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When we decided to organize the 1st International Symposium on Lightning and Storm-related Phenomena, we 

decided that it was important to have keep the scope of the meeting as wide as possible in order to attract researchers 
working in different specialized areas within the broader field of Lightning and Storm-related Phenomena. 

We decided to create a forum for researchers to share their experience and knowledge in a relaxed and open manner to 
better enable cooperation and collaborations going forward. 

The success of the 1st ISL-SRP, with the participation of a number of high-level scientists from France and from across 
the globe: from Austria, Belgium, China, Germany, Italy, the Netherlands, Russia, and the United States, coupled the 
high standard of presentations, of discussions in the hallways have reinforced our plans to host the Symposium on a 2-
year cycle. 

The representation was rich with participants coming from which all appreciated to have had the opportunity to meet. 

Thanks to all participants, it was a pleasure to meet you all and become more familiar with your individual areas of 
scientific expertise.   

Finally, it gives me great pleasure to announce the 2nd International Symposium on Lightning and Storm-related 
Phenomena, which will take place at the same venue in Aurillac, May 10th and 11th, 2017. 

 

          Raymond PICCOLI 
          Director, Laboratoire de Recherche sur la Foudre 
          Committee chair 

 

Lorsque le projet d'organiser le 1er Symposium International sur la Foudre et les Phénomènes Orageux  a vu le jour, 

l'idée était d'accueillir le plus largement possible les différents acteurs de la recherche scientifique œuvrant sur la 
foudre, les orages,  et les phénomènes qui y sont associés. 

L'idée était également  de créer un évènement placé sous le signe du partage, le partage des expériences, le partage 
des connaissances, avec comme fil conducteur une science qui se veut ouverte, car elle est un bien commun que nous 
devons partager si nous voulons faire avancer les recherches. 

Nous avons tous, nous scientifiques, la chance inestimable de vouer nos existences à tenter de mieux connaitre et 
comprendre le monde qui nous entoure, à déchiffrer les secrets de la nature, et en cela, le partage est la clé de voûte 
de la connaissance. 

Cette expérience du 1er ISL-SRP a largement prouvée que nos espoirs n'étaient pas vains, avec la présence de 
participants de hauts niveaux qui ont pu exposer et débattre de leurs travaux respectifs dans une ambiance 
passionnée et amicale. C'est donc tout naturellement que le Symposium sera reconduit tous les deux ans. 

La représentation fut riche avec des participants venant d'Allemagne, d'Autriche, de Belgique, de Chine, des États-
Unis, de France, d'Italie, des Pays-Bas et de Russie qui ont tous appréciés d'avoir eu l'occasion de se rencontrer.  

Merci à tous de votre présence, ce fut un honneur de vous recevoir et de vous rencontrer.  

Je vous donne rendez-vous pour le second Symposium qui se déroulera les 10 et 11 mai 2017. 

 

          Raymond PICCOLI 
          Directeur du Laboratoire de Recherche sur la Foudre 
          Président du Comité de programme 
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A CLOUD-TO-GROUND LIGHTNING CLIMATOLOGY FOR BELGIUM 

BASED ON EUCLID OBSERVATIONS 

 
Dieter R. POELMAN1 and Laurent DELOBBE1 

 

1Royal Meteorological Institute of Belgium, Brussels, Belgium 
dieter.poelman@meteo.be, radar.meteo.be 

 
 
 

In this study, spatial and temporal characteristics of cloud-to-ground (CG) lightning in Belgium are 
presented. For this, observations made by the EUCLID network spanning a period of 10 years 
between 2004 and 2013 are collected and analyzed. 

It is found that mean CG flash densities vary between 0.3 km-2yr-1 in the west up to 1.8 km-2yr-1 
toward the east of Belgium, based on a spatial resolution of 5 x 5 km2. The average flash density in 
Belgium is 0.7 km-2yr-1. The same behavior is found in terms of thunderstorm days and hours, where 
in the east more activity is observed with a drop-off toward the coast. The majority of lightning activity 
takes place in the summer months between May and August, accounting for nearly 90% of the total 
activity. Furthermore, the thunderstorm season reaches its highest activity in July in terms of CG 
detections, while the diurnal cycle peaks between 1500 and 1600 UTC. 

In addition, there is a growing need to present the data in a clear and concise way. This should be 
tailored to the needs of the enquirer, but is also limited to what is technically possible. This is certainly 
true when displaying for instance the ground flash density Ng. A different approach is required since 
the level of details needed depends strongly on the target group. Obviously, to evaluate the risk of 
lightning damage for a specific building or storage facility, a higher level of detail is required in order to 
put an adequate protection in place, than when, for example, general info is requested by the media. 
Therefore, great attention is given to the different possibilities to present the flash density in Belgium. 
We propose that, besides displaying Ng graphically as a function of an underlying spatial resolution, it 
can be more sensible in some cases to allocate one value per commune or province when a detailed 
distribution of the flash density is not desired. 
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INITIAL ACCELERATION OF ELECTRONS OF TERRESTRIAL 
GAMMA-RAY FLASHES WITH A HARD SPECTRUM 

 
Mikhail L. SHMATOV 

 
Ioffe Institute, St. Petersburg, Russia 

M.Shmatov@mail.ioffe.ru 
 
 
 

One of the manifestations of the electrical activity of the atmosphere of the Earth consists in the 
generation of short bremsstrahlung radiation fluxes called terrestrial gamma-ray flashes (TGFs) [1-7]. 
The maximum energies of the detected photons of TGFs are about 100 MeV [3]. Some of the TGFs 
have a hard spectrum, i. e., a significant spectral density at the photon energies of several tens      
MeV [3-7]. The acceleration of the electrons of such TGFs occurs in the regime called cold or thermal 
runaway [3-6]. The possibility of the realization of this effect due to the electrical activity of the 
atmosphere was demonstrated for the first time by the fact of the generation of the high-energy 
photons in the experiments with the rocket-triggered lightning [8.9]. 
 The model of the initial acceleration of electrons of TGFs with a hard spectrum [7] will be 
presented. This model is based on the assumption that the acceleration of the electrons occurs at the 
stage of screening of the electric field with the intensity of the order of 106 V/cm near the lateral 
surface of a new conductive region, arising at the formation of a new step of a negative leader of 
lightning after the contact of the head of a positive volume leader with the channel of the main leader. 
The number of electrons undergoing such acceleration during the formation of one leader step can be 
of the order of 1017. This corresponds to the observational data [6]. Brief analysis of other models of the 
initial acceleration of electrons of TGFs with a hard spectrum [4,5] will be presented. 
 The model under consideration and those proposed earlier [4,5] correspond to rather compact 
regions of the formation of the fluxes of the runaway electrons and, therefore, to a relatively high 
radiation hazard of some TGFs for the crews, passengers and electronic equipment of the airplanes 
(see, e.g., Refs. [4,6,10]). The difference of the models seems to result in the significant difference of the 
predicted angular distributions of the fluxes of the high-energy electrons and photons. According to the 
model under consideration, the maxima of the intensity of these fluxes correspond to the directions 
that a perpendicular to the axes of the leader steps the formation of which has resulted in the 
acceleration of the electrons [7]. The models proposed earlier [4,5] seem to correspond to more uniform 
angular distributions of these fluxes. 
 
