rapid volumetric heating of
electrically conducting and insulating materials is particle beam ahsorption.
(Laser beam radiation (E.M. radiation) is not considered, because it is never
ball shaped.) .

Practically only electrically charged particles can be considered, that is
ion, proton and electiron beams. The ion and proton heams create strong radiac-
tivity after absorption, but Oimitriev et al [B)] did not find any trace of it,
and chromatography excluded further the possibility of involvement of ions.

Therefore, the most likely candidate to cause such an effect is an electron
beam, and other circumstances seem to support further this idea; namely, the
manner of absorbtion of fast electrons in solids. Most of the electrons ab-
sorbed within a finite length, (characterised hy the given material and
electran enmergy) and it is not gradually absorbed as in the case of other F.M.
radiations. Thus the finite depth of melted soil, its relatively sharp contours
indicate that such an effect can be caused by a high energy, relativistic
energy beam.

The given 20-25 cm thick 5i0, layer can stop a ~200-300 MeV electron

beam, in}the same manner as it hgs been observed (the stopping power is

~3 gfom).
As the total energy absorbed in the soil has been er1.1.ID9J, thus the
absorbed particle number can be calculated as follows: :
o 1 12 & W fci 1.1 407 ; ~'3.0.101°% electgons
[ m Etean Y- 0.5.200 MeV.2.25 m m



Where & - is the initial beam glectron energy, (200 Meg) Ry is the radia-
tion yieEﬁ Boefficient ~(D.45). A ilarget surface (2.25 wm“), W target thermal
energy generation.

The beam current is: I=EE-;44 A , when At=0.1 sec is used. It has tn be
noted that At has been observed visually, and it could have been significant-
ly shorter as well, or s little longer too.

Although the heating and melting of the soil and its shape could be
explained as a consequence of a Relativistic Elsctron Beam (REB), the absorb-
tion of such a beam has not heen observed in ball lightnings. At this point
an internal contradiction have appeared again, there is no apparend physical
mechanism which could be responsible for the physical features of the impact.
This is the point, where some hypothesis 1s to be introduced, which could
bridge the gap between the cobservations and conservation principles. The
hypothesis should be testable, it should explain the major festures of ball
lightnings, and it should not contradict causslity and cpnservation princip-
les, it should explain why previous modeling effarts and laboratory experiments
failed. But first of all, it has to explain the energy and charge transport
mechanism, which seemed to be impossible for both internal and external source
models.

There is only one chance left: Our notions about the space-time is
to be reexamined. Contrary teo the taciturnly assumed three space dimensions
the existence of an additional space dimension has to be hypothesized,

The problem is similar te that of the squaring the circle; because lots
of effort has been drvoted to solve the problem, but it was realised aftern a
while that it is unsolvable.

The enigma of ball lightning is unsolvable in three space dimensions -
theoretically and experimentally as well. This explains the fruitless previous
efforts in this field, and only this could resolve the previously discussed
internal contradictions. This is the price to be paid for the bridging the gap
between practice - observation results - and the time-honored consetvatiion
principles.

The rest of the paper will be devoted to outline a multidimensional
B.L. model, which is rather heuristic at this stage of the development.

Multidimensignal models

At this point a shart detour is to be made, in order te clarify the
feasibility of the multidimensional model, and to outline very briefly some
of them. i

Our daily experience tells us that we are living in & three-space-dimen-
sional (30) world. However, the basic physical laws have no restrictions con-
cerning the number of space dimensions, they could be extended to arbitrary
number of space dimensions in principle.

Additional dimensions could mean a more simple, unified manner of basic
interactions. Basically it could yield a more simple, not a more complicated
treatment of interactions.

The genmeral relativity theory succesfully describes the interactions of
the gravity field, in a classical, (non-guantum) form, using second order
differential equations. Non-gravitational fields are described universally by
the methods of quantum mechanics, by ron-classical wave mechanics.

There were several sttempts to unify these theories, to obtain a gemeral
treatment of all interactions. Research started from both possible directions:

a.) to quantize gravity field, to extend wave mechanics to gravity. In
this case three space dimensions are to be used, like in the case of weak, strong and



< T

electromagnetic interactions. The followers of this line of thought are
satisfied with our ordinary experience of the 30 world. [16]

b.) The other line of thought fellows a classical, non-guantum method to
integrate all physical fields into & geometric structure, like the general
relativity theory. This geometric structure has to form a more than 3D struc-
ture, it should explain quantum effects, and the properties and interaction
of elementary particles as well.

As it is well known, no successful theory has emergerd from the above
lipes, although there were several attempts. One of the purposesof this paper
is to indicate that multidimensional models do have physical background, such
phenomena happen in nature, therefore it is worth pursuing this line of
thought, despite the apparent slow progress.

The capability of a multidimensional madel is determined by the choice
of the local topological properties of the space-time manifold.

Multidimensional models have heen chosen intuitively, not as a conse-
guence of experimental observations. (Therefore their naturalness is more of
a matter of taste, even the application and merits of finite diwensinnal mo-
dels are guestioned.) Consequently any experimental observation of the topo-
logical properties of the space-time manifold is important not only for
practical reasons, but to help the creation of a successful theory as well.

Apart from the topological properties of the space time, there is an
other fundamental issue: stability. The everyday experience suggests that
there is no additional space dimension or if it does exist it must be very
small. However,if matter is stable only in three space dimensions, while un-
stable in higher dimensions - the absence of multidimensional phenomena is
obvigus. (Indeed, all natural phenomena can be explained in the 4D space-time
manifold in the inanimate world - except ball lightning). The work of
Ehrenfest [17] and Tangherlini [EW] showed this instability in classical and
micro-plys’cs. That is,any phenomenon taking place in more than three space
dimensions is inherently instable, and it will return, "collapse" back to 30

‘ (Practically the same is true for less than 3D as well).

This means that the 3 space + 1 time dimensional universe is distinguished
compar=d to zny other spzce-time manifolds, due fto the issue of stability.
Conseguently ihe universe could have a more complex space-time topology than
our 4D space~time manifeld - that is, it will be embedded into it, like a 20
surface into a 30 space. Our perceptible 40 space time will be a "membrane",
a subspace in the more than 4D model. The mosi important conseguence of this
stability is that matter is inhomogeneously distributed in the universe, it
is concentrated in a 3 space dimensional "membrane". However, the uneven
distribution of matter will not disturb the fields, they will "fill" the
whole space regardless of its tepalegy. Therefore the issue of stability has
ne direet pensequence upon the field equations, thev san be used witheut any
modifipation, The fapt +that this ipstability issus has been neglected had
an effect upon the ehaoice of spaee-time topology. Yery complicated topalogies
were assumed in order to explain why we are unable to detect the presence of
higher space dimensions.

The first, and up to this day most important step was taken by Theodore
Kaluza [19] who chose an additienal, curved, closed cylindrical space dimen-
sion in order to circumvence this problem. He was not aware of Ehrenfest's
work on siability because it was published later. Kaluza realised, if the
number of space dimensions is increased, then the number of tensor components
in the Einstein squation will increase in such a8 manner that a single poten-
tial tensor generatses a universal field wich splits under normal circumstances
into a gravitational and electromagnetic part. Thus, the geometrization of
electromagnetic interactions was rendered possible by ipcreasing_the number of
space dimensions. His work has been improved by Oscar Klein EZU] in order to
involve the explanation of gquantum sffects as well. Their line of thought
influenced -.several oiher physicists, and the idea of a more than 4P space-
time [21] became one of the accepted possibilities to solve the unification
of interactions.
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It has to be mentioned briefly, that there are other type of attempts to
solve the same problem, that is, not more than three space coordinate(s) are
chosen, but additional time coordinates {(Cole [22]), or mass is considered
(Hagston, Cox[23]) as new type of dimension. The number of dimensions is in-
creased in some models up 11, so the number of different multidimensional
models is +too many even to mention all of them. This clearly shows +that
there is a need for experimental results, which will quide further work in
this area at least in the proper selection of the correct topology of the
space-time manifold.

Th= =xisterce of ball lightning indicates that there is at least one more
unfolded space dimension, but the matier of the universe is concentrated in
three space dimensions, as stated by Ehrenfest. Consequently further on only
such models should be developed, which have at least a five dimensional (non
folded) space-time manifold, apart from additional compact space dimensions.

The rise of ball lightning

From the different properties and mechanisms of ball lightning perhaps
the formation is the most difficult to understand, but at least a heuristic
multidimensional model can be given. (The word multidimensional will be used
to note a more than 3 space dimensional space-time manifold). The curvature
is the consequence of the presence of a large mass, plus energy transport.

The general relativity theory predicts the existeace bf "curved" 4D space-
time. The exi=tence o’ an addi iona space d mension will simplify the under-
standing of the concept of curved 30 space.

The introduction of an additional space dimension should be followed by
the extension of electrodynamics to the new topology of space-time.

The electrodynamical consequences of a 40 space are discussed in [24] to
some degree. As it is very hard to grasp & 4D geomefry, a simplified 2D-3D
analogy of 30-40 phenomena will be used. Obviously a rigorous treatment of the
problem will be necessary later in order to verify the assumptions made in
this paper, In Euclidean space the gqualitative results of an experiment are
‘independent of the distance from the field source. (See Fig.Za).

In a curved Riemann space (where the Euclidean approximation is invalid)
new field components appear. (See Fig.2b).

In this case the farther is the field source, the larger is the inclina-
tion angle of the new component, the ratio between the so far nondetectable
horizontal and the vertical component. That is, a remote and strong field
source is necessary in order to detect the consequence of such an effect in a
curved space.

(For this purpose ideally, lightning around a black hole would be the
best.). Apparently the gravity field of the Earth can produce such an effect
- inasmuch very strong currents are used.

The first effect to be explained is why and how the charged particle
leaves the 3D space.

The 20 curved space analogy is more simple to grasp and to sketch, and it
is shown on Fig.3. There are two possible mechanisms.

a.) The strong electric current, originated in "1", creates a horizontal
component in "2", If the velocity of the charges is perpendicular to B, the
resultant Lorentz-force will move off the particles from the curved 20 'space.
(The concept of Lorentz-force is extended here in a straightforward mannar).

b.) The case is the same as before, but the direction of the current is
changing in point "2". At point "3" the magnetic field has & horizontal
component and a perpendicular velocity component. The Lorentz-force will move
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the charge in the same manner as above, off from the 2D surface.

. The same qualitative arguments can be extended to a 3D-subspace,"surface",
embedded into a 4D space.. e : -

It is clear, if thiﬁ effect is to be simulated, two remote currenmt gener-
ators are to be used, optimised for the maximum of the 542,343,544; 40 compo-
nents of the magnetic field: 4 : : :

(In the case of 4D, these will be 6 components af the magnetic field.)
Based on actual observations of B.L. formation, the process is reconstructed
as follows: :

a) A very long high-current streak lightning hits & target. (The lightning
" has to be long for the higher-dimensional magnetic components to appear

due to space curvature).

b} Part of the electrons will be acecunulated at the'target, creating a
temporary but significant electric field around the impact site.

c) Other part of the elecirons will be "lifted" to the 4th- space dimension
due to the abovementioned reasons, and move towards the impact site. Near to
the impact site 4D electrons decelerate in the electric field of the impact
site, and changing course accelerate again. The path of an individual electron
is determined by its own energy. : -

d} If the electrons are accelerated above a threshold energy, the inward
Lorentz-force will be higher than that of the repelling Coulomb-force, and
the electrons will form a self-constricting temporarily stable beanm. During
the initial period space charge compensation by positive ions might help the
formation. (See Appendix A). :

e) The high-velocity Relativistic Electron Beam (RER) is moving in the
weak geomagnetic field, and it will form a closed ring. The ripg will :
penetrate twice through our stable "3D membrane”. The first penetration site
will be near to the impact site of the streak lightning, the second site will
be rather far away, at the other end of the ring diameter, (See Fig 3d). This
will beé the second penetration site. The ring diameter is determined by the
electron energy and the geomagnetic field intensity. (The formation process
is described qualitatively in some case studies of Appendix B).

It is not yet clear at this moment how to take into account the effect
of 3D stability discussed previously. This would be necessary to calculate
the threshold value of the Lorentz-force enough to remove the charged partic-
. le from 3D space. .

It is quite clear that only free eléctrnns could be removed, neot those in
any potential well. 2 . :

: The most ‘important will be the loss due to pénetratiun through the 3D
"membrane”. This will'be collisicnal and bremsstrahlung. .

