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· UNlTt:D STATES DEPART~ENT OF CO~'liERCB 
llE.ATi':ER BUREAU 

Washington 25 

Dec. 16. 194-S 

Comrnandin,:; General 
Air !Jate rie 1 Coc:r.and 

In Reply Please Address 
CHIEF OF BUtGAU 
and Refer to 
0-4. 3 

Attention: ·~CIA.XO 
Wright-Pattersor. Air Force Base 
Dayton. Ohio 

Dear Sirs 

Your letter of October 20, 194S, addressed to the National Bureau 
or Standards and reque sting i~for~Ation on the subject of "Ball 
Ughtning• has been referred to this Bureau for reply. 

Attached is a tabulation filling in as well as practicable the in- · 
tor:nation called for ~· the outline presonted in your letter. We 
ahall be glad to be of further assistance in connection with this 
matter. 

Attachment 

Very truly yours. 

/•/ F. Tl. Reichelderfer 
r. w. Reichelderfer 

Chief ot Bureau 
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UNITED S~ATES DEPART!.SliT OF COi.:.·.'ERCE 
\'lE.ATHE R BtJRE.AU 

~port 

Information on ."oall Lightning" 

I. Origin 

Various theories and suGgestions have been proposed to explain ball 
- lightning, most of then bein~; without well-established physical foun
dation. There is still doubt in scientific circl es re~ardin6 t he 
origin of a numb~r of reported cases of ball lightning. 

Briefl:r, the explanations of the ori§;in of ball lightning may be 
broken down as follows s 

{1) Brush discharue (st. Elmo's fire) . 

(Yay be stationar,y over sharp-pointed ob jects, or 
moving along or near the surface of wires, roofs, 
rocks, etc., especially on mountains. Conditions 
most favorable for brush discharGe occur durins 

_ thunderstor~s, but the phenomenon may occur even 
durin~ clear, dry, dusty weather. iihen a lightning 
1~roke is approaching an object, the brush discharge 
beco_mes especia lly intense.) 

(2) Intensely ioni~ed , incandescent volume of air form• 
ing end of lightning stroke and lasting for short 
interval of time. 
(This would occur mainly during thunderstorms fol
lowing the passage ot a lightning stroke. At the 
ground end, the terminal flash is intense, and vapors, 
•moke or molten material from ob jects fused at points 
atruok may enhance and extend the duration of incan
descence. After-image formed on the retinas or the 
eyes of a person looking at the brilliant flash at 

· i:he point of discharge may give spurious effects.) 

(}) Brush dischar~ in air containing high concentration 
ot dust or other aerosols, during thunderstorms. 
(It this occurs, it probably is associated with the 
path taken by a real lightning stroke, and prornunably 
involves corona discharges from suspended particles 
and possibly combustion in some case~.) 
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(4) Jump in~ of Gap by lightning indoors . 
(When liGhtninb strikes a house, l ightning strea~ers 
may j ump gaps such as between pipes within the house , 
t hus caus inG a brir,ht f l ash of limited extent . After
image is ~nerally f ormed on the retina and mover.1ents 
of- eye produce appare~t movements of t he illuminated 
reg ion.) 

(5) ·A cloud-to-ground li~htnins stroke with an a s sociate, 
horizontally-dire cted , movin~ pot ent ia l wave may 
po~sibly produce a trans i ent hori%ont a l potential 
gradient sufficient l r int e nse -to initiate electrical 
dischar ges. 
( Suoh d i scharges v:oul d involve l uminous d ar ts noving 
a t high s peed a nd may nove over irre cu l a r trajector ies, 
producing, in some cases at least, mor e-or-less hori
zontally directedg sinuous , ribbon- like or tubular 
paths. If t here i s a heavy concentration of electrical 
charges near t he ea~th beneath t he thunders~orm tr~ 
trig~r int; o!' a di schar ge by tr.e transient poter.tial 

· gradient may y i e l d hori zonta l l i~htning streuoers having 
a relati ve l y slaw pr opabation rate and lon~ durat i on.) 

(6) A l ightning d ischer~ t hat s tr i kes and runs along a 
conductor such a s povrer or tele pl:on~ lines and flashes
over or j umps t he gaps at broaks produces a br illi ant 
illumination at the ga ps that ~ay be mi staken f or ball 
lightning. 

_ (7) A piece o.f wire with attached light object t hat i s car
ried aloft by the gusty winds and turbulence a t tending 
a thunderstorm or torrado may serve t o facilit ate con
duction of lightninr. currents and yie l d str eamer s at 
its ends during discharges . 