[1]   G.J. Fishman et al., Science 1994, 264, 1313-1316. 
[2]   V.A. Rakov and M.A. Uman, Lightning: Physics and Effects, Cambridge University Press, 2003. 
[3]   M. Tavani et al., Phys. Rev. Lett. 2011, 106, 018501. 
[4]   W. Xu, S. Celestin, V.P. Pasko, Geophys. Res. Lett. 2012, 39, L08801. 
[5]   S. Celestin, W. Xu, V.P. Pasko, J. Geophys. Res. 2012, 117, A05315. 
[6]   Dwyer J.R., Smith D.M. and Cummer S.A., Space Sci. Rev. 2012, 173, 133-196. 
[7]   M.L. Shmatov, Phys. Lett. A 2015, 379, 1358-1360. 
[8]   J.R. Dwyer et al., Geophys. Res. Lett. 2004, 31, L05118. 
[9]   J.R. Dwyer et al., Geophys. Res. Lett. 2004, 31, L05119. 
[10] M. Tavani et al., Nat. Hazards Earth Syst. Sci. 2013, 13, 1127-1133. 
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Alleged UFOs ball lightnings in human testimonies  
 

Xavier PASSOT 
 

GEIPAN, CNES, Toulouse, France 
Xavier.passot@cnes.fr  www.cnes-geipan.fr 

 
 
 
 
GEIPAN (Unidentified Aerospace Phenomena Task Force) is a CNES service,(Centre National 
d’Etudes Spatiales, the French Space Agency), funded by the French government. 
Its mission is to collect reports of UFO or UAP (Unidentified Aerospace Phenomena) sightings that 
have occurred over the French territory, to provide explanation when possible, and to answer 
questions from the public. 
 
Some of these sighting reports describe phenomena very similar to ball lightnings patterns. 
We’ll present some of these sighting reports, those who have been classified clearly as “ball lightings”, 
some others which describes only some characteristics of ball lightnings, but remain doubtful. 
 
We’ll show the common biases which affect the human testimony, mainly the bad estimation of 
distance of the phenomenon, which leads to size and speed misinterpretation. 
 
We’ll discuss about the possible key characteristics of ball lightnings in a human testimony, which is 
possibly biased by many illusions or beliefs. 
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Keraunomedicine: psychotraumatic symptoms confirmed in the 
multidisciplinary consultation of Toulouse University Hospital 

Ch.VIRENQUE1 , P.BIRMES2, J.LAGUERRE3, A.JOUBIN2 

 
1Université Paul Sabatier, Toulouse, France, 2Laboratoire du stress traumatique EA 4560, 3Service des grands 

brûlés CHU Toulouse, France. 
christian.virenque@univ-tlse3.fr      birmes.P@chu-toulouse.fr      laguerre.J@chu-toulouse.fr 

 

Neuro-sensory effects of lightning strike have long been known. The knowledge about side 
psychotrauma events due to lighting strikes, recently pointed out, was confirmed in 28 people coming 
to the multidisciplinary consultation of Toulouse University Hospital from March 2012 to July 2014. 

The consultation runs on appointment. A specific somatic-psychological questionnaire is completed by 
the patient with the help of his GP. This consultation is carried out by experts in psycho-traumatology 
and keraunomedicine, and reinforced by various specialists: ENT, ophthalmology, forensic, child 
psychiatrist.   

They draw up a summary and a report sent to the patient and his GP.   

The typical profile seen in this context is: He is a man of 44 years, married, graduated from the 2nd or 
3rd degree with cardiovascular history and following medical treatment. He is seen in our consultation 
a year after the lightning strike that took place in the late afternoon, at low altitude, in stormy weather. 
Lightning strike was held by direct trauma, during leisure. 

We note: a loss of consciousness, sensory motor disorders, cardiovascular disorders, ENT disorders, 
burns, sometimes, associated. Hospitalization occurs in 50% of cases. 71% do not stop their work. 
75% have slowly reversible effects. 

The immediate psychological disorders are expressed by emotional distress symptoms (estimated at 
15/52 BDI) in 45% of people and by signs of dissociation Peritraumatic (estimated at 15/46 to PDEQ) 
in 83% of patients. The psychic trauma is therefore significant. 

During the first month after the lightning strike, major depressive disorder occurs in 17% of cases. 

Beyond and up to a year, a Post Traumatic Stress Disorder (PTSD listed on 45/85) concerns 21% of 
people. A phobia of the storm develops in one out of two. 

A significant correlation was shown between depression and PTSD. 

 

Reference :A.JOUBIN, thèse médecine Toulouse, 2014 
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ON BALL LIGHTNING FORMATION BY SOLITON WAVES  
 

Geert C. DIJKHUIS 
1
 

 
1
Convectron NV, Rotterdam, the Netherlands.  
icblchair@kpnmail.nl, www.convectron.eu  

 
A Chinese lightning research team has recently reported spectra of natural ball lightning (BL).

[1]
  A cloud-to-

ground lightning stroke in Gansu Province, North-western China, formed BL at 0.9 km distance from film 
cameras equipped with slitless spectrographs. The ball moved horizontally with speed 8.6 m/s. Purple, 
orange, white and red colors appeared during its luminous lifetime of 1.64 s. Its light intensity persistently 
oscillated at frequency near the second harmonic of 50 Hz on nearby high-voltage power lines.  
Similar luck fell to French colleagues observing thunderstorms in the 
volcanic chain of central France.

[2]
 After some inactivity, the storm 

reached superheated air masses rising above the city of Clermont-
Ferrand. In 20 minutes, 21 “superbolt” impacts emerged directly from 
the thundercloud anvil. The sixteenth impact formed an intense, 
almost spherical ball of light close to ground level, which remained 
visible for 1.4 second, see Figure 1. 
The French team monitored the storm from a distance of about 11 
km. The initial halo measured 12 to 16 m across, and shrunk to 4 to 
5 m in one second. Careful inspection found no evidence of damage 
in the impact area, a hill top at 690 m altitude with little vegetation 
and with-out nearby power lines or other man-made structures. 
Throughout its existence the bright halo of light remained static, 
disappearing exactly where it was formed. 
For atmospheric electricity including space charge, we solve the Maxwell equations by (split-)quaternion 
calculus in real matrix form.