The magnetic field of Earth renders possible the "storage" of the beam

~energy. Without geomagnetic. field the electrons would leave our 3D space, but
the beam would fall apart soon, .the individual electrons returning separately

to our stable 3D space. ; e :
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The properties and processes in ball lightning based on the ring model

The properties of the B.L. are the direct conaeqﬂence of the above-des-
cribed multidimensional "ring" model. The B.L. has an externel energy source
in this physical model.

The visible ball lightning is a trace of the four dimensional high-energy,
self-focusing relitivistic electron beam penetrating through our 30 "membrane’.

The shape of B.L. is a consequence of this effect. When a 4D cylinder,
the electron beam, penetrates through a 3D subspace, their segment is a sphere.
The diameter of the sphere will be the beam diameter.

(2D analogy - a 30 cylinder, orthogonal to a 20 plane, will cut a circle,
where the diameter is that of the 3D cylinder. See Fig.4.)

If the 4D beam is not orthogonal +to the 30 space thé common segment will
be an ellipsoid, which has been several times cbserved.

The smaller axis will be egual to the beam diameter, while the ratio. of
the longer and smaller axis corresponds to the beam inclination angle. The
occasionally observed pear-shaped H.L., contains positive ions as well; and
these ions remain in the ring as long as the Coulomb force, attraction between
the electron beam and the positive ions, is greater than the centrifugal force.
As the electron beam will continuously increase the ion velocity through
collisions, groups of ions will leave the beam from time to time, thus this
type of B.L. is instable. The absorption of positive ions will influence beam
eqguilibrium through charge compensatien as well.

Near to any inhomogeneous electric or magnetic field +the beam inclina-
tion angle to the 3D membrane will change, thus the shape of the B.L. will
change, it will be ellipsoidal. i

The shape of B.L is a geometrical conseguence of 4D beam - 30 space
intersection.

a) Spatial stability

As leng as the electron beam is stable, the B.L. will exist, so the
crucial issue is the multidimensional electron beam stability.

There is ample experimental evidence that in 3D space stable, self
constricting REB could exist,{See Appendix AJ and its guiding principles can
be extended to more than 30 as well, In vacuum, for a given space charge
density, there is a critical minimum speed, the electiron beam will diverge if
this criterion is not met. :

If the beam must pass neutral or ionised gas, further destabilizing
effects arise, the electron speed, energy, must increase to a higher stability
limit.

There 1s no stable propagation through thick solids, the beam.will be
scattered, its energy will be absorbed in the solid.

If the beam has high energy and space charge density, it will exist for
a long time, while a part of its energy is continuously lost due to collisions
with air ions, and it will disappear through continuous fading. When the beanm
is just over the stability limit, its existence will be shartly terminated
reaching this limit. Coulomb-forces, overcoming self constricting Lorentz-
forces blow up the beam, and the electrons will be scattered, causing a
feeling of electric shock to nearby observers.

In principle, the parameters of streak lightning are sufficient encugh to
create a stable REB, that is, to transform from 30 streak lightning into 40
ring lightning, or electron beam. . ?
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In the case of 3D in order to compensate Coulomb-forces by the Lorentz self
field, the stability criterion % 21 is to be met:

I[A
where :Tﬁéﬁ%ﬁ
1,:1+ eV2

for a 200 MeV energy (Habarovsk case) 4§ ~200 therefore o I
y 7

At present the 4D stability criterion has not been formulated yet, but it
will be necessary in order to estimate the threshold current. The 30 criterion
yields a high current, but it is not applicable. There is an independent
method to estimate the beam current as well.

Given the electron energy ~ 200 MeV, and the magnetic induction of the
Earih, the beam ring diameter can be caleculated from the equilibrium of
Lorentz-force and centrifugal force

e{vxB_)=m_,.
E el Ering
For :our case, accounting the relativistic mass increment: rml.l.lD4 m.

The eleciren density of the beam is:

: 2 15 electron
= s——— = 5.10 e

e T
f ering i
The electron flux is: ﬂ:?ev -1.5.192% E;gg%zgn

so the beam current loss will 'bie: T=@ & = 2.%.}
if the beam is absorbed on 2 solid objgct totally.

It has to be emphasized that in the Mabarobsk #3%2 not all the beam
current has been dissipated in the sail, only a patt vf it, because after the
impact upon the so0il the B.L. jumped off from the inferaction site, therefore
the total beam current is highet. The beam enargy 1%%s has been detected, nat
the total current in the observed case,

During the existence of B.L. some of its electra®s will be lost due to
scattering, but positive ions could be absorbed by the beam, in principle.

The scattering of air particles, beam energy loss and absorption on solid
targets will influence beam stahility, %hus the beam dizmeter. Therefore the
beam diameter can change in time, and such effects hava been abserved.[1]pp 73.

Beam instability could cause filamentation, that is, the beam will split
into smaller filaments, consequently, a 30 observer will note that a larger
ball will fall apart [12], [13, pp37.

The opposite process may occur as well, that is, the recombination of
filaments, [1] pp 37. It has to be noted that the volume of the observed
smaller spheres is significantly smaller than the eriginal ball velume. This
indicates further that the B.L, s nmot a plasma blob, where some sopt of
volume conservation could have been expected.
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If the beam, or ring, is petpendicular to our 3D plane, their segment
will be a sphere, otherwise the inclination angle is less than /2. While
both formations are spatially stable, the latter, more general formation will
be energetically less favourable, the particles will travel through a laonger
distance in our 30 space, thus loosing more energy. Therefore elliptical B.L.
has a shorter lifetime, and its observation is more difficult.

The temporal stability, and its relation to energy transport will be
discussed later.

b) Energy content

By now 1t is easy to resolve the contradiction over the enmergy content
of B.L. It is clear that the energy is not stored in the visible sphere, but
in the invisible, ring-shaped eleciron beam. The energy transferred to the
ambient depends heavily on the mass-stopping power of the material, where the
beam is passing.

As the difference between the density of the high-temperature, ionised
air and solid material could be more than six orders of magnitude, the energy
transfer or dissipation will change accordingly. While the B.L. is relatively
harmless when in the air, loosing a small amount of energy to the ambient, in
the case of a solid material it will transfer much more energy to the object.

This phenomenon caused the controversy about the enmergy content, that is,
essentially the same B.L. could be harmless or dangerous, depending upon the
circumstances. -

Obviously there could be real differences in energy content, but then the
initial beam energy is to be considered.

When the B.L., that is, the electron beam, is passing through air, it will
heat, ionise it, thus decreasing the air density significantly. The stopping
power of the hot, rare, ionized gas will be very small, therefore the beam
energy loss is not very significant.

The most important issue for the energy loss calgu%ations is the tempera-
turesng ionised gas. The plasma temperature is ~3,10 K in streak lightning,
~10 K in magnetically confined electric arcs, but substantially higher in
REB, heated adiabatic 3D plasmas.

In principle, the maximum plasma temperature could be

2B
max 3k

when the beam energy is dissipated entirely in the target; for an adiabatic
case (k is the Boltzman constant.).

T

10

For E=200 MeV, this yields T Xﬂ'l.B.lU K.

ma

Obviocusly this is a physically unrealistic value, because the temperature
will be less, due to the inefficiency of coupling and different types of
energy losses:

A) energy loss due to heat conduction.

-
q = 5A»jil where the A heat conduction coefficient depends on
the given material and its density.
B) convective energy loss, hecause high energy ions and elecirons leave

the B.L. volume. This type of loss is substantial in the case of gases and
liquids, and negligible for solids.

C) The heating effect of Bremsstrahlung is negligible for gases, and very
small for liquids and solids, but depending on the beam energy and target
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density, the total loss could be significant.

D) Heat radiation is significant for solids and liquids, but marginally
important for gases, because they are usually transparent for heat radiation,
they emit only in narrow bands. Therefore the black-body approximation is
incorrect. [3,5

When the beam interacts with solids, the bremsstrahlung is leaving the
target, that is

a

Eout =g EheamRy

By = BB g

In the case of gas target and steedy state conditions the situation will
be mere complicated. There will be convective heat loss, primary and secandary
Bremhsstrahlung and a loss term due to the scattering of electrons from the
beam. The energy requirements of these losses are continuously consuming the
beam energy.

It has to be noted that in the plasma sphere, in the impact volume, the
T, electron temperature and the T. ion temperature will he different, and
tfiey could be assumed as two différent types of gases in interaction.

The gas temperature will be the ion temperature, and the thermal loss is
due mainly to turbulent natural convention, which.depends mainly on the
temperature difference.

30 &
Eshw = M(Tiun 7 Tambient)

L3

= 1 Ve, 1/3 AT STy

where d.f.U.IBE.KTg i ) :;573 i 'amb

is the heat transfer coefficient, and v is the gas viscosity.

There will be another, unusual source of loss, Eég , collisional dif-
fusion of ions towards the 4th D. This will cause a E6%Y¥ of "suction" ar jet
pump effect. At this stage of development it is hard to estimate it, and it
will be neglected. It would be necessary to estimate at first the Ehrenfest
- Tapgherlini stability effect, then considering the momentum transfer
between the 40 electron beam and the ionised gas, then this term could be
calculated with 4D Monte-Carlo method.

The electron losses should be calculated in a similar manner. If the
electron scattering loss term in neglected, that is, only thermal laoss is
assumed, the ion temperature of the plasma sphere can be estimated. Another
crude approximation is that beam electrans interact through a chord in +the
sphere while this is definitely not a good approximation. (See Appendix E
for details).

Moting the previous simplifications, the energy conservation equation
will be: :

2 o
Eboll(EJ'?air(Tiun)'ﬂairR W'?heam=aR2ﬁuﬁ(Tav)(Tinn_Tambient)

where: & (E) is the collisional mass stopping power as a function of beam
electrnncgﬁ%rgy; £is the average path length of electrons in the sphere of
the B.L.; R is the beam and ball radius; Tav=l/2(Ti+Tambient):Ti/2 is the
average ion temperature.

The calculation yields: Tiﬁis.lﬂs %k as the equilibrium ion temperature.
It has to be noted again that this value is only a very crude estimation,

but a better result requires numerical caloulations, and more sophisticated
modeling.
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It is clear from the result that it is inacceptable, it yields such s
high temperature at which ataoms are fully ionised. But B.L. observations are
associated always with light-emitting luminous phenomena, therefore the
temperature, and the degree of ionisation must be much lower. The ion temper-
ature is significantly lower in the B.L. volume than the estimated value,
cansequently the neglected electiron loss term is significant, and the colli-
sional mass stopping power has to be re-evaluated four multidimensional ionisa-
tion interactions. Therefore the heat centent of a B.L. is insignificant, the
accumulated heat and the heat losses are much less then calculated. Conse-
quently the beam might move rapidly, and ionise the air continuously even if
the air is rapidly flowing through the impact volume.

When the beam energy is dissipated in water, the calculation is more
difficult, because the evapurating water creates superheated and saturated
vapor bubbles. Therefore, inside the sphere the gas approximation is to be
used noting the effect uf penetrat1nn length.

c) Temporal stability and termination

The temporal stability is a charvacteristic feature of B.iL. observations.
There is not a single experimental result where stable plnqma has been obser-
ved without external energy supply.

For 30 plasma the recombination has to be very quick for several reasons,
as attraction between positive ions and negative Llectluna, cooling due 1o
the second law of thermodynamics, etec.

The "lifetime" of & B.L. is determined by three major factors: the initial
energy content, the stability (threshold) energy content and the sum of power
losses.

The initial energy content is determined by the average beam electron
energy (in the ring), and their total number. The energy content at the
stability threshold is determined by the beam current in the ring. When it
drops below the critical level the beam is not self-constricting any more, it
will fall apart. The different loss terms have been discussed previously, as
ionisation, heating, primary and secondary bremsstrahlung, scattering. The
energy balance yields the t lifetime:

¢
Yinitial Yoritical” fEP”}f”

loss

For the Habarovsk case, considering the thermal losses only, t~300 sec is
obtained. This lifetimé has been shorier due ta the intaraction with the s0il,
which increased ihe beam loss considerably.

At the end of the lifetime, the 8.L. is terminated either silently, or
explosively. As it has been discussed earlier, the ring has twd pepetration
sites, and the beam terminates with an explosion at the impact site, where
the stablllty criterion is not met at first time during the ex:stence uf the
B.L. At that penetration site, the W tical is released, but in a very
peculiar manner: the beam electrons critica are coming mainly from the 4th
space dimension, not from the visible B.L. impact site. LConsequently, electrons
may appear from an exploding beam even inside a Faraday cage, when the B.L.
is outside of it. If somehow a B.L. could be covered entirely by an electric
insulator, the observer would note that after the B.L. termination electrons
appear everywhere despite the insulation. Summing up: walls can not hinder
charge (electron) transport during the final, exploding period.

