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Short Communication

Ball lightning remains one of the most enigmatic phenomena in atmospheric science, with existing theories—
ranging from silicon nanoparticle oxidation to electromagnetic standing waves—failing to account for its unique 
stability, behavior, and sudden explosive decay upon interaction with moisture. Building on firsthand observations 
and physical analysis, this work proposes a new model: ball lightning arises from a positive ion nucleus encased 
by a rotating shell of electrons, whose motion stabilizes the plasma structure against collapse. Critical conditions 
for formation, such as dry atmospheric phases and avoidance of water, are explained through this dynamic 
configuration. Laboratory reproduction efforts have failed due to the absence of the necessary stable positive 
core. If artificial generation of ball lightning becomes achievable, it could revolutionize energy storage by offering 
ultra-high-density, near-lossless storage mechanisms. The proposed model also outlines fundamental challenges 
in stabilizing and containing such systems. This theory lays a foundation for future experimental approaches and 
invites reconsideration of plasma stability in both natural and engineered environments.
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Introduction  

If the current literature is to be believed, there are many 
theories about ball lightning, but all of them are ultimately 
unsatisfactory. Ball lightning, one of nature’s most elusive 
and eerie phenomena, continues to defy complete scientific 
explanation. Theories ranging from silicon combustion 
clouds [1] to microwave plasma bubbles [2] attempt to 
describe its behavior, yet none fully account for its observed 
properties: its strange longevity, its smooth penetration 
of obstacles, its sudden appearances indoors, and its 
spontaneous explosive ends. A new theory is presented 
here, which also explains why the phenomenon of ball 
lightning has not yet been successfully recreated in the 
laboratory. The decisive factor is the formation of a rotating 
envelope of electric charge around a positive nucleus, a 
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configuration that naturally stabilizes the otherwise wildly 
unstable plasma conditions required for ball lightning’s 
existence. This insight not only addresses the gaps left 
by earlier models but opens the door to revolutionary 
possibilities in energy storage and atmospheric physics.

Summary of Existing Literature

Wikipedia (2025) references various speculative 
models, notably:

•	 Silicon nanoparticle theory [1]: Vaporized silicon 
from soil oxidizes and glows as a luminous cloud.

•	 Electromagnetic standing wave theory [3]: Ball 
lightning as a resonating electromagnetic knot.
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•	 Microwave plasma cavity theory [3]: A plasma bubble 
trapped by microwave radiation fields.

While intriguing, these theories fail to explain key 
phenomena: ball lightning’s silent drift indoors, its 
stability despite turbulence, and its sudden discharge upon 
touching certain materials.

Observations of Ball Lightning

1. Personal Observation

I myself was once lucky enough to be able to observe 
ball lightning. A heavy thunderstorm was approaching and 
a few flashes of lightning occurred while it was still dry. 
Suddenly, a glistening, slightly reddish shimmering ball fell 
relatively slowly from the sky, hit the ground, jumped high 
into an apple tree and discharged there, disintegrating it.

2. External Testimony

A trustworthy lady once shared her equally vivid 
encounter: while seated at her desk grading classwork 
on a hot summer afternoon, a sudden flash announced 
an approaching storm. Before a single drop of rain had 
fallen, a luminous sphere burst into her study through one 
garden-facing window, left a smoldering black scar across 
the carpet, and leapt out through another window, only to 
discharge violently into a nearby tree.

Both accounts emphasize an essential pattern: ball 
lightning manifests during the dry phase of a storm, before 
rain falls, hinting at an intimate vulnerability to water and 
atmospheric moisture.

Requirements for the ball lightning

Obviously, ball lightning phenomena occur almost 
exclusively during dry thunderstorms, or more precisely, 
during the dry phases before the onset of rain. From 
this, it can be deduced that when the surface of a 
spherical lightning bolt comes into contact with water, 
destabilization and discharge occur rapidly. This explains 
why ball lightning is often observed floating at altitudes 
where humidity is low or near-ground during the dry 
window before precipitation.

