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BALL LIGHTNING

A STATUS SUMMARY TO NWEMBER 1971

by

J. L. Tuck

ABSTRACT

Experiments to study Ball Lightning artificiallyare
reported. Switch opening arcs at currents of up to 100,000
amperes frnm a large submarine storage battery (50-600V)
have given interestingbut indecisiveresults. Higher vol-
tage - 10 kV slowed-downcondenser dischargeshave been
similarly indecisivebut with encouraging afterglows Con-
jecture are made that: a) the ball lightning luminosity
comes from a chemiluminescentreaction preceded by a chemi-
ionization,b) the ball lightning coherence is a conse-
quence of a weak eurface force in a cold plasma containing
positive ion-negativeion dipoles. The scope of further
theoreticaland experimentalwork to elucidate these con-
jectures is outlined.

.’

The lightningstroke is a well studied and un-

derstood phenomenon. For inetance, the lightning

current ranges from 200,000 amperes lasting for a

few microsecondsdown to as little as 1000 amperes

for a few tenths of a second. Similarly, there is

much (thoughnot complete)knowledge of the process-

es in the thundercloud,which produce the high volt-

age (-100million volts).

When it comes to Ball Lightning (BL) the phe-

nomenon is a mystery. There have been several sta-

tistical surveys of sightinge taken from large sam-

ples - such as for example all the personnel of

NASA, and the whole staff of Union Carbide. The

results of such analysis are very consistent and

give strong support to the reality of the phenom-

enon.

BL is a persistent,not very intense spherical

luminosity-30 cm diameter,mean duration 5 seconds,

which can bounce on the floor, and has been eeen not

only in the open air, but indoors and especially,

inaide metal buildings and aircraft, and perhaps,

artificially,from the switchgeer in submarines.

There have been a few sightings of BL by phys-

icists - notably by Niels Bohr, and as I learned at

my lecture on BL at MIT in October 1970, by Victor

Weisskopf, the Director of the Physics Department.

Another eminent sighter was Dean Acheson who re-

ported in his book, “In at the Creation” seeing it

cross the breakfast table in a presidential air-

craft. There are absolutely no reliable scientific

photographs or scientificmeasurements of BL. At-

tempts have been made to get records: Elk umuntain

lookout in Montana was instrumentedfor a year by

an aircraft company with a USAP contract - predic-

tably with no result (BL is pure science at this

stage - ill adapted to profit-or”ienteddevelopmen-

tal type enterprise). Boruki at the Ames Laboratory

(NASA) completed most of the constructionpart of

whet promised to be a well thought out and economic-

ally executed program for the automatic photography

and spectroscopyof BL from a site in Arizona when

the 1970 retrenchment came and support ended. Many

very distinguishedphysicists have attempted expla-

nations - the lateat of these is Academician P.



Kspitza in the USSR. A number of experimentaland

theoreticalpapers are coming out of the USSR - two

on lines rather similar to my own studies and one

having an extraordinaryaccount by a technicianwho

‘just happened’ to have 5 evacuated gas samplers

with him when a BL passed overhead which he chases.

He captures samples and reports five 03/N0 ratios

from them. Could it be that he waa monitoring a

weapons teat? No leaa than three full length books

on BL have appeared since 1970 - of these two are

just”undiscrl.minatingreportage and the third tries

with only partial success to be a physics text. A

theory of BL lmnl.nosityinvolving thermal excitation

of sodium in hot air loaded with particles to main-

tain the density (M. Uman) merits serious considera-

tion. Another very interestingtheory (with some

experimentalsupport) Is by D. Flnkelstein (Yeshiva)

and J. Powell (Brookhaven). The perennial idea of

BL consistingof radioactivelydecaying nuclei has

come up again lately, this time with positron emit-

ters in the region of O, N. lt seems to me that

there are compellingreasons why nuclear reactions

should not occur in lightningdischarges.

The F and P theory work attributes the luminos-

ity as due to highly metastable (forbidden)trans-

itions between molecules of excited air. Experi-

mentally, 1/4 second is obtained. To stretch it

out to 5 seconds, F and P invoke channeling into the

ball of residual electric currents after the light-

ning strike.

