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UNITED STATES DEPARTMENT OF COMCERCE
WEATHER BUREAU
Washingtoen 25

In Reply Please Address
CHIEF OF BURZAU
and Refer to

0-4.3
Dec. 16, 1943

Commanding Generzal

Air Materiel Comrand

Attention: CIAXO
Wright-Patterson Air Force Base
Dayton, Ohio

Dear Sir;

Your lettsr of October 20, 1948, addressed to the National Bureau
of Standards and requesting irformation on the subject of "Ball
Lizhtning™ has been referred to this Bureau for reply.

Attached is a tabulation filling in as well as practicabls the in-
formation called for by the outline presented in your letter. We

shall be glad to be of further assistance in connection with this
matter.

Yery truly yours,

/[s/ F. W. Reichelderfer
F. W. Reichelderfer
Chief of Bureau

Attachment
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UNITED STATES DEPARTVENT OF COLUERCE
WEATHER BUREAU

Report

Informatiorn or.™3all Lightning®

T Qrigin

Various theories and suggestions have been proposed to explain ball
" 1lightning, most of them being without well-sstablished physical foun-

dation.

Theres is still doubt in scientific circles regarding the

orizin of a numbar of reported cases of ball lightninz,

Briefly, the explanations of the origin of ball lirhtninv may be
broken down as followss

(1)

(@)

(3)

Brush discharse (St. Elmo's fire).

(May be stationary over sharp-pointed objects, or
moving along or near the surface of wires, roofs,
rocks, etc., espescially on mountains. Conditions
most favorable for brush discharge occur during

. thunderstorms, but the phenomenon may occur even

during elear, dry, dusty weather. When a lightning
stroks is approaching an object, the brush discharge
becomes especially intense.)

Intensely ionized, incandsscent volume of air forme
ing end of lightning stroks and lasting for short
interval of time.

(This would occur mainly during thunderstorms fol- -
lowing the passage of a lightning stroke. At the
ground end, the terminal flash is intenss, and vapors,
smoke or molten material from objects fused at points
struck may enhance and extend the duration of incan-
descence. After=image formed on the retinas of the
eyss of a person lookinz at the brilliant flash at

the point of discharge may give spurious effects.)

Brush discharge in air containing high concentration

of dust or other aerosols, during thunderstorms.

(If this occurs, it probably is associated with the
path taken by a real lightning stroke, and presumably
involves corona discharges from suspended particles
and possibly combustion in some cased.)



(L)

(5)

(é)

(7

()
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Jumping of gap by lightning indoors,
(tfhen lightning strikes a house, lightning streamers

may jump gaps such as betwsen pipes within the houss,

thus causing a bright flash of limited extent., After-
imaze is generally formed on the retina and movements
of- eye produce apparert movements of the illuminated
region.)

A cloud-to=ground lizhtning stroke with an assoclate,

horizontally-directed, movin; potential wave may
possibly produce a transient horizontal potential
gradient sufficiently intense to initiate electriceal
discharges.

(Such discharges would involve luminous darts moving
at high speed and may move over irrezular trajectories,
producing, in some cases at least, more-or-less hori-
zontally directed, sinuous, ribbon-like or tubular
paths. If there is a heavy concentratior of eleetrical
charges near the earth beneath the thunderstorm ths
trig=zering of a discharge by the transient potential

' gradient may yield horizontal lichtning streamers having

a relatively slow propegeation rate and lornz duration.)

A lightning discharge that strikes and runs along a
eonductor such as power or telephone lines and flashes-
over or jumps the gaps at breaks produces a brilliant
{11lumination at the zaps that may be mistaken for ball

A plece of wire with attached licht object that is car-
ried aloft by the gusty winds and turbulence atterding
a thunderstorm or torrado may serve to faclilitate con-
duction of lightnins currents and yield streamers at
its ends during discharges.

Spurious cases.

(a) After-image (persistence of vision)

(b) Will-o'-the Wisp

(e) ‘Moteorites

(d) Reflections of lightning observed on highly polished
objects, such as door knobs.

. (e) Falling molten metal

(f) Lightning chamnnel seen on end.