While the B.L. is terminated at one penetration site with such spectacular
effects, it will vanish silently at the other site, as its power supply has
been termlnated The recombination of the ionised p asma will be quite quick,
and practically noiseless, only some trace of D} and brownish N[l2 will be
left, without electric aftereffects.
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The chance for the "explosive" termination is always higher at the
penetration site, where the beam loss is maximal, that is, at interactions
with solid objects. Otherwise there is about a 50-50 % chance that explasive
or silent termination will be chserved.

d) Aura, halo around ball lightning

Previous considerations have shown that a part of the beam is continuously
losing energy through scattering. The ball surface will be therefore a virtu-
al cathode, it will be a source of electric current. This current will cause
the appearance of a dim "halo" around the B.L.

For the Habarovsk case the current density can be estimated based on the
amount of dissipated charge.

19 9

As 0= e ~3.10 electrons.1.6,10 " Coulonb/electron
Q ~ 4.8 Coulomb is the total charge which has been dissipated in the
soil,

This amount of charge is to be lost from the beam, to support approximately
5 min of existence of B.L. Therefore the total current of the virtual cathode
for a 5 min interval is:

o . -2
IDath~~Q/At—l.6.lU A
and the surface current density is
; 2 20 -7 2
Loatn=Igatn/ 40 M=2.5.10"" A/cm

This is a very small value at the start of the normal glow region, and a
reddish-orange continuous aura is expected, and it has been observed as well
in this case.

If the ball diameter is smaller or the beam has high-energy electrons, a
"higher dissipation-scattering rate is expected, the surface current density
will increase. Ionization channels will appear, and the aura distribution
will be inhomogeneous. These channels will be like moving arms, spikes. As
the aura is in the thermal boundary layer around the ball, where the tempera-
ture is high and the density is small, these ionisstion channels will be
quite diffuse, and they could move continuously.

Further increment of the surface current will yield a transition to an
arc type of white halo, and it will give a characteristic hissing, crackling
sound. The glow discharge is dim and noisless, the arc is bright and noisy.

e) Eleciric and magnetic effects

Perhaps the most important, but so far unrecognized feature of B.L.is its
electric and magnetic properties. The B.L. has definitely negative electric
charge, contrary to the assumption of Keul [61. The effect of scattered
electrons is clearly observable during its existence and after its explosion.
The scattered electrons melt electric fuses, wires. Such cases have been
collected in appendix B. The lack of the recognition of thse importance of
these effects paralysed the efforts to understand the real physical nature
of ball lightning.

In the Habasovsk case, when & significant parnt of the beam electrons were
dissipated by the soil, gquite a significant charge (~5 Coulomb) accumulated
in a short time. This charge had to leave the sgil almost as suddenly as it
appeared in the ground, due to Coulomb-forces, and it scattered through the
amhient. Part of the electrons were collected by the neighbouring wires,
ather parts of them were moved back to the 4#th D by Lorentz-forces. This
process can be calculated by multidimensional random walking simulation, like
the 40 Monte Carlo method.
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The scattered beam electrons, which moved near the grounded wires around
the impact site, were collected by the wire due to the potential difference,
and some of them might have returned from the 4th D as well. The beam in-
stability and the consequent blow-up added further electrrnns to this flow,
causing & temporary overload to the wiring. This phenomenon caused the damage
of wires around the site of impact observed by Dimitriev et al. [B].

This expanding charge cloud causes a prickling feeling, if the observer

is near to the impact site.[3].[2].

The behaviour of B.L. around conducting and insulating materials can be
explained simply. Around the B.L. sphere there will be negative charge dis-
tribution. If there is a grounded conducter near the B.L., this negative
charge will induce charge separation in the conductor, thus attracting it.
When the conducior is mot grounded, the charge separation and altraction
still occurs, but the conductor will have a negative charge very soon, it
will repel the B.L. Obviously the beam as a whole will move, and not anly the
ball, its visible section in 3D.

In the case of non-conducting uobjects repulsion will be the dominating
effect, because the charge leaving the beam will not leave the impact site as
gasily as in the case of grounded conductors.

The beam will penetrate into a solid object only if strong ambient
electromagnetic field, lightning or the field of accumulated electrons guides
it, or if a small object is thrown into the bLeam.

The balance between the charge transport capability of the ambient and
the "charge production rate" will determine the B.L. movement.

It is well known that B.L. often enters rooms through small openings and
ducts, liks chimney. This is due to the potential distribution around a
building (See Fig.S5a) where the greatest potential difference will be around
sharp, pointed objects. Consequently the beam electrons will be driven towards
these places.

In the case of a slit on a non-conductive wall, the scattered beam elec-
trons will cover the wall after a while, except the slit surface. The resul-
tant potential distribution will "guide™ the beam inside, where the putential
is lower. (See Fig.5h)

After a while the situation will be the reverse: when the B.L. has spent
some time inside a room, the local potential could be higher than outside,
and the B.L. (the beam electirons) is forced out, through the same or via
another opening, or it may burn its way out.

Frevious considerations showed that the beam current is very stronng, so
magnetic effects are expected to happen around the B.L.

However, when the current is arthogonal to the observer's space, the
magnetic effects are undetectable. (An experimenter living in a 2D plane will
not detect the presence of magnetic field, if the field is created by a
con%ucﬁnr perpendicular to the plane. The detsils of this effect are discussed
in [24].

When the beam is not orthogonal to oﬁr 30 space, a magnetic field will be
detected around it. That is, only an ellipsoidal B.L. will have z detectable
magnetic field, as observed in [1] p 40, and [7]}.

f) Rotation

The sphere is a source of continuous outward flow of electrons. They move
in radisl direction ip the magnetic field of the Earth. Thus Lorentz-forces
will rotate the sphere, and the angular velecity is determined by the curs
density distribution. The local magnetic inclination angle will be parallel
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to the rotation axis of a spherical B.L. In the case of ellipsoidal B.L. the
self-field will determine the rotation axis. fkard

g) Appearance in closed space

It is a natural consequence of the 40 beam model that B.L. might appear
in any closed space, cage, irrespective of its material [21,[11].

It will move easily through narrow slits, if a strong potential differen-
ce exists between outer and internal space. The B.L. tends to enter a room
through an opening, because building internals are on ground potential, and
leave it after some surplus charge has accumulated there, and consequently
repulsive forces arise.

When a beam is blown up, the electrons coming from the 4th D might penet-
rate into any closed room, [14] or closed metal Faraday cage (See the second
case study).

h) The colour of hall lightning

The colour of B.L. is a consequence of electron beam impact upon rarified,
ionised, high-velocity air atoms. The same phenomenon occurs in high altitudes
around the magnetic poles of the Earth, termed as aurora, and air glow, and
night glow.[257.

It is important to note that there are basic differences between the
spectroscopic phenomena of solid objects and rarefied gases. In the latter
case some transitions happen, which do not take place in the former one.These
are the so called forbidden transitions, and some of them are responsihble for
the glow radiation of different colours.

Spectroscopy analysis of B.L. radiation has not been performed, but the
physical circumstances are practically the same, therefore the same phenome-~
non must take place.

The air density is about the same in both cases only the electron beam
density is higher for B.L. by several orders of magnitude.

The colour observations are inappropriaste for energy estimations, but
some important conclusions can be drawn:

1.) The usual energy range of aurora phenomena is in the order af
50-100 keV, that is, the minimum beam electron energy is in this
region.

If the B.L. has a specific colour, the beam is likely to be

monoenergetic, "cold",

3.) When the B.L. (not the halo sround the B.L.!) is white, the beam is
most probably hot, its energy distribution is not uniform.

2o

—

The same colours, which were reported in B,L. observations, were reported
in polar aurcra, and analysed as well.

The radiatian intensity of the aurora depends on the gas density. There
is an optimum value for the gas density, where the intensity is the highest
As the density is in streng correlation with the beam energy, an intensity
estimation could help energy estimation.

For example, high intensity beams cause intense red radiation in low
density plasma, thaf is, a red-orange B.L. most likely has a high energy. But
similar colours may appear in low-energy interactions as well, therefore
colour alone is not the safest mean of energy estimation.

The most important spectrum lines are that of N ,0,02 and N in the aurora,
and for B.L. the ionised states are the mast interegting.
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The long list of possible transitions will not be recapitulated here, buﬁ
only the most important ones, like red oxigen doublet of 6300, 6363 ﬂ, 5570
green, 2972 i blue, or for N2 3914 R blue, etc.

The combination of these wavelengthscould lead to a rich variety of co-
lours.

Most observers report red and white colours, while blue is quite rare. It
must be noted that the visual observation of blue colour compared to red or
white is much worse due to scattering on air molecules. Thus beyond a critical
distance the red B.L. will be visible, but not the blue one.

Second_case study

The energy content of the above case was rather the exception, and not
the rule. It was by far the best documented of B.L. observations, and it was
indeed a very fortunate case.

Now_an other case will be simulated, which has been reported in Singer's
book [1] op 39.

An LI-2 propeller driven transport plane (DC-3 Dakota Licence) was struck
by ball lightning while flying at 3300 m.

"An orange red ball, 25-31 cm in diameter approached the front very rapid-
ly from the fromt. When it was 30-40 om from the front, it swerwed to the
left, and passed by the cockpit. As it did so, it hit the propeller in the
upper part of its arc and exploded. There was & blinding white f£flash, and s
loud explosion was heard over the engine nose. A flaming stream passed along
the port side of the body of the airplane, and the aircraft rose sharply.
Strong radio interference had been noted, and when the radio operator tried
to disconnect the antenna after the lightning discharge, he received an
electric shock.

The only damage to the aircraft was in a small regicn of the propeller
blade, the trailing edge having been melted over an area 40 mm in length x
5~-10 mm in width at a distance of 30 mm from the tip."

As the LI-2 has a 3 blade propeller made of Al-Cu-Mg alloy, some order of
magnitude calculations are possible. the propeller diameter is 3.4 m, n=930/m,
the verticalsblade vlocity is ~280 m/sec (Mach~0,78). The air density is
¢~0.98 kg/m” at 3300 m. The blade thickness at the impact area is between
1.2-3.1 mm. These are the svailable dats for the calculations. The horizontal
velocity of the B.L. is uncertain, therefore it is taken as zero.

The transition time while the trailing edge was exposed to the beam is
calculated from the ratio of maximum damage depth/blade velocity.

t=107% n/280 m/sec=3.6.107 sec.

It is quite possible that the blade has been exposed on a larger area
than the actual damage, but as the horizontal velocity has been neglected,
which shortens the contact pericd, this value seems to be a good compromise.

If the B.L. were a plasma blob, its {emperature should be ”’5.109 %k to
melt the blade to.thelgegth of 1 mm during the estimfgeg pericd. For a 2 mm
depth melting - T~v10 K, and the 3 mm depth T>10 K is necessary.

The following damage mechanism requires the smallest energy:

The blade is heated hy-ghe REB up to the softening temperature of~400 o
(the melting is around 520 "C), then the impact area has a~4 % extention.
The pressure arising from the expansion plus the centrifugal forces remove
the heated and thus softer part of the blade, while the remaining surface is
melted partially,
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That is, only a limited heating is assumed, the blade will not be heated
to the melting point.

The heat flux increasing the blade temperature is calculated as follows:
é" = mcAT/t » 9.10° W/sz

Obviously, this is about the minimum heat flux which can cause this damége. A
beam of higher energy would cause the same type of damage.

The beam electrons had to penetrate through the max. 3 mm thick blade in
order to heat it in the full volume.

Therefore a 3 mm penetration depth is taken, that is, the beam has ~] .5~
2 MeV electrons.

As Brehmstrahlung is negligible at this energy level,

B s Ebeam § i

The é electron flux will be ~2_1019 elecirons/sec mz. Therefore the
current density is ~3 Afem®. In the case of a 3D cm diameter beam, the total
current is ~2000 A. This is the minimum beam current, but the real value
could have been higher.

It seems to be very likely that the beam was just above the threshold
level, and blew up when the blade absorbed part of the beam current.

The beam explosion threw part of the beam electrons inside the fuselage,
some of them were collected by the body of the crew. When the radig operator
touched the antenna, this surplus charge left his body, causing an electric
shock. he electrons scattered in 30 had less chance to penetrate through the
air and the side sheet of the fuselage.