I think this does explain some outdoor behav-

ior of BL, and especially its fondness for the vi-

cinity of barbed wire fences in fields and power

lines. But it begs the issue of what makes the

ball coherent - how can it bounce, and furthermore,

completely fails fnaide metal enclosures, since an

external electric field would be screened out.

My own conjecture (I cannot at this atage call

it a theory) is that the chemihminescent phase of

F and P, is preceded by a chemi-ionizationreaction.

This makes possible the extended time, without cal-

ling for an external maintaining electric field.

The next facet of my conjecture is to explain

the coherence - the ball shape and ability to

bounce. For six months, I sought a fluid dynamical

(HillVortex) mechanism for BL coherence and even

demonstratedsome effects of this kind in the lab-

oratory. But it had to be discarded as inadequate,

especiallywith respect to bouncing. I em now pro-

posing that the very unusual plasma, consisting of

cold positive and negative ions, can develop a sur-

face tension, i.e., like a soap bubble.

This is a very novel idea, gaaea have never

been known to exhibit surface tension. What it

amounta to ia almost a hitherto unobservedstate of

matter having partial molecular ordering in the gas

phase. In Mquida, this state - smectic or liquid

crystal - is known. The rarity of BL, and nonoccur-

rence from artificialdischarges of comparable

strength then comes quite naturally from the diffi-

culty of achieving the condition where the weak sur-

face tension forces establish dominance over disper-

sive gas dynamic forces. The experiments on BL have

been going on for about 2 years with much coopera-

tion from N-?, financed in a small way frem the

charity of the $4 million/pa (Sherweod- controlled

fusion) project which I started at this laboratory.

In 1969 I had a aumner student to work on BL on a

grant from the National Science Foundation.

I may aay that the research is science for its

own sake. There ia no practical application in

mind, though doubtless if the surface tension con-

jecture turns out to be correct, all sorts of con-

sequences will follow.

The apparatus I have been using consists of:

(1) a large $2 million submarine storage battery

[courtesyof Dr. J. Rowley of the Rover (Nuclear

Rocket) Division]. This is used in off-duty periods

to make large low-voltagedischarge to attempt to

produce the peraiatentBL-like ltnninoaitieasaid to

be seen in old–fashionedsubmarines. (2) A30 kV

75 kilojoule condenserbattery inmy own laboratory

for study of high-voltagearcs. With the battery

we have produced some enormous and interestingarcs

far exceeding anything imaginableon a submarine.

They leave behind yellow and red afterglowsbut in

all except one case, nothing reaemblhg ball light-

ning in duration or coherence. (Ball lightningob-

servations tend to be biased to the yellow-orange

part of the visible spectrum.) Photographsof lmni-

nous vortices exhibiting gas dynamic stabilization

and prolongationof the afterglowwere also obtained.

‘he condenser experimentshave ahown somewhat

longer yellow afterglows,which increase as the dis-

charge is made leas turbulent. This lends support

to the rarity and weak forces conjecture above.
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The field of BL research is strewn with the

ruins of reputations. In order to avoid that fate,

I have been reluctant to publish before subjecting

these ideas to criticism. Over the last two years,

about 15 invited seminars and colloquia have been

given at various universities,and I am now think-

ing of venturing on a letter to “Nature.”

Future plans are as follows:

(1) Continue the condensar discharge experi-

ments. As a one-man operation, these go with mad-

dening slowness.

(2) The U.S. Navy has been approached to pro-

vide opportunityfor observationon a submssine

under way. A retired very high up Admiral is taking

an interest. This would take place out of some sub-

marine naval base - San Diego or Whale Island.

(3) It would be helpful to visit come places

where BL is said to be comnon. One svch place is

north Sweden, where the sister of one of our con-

sultants claims to have been touched by it without

harm.

(4) Filling out the above conjectureson the

nature of BL mathematicallywill be extremely diffi-

cult. Actually analyticalmathematicalmethods in

plasma physics are being superseded these days by

‘Iccsnputersimulation.”

We have one of the foremost exponents of the

techniquehere in this laboratory,and alao one of

the world’s largeat computers. So conditions are

favorable for applying this to the BL problem.

In about a year from now at some appropriate

conference, the Tokyo Lightning InternationalCon-

ference perhaps, a full length paper may be poseible.
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