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Hithin t he scope ofaxl overall report on t he
mea suring Lns'bruncnü o and results of l i ghtning r esearch
on t he Nonte San Salvatore a r eport is e;i ven on the
phobogr aplrl.c obs er vat i ons for the years 1955 t o 1965,
f olloui ng the 1st Part 1/hi.ch was publishec1 in 1965,
i n ' ,;hich t he electrical lightnine; current measu r-emerrt s
er the years 1955 to 1965 110.1'0. descri bcc1 . From the
peak of' the Mont e San Salvatore 0.11 l i Ght ni ns stl"ikes
t aking pl ace at night i n the nefghbour hood of the
mountain a r e recorded photographically. The visible
str i lci ng points are mar ked i n t.he ge ocr alJhic map; the
nurub er of strikes belri nd rollo. are notee1 fo r each dead
a r ca , IlUp'Har d strakes "} such a s oc cur very ort en 011
the p i ck -np touers on the Honte San Salvatorc u ere
also detected at a fel; points in the neitjhbol1rhood.
The main problem stuclied in the investir;ation r eferred
t o the type and t he manner i n uh i ch the l i ghtni ng
channcl, i s built lrJ.). Thio proccss v a s i nvest i aated
;rith the aid of photographs on a rapidly movinß f ilm.
F Ota' t yp es of stiroke 1/0.1'0. differentiated , 1. e. the
di s char ge of posi t ive and negative cl ouds i n t he f on n
of upuard and dotmvar d stroJees. 1rrt er e st in[;
conc l u s i ons ar e dralm on the proJuction of l i ght ning
channel s and t he accompanying "st r eamer discharges". '

1• Introcluction

In J anua lJ( 1965 a r eport uas given in t his jour nal on the meas urements
of lightning ClLrrCnts by the Rescarch Corr~ittee of the SEV and VSE for hi gh-vol t age
s t uclies (n or) on the Monte San SaJ.vatore (Hef. 1). To supplement these electrical
measur'ementis phobographä,c i nvest i [';stions vere made, The apparabus u s ed up to
1 95~" and the resul ts olrbaf.ned , are descr-Ibed in t he A. S. E. BuH. 1955 (Hefs . 2 and
3) . In t hi s paper a elescript ion , Iill b e giYen or the further development of the
pho'togr-aphf,c apparatus and on t h e l at er r-esu.Lts obt aineel s ince 1 95!~.

Tbe church on the peak or the Hont e San Salvatore has a Lookout. galleror
, Tith' an unbinelered vieu to all points 01' t he compasu , An open space directly undez
this gallery i s an i deal position 1'01' setting up photogr aphic appai-atus , This
malces it possible to reccrd all strolces to earth in a comp.Lebe circle round the
Monte San Salvatore. The ob j ect 01' these phobographs i s , besides giving a general
vdetr ,of the types 01' li[';ht ning .sbz-oke 1'Ihich occur, i s oJ.so tio [r tve an ob j ective
a s acs smerrb of t he distr i bu·tion 01' the stri ldll[; poi nts on the ground , 1t murrt be
p os s i bl e t o see from this any preferentioJ. points for stril,es , and points s.t lThich
llpuard strokes (Ref, 1) OCCllr.
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Special importanee is o.ttached to phot.ographs on ruoving film. Thes e
make possible the t i me resolution of the l i glrtning phenomenon akong 0. eertain
l engt h of the ligh tning traelt i n contradistinction to t he cu m -errt oscillograms,
, Thi eh ShO'lT the cur-r errt variation onJ.:\' at the st r i l. i ng }?oin'~. For examp'Le , i t i s
po ssihle i n t he case of an upuai-d cbr oke lThich has branches in an upward
di rect i on t o establ ish hOl1 any f ollolrlng s tirokes are distributed over the
different b rwlches.

Insofar as the i llumination i s adequate 1'01' a photiogr aph, i t is
poss i bl e to fo1.1mT the devef.opmerrb 01' the l eader sta-oke , L e. t hc development
01' t hc light ning chunncl., By t his means it is also possible to estab l ish
elea r l y the direction 01' developmcnt (dol1mro.r d 01' upt rard sü roke}, 01' cour se,
b er e sbrokes t o t he measuring t O\1ers are 01' pl'ir.lary i nt ere st, vrhen t h e eur r ent
vari at i on and thc di reeti on 01' thc current a r e also mea suz-ed , Since sbrokes to
the measurtlng t OlTer 1 (po st of f ice t ransmitter tmTel' ) CD..'1l1ot b e r ecorded f rom
t be photographic r oom on t be mourrtaän p cak , (1'01' map shotring thc situation sec
(Ref . 1) ) , addit ional photographi e r ooms liere fitt ed out, at fi rst in Paradiso,
and l et er i n Breganzona. T11e second p osition i n particular gives a good view
of t he mountain 1Ti"th t he tl70 measur .lng towers , and by r eason of t he great er
dist wlce (3 . 2 km) 0. gre~ter l engt h 01' t he lightning cha.~lel is included on the
s ection 01' the phobograph •

. Photographic recorel s 01' Ij.ehtldnß strokes are , honever only po ssib1e
o.t lli[(ht; and unt'or-tunabel.y the nights are rel~t:tve1y short during the mont h s
uhen thumlerstor ms are most freCluent . The camera must b e i n r eaelj.ness with the
shutrbei- open, unbLL a l :tghtni ng s'brok e appear's in its f'-leld 01' vie' T. The
preliL1:tnary expo sure uhieh is due t o l i ght from the t01-n1 01' from elouds, lThich
are i11Luninateil by lightni ng Ln ot hcr direct i ons, i s disturbinß. I f 'Ghi s

·p r e1i mi nary exposure i s too great i t li\ay prevent t he r ecorc1ing 017 t11e leader
st r oke on t he movi ng 1'i1ra. Tbe film must t her e1'ore b e moved f Ol'1-Jard, 01'
chan ßcd, a fter 5 t o 10 minutes , cven if no 1i ghtl11ng stroke has appeared in its
field er viem.

2. Development of the photographie eqllinroent

2.1. CnJueras l1ith stat i ona!";'! film

For the beg.lrirrlug of the thlmc.er storln s eason in 1957 t h e nwnber 01'.
roiniature f ilm eameras in the pho bogr aphl,c 1'000 on the mountafn :peak ,ms

.i ncrea s ed f r om 5 to 8, so t hat the lThole horizon can be photographed
simul t aneously . A f eeil mot or on each camer a mal~es i t possible to cont l'ol t he
film f eed from a central point. .In r ecent years all f ilms have been moved
fOl'1'7Sr d s i multuneolls1y since the op el"ator i n t he photographie room has not
enough t i me t o ob s erve the tlnmder sto17J condi tions and t o move t he films f onlard
in t he indiviilua1 cameras in accordfu,ee u 5.th t he 1ightni ng a ctivi t y in the "
differ ent direct ions . FOl'1Jar d movement t alces plaee after each neal"li ght llillg
strolte, 01' othel'17ise about every 5 '00 10 minlltes .

On the Dleasllring t 011er 2 (Ref s . 1 end 2), ,Thieh i s on the 10uer p ealc
of San Carlo at a di stanee 01' 365 m from the mai n pcalc, a miniatm'e eamera lias
also inst u1J.ed in 1958, and thio r ecor els the strokes to lllcasuring t mTer 1
(t el evi s i on t mTer) • . The f5.1m f ecd on t hi s camer a ean be cont r ol1ed from the
photogral)hic r oom 01' fram the osci110graph r oom. A fllrthel' mini ature ca..lle r a,
the 1'iclil of vieu 01' uhich ineludes the ,7h01e mounta:tn 111th 'ooth mea s ur i nß
t011ers, l1a s s et up j.n 1963 in the ne,T1y instellecl photographie room at
Breganzona .
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Camer'as "ith mov'Lng fiJJa- _.. ~~-

The camercs ' Tl t h r otating drumo (ner , 2) used at the beeilmillg ßo.ve a
101T yi eld of' gooc1 pho'bogi-aphs , A fundamerrbaf, dLs advantiagc of these cruner'a a is t he
curvature of the photoGr Dp hic sur-I'a ce on the dr um, 1'Thich gi ves a sharpl y f'ocu s sed
phobogr'aph on.ly on a nai-rotr strip . The drum cnmeras v eve there i'ore t al;en out of
oper ation s ucccs s.lvely, oncl repla.ccil for t he first t i me in t he surnmer' of 1962 by
t uo camera s conctrructied a s shovn i n Fi e s . 1 and 2 . Here a closed fi.lm loop runs
over t uo rollel's; t he photiogr aph i s nade on the s t r aight part betiTeen b oth ,
roller s. The madn difficu.lty ,rith this type of construction i s t o f'e ed tlIe film
in front of t he Lens , at t he right eli s t ancc f'rout it, lrit hout flut'!;er . For this
purpes e it i s neccs s ary to suppor-t the 1'11m in f ront of t be Lens and uhell t he E11ds
or tbe 1001'S are joined ca r e must be t al,en tImt tbe film is t hiel; en eel 01' stiffened
as little as pos sib1e at the joint.

Tbe 1'lr s't tuo camer a s lTere set up i n the photogr apbi e r com Oll t he t op (
of t he mountain and e1irec'~ed t OiJards t01'Ter 2 in such a lToy that tbe s t r okes t o
this t ouer and to the sho ulc1er e r the mourrta än on I'Thieh i 't i s ere cb ed vcre r-ecorded ,
After t hey had p.roduced a fel T u aef'nl, photogruphs of steppeil leailers in t he suraser
of' 1962, t"TO addit ional cameras lTer e rnade and a position ror them tzas souglrt , from
lThich t he "hole mourrbaf n lTitb botb t ou e:,'s could be s een , I t proved p ossible to
f ind a suit able position i n Bregan aona a:t a eUs"~allee of' 3.2 !mJ f rom t he p eak of
1·lont e San Salvatol' e . lfllile the camcras on the p eak (focal Lengbh 50 I;ml) at a
distance of 365 m f rom t m-Tel' 2 can cover over it s top a Lengbh of stiroke of only
about 130 m, it is pos sible from Breeal1zona , ,rlth a 1 e118 "lith Cl foeal l ength of
75 Iffin at 0. distallee of 3.2 km frOlo t.he p eak, to inclucle a length oi' stroke of
appr ox. 830 m ovor t he t op s of the t ouer s. 1':t t he beeil1Ding of 1965 t hc focal
1611;sth of one l ens uas al so r educed to 50 I!',f,l) s o t Imt this can nou phot cigr aJ.>h a
l ens th oi' stl'ol;e of 1250 m. Of eourse the s cule of the pboto~l"aph i s
eor r espolldingl y smaJ.ler .

EJ,,-pcr i eilce lTit h t be old eamcr a s sbom;d tlmt useful photoßr"'.phs ean b e
obt ainecl onJ.y 1-1hen t he f i lms are chan ged after a ma;dmulll operat :tn g peri od of
10 minut es . The camera s mus t tber ef or e al ,mys be :tnst aJJ .ec1 ' in pairs so t bat
continuous r ea.cUness is ensur ed. 1/hi1e one camel'a i6 in operation; the film in
the other :l s cb an ged. Th:ts malws i t cleo.l' tha:t the photograph1e r aom in
Breganzona IDu,:rt have on operat or on du·ty 1-1hen there ar e t bullderstor ms a'~ ni ght.
Us e of t he eaweras in the pbotogr aphi e r oom at Par adiso and iI1 the pbotoßl'aplLie
eu1liel e on t 01Tel' 2 ' ras thero'fore di s cont inned for t hese rcasons from 1956 and
frOlil 1957 respectively.

Tbe ea r l ier drum camera s uel'e available i n tuo models ho.ving f ilm speeds
of :5 m/ s and 50 m/ s . The louer ·sp eed of' ;> m/s )" akes 1:t possi ble t o give a
visible record of the bnild-up of the D a sh;' it also Sh01TS t be pr08r oss of the
l eader 'stroke lThen the eb arc;e chann el is fi rs·t built up, but i t cau 13ive furtber
l'esolution of th1s pbenOlllenOl1 onl y in e;:eeptional ca ses . The bi gher sl)ced of
50 m/s is lTell s uited for follou1u(l the devel opment of t he l ead er s t r okes . Tbe

. st ep s in tbe i'oruar il 1'roßress of t he first partial stl'olce uhieh fol101-T o.t int ervals
of tbe order of magnitude of 30 to 50 I~ s , ean be clearly dif i'er entiated . But on
the other band t he i'onmJ."d 1'r o(lre s s of the main di s cba l'ge lThi eb t al:es plaee from
belou i n 0.11 upuo.rd dil'eetion at a speccl oi' 5 • 107 t o , JQB m/ s ( 1/6 to 1/5 of the
speed of light ) , a s soon o.s a leader soi ng c1o,m"Tards from t he el ond reaches t he
earth, canllot b e det ectcd even , rl t h t!üs speed . The neu eamer a s for 1962/1 963 are
Doinly intended t o (';ive )aore dat a on t he developDlcnt of the l eacler s 'l;r olws . For
this pUl1)os e the fi11; l sp eeel mllst b e be'Guecn 20 alle150 m/s , a.'1tl f or cons'l;rllct i onal
reasons i',; lIas fixed o.t 27 m/s . Thc; Jj.m1:t of time r e solution i s theref orc
approx . 5 !l s.
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3. Di stribution 01' the strikinp; points over the terrain

Al l the strildng points 'Ihieh eould be determined from the miniature
phoü og'raphs f or tlle p eriod of this i -epor -b (uith the excepb äon of' the s t r akes to
tihe meas ur-Ing tOl"ers), are marked on the ln3.1JS in Fi g. 3. The ai-ca uhi.ch can be
seen f'r om t 11" Hont e 3an Sa'Lvabor-e ext.ends accor dinr; t o t he di r eetion up t o a
dd sba nce of about J~ to 14 Im. So that the fiGure Ls not over-Loaded the doimward
stn-okes are mar'ked on a map uhieb (';ives only the ma i n f'eabur-es of the t erra än
(Fi g . 3a ) , "hil" the sectrion of a map of th" same area uit11 all ca r-t ographf,c
details and th" uptza r d atrokes i o r -epr oduced in Fig. 3b .

I

T11" stzrokes f or diff"r"nt ycar-s are i nc1i cat ecl in Fig • .3r>. by diff er"nt
marks , Th" area contains zones , some of' tihom Large, a vi"u oi' "hich i s obscured

. by chaino of mount a:i ns 01' hill s . Th"s" are Lndf.cat. ed by shadä.ng, The tot al
number of s t .rokes in these zones is indicated by number-s , The strakes into
t he mourrb atln r i dge itself ar e included, because it Ls impossible to deeide
f rom tlle p i cture ' Ih et h er astrake ha s gone dotrn into t.h e mount a i n rio1ge 01' i nto
the invisible zone behind H. Of co urse , the accuracy ui t h uhi ch a strildng
point can be c1eteliilined becomes sr:1Dller _as the point becoines moz-e distunt I'rom
th" observation position. The pos sible error must be r-eckoned a s appr ox , 2!P of
the distanee f r om t he peak of the Honte San Salvatore i n a sd.detray s di rect i on ,
and approx, 5~~ i n a radial di r eetion.

·The niap (Fi g . 3a) 'shov s trhf.ch areas have many and uh ieh have feu
stril,e s. Thi s canno't ßive an absolute meas ure of t he f'r-eqnency 01' strikes
sinee only stri1,es dur i ng thunderstor ms at night have been r ecorded and 01' these
an unknovn proportion are not visible because of faß 01' el oud cover-, Further,
a eompar i son of t he near area uith area s further auay i s not possible, beeause
the l atter are Hore heavily coverecl by elouds than the f orT,ler.