 [3, 4]
 In non-linear plasma regimes, the matrix method opens a shortcut route to 

soliton wave solutions of the non-linear Schrödinger (NLS) equation. 
[5]

 We obtain soliton solutions travelling 
as helical waves to a channel head that balloons into a sphere. Calculation of ball lightning formation as in 
Fig. 1 joins tubular waves on a lightning channel smoothly to spherical waves on the lightning ball. As 
kinematic solutions, NLS solitons conserve their total number and energy, as ideal gas molecules do in a 
micro-canonical ensemble.  
We express complex 2ä2 matrices for soliton waves in ref. 5 as real 
4ä4 split-quaternion matrices in non-linear plasma regimes. Matching 
solitonic wave profiles with pure quaternions we obtain characteristics 
of chiral soliton waves propagating smoothly across the borderline 
joining channel and sphere. The hyperbolic secant profiles of Cartesian 
solitons turn into analogous expressions for cylindrical and spherical 
coordinates. Multi-soliton solutions result from profiles normalized for 
finite domains. Helical characteristics achieve coherence of surface 
waves propagating along a flaring tube head and a chopped sphere as 
shown in Fig. 2. The common borderline reduces to a wavy circle as 
planar harmonic curve w sixteen wave crests winding the z-axis. The 
sphere radius serves as natural reference length along the z-axis in this 
particular solution. The general soliton solution has free parameters for 
wave unit counts and reference ranges on either side of the borderline. 
It marks our quaternion method as a flexible tool for wave front 
calculation in atmospheric electromagnetics connected with formation 
of ball lightning.  
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Figure 1. Photo of ball lightning for- 
med by “superbolt” stroke in France.  

 
Figure 2. Helical soliton waves 
balloon channel head into a sphere. 
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After many years of experimental work a new powerful research tool was created and called 
“the dynamic emitter”. It is a nozzle with a cone installed inside along the flow direction; this cone can 
be pulled out of the nozzle in order to change the slits between the cone and the nozzle ferrule. The 
slits are specially adjusted to provide the 
dynamic emitter its unusual properties. This 
device is capable of creating doubly-spiraled 
supersonic jets, whose structure in space 
depends on slits’ dimensions [1] (see Fig.1). 
This “self-organization” of submerged jet is 
caused by its super-compression [2].  

When compressed vapor is supplied 
into prechamber and then emitted into the 
atmosphere a high frequency electromagnetic 
field arises in the jet and its vicinity. Pressures 
in prechamber of 1,0*106 – 1,2*106 Pa induce 
electric field with 106-109 Hz frequency and 50-
80 kV voltage [3]. Supposedly this is caused by 
super-compression of the jet and therefore high 
density of electrons inside it. The electric potential does not decrease even when measured 25-30 m. 
above the emitter.  

We interpret such experimental results as the consequences of potential difference of 
gravitational field change into the energy of electromagnetic field [4][5]. This research can be a valuable 
contribution to the study of atmosphere electricity and its properties, providing the base for further 
discoveries. 
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Fig.1. Shadowgraph of the jets. On the right the 
central cone is inside the prechamber, on the left it 

is 3 mm outside. As we see, the jets’ structure 
differs significantly. 
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This paper deals with the failure of internal systems due to the Lightning Electromagnetic impulse 
(LEMP) generated by the lightning discharge. 
Indeed, nowadays, the structure are equipped with electronic system more and more sensitive to 
external field. After a lightning strike on a structure, or near a structure, the LEMP generated can perturb 
even destroy the sensitive equipment. 
The LEMP is composed of the direct effects of lightning by conduction, and of the inductive effects of 
the magnetic field. 
 
The characterization of the installation studied is realized through a 
rigorous electromagnetic modelling based on the FDTD (Finite 
Difference Time Domain) method. The modelling tool used is the free 
software TEMSI-FD developed by the XLIM laboratory [1] 
 
The chosen structure for the paper is a building with large dimension 
(50m x 30m x 12m) and with a tower of 30m high. The building can be 
protected by air-terminals and surge arresters. 
The building is located on a soil which can be les or more conductive. 
Moreover, the building is connected to 2tow services (aerial one for 
communication and buried one for energy). 
 
Some Perfect Match Layers (PML) [2] have been implemented around the calculation volume, and are 
like if the case studied was located in an infinite space. Indeed, the PML avoid reflections, and side 
effect of the calculation volume. 
 
The lightning current is generated via a quasi-perfect current source. It is modelized with a voltage 
source associated with a high value resistance. This source is positioned in various points of the 
calculation volume. Those points are considered to be preferred impact points of the lightning discharge. 
 

The lightning current applied only modelize the first strike. The 
mathematic formula used is one of a bi-exponential waveform with time 
parameters of 10/350μs, and a peak current of 200kA. 
In this paper, the effects of the radiated field due to a lightning discharge 
on the structure are studied with respect to the impact point, and 
according to various configurations of the building. 
The various studied cases enable to analyze the effect of the 
electromagnetic radiated fields on the structure and on the services, the 
importance of the earthing system, the need of equipotentiality, and as 
well as the relevance of protections and shielding. 

 
For that purpose, the electromagnetic radiated fields, the current flowing in the soil, the parasite currents 
induced on the services are evaluated with the FDTD method.  
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The systematic observation of the sky is in the middle of Operation Suricate's association. This is why 
we decided to develop a project allowing an automatic monitoring of the sky. The objective being to be 
able to propose a machine of automatic control on the air and aerospace phenomena, accessible to all. 
The principle being of leading to end product with a moderate price, easy and practical of use (mobile 
station).  

We also betted on new technologies which revolutionize electronics and allow the realization of this 
project. To date, there exist observation stations known as professional. These stations are relatively 
expensive and are in general held only by the astronomical observatories. You will have the opportunity 
of seeing during the presentation on which points OSIRIS is more powerful than this kind of product. On 
OSIRIS, you will find a multiplicity of sensors in the middle of the station. These tools make it possible 
to supplement the video observation of the camera by physical measurements such as: magnetic fields, 
temperature, pressure, electric charges.  

The station is conceived to function with the intermediary of a computer which will store the data. The 
link is made by a single USB cable. The computer gives energy at the station, and allows the piloting 
and reception of data. The project is thus also based on the development of an application making it 
possible to control the unit and the reception of data. 
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We present a comprehensive explanation of ball lightning[1]. In the last decade, it has been well 
established that natural lightning routinely generates relativistic electrons that account for the 
observed x-rays. Thus, we can assume that a well-defined relativistic electron bunch is produced in a 
ball lightning event by the stepped leader of lightning. When this electron bunch strikes various media, 
a powerful microwave pulse is emitted by the coherent transition radiation. This intense microwave 
ionizes the air and evacuates the resulting plasma by its radiation pressure, thereby forming a globular 
plasma cavity that traps the microwave. This theory can successfully explain most of the 
characteristics of ball lightning, especially the appearance of ball lightning in fully-screened aircraft. 
Moreover, the proposed radiation mechanism provides an alternative explanation for the strongest 
radio signals (TIPP and SIPP) from lightning; nanosecond spikes in the signals may be direct 
evidence of the generation of short electron bunches. 
 