From these and other reports, critical conditions 
emerge:

•	 Formation during dry atmospheric phases of 
thunderstorms, when ionized gases remain relatively 
isolated from moisture.

•	 Instantaneous destabilization upon contact with 
water, suggesting a profound vulnerability of the 
structure to external conductivity changes.

•	 Capacity for slow, deliberate motion, markedly 
different from the chaotic, high-velocity nature of 
traditional lightning strikes.

•	 Ability to interact with solid surfaces—walls, 
windows, trees—without immediate destruction, 
implying that its plasma state is stabilized internally 
rather than by kinetic energy.

These properties decisively contradict simple models 
of plasma clouds or combustion events. They demand 
a structure that can self-stabilize, preserve its integrity 
while navigating obstacles, and dynamically interact with 
its environment without requiring external confinement.

 
Proposed Model: Rotating Electric Charge around a 
Positive Core

A thunderstorm is a brutal symphony of electrical 
forces, a complex interplay of airborne discharges, titanic 
voltages, and ionization phenomena unfolding in the 
atmosphere. Under these extreme conditions, gases are 
torn apart into positively and negatively charged particles. 
I propose that, on rare occasions, a dense, localized 
concentration of positively charged ions forms—a stable 
seed, a positive nucleus. Surrounding free electrons, 
instead of dispersing chaotically, become trapped by 
the immense electric field of this nucleus. Driven by the 
balance of electrostatic attraction and centrifugal inertia, 
they spiral into tight, stable rotational orbits, forming a 
dynamic shell of negative charge. The resulting structure is 
a luminous, self-contained sphere: ball lightning. 

The configuration can be visualized as follows:

•	 A positive charge core, acting as the gravitational 
heart that binds the system together.

•	 A rotating shell of electrons, maintained in motion by 
the interplay of attractive and inertial forces.

•	 An invisible electric boundary, where the internal 
dynamics stabilize the plasma against external 
disruption.

This rotational system provides stability far beyond 
that of a mere plasma cloud. However, the entire construct 
remains exquisitely sensitive: contact with water or 
dense conductive matter disrupts the delicate electric 
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field configuration, triggering sudden and often violent 
discharge. Hence the frequent observation of ball lightning 
explosions when encountering rain-soaked surfaces or 
humid ground. It follows that the mere generation of 
enormous electrical charges, as achieved in laboratories, 
is insufficient to produce true ball lightning. Without the 
critical formation of a positive ion core and the resulting 
self-sustaining electron rotation, no stable structure can 
emerge—explaining why synthetic replication has thus far 
eluded researchers.

Please refer to Figure 1 for a schematic representation 
of the proposed ball lightning model.

An ionized nucleus of positively charged matter 
(yellow) forms the core, around which an electron shell 
(blue) rotates. The rotation direction and electron field 
vectors are shown, illustrating the dynamic stability of the 
system.

Why Laboratory Reproduction Has Failed

Experimental attempts often focus on generating 
large plasmas or microwave bubbles without a persistent 
central positive core. Without this core, the necessary 
confinement and stability mechanisms are absent, leading 
to rapid dissipation.

Prospects for the future

Should synthetic creation of stable ball lightning 
become feasible, the implications for energy storage would 
be profound:

•	 Near-zero energy loss: With electrons trapped in 
stable orbits, resistive losses would be negligible, 
outperforming current battery and supercapacitor 
technologies.

•	 Enormous energy density: A confined plasma 
structure could theoretically store vast quantities of 
electrical energy in compact volumes.

•	 Applications: Space travel (high-density energy 
packets), grid-level energy storage, even novel 
propulsion systems based on electromagnetic 
manipulation.

Key Challenges to Overcome:

•	 Generating and stabilizing a large positive ion core 
without immediate neutralization.

•	 Managing containment to prevent destructive 
discharge upon contact with ambient moisture or 
structures.

•	 Controlling size and lifetime of artificial ball lightning 
for practical energy systems.

Pioneering work like that of Stepanov [4] on self-
confining plasma structures and Del Giudice et al. [5] 
on coherent domains in water hints that stability via 
coherence and rotation could be a real pathway forward.
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