Counting 01' t he s trol,es uhieh are mar ked gives 1'01' a cirele " ith a
radi us of 2t bü arOlU101 t he Honte San Salvatore peal, a s troke density of
appr o::. 1. 1 strokes per b,,2 anel year, i f the dmmuard stro!~es i nt o the measuring
t ou er s al' e inelucled i n the count. For an area betueen 2t and 6 I.m r ad i i t her e
are only appr o::. 0.5 strol,os per km2 anel year. Hou far the differenee bet'leen
t he t uo figm'es i s due to th" sp ecial p osition 01' t he Honte San Salvat ore , a11el
to llhat e::..--tent i t is elue to the bettel' average visibility over the near area
eannot be statec1. Since t he niGht. t hllnc1er stOrIilS ' l11i eh have b eon photographed
represent appro::. ·one quar~er of cll thunderstorms, the over all stroke density
in the ar ea 01' the Honte San Salvatorc l11llst arnollnt to at l east fOllr str01,es p er
l,m2 end year .

As shmm in Fi g. 3a zones 11ith Great and small f requeney of stroItes
merge eontinllou s ly i nt o one anot11e1'. 1t is not 1'oss i blo to f ind any pronouneed
nstroke clusters 11J i. e . areas llithin na.rj:"OlT l i mit:s 1-Tith very many strakes
surrounded by an area uith a mueh Imler stroke density. The distribution rather
gives the j.mpr es s i on t hat it i 8 eletermined mainly by the meteorolo[lieal and
topogr aph i eal eonclitions . An aeeumtüation 01' s t r akes seems to oeeur becallse at
t b e pa1'ticul ar points the thunclerstoIT.l cells pass by durin[l t heir maximum
aetivity, 01' are held up t here. 1t is notieoable that in the ease of strokes
s i t uat ed close tOßotl1er, most of thern are 1'01' t he same year . Detailed
examinat i on orten shoU<'; that thes e all ori(linate frorn ono ano1 the same
thlll1C1er st or ffi uhieh obviously disehar(lec1 just at this point. The ir1'eßUlar
di st ribut i on cf the stl~lldnß )?OiütD for lci f f e1'ent years ShOllS tImt s uch

..
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discharges rnay t~~e place at one time here , end another time there. It is to be
exp e cti ed that i n l at er years clusters 11ill occur again at other podrrt.s , I n any
ca s e the 10 years ' observ~tion period is st ill too ShOl~ for the statistical
distribution t o be clearly established for a long time ahend .

·I n t he eval.uatdon of the oscilloc;raphic lic;ht n i ng current mcasuxcnenbe
(TIef s a 1 und :;) the t erms 11c1m'rl1uard otroke::; 11 und 1Iu.1JUarc1 surokes 11 i"er e i n't:.r oc1ncedo
The "dovnvar ds " end "upvards " here r ef ers t o the e1irect i on or progrc{;s of the
l ead er s'troke , :i.. e , of the predischarge, ' Ihich bu i.Lds up thc charged l ightnj.ng
chan nel ( s ee 8ec',;ion 5). In the ca s e of a doumrard stroke the p r ec1is cha r ge
p rogz-ess e s f r om the cloue1 t Ol/ards t he carbh , and this is the normal case f or a
süroke to more 01' l e s s Level, terrain . On t h e other hand, in the case of an
upuard stroke deve'Lopmerrb is from t he earth touards the clouds . Thes e flashcs
can therefore form only at expoaed points on hißh buildings 01' t 01ler s . Tlle
cl a s si cal examples of this are the Empire State Buf.Ldäug in Nel/ Yor k (Ref s . 4 and
5) and the measuring t01lers on t he Monte San Salvatore . In the case of the l et t er
t he upvar d strokes represent approx, 1. of all st.rokes ,

The question arises of Ilhet her upvard str ol:es can be observed at ot her
points er t he zone Irhi ch can be viel/cd f'rom the Honte San Salvatore. P.ny nptzard
strolces can be only r-ecogn äsed as such i:1' t he light ,ning path i s I'or'k ed 01' br unched ,
The br anche s 01' forks arc 1)r odu cec1 dur ärig t he bu i.Ld- up of the ch ar'ged channeä, and
therefor e aluays i ndi cat e the direction of gr01rth . Pl a sh es vhf.ch 81"e f orlcec1
upwar ds 'even i n their l ouc;r part can t heref ol' e cer t ai nl y be termee1 upual'd str okes ,

Fi gs . !la and l:·b shov typieal exaup.l.cs of dOlnlllard s ürokes in t he
neIghbour'hood of the Monte San Salvatore. Thc stroke into t he Lake in Piß. 5 is
also ' a dovnuard stroke Ilhich in this case c1eveloped from a very Long horizontal
diseharge unde.r the c.Loudc , Typical upvard stirokes at the measuring touers are
r eproduced in Figs . 6a to c1 and 7 . A careful exanünatdon of all light ninS
p ictures has nov actually r-eveal.ed a f eu uptrard st r okes at different points outside
t he gonte San Salvatore. These are t.he follouine; points :

p eak of t he J;lon'~e Arbostora south-soutlmest of the San Salvatore (pos s i b l y
t he slop e b ehinc1 tbc peal: ) ; . one st r i ke 195!f;

pealc of tbe Monte Sighignola, · eashlards f r om San Sal vatore, into the
. fla@ ol e of the r estau r rult; 10 str i kes 1963, 1961f anc1 1965 (Pi g. 7);

Monte Bre , nor ',;hea st f rom Sau Salvatore, someuhat helou the peo]t, p robably
ligh',;ning conductor 1'001 of t he r e st aurant 01' of the outlook tm'ler; one stri ke 1963;

t r ansmit t er touer /.lonte Cenel'i, nOl~h from /.lonte San Salvatore; one
strike 196; (Pi ß . 8 ) ;

. Monte Gene r oso southeast from !-lonte San Salvatore, probably post office
transmit t er station; one stroke 1961:. (Pi g . 9);

Monte San Elia south f r om Monte San Salvatore ( s1)11r of the p lne d' Arzo
Honte Or sa chain, possibly behinc1 the ltloLmtain cbain; one st l' i ke .196!f;

ehLlr ch at BioGno, p l"obably church t ouer; one st rilce 1965 (F-l g . 10).
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'l'hese special poi nts ( e:;:ccpt f or Hont e Ar bost ora and Hont e San El ia,
"Iher e the str ilcing p oints could not be Loca 'Lds ed '·Iit h cer t aillty, wer-e mar k ed
,lith the sign ~ on the map i n Fi g . 3b . Only t he transr,Iittcr t ou er on t.he
Mont e c enei-ä at a distance of 18 laa i s not include d O!I t.h e liJa1'. · I t s peak can
just b e s een i n t he s ect i on of the valley norGh of Lugano (Fig , Cl.

v/hile at all ot her points on'Ly one upuar d S'';l'o] ~e ua s observed i n each
ca s e , on the ].lonte Sighi(9101a Lh ere trer-e 10. Fi ve of t he 10 upuard strokes trer' e
recor ded .clllring a Lhundca-s'bo rrn on bhe 12Gh September 196:; , rl th:tn 55 mtnutes , In

· the end phase er this tihunde r rrbor m l1h:Lch l a stec1 for 6 ho ur s only upvai -d strokes
occur r ed af the meas ui-Ing t OHer s and Oll t he HOllte Sig11i gnola (Fi g. 7). The vieu
e r t he latt er Ha s then for a t i me ob ac tu -ed by foe;, s o thnt the nnmb er of t he
up uard discharges Hhich t ook pl a ce t hel'e may be gr-eaüer- t han t he number ob s erved ,
1t i s int eres t ing that b efor e 1963 an upuard stiroke Has never det ected at t he
Monte Sighi gnola, al.though t he stee1 flcß:[Jole l1hi.eh i s approx, 13m high , Hhi ch
obviously f a r ..ts t he point of i ni tiation for t he upuar'd s t.r oke s , i s said t o have
b een there for 11 year s . The f l agpole i s on a t er r a ce made of concret e above
a cellar, and is not earthec1 . Duri ng 3 storms darnage has been caus ed by the
light pi ng curr ent, for the first t i me i n 1962, rold t hen on the 11t h Nove"fuer 1954,
and finally dnrtl ng the storm alr eady ment doned, on the 12th September , 1965.

01' the t ot al of 16 upuard strol:es out side the Honte San Salvatore, 13
have sbruck expos ed p oints on mourrtaän shoulc1ers havf.ng builclill C; S, tOHers 01'
1'oles. T110 f urther s t.r okes originated from dome-shape mourrbat n t ops cov ered
Hith roresu, 01' pos s Ibl.y from the area behind them (I.lont e Arboe'bor-a end Monte

· Elie ).

llorl;hy of :pa.rt icul ar noü e i s t he stir oke to the chur ch t Oller 01' Biogno,
shotzn i n Fir; . 10a . 'Ihis is only 200 /.1 abo ve the l evel of the Lake Lugano a t
the s outhea s ü edge of a hi l l ' Ihi ch ris es app rox , 240 m above t he Lake , The
ehurch t Oller i t self, ..11t h the cr os s on the hi r;hest :point 01' the r oof approx.
20 to 25 /,1 high , rises only appl'm:. 3 to 10 m metres above t h e nuve end the
t r ees i n t he neighbollr hood . Thi s el:ampl e shmls t hat IIp,rard stroltes may oceur
on ·ob j e ct s 01' t his heie;ht even in rela".;i vely flat t errain.

In gener al i t can be st at ec1 of upuarc1 strokes t Imt t hey generally
OCCllr in t he f i nal :phase of a thuncl er storr", t oget her "Ii t h long horizontal
strol:e s b et "reen t he cl ouc1 s . They. gCD<',r all y have many bran ches, and oft en sevel"al
b r anelles :prot rude i nto t he cl oud cover . But they may cOr.1pris e only 2 to 5
bral1ches, 1rhi.ch br an ch of f horizontally anc1then run lmc1 er the cloud co ver
hori zontally 1'01' s ever al 100 . The f ielc1 of vicm 01' the camer a i n BreC\anzona ,
"lit h ' l11ich t 11e fla shes in Figs. 6a t o d and 7 '·Ier e recorded , i neludes a height

· up to 1500 /,1 vertically above thc peal~ of the l~onte Ban Salvatore . The
:pemit r ation of: t he discharge into t he cloud cover i s oft en out side this fi eld
.01' vieu, uhich meaTlS t hat the louer botmc1a1"J of the eomp aet cloud co'"er Dms t
b e more than 2hOO m above sea l evel. The c10u<1 s urface ove r 11hieh t he branches
·a r e dist r ibut ed may t hen have an area up t o a f ell lun2 • POller ful branched
\Tp1lar d strok es car ry charges 01' t he oro,er 01' ma[lni t ude 01' 100 C, rold in
extreme ca s es even 200 t o 300 C ( e . g . 90 C in l~ig . 6a and 220 C in Fig . 6b ).
The '';liO sup erposed strokes to t Oller 1 in F-l g . 7, '·Ihich 1'enetrat e into the
cl oud cover at onJ.y 500 to 600 m above the ti1' 01' t he t Oller, eaeh curry about
50 c; and t he c1isehar e;es i n Fi e;. 6d 1/it11 t heir branches b end ing over into the
hol"izont8.1, have only 10 C (t oller 1) anc1 6 C (t mler 2) . ~~le hor i zontal
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.exterrb 01' t h ese . branches can be seen f rom t he pho'bographs of upuard st.rokes lrhich
are at 0. . ßreat ~lo dist ance. For exa:mple, Fig• 9 shovs a st.r oke 01' t his t yp e t o t he
Mont·e Genez-ose lIhich has t,la ho rizontal branches , the Longcr of uhi ch i s at Lea t..t
5 lau Long , SIlort diseharges at the t ops 0 1' t he touers, llhich end in the ai.r .a rber
approx. 100 m 01' l es s , are ob scrved cOi~)aratively r arely. As far as can b e
established from the oseillogrmns they ar e aJ.l positive (:l.n r elation t o the flou 01'
cura-errb cloud~earth), :i .e. the t mTel- ronns the negative p eal: , 11, app ears tImt
upvard st.rokes occur only s:l.multnneously lTith clouc1 sbrolces 0 1' subsequerrt 1,0 cloud
abrokes , For d urtlrig t h e stntic charge s epar at i on in 'che clouds the f:l.eld stren[(th
at the earth' s surface Ls hal-dly hißh enough 1,0 cause t he init:l.ation 01' upuard
sürokes , Uptra r'd st r olces t her ef or e dopend on cloud dd achrr rgea the ·charge variations
in 1Ihi ch cause Shol"'~-pel-ioe1 high Local, fiele1 strengths at the earth I s s ui -r acc ,

5. Leader i'or the f'l r st corapOllent stroke (bui~of t he lif,htl'.in~ channe'l )

5 . 1. Revie11

As ste:ted und er sub-sect äon 2 .2 the i'ilm speed in the cameras 1r.!.th moving
film ulrl.ch are in operatdon u as select ed so a s t o be particularly suitable 1'01'
recording the deve'Iopmenb of the leader dur'Lng J~he b uild-up of the charged ehannel.,
By me211S oi' t h i s t:YlJe 01' r ecord Schonl an d an d his collabor at or s (Ref s. 6 an d 7) r-IrsJ~

e st abl i shed , and other authors also founel later, that the buf.Ld -up 01' t.h e charged
chann el duräng the first component stirolce (i n contrast t o any subs equent componerrt
strrokc s ) talces place i n steps (s t epp ed Leader} , Fm:- most 01' t he phot ogr aplJs the
pol a rit y 01' the ccr-respondäng l i gh'i;n:l.ng our z-ent is uot knotm, and the Cluestion 01'
vhebher- the stCP1'lisc bnild- tlJ? 01' thc l :l.ghtniuG chann cl proceeds in the s ame mauner
11i t h b o'bh charge pol arities was not dis cuss ee1.

In tlle case 01' stroke s to the measurdng touers on the Nonte san Salvatore
the di r cct i on 0 1' current 1'1011 is knoten i'rolll the os cillograms , so tImt it i s pos s i bl e
to establish 1'01' the corresponddng l ead er stiroke photographs lIhethel' lle are elealing
1dth the build- up 01' a neßatively or p os i t ivcl y chal°ged l i ght ni ng channel. The
phot oßraphs obtained nou inc1icate a considerable dif ference in the '~TO polerities,
and the cl a s s i cal steppcd l eader 1Iith reßula r clea:::ly definec1 steps over t he lIhol e
light ning path occur s only c1LU~lng t he build-up 0 1' a nee;ative channel.

The l i ght niuß CUlTent must be considcred 1 in the s ame mant"lcr as in the
p recedine p alJer (Rer. 1) , llh1:ch describec1 the electrical lißhtning measurer,\ents ,
a s al,"rays lJositive from t he clond t o the em'th. A classif'lcation "0 1' the strokes i n
accorc1ance ldth 'che direc'cions 01' current 1'1011 2llcl c1eveloplr.ent t her e f or e gives the
I, varIant shOim in Fi g . 11. The pho'~ographs oi: strolces to the tOl1ers dur:ln(3 the
per i od reporced compr i se, eliV'lded accoreUng to the polar ity of t he channel chal'ge,
the follm-r.l.ng :

A. negat i ve channel chm-g~

5 negative dmn1lluxc1 s'crokes (dolm{ror ·d" strokes "f i'olu negative clone1s, .'
curr ent negative ) ldth alead er developing .i n steps. But lTith on~ 01' thera the
leader i s vis:lble only on one side branch;

7 upllard strokes from the negative tm"leI' tip (cun :eut posi'cive ) , ,:rlth
aleader developinß in steps;

-I
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7 short upuard (1iseharc:es from tihe neGative t m-ler tip (e llr r ent positi ve )
10 .t o 55 In in l mlgth developing i n steps. These diseharees do not give any visible
dcf'LecbLon in t he oseilloßram. But in each cace an upvurd süroke lIith posit:i_ve

.cura-errt \Ias oacf.Ll.og.raphed s il:1Ul t aneou s l y on the ot.her touer. I t Ls obvfouc t Imt
thc dd scharges at both touers have the same poluri-I;y ;

~ositive ehannel char ge

7 upuard st.r ok es I'rom the positive t ouer -I;ip (current negative ) \rlth
l eade r s 1·,hieh parl;l y exhibit pr ogres s i n step s, bub t he overell eharaetcr ist ies
of uh ieh are elearly (liffereot f'rom t he pr-ecedäng ,

39 upua r-d s tir olces f r om the posit:tve tOller tip ( cui-rent negutive )
uithout vi sible L eader-, No traee of a l eader strolce can be f ound althouGh the
phoüogr aphs are perfeet and in foeus ;

1 p osi t i ve dounuard strol,e (domm arel su r oke f rom posit ive cLoud s,
eur r ent positive ) lIithout vi s i bl e Lead er-, In this ca se also the photograph is
per f'e cb , and in f'ocus ,

TImt the phot ograph s of the last-muned t \70 forms are r eall y sharp can
b e established f irstly by t he fact t hat subscquerrc componerrt st.rokes 111th eurr ent
pcaks are present, t he ch anne'Ls of uh1 eh ar e elearl y shoim, and seeondly from t he
f act timt the point s on t he pD.th uhieh appcar' brißht 01' l ess bright acco.rdtlng J,;o

t h e (Urection of the l i ßht ning tl'aek, ß:tve l ONlituc1inal s t :cealcs on t he f ilm 1lh_1.eh
are in sha rp foeus .