 
 
 
References: 
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The complexity of physico-chemical processes involved by lightning in the atmosphere has not yet 
allowed to fully explore its critical role on past and present environment through its interaction with 
aerosols and ground surfaces. Previous research on lightning/ground interaction has mostly focused 
on energy dissipation based on the transformations of subsurface materials. The diverse fulgurites so 
far identified are just viewed to reflecting the energy of lightning strikes, whereas laboratory 
experiments suggest the possible production of nanoparticles, oxides, metals or polymers from the soil 
material by ball lightning. In contrast, our contribution intends to investigate how lightning processes 
would not only induce high energy transformations at the ground but would also produce unique 
materials in the atmosphere by plasma processes which have been so far ignored. 
 
We present the innovative multi-scalar methodology that we have designed to establish a data base of 
lighting traces based on well controlled present-day situations of lightning strikes, ball lightning and 
lightning bolt. We explain how the collect of potential lightning markers and the detection of 
transformed products have to be meticulously adjusted to the specificity of each context. We show 
how the combined use of the binocular microscope and of the SEM, together with in situ phase 
analysis by XRD, EDS and FTIR-Raman spectrometry provides reliable criteria for not confusing local 
transformed products from exotic components. We focus on the later ones that comprise filaments, 
films, spheroids and agglutinates of native metals, carbon-based polymeric composites, minerals, 
breccia and scoria-like clasts with carbon and metal splash. Based on the comparison with nanosolids 
obtained from gas precursors by laboratory plasmas, their nanostructuration, the type of nanoparticle 
inclusions, and their composite structure at microscales is shown to deriving from complex plasma 
processes. Based on their composition, the exotic components are concluded to have formed from 
aerosols precursors by concentration of heterogeneous debris cloud at the very top of cumulonimbus 
in micro-zone of high energy convection. The structural pattern of the exotic components has allowed 
to distinguish : (1) dense agglutinates which formed by high energy collision of charged particles in the 
electric plasma; (2) vesicular scoriaceous materials which formed by collision and partial melting of the 
charged particles due to the combined effects of electric and thermal plasma. The spatial pattern of 
the strewn field showing the lightning-derived exotic component attests for their pulverisation at the 
ground over wide areas, not strictly restricted to the small zone of obvious lightning/soil interaction. In 
contrast, the local materials that have been directly exposed to lightning show sharp transformation 
front at micron to millimetre-sized scales due to transient high temperature heating and partial melting. 
The transformations by lightning bolts are traced by carbon-based filaments formed from the local 
organic precursors, metal pulverisation from metal targets and vesicular scoriaceous breccia formed 
by partial melting of the local sedimentary, metamorphic or volcanic rocks. In addition, organic 
materials show a distinctive structural compaction at nanoscales and formation of elongated 
nanofibres which could possibly trace local consolidation by high energy irradiation flash.  
 
In conclusion, we propose that the fallen debris which formed in the atmosphere by plasma processes 
along to electric arcs provide solid signatures to further elucidate the complex interaction of aerosols, 
lightning and climate change in past and present records. We open the hypothesis that high energy 
radiation caused by lightning at the ground would cause irreversible change of the local materials 
which could help detecting the signatures of lightning in past soil records and their role on the long 
lasting preservation  of organic materials (i.e. wood, bones). 

15

1st International Symposium on Lightning and Storm Related Phenomena, july 2-3, 2015 (Aurillac, France) ISL-SRP 2015



 

 

MODELISATION OF NANO AND MICROSIZED MATERIAL 
AGGREGATION DURING LIGHTNING STRIKE EVENTS 

 
Jean-Michel Martinez1 et Marie-Agnès Courty2  

 
PROMES UPR 8521 CNRS - Univ. Perpignan. Tecnosud. 66100 Perpignan, France. 

1martinez@univ-perp.fr,  2marie-agnes.courty@promes.cnrs.fr, http://www.promes.cnrs.fr 
 
 
 

Lightning strikes that correspond to a high energy sparking plasma in the atmosphere are well known to 
severely damage electric installations, as annually observed on the 400 kV network of electricity distribution. 
Previous studies have compared lightning and high voltage lines which are offering the reproducibility of the 
corona discharge along the conductor[1]. They have shown the production of chemical compounds and 
particles from atmospheric gases and aerosols along the high voltage lines. In the same way plasma of 
laboratory are well known to produce nano to microsized particles depending of several parameters as 
concentration of precursors, pressure, power and electric discharge in homogeneous or heterogeneous 
plasmas. Based on this analogy, lightning should have been viewed as a source of new materials which 
would be regularly produced from atmospheric gases and solid aerosols. Apparently this range of plasma 
processes has not been so far considered  as a common component of atmosphere functioning and at 
present only lightning/soil interactions are described to produce transformed materials at the ground, such as 
the well known fulgurites. 
In general, the variation of the gaseous components is the main parameter that is taken into consideration 
for measuring the composition through height of the atmosphere. At present models have great difficulty to 
take into consideration the variations of the solid components that are formed of nano or microsized solid 
matter produced by Saharan dust storms, wild fires, volcanism or human activity.The constrains are due to 
their great variability through time and their erratic spatial pattern. However, this solid charge is well known to 
exert a major role on cloud formation, and as a consequence its influence on electric discharge should also 
be considered. We propose to view the arrival of storm clouds in an atmospheric region rich in aerosols as a 
diphasic mixture of water droplets and/or ice crystals mixed with solid nano or microsized particles. The 
convective movement inside the cummulonimbus clouds induces ionization of the ice crystals together with 
the solid aerosols. As a consequence, the solid charge is trapped into the clouds and concentrated, thus 
forming the well known dusty clouds. We suggest that when an electric discharge within the cloud to ground 
would be triggered, the impacted zone of the cloud would turn into a plasma. Therefore, the particles within 
this plasma zone should become excessively reactive and all the initial micro-aggregates of aerosol may 
collide, thus resulting into larger aggregates under the effect of an amplified Brownian motion due to the 
temperature increase. At a certain stage, the macrosized products will simply fall to the ground by gravity. A 
modelisation base on the physical properties of the dusty plasmas is developed to simulate the aggregation 
of the dust particles into macrosized products. The modelisation is based on a volume of randomly spaced 
spheres which themselves collide due to the Brownian motion. The motion of the sphere is deduced from the 
calculation of the third Newton’s law. The aggregation is allowed after collision with a certain ratio deduced 
from the intensity of the plasma. The modelisation is made using the multiphysic opensource software 
ELMER. The aim is to prove that nanosized aerosols can produce macrosized heterogeneous materials 
which may allow to explain the presence of exotic materials at the ground after lightning strikes such as 
vesicular scoriaceous materials and/or dense agglutinates.  As a perspective, we propose to debate the 
possible role that ionized solid aerosols might exert in the outbreak of lightning with the presence of a 
lightning ball[2] following a superbolt as already observed.[3]  
 
References 
 
[1] B. Kreissl, 1998. Influence des lignes de transport électrique à haute tension sur la chimie atmosphérique en 
corrélation avec les conditions météorologiques. Thèse de doctorat de l’Université Pierre et Marie Curie, Paris VI, en 
génie électrique. 
 