The white flash was the result of the pariial melting of the blade surface
in the REB. ;

There is one observation which could be interpreted as the direct conse-
quence of the fourth space dimension.

T.Neugebauer [26] guotes the case (without reference) where a B.L.
appeared in a restaurant and during its short lifetime a gold bracelet dis-
appeared from a lady's wrist.

The most likely explanation is the following: The lady's body had strong
electric charge, thus a sudden movement of the hand combined with the 4th D
magnetic field simply lifted off the bracelet. It wound up somewhere else
after the B.L. vanished. Such an effect might have happened on other occasions
as well with other, less expensive objects, therefore nobody has paid any
attention.

While most properties of B.L. can be explained by the 4D - REB model, &
number of issues remain unsolved.

Unsolved problems

While it is relatively easy to prove that the B.L. cannot be explained
by any three space dimensional model - if conservation laws are to be obeyed -
obviously a number of fundamental problem is raised.

Tf space is fgur dimensional, the field of a charge should decay as l/r3
instead of as 1/r". Is it possible to resolve this contradiction? The concept
of the charge has always been a source of problem. The multidimensional
approach might help in the understanding of the fundamental relation betweer
gravity, electromagnetic field, and electric charge.
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The multidimensional model renders possible the understanding of the
seemingly acasual appearance of B.L., which occurs in about 10 % of the obser-
vations,

There are about half a dozen observaticns which are even stranger; a B.L.
disappears when it is hit by an ordinary stresk lightning. Is it a streak
lightning of positive ions? Or a strange reversal of causality in the multi-
dimensional space? Or all of these observations were incorrect?

Causality might have seemingly strange features in a more than 30 space
for a 3D observer. The study of "ordinary" B.L. phenomena might help to solve
this issue.

In principle, the beam or ball diameter can be calculated if 40 eleciro-
dynamics is extended to relativistic, self-constricting space charged beams.
This issue is slthough not easy if the plasma interaction and ambient geomag-
netic field effects are added, but not very hard to grasp.

There is a less fundamental issue as well. Is it possible to formulate a
more simple multidimensiopal B.L. model? The large diameter ring shape has
been chosen in order to explain the temporal stability, the seemingly acasual
appearance, and silent - explosive termination of B.L. The temporal stability
definitely requires a closed form, so spiral-like open beams are unlikely.
However, other closed forms are possible as vwell, but the ring has been se-
lected due to its simplicity.

Experimental creation of ball lightning

All effects have failed so far to create B.L. experimentally. Powel and
Finkelstein have created luminous plasma blabs with high frequency electro-
magnetic radiation, but the plasmoid didn't possess the observed
properties of B.L. :

According to the multidimensional model B.L. cannot be created in labora-
tory in the usual sense. Two remote sites are necessary, far from each other.
(See Appendix C)

In the first site a very strong magnetic force field is to be generated
in a pulsed ( ~0.1 sec) manner. Recently up to 100 Tesla can be generated in
this way (but only for small volumes).

On the second site a pulsed electronic charge is to be accelerated
simultaneously with the first one, the electron velocities are to be parallel
to the 3D magnetic,.field. ReceEt technigues, using Marx generators, allow the
generation of ~10° Joule, ~s10° MW, ~10° A pulses.

In principle these could satisfy the requirement for a small, short life
B.L.

The existence of an additional space dimension can be tested experimen-
tally in a relatively simple way described in appendix C. Apart from these,
some new and strange 'effects are expectied to appear as well:

- In the multidimensional electromagnetic field the solid objects may

change their crystal structure, and may form an instable and temporary
crystal structure. (See Appendix B and D).

~ Consequently, electric conduction, magnetic properties and the shape of
the objects may change.

Keeping in mind these, such an experiment might be interesting not only
for cosmologists, but for solid-state physicists as well.
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Concluding remarks
2o o D DEMATRS

Summing up briefly the formation mechanism and major features of BL, the
most important point is that it can be created only in a four-space dimension-
al universe, where matter is distributed only in a 3D space, curved by gravity.
Outside of this stable 30 subspace there is no stable formation of particles
with restmass greater than zero. The fourth space dimension is not folded- or
at least its radius is definitely larger from that of the electraon.

The simplified formation mechanism is usually the followingy

a) A powerful streak lightning accelerates electrons, and due to the fourth-
dimensicnal components of the magnetic field generated by the lightning,
those of them having the greatest velocity will be lifted to the "empty"
fourth space dimension.

b) The accumlated (3D) electrons at the streak lightning impact site will
further sccelerate these electrons and they form a stable space charged
beam due to inward fields contracting magnetic field.

c) This beam will have a circular, closed shape due ta the circular mavement
of electrons in the geomagnetic field of the Earth.

d) This 40 ring will penetrate the stable 3D space at two locations:

1) at the site of the formation, from a sireak lightning impact

2) at the opposite end of the ring diameter, (second penetratiaon site). At
this place, there is no need to have lightning to uaise the appearence
of BL. Therefore it may appear in closed space, or in clear, storm-free
weather,

Major formation criteria:

a) The beam current must exceed a certain threshold value, I critical, in order
to overcame the repelling Coulomb forces, and to stabilise the beam. There-
fore the potential difference and the net charge of the inducing streak
lightning must be exceptionally large.

b) The length of the streak lightning frem the source to the impact site should
be as long as possible, in order to appear the effect of curved space,

c) At the impact site of the streak lightning charge accumlation should occur,
therefore the target material should not be well grounded, or electrically

; insulating. i

d) There should be no solid object at the secend pentration site, because it
will absorb the beam energy

All these criteria are to be met simultaneously. The temporal stahility is

increased if the beam is orthogonal to the 3D space, or as close to orthogonal

as possible. As all this criteria are seldam met simultanecusly, the rarity

of BL is eary to understand.

The question naturally arises, why the BL is the only phenamanon, which
requires multidimensional explanation? In the inaminate vorld, the multi-
mensional properties of the space time manifold become significant only if
large distances, strong field and freely movable electrons are .involved, These
come together only in case of atmospheric electric phenamena. (This is the
reason why some of the observations were published in meteorology journals.)
Therefore BL can't be produced in the usual lab circumstances, where the
distances are small. the only exception could be a large particle accelera-
tor during sotrm, hut there the strength of the local magnetic field exceed
that of the remote field. Magnetic fields of the accelerators are designed to
keep the particle in a regular path with an-increasing field. So even the
accidental chance of particle disappearance is ruled out.

Major consequences of the multidimensinal beam model:

a) The shape of the 40 beam penetration through the 30 subspace will be
spherical, or ellipsoidal,

b) The movement of the beam - or its visible part, the BL - is governsd by
electromagnetic fields. N

c) The impact site will be 8 source of cantinous electron emission, due tao
scattering, and this will esuse the appearance of the halo, ionisatian
channels, sparks, crackling sound, etc.

d) The beam (BL) is stable as long as its current exceeds the critical level,
then it will explode emitting all of the remaining beam electrons.

2} The amount of energy released at the penetration sites for a given beam is
proportional with the target density and Z.

£) The colour of the BL is the conseguence of plasma excitation phenomena in
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rarefild gases by electrons, and the seme phenomena takes place in the aucora.
While on one hand it is important to prove that the Bl can be explained in
the above way, it must be proved that it can't be described hy a 30 madel. At
first it must be noted that BL has not been created in the laboratory, despite
consecutive attempts. Luminous plasma has been created, bui allways in confined
tubes, never in the free atmosphere. None of the characterisfic BL features
were observed, like aura, spark emission, regular shape, self sustained
existence.

There are two major groups of 30 thenries for HL, depending upon the as-
sumed energy source.

a) External enmergy source, from streak lightnings through shart wave EM radia-
tion (Kapitsa, 1957). The following problems appear with this model:

1), The EM radiation from the lightinings should be continous, focused, and
at the same wave length, while none of this criteria is met.

2) The BL plasma should be electrically neutral, while observations strong-
ly suggest caontinous electron emission. '

3) Electrically conductive objects would be heated by the eddy currents
induced by EM wawes, but electrically insulating ones not. Dbservations clear-
ly show that BL heats everything, regardless its conductivity.

4) The presence of such strong inducing EM fields have never been ohserved
in nature.

b) Internal energy source plasma sphere models
None of the several models are able to account for the major properiies of BL,
not to mention its formation. There are severalcontradictions in the behaviour
of BL if it is to be explained in this manner.

1) The spherical shape is explained by surface tension-altough the very
concept of surface is not interpreted for a gas. Nevertheless in jet propul-
sion, plasma MHD and fusian research surface tension effects never appearad.

2) The density of the plasma should he equal to that of the ambient air,
and BL ought to be driven by air-which contradict observations,

3) The cccasional powerful energy release can’'t be explained by chemical
interactions, because the energy density is higher than that of the explosive
chémicals. Further on, energy transfer betwesn a plasma sphere and a solid
object results much slower, and different interactions than in BL interactions.

4) The usual features like halo, crackling sound, etc.are mot accounted for
in these models, neither appearance in closed space and lightning-free envi-
ronment, and high altitudes.

5) Chemical energy producing reactions take place only in combustible ga-
s85, but not in air. These reactions yield small energy production and vary
quick reactions. They cannot account for the spatial and temporal stability
of the BL.

6) Experiments with plasma never indicated the formation of stable, self-
sustaining spheres. On the contrary, plasma is noted about its rapid cecambi-
nation after the external energy source is turned off. The recombination
takes place within milliseconds regardless ip the heating method.

A lage number of entirely different models were proposed so far to describe
the properties and formation of hall lightning. These was only one common
feature in all of them - the three space dimensional paradigm - which is so
unguestionable, so natural for most of the researchers. Even those, who work
in the area of multidimensional space models think about it usually as a
necessary mathematical absiraction, not as physical reality. The ball lightning,
this curiocus, rare natural phenomena might lead to a change in our wiew about
nature.

To study the behaviour of BL will help in the understanding of a fundamen-
tal issue: the structure of space-time. The BL is definitely more than meets
the eye; it should be in the mainstream of physics instead of & nearly
forgotten curiosity. ;
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and time if the enexgy is transported by heat conduction

If B.L. isg to be explained as g plasma sphere, the high
temperature is the first problem to be explainad. The second
problem is that the melting end evaporation temperatures
are relatively near to each other. As there is no hest
conduction above the evaporation threshold, simply because
the material is evaporating, the conductive heating from
plasma blob is ruled out. Tn every observation the energy
transfer has the same Teature: it cannot he explained with
heat conduction or with heat radistion Trom 8 plasma blob.
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The magnetic field ig always
vertical regardless of the -
distance from the conductor.
The qualitative outcéme of an
experiment will not change far
from the conductor,

b

curved 2D space

magnetic field
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curved 2D space

The magnetic field, is practically
vertical to the surface near the
conductor, however, moving away
from the conductor the sifuation
will change: a horizontal component
will appesr gradually. The
gqualitative ocutcome of. an experiment
will change far from the conductor.

Figure 2. Simplified 2D amalogy of the magnetic field around a linear
conductor in a flat and curved space

While case a/ ig really a 2D problem, case b/ can only be at
best approximated that way. If the distances are long compared
to the space curvature, a 3D description is to be usmed for the

curved 2D space.
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Figure 3. Simplified 2D curved space analogy of charge removal

In the case b/ only the horizontal component of the magnetic
field is shown.
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i the‘current ig high
the self-induced Lorentz-force
congtricts the 4D electrons

scme of the electrons are
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i dimengion

*w re .k ‘;\J;;sh,m,m.r

charge sccumulation

second penetra-
formation sitg Lioy site

e

a closged
objeet cannot
stop the beam
penetration

Figure 3 The 2D analogy of the formation and the geometry of B.L.
c/ Temporary charge accumulation at the streak-lightning
impact site re-sccelerates 4D electrons. i3
4/ The geometricael form of the ring-shaped beam.

The ring diameter ig significantly greater than the beam
diameter,



=10

common segment
L segm

common segment

Figure 4. 2D anslogy of beam penetration

e/ The segment of a 3D cylinder and a 2D space is & circle if
they are perpendicular to each other.
If the cylinder is 4D and the space is 3D, their segment
is a sphere. ;

b/ The segment of a 3D cylinder and a 2D space is an ellipsais
if the inclination angle is 0< o2 < I7 /2.
The inclination angle can be calculated from the ratio of
the ellipsis axes.
(If the cylinde? ig 4D and the space is 3D, their segment
is an ellipsoid. The ineclinstion angle can be calculated
from the ratio of the longer and shorter axes.)
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Figure 5. Electric potential distribution around a building &)
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a/ The electrons, the beam, move towards the high~gradient
locations ag chimney, window or tree,

b/ The electrons, the beam, move into the hole where. the
potential i the lowest (ground potentinl).

room with an opening:
the potential i1s zerc inside
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Appendix A

Stability of self constricted beam in vacuum and matter

The stahle propagation of electron beams without external or self-induced
fields is not possible, the beam will diverge due to Coulomb-forces. If the
beam has relativistic velocity, the invard Lorentz-force will stabilize the

propagation, due to self-field generation. (Lawson, 1958),

d? Ty ¥

Mathematically gz~ - D03t T 21 is fulfilled,
where Y= N 9—7
me
ev
and = 1+2 ~
mc

That is, the stability is a function of space charge density/ unit beam length,
and the particle energy.