The lis t shotrs t het t he fOlTo.c.tion of a neGative charge ch anne'l, ( lmnl\Tar c1
arid upuard strokes ) \·TaS ah rays aeeompan i ed by a visible, st epp ed Leader-, I f
t hos e films are exel uded vrhf.ch are not i n f'ocus , 01' ar e exeessi vel y blacl,en"d by
seat tered light, t here are no phobographs 11hi eh \/ould not shov this Leader-, -

In eontrast to t hi s the formation of' a positi vely eharged channeä \las
accomparrl ed only i n s even out of a total e r 1~6 ea ses by a visible Leader, I n
t he ot her 39 ea se s the brightness of the Leader- ; TaS obviously not enou gh to
L eav e a tra ee on t he film. The Lotr l mn1nos i ty on t he one hand and on t he otner
hand t he fact that in op en t er r ain vhere hardly any upu ar d strol.es oeeur, the
str okes 1r.1:th a p ositi vely charged Leader are i n a mino rity, may b e the r ea son
\,hy t h:ts f :m n of discharge ha s so .f a r not b eeil observec1. The photoßraph of a
negative upllard stroke from the positive peal, of t he Empi r e state- Bui lding _ ~ n

Neu York i n t h e year 1945 shovs , i t i s t r ue, the t yp ieal chara"teri stics of the
l eader \rlt h positive eharBe, but lms r ep rodueed in the lit er at u r e (Ref. 5 )
;rlthout 811y i ndieation of the effeet of pola r ity. On t h e Monte San Salvat ore
suceess lIas a ehieved in talcing such phot ogr aphs only in 1 96!~ .

5.2 Build-up of t he negatively eharged "hanne1.

Figs . 12 to 19 shou examples of this phenomenon both i n t he ea se of
neBative dmnmard strolces and also ;l:1.th llpuard st rol.es from negative touer
tips . The devel opment of the channel i n- di scr et e step s i s eharaeteristie .
In the ea se of eaeh step t he parI; of the ehmmel l a st f ormed is illmninat ed
fairly stronßly. In the ease of u ea!cer r eeor ds onl y t he s e diseharge heads
are visible. On oth er photographs t h e liBhtj_ng uJ? of a l arge sect i on of' the 
ehannel ean be ob s erved i n ea eh ea s e .
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Fig. 120. 6ho116 0. phobograph of 0. negative dovnward stroke to tOl-rer 2
..11th 0. Leader-, i'he photograph from 0. distence of 365 m includes only the lmrer
120 m of the lißhtning channef., The leader exhibit s along this pabh approx, 10
steppeil eÜ.scharges. At 8. distance of approx, 20 1"<1 from the tip of the tOller the
main dLscharge lias initiated. The cuzrent var'LabLon detennined oscillogTaph:!.cal~y,

having 8.. peak value 'o f 22 lUl can be s een from Fig. 12b.

A simi.lar stril<:e can be seen in Fig. 130.. Bub in the l eader only a felr
lIeale steppeddischarges az-e visible berore, at about 30 m above the tip of the
t01;er at point A, the transition to the .main discharge t akes place. A fine side
br-anch from the sharp känk in the l:!.ghtning tracl<: (point B) to the le.rt at the top
Leads to the assumpt.Lon tImt the streamer from the tOller tip f'ork.ed at this point .
Its ric;ht-hand branch reachecl the lightning channel ilevelop:tng dommarcls . The fact
that nothing can be seen cif the forlla1'd proßress of the streamer on the photograph
muy be due to the fact thaI; here ..re are cleal:1.ng 1rith the build..up of a positively
chargeil channel, as is discussed in the next sectd.on (5.3). The photograph on
stationary fUm (Fig. 13b) shovrs 0. ftirther suroke to the side of touel' 2, 82 ms
before tImt mentioned. The current vardaufon in both strokes can be seen from
Fig• . 13c•

. A further negative doumrard stroke :1.nto tmrer 2 1-rith a siele br'anch 1-r;1ich
iloes nol; reach the earth, is sho..m in Fig. 14. The surrounil:1.ngs of the main
ddschaxge (B) exhibits much fogging probably frOl;] the c'Louds illuminatecl by the
branch. Thcrefore only the steppeil discharge in thc siile brauch (A) and its
branches can be seen,

In the case of the stl'okes to eartli the clirection of cur-rerrt flOlT is
not known , Bub on the basis of observations on strokes to the tmrers it can be
determineil from the character of the leader. A nWlller of such photographs of
sürokes to earth are available ..rhich C8l1 be regarded as negative dovmzard s ürokes ,
Fig. 15 shotrs an example 1-l1th a stiroke to earth near to tower 2. Both the
photograph froll the mOlll1taih peak at adistance of about 360 m (Fig. 150.) and
also that talcen from Breg811Z0na (Fig. 15b) a dista.'1ce er approx , ;; 100, vrei-e
obtained, Tbe photograph from the peak, on atat.Lonary film (Fig. 15c) Sh01TS 0.
side brauch to the left 1rhich is cut off on the movine; film immediately after its
initiation, by the bOlffide,rJ .cf the picture frame. The picture tal<:en from
Breganzona mal<:es it possible to follmr the development of the leadcl" for aperiod
of approx. 5 DIS and over a vcrtical path of appro;:. 800 m,

The bl1ild-up of the negatively charged eh8lU1ei cau be follm-red
partj.cularly 1{ell in the case of l1plla.rd strolces at thc negative touer tips, Foul'
examples 'of ",;1'.::1s are sh01m in Figs. 16 to ' 19; The first 3 on tOller 2 1'1ere tal<:en
from the peal:, anel. the last on touer 1 from Breg8l1Zona. On t1;o of them the
current variation is reproduccel. -(1:Lg. 16c 8l1d Fig. 19c) but in the ease of the
other tllo the ' t r i p on the loop oscillograph faileel, lThile the eRO 1-TaS set for
too 101l sensitivity for recorcUng the eurrent variation during the build-up of the
leael.er. .

The strol<:es in Figs. 16 and 17 Sh01T only the build-up of a relatively
short eha.ni1el of several hl1l1C"ired 111. A fe1-T photographs of still shorter discharges
are available, c.g. only 20 to 55 m long, ..11th 7 to 13 sharp steps. These
discharges do ::1n fact trip the oscillograph, but (live no visible eurrcilt
defledions (i.e. the current of 20 A is no-I; reached).
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On.the other hand, in the strike in Fig . 13 the leader must , . aft er
10.6 and 11.6 ms (uhich 1'01' a constant speed 01' development corresponds to a
height above the touer tip 01' 1.05 and 1.15 km) have encourrbci-ed l arGe char ge
concerrbrattons (pos s i bl y cho.nnels devcl opi ng i n tbe oppos:l.te eUrection), and
this prcduced a strongly Lunrlnous main f'Lash 1lith a current mca sured in tbe CRO
having a peak val.ue 01' 27 J;A. The photograph rrom Br eganzona, 11hich is not
reproduced, shovs tImt the l eae1er forks appr ox, 500 m above thc tip 01' the
touer, and t hat the mul t i p l e eurrent p eak commenc äng at 10.6 ms f'Lov s i nt o a
main curr ent commenc äng at 11.6 ms in the other of t he tuo branches ,

Tbe devef.opmerrb 01' the leader from t he negatd.ve touer tip cen b o seen
. ver:f clearly in Figs. 17 and 1D. Up to the time when the leader ha s reach ed a

height 01' 60 to 100 m, the vho.l,e channel l i ght s up agaf,n vhen Olle 01' the other
b r anch 01' '~he f'orked channe), advances on e step f m'oher. Bub t h e t l-1O photographs
are made particularly interesting by the fact that in the steps which are so
clearly c1efined b elolT a fine brush dis charge is visible in each case at the
end 01' the brightly Lunrlnous discharge head , In order to shov this elearly the'
first s ection 01' the dd s char'ge i s shmm at a hi gher magnii'l eation in Figs. 17c
end 1Cc. The s e brush discha r g es, 1Ihich have been a s s umed by di ffer ent aut hor s
in e1e s cr i b i ng the b ud.Ld-up 01' t he channel, have nov been conf'Lrmed by direct
photographs; The se ShOl1 also tImt the br ush b etnreen '(;110 stepped discharges
do es not e1evelop continuonsly. On the other hand the duration 01' development
anel 1umi nos i t;;, 01' the lrrush i s so short tImt i tappears momentary on the moväng
fil m ( ~ 5 1" s }, Tl' " sudden emässf.on 01' a n evr bru sh discbare;e appeo.rs to go
hand in hand lrlth the conver sion 01' the mlalcly- condllcting tbread in tbe old
brush c1iseharge into a eonducting eb annel l/bicb produccn the bl'ightly Lumf.no us
dd schar'ge head , The agr eement lTitb tbe T8pler gliding dl schar -ges Ls st r i ki ng
(He l' . 8). M. T8pler r egarded t l1e ligbtning discharce as a s l idi ng di schar ge in
space ,as earl y as 1920, and de scrib ed it,

Finally Fig. 19 SbOHS a photogr aph f'rom Breganzona in lIhich a pove r-rul,
upuard dischare;e at tOller 1 up to a heigbt 01' appro;:. 850 m ov er tbe touer tip
can b e follolled . As sbmm in t h e photograph on stationm-y l'Um (Fig . 19b ) the
s t r olce has pronollnced branches so that it is di f f ic111t '<;0 differenthl~e on t be
moving film the discharge beads 01' the diffe r ent branches.

5.5 Build-up 01' the positively charged channel '

Figs . 20 t o 22 shm; photographs on lIhich t he development 01' positively
ebarged l eaders ean be seen. In Figs. 20 a..nd 21 are up'Hard strokes at tbe
posit.ive tips 01' the meas l1l'ing tm/ers, and in FiS. 22 is a positive dm-Ilmard
stroJce ' l/hich stnlck near to Campione: into t be ear~h or into a buildil'E\'

" Tbe upl/a rd strokes at tm-/er 2 exhi bit, i n t he part r ecorded trom t he
mountain peruc (Fig s . 20 a and 21a) , 1. e. llP to a heigbt 01' appl:ox. 120 m'
above the t i p 01' t he touer, p ronotmced steps lIbich are similar to those i n the
formation 01' the negat i ve cba.nnel. Houever tbey cromot be follolled alJaY from
the tm-/er tip, but appem' only l/hen the cba.nnel has reaebed a length of lfO to
30 m, lIhen tbe current ha s inerea s ed to a fell 100 A• . In Fig. 20a it i s even
possible t o see the stepped dis charges frOn! t l /0 differ ent brancbes 01' tbe
l eader . At gr cater beigbts (above 150 to 200 m over tbe tm/er tip ) t he groll~h

is continllous. The cbannel bead t hen Inalces a continuolls line on t he movi ng
f ilm. I n place of the. steps only p erioeUc intensity ma:::ima l1Cm occur, dllring
I/hich the l·,hole chmmel dm-rn to t he t i p 01' thc tOl/er i s aluays lIealcly
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ill uminat ed (phot ographs I'rom Br eganzona Fi C;. 20b 001(1 2 1b ) . Fi g . 2 1b
shous t uo Leader-s going ont vards i'rom the bIO measuräng tOllerS s upcrposed,
F-le; . 201> shous only t he Leader' at t ouer 2, uhf.Le that at t ouer 1 (er, t he
p hobograph on stationary f ilm, Fig . 20d ) 'TaS obviously too lleak 1'01'
reeoreU.ilg on moving film. '

Fie; . 22 shotrs t he only posd'tzlve dovnwaixl st:-oke 'l11ieh liaS
reeordcd on moving i'il m lTith a pi-ed äscharge; I t exhibits the same
eont i nuous grmrth as t he upuard stiroke e.'.; t he positive touer t:!1'S on the
photoc;raphs f'r om Bi-eganzonu , Si nee this stn-oke (Ud not h i t a measuräng
t ouer and therefore no cur a-errt os eillograro is available, i t ean be
eoneluc1ed only 1'1'0111 the characti er- of' the pl'edis eharge t hat this is a '
pos i t i ve süroke, But an indieati on of heavy cur-rerrt and henee also of
posi t i ve polarit y is given by the heavy thunder llhi e11 'la s noted as 
e,::(;r aol'dinarily loud even on t hc Mont e San Salvatore, 0. di st anee 01' 2. 2 km,

There are f eu photogr aphs 01' positive dotrmmrd sti r ok es i nto t he
mea sur ing t m·/Cr s. But t hen tihere i s ahrays a negatively cha r ged eh o.nnel
11111eh progresses 1'1'0111 the measurtl rig tmlel' tmral'ds t he posi tive channe'l,
coml.ng I 'rom t he c.Loud , so t ho.t in the photograph s on1y thc ehannel grmTing
upwards is v:tsible.

The pieture talcell on stat:1.o11aJ."Y" film (Fi g . 22e ) from the mounta:tn
p eak shows ancbhei- intel'esting (letail : in 'bh e 10\oler par t the lightn:tng
channef, b r anches and t hen runs tO ßether agai n so that lIe have the p ict urc
01' a loop. Thc for mation 01' 0. loop can be exp.Laäued by the fact t1m:t t he

. licrht n:i.ng channel. , and a streamer conring f r om belmI, at f i r st grou pasf .
each other, and t hen the peak 01' euch chanrief. s·tri kes sf.devays Lnbo t he
obher, Unforttmo.t el y t his phenomenon vras not r ecor dec1 on movä ng film,
b ecaus e f'rom Breganzona t he Lov er part of t hc light ning p abh \las ob scur-ed
by a cllain of hills. .

To sumrnard.z a l/e 1-Till list onee aga än the main cba1'a ct eri st ics of
tbe l ißbtni ng stroke l-r1th a positive charge:

a) Tlle positivel )' cheu:gec1 l eader stro!.e i s of a 10uer lumi nous
intens:i.ty tho.n that during' the f ormation 01' a negative ch=e1. ' 1'li th t he
camel'a s used t be gr01ftb of t he chenn el ero1 be r ecoBlli s ed onl v i n 8pprox.

I . .. .
15\, of all upual'Cl str o!ce s . The eur r ent 'Ihich f lO1IS subscC],\\ently frOI11 t hc
t ouer then amO\L~ts to several htUldr ed A.

b) Tbe i'ol'!nation of chU!1nels g1'01·r1ng upllards cmlllot b e f olloued
frOI11 its bcgi ning at tue 'tip of . the t01'ler~ Only llhcn t he chan nel i s at
least, 40 m long i t l i ghts 'up atirregular illterv'als. Only in 'o. rtUJge
approximo.tely b et1-lccn 60 and 150 m long do es it l:tßht up i n regular steps,
a s in thc ßrot~h of t hc .rieGative ehannels. · In the ca se ofgreater lengths
tbe dis charge goes over into t he continuous form as deseribed in c.

c ) Up1-IaJ.'d stro!:es at positive tOller tips, from alJol\t 200 m an(1
longer, and positive ClO1ml'1U1'c1 s t r olces e)cJübi t continuous e;rmrth and eon
eont i nuous 111minosit:l' oi' the dischar e;e head . I n the place of stop s ther e
are p er:i.oc1ic or: i1'rcgular ilJ.-def'ine(l mnx:i.ma, durinß 1-lhich thc 1-lhole
ch01111el from the di s charge hcad to the tip of thc touer, 01' to its
disappearence in the c10uCl, i s 1-lcal:ly illl1minate d. In thc ca s e of the
Clmnmard strol.es the des cr:tption i 8 b o.sed, hm/ovcr, only Oll a s i ngl e
photoß1'aph.
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5 .1~ Quanti tative evaluations

In Table I a summary is [li ven 01' daba on the r ates 01' deve'Lopmerrt ;
the tilGe interva1.s betwecn the gr owbh st.eps , '(01' of' the lmninosity max..i ma ) and
the lengths of' the steps, i nsof'a r as they can b e evalua:tecl from the photographs .

