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ABSTRACT: The author proposes that Ball Lightning (BL) is a corona discharge from the tip of a 
leader floating in the air. The leader propagation is classified into two types, one is a stepped leader, 
the other is a space leader which is propagated by Space Stem (SS). SS is a plasma nucleus formed 
by a high electric field (EF) ahead of the leader tip. The most mysterious phenomenon of BL is when 
BL emerges in a fuselage which is considered to be a perfect Faraday’s cage.  Most witnesses have 
reported that BL forms near the windshield (WS) in the cockpit after observing St. Elmo’s fire on the 
WS and it drifts to the rear. The WS sandwiches an electric conductive film which works as an electro-
static shield, so that the electric charges cannot penetrate it, however the fluctuating EF has a 
possibility to be able to do it. If that occurs and it forms a SS embryo in the cockpit, it still remains a 
conundrum of how it is able to get the electric energy, to mature and move to the rear. This is one of 
the biggest mysteries of BL emerging in a fuselage. In this paper, this author refers to a helpful 
witness’s report on a website and proposes a feasible mechanism to form BL in a fuselage. 
  
 INTRODUCTION 
The leader propagation is mainly governed by the EF at its tip [1] [2]. Hence the author proposes that BL 
is a corona discharge from the floating leader tip which is caused by the reduction of the EF around it 
[3].  The leader can maintain the ionization as long as the electric current which is discharged from the 
leader tip is flowing. The major condition contributing to the formation of BL is that the surrounding of 
the leader tip exists in an electric neutral zone (ENZ). Figure 1 shows the basic BL model (BL type -1).  
This model explains most of the mysterious properties of BL such as, the huge energy, the outrageous 
energy density, the various lifespan, disappearance mode (explosive or quiet), the behavior according 
to the electrostatic force law and so on. However it is powerless to explain how BL can harmlessly 
penetrate a windowpane. Because the leader cannot penetrate the windowpane without making a hole 
to pass through. Figure 2 indicates another type of the leader propagated by SS which is BL (BL type-
2).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
As was reported by Les Renardieres Groupe, SS is a luminous plasma nucleus with excessive 

negative charges which is caused by high EF around the negative leader tip and is formed ahead of it. 
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SS has a dipole 

structure as shown 
in Fig.3 (source: [4-

p.119]), 
retrograde 
positive 
streamers and 
negative 
streamers 
discharge 
periodically and 
alternately as 
indicated in Fig.4 
(source: [4- p.121]).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   Figure 3. Schematic representation of SS.      Figure 4. Sketch of evolution of charges and fields.                                                                                           
                     

This author proposes a feasible mechanism for BL to penetrate a windowpane harmlessly by the use 
of SS properties in the International Symposium on BL (ISBL-08), and applies its mechanism to BL 
emerging in a fuselage[5].  However, some conundrums which should be solved have remained, one is 
why the electric conductive film cannot work as an 
electrostatic shield, another is how SS is formed in a 
fuselage when supplied with the electric energy. This author 
proposes a feasible mechanism to solve these dilemmas by 
the use of properties of SS in this paper.       
 
2. Back ground of BL emerging in fuselage 
When BL emerges in a fuselage, the pilots will often observe 
St. Elmo’s fires on different sites on the   surface of the 
fuselage as a precursor of the phenomenon. Generally, the 
fuselage flying at high speed is charged with negative 
charges by friction with particles in the air. In contrast, 
according to the triboelectrification series, the WS is charged 
with positive charges. St. Elmo’s fire on the WS is caused by 
the electric potential difference between the WS and its 
frame on the fuselage. Thus, in both the cause and the 
property, St. Elmo’s fire on the WS is different from other St. 
Elmo’s fire on the surface of the fuselage. It is named a 
surface or a creeping discharge in a technical term. If the 
back ground is bright, it will be invisible. Analyzing some 
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witness’s reports, this author summarizes the electric precedent phenomena that seem to be the 
causes of BL emerging in a fuselage, as below. Figure 5 shows these sketches. 1) BL hits the WS 
directly. 2) The leader tip (BL) strikes the fuselage and sticks to it.  
3)  Autogenous electrification: The fuselage is charged by the frictional electrification by the 
surrounding air containing some kind of particles. 4) Exogenous electrification: The charge separation 
on the fuselage surface is caused by an electrostatic induction. 
 Further a fuselage has other structures which have the possibility for BL to enter it as follows. They 

are so-called Faraday’s holes such as the holes resulting from lightning strikes, the incoming cable 
from some antennas, the air conditioning inlets in the engines and so on. However, most witnesses 
have reported that BL emerged near the WS in the cockpit. Therefore this paper proposes that BL 
emerges there only when St. Elmo’s fire on the WS occurs as a previous sign.  
  