(g) Spurious cases. 

(a) Atter-image (persistence of vision) 

(b) Will-o•-the ~isp 

(~) Me-teorites 

(d) Reflections of lightninG observed on high~ pol ished 
objects. such as door knob s. 

(e) Fallin~ molten metal 

(t) Lightning channel seen on end. 
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II. Appearance 

(a) Forms 

Spherical. rou~hly globular. eg;-shaped. or pear-shaped; 
many times with ·project in~ straa;Jers; or flane-like ir
regular "n1asses of light." Appearar.ce of outer boundal"'J 
is generally ha%y or ill-defined. Photographs of the 
phenomenon may show one or seve·r=>l sinuous • tubular prop
a gation paths (trajectories taken~/ luminous darts). which 
may have associated ?tith thee broader l uoinous spaces of 
irregul ar confi~ration. (T~ese latter spaces probably 
are regions where t he sinuosities of path becaue involved 
and tortuous or are areas of major discharge vthere darts 
originated or terminated). So::l3 paths shovt a beaded struc
ture (alternate luminous and dark s ~~ces). 

(b) Color 

Luminous in appearance , described ~ individual cases by 
diff erent colors but mostly re?orted as deep red and often 
as glaring white. One scientist described the color in a 
certain case as similar to t hat he has noted in the labo
rato~ on observin~ active nitro~n, or possibly slightly 
darker. Another observed or_e or yello\'r and still another 
of lavender or rose color.· Ct~~rs have re ported some of 
blue appearance. The · luoinous ::l!l.Ss is occasior.ally stated 
to be aurrotmded by a border, r.eai:::lr but differently
colored than the main body. 

(o) Degrees of Brilliance 

Brilliance at cost ~larin~ white a~d incandos~ent. Yini
mum brilliance equal to .that o! feeble St. El1110 •a Fire. 

(d) Movement throu~ Space 

1. Possible directions. 

Generally downward• inclined or horizontal. in straight, 
ourved• or tortuous paths. ~stly observed near the 

· aurt'aoe. but may originate L"l thunderclouds. and so take 
a tr&jeotory f'ro111 o],oud to earth. 

2. Maneuverability --------
1!&7 appear stationary • or moving. Range or a peed is 
aero to V&luea or the ordor of' 107 o111./aec. ID the 
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l atte r • extreme case, the l uminous dar ts obserred are 
probably o r t he sa~e general nature as the l i~htr.in& 
Gtreacer, although t he path taken may be very i r regu
l ar and even show r eversa l s in direction . In some 
oases , lon~ sectio~s of pat hs of such l~~inous darts 
may show sli[;ht curvature . l!ee.r the grour.d or in 
clos ed s paces a ouch s :l.9. l l e r s~ed is often sa id to 
be observed, c ostly abou~ 1 - 2 me~rs/sec. The -call 
of fire" oay se e::1 t o move or f l oa t along in a root:l, or 
to roll alor.G t he f l oo r . In a thunderstorn, as may be 
experienc~d on a Clounta i n top, an observe r rAs repor ted 
•seeing balls of fir e r oll a l ong t he roc~s and dr o? 
troa one to another." Intense St. El mo 's Fi re on sharp 
ob jects bene~th thu~der~t o rns oay fluctuate rapi dl y in 
size, ir.ter.s:.ty, anti or ier.t atior. , or shov; d i spl!l.ce:;1ent s 
t rom one point t o another, hence t he flar.~ nay a ppear to 
whi r l and dance , or move. When a 1 ight ning fla shove r at 
a point pr oduces an after-ima~e on the obse rve r's retina, 
movements of t he eyes cause corresponding move~ents of 
t he i r:lB.;;e l'lh i ch the u.'ltr ained obse rver attributes to t he 
movement of a l uminous "ball of f i re" or £~e. Ball 

. l i ghtninb observed· by Jensen1 in the ~ake of a l i r,htning 
tlash t hrough dust-laden air dur ing a t hunderstorm 
•appea red as a shape l ess mass of lavender color whioh 
seemed to float slowl y do~nward." Je~sen states: "The 
ros e-colored mas s seemed most br illiant near t he ground 
and gave ·t he impre ssion of a Gigantic pyrotechnic d i s 
p~. ~~o or three of t he gl obul ar s truc tur e s seened 

: ~;;, · to roll along a pair of 2300 vol t powe r l ines f or 100 
:. ;,;. .~ t eet or more . then bounded down on t he ground and di s

appeared Ylith a loud report . 111 

When a lightning atreamer from a t hundercloud termi nates 
· - 1n tne air, the leader str oke is aometi~s so faintly 

. · luminous in portions that only a aebmer:t of t he path is 
· observed. .This may conce ivably give the i l!lpression of 
· •longated ~all lightning," but ia a natural cloud-air 

lightning stroke. · 

,. Nearby Air or other Craft .. :-. -- - - - - - --- -- -
There have bee~ numerous oase s of aircraft struck by 
lightning. When the aircraf t is all-meta l l ic, it serve • 
as a Faraday cage, and provides electrical protection. 