Houever -, the evaluations are subject to seine uncertainties, for the
f ollmTing reasons:

a ) Tbe l:1ghtninß track may be tilted t mlD.2'ds the ob server 01' c-uay
rrom him, and this cannof b e seen f'rom the pho üographs , For t he veloeities of
grm,rth and f'or tbe Lengbhs 01' step only the vertical components u er'e theref'ore
evaluated, i.e. rate of' grovth in a vel~ical direction and vel~ical length of
step. The true Lengbh of' st ep is equaf, t o, 01' greater ,t ha!1 the value given in
the Tabl e .

b ] In order to determine ·t he speed er grmrth and the length of steiJ;
the distanee b ctveen the lightning track and the camera must be known, But in
general 0111y the dista11ce aua~' of the stri!dng point i s knotzn ( r or strikes into
the rnea suring touel's 01' strokcs to eal~h, the strildng po:lnts ror \Ihich can b e
detiernrlned frorn the photographs on stationary f:Um). For the highel' points in
the l i ghtni ng tracle this distance i s Lnaccurrrbe by reason of the incl:lnution,
lIh i ch cannot be ch ecked ,

c ) Not e..U discha r ge step s can b e reliubly recogn:tsed on tbe
photographs • lt i s not aluay s that equal.Ly s"cl"On(; stepped dis char ges r ol.t.ov
at regular intervEÜs . Sometzlmes .Jchc intervals are i rregtLlarJ and "chere are llealcer
steps in b etwcen, lIhich are prob ably no Longer v-Isible on ueak phctographs or
those vrhtl.ch a r e foggeel. In the cvaluation tbe step s wer -e count ed on sections
haväng about 5 to 30 steps, and 1'01' t hese step s the mean t ime intcrval b ebu een
steps and t he rnean vertical length 01' step lIere determincd.

d ) In tbe case 01' branched strokes the discharge heads of different
branches are often recorded confu sed ,dth one anot.her-, It is t hen difficult
t o cletermine those for a certain 'branch , In general, in the ca se 01' branched
strolees tbat branch was eval. uat ed "Ihich exhibited the quick est vertical gr01rth.
Tbe f ollouing po'ints ShOlUd oe emphas j.secl 1-Tlth recard to the r e slu"cs giyen in
Table I for the veriOllS fOl'lDS of light ning:

. No. 1 :

The r e are only 1~ photogr aphs 01' nega:tive d01nmard strak es in·to the
measuring touers. All 4 are 01' strokes into tOllel: 2, "hich ",ere recorded from
the mOlmtaill p ealc. Tbis means tImt in ea ch case only the l ast 120 m over the
tip 01' the touer uere inc1ude c1. The pea.lc currents measur ed during t he 4 striJ~es

1-lere about 16 to 53 M . It uns not possible to establ i sb from t hes e feu
photograpbs ' a dependence of the speed of grOlrth 01' 01' the st ep length on the
channel charge "l1icb varied in approximately the same ratio as the peru~

cur r ent s .

The leneth of tbe streamer discha r ge, 1. e . of t he distance oi: the
point at ",hich the leßder strol:e passes over j.nto the main strolee from the
t :tp of t he tmler, can be deterr.1i.ned onl y i na ccur ut el y, s i nce all l i ght ni nc
t l' a cks exhibit considerablc horIzontal cOlll'"Jon ents shorl;ly bei:or e they r ea ch

!
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thc tip of the t01/er. Thc measured lcngths or the strearacr are beLween about
20 m (at 16 lill) and 70 m (at 53 kA) . It is poss Lb'l,e that the Lengbh of the
streamer increases approximately än propor-Hon to thc lightning current, birt thc
number- of photographs 1s at this moment still too smal.L, and the relevant eval.uabäon
too Lnaccui-at.e, to prove such a lair. ·

No. 2:

Negat:J.ve downward strokes änto the eart.h, Of the 15 stirokes ,rlth knotm
strilcing point l<hich wer-e available for this evaluation, one is outside the
classificat10n and is thcreforc g:J.vcn separately in the Table. In this case the
Leader- stroke was phobographed f'roru Breganzona over and beyend thc Monte San
Salvatore only in i·ts upper' part, when it issuec1 from the cloud at a hcight of
approx, 2350 m dovn to a he1ght of approx, 1750 m above the strildng podrrt , On .
a photograph taken from the mountain peak it can be seen that thc stroke h1t Lake ~

Lugarno a 11ttlc 1n front of ·thc north l'1dge of thc Honte San Giorgio. At this
lle1ght, and particularly as it issued rrom the cloud, the leader stroke exhibi"Gs
an ~ctrcmely high speed of grmrth and c:dremely long steps, 1rhile the time interval
betareen the steps (l.;l1ich have very little scatter in thc case of all discharges lritll
a negative chsnne'l.) are 1rlthin the normal range in th:ls section also. In the other
111· photogrephs, Hhich record the Leader sbrolce only up to he:lghts of a maxtlmum of
1300 m over the str:J.ldng po:lnt, no systcmat1c dependence of thc measured val.ues on
the hcight of thc channal, scction measur-ed , can be cstablished.

Nos. 3 and 11·:

Of the uptzard stn-okes to tihe negativc measurdng t01<e1'S thc short
c1ischa",ges (20 to 55 m Long l , lrhich [live no visible deflection in thc oscillogram,

. are divic1ed off and listcd separately (No. 1;). But their evaluation results are
appro:cimately the same as in the case of l'mrerfuJ. c1ischar8cs in the zone directly
above the t01'rers. The 3 photogral'hs from Ercganzona, ,·rhich recorc1 such upllarc1
strolces up to 800 ' to 1200 m above the tmler tip, give for the upper zone somei·rhllt
higher speec1s of gr01'·Tth, and longer steps, than for the louer zone. One discharge
1s listcc1 ssparately, beeause its steps follmr one another about 10 times more
quiclcJ.y than ,·rith other leader strolces. I·t isoal'pro;:. 120 m long ,rith hro sOlllellhat
ahorter side branches. All three branches ·appeal' to reach the cloud ,rith their
enc1 ai1c1 light up over their 1(hole lcngth. The relevant current oscillogram
(No. 6577) shOi'rs tuo small positive current pealcs at an interval of 32 ros. Both are
apl'rox. 100 A and their clL\1:ation is a fraetion of one ms. It may be assumec1 tha:~

. thc d:J.schargc representcc1 belongs to the seeond of the tuo currcnt peaks, anc1
folloiJS a track formec1 in ac1vance by the first impulse. Tllen 1re should be dcaling
only.rith a subse(lucnt dischargc, anc1 for this the rapid 8uccession of steps 1roelld
be normal (cf. Soction 7). .

No. 5:

A photogral'h from Breganzona (not reproducec1 here) shoiJS 11· stsps of an
up1mrc1 stroke at thc Nonte 8ighignola. This is (luite outside the series due to
its high speed of grm·Tth and its long stsps.
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No. 6:

Upvai-d sta-okes from the posätnve touers . As al.ready merrt t oned , t he1'e
a r e avuilable perfect photographs 01.' l~ nuch st. r okes on movän g filr.l . Only 7
01.' these shov the grouth 01.' the l eader s ürolce , I n the casc 0 1.' the other 39 t he
l tuninos i t y 0 1.' the Leader strroke \las obviounly t oo u eak to phot.ograph , About
' 50 m over the ti1) 0 1.' t he t mTer t h e f oruard progz-es s 01.' the channe'l, is cont innous,
end the fi[';nres given une1er TSt and HSt r ef er then to the s eparation in time 01.'
t h e intensity maxlma, end to the for mu'<1 pl'o[1;re ss bebween t uo i nt ensi'l;y maxäma,

The oaly positive dovnuard stiroke (Fi ß. 22), vhä.ch tras phobogruphed
w1th i t s l eader strüke, i s sues out cf t he cl oudG approÄ. 1870 m over its base~

Tm'Tar ds thc earth its rate 01.' grouth increa ses and r-eaches t he e:;tr emely high
value 01.' 8010101'0:::. 2!~OO m/ms. I t s intensity naxl ma are irreßlü a1' and at some
points ar e not cl ear. There is also a phobogr aph avaf.Lab 'Le 01.' a positi ve
downward strolce i nto t ouer 2 , bU'1; the l eader stroke i s not visible on Lt ,

6. 1·1uJ.t iple strol:es

One 01.' the firs 'l; t a sks 1.'01' the cameras ,r1t h mov äng film ' TaS to
deterrnine the t i me .aequence 01.' coruponent s·crclten. For t hi s purp os e the high
film speeds o f' thc: netr cameras a r e unravourcbä e, Since the fil1;IJ trhf.ch i s
approx. I m long, passes round once in 35 ms, a l one mult i pl e str oke may be
distribut ed over 20 01' mor -e runs . In the ca se 01.' s trrolces il1to t he nea sur-Lng
touer s i t i s then possibl e only ITith t he aid 0 1.' the current oscillo(;r = to
determine t he s equence and t he tiP.1e Lntrerval, s f02:" the componerrb st rakes .

. Hlütiple strolces are fairly f'r-equerrt bobh lr.i.th dotrnuar'd and also ITith
upwa r d stn-okes but - uith r are exceptions - onl y uith neßative st.rokes (L , e. in
t h e ca se 01.' st.rokes b etnreen negatdve cloucl s and positive ear-tn}, . They are
produced by the fact t hat , b ec aus e 0 1.' t he Louer- mobi l i t y 01.' t he posi t i ve cha r ge
ca r rier s after t he decay 0 1.' t he current in each componerrt st rolce , ponitive
charge r ctEins in the channe.L , This trealcens t he orißinal fi el cl 01.' negative
clouds at the earth and f avours the brea1:in~ 01." the lißhtning current (Ref. 3 ) .
Aft er the elecay 01.' the earth current the eli s charge ,·rithin the c.Louds can
proceed , Thi s means that after 0. t i me negative char ges again reach t he positive
residual channel am1 proßres sively r eversc its charge dmm to the ear'Gh. :):n the
ca s e 01' upllar d st1'ol:es from positive touer t i ps a posi t ive chalmel system is
bui l t up over them anel it generally ha s p1'onounceel b r anches. Branches 01.' t he
cloud str ol:e uhich r eleased t he upuard strol:e (Sect i on 4 ) may r each one 01' the
ot her branch of' this system end follou it dOlm t6 the earl;h .

I n the case 01.' the subseCluent strol:es also thc fonTarel p rogress 01.' the
negat i ve chare;e in the chmmel can b e seen a s a l eader strol~e on the lilov1ng ' .
f i lm. In ßeneral these l eader st1'ol,es 'differ from those 01.' the first cOL~onent

strolces in their mor e r apid and .continuous fOl"lJard progres s.

Th e tlP1rar d strokes ITit h t h e1r branches often give cOll~licated

conditions. ~lliile i n one part 01.' the branches the continuous bui ld-tw current
.cont i nuen to flou, i t may die out i n other braJ1ches , and on these subseque nt
strol,es ]"ay occur, IThich appeal' in the l)hotograph on moving film ns momentary
light i ng tlp pr ecel1ed by a leacler stroJ,e. In thc overall f lash the p eal<

"



currents corresponding to t hcGC di s chUl'ßes are supel~oscd on t he cont i nuous cur r ent
in the othcr branches , and they t herefo r e prcduce no i ndep endent componerrt st r okes ,

. 11; may also happen that on one branch of an upuard sbroke f'rom a positive
tOller 't i p (.'lith negative cunrerrt } a subsequerrt str oke app ear s .'rith p ositive cur-rerrt ,
FiC; . 23 shous the photo and t he l oop oncillo(lrru n of 's i u\l\l t aneous upvar'd st rol:es at
both ueasurtlng tOllcrs • . , nli l e in t01iCr 2 three subsequerrt strol:es occur .'lith
negatzlve current , a s im:tlar st r oke app ears at tOHer 1 l1it h p·osj.ti ve curr ent (27 kA
p eal; cunr errb) so tJmt in thc tllO tOller S oppo sd.ng lißhtninG currents flolT .
s imultmleously! From t he phoüoga-aph on moväng f i lM lrhich i s not produced her e
i t can be seen that the subsequenb stiroke .'rith posi tive cur r ent on the pOl1erful
main brauch (A) of t he di s charge at t OHer 1, and the subsequent strokes .'ri th
negative current at the left (n) of the t.'10 pover-rul, branchcs at touer 2 have run
together. I n tbe ca se of thc subsequent stroke .'rith positive cur r ent no l eader
strroke can be deüected ,

Tbe os cillogr am i n Fig . 23b shoirs e:rtremely uell hou both touers produce
sä mul.baneouaLy an upuard strol:e Irlth negative current of almost equal intensity.
The el ect r i c field uhf.ch has obvdous'Iy been do'!larni caJ.ly increased -by a cloud s t r olce
already i n exi.sbence is t her ef or e approximately of equal height at both t01Tl3rS at
a di stance of approx, ' 400 m, On the obh ei - hand, in the ' case of the subsequent
stroJ:es the opposite polarity of t he currents shou s t hat t hi s depends only on .'rhich
cloud stroke s gr au into the residual chnnneä , Chs.rges of different polarity may
even occur on different bi-anche s 01' one and the same süroke ,

The speed of forl1ard progress varies .'li t hin I·rl de limi t s, and evaluation
of approx, 80 recorCiedprcdischarges gives 1100 to 301000 m/ms l-rlth a mean of
approcc , 9000 m/ms. 1t is probable that it depends on the length of the precedi ng
i nt cr-val I-rit h no current and the charge l1hich uas passed through previously. Bat
since oth er f actor s are Lnvo.Lved, not onl,' the anount of neu char ge flmring into
t he cha~el but also indeterminate quant ities such as t he field and charße
condit i on s i n the neighbourhood of t he ch8l1l1el, it i s not possible to deterudne
f r om the dat a so far obt ained any clear r elation. In order to illustl'ate the
condi tions ~·rith an example, lre give in 'I'able II the data f or a dm-ffi.'rard stroke l.Jith
6 conwonent stroke s i nt o the touer 2. '

I n r a r e cases s'.:epl·rise development of the l eader stroke is ob served in
subsequent strokes also. The' speed of grouth of such leaders is 400 to 1000 m/ms
Md j.s ther ef ore of the same or der of magnitude as ,rith t he i'lrst bldld- up ·of a ·
chmmel . ·But t h e s'l;eps are consider abl y f iner, Md step l engths Of 2 t o 10 m
and time intervals of the steps of 2 t o 12 1..1. s' are measured. Tlro of the total of
foul' phot ographs having a stepped subsequent leader stroJ.e are on the same i'llm

. of t be 16t b J une 1957. Onc is the strol,e to tbe touer .'ritb the data list ed i n
Tabl e H . Unforl;nuately its l eader ·strokes ;;'rc too lrealc for reproduction. The
ot her is a strol~e t o earth Irith 4 component strokes , l1hi ch struck the northeast
shoulder of the ,.1Ountain at a ,Usta..\lCe of appro:,. 500 m from the pealt . Tbe
phot ogr aph s of the foul' conwonent stroJ:es al'e reproduced in Fiß. 24 . Tbe tiue
sequence of the s ubsequent stroJ,es Md the duration of t he intervals betueen
them cmmot b e ßi ven, since these may be distributed over s ever al r evolut ions
of the f ilm•

... .
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A particularly clearly stiepped subsequerrt leader stroke is shovn in
.F-1ß. 25. In the i'irst discharse of' ·I;his flash (lei't Ln Fiß. 250.) the Leader-
atroke cannot be r-ecognf.sed, It is noticeable on the st.eppcd subsequerrt Leade.r
strroke thaI; i·1; suddenly al.ovs dovn its rate of o'olrl;h noar to the Lover edge
of the picture, and that its steps from that place onvards over'Lap one another
further ·I;han in the upper zone , A compar-Lson 01' the form of' discharge on ·I;he
left and on the rißht in Fig. 250. shows the reason: beloH the po.lrrt mentioned
the leader stoke no 10nßer foll01rs .the 0101 ch annel fOl<ned in advance by ·I;he
first discllarge, but from here omrards it f'orms a neu branch directed mor-e to
the right. In the 101·rer part therefore we are no longer dea'LLng lrith 0.

sub sequerrb leader strcke, but 1Iith the original lmild-up of a netr channef.,
i

An examp.Le of the development of subaequerrc strrokes on tihe channe.ls of
an upward stroke is sholn1 in 1'"11}. 26. Tl,e 6 discharges recorded on the n~ving

film (FiS. 260.) are marked 1Tith corresponding numbzrs on the current oscilloßrrun
(Fig. 26c). The i'irst t1TO are superposed on the continuous current and ßive
current pealcs of less tihan 1000 A. They f'o'LLou the lreal,ly defined brauch to the
left of the centre of Fiß. 26b. Tl1e other If discharses (::; to 6) are irapu].ses 1lith
2.5 to 15 "Iill, which appear' as Lndependerrt component strolces after the corrbf.nuous
current has died atray, Tlley foD.mr the strongly marked maf,n branch. The other
side branches .,hich are visible on the stationar,f film (Fig. 26b) cannot be
r-ecogndsed on the moving film arid can therefore have earried only continuous
curz-errt , A peeuliarity of the diseharge 11· - uhieh cor-responds to the lreal<est
of the independent subsequerrb st.rokes - is that the Love.r t170 side lrranchec of
the prececling uptrard strolce are ind:tcded by shor-b branches , The leader stroke
corresponding to discharge If is noticeably treak end can no longer be r-ecogrrlsed
in the last 100 m above the top of the touer, even on the orißinal film.

