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Abstract: The various phenomena known as ball lightning are
described. Possible natural explanations are reviewed, and the
major theories of its formation discussed in detail and
critically compared.

1. INTRODUCTION

Considerable interest has been aroused regarding the
existence of ball lightning as a scientifically real phenomenon by a
letter in the A.M.M of June, 1959. The writer, Dr. J.H. Stevenson,
suggests that observations of ball lightning may be explained in terms
of persistence of vision, ie. the retention of an after-image of a
bright flash on the retina of the observer's eye. Whilst it is
generally agreed that a number of the reports of "ball lightning",
"rlobe lightning", or "fireballs", which appear from time to time in
the press, may be accounted for on this basis as Dr. Stevenson
suggests, there are alsq numerous naturally-occurring atmospheric and
terrestrial phenomena which may be {and undoubtedly have been on
many occasions) mistakenly reported as fireballs by the untrained
observer., In addition to these considerations, however, there is
much evidence to favour the recognition of an entirely distinct and
independent class of phenomena, possessing objective existence, to
which the title "ball lightning" really applies. On this other side
of the picture we have the various theories which assume ball
lightning to exist and then attempt to explain its observed .
characteristics. Although Humphreys (1936) and Schonland (1950) are
inclined to be sceptical of this viewpoint, and feel that all
reports of ball lightning have their explanation in more ordinary
processes, it is felt that the weight of observational evidence is
against them, However, both aspects will be discussed.

2, DESCRIPTION OF BALL LIGHTNING
PHENOMENA

The most reliable evidence for the existence of "genuine"
ball lightning is in the form of a number of photographs taken in
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the U.S.A; Sweden, and the U.S.S.R. Also Dr. Walter Brand of Marburg
examined some 600 well decumented observations from which he_
selected 215 which conld be explained in no other way. From these
he compiled the most comprehensive descrlption yet given of ball
lightnln? a summary of the translation of which is given by

19

Goodlet 37). From this the main features of ball lightning are
summarised:- .
(i)  Ball lightning appears as a red luminous ball 10 to 20 cm

in dlameter with a hazy blue outline, but it may appear also as
sharply outlined and dazzling white, It occurs most frequently
during, or towards the end of a thunderstorm and may occur on iand.
or at sea.

(ii) Its appearance is often accompanied by a hissing,.humming,.
or fluttering noise, and on disappearance it often leavega sharp-
smelling mist which appears brown by transmitted light, blue by
reflected light, and white in saturated air.

(1i1) The most usual lifetime of a fireball is fram.3 to. 5
. seconds but it may last for several minutes. It may first appear
close to the ground, often near a point just struck by lightning,
or it may be .observed to float down from the base of a cloud..
Fireballs may disappear silently, or with a loud explosion,
accompanied in the latter case by streamers shooting out in all
directions. They may be extinguished by an ordinary lightning
flash.

(iv) Fireballs may be classified as either "floating" or
“attached". Floating fireballs generally descend from clouds with
velocities of the order of 2 metres per second. They are red in
colour and avoid good conductors, preferring a path through the
air. They appear to have an affinity for closed spaces;, often
entering kitchens via the chimney. They may then float around
the room, and it is not mmeommon for them to leave by the same
path. They are not harmful to human beings, avoiding them in the
same way that they aveid good c¢onductors.

Attached fireballs on the other hand are of blinding brilliance
and white or blue in colour., They attach themselwes to good
conductors, generally high points, or they may roll along water
pipes or roof gutters. They heat anything they touch and may
move over the human bedy under- the clothing causing severe burns.
Floating fireballs often become transformed to the attached.type
by making a sudden dart to a conductor.



70

3. POSSIBLE EXPLANATIONS BASED ON

PHYSIOLOGICAL AND NATURAL '
ATMOSPHERIC PHENCMENA

!