3. Proposal of scenario for BL emerging in cockpit  
Most aircraft flying at high altitudes are equipped with a thin electric conductive film between the glass 
plates of the WS to deice and defrost. It is said that even a thin and low conductive film can work as a 
good electrostatic shield. As a result, the outside EF cannot penetrate the WS and enter the cockpit. 
This author found a helpful eye witness report on a website as follows. The witness sat on a jump-seat 
in a cockpit and happened to observe BL forming before his eyes.  

 
According to this report, the surface 
discharge on the in-side WS occurs after 
materializing on the out-side WS. 
Concerning the surface discharge on the 
WS, Stenhoff describes in his book, “ A 
discharge outside will occur well before a 
discharge inside.” (P.Laroche. 1998 
personal communication)[6 ]. Both suggest 
that the outside electric phenomenon will 
affect the inside of the fuselage across the 
WS. This author believes the surface 
discharge is observed more frequently on 
the WS compared to the side window, as 
stated below. The frictional force by the 
particles in the air which slide on the WS is 
stronger than those on the side-windows. 
Further, the conductive film in the WS works 
as a back electrode, so that the flashover 
voltage becomes lower [7] [8]. 
Taking the above data into account, this 
author proposes the feasible scenario for BL 
to emerge in the cockpit, as follows. It is 
reasonable to assume that the fuselage is 
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highly charged with negative charges and the surface of the out-side WS is charged with positive 
charges as previously stated. Positive charges gradually accumulate on the surface of the out-side 
WS, so that the positive electric potential significantly increase. When the potential difference between 
the WS and the fuselage attains to the flashover voltage, a surface discharge occurs, so that the 
surface of the out-side WS is instantaneously saturated with negative charges carried from the 
fuselage. In such rapid EF change, it takes some time to rearrange the free electrons to cancel the 
intruding EF in the conductive film. 
Consequently, the EF caused by the negative charges on the out-side WS can penetrate the WS in a 
extremely short period. Figure 6 shows the suppositional electric potential wave form of the surface on 
the out-side WS. Figure 7 shows the charges on the WS and the induced charges on the conductive 
film. Thus, the conductive film cannot work as an electrostatic shield against such a fluctuating EF. 
This means that the EF caused by the negative charges replaced with positive charges by the surface 
discharge can penetrate the WS. This EF will ionize the air near the in-side WS in the cockpit, so that 
it divides into positive ions and negative ions. Consequently their re-combination forms plasma 
nucleus which is considered to be SS (BL) embryo at the center, as shown Fig.7 –(2). 
The positive charges on the in-side WS surface accumulate by repetition of the EF penetration, and 
when the potential difference attains to the flashover voltage, a surface discharge will occur, so that 
the positive charges are converted to the negative charges (electrons) carried from the fuselage 
[Fig.7-(3)]. These negative charges on the surface of the in-side WS can work as an energy reservoir. 
SS embryo that has already formed near the in-side WS elongates the retrograde positive streamers 
to the negative charge reservoir on the in-side WS to get the electrons which were carried from the 
fuselage by the surface discharge [Fig.7-(4)]. Consequently, SS can secure the energy supplying 
route. SS embryo matures by getting electrons intermittently through the positive and negative 
streamers from the energy reservoir [Fig.7-(5)]. SS discharges the supplied electrons from its front 
[Fig.7-(6)], then SS elongates again the retrograde positive streamers from its rear to compensate for 
the deficiency of the electrons. This process repeats itself. The positive streamers elongation is 
considered to be synchronized with the surface discharge on the in-side WS at this stage. SS charges 
the surroundings in the cabin with negative charges, so that the pilot system will float in the fuselage. 
Subsequently SS drifts slowly along the EF in the fuselage to the rear supplying the electrons through 
the leader and the pilot system, and disappears at the rear.   
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4. Conclusion. 
This paper proposes a rudimental theory about BL emerging in a fuselage without directly hitting the 
WS. If BL is SS, when BL directly hits the WS, the EF caused by pulsating negative discharge from BL 
can penetrate the WS, so that it can form BL embryo by the almost same mechanism with the one 
caused by the surface discharge on the WS as stated. Hence the surface discharge on the WS plays 
an important role in the formation of the BL embryo and sets up the energy reservoir on the in-side 
WS. Accordingly, a complete set of the BL system such as an energy reservoir, leader and pilot 
system as shown in Fig.2 is set up in a fuselage which is considered to be ENZ. The inside of the 
fuselage which is believed to be a Faraday’s cage is ironically identified as a cradle for BL embryo, 
contrary to common belief. 
 
   Future work 
All these descriptions are hypothesis. The properties of SS have never been made fully clear. As the 
study of SS advances, this scenario will need to be corrected. The fundamental mechanism of BL 
emerging in a fuselage is proposed in this paper, however there are many pending enigmas which 
remain to be solved and will be the subject of future work.  
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