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The ball-lightning
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· An:3T~AqT. A theory is ~n'ilidcrOO according to whlcb the ball -lightning is a high dcn.~ity plll'ilma having an
lIQpr>rt-'\flt binding CQorlJY exceeding tho average thermal tran~lo. tion energy.

1. Various observations and thecrles

The ba ll-light ning has received man", ouser­
vat.ions the relia bility of which has been recently
discussed (Charman 1973). 'fhc ex planation ~f
the phenomena however is not fully understood
and HUm )' theories Lad been propounded . A
short summary is given below, more detailed
references arc found in tile bibliography. From
most observnt ions (Umsn 19G8) the ball light­
ning appf' s rs as n.luminous sphere of about 30 em
in diameter and last ing a few seconds . Silberg
(19G2) reported that a plasmoid very similar to
t bc ball-lightning was accidently observed on a
submarine when a short circui t happened
during the charging of t he batteries . It result s
in a green fire-ball (copper) which lusted about 1
H C. The energy stored in the fire- bal l, computed
from tne formula II' = UIt (U I potential diffe­
rence, I: current, t : switching ti me) was es-t imated
around 400 kilojoules. The author assumes
that th is plasmoid behaves as a sph erica l con­
ductor of indu cta nce L and so stores the energy
! L1'.

Altschuler cl al . (1970) consider that the energy
deDsit y in the ball-lightning can be as high as
10" joules/ems but it is evalu nted from calori ­
metrio measurem ents taking into accoun t the
quantity of wate r that vaporized when a fire­
1",11 ente red a barrel. It looks difficult in such
a case to ascertain whet her water vnpour ised or
splashed. The au thor conside rs the possibilit y
of nuclear phenomena . Xeugebauer (193j) proposed
the hypothesis that t he hall-ligh tnin g is a cold
degenerated plasma where the correlat ions are high.
Such hypoth~ si s is interest ing but in a cold plasma
rocomb inntion is a very fast process and the long
life -time of the ball.li ghtn ing remains unoxpl nincd.

In what follows the ball -lightning will be consi­
del ed as a hot plasma completely ionized. The high
te mperat ure favours a low recomb ination co ­
efficient and the h igh degree of ionization a hi gh
binding energy and an important energy etorugc.
The con finement problems of such plasma are
discussed in next sect ion.

2. The bali-lightning considered as a hot sell conOned plasma

A plasma is confined when its kin etic pressure
is balanced by other forces (Spit zer 195G), magnet ic,
electric or gravitational. Tho classical values for
magnet ic prcsure 11m and electri c pressure P« arc

P. = B'/S" p. = E'/S"
where B is the induction in gauss and E the electrio
field in e.s.u. A pressure of 1 a tmos phere can be
obtained with an induct ion of 5,000 gauss (0· 5
web/ m') and Stckolnikov (1913) considers t he
ball-lightning as a rin g curren t to which t he hydro­
magnetic theory could be ap plied but, as pointe d
by Powell el al. (1970) such current would be soon
dampe d because of- ohmic losses. Tho same pres­
sure of 1 atmosphere could be also obtained
with au electric field of 1·5 X 106 volts /em (i.e.,
0 .015 "olt/Angstrom). The use of ouch a high
electri c field rightly looks impracticab le but,
however, on the atomic Beale, it is reac hed very
easily and 80 electrio eflects could become im ­
portant is a dense plasma. Physically this means
that the at traction between ions aud electrons
actually lowers the pressure (see Appendix 1).
Now, the expa nsion of a plasma originates in th e
kineti c translation energy kT of the particles;
however, if the electron-ion at tract ion results
in a binding ener gy II' larger than k/I', thcn ,
as stated previously [Pozwolaki 1973) the plasma