7. strerorier discharges

Of the strokes recorded lfith channe'Ls ßr01Ting upoards from the
negat.Lve t011er tips 5 result a1'l;e1' 3 to 1~. ms in p011erful discharges 1·lith
positive current peal:s of 22 to 106 kA. The 5 strol:es, together ll1th the only
positive d01-nmard st1'0!ce recorded 1dthout 0. stre8.1'ler, are listed in Table 111
111th their main data. Even in an earlierarlicle (Ref. 1) the opinion uas
e::pressed that in such cases the chal"ll1el l7hich is gr01r1nß uplrards meets one
which is grolring d01muards from higher layers of C10lld. If ue worlc on the basis
of a constallt speed of the risinß fr1scharges, then the height of the meeting
points in the 4 photogral)hs is 1000 to 1800 m above the tip of the tm7er. In
one photoe;raph it is at only 500 m and is thereforc 1Iithin the photoßraph:tc rallge
of the camera at Breganzona. UnforttU1ately the particular photograph has much
fogßing in its upper part, so that the upuard c1ischarße can be follmred only up
to approx, 100 m above the top of the tower. In this case also therefore the
meeting of the hl0 leader strolces is not photoe;rap!lec1. Eut the ma1n discharee
,n1ich sets in af'l;er 3 ms shous in the zone above a height of 500 m branches
directec1 d01mlrards, lrhich confirms the aSstUlwtion of the channel grouing
dmlmrarcls. The current oscilloGrams Sh011 ·Ghat the charge flmring for the builc1
tlj? in the uplrard challnel aJilotU1ts to only 0. feu per cent of the charge carried
by the c101mward chalmel. This means tImt the particular strokes can be -
correctly termed dommard strokes, and the urmard cliseharges observed at the
beginning are then nothing more thall very 10nG streamers (up to 1800 m), The
grm·rth of such streamer discharges sbouJ.d be subject to the same Imrs as
that of other leader strol.es. N01T that very 10nß streamer discharges have been
detected in positive strokes an e;:planation of their relatively flat impulse
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fronts can be .given. In these cases the c1ischurge lIave of the 11o;htning channel
runs touarc1s the measur äng t.ouer al.ong the long channe'L of the strreame'r c1ischarge.
Its front Ls tben i'lattenec1 by the attenuation. Table I11 thc;n shous also that
the steepness of front c1 ecr ea s es l6th increas:tnc; length of the str eamer dLscharge ,

In this connect.t.on the onl.y positive stirolce 'GO the tOller 1·lithout 0.

streamer c1ischarge, lIhich was also a-ecordeä oscilloGrap hically, is of interest.
Af'l;er running for approx, 100 malmost horizontally the f l a sh strikes s Ldoways
into the lightning ant.enna of tOllel' 2, anc1 the photograph on movfng film (not
l'eproC\uced here) does not shov any recognisable streamer discharse . !I'he positive
lightning current has the impulse front reproduced in Fig. 270.. This shovs in
actual f act about the same variation as in the case of negative lishtning currerrbs ,
It8 maxtlmum front steepness, at 17 kAI fl s, is almost tllice as hiGh as the maximum
er the val.ues raeaatu-ed 011 positive strol~es in thc yearc 1958 to 1963 (ner, 1). 1-1e
are forced to the conclusion tihaf flat irqpulse fronts on positive lightning
currents occur olLly if long stremner c1:i.scharges are formed from the podrrt of
str:i.ke.

U:i.th negatd,ve dovmrard stirolces the sta-eamer di.scharges are much
shorter, and there :i.s no photograph ava:i.lab1e llhich shovs the ßrolrl;h of this tJi1?e.
In the phoüog'raphs of stirolces to the tOlTel'S tre only see that the main dd schar'ge
is initiated trhen the Leader- sbroke comi.ng from above has arrivecl 11:lthin aboub
20 to 70 m from the tip of the t0118r. This c1istanee is of o.ppro::imate1y the same
order of magnitude as the progressive steps of the Leader stiroke grmling dovnvards
(8 to 10 m) and it coulcl be assumed tImt the breakdown of this Last; s eparatden

. distance is eomp1eted very rapiclly, i.• e , l7ithin 0. fev tens of fl s , A more 1ilwly
assumpbäon 1s tho.t the buf.Ld-up of a br-ealcdoun spark of the size obtainec1 in the
1aboro.tory (i.e. the formation of a 1mJ-resistance chm1l1el alone; the 1!ho1e path
l1it;hin a fell fl s) can on1y be initiatec1 " hen the leader strolce has cor.le so elose
to an eo.rthed objeet 01' to an advaueine; stl:eo.mer c1ischo.rc;e that the brush
discharges produced o.t both points (the 1en[\th of llhich is appro::ir.mte1y that of
a fonrard step) penetrate eaeh other.

A l'el1 obsel'vations indico.te that in actual fact in the ease of negative
dO'l11l1ard strokes into the tovers also, stremuers from the tip of the tmrer
ac1vmlce tmrards the 1eac1er strokes ,!hich are proceecling d01m,rards. It i.s not
surprising tho.t this fonrard .ac1vance is not visible on the photographs if lle
eonsider that 0. stremner diseharge of this type corresponc1s in every respect to an
upva.--:d strolce to a positive point (bui1d-up of a positive cho.nnel). In accordance
,rith Sec'l;ion 5.3 its for1!ard progress can oe cletectec1 olLly in e:ccept:lonal cases
(llith very po,rerl'uJ. discharges ) and thell Ollly at 0. he1ght of at least ho y,] o.bove
the tip of thc tover.

A first indico.ti.on of the correctness of the o.lJove eonsiderations is
the oecurrence of streo.mer diseharges lIhich c10 not r each the 11ghtning channe1.
The best examp1e of th1s 'l;ype 1s in a photogro.ph from 1953, "lhich has alreudy been
reprodlleed in an ear1ier artic1e (Ref. 3). This shmlS a stroke into tover 2,
'Jhich strilces the hanc1ra.i1 of the upper p1atform oblique1y from the side. The
dischro'ße, appro;c. 100 m 10ng, "hich appcared at the tip of the t01!er simu1taneolls1y
l1ith the lTn1n discharge, cau only be reGarded as 0. cha1U1e1 "lhich gren up'lo.rds
from the tip of the toner, and then at the moment of the mo.in flash dischargec1
rapid1y as a resu1t of the breru,c1own of the fie1d. This chmlnel is a streamer
discharse 'lhieh (Ud not reach the lightning chmmel 'lh:leh lias sh:ti'Ged sideno.ys.
A si.milar example is the strolce in l"ig. 13, exeept that here the stroke runs into
the d:iseharGc 'lhieh is 1'ointi11g up17aJ:ds, 01' lileets a s i de brauch of the 1atter.
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A s ecend i mlication i s t he cur r ent vari ation in the os cillogram. It
l1aa i ndicated earli er tImt t he currcrrt i n a negat i ve downuard stirolre may be
i nit i at ed slm'1ly at first , and then in a f eu t enths of a ms i t r eache s a f e"
hundr ed anp ear-es and t hen i t r i aes more steepl y and ßoes over i nto the t ypi cal
front shape shoun i n t he cathoäc - ray osci llogram. Thi s Ls exactiLy llhat Ls to be
ezpect.ed from t he b Llild-up of a atr eamer discharge, if, 1/ith a speecl of gr otrth of
IfO to 75 m/ms j.t is to become 20 to '(0 m Long , In Fi g. 27b ' t he shape of the
current wavef'r orrt i s r eproc1uced in a t ypical oscill ogram. The br oken part of t hc
cur ve Ul? t o apprmdr,~tely t he point A corresponds t o t he build-up of ·the su reamer
dis cha r ge . Subsequently the current r ises st eeper and steeper , until (at po int B)
i t reaches the l1ave cur r ent gi ven by t he voltage and the char acteri st i c i mp edance
of t he lißht ning channel., Tbis p ar-t of t he curv e cor-r esponds t o the br-ealc-Lhi-ough
betareen st r eamer discharge end Leader sbroke , It t a1ces pla ce i n approx, 10 ~\ s,
appr'ox.lmate'Ly at the same speed as t he spark b etween met al el ectrodes in the
laboratory. A ft.ll-ther current ris e (at point C) may follml if the dischar ge
l1ave, 0 1' the r ever s e charge wave i s r eflected at br'anch points of t he light ning
traclt .

8. Final r ema r k s

The light ninß invest i gations describec1 " e."e car riecl out , as wer-e the
measiu -ement s published earl ier, by t he Res earch Committee of the SEV end VSE for
hißh -vol tage studies (FKH). Fo r t he photographic equ äpment , p ar-tdcul.ar-Ly also
for t he cameras lrl t h rapi dly movf.ng f ilm (Boys camer a s) made to our des i gn , a
grant u as made availabl e f ront t he Sllis s Nati onal Fund for Sci entific Res earch .
He t ak e t hi s OJ?port unity of expressing our varm tihanks , Fur-ther-, t he authors
troul.d al.so like t o thanlc t he Arciconfr aternita di Santa Harta in Lugano f or
perrJitting ·t he use of t he photographi e r oom ab ove t he church and to the
Ospizio Vecchi o, "hich contains t he oscillograph r oom anc1 vrhf. ch s erves as
quarters for the t ecI1l1ici!ll1, H. Binz, entrusted ,d th the measur emerrts . T11e
author s uou.Ld also t hank the Collegi o Pi o XII in Bl' eCanzona for allott i ng a
room i n t he Gar t ner building of t he college, wher e it '18.S pos s i ble to set up
camer a s ld t h stat i onary and movinC film.

I
I

I.



Table l : Summar-y of the eval.uat.ed c1ata on the grmr(;h of negative and po sitive
leac1er strokes

J
H HeJ.Ght above t he tJ.p of the

. t Oller, or above tl1e striki.nc;
point

1- -
IH v

TSt
Hs tKo o Jq Pi Lightning form n I rn/ms flsm m

---
1 - - Negative downtrard

strokes i nt o the
measuring touers lf 0••• 100 lG5.· · 220 40 ••• 52 8 ... 10

-,
Hf 0•• • 1300 85, • , 1l.lfO 29" .lf7 " ... 17

2 - - Hegative downwar-d { 0 .. . 1750 65
strokes into the 175°••• 2000 700 lf1 29
ear-ch · 2000•• ,2350 1060 47 50

- - - ~-

3 - + Upuarc1 strokes from 8 0• •• 110 120 ••• 190 33 .. ·50 1~·511.t..ß

the negative 3 250 • • • 1200 110... 450 lfO... !f7 5 ... 18
meacuräng tm/ers 1 20 ... 110 070.. . 1150 lf...6.5 3.5 . . 0 7.5

4 - + 8hort c1ischarges
to the negative 6 0 • • •55 85 • • • 1)+0 311. , .47 3 ••• 6

,

I . measuring t01/ers

-~ --

I
5 UpHard st:i:'o~;::es nt

ehe Monte Sighienola 1 51fO••• 900 2200 55 120
(4 steps )

40• • • 110 f-;,..."
_._--

6 1+ r ; Upwar'd strokes at 4 65 ... 110 11·, ." 8
I the ponitive 7 110 •• '" 5001130• •• 490 lf5... 115 8 . .. 27Imeasuring tOllers 7 I~ 500... 1150 105 ... 970 40... 115 12 ••• 1fO

-.-- - - --- -
7 +f :'1'<>'''''0 'o=,m,,--.t-1

[
320... 920 2!fOO - -

Istrolce
920• • • 1660 1700 - -

1660••• 1870 360 - -
-

I P Polarity of the charge q of the v Vertical speec1 of grow(;h
. q built-up channel

Tm .Mean tm. änt.erva "'t,m~] Heaeur-ed
IP . Polarity of the lightninß betareen sbeps over 5

J. cur rent i
Hs t Ilean verlicaJ. step to 30

I n Number of photographn length .
süeps

, eva'Iuabed
, .
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Tnhle 11 : Chm:aeteristic daba 1'01' the 6 componeirc stroJ:es in the case 01' a
dovnuard s ürolce to t011tlr 2 on the 16.6.1 95'( (os ci llo[lr run 5713)

e

Component I mpuls e Illt er vaJ. I
Speed 01'

11ith no I Remark s
st.roke cu rrent cll.rrent advance

No . !<:A ros lil/ms

1 53 220 Stepped Leader- strok
. . I 188 I

2 13 I 800 Leader süroke vi th
f ine steps

16

3 11 5000

11·1

4 9 - No visible l eader
. . strolte

.. .
28

5 20 6000

73
6 8

.. .
1,00 Leader strrolce ver y

I
pi-ob ahl.y in f ine
steps

I

r

Table IrI : h'valuation 01' the streamer discharGes i n the caGe 01' 6 positive
dotrmrard stn-okes ,

(Ti p 01' tOller negati ve)

I 1.
OncLl.Logr -am TOller T H Q i (di/d·b)max

No. No. ms m C !<:A !<:A/ f1 s
!- e---

61,51 2 0 0 30 32 17

6527 1 3·0 500 12 22 1~~5

6572 2 6. 1 1000 62 77 3

6232 2 8. 7 1200 65 56 2

6520 2 11. 6 11 50 35 27

I
1

6422 2 11, 1800 130 106 2. ._-_.
T Ti me f r om the beginning 01' the ddschar'ge advancing upuards up t o

i ni tiat i on 01' the peak current

H Verti caJ. Lengbh 01' t he channe'L advanc äug upuardc until it meet s t he
channel fOTIned in t he cl ouds (e;~rapolatec1 l1ith const ant speed 01'
advance )

Q I mpuls e cha r'ge (üur i ng the first 2 ms a fter beginni nr; 01' the i mpuls e ).
. i I mpuls e cur r ent (p eak value)

(di / dt ) Nx:i mum front stccpness ( stem~eGt tml~cnt ) 01' t he impulse eurremax nt . I
I
)
I
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FIGURE CAFTIONS

iJ:.llustrations are r eproduced by an e eonoll'.i c·al met hocl ilhieh i s adequate
for most u oses . I f r,rcater defini t i on i s r equir ejL-Eleas e refer to
oriGinal do cument obta i nable ·f r om t he Li brary