Humphreys (1936) examined 280 accounts of‘ball lightning
and these he classified into a number of different groups, each
associated with a distinct natural phenomenon. Although he was able
to account for all the reports in this way there is nothing to
guarantee that his analysis was anything more than a classification
of the 280 observations into predetermined groups on the basis of
"best fit". If such were the case, any reports of genuine ball
lightning among the 280 cases examined would have been explained as
something else. However, the various explenations offered by
Humphreys must all be regarded as possibilities and are therefore
relevant to the present discussion. They include:-

(1) Persistence of Vision.

In many accounts the fireball is seen either at the
instant when a very near llghtnlng flash occurs, or immediately after
. one. It is quite possible, in fact extremely likely, that a number
of reported observations have been caused by an optical illusion,
since the retina of the eye, when dazzled by a nearby flash, retains
a residual image of the nature of a luminous ball of light. When the
flash is focussed off-centre the apparent luminous ball will quite
probably appear to move, often in a jerky manner, as a result of
turning the eyes in an effort to see the supposed ball directly.
Or, as is more likely, and is also more in conformity with observa-
tion, the ball may appear to move slowly through the air, bouncing
from s6lid objects. Common-sense and experience tell us that a
balloon-like ball should move in this manner, and our eyes, in
anticipation, carry it along in just that way.

(ii) Brush Discharge - St. Elmo's Fire.

Brush discharge, corona discharge, or as it has been
known by sailors for many centuries, St. Elmo's Fire, is a well-
known and ncguncommon phenomenon, which has frequently been called
ball lightning by observers unaware of its real nature. Caused by
point discharge in the strong field produced when a charged cloud
is overhead, St. Elmo's Fire appears as a reddish, bluish, or glow-
ing white ball or flame above protruding objects - very often in
the radio masts of ships at sea. It has been observed also on
mountain peaks, lightning conductors, church spires, and the wing-
tips of aircraft in flight. There are isolated reports (eg. The
Marine Observer No. 163) of St. Elmo's Fire appearing on the heads
and clothing of people, and even on the horns of cattle..
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Humphreys describes the eerie effect which St. Elmo's ‘Fire may cause
on the lonely cattle ranch "by turning every steer into a devil with.
flaming horns". There is considerable variation in both the
_physical size and the luminous intensity of this phenomenon. It hay
vary from inches to feet in diameter, and although observed most
commonly as a faint glow it has been reported (The Marine Observer
No. 16’7{ "bright as the navigation lights of an approaching -
steamer", Displays of St, Elmo's Fire on mountain peaks have been
recorded bright enough to be seen from 10 to 15 miles away.
(A1bright 1950). Its appearance is often accompanied by a pungent
odour and a hissing or crackling noise; if in the neighbourhood of '
radio masts is produces considerable static. St. Elmo's Fire is
often extinguished by a direct lightning strike though it most
commonly dis@ppears slowly and quietly as the charged cloud moves
away. Cases have been reported (e.g. The Marine ObserverNo. 172)
when a number of white globes on the radio mast of a ship dame
together, sparked, and disappeared. .The usual lifetime is

reckoned in terms of minutes but it may be considerably longer.

One case is reported in which the wings and tail of an aireraft
remained continuously aglow with St. Elmo's Fire for A-é- hours,

Very powerful glows of the same nature have been known to occur
during severe dust storms. ' :

Bearing even closer resemblance ‘to the accepted notion
of ball lightning are the various observations of moving brush -
discharge. Carried along by the wind or otherwise, presumably
following the locus of most intense field stremgth, it may be -
observed to "roll" along wire fences, .telephone lines, or roof
gutters. On high mountains during:intemse electrical storm _
activity it may appear as a ball of 1light jumping from crag to
crag -—actually disappearing on one and re-eppearmg on the next.

Thus, when duye consideration is given to the remarkable -
resemblance between the characteristics of this phenomenon and’
those attributed to ball lightning, it is no wonder that = =
St. Elmo's Fire has, on numerous occasions, been reported by the
much more picturesque title "fireball“ o .