The existence of stable beams has been experimiatally proven[27],

There are several means for the propagation of REB with arbitrary high cur-
rent [29] although not all of them are practically feasible.

The beam propagation has to be examined with its interaction with neu-
tral/ionised gas, plasma, or occasionally with liquid or solid target material.

If the beam has to pass through neutral gas, it will rapidly ionise the
gas, thus loosing some of its energy. The innisation will cause charge neu-
tralisation very rapidly in intense REB. Prior to charge neutralisation, the
beam could diverge, that is, different stability criterion 1is applied for
beams in vacuum. i

2 ’ b4
That is, g—% = 2 2-52 i:iﬁ:%i_ where
dz T P
Tian
fe= =
electron

Therefore, the degree of ionisation is crucial to stahility. The fe depends on
the psrameters of the given gas, as pressure, density, temperature, gas con-
ductivity.

Consequently, the same beam could be instable for a different set of gas
parameters. 4

Due to the multitude of essential parameters, the stability sriterion
cannot be stated simply.

The beam front propagation stability requires the introduction of an ad-
ditional parameter, the magnetic neutralisalion term. This parameter
describes the destabilizing effect of the electric field induced by the cur-
rent of the beam front. (As B.L. can be described as a practically steady
state phenomenon, this effect is negligible apart from a very brief initial
pariod. However, if this stability criterion is not met at the very beginning,
the B.L. cannot be formed},

So it is possible to heve stable REB under different conditions as shown
on the next table:
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propagatiaon

T £
conditions elect magH

in vacuum

e

in ionised gas,
steady condition

Ju
[
&

in neutral gas
initial stage = 1 4 1

The same conditions could be used for REB propagation in liquid, because
the ligquid will evaporate and be ionised, provided the beam energy disgipa-
tion is enough for the continuous energy supply, so Pliq‘: Psat(Tvapur)'
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Appendix B

Qualitative case studies

Source: Singer f17, p40,41.

Case description

Analysis

An airplane encountered a B.L., diame-
ter 10 ocm. On the fuselage the hemi-
spherical (9 mm diameter, 2 mm maxi-
mum thickness) rivet heads were melt-
ed.

The rivets were arranged in two Tows.
A shower of sparks appeared. The cabin
was _strongly magnetized, causing a
100" error in the compass. The radio
was operating, but the radiocompass
was incorrect.

The shell of the fuselage remasined
unharmed.

Source: Singer [13.pp37.

A dull red, pear shaped

B.L., appeared in a closed room, of
2 ft. thick walls.

Short, red streamers flared out from
it in all directions.

It left the room, over the top of
truck, exploded about 1 m above the
ground.

Circuit breakers were tripped and fire
started where the wires were within a
few inches from the B.L.

The B.L. was attracted to the asir-
plane, due teo electrostatic charge
influence,

The electric force field was the
strongest at the rivet heads, there-
fore the B.L., (the beam, touched
them, yielding melting and gvapora-
tion.

When a rivet head was evaporated, the
electric field lead the B.L. to a new
rivet head. The process was continued
until the plane fuselage became ne-
gatively charged, thus repulsing the
Bali

The B.L. could have been ellipseidal,
causing magnetisation in the instru-
mentation, or multidimensional recris-
tallization took place.

The beam cross section was irregular,
due to the absorption of positive ions.

4D beam passing through a 3D room, at
the second penetration site.

Due to collisions with air atoms,beam
electrons are lost, forming aura
around the B.L. At certain points
lacal electron streamers are formed,
where the local ionisation rate is
higher than the average, these ionisa-
tion channels emit light, and they are
visible.

The electrons filled the room, thus
the Coulomb force pushed out the B.L,
The scattered electrons charged the
truck and as there were ng sharp pro-
jections on the top, it repulsed the
B.L. At a critical energy loss, the
beam exploded.

Part of the scattered electrens were
collected by the wiring, the sudden
overload of current overheated and

melted the breaker, and the current
overheated the wiring, causing fire,
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Source: Barry £57 pp 47.

Case description

Analysis

A red ball lightning, diameter 10 cm

descended from the sky

Struck a house, cutting a telephone
wire
The B.L. burned a window frame

It came to a barrel, filled with water
of about 4 gallons.

The dissipated energy in the water was
about 3.10 Joule, but mass loss due

to evaporation was not estimated, due

to lack of data.

Source: [46], pp 136,
(case 44)

A blue 40 cm B.L. appeared, without
lightning. .

The borders of the ball were blurred.

After an explosion the ball disinte-
grated, and tickling sensation like
from static electricity, was felt.

(case 64)

Lightning struck a lake, an ellipsoid,
luminous form, like a discus formed
at the impact.

Its dazzling core had about a 1 m
diameter, the blurred edges were 2-3 m
dCross.

Most probably high energy B.L. crea-
ted by a forked streak lightning. It
moved downward, because the Earth
surface is on a smaller potential,

The wire was thin, therefors a high
gradient electric field was created
by chargs influence. The B.L. was
attracted, as it couldn'tcharge the
wire, being grounded, it melted it.

Some sharp metal part, perhaps a nail
or a knob was there. After charging
them, the B.L. was repulsed.

The B.L. approached the barrel being
on the smallest potential, so the
beam heated the water.

The water boiled and evaporated,thus
overheating the vapor, and ionising
it. The estimated value is a pessimis-
tic calculation, Brehmumstrahlung has
not been considered, neither mass loss
due to evaporation.

The beam has been observed at the
second penetration site.

Beam had no sharp edge, contour,

The beam became instable after a
while, then exploded. Part of. the
electrons, scattered around caused
the tickling sensation of the obser-
VErS.

Streak lightning turned into hall
lightning, and the heam was not per-
pendicular to our 3D space.

Edges were blurred, bscause the ion
temperature was less there due to a
high local surface/volume value. The
inclination angle has been about 30°
to the 3D space from the 4thD. (Assu-
ming 1. m beam diameter and 2 m ellip-
soid length. )
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Case descriptiaon

Analysis

(case 43)

B.L. fell in 2 storm
(behind a power line)

15 cm diameter
te the ground,

It fell into 3
glowing pieces
the top of the

identical balls,
spurted backwards from
balls.

Two balls rolled on the asphalt

The third approached a wire fence and
passed it without effect

(case 15)

A streak lightning stroke a building,
destraying the wiring throwing out the
eleciric meter of the wall,

passing through a crack of the wall

-1t bounced down on the steps like s
ball, and disappeared in a grave mound,

Source: Charman{ 23 pp 265

During heavy thunderstorm,
struck the roof of a metal

lightning
hangar.

A bluish, 12 cm diameter

B.L.appeared
moving in an erratic zig-zag

za

The B.L. touched the ground with, a
loud crack.

An observer, standing about 3 m from
the impact site, received a strong
electric shock despite rubber soled
boots.

Formation unspecified, perhaps the
power line had a role

Beam instability
Sparks emitted from an ionization
channel an the top of B.L.

The asphalt, being non conductive,
repulsed the two B.L, with their own
electrons, which formed a layer on
the surface.

The fence attracted the B.L., which
had a low energy, thus the wire was
nat melted.

The streak lightning was transformed
into ball lightning with the help of
wiring in the wall.

Electric field of the accumulated
charge forced the B.L. through a
crack,

emitted electrons formed a repulsing
electron layer on the surface of the
stane steps, the beam collapse has
been initiated at the other penetra-
tion site.

Streak lightning is farmed into a B.L.,
with the help of conductaor, changing
the direction of the electrons,

Flectric field changed frequently and
randomly in the thunderstarm, causing
a8 zig-zag movement pattern.

Beam energy reached the critical limit,
exploded.

Beam electrons after the blow, scatte-
red by the air molecules caused the
electric shock.
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Case description

Analyses

pp 272,

After a near flash tg a house

a B.L. appeared in a closed room like
a fire-ball, giving a buzzing crack-
ling noise, like an are welder

The B.L. flew near the observer, whao
covered his face, but no heat was felt,

The B.L. disappeared suddenly, there
was no damage to the room.

Source: 0.A.Kolosovskij, Zh.Techn.Fiziki,

Ouring a sform, a class of students

noticed a 5 cm diameter, orange
coloured B.L., floating outside of the
windows. The B.L. was "hairy" all the

time. Tt moved towards the closed glass
windaow, and a hole appeared gradusally
on the window pane. It tnok about 1 sec
to make a 3 cm diameter hole on the
outer window pane, while the internal
one was unharmed.The edges of the glass
were red during the process, Soon 1t
moved away, and exploded with a loud
bang. The teacher, who held a slide
projector in his hand, received an
electric shock at the time of the
detonation The hele on the window pane
has not been of uniform diameter: its
outer diameter was larger by 1 mm than
the internal one. The edges of the hole
were not melted. The subseguent stress
analysis showed nog remanent mechanical
stress, Similar holes have been produ-
ced by CO, laser radiatian. Simulation
experiments by (gas blowing) flame
torches could not reproduce. the same
hole: the edges were always broken,
even if the flame was restricted to a
circular spot by a metal ring.

Source: Corliss, pp 70047

Samewhat after a powerful lightning
struck, an observer, sitting in a room,
Saw the paperlined frame covering the
fireplace opening fell down, and a
fireball of the size of a child's head
appeared and gently .wandered abeout the
room at low level over the floor tiles.
After carrying out a few moments in

The 40 beam passed through the room.
Secattered electrons were leaving the
arc-like noise

A low energy B.L. passed near the
observer, with negligible heat radia-
tion.

The beam collapse taok place at the
other penctration site.

Vol.51, W%, 1981. pp 856

A small B.L. approached the window
pane, and evaporated part of the
glass. Due to the spherical shape of
the 4D beam -3D space interaction,
the outer diameter of the hole has
been larger. As a consequence of glass
evaporation there was no melted trace
on the edges, but the scattered
electrons heated it to soms degree,
therefore, the edges were red for a
while. The scattered electrons were
collected partly between the *wo
window panes, therefore, the B.L.
repelled after a while, before it
could penetrate through the window.
The B.L. was "hairy" due to the ionisa-
tion channels.

When the beam became unstahle, it

blew up, part of the electrons got to
the classroam by penetrating t inugh
two window panes, other part of them
came directly from the 4thD. Some of
the electrons were collected by the
teacher's body, and the electric
shock was caused by their movement
through the ground wire of the
Rrojector. The unsuccessful simulation
experiments by plasma heating showed
again that the B.L. is not a plasma
sphere, only volumetric heating could
cause such a trace. This is dus to
the low heat conduction coefficient
and low tensile strength of the glass.
Such a trace can't be produced by
plasma of any temperature.

was

A B.L. has been formed from a streak
lightning, and it moved down through
a chimney due to the low electric
potential inside it, The covering aof
the fireplace has been blown off by
the shock wave of the lightning. As
no streamers on the B.L. surface are
mentioned, the rate of heam electron
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Case description

Analysis

different directions the ball lifted
to the height of about 1 m, it became
somewhat elongated, and made its way
along a slanted path toward s hole
about 1 m above the upper cornice of
the fireplace. This hale accomodated
the pipe of the stove, but it was
covered with psper. The fireball went
straight to this hole, pelled off the
paper without tearing it, and ascended
into the chimney. It climbed up very
slowly to the mouth of the chimney
which was about 20 m above the ground,
and it produced a dreadful explosion,
which destroyed part of the chimney,
and hurled the broken pieces into the
yvard. The roofing of several smaller
building caved in. The fireball did not
radiate any noticeable heat, to follow
conducting bodies, or to veer away from
air currents,

(First published in Comptes Rendus,
35:2-3, 1852)

Source: Stahanoviglpp B89

During a storm, a white 20-30 cm dianm.
B.L. descended from the sky

It moved vertically to a garden tap,
diameter 5-6 cm, height 70-B0 cm from
the ground. After the impact i% melted
the top part of the tube, the end be-
came closed, melted iron drops were
found, and the colour of the fube chan-
ged like the steel after hardening.

pp 30

A soldier was awakened by a shot from
his own rifle under his head. After
opening his eyes, he saw a small B.L.
going around the room, then leaving it
through the window. The rifle was
melted on a small area, 5 mm diameter,
and 3 mm deep. The metal evaporated
from the small hemispherical crater.
The soldier felt no heat during the
events,

scattering had to be low, that is, the
ion density had to be low inside the
impact volume as well. Consequently,
the heat radiation had to be low as
well. The conducting bodies were not
grounded, so the B.L. was not attract-
ed to them. 1

After a while the room was filled by
scattered electrons, the electric
potential became higher inside than
outside. The B.L. started to mave
towards the covered chimney opening,
where the electric potential has been
the lowest. It became slightly ellipti-
cal in the non-uniform eleciric field,
this slightly increased th= electron
scattering rate. Scattered electrons
moved towards the chimney hole as well,
and part of them were stopped and
stored on the covering paper and its
periphery. The repulsion between the
electrens on the paper and the wall
peeled off the paper, before the B.L.
got there. The beam had become un-
stable by the time the B.L. reached
the mouth of the chimney, it blew of,
but only a fraction of its energy was
released in the form of mechanical
energy of the shock wave; most of it
heated the envirament.