Fig. 1

Fiß. 2

Sketch shotd.n g the principle of the eamera lTith movi ng film

1. dr i ven roller ;
2. moveablc roller l11th spring for 'ccnai oni ng the films;
; 0 rotatil1G filni;
4. pieture lindt llith support for the film;
5. Lens ,

Camera llith moving film
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Nap of the surrouncl:Lnc;s of the Honte 80n Salva t or e
llith strikinc; points marked ,

(a ) si.mplified map uith strikin[5 po änts of the dotmvard
sbrokea, ~'he different mar ks for the strildnc; p oints
refer to the follollin[l years:

x 1955 o 195'( .)f 1959 0 . 1960

(1958 no photoeraphs
of lightning)

Fig·5

Fig. 6

Fig. 7

Fig. 8

Fig. 9

Tbe shaded zones are ob scurec1 by cha:i.ns of nounta äns -11hen vf.eued
trom Monte ·San Salvatore, so t Imt the stril,es there CalU10t be
localised. In the closer zones , the total numbcr of strikes to
t hat zone 01' to the riclee of mountains at its edc;e i s marked,
strolees to the measur ing t011ers are not inclncled} in the 104 strilees in
the zone 11hich includes the Hont e San Salvat or e itself

(b ) section trom the provincial mal' 1 : 100,000 1rU h
strildng poi nt3 of the uptza.rd strrokes ( )

Dovmrard strokes 1-rith typical branchäng doumzards

(a ) stril,e i n Biogno;

(b ) s·trilee to the mountainside belou Giona

Dovnuard stroke llith Leng ho rizontal branche s under
the cloud cover

Stroke into the Lake near l-lelide

Negat:Lve upuard s ürokes to the measuring touers,
photograph I'rom Breganzona

. left: touer 2, right: touer 1

(a) i n tOlrcr (6lf)fO) ,

(0 ) in t mrer 2 (6525),

(c) and (d) di scharges to both touer s simultalleously (61f41 and 6582)

Tuo upuard strolce s to touer 1 11hich f'of.Loued Olle anochez-
. (6583 and 6581f ) and one at t hc loonte Sighignola (phot ogr a1'h ed lrithin
approx, 8 nun, from Broganaona}

Upuard stroke at the post office t r ansmitter touer on t he
~·lonte Generi

Upuard stroke at the loonte Generoso 1rith long horizontal
branches under the cl oud cover



Fig . · 10

Fig. 11
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Lightning sti rolce to the chur-ch at Bioc;no

(a) phot o of t he upuard st r ol,e;

(b) church at Bd.ogno

Di agl'alThuat ic rcpresentation of t he foul' t yp es of lightning
(Sed i on 5)

2 .

negat i ve c10mmard stiroke (chann el charge negative,
cur r ent negat i ve )

posit i ve doizmrard stiroke (channel chai-g e pos i tive ,
cur r ent positive );

upuar'd sbr oxe to positive üon er tip (channel
char ge positive, cur l'ent negffcivc) ;

upi rard suroke at negative t ouer tip (channel
charge negative, cur-r errt p oGitive ). Di rection of'
a c1vance of t he l eader str ol,e

Fig. 12 Dotrm rar d st r 01, e into touer 2 (6225)

(a) pho'togr'oph
p eak. The
stiroke are

on reovf.ng f i lm tal,en from the mountain
discharge h eads of t he stepped Leadez
vis ible;

Fig. 13

Fi g • . 1)~

(b) cur a-errt variati on

THo negative dotrnuar-d st.rokes i nt o touer '2 ui th an
in'cer val of onl y 32 ms betareen ther.l (64 1 ~6)

(a) p hobograph of the secend s ür oke on movtlng film taken
1'rom t he mount.e än p eak , The st eppec1 l eader s t .roke
abov e t he point 1'. i s Sh01n1 very t real tl.y on t h e oriGi nal
f ilm and tra s retouehed r or r ep roduct ion. The
di s char ge at point B lIhi ch i s dirccted .up,rards i s
t he s ffiile , and this may b e a side branch of the st reaner
discharg e; .

(b) corr espondi ng photogr aph on sta cionary f ilm;

(c) cur r ent vffl'iation on the l eft 1'01' t he f i rst , end
.. on t he r i ght 1'01' t he secend st r ol:e

Negative dmn1uaJ.' d · st~ol,e i nt o ' t mrer 2 (63()l~) , rlth side br'anch (1'.)

(af pho'tograph on moväng fi.lm t al, en f r om t he mount ain p eak ,
Because of t he pronounc ec1 1'ogging ot t he 1'ilm near to the
main stirol;e (B) only t he st eps 01' the 5 j,de branch (1'.) and
its branches al'e vi s i bl e;

(b) corrc sponding photiograph on statiODal''Y film (ui t h an
adeli t i onal strol,e to earth ) ;

(c) cu r r ent variation



&r01,e to earth near to tmler 2

(a ) phot ograp h on noväng film t ak en f r or! t he mourrtnfn
peak , \lith each step the uho'Le visible r an ge of
the cha r r;e channeä lights up]

(b)

(c)

s ect i ons of the photograph on rnov.l.ng film t.aken
f r om Br-eganzona , Because of the great er distanc e
t he steps are not so clearly shotm, birt they can
b e ob aerved on eOO m of the lightning track for a
pe~od of 5 ras;

phot ogra:pll Oll stati onlll'Y f ihJ t.aken f rom the
mountain p eak ,

Fig. 17

Ujmard stroke at ·.;he negative t ou er t i p 2 (6423 )

(a) phot ogr aph on moving film talcen f row t he mountiaän
pealc, The st epp ed advance upuards of t he channel
can cl ear ly b e s cen , As l le are dealing lTit h a
pure upnard s üroke , only one channel i s bui l t up;
no main str oke talces pla ce 11hich 1'OlUd correspond
t o an Lmpul.se c1is cllarge 01' inverse charge of the
channel;

(b) corre sponding pllotogr aph on stationary film;

(c) current variati on . That even such a s mal l current
can give a clearly visi ble discllarge i s a characteristic
of t h e build-up of negatively charged channel,c,

tIp1-la r d strroke at the negative t oue r tip 2 (5525 )

(a) 'p ho'togz-aph on moving f i lm t.aken I'rom t h e mount ain p eak;

(b) corr esponding photogr aph on stationary f ilm;

(c ) enlarged seetion f rom Fig . 17a . The visibl e brush
discllarge shoul.d be noted at t he end of the brightly
lluui nous di s charde heads .

Upwar'd disc;:harge at the n egative t Oller t i p 2 (5520 )

(a )

(b)

(c )

phot ograph on movi ng film t alcen frOi'l the mount ain
p eak , 10.6 ms arter- t he b eginni nß of this dä.scharge
smaJ.l i mpuls e cur r ents OCCUl' and 11 . 6 ms artel' the
b egi nning of thc d1scllarge there 1s a pouerful i mpul s e
of 27 l:A. Th1s shotrs t hat here 1-1e are not dealing
"l-Tith an ordinary upvard strolce, but ,.fit" t he very l ong
streamer di scharr;e from a positive doumra'rd st r oke;

_cor r e sponJ i ng photograph on statiOna1~3 film;

enlare;ed sedion from Fi g. 180. . The brush dischar ge
at bh e end of each b r i ghtly Luntl nous dis charge head
should be ncued ,
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Fi g. 19

Fie; . 20

Upward stroke at t he negat i ve t ouer t ip 1 (6523)

(a) phobograph on movine; f ilm taken f r om Breganzona.
From t he gr eater dis t ance onl y t he bri ßlrGly Lumtnous
di scharge heads are still vi si ble;

(b) co r r espondi ng lJhot ogr aph on stationary film;

(c) cu r r errc variation

Uplla r d sbroke t o the p os i t i ve tOller 'Ü p 2 (6559)

(a) photograph on movf.ng f i 11;, t.aken !rom t he mountai n
p eak , In t he visibl e range more t han 50 m above
t h e t ouer tip the stepped grolTth 01' the discharge on
bot h branches i s cl early visible. At ea ch st ep
t h e Ilhole channaL becomes sl iGhtly luminou~;

(b) phobograph on movine; film tialcen f r om Br-eganzona,
In the zone lUlde r consi der at i on t he charge '
channel grov s cont:J.nuously . There are f airly
l a r ge f l uctuat i ons 01' the luminosit y;

(c) phot ogr aph on stationar>' film f r om t he mourrtuf,n
pe~; ,

(d) üaken from Bregan zona, Rere a sir,ml t aneous
upuai-d stirolce at t ouer 1 (on the r i ght i n t he
p i ct ure ) is visible, l~uch does not appeal' on
t hemoving 'f i l m.

and 2t ouer tips

phot ograph 01' t he stroke t o t ouer 2 on moving
f ilm t aken f'rom the mourrbaä n peakj ,

photograph on moving ,f i l m t alcen from Breganzona ,
01' the tuo 1000 m scal e s the shol~er r efer s
t o t he ver t i caJ. hei ght above t.ouer 1, and the 'l onßer
t o t he verlicaJ. he i ght above touer 2;

, phot03raph 01' t he sti roke to tOller 2 on stationary
i'l lm t alcen frQm the mountain peakj

photogr aph on stationary fi lm tak en f rom
Brec;anzona . (TOller 2, l er-t, t ouer 1 l~ght ) ;

(b)

(c )

(d)

Upllal'd st rakes at t he positive
(6558) "

(a)

Fig. 2 1

(e) cum -errt variation in tOller 1.



Fig. 22

Fig . 23

Fi g . 25

Fig . 26
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Stroke t o eartll i n Campione, apparent1y posi t ive
1i gllt ni ng current

(a) phot ograph on movi ng film tiaken 1'1'0111 Drcganzona.
The L eader- stroke advance s cont inuousl y. Because 01'
pronounced f ogging 01' tlle photographic 1ayer t he
mai n st roke appears coruparative.Ly weak;

(b) cor r espondi ng pllot ogr apll on stat i onary film;

(c) "phot ogr aph on stationary f ilm t alcen f'rom t he
mountain p eak ,

Upuard stroke t o t lle positive tOller tips 1 8nd 2 uith
siroultaneous subseCluent strokes 01' different current
di r ect i on

(80) photograpll on stat i onalJ( f i lm taken fromBregffilzona.
Tbe sub sequerrb strrolce 171th positive current t o t m-Ter 1
1'o11olls branch A; t he subaequerrt, strokes 1rl t h negative
cur rent to "G01:er 2 1'01101": br anch B;

(b ) current variati on i n both towers (6439)

Stroke t o earth 1-1it ll If coruponent str okes, apparently
negative l i ghtning curxerrc ,

photogr aph on movi ng fil m. Tlle stepped pl'ediscllar ge 01'
"the fi rst coruponent stirolce appear s very wealc on the over

exposed film arid was sl i glltly retouclled 1'01' r epr oc1ueti on .
01' the 3 s ubaequenb st.r oltes one e;dü bi t s a finely stepped
l eader discllarge, ffild t lle ot her 2 continuously adVffilCillg
leader di scharges. "

Stroke to earth 1-Tith a s ubs equerrt strroke, apparerrbäy negative
l i ght ning curr ent

(a) photograph on moving f ilm. Tbe sub sequ errt st roke
exhi bi t s a f inely st epped l eader stirok e , Near to the

"101:er edge of the picture it finds a neu pat h and
from there onl-Tards the dista~ce bet 1-Teen t he steps
becomes considerably greater ; "

(b) cor r esponding pllot ograpll on stat i onalJ( f ilm.

Upwar'd stroke at the posi t i ve touer ti1' 2 uith subsequenf
str oke s (6531)

(a) pllotogra1'h on moving film t alten from Bregan zona;

(b) corr~ s1'onding phot ogr aph on stati onary f i lm;

(c) current variation. The i mpuls es marked 1 t o 6
cor r espond t o t he di scharges i n ~lg . 26a.
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EUD.

- 2 '( -

curr-ent, var-LatLon at the travef'rorrt

(a) of a posi tive dowmrard sti r oke vi t hout strr eamer
discharge (61;51);

(b) of a negative dovmrard strroke (5944) . Up t o
Point A build-up cur rent of t hc st r eamer
di schar ge . A t o B t h e t uo ddscharge s merge and
clevelop the uave current in t he lieht ni ng ch annel.j

(c) further currerr~ rise r esulting from partial
reflection of t hc lTaVC currcnt at br anch po ints
of thc l i ght ning t rack.
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1 1:.' . '1
.\ u f .. ;,U . " l ,1I .'m .,\ 1 ,11.1(" 1: ,·I" ,rth lJ ll/ i l

1.1Il';C'1I b,·I"I, ••" I.•I,-" :\ '!"11 ull h. r d i r

\ ," .. IJ.c IIII<,· I.r

11I;t li l.· h : iud~n . T ü ff1lt: :I o de-r Sr.ur.
gcn herrotte n . Zwei \\\ ' : Ia t: ~ iJ1 fl' il

\\111 r.1.'~UIJ~· l l' n LL.· r ;; ~ Urpt: ll ode r
eventuel l vor n ( ; d: ir:, !l' hin te r ~!l' r1 -

I . .. .,
!
;:.
i

I

I
f
L __ ._._ '. _".__ _ ._ _,.._ _..__ .

sclbcn au-, 1 :'\ l l, l r l l ~' :\ l'b \ ..Wr,1 1I [L ,1
:'\10 11 k EI;:!),

ltc..»ndcr , beme rken-we rt h : der

111 Fi;; . 10.1 !:l.'71.·i gh· l . in...·.: h ! ; ! ~ in
den Kir,:h:urlll von LL' \j;Ill,.l. Die -er
liegt nur 2(1 (1 III liba .I l'l11 Sp i e :.~ d

dL'~ LlI ':-;;lIll' r"l·l.'o, .m der Sudovtk.unc
eines H ii::l·I......Jcr ::,idl u m ca . ~ -1 1) ;1 1

iihcr den S I,.·': erheb t. Der K irch

tunn sd l"' L m it dem Krcuz. ;1111' cci-
ncr J) .ll.'h..piti'L· C ~I . 20 .. .~ 511l 1I1,\.:h. iih":l r.Il;! d;" Kirchen....:: hi l l
und JiL' Bii 1I IJh: da l;mrd~1H1 ~ 11m um Cl. S... I ü m

(Fi.:!. lOhJ . Da.... ll L' i' pid 1.I,.·i g t, t.1.1 ""; un Ob jc l.tcn d ie-er l Io hc

uuch im rcl.ui v [la:cbc» ticl.indc ,.\uh\ :i n :obl i l.' l,.· .runrc tcu l. ~' !l 

nc n. l rtuu crh iu d ürt tc n dic-c vchr sel te n ...ein .
Allgem ein kan n iil-c r d ie A uh\ ;ir h hlil /l,.· f .:..;:,gl \1. erden.

d "...s ..ic mei st in de r lindphavc cin c-, Gl'H ittcr , aufr rc tcu .

pc mci ncam mit l.mecn ln -ri zun tnlcn lu itvcn l\\· i<: hcu den

wolkc n . Si e ~ i ml Illt: i ~,! vfar], \ 1.· rl\\'l.:i~ 1. ll t r ta uch ... n mch 

rcrc /\ 'i,Jt: in die \ \ ·o!k \.·i1 J ..·... j.c . Sie ~. iin l ll.' n al-er ;ltI.: h ,1:1:, nur

2...J i"'\ 'i' ..:' n bcvtchc n. die in die Horizontale :l hhiq:l' l1 und

hi s 1.11 m ch rc rvn km weit Ih.:' riwlil .d l Hlll.'r· l kr " ·l 11:;..:I1·

d l'ckl' \ .:r l;'1rk ll. Da.. l1ilJ kld lk r " :Ulll.'ril in n r \.· !! ~I ;-;/ I.IIl . l .

mi t t.kr d:~ R1 i l l~ da Fi ~ lIfc n 6.1...J Ull..! '/ .t u i~ l."noln l! !h: a

\'.urJ.: n. U:ll LI":'I 1 ei n!.' I! i..hl...' h i10 ISPU m sl.·nJ..: r.:cht i ih .:r J \.' m

Gipfel 11..:, ~Illn rc S;ln S.th·all'rc . [):,: r [inl r i ll 1.11.' 1' r nt l.l"lI n ~

. in dil' Wol l.cn,l ....d.1." lil.'f l h;iuf ig: Ih'! ;:h ;lll"·.::r ha lb di l,.· ...: 1.