1. Jensen. J. C. Physics, vol. 4. p. 372 (1933)· 
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to t he crew ar.d passer.r,er s. Just pre ced in~ tte onset 
ot a li&htning stroke to an aircraft . pilots P~Ve re
ported observing· a streane r o~ corona discherse build 
up on t he nose. propellers or other extrenity of the 
orart1 • The moven:ent of the streamer acc om?ELnies t hat 
or t he aircraft and de?Bnds on the passar e of a light
ning stroke nearly or t hrou;h the aircraft . Corona 
dischar~s or. sharpl y convex sur f aces of a i rcr aft have 
also been observed du rin;:; fl ight betVIee n !:'.asses of 
clouds stron; l y cha r :;ed Vl ith e l ectr i cal eh.ar;es of 
op~osite sign (positive and necative ). Aut ober.ous 
charging of the aircraft by. tribo-eleotric ard other 
effects during fli 6ht throu~h sn ow or other precipi
tation particles intensifies t he corona discr~~es. 
These are of the sace nature as St. Elmo's Fire. 

St. El~o•s Fire has been obse r ved nunerous t~s on 
t he !MStheads of ships and generally moves Tiith them 
during passe.~ bene u.th thur derclouds or other neteor
logical conditions where intense electrical potential 
gradients exist . · 

(•) Effect on Surrounding Atnosphere 

·1. Clouds 

Lightning of any kind oe.n occur in clouds o~;· if the 
· • dielectric properties of t he air are broam. d 01'1Il when 

·> the apa.rldng potential g-adient is r eached. In clear 
air this amounts to about 30,000 volts per en. at sea 
level and about 21.000 volts pe r em. at lO,CC~ ft. 
altitude. In clouds. or in the presence or precipita
tion particles the sparking potential - ~rad:e"'t i s less. 

·. depending on the she of the particles. ?or ex!l.!llple • 
.. · : 1n the presence o!' raindrops .1/o inoh in dia::eter it 

; . _la about 10.000 volts/om. 

· .·b shown by uaoky2 • droplets of water suspended in a.n 
- electrical f'ield suf'f'iciently intense to induce break

.. down trill display spa.rk:inp;-over phenomena and will . . 
1. · Harrison. L. P •• •Lightning Discha.r6es to Aircraft and 

· Associated Meteorological Conditions," N.A.C.A. Tech
. nical Note 1001. (1946). 

2. l{a.oky. 11'. A •• Proo. Roy. Soc. London, Ser. A. vol. 133. 
PP• 565-5~. (1931). 

I., ; 
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become defor~d. Under very strong fields, the drop
lets become drawn out into fila~nts and. disrupt with 
attendant electrical dischar~es alan~ their surfaces 
or throu~ them .. 

It i s probable that these pheno~ena occur along the 
channel of a li~htning stroke throuGh a cloud, and that 
aome evaporation and disruptive breakdmm o~ droplets 
occur in consequence of the intense he·.-~.t and flow of 
electrical charges . These· =ajor effects o~ cloud or 
precipitation particles are believed to be coP£ined to 
the lightning channe l, althoush ninor effects such as 
glow or brush discharges from particles in other portions 
ot the. cloud. possibly occur in connection To'Jith the de
velopment of lightning strokes . These d i scharges from 
countless particles cay yield a general illumination 

· within the cloud ur.der stron~ electrical field condi
tions. especially durin~ propa~tion of libhtninG strokes. 

Ef'i'eots of " ball li~htnin.:; " on clouds are unknown. Since 
~11 lightninr;." if real. is presumably less severe 
than an ordinary lightning stroke or at most is probably 
&· dart streamer of such a stroke, we may assume that the 
effects of "ball lfghtnin~" on clouds are not more severe 
than those outlined above in connection ~ith libhtning. 