The B.L. has been formed in a cloud-
-cloud streak lightming.

Due to charge separation, it moved
towards the grounded, vertical metal
tube. As the tube had hbeen grounded,
the B.L. was not repelled.

It melted the upper part of the tube,
closing it. The high temperature
caused the change of colour.

The B.L. has been attracted through
charge separation towards the metal
rifle. When the B.L. reached the
rifle, evaporated a part of it, and
heated it as well, causing the firing
of a bullet. The impact crater was
small, because the rifle has not heen
grounded, the scattered B.L. electrons
charged the metal. The negative charge
repelled the B.L. and the rocm has been
Tilled with electrons as well. This
space charge repelled the B.L. from
the room as well.
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Source: Stahanov
20UrCe: vtananov

Case description

Analysis

pp 33

2 B.l. jumped ocut of a stove their
diameters being 10-15 em. They moved

from the kitchen through a corridor to-

a room, They approached the grounding
wire in the wall, their shape became
ellipsoidal near the wire, and they
disappeared when they touched it.
They emitted a crackling sound while
they moved.

pp 38

A group consisting of 25 tourists abser-
ved a B.L. during a storm, in a forest.
At first it waes white and at the height

of the tree tops. It became gradually
vellow, then orange, later red. It
gradually descended, continously spit
ting sparks and "materials". The
pieces of material were visible for
longer periods then the sparks.

The B.L. became deep red at ths end of
its existence, and its interior was
quite dark. ]

The B.L. vanished silently near the
ground. The B.L. was visible from only
one paint in the narrow path, so the

tourists observed it one affer the other,

each for 5-6 secands.

Pp 128

Ouring & storm, a streak lightning hit
the ground. Drops of fire emerged from
it, which in 5-7 sec formed a 50-70 cm
diameter fall. It rose to about 2 m,
and started to move horizontally.

The B.L. most probably came through
the chimney, and it was split hy an
ungrounded object. ;
Filling the kitchen with scattered
electrons, it moved to the adjacent
corridor and then to the room.

It was attracted by the grounded
wire. The eleciric:force field has
been quite inhomngeneous around the
wire, it-distorted the hbeam craoss-
section. Thus the beam cross section
became elongated.

At the grounding wire the beam
electrons were collected, and the
beam collapsed. The corona discharge
caused the crackling sound. The beam
collapse has been initiated at the
other penetration side, so the B.L.
vanished without explosian.

The B.L. must have been loaded with
ions, that is, it was a "hot beam".
The ions drifted towsrcds the gdge of
the beam, and the ion cluster was
periodically torn off when the
centrifugal force overcame the
Coulomb force. These clusters, leav-
ing the beam, were seen as the
"material". This ion ring, iaon clus-
ter was parallel to the 4D electron
beam, but its diameter was less. The
cluster collided with the air mole-
cules, thus it produced visible
light, but this periodic phenemenon
had a shorter 1ifetime than the beam
itself. However, its lifetime 'was
longer than that of the sparks.,

The B.L. must have been pear shaped
periodically, but it was guite far
(about 25 m) to be observed carefully.
When the penetration length became
comparable to the B,l. diameter, the
internal patt became dark due to
stronger energy dissipation in the

" centre than at the edge. The beam

collapse has been initiated at the
other penetration site, the explosion
has been produced there.

After the hit of the streak lightning
part of the electrons accumiated in
the ground. The electremns of the
streak lightning decelerated near the
impact site, and the 40 Lorentz-force
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Case description

Analysis

Arms pratruded from its surface, its
surface seemed to boil. A stone wall
stood in its way, therefore the B.L.
changed its course. As it moved away,
it passed along a3 haystack, and
ignited it.

pp 128

A streak lightning hit the surface of
a lake, and a 10-20 cm diameter, oran-
ge B.L.emerged from the surface. It
lifted to about 20-50 cm off from the
lake surface, it moved horizontally,
about 30 m.

It suddenly sunk in the lake, a
detonation was heard, and steam was
visible above the surface.

pp 127

A streak lightning hit
line,
AB.L.
vire.
It jumped to a lower wire, moved for a
while, then split apart among the
branches of a nearhy tree.

the pawer
not far from the mast.
was formed, it moved along the

removed them from the 30 space.
Moving away from the impact site, the
electrons were accelerated again.

.Reaching the current thresheld, they

formed a stable self contracting 40
R.E.B. The streak lighning consisted
of -several separate strokes, thus
several small beams were formed at the
start. The parallel ring currents
attracted each other, thus the beams
merged, formed a single beam. (4D ring
current). The B.L.formed this way was
repulsed from the ground surface, it
lifted off. Corena discharge produced
ionisation channels, "arms". Dus to
turbulent heat transfer at the surface,
and large temperature gradients, the
surface seemed to boil. The B.L.
changed its course at the wall, be-
cause scattered beam electrons accumu-
lated on its surface.

Like in the previous case, streak
lightning electrons were accumulated
temporarily in the water. The electric
field of the accumulated electrons at
first decelerated the electrons of the
downward streak, while the 4D Lorentz-
force removed the electrons from the
3D space. Ring shaped electron beam
was formed in the magnetic field of the
Earth, and this ring had two intersec-
tions with the 30 space. In this case
the formation site was observed. The
beam would have moved towards the
Earth surface due to its low electric
potential, but scattered beam electrons
accumulated on the surface prevented
it, so the movement was horizontal.The
direction of the movement was deter-
mined by local electric fields. A
sudden electric flash in the nearby
forced the beam into the lake, where
the water evaporated in milliseconds
and the beam passed through ionised
M™ and 0" atoms. Cutside of the impact
sphere they recombined to form steam
bubbles, which caused the sound effect.
When the beam became instable, a large
amount of energy was dissipated in
the water.

The hit of the stroak lightoing heatod
the power line inergasing its ohmic
resistanee. Tewparary charge ageumla-
tlon ocoured, B.L. was formed. The
vhserver reported the B.L. at the
formation site. It moved for a while
along the wire, but it was overheated,




=R

Case description

Analysis

It fell to the ground in small
spheres, then they moved on the ground
up and down.

They emitted sparks continuously
during their whole lifetime, about
10-20' sec,

The B.L-s were extinguished silently.

pp_98

During a heavy storm a person entered
a room. He felt a sudden hit on the
back of his head and lost consciousness
for two weeks, Other observers sitting
in the room reported that a small

5-7 cm diam B.L."jumped" from the
socket of the lamp and moved towards
the head of the injured person.

At the same time, when the B.L. was
observed, the thunder of a nearby
streak lightning hit was heard.

pp %7

A 20 cm diameter B.L., jumped off fram
a telephone, it burned through a wall
made of thin wood, it continued its
movement by burning through two woaden
doors, then it moved to the street,

A 20 om diameter B.L. jumped off from
the socket of the wire broadcasting. It
moved to the door of the stove, and it
disappeared.

pp_130

A small, 5 om diameter B.L. appeared
on the tap of a heating radiator. It
detached from it; moved to a pile of
nails under the table. It Jumped off
from them, then returned again to
them, and blew off in a small detona-
tion.

ohmic resistance increased, the
scattered electrons repelled the baam.
The lower wire attracted the beam due
to charge separation, but after a
while the same phenomenon was re-
peated,

The branches of a neacby tree became
charged by scattered electrons, and
the beam was splitted. Positive ians
were absorbed from the ambient air
during the whole process, so the beam
maintained stability after the split.
The small B.L-s extinguished silently
dug to charge compensation by the
positive ions. The spark emission was
a consequence of scattered beam
electrons. The beam became ynstable
at the other penetration site.

The reported B.L. was observed at the
second penetration site. The beam
passed through a room being aon overall
ground potential.

Within the room it passed near to the
lamp socket, because it was attracted
by it. After heating it the B.L. was
repulsed and it moved towards the
persan just entering the room (he was
probably wet as well). The beam
electrons caused the shock and the
faint. The electron beam-ring diameter
must have been small, 5-6 kms, be-
cause the thunder was heard, and the
B.L. diameter was small.

A B.L. was observed at a second
penetration site, it was created some-
where else. The electron beam governed
by ambient fields moved through the
wooden walls, hurning a hole into them.

Similar case as above, except that the
B.L. was attracted by the metal stove
door.

It was a second penetration site, the
B.L. moved to the nails due to charge
separation. After charging them the
beam was repelled, but the nails lost
their charge soon due to peak effect,
and attracted the beam again. The
beam blew up when it hecame unstable,
and the radiator collected the
electrons.
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Case description

Analysis

pp 107

A B.L. appeared from the electric
wire rolled to the table, fell to the
leg of a person sitting at the table.
The leg became red for several days,
but no heat was felt during the
contact.

pp 119

Two persons ohserved a B.L. moving
through a hole on the window pane,
from a distance of 10-15 cms. At
first the B.L. took an ellipsoid
shape, then elongated as long as it
was so thin that its diameter was
equal to that of the hole on the
window., It cracked and oscillated
continuously, from its surface

1.5 em long rays hang out. At the
end of these rays sparks appeared.

pp 118

A yellow, orange size B.L. was seen
to pass through a small hole on the
window. It looked as if it were
"Ilowing from one half to the other,
(from the outer half to the inner
half) :

The same as above, the redness on the
skin was caused by the electrons, and
soft X rays. The radiation dose was
small, therefore it disappeared.

The electric potential difference
forced the beam into the room. Around
the hole the field of the electrons on
the glass acted as a focusing lens,
distorting the B.L., the beam shape.
This was a temp rary phenomenon, it
regained its shape when it passed
through the obstacle, The rays were the
ionisation channels caused by the
scattered beam electrons in the hot
thermal baundary layer. The electrons
caused the sparking at the end of the
rays, outside the thermal boundary
layer.

The same as above. Recombination is
due not to surface tension, but to the
equilibrium of electric and magnetic
forces in the beam, A beam, which is
not orthogonal to our 30 space, yield-
ing an ellipsoidal B.L., would re-
combine again as ellipsoid after passing
through an obstacle.

Source: W.R.Corliss: Handbook of unusual phenomena. Source book Project[t]

pp_76

After a sound of explosion a torpedo-
shaped B.L. has been ohserved, 50 ft
about the top of buildings. The sky
was entirely clear overhead, and
clouds were gathering. A downpour of
rain followed about twenty minutes
later.

The B.L. was about 6§ feet long and

8 inches in diameter, the shell ar
cover having a dark appearance with
here and there issuing tongues of
fire from spots on the surface

resembling red hot unburnished copper.

It moved slowly, and the covering
seemed rupturing in places and thru
these intensely red flames issued.
When first seen it was surrounded by
a halo of dim light, some 20 feet in
diameter. E

The B.L. was created far from the
observation site, 10-20 km away in a
storm (a second penetration site has
been abserved). By the time the storm
reached the observation site it
dissipated most of its energy, there-
fore there .were no lightnings.

The beam inclination angle was small,
therefore the ellipsaid was quite
elongated. Due to this shape, the

beam electron scattering was VETry
intense. The B.L. was surrounded by

a number of ionisation channels,
(tongues of fire) and a dim halg. Its
lifetime was relatively short, due to
the continuous heavy electron loss. It
appeared with an explosive sound be-
cause when the beam penetrated through
the air at first, it heated the air very
rapidly.When the peam became unstable,
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Analysis

It exploded with a deafening sound
within 18- or 20 feet from the ground.