(=)

(v)

(@)

‘o= .
II. Appesrance

Forms

Spherieal, roughly globular, ezs-shaped, or pear-shaped;
many times with projecting strsamsrs; or flame-like ir-
regular "masses of light." Appeararce of outer boundary

is generally hazy or ill-defined. Photographs of the
phenomenon may show one or several sinuous, tubular prop-
agation paths (trajsctories taken by luminous da=rts), which
may have associated with them broader luminous spaces of
irregular confizuration. (These latter spaces probably

_are reglons where the sinuosities of path became involved

and tortuous or are arsas of m=zjor discharge where darts
originated or termirated). Some paths show a beaded struc-
ture (alternate luminous and dark spaces),

Color

Luminous in appearancs, deseribted in individual cases by
different colors but mostly reported as deep red and often
as glaring white. One scientist deseribed the color in a
certain case as similar to that he has noted in the labo-
ratory on observin; active nitrogen, or possibly slightly
darker. Another observed ors of yellow and still another
of lavender or rose color. Cthers have reported soms of
blue appsarance. The luminous mass is occasiorally stated

~to be surrounded by a bordsr, weakly but differently-

golored than the main body.

Degrees of Brilliance

Brilliance at most =zlarin; white and incardos-ent, iini-
mum brilliance equal to that of feeble St. Elmo's Fire,

Movement through Space

1._ Possible directions.
@enerally downward, irclired or horizontal, in straight,
surved, or tortuous paths. uYostly observed near the
‘surface, but may originate in thunderclouds, and so take
a trajectory from cloud to earth. ;

2. Maneuverability

May appear stationary, or moving. Range of speed is
gero to wvalues of the order of 107 om./sec. In the
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latter, extrems case, the luminous darts observed are
probably of the same general nature as the lizhtrning
streamer, although the path taken may be very irregu-
lar and even show reversals in direction. In soms
cases, long sectiorns of paths of such luminous dartis

may show slight curvature. 1lear the ground or in
closed spaces & much smaller spesed is often said to

be observed, mostly about 1 = 2 meters/sec. The "ball
of fire™ may sesn to move or float alornz in a room, or
to roll alorz the floor. In a thunderstorn, as may be
experienc=d on & mountain top, an observer has reported
®seeinz balls of fire roll along the rocks and drop
from one to another." Intense St. Elmo's Fire on sharp
objects beneath thunderstorms may fluctuate rapidly in
size, irtensity, ard orientation, or show displacezmsnts
from ore point to another, hence the flame may appear to
whirl and dance, or move. When a lightning flashover at
8. point produces an after-imase or the observer's retina,
movemsnts of the eyes cause correspondinz movements of
the image which the untrained observer attributes to the
movemsnt of a luminous "ball of fire" or flame. Ball

.lightning observed by Jersen! in the waks of a lightning

flash through dust=laden air during a thunderstora
"appeared as a shapsless mass of lavender color which
seemed to float slowly downward," Jernsen states; "Ths
roge-coclored mass seemed most brilliant near the ground
and gave the impression of a gigartic pyrotechnic dis-
play. Two or three of the globular structures seemsd
to roll along a pair of 2300 volt power lines for 100
feet or more, then bounded down on the ground and dis-

~ appeared with a loud report,”

" When a lightning streamer from a thundercloud terminates

in tne air, the leader stroke is sometimes so faintly

- luminous in portions that only a segmert of the path is

observed., This may conceivably give the impression of

-~ @longated "ball lightning,™ but is a natural cloud-air
©  lightning stroke. i ; :

3. Nearby Air or other Craft

 There have been numerous cases of aircraft struck by

lightnirng. VYhen the aircraft is all-metallic, it serves
a8 a Faraday cage, and provides electrical protection

1.

Jensen, J. C. Physics, vol. L, p. 372 (1933).
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to the crew ard passengers. Just precedinc the onset
of a lightning stroke to an aircraft, pllots have re-
ported observing a streamer of corora discharze build
up on_the nose, propasllers or other extremity of the
oraft®, The movement of the streamer accompanies that
of the aircraft and decends on the passage of a light-
nirg stroks mearly or throuzh the aircraft. Corona
discharges or sharply convex surfaces of aircraft have
also been observed during flight between rmasses of
clouds stronzly charzed with electrical charzes of
opposite sign (positive and nezative). Autozerous
charging of the aireraft by tribo-elsctric ard other
effects during flizht through snow or other precipi-
tation particles intensifies the corona discharzes.
These are of the same nature as St. Elmo's Fire.

St. Blmo's Fire has been observed mumerous times on
the mastheads of ships and gemerally moves with thenm
during passage beneath thurderclouds or other neteor-

. logical corditions where intense electrical pctential
gradients exist.