2. Increased Ionization 

the formation ot corona discharge at any point leads to 
.a considerable increase in ionization of the surroundin~ 
air. Any case of so-called "ball lightning" which is 
actually a corona discharge will have a sioilar effect • 

. 'Ordinary lightning strokes distribute heavy concentra-
.. tions of electrons and ions or cha.re;ed nuclei along and 

mea~ their channels during the passaGe or the stepped 
leader or dart leader. These particles form a space 
charge surrounding the charmel. After the leader reaohes 
the earth. the return stroke occurs from earth to aloud. 
When this develops~ the space charge tends to migrate 
rapidly to the oha.nnel. producing a rush of charr;es within 
it. The !low of these charges in the channel 7ields tho 
brilliant. return lightninc; strolce. iiithio tho channol 
ionization 1s exceeding heavy. 

•Ball lightning• associated with a true lightning stroke 
will probably involve a flow of apace charges to ita 
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channel and so l eads to a d iminution of space· charge 
trom t he e nvironoent of the path but an ic-~diate in
crease of i oniz;a.ti on along its path. Follo,.;in~ the 
passa5e of t he phenomenon. ionitation wi ll decay by 
recoobination. 

!e~r2_y _ A!r _o_! Q_t~e~ ~r~~ 

All· metallic aircraft >'lhich are struck by true light
ning generally have scorch marks~ pits. or holes burned 
through the skin. The holes rarely e.:r.::.eed one inch in 
diameter. (See N.A.C.A. Technical Note 1001) . Portions 
of non-aetallic material in contact with the area struck 
~y be burnt or explosively se9arated fro~ the metal to 
which the !:9.terial is attached. \'ihen radio antennae are 
struck or the lightning arrester does r.ot function as 
desired. ~a~e to radio c~~ip~~nt o!ter. occurs. 

Temporary blinding of pilots looking directly at the 
flash due to ~e stroke to · some exterior ~ortion of the 
aircraft such as the nose of the fuselabe z;:.s.y introduce 
10me hazard. As a rule the temporary blind in,~ is ef
fective froo about 10 seconds to a larger fraction of a 
llinute, but in one extreme case a copilot r.as reported 
to have been temporarily blinded for about S oinutes. 
Several oases of temporary blinding of about 3 minutes 
b&va been reported. 

!he ~ather Bureau has· not received any reports of acc1-
dentl5 in which an airplane was said to ha..-" suffered 
contact with ~all lightning." Judgin~ by t~e phenomenon 
called by that name and experienced at ths surface. the 
airoratt da!Il&ge to be expected by such contact would 
probably be less severe than that caused by a typical 
E8nuine lightning stroke. That type of so-called "ball 

· lightning" which is actually e.n intense corona dboharge 
would not cause any mechanical damage to non-inflammable 
exposed materials. but would hamper radio coccunicationa 
~ producing static similar to the kind te~d •preoipi
tation· atatio.• 

A real lightning stroke to a non-metallic object on tho 
~ound often causes an explosive disruptive effect on the 
object and will cause burning of infl~~ble materials • 

. Contact ot to-called "ball lightning" may haTe physical 
effect• on exposed persona varying ~rom na~ligible to 
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fatal. In the case s of :'atalities re sultin~; free this 
cause , it is be l ieved t hat genuine li~htnin;; we.s i r..volved. 
}'hysical e!'fects of eloct:-i cal orir;in on persons enclosed 
i n all-metallic ai rcr~ft are r.or,li~ible, owin6 to the 
Faraday ca~e protection afforded by the conducting skin. 
However 1 .a slight electric.!:il shoe~ oay be experienced by 
a crew member aboard an aircraft if he is making good 

' · contact at two well separated points during z:;e.ssage of 
t he steep ~avefront of poter.tia.l through t he area of con
tact at the tiwe of e. real libhtnin& stroke. 

(f) Aocompanyinb Pheno~na 

1. Sound 

The ori; inaticn and dissipat i on of ~all lightning" at 
the surface are often attended b~ a sharp report, but 
not 1nvariab!y. Very frequently the begir.ning or end, 
respectively, of "ball li ghtninb" is acco~panied by a 
positively identified stroke of streak lightning to or 