Sorce: Corliss, pp 73

An observer reported a biuish green

2 ft diameter B.L. laying around 1/4
inch diameter "strings of light".
There was no rain, no sign of thunder.
It remained at the feet of the observ-
er for sbout 3 sec, then rose, cleared
the houses some 20 f£ , and landed at a
distance of 1/4 mile,

There was a loud explosion and much
damage done to a house.

Source: R.A.Leonov, pp_16[7]

During a storm, a reddish ~ 3 cm
diameter, nut-size B.L. appeared from
a clay stove, in a peasant's house.
According to the observers, the B.L,
made some random-like movement, then
ascended to the desk slowly, towards
a metal cooking pot, and the metal
surgical instruments of a medical
student, one of the observers. It
hovered there for a while and then
left the room via the gpen door, It
approached a tree on the yard, its
shape became ellipsoidal, and its
colour became whitish when it reached
the tree. An explosion was heard, and
the tree was ignited. It burnt for a
while, but the flames were soon
extinguished by the rain. During the
explusion dry "electric sound was
heard from the neighbouring houses as
well. The medical student noticed,
that his surgical instruments were
magnetised, but it disappeared after
a couple of days. The whole event took
about one and & half minute.

Source: R.A.lLeonov, pp 21

A B.L. flew to a kitchen through the
open window. It approached a pot
filled by water, it turped around and
flew out to the street. It killed two
men and a horse on the sireet, and
melted a part of a railway rail.

it disintegrated by a loud detanotion
again, due to the sudden release of
leftover beam energy.

The B.L. was observed at the second
penetration site, while it was created
far away. The observer did not notice
the actual formation of the ball at
the second site.

It stopped for a while near to the
observer where he saw the ionisation
channels, It moved further away, and
exploded near a building damaging it
by the release of the leftover beam
energy. P

The beam moved to the room due to its
low potential. It moved towards the
metal pot and the metal surgical
instruments. These became magnetised
but not by the usual and Known magne-
tic domain rearrangement, but osten-
sibly by multidimensional recristallisa-
tion. This is & temporally unstable
phenomenon because only 3D matter
structures are stable. Consequently
this phenomenon is temporary, and it
has returned to its usual crystal
structure after a while. This ohserva-
tion has been important, it shed light
to this unstable, ostensibly multidi-
mensional solid state physics phenome-
non. Further features of the dbserva-
tion are the usual ones; near the more
or less conducting tree in the stirong
electric field the B.L. became elon-
gated. When it hit the tree the wood
has been heated and ignited. The beam
became ustable, and blew up, most of
the electrons were scattered arcund
the neighbourhood, and this caused
some sparks. The sound of sparks was
heard and noticed by the observers.

This observation clearly reveals the
difference of B.L. behaviour for
grounded and ungrounded conductors.

The pot was not grounded in the kitchen,
therefore the B.L. has been repelled
soon, when the scattered beam electrons
charged the metal pot to its maximum
capacity. The two men, the horse and
the rail was grounded, they atiracted

the beam, Peaple hit by B.L.are injured
by the heat of the beam dissipation,
but the lethal effect is caused usually
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Case descriptinon

Source: R.A.lLegnov pp 20

A propeller-driven I1-12 encountered
several B,L-s during a flight from
Irkutsk to Habarovsk. The small shiny
spots near the cockpit window merged
into a toroid-shape ring with a 1.5 m
diameter and a 10 cm thickness It
grew for.a while, and rotated quickly,
clockwise Its final thickness be-
came about 20 cm, when it blew off
with a loud detonation. There was no
damage, only the pa.nt was burned on
the nose of the fuselage.

Source: V.V.Baliberdin,

Analysis
by the DC electric shock. This case
clearly shows th=t it ic bettcz: to

avoid B.L., especially if the observer
is in the open air. But touching the
B.L. is very dangeous even indoors as
well, due to the heat and X ray effect.

This is an interesting and unique
abservation.

Several small beams united into a
bigger one, and the usual sphere shape
has been distorted by the conical shape
of the fuselage. The metal body of the
plane has been already charged by the
elecztrons, so it repelled and distorted
the beam.  This case shows tiat the B.L.
cannot be a plasma blob, becasuse it
would be blown away by the wind. The
beam only partly ionizes the air, so
relatively little energy is lost.

When the beam exploded, the scattered
electrons were repelled by the negati-
vely charged fuselage, so only little
damage has been done.

Samaljostoenie i tehnika vozducsnaja flote 1956‘N°3,

pp 102

A 30 cm diameter B.L., has been ohser-
ved while 1t broke through the roof
tiles, and melted a hole on the ceil-
ing. It made a couple of circles in
thz room, then it left via the open
door. When it was about 50 m from

the house, it blew up with a power-
ful detonation. The shock wave
destroyed -a small hut made of sun-
dried brick. Subsequent calculations
revealed that the power of the shock
wave has been six times more than that
of a 30 cm diameter TNT sphere. Other
types of chemical explosives would be
equally inadequate to produce the same
effect.

Source: R.A.lLeonav, pp 20

An IL-12 type propeller driven air-
plane flew at a height of 4000 m,
where there is no intensive lightning
activity.

A red-orange coloured ball lightning
was noticed by the .pilots, and it hit
the right hand side engine. A detona-
tion shoock the plane, but the engines
worked continuously. All the electronic
equipment, radio receiver and radicom-

The beam, while penetrated through the
ceiling, although lost some of its
energy, remained stable. When it was

in the room, scattered electrons were
accumulated, and the resulting repulsion
forced out the beam. (This is a general
feature, ‘it.occours frequently). When
the B.L. (the beam) moved off the house,
it became unstable, due to the loss of
electrons. The Coulomb forces in the
beam exceeded the self constricting
Lorentz force, thus the 'stability
criteria was not met. The beam electrons
were released, and scattered around

the impact sife. Their energy was
turned partly to the ionisation and
heating of the air, which produced the
shock wave. Other part of their energy
was transformed into brehmstrahlung.

The electric phenomenon is the most
interesting in this observation. The
temporary malfunction of the electronic
equipment could be & consequence of two
different reasons:

a) 40 scattered elecirons blocked the
proper functioning in the amplifiers
and condensers,

b) Electrically insulating materials
became temporary conductors, thus the
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pass ceased to fumction. However,
after a while they started to function
properly again, without any mending.
After the landing, the check-up showed
melted spots on the propeller hlades.

Source: J.R.Powel and D.Finkelstein:

proper functioning became impossible.
The malfunction of electronic equipment
is a usual feature of B.L. observa-
tions, and it cannot be the conseguence
of 3D scattered electrons, hecause the
airplane is a 3D Faraday cage.

Ball Lightning

1370,

American Scentist Vol. 5B, pp 262 780.
pp_264
A B.L fell from a tip of a funnel,

attached to the storm cloud towards
the ground and exploded when it hit.
The trees looked for a short time like
Christmas trees, as if they had candles
at the tips of the twigs.

A bluish-white, 30 cm B.L. appeared
after a lightning stroke a tree, It
had some discernmible internal motiaon,
and had a furry outline. It flew to

an apartment of a nearby house through
an open window. Then it moved to the
adjecent room through the opening of

a wooden screen. It maved haorizontally
in the room at a height of about

1.5 m, melted an almost circular hale
28 om in diameter through a closed
glass window, and exploded on the
ground below. (Meltirg a hole in the
glas: requires tens of thousands of
Joules).

A 10 om diameter bright blue-purpls
B.L. appeared in a kitechen du np a
sterm. It was surreunded By a flame
Coloured halo. The B.L. moved towards
the witness at the height of about

?5 ©m. The ball hit the observer below
the belt, and burning heat was felt.

A hole was produced on her dress, and
tights, but her legs were not actual-
ly burnt but became red and numb. She
brushed away the ball, and redness

and swelling sppeared on her palm, and
it seemed that the gold wedding ring
was burning into her finger.

The beam became instahle after reaching
the ground and the beam collapsed at
the observed site. The heam electrons
scattered around and accumulated an
the leaves of nearby trees. Due to the
effect of sharp edges and tips of the
leaves, the electrons left them at
these places. (Electric wind and tip
effect). This caused the visible bluish
light, which is called StFimo's fire.
A large amount of charge had to he
scattered around to cause this gffect.

The B.L. was created in the manner
described earlier. The obhserver noted
the internal motion in the plasma hlob,
due to turbulent effects, caused by
the ionising, heating effect of the
beam. The beam moved towards places of
low potential. It was forced to leave
the room through the window pane,
evaporating it. (Molten glass drops
were not reported or radial breaking
of the window pane, thus its material
has been evaporated). The beam became
instable when it hit the ground, and
exploded.

The witpess felt the heat snly after
the 8.L. eentacted her body, Her legs
beeame red and numb due to soft X-ray
radiation and the effect of scattered
beam electrons, The electrically non-
conducting skirt and tight became par-
tially and loeally effected, they eva-
porated, The legs were not in the
“stream" of the beam, therefore the
injury was only marginal. On the con-
trary her palm was burned, because it
had a direct contact with the beam.
The gold ring was the hottest,hbecause of
its high density and high Z. The B.L.
was repelled because part of the bsam
electrons sccumulated on the gkin, and
their repulsion made the beam move
away. The physical features (halo,
rattling sound, termination) were the
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Source: MNikolai Zhiltsov: Mysteries of

usual. Tt has to be noted that the
gold ring should have protected the
skin during that sudden hand movement,
but it was very hot.

Ball lLightning  Zemlya i vselennaja

An episode was reported by T.Vasilyeva
from the village of Kolotychino near
Moscow."At 10 o'clock in the morning
on May 10, 1978, a thunderstorm broke
out. As lightning struck a luminous
lilac ball the size of a human head
appeared on a light switch. In a
moment the switch caught fire. I
remember thinking that if the flames
spread to the wall-paper our whole
wgoden house could burn down. I
struck at the ball light and the
switch with all my might and it
immediately fell into a host of tiny
balls which came down on the floar.
Only then I was gripped by fear. My
hand had been burned down to the
bone and the skin on my fingers was
charred".

The following case has been reported
by navigator Valentin Akkuratov: "One
February afternoon in 1946 our four-
engine plane was on its way back from
long-distance ice reconnaissance
flight in the Arctic. The flight, at

a height of 1.200 metres, was proceed-
ing calmly. Suddenly, a blinding

white ball flashed in the navigator's
compartment.It smoothly moved along the
left-hand wall in my direction, and
‘stopped pulsating and swaying some
30-40 centimetres from my face. 15
didn't notice its heat but I did feel
a light prickling in the upper part of
my head. Then, changing its colour to
greenish, the ball moved down and
turned towards the hatch which led to
the radic cabin. Rolling under the

radio eperator's seat, it exploded
with a terrible roar. The seat's metal
legs melted and a fire broke out.
Luckily, the operater was unharmed.
After we put out the fire I
carefully examined the navigator's
compartment. All portholes and hatches
were tightly caulked and there was not
a single chink. Meanwhile, the radio
operator reported that the air was

This case is similar to the previous
one, with a major difference. While in
the former case the palm and the fin-
gers were tangential to the ball,
therefore & larger amount of electrons
could accumulate on the hand, rendering
possible a larger repulsive force, in
this case the fingers were radial, and
their velocity was ostensibly greater.
The hall fell apart, because heam
electrons were scattered and acecumu-
lated in the fingers, while heating it
in the whole volume. The repulsive
force of these electrons split the
beam from inside into several smaller
beams, which were stable for a while.
The fact that the whole hand was burned
Instantly in the full volume indicates
again the volumetric heating, not
energy transfer through the surface.
(A plasma blob could have damaged the

skin, but not down to the bones). The
physical features were the wusual: the
B.L. approached the switch due to the

attraction of the ground wire.

The observed location has been the
second penetration site. The navigator
felt the light prickling inm his head
hecause part of the scattered beam
electrons moved there. The seat legs
might have been melted pior to the
beam instability or during the beam
explosion. The silence of the radio
has been discussed earlier.

The real curiosity of the case is that
it happened in February, when the
lightning activity is marginal. Note:
If the B.L. had been supplied by radio
frequency electromagnetic waves, both
the navigator and the radio operator
should have felt the heat - but they
didn't feel it.
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clear and calm and there was no
crackling in the earphones - a sure
sign of an approaching thunderstorm.

Source: F.B.Mohr, Science, Vol.151, pp

34, 1966.