(e) Effect on Surrounding Atmosphere

‘1. €louds

t ok

—— —

Bightninz of any kind can occur in clouds only if the
_dielectric properties of the air are broxen cown when
“the sparking potential gradient is reached. 1In elear
air this amounts to about 30,000 volts per ca. at sea
~level and about 21,000 volts per cm. at 10,C0C0 ft.
altitude. In clouds, or in the presence of precipita-
tion particles the sparking potential .gradiext is less,
deperding on the size of the particles. Tor example,

. - 4n the presence of raindrops.l/8 inch in diaceter it
* 1s about 10,000 volts/cm.

" ‘as shom by Maoky2, droplets of water suspended in anm

electrical field sufficiently intense to induce break-

- down will display sparking-over phenomena and will

1.

Harrison, L. P., ™Lichtning Discharzes to Aircraft and
Associated Meteorological Conditions,"™ N,iA.C.i. Tech-
nical Note 1001, (19L5).

¥acky, W. A., Proc. Roy. Soc. London, Ser. A, vol, 133,
pp. 565-587, (1931).
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become deformed. Under very strong fields, the drop-
lats becoms drawn out into filaments and disrupt with
attendant electrical discharses alonsg their surfaces
or throuch them.

It is probable that thsse phenomena occcur along the
channel of a lightning stroke through a cloud, and that
some evaporation and disruptive breakdovm of droplets
ocour in consequence of the intense hext and flow of
electrical charges. These major effects on cloud or
precipitation particles are believed to bs confined to
the lightning chammel, althoucsh minor effects such as
glow or brush discharges from particles in other portions
of the cloud possibly occur in connection with the de-
velopment of lightning strokes. These discharges from
countless particles may yield a general 3illumination

" within the cloud under stron~s sglectrical fisld condi-

tions, especially durins propazation of lichtring strokes.

Effects of "ball lichtninz"™ on clouds are unknowr. Since
"ball lightning,™ if real, is presumably less severe
than an ordinary lightning stroke or at most is probably
a dart streamer of such a stroks, we may assume that the
effects of "ball lightning™ on clouds ars not more severe
than those outlined above in cormection with lightningz.

Inoressed@itutugtof

The formation of coroma discharge at any point leads to
& considerable increase in ionization of the surrounding
air, Any case of so-called "ball lightning" which is
actually a corona discharge will have a similar effect.

‘Ordinary lightning strokes distribute heavy concentra-

xl tions of electrons and ions or charged nuclei along and

mea thelr channels during the passaze of the stepped

- leader or dart leader. These particles form a space

‘eharge surrounding the charnel. After the leader reaches

the earth, the return stroke occurs from earth to cloud.
When this develops, the space charge tends to migrate
rapidly to the channel, producing a rush of charres within
it. The flow of these charges in the channel yislds the
brilliant, return lightning stroks. ‘ithin the chamnel
jonization is exceeding heavy.

"Ball lightning™ associated with a true lightning stroks
will probably involve a flow of space charges to its
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channel and so leads to a diminution of space charge
from the environment of the path but an imnediate in-
erease of lonization along its path. Followinz the
passage of the phenomernon, ionization will dscay by
reconbination,

A1) metallic aircraft which are struck by true light-
ning generally have scorch marks, pits, or holes burned
through the skin, The holes rarely exceed one inch in
diameter. (See N.A.C.A. Technical Note 1001). Portions
of pon-retellic material in contact with the area struck
may be burnt or explosively sevarated fron the metal to
which the material is attached. Vhen radio ertennas are
struck or the lightning arrestsr does rot function as
desirsd, damaze to radio squipment oftern occurs.

Temporary blinding of pilots looking directly at the
flash due to the stroke to some exterior portior of the
airoraft such as the nose of the fusslage may irtroduce
some hazard. As a rule the temporary blindin: is ef=-
fective from about 10 secords %o a larger fraction of a
mirute, but in one extreme case a copllot was reported
to have been temporarily blinded for about 3 minutes.
Saveral cases of temporary blinding of about 3 minutes
have been reported.

The Weather Bursau has not received amy reports of acei-
dents in which an airplane was said to havs suffered
contact with ®ball lightning."™ Judging by the phenomenon
called by that name ard experienced at the surface, the
aircraft damage to be expscted by such contact would
probably be less severe than that caused by a typical
gonuine lightning stroke. That type of so=-called "ball

- 1ightning® which is actually en intense corona discharge

would not cause any mechanical damage to ron-inflammable
exposed materials, but would hamper radio communications

- by producing static similar to tha kind tar:ed “precipi-

tation static.™

A real lightning stroke to a non-metallic object on the
ground often causes an explosive disruptive effect on the
object and will cause burning of inflammable materials.