[2] O. Meshcheryakov, 2007.  Ball Lightning–Aerosol Electrochemical Power Source or A Cloud of Batteries. Nanoscale 
Res. Lett. 2:319–330.  
 
[3] R. Piccoli, R. Blundell, 2012. Ball lightning observed after a «superbolt» impact during an exceptional thunderstorm. 
Laboratoire de Recherche sur la Foudre. 

16

1st International Symposium on Lightning and Storm Related Phenomena, july 2-3, 2015 (Aurillac, France) ISL-SRP 2015



AN EXPLANATION FOR TIPP AND SIPP FROM LIGHTNING 
 

Hui-Chun WU1 
 

1
Institute for Fusion Theory and Simulation (IFTS) and Department of Physics, Zhejiang University 

Hangzhou, 310027, China 

huichunwu@zju.edu.cn, http://ifts.zju.edu.cn 
 
 
 

Trans-ionospheric pulse pairs (TIPPs) [1-6] are the most prominent radio signals observed by satellites, 
and are believed to be related to lightning activities. A TIPP event consists of two radio pulses 
separated by tens of μs, and each pulse has a duration of a few μs. Sub-ionospheric pulse pairs 
(SIPPs) [7] with the same structure have also been detected on the ground. 
 
The TIPP has a broad and flat spectrum (25 to 200 MHz) [3,4], and is highly polarized [5]. The second 
pulse in the TIPP is found to be dominated more by a discrete and narrow microstructure than the first 
pulse [6]. The internal microstructure of two pulses appears to be uncorrelated with each other. The 
energy of the 2nd pulse can be weaker or stronger than the 1st one [6]. These characteristics strongly 
imply that the pulse pair is produced from two independent sources with a time delay of tens of μs. 
 
We propose that relativistic electrons generated by the stepped leader in natural could-to-ground 
lightning are responsible for the TIPP and SIPP. Two groups of relativistic electrons from the last two 
leader steps near the ground are assumed to strike the ground and to emit one pair of radio pulses by 
coherent transition radiation. The separation of both electron groups equals the step interval i.e. tens 
of μs. The transition radiation from these electrons is directional to the space and directly explains the 
temporal structures of the TIPP. Moreover, the transition radiation is well-known for the flat spectrum 
and the linearly-polarized emission. The directional emission also can explain the asynchronous 
observation of TIPPs by satellites and SIPPs on the ground [3]. 
 
According to the transition radiation theory, signals at 200 MHz imply the existence of electron bursts 
that are shorter than 5 ns. Thus, the electrons are organized as a train of nanosecond electron bursts. 
Less diffusion of the 2nd electron train from the last leader step nearest the ground accounts for the 
narrower microstructure of the 2nd pulse in the TIPP. 
 
Above all, our theory can satisfactorily explain the primary characteristics of the TIPP and SIPP in a 
quantitative way. In future, we strongly propose to survey the TIPP or SIPP at GHz. As predicted and 
quantitatively studied in [8], these powerful microwave-band radiations may excite ball lightning in 
some cases. 
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We present an eyewitness account by one of the authors (Krajcik) of a ball lightning incident observed 
in Poughquag, New York on June 23, 2008. It differs from other eyewitness accounts in that the 
balllightning object stimulated visible fluorescence of a different color than the light emitted from the 
object itself. Around 9 P. M. local time the eyewitness saw a yellow glow in some windows about 75 
meters away from where she was sitting in her parked car. Then she saw a "blue orb" moving away 
from those windows toward her house. She saw that as the glowing blue object approached the window 
glass in her front door, the glass glowed brightly over an area about twice the apparent 20-cm diameter 
of the blue object, with roughly the same color as the yellow observed in the more distant windows. The 
eyewitness also noted that she felt fatigued for a few days after the incident, but did not seek medical 
care. 
Recently, the authors attempted to reproduce the yellow window glow by means of both short-wave (253 
nm) and long-wave (390 nm) UV light. The short-wave UV radiation from a small portable test lamp 
produced a yellowish glow in the same front-door window glass that glowed during the June 23, 2008 
incident. To the best of the eyewitness's recollection, the color of the glow produced by the short-wave 
UV lamp resembled the color seen during the ball-lightning incident, although the glow observed in 2008 
was much brighter and more orange. 
The information in this incident bears on the question of non-visible radiation emitted by ball lightning. 
Some theories [1] hypothesize that ball lightning emits X-rays due to brehmsstrahlung radiation from 
high-energy electrons contained within it. 
At least one other well-known incident in the historical literature [2] can be interpreted as evidence of a 
ball-lightning-like object that caused something resembling radiation sickness in several individuals at 
once. 
Could the visible yellow fluorescence seen by the eyewitness of the 2008 incident be due to X-ray 
irradiation of the glass? We calculated the X-ray intensity needed to cause such fluorescence from glass. 
Even by assuming that every X-ray photon striking the glass results in a visible-light photon, a lower 
bound for the X-ray intensity needed to produce such fluorescence implies that the eyewitness would 
have experienced a heavy and possibly fatal dose of X-rays during the incident. We conclude from this 
estimate that X-rays were probably not the primary source of the fluorescence, although the 
eyewitness's subsequent fatigue is consistent with some X-ray emission.The next logical type of 
radiation to consider is UV light. Nitrogen molecules and atoms and NO excited by energetic electrons 
can produce numerous emission lines and bands in the short-wave UV region. 
The experiment we performed confirms that short-wave UV light does produce fluorescence similar to 
that observed by the eyewitness during the ball-lightning incident. To our knowledge, this is the first 
case in which both fluorescence of a markedly different color was observed to be produced by ball 
lightning, and in which the fluorescence was subsequently reproduced by external UV excitation of the 
same fluorescing object. 
 
 
 
[1] M. L. Shmatov, J. Plas. Phys., 2006, 72, 277-284. 
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The Gendarmerie Mountain Rescue Unit based in Murat (Cantal, France) is one of 21 such units 
within the Gendarmerie Nationale all of which are based in mountainous regions. 
 