· very nearly to the point of observation.. The thunder 
produced ~· such a stroke will naturally be considered 
by ma~ observers to have been associated nith the "ball 
lightning." "Ball li;;htnin~" which is in the fonn of a. 
corona discrArge makes very little sound, sicce the cur
rent carried is very lov: an:l the e:tplosiv~ 'heating effects 
on the air negligible. Liehtnin~ o:' the co~tinuing
ourrent ~Jpa, with low-wavefront, will not produce intense 
sounds, and this is to bs more or less expe=ted. also, 
or isoluted luninous d~rt strea~ers travers~~ the ohan
ncls ot preceding or succeedin~ litjhtnins stro':::e s. Such 
atream3rs have been included in the cs.te :;or;,· of "ball 
lightning.• 

2. · chemical Effects 

The odor of ozone in connection with "ball lightning" has 
been_ reported by some observers. This is to be expected 
in cases where the pheno::~enon is a. brush discharge whioh 
produces ozone in air. When actual streak lightninb is 
involved• the for~tion of oxides of nitrogen and ozone 
1a a normal occurrence. 

3• 1}l!.r~!_ !f!_e~t!. . ' 

Fires have been eau~ed in combustible material• auoh aa 
straw. by disohELrges reported to have been "ball lightning.• 

- ------
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Electrical Effects 

•ea11 lightnin~" will certainly be accompanied by radio 
statio in SOQe foro. Zlectrical shock to persons is 
possible when the pl':enocencrn stems from streak li ~;htnin:?; •. 
Disruptive mechanical effects on non-conductors especially 
if oontainin~ moisture . or crushing effects on hollow 
conduct ing tubes JaY vccur in cases where actual steep 
wave-front. lightnini; currents pass through the ob jects. 

Some of t he cases o~ ~11 light~ing" observed have dis 
played excrescences of the a p?9arance or· little flames 
emanating fro:n the !:'air. body of the luoinous mass • or 
luminous streane rs t.ave developed frot1 it and propagated 
slant-wise toward the ~ound. I n rare instances. it has 
been reported t hat t he l~inous body may break up into a 
number or s~ller balls ~hich may appear to f al l towards 
the earth like a rain of sparks. It has even been re
ported t hat the ball has suddenly ejected e. whole bundle 
of many l~inous. radiating streamers toward the ear~~. 
aDd then disappeared. 

1 
Jensen has quoted t he following report -of electrical 
disohar~s a;rpear ir.;; in a violent stonna "A tormdo l'fhioh 
occurred or. the evening of July 9. 1932, near Rock Rapids. 
Iowa, gave evidence of a closely related type of luminous 
display according to the report of Mr. Geore;e Rave lin~. 
U. s. Tl'eather Buree.u observer. Fro::l the sides of the 

· 'boiling. dust-laden cloud a fiery stream poured out like 
water thr.ough e. sieve. breakin~ into spheres of irregular 
ehape as they deseer.ded. No streak li~htning of the usual 
type was obzserved e.nd no noise attended the fire-balls 
other than the usual roar of the storm." 

(g) Possible Objects to Which Attracted 

Lightning atroke3 tt.re oore likely to hit at or near the top ot . 
high, pointed obj~cts. than on the surfaces of low objects with 
tlat or ooneave exteriors. If the tips of the high objects are 
~ounded via conductors such as wires or metal pipes. they will 
tend to ~how a higher tre~uency to strokes than ungrounded 
objects. ntis is especiAlly true if • in the torrrer case. the 

1. Jensen, J. c •• Physics. Tol. 4. P• 374 {1933). 
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grotmd is well moistened or possesse s a.n extensive ne t wor k o.f 
conduct ing ele~er-ts (water pi pes. telephone and electric cable s. 
otc.) 

It follows t m t the lightninE; flash will be observed :nore fre
quently at these relatively hi~h poi nts t han elsewhere. and 
henee proba.~ly that "ball li~htninc" will appear to deva lop quite 
co::nonl:r at sue}: points. 

Brush discharge s tend to form at sharply convex extremities or 
objects. ~d ali~ themselves in the direction of t he potential 
uadient. i':"ell-~ounded and conductin€; objects woul d generally 
receive · preference. These considerations apply to casee which 
were classified ·by the la.~~ as ~call li~htning" but actually 
were cases of st . Bl..-:1o's Fire (bright glov: or brush discharges). 