A basketball-size, bright B L. with
fuzzy edges appeared in a fiberglass
screened patio in front of the
witnesses. Thunder was heard at some
distance of the observer's vicinity.
None of the witnesses felt any hest
from the ball. The B.L. moved to the

floor and exploded. A neighbor's
electric range was shorted out when
the explosion took place. The
witnesses were not damaged, and the
whole event was over in seconds.

Source: Chsrman [5] pp.273

"Quite suddenly we {(two witnesses)
were aware of a large sphere (I think
coloured blue and 60 cm in diameter)
travelling very rapidly towards us.It
struck the ground a few yars from us
with a loud explosian. My parents
inside the house, who had not seen the
sphere, reported sparks coming from
one or more electrical junction hboxes"

This report concludes the qualitative case studies. It must
only those reports were of interest where the B.L. had some
its ambient, and the report contained some details as well.

most reports are unusable,
nothing special happened,

because the
or important

Second penetration site, and beam in-
stability at the observed location.

The electron range was shorted out by
the electrons of the exploding beam.
The source of these elecirons was not
the visible B.L., because the observers
sitting in a closed room were not

injured, but the expanding 40 beam.

The room was more or less protected,
because during the lifetime of the B.L.
scattered beam electrons were accumu-
lated there, and the expanding beam
electrons were repelled.

This is the reverse of the previcus
case, a B.L., outside of a roum, over-
loaded the electric wires inside a
room. The electrons came from the
exploding beam, and the electric wires
collected them. There is po informa-
tion wether doors and windows were
open or closed. The subject did not
reported electric shock, so most
electrons were collected by the wiring.

be noted that
interaction with
Unfortunately
observers lost sight of the B,L., or
detalls were missing. Nevertheless, it

can be shown that a large variety of different events can be deduced to a
small number of basic phenomena, like beam stability, and electron scattering.
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Appendix C

Possible means of experimental verification of the multidimensional
: formation mechanism

In principle there are several methods for the experimental verification
of the previously described B.L. formation mechanism. There are iwo hasic
issues to be proven:

1) that the space time manifold contains at least four, locally non
folded space dimensions, and matter is stable only in three of them;

2) In that structure a self-contracting 40 REB may exist ' temporarily
and it will form a B.L. where it pernetrates the stable subspsce.

Obviously the first issue is of fundamental importance, while the second
one is more or less a technical one. However,if B.L. can be farmed artifically,
a number of issues of high importance can be studied, ranging from multidimen-
sional solid state physics to biology.

There are several possible experimental means to study the topology of the
space time manifold, some of them will be briefly described here.

1) Verification of the temporary existence of electrons in the fourth
space dimension,

There are two different ways to test the presence of electrons in the fourth
space dimension.

a) Experimental verification of the electron transition to the 4thD. The
procedure is similar to the B.L. formation mechanism, but much weaker electron
currents are enough to produce the effect. It has to be verified that
electrons leave the 3D sub-space as a consequence of a 40 magnetic field. (See
Fig 1). Electraons should be accelerated in a linear accelerator, along the
axis of a large conductor loop.In the case of a 3 space dimensional universe,
the magnetic field of the loop would not influence the elecirons, because the
Lorentz force is zero, as the magnetic field and the electron velocity are
parallel. But if the space is curved, and the magnetic field has fourth dimen-
sional components, the resultant Lorentz force will lift off the electrons to
the fourth D. The magnetic field must he far from the accelerator, in the
order of several km-s, and the loop diameter and current must be substantisl.
There is an optimum distance between the loop and the beam electrons - at
small distances the space is not curved enough for the effect to appear, on the
other hand at long distances the magnetic field is too weak to produce the
effect.

In order to plan such an experiment, & sort of unified field theory would
be necessary to carry out the calculstions.

However this experimemt would be expensive, and without primary verifica-
tion of this effect the risk will not be taken.

b) A financilly less expensive way to prove that electrons arrive from the
fourth space dimension. That is, it has to be shown that the appearance of the
electrons at a certain place can be explained only as the consequence of the
electron impact from the 4thD.

As it has been discussed earlier, 4D lLorentz force removes part of the
electrons from the 30 subspace, but usually the 4D beam is not formed, because
at least one of the formation criteria is not met. Consequently the electrons
in the 4th dimension repel each other, spread and returm soon to the 30 as a
result of attraction by positive ions, and Ehrenfest stability. However these
electrons can be collected on a positively charged electrode, which is
shielded from 3D electrons, The problem is the proper separation of the few
4D electrons from the large amount of 30 electrons. Such arrangements are
shown in Fig.2.

A grounded conductor has to be distributed into Eectiuﬂs, connected by
rectifiers. .It must be used as a lightning rod, but its outside surface is
to be covered by thick electric insulater. The aim of the experiment is to prove
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that charge appears on the insulated electrodes after streak lighining
impacts. The net current is to be measured. Special care is to be taken to
distinguish this effect from that of the charge separation caused by -a nearby
streak lightning. The insulation must be thick enough to shield from cosmic
radiation. The applicability of this solution depends largely on the reliabil-
ity of the rectifiers and current meters.

An other possibility is to use small capacitors connected in a series,
where a small amount of charge causes a measurable change in the voltage
between the electrodes. Here the dielectric between the electrodes ought to
be a very good insulating material, and the voltmeter has to have & high input
impedance to eliminate unwanted charge flow.

If excess charge appears on the positively charged insulated electrodes,
(after the elimination of the known 30 sources) them the conclusion is
straightforward. While the method is relatively inexpensive, one has to wait
for '@ stormy period, and the evaluation of the results requires a large number
of measurements in order to eliminate system errors. Nevertheless, at this
stage of ‘the developement this test method is the most feasible.

2) Artifical formation of B.L.

If a B.L. is to be formed artifically, there are two basic methods, similar
to those of the above discussed ones.

a) Inasmuch the linear accelerator is replaced by an extremely large Marx
generator, in principle, a 3D REB is formed, which is turned into a 40 beam
(using proper target material) with the help of the remote magnetic field.
At the present stale of development ‘the cost of energy storage in the Marx
generator (capacitor bank) is about 10 $/Jouls. As there are losses at the
generation site, and the loop of remote magnetic field is to be supplied with
a separate but similarly huge capacitor bank as well, the costs are simply
prohibilive. Needless to say, there are a number of unsolved theoretical and
technological problems as well, so the artifical B.L. formation can not be
realised in the near future.

b) The easiest way again is to help the creation of B.L. in lightnings.
A similar device can be used, like the one described ahove but not entirely
the same. The outer shell should be a material of high tensile strength in
order to avoid blowup during electron implantation, charge buildup on the
target. The electrical conductance of the cover should be about that of the
ivet soil, Inside the shell, a conductive, but non grounded small metal core
should be placed. It will attract lightning, and it will keep the B.L. in the
nearby.

The B.L. monitoring could be done automatically, as it emits X-rays, and
this can be detected by scintillation tubes. Fach unit should have at least
three X-ray detectors, and if at least two of them signal for larger than
about 0.5 sec, other test eguipment can be switched on.

Several phenomena can occur around B.L. and these can be experimentally
investigated; anomalous electric conductance, and magnetic effects, a small,
electrically charged object accelerated to a certain speed could leave a
closed box - just to name some strange and unusual consegquences of the multi-
dimensional model. ;

Obviously this method of B.L. creation relies heavily on weather condi-
tions, and luck in general, because strong enough lightnings are rare.
Nevertheless. at present this seems to he the only way to study B.L. and
associated phenomena.
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Appendix C Figure 1. Schematic layout of the test equipment for
chiecking the structure of space-time

a/ linear asccelerator and remcte magnetic field
If the spasce is more than 3 dimensional, the detactor
does not detect electrons when the magnetic field is
generated by the loop.

b/ After a streak lightning discharge some of the electrons
are lifted to the additional space dimenszion, Usually
they cannct form & B.L. These electrons could be collected
by the positive core. Only 4D electrons may reach the core,
thus the potential difference is less during elect»ic storms.
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Bstensible dimensionality effects in solid state physics

The dimensionality of an object in solid state physics is of practical
importarce, although ~this fact became well known only in the last derade.

For obvious reasons (apart from the usual 3D systems) only 2D systems can
be manufactured with gur present technology, and even this is technically
cumberseme, because sometimes a monoatomic Jayer is to be produced. Thep
electrons move parallel tog a plane only, therefore new effect spring up,
which are not present in a 30 system.

Such a new effect is for example the guantum Hall effect. In this case the
electron moves in a one dimensional potential well, and this resulls the rise
of discrete energy levelsg - energy subbands. These effects may appear at room
temperature as well.

In the 2D electran gas new guantum transport phenomens appear like the
above-mentioned quantum Hall effect, thermomagnetic effects, eto.

In a 4D system the basic difference is the appearance Df'kmmeralinugmtd]iiy
the system will collapse back to the original 30 state., There are immense
theoretical and technological problems in the study of 40 (more than 3 space
dimensional) system
If the production of art ficial B.L. could be realised, than a brand new class
of phenomena could be studied in solid state physics as well. There are in-
direct indications that these phenomens are non-linear, that isya certain
threshold value of the external 40 magnetic field is to be exceeded in order
to initiate these phenomena. The most important new phenomena are likely tn
be a sort of conduction and magnetic phenomena; electrically insulating 3D
matter may he conductive, non Terromagnetic 30 matter may show new magnetic
properties. All these phenomena are the result of a8 new, but unstable structu-
re of matter.

The reorganisation, recrystallization of matter could result in the change
of the shape of the originally 30 material. While these statements seem to be
strange, far-fetced and gualitative, it has to be noted that there are indica-
tions that such phenomena may take place in biology

In the case of B.L., this new type of conductivity would result the temparary
breakdown of electronic equipment - that is,not s permanent damage caused by
a beam - duting and after the existence of the 40 bgam for a while. It must
be noted that after the beam collapse other, stronger effects take place as
well so electronic malfunctions during the lifetime of the B.L. are the best
indications for these effects. At the end of the gualitative case studies some
of these observations are analysed,
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Appendix E

Four dimensional beam interaction with different target materials

The trace of a B.L. impact upon solids is usually circular, and the
molten part is flat, parallel with the surface, like the impact trace of a 3D
electron bgam. On the other hand, it is known tha® B.L. is usually spherical
when it is in the air, so in principle its impact trace should be spherical
as well, This seemingly contradictory behaviour can be understood, if the
four-dimensional beam impact is anslised in details. In order to accomplish
this, the gecometrical nature of the interaction must be cleared.

When a 4D beam penetrates through a 3D space, each point of the beam
appears only once in their common segment. (That is,a beam electron appears
and disappears in the 30 space). Nevertheless, as the electrons interact
through their fields, and not as geomeirical points, their effect will be
definitely detectable, and the ionisation mechanism will be the same as in
the usual case. Only the efficiency of emergy transfer will be WOLse, as a
given electron will spend a very short time in the 30 space., Most of the
effect will come from those incident electrons, which will be scattered to
the 30 space from the beam.

There are two cases to be distinguished:

a) When the penetration length is longer than the longest axis of the
impact ellipsoid, there will be interaction in the whole volume - this is the
most frequent case, air-beam interaction. This canh be approximated as if the
electrons appeared at the upper part of the impact ellipsoid, and moved
continuously to the lower half, and there they disappear, that is,the 40 bean
is approximated by a 3D beam within the impact ellipsoid, or sphere.

b) The situation is different if the penetration length is shorter than
the longest axis of the impact ellipsoid, In principle the situation should
be like in the previous case, but the impact mechahism will be altered as a
consequence of Coulomb-force. The non-uniformly scattered electrons will
repel the beam and distort its shape, so the full beam impact volume will not
interact with the material, only a part of it.{See Fig 1).If the solid object
is a thin plate, the case will be like interaction with air, with some repul-
sive force. In semiinfinite solids the impact dismeter could be slightly larger
than the beam diameter (due to scattering) and the depth of the impact trace
will not exceed the penetration length, simply because the beam is repelled
before it could penetrate into the material. Therefore the depth of the
impact trace is proportional to the energy of the beam electrons for a given
material, but the full amount of energy is never dissipated in such interac-
tions, therefore all enecgy estimations are just coarse lower limit approxima-~
tions.

Obviously, two basic ionisation mechanism prevail for B.L. interactions:

a) primary beam impact, when the concept of penetration length and
stopping power can not be used in the usual Sense,

b) impact of the 30 scattered beam electrons, which is a routine calcula-
tian.

For air-beam interactions case a)is the more important, and for solid
target - 40 beam the case b) seems to be the more important, due to enhanced
scattering.
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