This unit consists of 9 specialist servicemen and 3 volunteer assistant Gendarmes. 
 
Reporting to the administrative head of regional government, each unit is tasked with ensuring public 
safety in the mountains.  The units are also responsible for leading investigations into accidents in the 
mountains, for which they report to the Director of Public Prosecutions.   
 
The teams impart technical expertise to the wider Gendarmerie Nationale, manage and work with 
other groups in searching for people lost in the mountains, participate in committees overseeing safety 
in ski resorts (both Alpine and Nordic). Additionally, they take the lead investigative role when 
incidents occur in inaccessible mountain locations and provide expert witness statement to the 
appropriate authorities. 
 
In addition to its main administrative and judicial functions, each unit also assembles and disseminates 
information relating to the inherent dangers in the mountains, prevailing local conditions, and weather. 
 
This unit receives regular training in the intrinsic risks of storms in mountainous regions as part of its 
close collaboration with the Laboratoire de Recherche sur la Foudre.  This collaboration also provides 
expert technical support to official investigations into accidents and incidents that may be due, in part, 
to prevailing weather conditions.  The training given by the Laboratory is critical to the unit as it 
ensures that the mountain rescue workers understand the dangers posed by severe weather 
conditions, particularly should lightning be a factor, and are well equipped to perform mountain rescue 
missions that require help to be brought in over land or by air. 
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Objective:   
The objective of this study is to evaluate the somatic and psychological consequences of indoor 
lightning strikes.  The secondary objective is to glean and establish treatment guidelines for the 
different emergency teams such as SAMU (physician receiving the emergency phone calls), 
SMUR (medical team in the ambulance composed of a physician, a nurse, and ambulance 
drivers) and the emergency department staff. 
Methodology: 
This is an observational prospective study.  Patients were recruited from the department of Cantal 
in France.  Data was obtained by using the CHU de Toulouse questionnaire on lightning strikes. 
Results: 
Cantal is a mountainous department of 5726 km2, with a medium altitude of 710 m with 155,000 
inhabitants and a keraunic level higher than 30. 
In two years, five patients (3 men and 2 women) were included in the study.  The medium age 
was 31.6 years old.  They were in good general health without any significant past medical history 
or treatment.  The patients interviewed were struck by lightning in various places such as the 
kitchen, the shower, the cellar and the attic.  In all cases they were aware of a storm and had 
heard the thunder.  One patient experienced the phenomenon of ball lightning. 
The mechanism by which patients were struck by lightning involved taking a footstep or touching 
an object. 
The most common clinical presentations are neurologic (headaches, parasthesias, paralysis), 
otolaryngologic, and ophthalmologic.  Pain was felt, in descending order, in the extremities, the 
head, the chest and the abdomen.  Psychological problems presented like post-traumatic stress 
disorders. 
The majority of patients were transported to the hospital in their own personal vehicles.  Two 
patients were transported by an ambulance with a physician present.  
Hospital work-ups revealed no laboratory abnormalities, no EKG changes, no severe burns, and 
no blast injuries. 
Three out of five patients developed long-term neurologic and psychological consequences, 
which affected their educational, professional and personal lives.  
Discussion: 
The risks posed by indoor lightning strikes are not well known. Electrical current seems to play a 
role in the majority of cases but there are situations where blue emanations or auras and 
crackling sounds were described (three out of five patients).  This seems to suggest that strong 
magnetic fields are present which ionize the air.  Long-term neurologic consequences seem to 
develop more often in patients who experienced the phenomenon of air ionization. 
Conclusion: 
It is important to educate the population about the risk of indoor lightning strikes and the indoor 
activities to avoid during storms.  Medical services should also be educated about the possibility 
of indoor lightning strikes, which do not seem to pose immediate health risks but can have severe 
long-term consequences.  Long-term follow up for these patients is crucial. 
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On the axiomatic level Euclidean planes admit just one line through a 
given point and parallel to a given line, whereas elliptic geometry admits no 
such line. Instead, hyperbolic geometry rests on Lobachevski’s axiom that 
the number of such parallel lines has no limit. Poincaré mapped hyperbolic 
grids on circle arcs or line segments inside a circle. This Poincaré disk 
joins tangent circle arcs or line segments at right angles to the boundary. 
Coxeter tiled such disks by hyperbolic triangles with angle sums below the 
Euclidean value π. His hyperbolic tessellations inspired well-known “circle 
limit” wood cuts by Dutch graphic artist M.C. Escher. Hexagonal cells on 
Poincaré disks will scale planar vortex lattices for coherent rotation.

[1]
 For 

3D space we derive hyperbolic lattices inside spheres by calculus rules for 
4D split-quaternions as validated by inductive proofs in ref. 2. 
Figure 1 visualizes (split-)quaternion lattice structure by colours on four 
tetrahedral nets. The construction rules join each white vertex exclusively 
with one other white vertex, and likewise for colours red, green and blue.  
White, red, green and blue junctions in Fig. 1 arrange corresponding co-
ordinates w,r,g and b as in (split-)quaternion matrices. Thus four w-co-
ordinates at  white vertices define principal diagonals on cell faces, with 
reflection symmetry for the other colours. Finally the choice for elliptic or 
hyperbolic geometry imposes symmetric or anti-symmetric signs on the off-
diagonal coordinates r, g, and b. 
Our matrix method resolves real 4µ4 matrices for (split-)quaternions into 
three 2µ2 matrices for (split-)complex planes. With w, r, g and b as inde-
pendent variables quaternion matrix Q and split-quaternion S read:   

 

									�	≡	 �� −� −� −	� � −	 �� 	 � −�	 −� � � 
 										,											�	≡	 �
� −� � 	� � 	 −�� 	 � −�	 −� � � 
						,						 

 
which only differ by signs of g and b in rows 1 and 2. Partial derivatives of 
matrices Q and S define four elementary matrices obeying the product rules 
for division algebras. Determinants show that sub-planes w,r  w,g and w,b 
are complex for matrix Q, but S has split-complex w,g and w,b sub-planes 
by reflection symmetry. Matrix Q provides elliptic eigenstates for static field 
solutions including space charge. Kinematic eigenstates of matrix S plot 
hyperbolic wave front propagation separated by two Cherenkov-type cones 
as shown in Fig. 2.  
Stereographic projection as used in cartography maps planar tessellations 
on spheres.

[3]
 Fig. 3 shows hyperbolic characteristics merging smoothly with 

the circular borderline of a spherical surface. Clearly we can attach any 
number of larger or smaller spheres chopped by the same borderline, which 
constitutes an elementary 3D version of the Poincaré disk.   
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Figure 1. Four tetrahedral 
nets reveal the structure of 
(split)-quaternion unit cell. 