- (4i1) .'Place ‘to Place Discharge Indoore or Diacha.rge aleng a
' Broken Gonductor. L 2 o

" If some elevated part of a house (eg. kitchen ch:lmney)
euffere a direct lightning ‘strike, it is possible that the -
sparks which may occur between the lower extremity of the objeet
struck and an earthed object (eg. a waterpipe) nearby, may, in
. the confusion of the moment, be thought to be a ball of fire
which has suddenly appeared in the room and thep exploded. It
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is possible also that a -succession of such sparks occurring along a
broken conductor, such as an old wire fence, may be mistaken for
rapidly passing ball lightning.

(iv) Flash at a Discharge Point

It has been mentioned that fireballs often appear at the
spot struck by lightning at the instant of discharge. It could be
that a number of such observations have been due to the rich visible
spectrum of the vapourized material of the object struck. Such an
observation could be given added realism by the effect of persistence
of vision. :

(v) There are numerous other possible explanations to be found
among the better known phenomena of nature. These include
meteorites, falling molten metal, reflection from a convex surface,
mock suns, lightning seen end on, and others.

Regarding the first mentioned, viz meteorites, it would
appear that there ie here some confusion of terminology in the use
of the word "fireball®. Van Nostrand's Scientific Encyclopedia
states that "Fireball' is a term used to designate those meteors
which are large enough to be apparently brighter than the planet
Jupiter®. In this usage, "fireball™ is not, of course, synonymous
with "ball lightning", The last mentioned (viz. lightning seen end-
on) would require somewhat exceptional circumstances to produce the
effect of a fireball., It is, however, regarded (by many people) as
the most logical explanation for bead lightning which, as its name
implies, appears as a string of bright beads along a lightaing ’
discharge channel. At some points in its sinuous path the discharge
may be travelling directly towards or.away from the observer at O in
Fig 1. Thus viewed end-on, the discharge channel at points A, B, C
will appear considerably brighter than elsewhere along its path,
particularly so in the case of a weak discharge. It is not uncommon
to observe one such point in a lightning discharge path. More
rarely, several may be seen producing a very striking effect.

It must be emphasised that the various phenomena listed
are not to be regarded as explanations for genuine ball lightning.
Rather, they are submitted as phenomena which the layman may easily.
mistake for ball lightning — possibilities which must be guarded against
before confirmation is given to a reported observation of this rather
rare phenomenon.
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Observer sees here. /

Fig. . BEAD LIGHTNING

4o POSSIBLE THEORETICALAEXPLANATIONS
OF BALL LIGHTNING

A number of theories have been put forward in the last
fifty years which endeavour to provide a theoretical basis for ‘
ball lightning. The majority, however, are deficient in that they
are unabje to explain the large energies of fireballs. The most
acceptable theory from this aspect so far put forward is that,
originally due to Dauvilier (1957), which assumes the fireball to
be a small-scale, self-sustaining thermonuclear reaction. There
are, however, a number of other theories which have still much to
recommend them and it might therefore be of interest to outline
the most important of these. This is done, for the most part, in
the form of a summary of an address entitled "Ball Lightning" given
to the Queensland Division of the Australian Branch of the
Institute of Physics by Dr. W.C. Hoffman, Senior Lecturer in
Physics at the Queensland Unitersity. The various theories are
given in approximately historical order and at the end of the
discussion their merits and failings are critically compared.

(i) Thornton (1911) suggested that a fireball consists of a
spherically confined volume of ozone and partially dissociated

_oxygen thrown off from the base of a negatively-charged cloud by



74

an electric surge following closely after a heavy lightning
discharge. The negatively-charged ball of ozone falling from the
base of the cloud approaches the negative earth and is deflected to
float parallel to its surface. The reason for the confinement of the
gas within a sphere is that, since the energy of ozone is for a given
mass greater than that of oxygen, whilst the volume is less, the
force between molecules of ozone and oxygen is an attraction which
decreases in the aggregate as recombination proceeds until it has the
same value as the repnlsion due to the usual molecular bombardment in
gases., The temperature rising on account of the heat set free,
equilibrium would be quickly reathed, the cooling of the ball by
radiation and its motion through the air giving it stability. Omn
reaching water, for which ozone has strong affinity, or anything which
causes ozone to decompose with great rapidity the ball explodes.