There have been reports by obs~rvers of "ball lightnin~" to the 
effect thAt tr£ phenooenon ap~eared to float through a room or 
other space for a brief intervo.l of tke without l!lllking conta.ot 
with or be~.~ attracted by objects. Eoher and i'forklnan1 have 
publ~sr.ed a reproduction of movins f i lm caaera photo~raphs of 
unusual discha.r~es durin& thunderstorms. In the case of the phe
nO!l!enon observed at Santa Fe. !:ew ~·!exico (elevation 7000 feet) 
on tr~ night of Septe~b~r 3. 1936. these authors statea "The 
CS!:ler~s were ::::ounted ri ; idly on a benet: in a portable laboratory. 
~ dise:!'!s.r;e was probably about 100 feet fro:t t he cameras. 
&~houbh the exact distance is not known since no thunder addoci
ated with this flash could be distinguisted from the &enaral 
baclq:;round o!' thunder. The d i schs.r~ occurred within less than 
one-thousandth of a second after an il1tense cloud ground stroke 
EDt shown o~ this portion o! the film. Analysis of the photo
graphs indicates.that the dischar~ oo-.~isted of at least four 

· l~inous darts movin~ with a projected velocity of the order o! 
10 ~sec. The most ~otable features of this discharge a.ret 
(1) · its irreGUlar!~ of path and rapid reversals in direction. 
(2) its proximity to ground objects with no apparent conta ct with 
the ground, (3) the beaded nature of t:r.e path, and (4) the progress 
ot tho discha.r~;e in two cUrections trom a single point.• 

Woto should be made or the fact that the · luminous darts did not 
appear ·to be attracted to available ground objeots even thou6h 
the,y were in the vicinity or the r;round. On this basis it cannot 
be stated w~ether tt:ere are ar.y de!inite objects to. which all 
oases of ~all lightninG- would be attracted. We should think 
that sharp-pointed, grounded objeots are moat likely to attract 
~11 lightning •• 

1. Holzer. R. E •• and Workman, E. J •• Jour. ot Applied Physics, 
Tol. 10• P• 659 (~939). 
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Ill• Re oom.:nended 1.~te rial f or Questionnaire 

1. Name and address of person who observed phenome non 

·2. Age, education and employment of person 
(Specify espt~cis.lly training, if a~', in aoientifio fields such 
as physics, engineerin~, etc.) 

3. Name. address and e ducational ·i.ualifications of pe rson who pre
pared questionnaire 

4. Date and time of occurrence 

5• Geographic location 

6. Elevation 

7• Character of observation point and surroundings 
(State whethe r inside or outside; kind of structure, i ~ any; 
neighborin~ stru~tures or t;row:d obje cts; and terrain) 

g. Illumination available (natural and artificial) 

9• Weather conditions (as thur:de>:"storm, rain, overcast) 

10. st&te v1hether cenuine streak liGhtning was observed (a) before • 
(b) after. the "ball lightnin~"; and indicate t ime interval 
between phenomena 

11. Indicate direction and apparent distance of such streak: light
Ding; also objects believed to have been struck by it 

12. State whether glO'fl or brush discharges "Ttere observed (a) before, 
(b) after, the ~11 lightninb•; and indicate time interval 
between phenomena 

1;. Indicate locations at whioh glow or brush diecharges were ob
urved. and objects \ln which they appeared 

~Indicate brightness of discharge at ' points of occurrence re
ferred to 1il (11) and (1}) 

15. Shape of ball lightning observed 

16. Tr&nepe.rency of "ball• and general appearance of 1ts exterior 
and periphery 

17. Changes in its form 
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1g. Indicate w~ether fla~s or streamers emerged from it, and 
describe theo 

19. Location, distance , and height or phenomenon when first ob
served 

I 
20. Apparent size of phenooenon 

21. Rotation, if any, observed 

22.. Colors · 

2}. Brig;htness 

24. Smoke or vapors emitted (color, odor, fo rm, eto.) 

25. Odor (during and art~r occurrence of phenomenon) 

26. Heating effects, if any 

27• Physiological effects 

2g. Mechanieai effects 

29• Eleotri.eal or magnetic ef'f'eots 

·30· Sounds accompanying ori~inal appearance and life-span of phe
nomenon 

31. Path taken by ~all lightning," including height and location 
· during its life span 

32• Movements of observer during phenomenon (including movementa 
of head and eyes, it possible) 

33· Speed of motion of -oall lightning• 

34. Duration of' phenomenon and duration or period of' observation 

35• Indicate any special conditions observed to attend beginning 
of phenomenon 

\ 
! 

36. Indicate conditions observed at tic~ or ending of phenomenon 

n. Traces, 1f' any, lett after dissipation 

~. Payohologioal effect on observers 

39· Was aould like that or thunder heard at time of' ita disappear
ance! Desorlbo ita intensity and oharaotar 

\ -
.. ~ ·."' . 
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