. Bil d fcldc... \ \ ;1', b l'd l.'lll l'! . d~ 'i'l Jic unIere Grell /i: Ja kllnl 

p .ll. k n \ Vt.IIJ.; CIll!CC!;C Il('c h t.\ h~ rh : l l h 2";00 111 iihl.'r ~ka

li~.;;c n nllh !l. D ie: \ \ \ ,n.i..' ihlhl.·rf l:.i chc. :llIf t.b: ..idl d il' "er

;i....h.:llInrl·n \ Crlc..'ik·ll. ~ : lf ln l.!:lnn ci ne .-\ u .~ lkhn u n~ I~ i .. LU

l' i lli g~n t m: an nl: h JlJ I.' Il . J..: r:; il ; i~ :" . \ L'r l. \\C} ~ il: :\ lI h;irhhl i tN

I
•
J

f iihr vn 1:\l lnn:'..mcugcu in lkr (iri.;' I. I.·rh' r."Il ; n ~ \1,.\ 1\ 111(\ l ' .

in r: \!rl.·rnf:ilkn ~ l l ,:! :l r ~ I H1 .. .:l,fjll C 1I. A. lJU C in I \ :! . f,:: und
~ 211 C in Fi~ . ' ,h l. D i..· beiden i i : ' I.'fI.' ~ "' lI l·n JlJIlZ": a n Tur tu I

. in Fig. 7. d ie schon 5I l0 ...l '1l1l m tibcr rh-r Tunu..r ii h· i n d iv

\\ 'l ,lk\,'pl!e,:h ' cint .ruchcn . Il i!lfl'n jr ct w:• .~ t1 C. u nd d i~

l .n tla dungcn von ri!:. (,d m ir ih rc·n i n di e IJ l \r i 7 ' 'Jl :'; I I ~

;d'bi q :'l' lllkn ,-\..rcn Iilh rvn IHJi 11 ) C rTut ru IJ und r. C
tTu rrn ': 1. Die 11l\r:b\1l1 .d..;- :\ l l "d c.: h nfl ll ~ colc hcr '\..tc j q a u-,
de n r\ ll l n :lh m l.' n \\ I.·i:..-r rnt tcrntcr ..\ ll f \\ :ifl ,:h lil/ ': e r-,ich tlich.

A l B..·i l.pid tl' i:; ! h~. ' I ('1l1 ':1l colchcn W i l l :lll I .\ I \\ :i! '_·
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a A ufuuhmc ~ I;l l b": ',. q:' r rii l ilu. l ,mU l l·:!.I!: : " " " ,tlI ~ . ;\ l ~ ' lL~ 1 ;:' ; ; ~ ~ <: ! ,· 11

tlj ,l.ll l / , i l ll [ IIU! ll l 'l 'h .I:.' hl'lku ,h lL'rhkn F ll l l , hl u n <, ~ I. , ,; ' fl· ~ 1 .h! l' . ~ I _

" t"lIl ~l'r,' .:h I: IHk Autu .dunc ;111 1' I ll hl'nd.'·1H (ihn: ," :-' l l ll r\\ l l'r1 ; l ~l!

der I',1 ~1Ii \l'll Lld llll g 'll : ! ~!l.' r nac h dcm :\ h J.. I ll1 ~~ l' n d L· S S: r, \

ll1l'''; in je-dem Tcilblu z I' " ,i ti \ c I :Id ung im K.lll~d ruruck

blvihr . Di ese »ch'x ach t d,l " ur ,prlln;;'.k-!ll' J 'l.:l d 1l1':;.ll l\ \"l"

\\\11I-.;c ll aru B\' ,kn u nd bl':: iin,,! igi d .r-; Al -rci-.scn dc - HIll !

-aromc- 13 1. D tc hll l. !lluilg mncrhulb da " -I,n. 1.' 1l L :lill

nach dem Ab klingcn dc-, Frd,[ ',' li lL' :-- 'o e itcrgch cn . 1J .l d .~ l r ,,; h

\\ inl 11;,...·11 l' !ni geT Zcit \\ icdc r nl,:'::olli\'l' l 'l dLl I1~ in dcu r""i
tiv cn Ih ·'I LII 1.d ~ L' lill\~ l' l1 und div ...cn Io rt-c h rvitcn.! 1 ,: ~ zur

FrJl' urul.idcu . Hc i ;\ u t'w;tr h h lilll·n au <, (l11'i l1\ 1.' 11 lurm

spi tlL'll hil ..kt :- i ~· l1 ühl.'! drc sct- e in l1l c i-t ' \;11\\ \ l ' f/ \\l· I!' {C" .

p''"'l , ili \c ..; K ~l ll .d '\" l l'll l. :\.; t.: d \'" \ \ "l,lh·ll h ll[ /L·, . d er de n

:\u!\\ ;lrhhlll / ,11l " ~ l.: k' ''t h.u l:\ !J ~d !llill .: 1. konnc n dvn ci ncu

od er unele rn :\ SI di csc-, S;. .... tcmcs er reic hen lin d ihm h i ~ t u:
Erd\' fl1Igl· ll .

Auch bei de n F l' l ~e hl ill. l~ ll i- t d;", Vorwach-e n der ll L'g"' I

tivv n l. ild l!ng: im Knn.rl a ls I (:itbli l/. •ruf delll l-c c cgtcn l -ilm
vichtbur , Dies e lci lhli l l l' unter ....chcid cn ~ id l im all gcmci ucu

.... un denjenigen da cr stcu Teilblit ze d urch vc bncuc rcs lind
kon tinuiert ichc -, Yorw uch -cn.

Die ..I I/ fn· iirt\"';: ::'t' mit ihren "l'f l\\l' igUllgl'il l' ITd'L'lI

oft kI1mp ll / i,' IlL' \"l,'lh:illlli"l· . \\':ih rclld in einem Tctl de- r
A.... tc d er konrin uic rlichc .-\ u l b::\I'>\ ro lll \\L'ikrfl il' ';'t. k.um er

in andc r u ,\ stc n L' r1~:; " ,: h l' rl . u nd l·S 1-.; ; ' 1l1l1.:\1 a uf d ic- cn h :,I:;e·

hlit h ' a ultrc rcn. dic in der "\ ll fn:d1l11l.' .mf bl'H l·!= il.'lll lit tn

<Lh momcut.mc ..\ U:k\ IChll ' ll mit \11r :tllg\.·h l· Il, iL" 1ll Il.: i: I, l i·!/

crvch ci ncn . 1111 Ci\,';:II111 blill (il' lTI. I.t:L· rn ,i,,·h dl l.: d iL" 1.: 11 J:lll 

l.uluu gcu 1 1I !;L' h ;; r igc ll S!ll l,;"U;lllll' dem koutin uicrhchcn

Strom der andcrn ;\'11.:_ vic cr gct -cn -omit keine "l·n" .I:in

d ig l'n Tvilbiitzc .
J:s !-..11lll l111 ;l tlC !l \'ll!" . d .l" :I ll f \'i 11l.'111 :\ ...1 l'II1\.·, ..\u[\\ :' n ... 

bli l/l,.·, >lt l' IW"II;\l.:r Turlll"'l'itlL' (mit nl' != ;\II \ Cm Sl rl'llll l' in

I (\lge blill m il r ,'... iti \L·111 Slr,llll I.'r ~l·hl'i l1 l. h 1!. =' .' fL'i;!! ditO

P Il\llll und .1,1 "; S~ h k' lkll\t, /i l1l1 :; f a Ill 111 ~ki ..:h /\.·ili t:l' f "\lll 

w~irl .,hlilll.' :In l' l·id l·11 \1l· ..... türlll l·11. \\' ;ihrclld i n Tu ! m .'

t1 rl'i J-"'ll ';:l.' b li IZl' mi[ 11\' '::<1ti \'\'111 'slf l1nJ ;n l t l fl.'h: il . (·f , d lL'i 111 ;1I1

lu rlll I ,·in " l lkha mit !1 ,' ,i[i \l'll\ S[l'l'l1l 1:'7 l-,o\ S[ ~ l ' 'i 

..,ln1m). 'i11 (Lt ,,~ in lil'll " (':'''01 Ti i1l1lC'1 g /l·ic /(: ,'iri,!: 011...· 1' ...·"/1·

.l.'I ','·I '1:: 11" [{l i t ;:.\·( I '-;, !!, - Jli,',\\'1'1," .-\US lk' r hi l·r lI1dll \\ i l· ,k r.:~ \·"

~d1 1.: ·11l·11 ;\Il rn:dlllll.: auf 1'~'\l'gll'l1l Film ~dll h \'r \ <'r . \I:t ~ ,

~k'r h'"'l l ~ ..: hl il / ll1it I' i."itl\l,.' lll SIrllll' ,I ll r d l' l\1 b -:ill ;g:.'ll

I bu pl .j ...t / ,·11 d L'r I lllb dllll~ J lll I Ufl ll I , und di l· f , 1I l~ l· "

bli[/\., lll il Ill,!!"lti \ '·1ll S[I'I ' 111 ;Iln lin kl'll ilr) ,kr k i,k a kJ -: I ~ ' "
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6. ~IL'hrr:ll'hhtit/c

Fine LI :,:f er st en r\ tl r~: ;l hL' ll der KarllL'I":t'\ mit hc\\q;ICIl1

Film war cv. die zvitlichc :\ Ui"C III'Uh k l t",'1,!; L' der T L' ilb lilh' 7U

L'l"111 i Ill.'l11. hir dit.::-' l.'ll Z\\cd.; ,i nd di r hu h eTl FiJ lll ~ <: ,.:h\\ in ·

digLl·jt l.'Tl dCf lll'IlI,:rL'1l ,\pp,lr;\h' 111l~i.in ..tlg. Da Ik r I,." a, ! m

1;1l1l!1.' I-'illIl in J) rn... l'inm:d 1l11l1 :iurt. h;1l1ll ..i;:h l'in 1.1l1gl.' r

Ml.'hrf'l chhl itl. ;1111 :'0 ll<!t: r lll ch r L1m!;iuk \l.' rll.'i lo:n. r ..; jq

uanll nur hl,j Eill , chJ:ig.:n ;1\ di l· :-' k~" l ii fln l' m it Il ilk d l.'''

Sln111l11"lill (lg r.lmn ll.: ' ll1;' ,:.:li l·h .•liL· ;\ u fL- i n:l lll l ,,: r l"l l!!,l' lind

dil.' lcill idll'n t\h·,U lllk (k r Tl·il bli lfL· III L'rlili I[,:111.

~khfLh,:hhli[ l t..' ,i nd s'1\\11111 hl' i :\I...\\ :ir! ~ - al .. ,ll1l-h bl.'i

:\ll r\\ ; irt ~hlilll·n zil' Jll lil·1i h: iuri ,::, jnh'ch - mil sd h"nl' ll A u, 
nahn ll'll - nur bL,j 111·!..' llfi\ ·/ ·f/ H lit;:.I'1I (d .h . hl'i Hl il: l'll i'\~ i
sc he ll Ill' r ;lli\'l'i\ \\\,I!..cl1 \lIhl 1'1':\!l i\l.' r Frdd . Si e b' ll lllll' n

lbtl u fch 11l..; l: trHk . d a .... \l l'l :\' 11 lk r h.ll.' i ll l· rl'!l Ik \\ \' ~ l i dl~'I-i [
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F rd " la "hl" c in (·~1 1I\ 1' 1 " 1\ (,. I1fft:lll';lr 1" " llI' n 1l;:1 1,lrlll:1
. 1 ;\ lI fn.,hlllL· :\\l l t> l' \\ ~ ,~ tt:rll l 'il lll \',111 I ll l· .!. I~\ llll ' ;\ :'1"
I icr I l'I,I' iill ',\ :L..-h ..! I,I 'IHi:w il' r! id l 1.' 1. \\ \ ' j" '11 ~ Lld. ,· r

l -hnl-.d i.:hllH1l: dn I' l"'; I,· ,·hid\t Irin LI.·r II.l\Tlbli:: nur
td .llj'- ....:h,\ :l..:h h L· t \ ..' L {, l't1l ~ i' l~.l:,·nd l' .·\ Uf ll :dll 11C auf
ruhc ndcru lihu: " Allfn .thllll· .ru] rllh,'l,l!r m l ibn vom

Ih' I ~ ;:i l' fl'l .m-,

~ling:':1l d,',\ koutinui crlichcu Strom ...·... :11 -; ~d ~ v.~:in·

d i ~ L' Teilt-luze i n Er:.d l t.'i tHln~ 1I l 'I (' I1 . Sie rl'lgt· t1

dem Lr:i f ti ~ gezeich neten H ;1I1p l:l -,\' Die wei te-r c n

auf dctu ru he nd en Film eic h tba r...' 11 Scit cn .istc

( h~ _ 2ldl) ..inJ auf dem hL'\\' ...·~k· n Film nicht 7_11

erke n ne n unJ k ön nen da he r n ur l.ontiuui ...-rlichcn

Strom ' g::iii h n h ul-cn . Al" llc-o ncl crbci t l-vi 1"01

ladung J -- di......km :.ch\\ ; i ;: h ~tl~ ll der sclbst .tndi
gcn hll~ehJi ;11.' L' :l 1',:-'1 ic ht - - sei ve rmerk t. l! ;I' "
die unt eren 1.\\ c i Sei te ll:I"{L.' dl.' ~ vora ngehe nden

A tlh\ :i rt "hlll h" durch i.urzc .·\bl.\~t'il:lJ!l::: (,l1 an

gcdcut t,-t ..ind. Der zu r rnt!.ldllll:; ..: geh..i f i ~:c lc it 

btuz ist :lllfblkl1d :-Ch\\~ICh u nd i n d..'!1 let zt en ](10 ll1 über

der Tu nn cpuzc uuch au f dem Orig il1~dli lll1 nicht ruchr zu

erk ...-nncn .

7. F:lll ~l'nl bdung('n

Vo n de n a ulg...-nom rucn cn 1IIir:t' 11 niit llll /Il ·iirr.\·\\·l/ c !;·

1t'IIl!t'l! Knniilvn a us dOi nr ....' lll j; ·t' 1J 1 11J"/1/ \'j lll -:C /1 tuhrcu .5
n;\.-I1 "~ ... I·t m -, zu kr:i ft i.=!L·l\ En :I;!l !un];1.'1l m i t r lh itln : 1l Srl) ""

-, trömcn vo n 2~ ... lüu k A. Die 5 Blilzc . zu..,I 111 nh.'1l uur dem
cinzigc n a ufgc no uuuc ncn posi ti vc n .-\ b \ ~ ;i n ..; h J i l /. o h ne I : ; \ ll ~ 

cutladung . sind olil ih r.... n ~~l' ...... ll !l id ' ...·n D.llell in T.\hclk 111
l U"alll llll' nflc -; tdl l. Ik rl'i h in l,in .... m f r l ihl.'f l.'n :\uf.... <\l l ll!

\\ urdc Jit: A n..i....hl \I.' rtn:tl.'ll, J ;I(,5 in " l, k hL'n Li Jl::n lkr .luf·

w :i n ...wach 'iL'/llh: Ka n:i1 mit L'illl.' lll ;1[1'1 hi.lh..:rcn \ \ '\,1 1-: 1.' [1
sch i..:h l cn alm ;i r h ~\ a..-Jl·;~'ndr.:n I lt"alll!l1 cntri 1ft. R..: .... h nl:l man
mit gh:ichhlt.:i l..::nd ...·r (i l' ...dl\\ i ndi fkL·lt dl.'r alJf ...1L'i~L';hkn 1"nt ·

ladungen . :0;0 liegl Jie H ijh c der T rdfplll1k!l.' l,\.'j \ iL'r " lIf
n; lhllll.'l1 I [)nlJ.. . J SOl! III lih...-r dl' r Tllflmpll/. ...' . Ih: i l' it~ cr "uf·
n.lhm l' l i l.'~ ! :'ii l: hl' i I1 l11" SOLI l1\ un d Jdmit im :\ urn:l hn;.:r.·... ·

rL'ich lkr 1..: :I 01 .... r.1 \"l'tl Bfl'g;lllll'll~1. L ci da iq d i,: l> l.'t rd~

knde Aurn.dltlll.' in ihn:m oh '_'rl1 T ...'i] Iji i l d: i.ib..: r.;[r;ül!r. ~(:-.

d a ~ 'i di l' All r\\ ;i r l ~ l.' n l bd ~t n g nur hi'i ca. w o III iit11.'f d er

T urlll 'ipi l l l' zu \l,.·rfl, lgcll i..!. Auch in J i c ~ :: m F :d k i..! :I h o
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Einen bc -ondcrs d eutlic h ge-tun en F"I~L'l:: i!bl i ll. 7~i':!l

Fig. ~5 . Ilci der er sten Enrladunu d ie... I..·, ri lil ll' ''' l l i n k ~ in. .