‘Contact of so-called "ball lightning™ may hawve physical
effects on exposed persons varying from negligible to
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fatal: In the cases of fatalities resultinz from this
cause, it is believed that genuine lightning wes involved.
Physical effects of electrical origin on persons enclosed
in all-metallic aireraft ars reg li ibls, owing to the
Faraday caze protsction aff orded b" the conducting skin.
However, & slight electirical shock may be expsrienced by
& orew member aboard an airgraft if he is malking zood
contact at two well separated points during pessage of

the steep wavefront of potential through the arsa of con-

‘tact at the tice of & real lightning stroks.

(£) Accompanying Phenomsna

1.

2.

3.

Sound .

The origzination and dissipatiocn of "ball lizhtning™ at
the surface arz often atterded by a sharp report, but
not invariabdly. Very frequently the beginrning or end,
respectively, of "ball lizhtning"™ is accomparied by a

positively identified stroke of streak lishtning to or

very nearly to the point of observation. Ths thunder
produced by such a stroke will maturally be considered

by many observers to have been associated with the ®ball
lightning.® ™Ball lizhtrins™ which is in the fomm of a
corona discharze makes very little sound, sirce the cur=-
rent carried is wery low and the explosive heating effects
on the air negligible. Lightning of the cortinuing-
current type, with low-wavefront, will not produce intense
sounds, ard this is to bs more or less expscted, also,

of isolnted luninous dsrt streemers traversir: the ohan—
nels of preceding or succeeding lightning strokes. Such
streamsrs have been included in the catezory of ™ball
lightning o'

'Epemigil_ﬁffggzi_

The odor of ozone in cornection with "ball lightning™ has
been reported by some observers. This is to be expected

" in cases where the phernomenon is a brush discharze which

produces ozone in air., When actual streak lightning is
involved, the formation of oxides of nitrogen and ozone
is a normal occurrence.

Thermal Effects

— o — o — — —

Pires have been caused in combustible material, such as

" straw, by discharges reported to have been “ball lightning.®
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Blectrical Bffects

®Ball lightninz" will certainly be accompanied by radio
stetic in some form. Elactrical shock to persons is
possible when the phenomenon. stems from streak lightning.
Disruptive mechanical effects on non-conductors especially
if coptaining moisture, or crushing effects on hollow
conducting tubes may cccur in cases where mctual steep
wave-front, lizhtninz currents pass through the objects.

Soms of tho cases of "ball lightninz® observed have dis=-
played excrescsnces of the appsarance of little flames
emanatirg from the main body of the luminous mass, or
luminous streamers have developed from it and propagated
slant-wise toward the =zround. In rare instances, it has
been reported that the luminous body may break up into a
nunber of szaller balls which may appear to fall towards
the earth liks a rein of sparks. It has even been re-
ported that the ball has suddenly ejected a whole bundle
of many luminous, radiating streamers toward the earth,
and then disappeared.

anaanl has quoted the following report .of electrical
discharpses appearinz in a violent storm; ™A torrado which
occurred or the evening of July 9, 1932, near Rock Rapids,
Iowa, gave evidence of a closely related typs of luminous
display according to the revort of lir. Georss Raveling,

Ue. Se. Tieather Bureau observer. Fron the sides of the

‘boiling, dust-laden cloud a fiery stream poured out like

water throuzh a sieve, breaking into spheres of irregular
shape as thsy descended. DNo streak lichtning of the usual
typs was observed ard no noise attended the fire-balls
other than the usual roar of ths storm."

Poésible Objects to Which Attracted

Lightning strokes are more likely to hit at or near the top of .

high, pointed objscts, than on the surfaces of low objects with

flat or ooncave exteriors. If the tips of the high objects are
grounded via conductors such as wires or metal pipes, they will
tend to show a higher frequency to strokes than ungrounded
objects. Thiz is especially true if, in the former case, the

1.

Jensen, J. C., Physics, vol. L, p. 374 (1933).
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ground is well moistened or possesses an extensive network of
conducting elemerts (water pipes, telephone and electric cables,
ete.)

It follows thet the lightning flash will be observed more fre=-
quently at these relatively hizh points than elsewhere, and
hence probably that "ball li*htnln"” will appear to devalop qui
conmonly at suchk points.