 

 
Figure 2. Kinematic eigen-
states of split-quaternions 
plot hyperbolic wave fronts. 

 
Figure 3. Stereographic 
projection maps hyperbo-
lic wave fronts on sphere.  
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Ball lightning is a popular term which in fact refers to a broad category of little-know phenomena which 
can vary greatly in appearance, and which cannot be reproduced in a laboratory setting with the same 
force as in nature. 
Hundreds of cases [1] have been recorded by the laboratory team (470 interview reports on file on a 
total of 1043 testimonies reports at the end of 2013), it has become obvious that a classification 
system is needed in order to one, compile the common characteristics of the typical phenomenon, and 
two, set up a scale to determine whether the sighting falls under the category of lightning related 
phenomena and storm related electromagnetic activity.  
Three distinct categories have been defined:  
1- Ball lightning: characterized by the appearance of a luminous phenomenon during a storm, with 
thunder sounding simultaneously or several seconds later. Several other criteria are required: a 
spherical shape, the diameter not to exceed 50 centimeters (20 inch) and the short life span 
(maximum 30 seconds). The luminous meteor can be static or mobile, it usually moves very quickly.  
2- Globular lightning: Characterized by the appearance of a luminous phenomenon during a storm 
or storm-like ambiance (humidity, sporadic lightning and/or thunder, etc.) or in the presence of intense 
natural electrical fields. The determining characterization point is the life span and/or distance 
covered, and of course, it’s visual form which is not necessarily spherical, but can change shape or 
have plume-like protrusions. It may also change in size and appearance during its evolution. Size is a 
determining aspect and can vary between several tens of centimeters to several meters.  
3- The STLP (Stormy Transient Luminous Phenomena): Characterized by a luminous atmospheric 
phenomenon that occurs in stormy weather, or outside of an active storm envelope, either in fair 
weather or when there are very high electric or magnetic fields. Phenomena of this type are regularly 
observed before or during earthquakes [2] or, more rarely, in the plume from a volcanic eruption when 
discharges have just occurred. It must not have a distinct geometric shape, not execute a change in 
direction at a right angle, it must be a non-static luminous source. 
If the sighting does not fit one of these types, it will be classified as an UAP (Unidentified Aerospace 
Phenomenon). 
However, other very real phenomena resemble ball lightning, such a power-flash, St Elmo’s fire, 
meteorites and bolides, parhelion… 
This is why it is important to have an observational classification scale. 
The study of a lightning strike and ball lightning in the field, one of the laboratory’s specializations, 
require special means like optical observation with onboard or fixed video cameras, spectrography as 
an essential additional tool. Two programs are currently being conducted: C.O.S.L.S.S (Close Optical 
Spectroscopy Lightning Strike System) and R.S.L.S.S (Radio Spectroscopy Lightning Strike System). 
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At the border of Troposphere, the Stratosphere. The project Suricate Stratos consisted in sending in the 
stratosphere of the balloons probes, and this in order to study and to understand, like applying very 
standard of phenomena related to the fourth state of the matter: plasma. The course of this project 
occurred in the following way: using a miniature camera embarked in the middle of the nacelle, the 
purpose of this one was to film an experiment on the evolution of an electric arc (physical of plasmas) 
with conditions of very low temperatures and loss of pressure according to altitude. 
In particular, one of the objectives being to observe the transition enters the mode of discharge per arc, 
for low altitudes and the mode of diffuse plasma observed for more high altitudes (low pressures). It is 
also in parallel to couple one second camera having for mission of filming the spectroscopic evolution 
of the aforesaid matter, the imagery being assisted of a network in transmission and an optics of 
laboratory. The approach adopted for this study thus consisted in recreating a plasma by electric shock 
pulsated in high voltage (20kV) in a nacelle carried by a balloon probes, since the ground until 
stratosphere. The device of characterization embarked was intended to collect a maximum of 
information on the behavior of the “in situ” arc according to altitude. When with the recording of the 
spectrum plasma, it was necessary, from the simple fact that brings a characterization more elaborate 
than a simple observation by imagery. Concrete objective of the whole of the project: to prove the 
feasibility to create and diagnose an embarked plasma, maintained in the ambient air until an altitude of 
30 000 m or more, in order to study applications related to aeronautics like the drag decrease in flight 
(dielectric barrier Discharges) and stealth radar. 
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Anomalous light phenomena in atmosphere are attracting a growing interest in the scientific community. 
They have been observed since the beginning of the 20th Century along the Seismic Line of the River Taro, 
in the hydrocarbon field of Vallezza, Parma, and near Rovigo, in the Po Valley. The recurrence of light 
phenomena in these areas has identified various types of "Ball Lightning". Different in colour, luminous 
intensity, speed, orientation, light phenomena are divided into three categories. The first one concerns the 
lights that occur frequently, even on a daily basis, such as the 18:48 light which appears at the mineral 
deposit of Vallezza [1]. The second one includes the movement of the ball lights along faults, such as the 
seismic line of the River Taro, preceding a few weeks the occurrence of earthquakes of low intensity [2]. The 
third one involves actual seismic lights which anticipate an earthquake a few hours to come. Besides direct 
observation accompanied by photographs and films, spectrograms were carried out, showing marked 
wavelengths of hydrogen and oxygen. The recurrence of the same type of light phenomena in the same 
area, indicates that a link can be established between the geological aspect and the light balls. In the case of 
an almost-daily recurrence, the apparent color of the luminous globe is generally white-yellow, while light 
balls associated with tectonic accidents, such as faults, or those preceding earthquakes, are reddish in color 
and shorter than the brighter ones, which usually remain visible for more than a minute. A fourth category 
can be added to the categories mentioned above. At least in three events, the light balls appeared in 
"clusters" of four and at least in one case in clusters of eight. The clusters of four lights (Figure 1) maintained 
an essentially fixed position, remaining exposed for about two minutes, while the eight light balls made 
vertical movements. The sightings preceding earthquakes with epicenters about twenty day further, occurred 
in areas with active faults. In the cases observed and studied in this work, no interruption was detected in the 
light trails generated by light balls, in contrast to the observation in Marfa, Texas, [3] [4] or in Hessdalen,  
Norway [5].  
 