F ig. 25.11 lii-,"t "ich der l .c itblu z nicht erkennen..-\1\1 gc... tuf

[e il Flll~..:klll,lill fall t .IU!". Li:l" " er nahe bcuu unteren Hild

rund pli)!,:li.:!l ... e in Vorw .rch-cn vcrlunc-anu. und \'h ~" vcmc
Stufen von dor t ;111 \ \ L' '' cutlich w cit c r -; l l;rL' ill 'lnlkrl ic ~l'll al ;,

im OhCiL' 1l Bereich . Ein \"t."q;kiL'h de r E nt l.rd u nc ..fo rm e n

lml,-, u nd rcc ht-, in Fi e. 2~.l 7,::i i:t den Grund : D..:r- ll.' ithJ il/.. -
f l, l gr nämlich untcrh.rl h d er C f\~ :ill111 ~11 Stelle nicht 1111..:111

dem alte n. \'( '0 der cr-tcn Enrl.idung \ l'r~~h i IJ ,: tl.'11 1-:' ;\I1,:l!.
s ~'nJern ~r hi lJ":l \"tIn h il.'f an ~incn Dl'lICn. ml.'lll· 1l;I.:h rl.'.:hh

!;l:rich tI'IC ll :\"1. ~b n hat l:" dahe r im darU fl! l.'r li...,!.!.t.'nd::n

TI:i1 nicht n1l." hr m it ~in::111 Fl'I'.!l:·Leithlil/_, ~('lldl: rn m~i t d('ri\

cor..ll:n "\Urh.l ll r.: i nö 1Il.'11L'1l K ~ln;dl." zu tun .

Ein Ik isp id ru r dil.' El1t \~ ick lUllg .... \.111 Fl\lg..:b li l7.:: n dU r

d l.'n Kan;i!l: n r.:illL'S ..J"j:\·,ü{\·/Jlit;:es L! ih t Fi~ . 2(1. nil.' 6 :lUf

u t:: 1ll ·be\\"eg il.'ll F ilm g('{::i.:h~l'[l'n Enll.ll.h:n;;.:n IFig. 26:1)

sind :luf d elll Slfl1Ilh1..7ill \.lgf ;lllHll IF I~. 2(,(") mit I.'llhprrch l.'n

.uel1 ~lll1ll1h:rn hl.'b:ic hm~t. D ie I.'r~ll.·n Z\~ I.'; s ind Ul.'ill kUllti ·

lluicrlich::n Slr(\m ühl'fI:I:;l.'rl und gd' \.'ll S:rl\m"l'il Zen \,on

m.:ni!:.:...T uh I ll O(l :\ . SiL' rolgen l.km SCh W3 Ch ~l.'le ichn('tl.'l1

Ast lin,,", der ~li!ll.: Vl'll Fig. 2(.h. ni l.' \\ t.' ilt.'ri1 v il'r En rl:i ·
J ung\.' ll tl ..Jl} ~ ind Slll "'>C mil 2,5 ... f 5"-:\. di ...' 0:1 .:11 dl'fIl Ah·
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L Berger lU1d E.o ' yoßel~er c- C.!<. =-. !l414
I . .
Je. Berger end E.o· yogeJ.GaDg,er C.!<. T=o. !l414

l'lmOOllAPl!IC LIO= = a:l!l'I c:lS III TllE= 1955 ro 1965 C11 TllE I~IE SAll
SllLV"'o.,,,,
l'reprint ~ A. S. l!:. I!ull., Val. 57, 22 p. (1966)

m.th1n tbe scope of ea overnll rc:?ort ca tbc I!lce.GUr'1ng 1nst1'UJ:leJIts and
re~ta ot llabtn:1Ils reaecrch on the l :::Hlt O~ &ll.vatore a. l"cport i fl giVe:l. on t!lc
photo:;rephie ob:ervut1on~ ~or t be ye:r3 1955 to ' 965, 1'ollou1.n3 tbc 1!rt Perl
·R'h1eb '1':l3 pub1.:1.obed in 1955, in l.'b1c!l t ho clcctricaJ. 1.:1:;btniDa currcnt
tleC.S~cnta of' tbc yeu3 1955 to 1953 vcz-c dC3Cl-ibed. From tbo :pt'.e!t of' the !·::>nto
&m. SulV1!.tore cll. l1Sht niDg G"'..rfres "tc.~ !>lr.cc a.t nio;bt in t h c nc1sbbou:hool! or
t bc Qunte.1n llrC r ccorc1ed J:l~to~h1caJ.ly. Tec v:i.u.!.b1.c s~':1n$ po:l.nt o cre
~kcd in tbc Scocrr=!lhic t:.:l.:,J ; t~e rru::~cr er stl"'lJ:cs beh1nd b1lla ue :lotcd 1'or
each dcsd nrc.a. llU~nlrd sereeee" , eucb n::J DCC\\:' ve...'7 oftcn on tbc pi ck-li!? tC""c~::3

on thc I·~tc Stm &J.ntorc jrer-e n.lDo detccted c.t u ff!''; point :! in tb~ neichbO'.!rheod .
~e ~ problc::a f:'tudic.:!. :in "~c :b"'e~t1e~tio:l r .:fer:-ed t o tbc type ~d thc~e:"

in vhich t bc llzhtl1!J:l~ c'l,....,nel. 10 bullt u:P. 'l"ais !lroce:>:! tT:l.~ ~vc!Jti!:llte.d ,,-it h
the nid ot p!:::otozr:::phs C:I. 11 r~1cUy r.zv1."1.3 1'.1.lJ:.0 Pour typeo 01' &tl"O~C: ttere
d1tte!'e:lt1a.tcd, 1.e. thc d:tflcb~~<;: of Il0tl1t1vc c.!ld ncsr..t1vc cloudo 1n tbe :form or

. - ' up-~-ard e:ld do'l7uw.rd Gt~~3. I:ltcNctix3 conclusi oD!J lZC dtt\m 0::1 tb.o llroduct10l:l
or l1ghtniag c~clD end the c.eco~ Ustrc~r d1GC~e5".

l'EClrOORAl'I!IC LIGETl= = W .!fIO::S III TllE= 1955 ro 1965 GII _ l~= SI,Jl
S!\LVA2Q3E
l'reprlnt ~ A.S.t. I!ull., Val. 57, 22 p • . (1966) -

U1thin tho s cep e of' en OVP.:r::l.ll :t"CD0rl.. outhc tu!e.:mr1.ng inutt"U.tlents end
r esu.lts of' l1~tn.:!..n3 rCGc:u'ch oa th~ !'~:l!1tc ~ 5:llvetor c n r cport 10 c1ven on the
!lhotoG~~b1c obGcrvut10::l!J :tor th~ YC:.r3 1955 t o ' S65, f'ollCl'll1.t:t; tbc 1at I'o.rI;.
~::tie::J. 1.':U3 publ1::1hcd in 1, 55, 1:1. ,~hich thc clcetriccl. llbht~ Ct1.--rcnt
~CS\U:'r:---e:1t3 oi" t bc yc~: 1955 t o rsss vcee dC:l~ribed. Froc t hc ~!'.Il.'t ~ t~c }·!ontc
sca ~v:l.to!'e cl.l. l1Gh~~ ctrlkC:l u.~ 'nJ.::.-:c c:~ I1isht in t he nc1s hbourhood of'
t he t:tru!ltcl.n es-c %'CcoI'dcd ~hoto~phicclly.~ T'~e vidble etrl1':::1ng llo1nts ez-e
t::U"kcd in thc C;co.:;r~,l11c t:!.!?; thc n~c:- or :rtrlJ~cs b e!l1!:d h1Uc: c.re :l.otcd to r
each dc<:d cree, 1I1.j .'::rur-J Gtrol:.cc ll , :mclt ca occuz- vcry o:rtcn ee tbc pick-up tcr_~s
on t hc Eo:rl;c S:::.n S:llV!lt o:'C ,~rc clco dete.ctcd llt n 1'CU' point s in thc nc1chbcurhood.
Tbc l::'=.!n p:-oblc::l c:t\:dicd i n thc i:lveGt1cc tion r cfcr=cd to tbo tone c:d t bc ~e::'
1n vhieb ' thc llcht cln;; ch::.."l:lel 1:; buil't up . Th1a proCe& 5 r;e:; 1n" c~ic(!,tcd \11th
thc dd of :p~otezrc:?'!..ltl o:l e r:.:!,'idly c:.vi!:.[; 1"1.1.=. Pour typeo ol Gtrokc \1ere
di1'Icreot :!.e.tec1, 1 . c . t 1:.l: cliccb.:=.!'sc of l'o:l i t1ve c.rA oc.:::;::::.ti ve. c1oud:> in tbc i'0!'t:1 cf
u:.:o.rd ~d dot::l.1 :J,Xd stro!:es . " Int~st~ cC!lclus1ons erc d...""t.~::l on tbc proC.uct10n
o"t lls;htn1r..3 ~c1D end 't!lc c.ec~"';y1.n$ "Gtre=er di!>chnrt3:c!l".

Pnaro:LtU\.t>II!C LIGRI!n:m:; JlI'JESl!IG/I.!l!IO:tS. m TIre mm 1955 Ta 1955 a:I~ 1,D!lm SM1
SltLVL'T'O..tm "
l'ropr'-nt or A.S .l!:. I!ull., Val. 57, 22 p . (1s6 6)

PIIarOOR.I\..1JEIC LIGIm:ID:n IIWF.Sntl.-\TIetlS III Tm: YEfI.R 1955 Ta ' 965 on Tm:: 1':ml!:: a.'l..Il
SJ\LVATORE "
l'roprln~ ot: A.S.E. I!ull., V01. 57, 22 p . ( 1966)

K. Derger end E. 'y os cln:m3er C. !<. ~. 4414 I,.
lC. Berger end E. · yogc1oe.nec.r C.E. Trenne 44,'4

111t hin tbc 6cope of' C!l ovcrnll l"cport on 'the mea.sur1ng 1nstrutlents nnd
results cf' l1chtn1I!:l r es e:rch on thc HJnt c ~ &üvatorc Q, rCllort 10 given on t bc
:photo~h.1c ob5ervut100s ::rar the ~:u-s ' 955 to 1S55, ::rollov'..ng tbc 1~ Pcrt
",hieb '\lt!.:J pub1.:1:ilie.d 1:1 ' S55, 10 \,"bich C1c c2.c ctric~ lle:bt D.1nt: currcnt
tle:t.sure.:::ent~ ol tbe yen.r3 1955 to 1953 trore. dcc~rlbcl. Frot1 t ha ~cu!t oi the l~ntD

een S3lvut or e clJ. llGlrt~ :>trlke.o. tlU1.n.5 pl~,:c c.t ni[Ibt 1n thc n c1ghbOUl"hood ol
t he I::OUDto.1n a.re :recorde~ :photo~31c:1lly. T".:J.c viG1ble ~tr1kir-3' p oint s ec
l::!l.l"kcd in t hc Gco.:;rt:p~e I::.;:':9; t!le nuo·'Jcr or Gtr'_l:.es beh1r.c!. h1ll:l a:e notcd 1'01"
~eb deo.d eren. "U:!:r.r.:...'"'d Gtro!!.es" , ~ch n.:i oe eur ve...'7 o1'ten on tbe p1ck-tJ!) t~rt1

, on tbe ~~nte S2. 5cl.n'to%'C ttere nlso d~tccted c.t a. J:r:"J points in th~ nc1ghbo~hocd.

Tbc tr.:tln proble::l ntu.d1cd. in the 1nvc.:;t1:;:c.t1 o:l r c:ferrcd to thc t ype. nud t!le tc.'l!lCr
in vhich the lllZhtninj: ch!'~el 10 bullt '-"p. ~h1c ]?l"Occ:::.o ,:nn invc.ot1sc.tcd ~rith
thc D.1d ol photozr:.~~:3 C!l C. ~iCly t:Q't1::.3 i"1.J=. Four typeo 01" ot ro!cc \TUe.

dif'fe.rent1c.t ed, 1.c. tbc d.1cc!lnr::;c. of !"0~1t1vc od nc.:;:n:tivo cl.oud:l in tbc fo::m o~

upvn.sd. e d dCJ'"J:l"'~ r;'tro!;e:l . ~tcrcGt~ cc eclw;1o:ls orc d1"c.w on tbc p =oduct1011
01" llsb'tniDa: ehn.nncl!J m:d tbc eccc~y1Dß " lJtr c=er di:;CharSCD".o

l1:!.t h1n tbc c:cope of C!l ovcre..U X'C!lorl on t bc mcc.sur1n(J inntruI:lenta end
remllt o of lleht::l.1n3 rcr;e.:::reh Oll the ?:J:lto &:l. S.:.lvat ore n 1"<!port 1B Given Oll thc
photo~~c ob~crvt!.t10ns 1'0r the yc:1r3 ' 955 to 1965, :toll.cnt1.n3 t he 1:t ?crt
t:i:l1ch ~;;;:l.S publlohcd in 1~S5, in "hicl1 'thc c1.eetriccl. l1ghttrlng currCItt
I:Ieo.nurc:r:~ts o!' t hc y~.:; 1955 t o ' S;5:; ucrc dcc cr1b.:d. Fra:!. t h<J ;Pr'.:.k of' thc l.!onte
5:':'1 f!tlvctore ell l1Ght~g ct r'...kc::J t.~dn.:t plr.o:c et nicht in tho nc1e:hbourhood 01"
t he t:OUllt :ilil c.rc %'Ccordcd !,hcr..o~:dc:1lly. T~c vis1bJ.c striking p o1!Lt s c.::'"C

t::L:'~cd in t hc gc o:;r::phie =-:n th~ ~t:::::lcr of et:.-:1!tc s bcb1I:d h:I.J.J..:> c.:-e noted. 1"or
eee~ e.e~ c.rc::1. "Up-~~ strakes" , mtc.'" C!I occ:ur vcry o1't cn. on t bc p1ck-ug tC"'..-cro
on thc. I"~c &:l &lvc.t orc ~ie!'e clso d. ~tc~c.1 c:t 11 fc-.: !,ointo 1n t bc nc1zhbourhood '
'l'hc It!!.1n problcc :Itu.d1 cC!. :1n t~c invc.:;tlc:.t1rm rcfcrred to tbc type nnd. t hc tmmel"
:!.:l. ~lhich t hc ll~ttW::d clo"''''·'c.l 1 5 u.J.U':: ,~. Thi:l proccc c ~"ll:I 1.::l.\"C:lt1Zc.tcd v.1.th
the dd 01' !,1loto~pbs 0:1. Co r.:.:?:l.Q.y t:O'.~:1":!.l=. Four type.a 01" c: t ro!cc verc
d1f'fcrcnti~tcd, 1 . e . t hc eiac~"";3e. of :?o:i't1vc Q,..'.d Dc(!;ct1vc cloui!.3 1n t hc tom cl
U7~"':l...-c. ll!1d do~:ll.."'"d fi,~O!:C3 . I='..c...-cst~ co::.cl u...-ions arc dttU::l. on. t bc: product1Cl:J..
at llght!l1n3' ch:..n::lc1o nnd 'the c.eco~~ "Gtrc=.or d.1Gclmrgco".

-'--- - - -------'---