Brush discharges tend to form at sharply convex extremities of
objects, ard alizn themselves in the direction of the potential
gradient., TWell-sroundsd and conducting objects would gensrally
receive preference. These considerations epply to cases which
woere classified by the layman as "ball lizhtning™ but actually
were cases of St. Elmo's Fire (bright glow or brush discharges).

There have been reports by observers of "ball lightning™ to the
effect that the phenomenon appeared to float through a room or
other space for a brisf interval of time without making contact
with or beirgz attracted by objects. Golzer and florkman! have
publisted a reproductior of moving file camera photographs of
unusual discharses durirs thundesrstorms. In the case of the phe-
nomenon observed at Santa Fe, Few Mexico (elevation 7000 feet)
on the night of Septexmber 3, 1936, these authors state; "The
caneras were mounted risidly orn a benck in a portable laboratory.
The discherge was protably about 100 feet froam the cameras,
a¥though the exact distance is mot lmown sirce no thunder addoci-
ated w-th this flash could be distinguished from the general
backezround of thunder. The dischar~e occurred within less than
one-thousandth of a second after an intense cloud ground stroke
rot shown or this portion of the film. Analysis of the photo-
graphs indicates.that the discharge conmzisted of at least four
u?tnous darts moving with a projected velocity of the order of
10 eq/%ec. The most rotable features of this discharge are:
(1) its irregularity of peth and rapid reversals in direction,

- (2) 1ts proximity to ground objects with no apparent contact with

the ground, (3) the beaded nature of the path, and (L) the progress
of_the discharge in two directions from a single point.”

Hote should be made of the fact that the luminous darts did not
appear to be attracted to available ground objects even thouzh
they were in the vicinity of the ground. On this basis it camnot
be stated whether there are ary defirite objects to which all
cases of "™ball lightning™ would be attracted. We should think
that sharp-pointed, grounded objeotu ere most likely to attract

"ball 1:lghtn1ng.

1. Holszer, R. E., and Workman, E. J., Jour. of App11ed Physics,
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JI1l. Recommendad lbte;ial fo% Questionndir&
Fame and address of person who cbserved phénomsnon
Ags, education‘and enployment of psrson
(Specify especially training, if any, in sciemtific fields such

@s physics, engineering, etc.)

Name, address and educational jualifications of psrson who pre-
pared gquestionnaire

Date and tims of occurrsnce
Geographic location

Elevation

Character of observation point and surroundings
(State whethsr inside or outside; kirnd of structure, if any;

relighboring structures or grourd objects; and terrain)

g.

9.
10,

Illumination available (natural and artificial)

Weather conditions (as thurderstorm, rain, overcast)

State whether rermuire streak iightning was observed (a) before,
(b) after, the "ball lightninz"; and indicate time interval
between phenomena

Indicate direction and apparent distance of such streak light-
ning; also objects believed to have been struck by it

State whether glow or brush discharges were observed (a) before,

(b) after, the "ball lightning™; and indicate time interval
betwssn phenomena .

Indicate locations at which glow or brush discharges were ob-
served, and objeots on which they appearsd

Indicate brightness of discharpge at points of occcurrence re-
ferred to in (11) and (13)

Shape of ball lightning observed

Trangparency of "ball® and goﬁeral appearancs of its exterior
and periphery

Changes in its form :

ot~ AP



18.

19.

20.
21.
22,
23.
ah.
25.

3 8

13- -

Indicate whether flames or streamers emsrged from it, and
describe then

Location, distance, and heizht of phenomenon when first ob-
sorved

Apparent size of phenonenoh

Rotation, if any, observed

Colors

Brightress

Smoke or vapers emitted (color, odor, form, eto,)
Odor (during and aftsr occurrence of phenomenon)
Heating effects, if anmy

Phyaiological effects

Mechaﬁicgl effects

Electrieal or magnetic effects

Sounds accompanying orizinal appsarance and life-span of phe-
nomenon

Path taken by "ball lightning,™ including height and location

" during 1ts life span

Movements of observer during phenomenon (including movements
of head and eyes, if possible)

Speod of motion of ®ball lightning®
Duration of phenomenon and duration of period of observation

Indicate any special conditions observed to attend begimning
of phenomenon

Indicate conditions observed at time of onding of phenomenon
Traces, if any, left after dissipation
Psychological effect on observers

Was sould like that of thunder heard at time of its disappear-
ance? Descoribe its intensity and charactar
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