 
Figure 1. Four BLs photographed August 15, 2007 near Parma, Italy 
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The ability to accumulate a great amount of energy in the limited volume is the most important 
property of ball lightning. In some cases, when ball lightning fell in a vessel with water, its energy 
density appeared to be (2-4)⋅1010 J/m3 [1-3]. Here we present two new cases of measuring of ball 
lightning energy in Russia[4]. The first one took place in July 1964 on the river Ucha near Moscow. A 
fisherman “caught” on a hook a shining ball of 5 cm in diameter. He lowered the ball into a pail with the 
caught fish. Water began to boil, the fishes were cooked. Assuming a mass of water equal to 6 kg and 
rise of temperature ∆θ = 80° C, one can estimate ball lightning energy W = 2 MJ and energy density ρ 
= 3⋅1010 J/m3. This ball lightning was observed at a fine weather, presumably, it had appeared from an 
arc between a contact wire and an electric locomotive slip ring. The second case of ball lightning 
observation took place on May 27, 2013 in Buryatia, Russia. During a thunderstorm a ball lightning 
descended from the sky, penetrated through a roof into a wooden house and exploded inside it. The 
wall of the house was thrown away (see Fig.). 
 

 
 

Figure. The look of the destroyed house. 
 
A similar consequences may be produced by explosion of 7-30 kg of trotyl. Taking energy of trotyl 
explosion equal to 4 MJ/kg, we find ball lightning energy Q = (30-120) MJ and energy density ρ = 2⋅109 
J/m3 - 9⋅109 J/m3. These high energy densities of ball lightning may be explained if to consider it as an 
unipolarly charged core, contained inside a dielectric envelope[4]. A force of Coulomb repelling of 
charges Frep is proportional to a square of the core’s charge Q (Frep∼Q2). The envelope’s material will 
be polarized in a non-uniform electric field, created by charge Q, and a force Fshr, shrinking the 
envelope towards a centre, will appear (Fshr ∼Q). At 0<Q<Qmax will be Fshr> Frep. For a dielectric sphere 
with a radius 5 cm with a wall thickness 1 cm at Q = 10-2 C Fk = Fshr – Frep = 3⋅108 N. This corresponds 
to total kinetic energy of charged particles inside the envelope W = 8⋅106 J and energy density ρ = 
9⋅109 J/m3.  
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Ball lightning observations recorded by international data banks also contain the object size estimations 
by the observer(s). To assess their validity for theoretical and practical purposes of the Natural Sciences, 
Social Science quality checks should be made. A number of factors determines the quality of eyewitness 
object size estimations: Time of day, weather conditions, object distance, size and brightness of the 
object seen, availability of size comparison objects, eyesight of the observer, duration of observation, 
emotional reaction etc. In most internationally recorded cases, the majority of these important parameters 
are unknown rendering post-hoc validity speculations pointless. 

In an experimental approach taken at Salzburg, a different path was taken. A laboratory experiment 
staged a simplified ball lightning situation: A non-luminous white styrofoam globe (2 sizes – 15 and 20 
cm) hanging down at eye level on a nylon thread in the middle of a seminar room, 3 meters distant from 
the experimental subject. People entering the room where asked to remain at the pre-planned distance 
and look at the object. After 5 seconds, they were asked to turn their backs on the object and go to a 
table where they were asked to indicate with their hands, and later verbally, how big the object was. They 
were also asked to indicate physically and verbally, how big a soccer ball is. Finally, they were asked 
about their age, education level, field of studies/profession, height and sight. Duration, distance and 
object sizes were planned according to Austrian and German ball lightning eyewitness data[1] – 4 
seconds duration (median), 5-10 m distance (median), and 25 cm size (median) were most frequent.  
60 people went through the laboratory experiment at Salzburg University within few hours on May 12, 
2014. 30 were male, 30 female; their age was between 18 and 62 (mean 23) years. 50% were shown the 
15 cm, 50% the 20 cm object size. 97% of the subjects recruited in the building were students at 
Salzburg University. After the short observation time, subjects walked to a first table where they showed 
the object size with their hands and it was marked with a gel pen. The estimation of the soccer ball was 
done on an adjacent table. After the subject left, the gel markings were measured for the protocol. 

Main results: Distance to object (true: 3 m) was estimated between 1.25 and 5.0 m, mean 2.69 m. The 
mean value was not significantly different from the true distance. The mean for males was better with 
2.87 m than the mean for females (2.52 m), but the mean gender difference was not significant. When 
shown with both hands, the 15 cm object produced a mean size estimate of 15.28 cm. The 20 cm object 
gave a mean size estimate of 21.67 cm. Both values did not differ significantly from the true diameters. 
The mean verbal numerical estimate for the 15 cm object was 17.53 cm, for the 20 cm object 19.88 cm. 
Again, both values did not deviate significantly from the true diameters. In the soccer ball task, the 
subjects had to recall the size from memory. According to FIFA, soccer ball size 5 used for male 
championships has a standard diameter of 21.8-22.3 cm. The 15/20 cm size group subjects showed with 
their hands mean recalled diameters of 28.27 and 28.78 cm, which significantly overestimated the soccer 
ball size. Mean verbal estimations were 29.68 and 25.35 cm, also highly significant overestimations. 
We summarize that in this simple experiment, a rather young Austrian academic population gave very 
good distance-to-object and object size estimations of 15 and 20 cm test objects both non-verbally (with 
their hands) and verbally. A soccer ball recalled from personal experience or the media was significantly 
overestimated. We conclude that size estimations of educated observers under favorable observation 
conditions (good lighting, near distance, low arousal), when recalled soon after the observation, will be 
valuable. This will not hold for other observer groups, long recall times, and unfavorable observation 
conditions. Nevertheless, we have shown how an experimental size quality check can be done, and 
suggest that more experiments are done with the general population.                                           
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Ball lightning model according to which the motion of the electrons of the ball lightning core is the 
superposition of the oscillatory motion and the thermal motion in the directions perpendicular to those 
of the oscillations will be presented. The model predicts that the maximum kinetic energy of the 
oscillating electrons in the ball lightning core existing during the time of about 1 s and more is of the 
order of 10 keV to 10 MeV. The main quantitative predictions of the model are similar to those of the 
model described earlier [1,2], taking into account the thermal motion of the electrons improves the 
analysis of the effects related to the radiative recombination of the electrons and ions. The problems 
related to the danger of ball lightning, in particular to the radiation hazard of some ball lightning [1-3], will 
be considered. 
 The possible scenarios of the initial acceleration of electrons of ball lightning and terrestrial 
gamma-ray flashes (TGFs) with hard spectrum [4-8] will also be considered. One of the scenarios of the 
initial acceleration of electrons of ball lightning is similar to that of the initial acceleration of electrons of 
TGFs. The models, corresponding to these scenarios, are based on the assumption that the 
acceleration of the electrons occurs at the stage of screening of the strong electric field [8]. At the 
formation of TGF, such electric field has the intensity of the order of 106 V/cm and arises near the 
lateral surface of a new conductive region, arising at the formation of a new step of a negative leader 
of lightning after the contact of the head of a positive volume leader with the channel of the main 
leader [8]. The number of electrons undergoing such acceleration during the formation of one leader 
step can be of the order of 1017 [8]. 
 Brief analysis of several other models of ball lightning will also be presented. 
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