(i1) Russel (1923) states that "Globular lightning seems to be a
brush discharge taking place at the end of a column of air of higher
conductivity than the surrounding air? “However, he admitted that
such a process has little in common with the popular conception of
globular lightning as a ball of glowing gas. In a discussion on
Russel's ideas Simpson (1923) remarked that the only physical '
phenomenon then produced in the laboratory at all resembling ball
lightning was the active nitrogen studied by Lord Rayleigh.

(1ii) Kilburn Scott (1923) suggested that ball lightning may
possibly be a mass of concentrated mpitrogen oxides produced by the
lightning discharge. It is known that when air passes through high
tension arc flames in an electric furnace the nitrogen and oxygen
combine to form nitric oxide gas, which as it cools takes up more
oxygen to give nitrogen dioxide, the speed of combination increasing
rapidly with the cooling. Very similar conditions in the lightning
discharge would seem to favour the production of a large amount of
nitric oxide and nitrogen dioxide gas in a very concentrated and
possibly liquid form. The outer layers of a ball of this structure
would oxidise to nitrogen dioxide and dissipate as it moved through
the air. It could expend itself completely in this way. However,
if it were to come in contact with organic material, such as a tree
or haystack, it would nitrate it immediately causing a violent
explosion. The point most difficult of explanation in such a
theory is the spherical confinement of the gas.

(iv) Neugebauer (1937) put forward a theory whereby the fireball
is regarded as consisting of a very densely ionised plasma of
electrons and positive ions. The energy of the ball is tied up with
the quantum-mechanical exchange forces acting between electrons and
positive ions. At elevated temperatures the recombination co-

_ efficient of ions and electrons is sufficiently low to account for
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the "observed” lifetimes of fireballs. There comes a stage, however,
when the exchange forces can no longer resist the thermal motions and
the bdall explodes. This theory has much in its favour but the
calculated emergy release from a 10 cm fireball of this constitution
is very small at minimum Ygmperature. .

(v) Frenkel (1940) put forward a theory based on. the selective
absorption of small quantities of negative ioms by water. Ball
lightning on this theory consists of a sphere formed by the welding
together in a lightning dischargé of chemically active thundercloud
constituents with dust particles’acting as & catalyst.

' (vi) , Benedicks (1952) offered an explapation for ball lightning

- ' phenomena by assumipg the high temperature’'in the lightning channel

to cause thermal dissociation of water, forming overheated oxyshydro—
gen. The shape of the phenomenon was explained by the action of .
surface tension, Various other observational characteristics of

ball lightning were discussed and these shown to provide an explana.— ‘

tion of reports of 2flying saucers®.

(vii) FNauer (1953) examined several of the older theories of
ball lightning all of which he regarded as unspitable or imsufficient
to explain the observed properties of the natural phenomenon. He
compared in detail the characteristics of ball lightning with ¢hose
of the self-luminous clouds he was able to produce by the ordipary
chemical combination of methane and other atmospheric comstituents,
and concluded that ball lightning was to be explained on the bagds- -
of chemical reactions involving methaneo > .

(viii) “Kapitza (1955) formilated a qualitative theory based on
the absorption of electromagnetic radiation by an ionized gas neayx
resonance, He reasoned that associated with-focussed decimetye :
radiation there may be a stable, spherical volume of plasmg (of
diameter 0,274 times the wavelength of the incident radiation) .
which possesses some of the characteristics of ball lightning. The
ball would, on Kapitza's theory, be located at one of the inter-
ference antinodes formed by reflection from the ground, or even a}
‘Beveral such antinodes producing bead lightning. Watsom (1960)
reformulated this. theory on a quantative basis, showing that if by
some mechanism:atgnding waves at decimetre wavelengths are set up
in the a.tmosphere, then there may be confinement at the alectm.c
nodes.

Explosive disappsarance of the ball may result from sndden
cé8sation of the decimetre radiation and. consequent violent cooling.
Silent disappearance would be due to the gradual decay of ths ia-
cident radiatiom. Superficially this is a very attrective theory
—but it appears inadequate for a. m.umber of reasonss—






