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DEVEL01'MENT AND 1'R01'BRTI::S OF NSITII'E LIGHTIHIIG FLASHES AT HOmlT S.SALVATORE

WITH A SHORT VIEW TO rHE r HOBLEd OF AVIATI ON PROTECTION

Karl Br..r:Jer

The f ollowing reflexions are eoneerned with l~ghtning researoh on 110unt San
Salvatore near Lugan o , Switzerland, and eepocially wi t h diseharges from pOBi­
tive clouds.

1. Site of observation end freguency of f i sshes
Site and maasuring equi pment have been described in so~e earlier papers,
ref. 1••• 6. During t he per iod 1953 to 1971 (9 thunderstorm seasons) 1026
oscillograms of lightning flash curr ent s to and from the wo measur i ng
towers on Mount S . Salvatore have been obtained. 838 of thcm were negative,
130 positive, 58 of both polari.ties. Out of these 1026 oscillograme 134
tIere dOlm"ard f'Laehes , 106 of t hcm ;rith negatä.ve , 28 witll positivs current.
These oscillograms were statisticalJs eveluated and described in ref.l ••• 4.

Statisticl11 evaluation ahovs elearly, positive flashes are less frequent
hut more scvere than negative ones in maan current peak valus, in elsctric
charge and in ths integral Ji2 dt, ..hich ia relevant for thermal and elec­
trodynamic effeets.

To improve the statistieal quality of downward positive flashes another
evaluation was made f or t he period 1959 .•• 1973 i ncluding 4B flaslles (15
t hunderstorm sonsons ), wi t h a mean value of 55 kA current pe~~. Ths mean
frequeney of r egistered pos i t i ve diseharges in the two towers ia:
28: 9 = 3,1 per year in the 9 yaars period
48 : 15 = 3,2 11 11 11 U 15 11 n

Taking in aec ount t he mi ssed r egistrati ons a ~ean frequency of about four
positive flaghes may be essumed. This numbar of flaslles is equal t o t hs
number of strokes, beeaus e posit i ve f lashes (tdth very fe~ exceptions)have
only 1 stroke par f l ash.

~ Types of l i F,htning fleshes
Current osei llogr ens and phot ography by means of fast moving film (origi­
nating in the Boys- camera) r eveal several types of discharges which ere ra­
presented diagramcatjcnlly by Fig . 1.

1'olarity of t he cloud eharge d~fines a l so polarity cf stroke eurrent. 1'ola­
rity of clectric C;llir g9 in the l eads r is t lle s ame as for current only for
downw~l lea~ers, but opposite f or u?ward leaders. Leader photography by
aeans of " Bcya 'v-cnmeras i s weI l possible for negative leader charge , but
very difficult for t he faint traea of positi7ely eGgrged l eaders. Thare­
fore the indieatio!l " Fotos" in Fi g. 1.

The classical fotos of leader progreasion by Sir E.F.J. Sehonl and (raf. 7)
corresponds to type 2 in ~'ig. 1. m~ is an analog' photograph from Mount
S. Salvatore. Point A ie tb9 jU!lc tion point where the .negative downward
leader met the poaä t i.veIy !;b!Lrged upvard E(1nn~cting or jWletion leader,
whieh Ls too f'a i.nt t o b!l v ~ siLl(,. llut ito el'-istence i e praved first by the
junction point J\, sec r ndry \) / H a br fU1 ch.i ng in po m t B. K. B. Mc Eaehron
(reL 8) who firs t iVl·l s 11 ., ;.Illu l r """;" JS re.~earch lly C. H. oscillograph and
photography <!tat",. U " t "none of :.'; e t r okea to the l'.l"pi r s State Building
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i n New York comes from a pcsitive cloud center. Out of 27 oscillograms all
but three were entirely negutive. " All observartions by McEachron relate to
the types 1 and 2 of fig. 1 (negative clouds). There are the first obser­
vations of upward leaders. It is 8StOniShing ther e ar e no observations of
type 3 and 4 (pos iti ve clou~ ,' ), this in contradietion to the observations
on Mount S. Sa l va t or e . 102 of the 130 positive currents to Mount S. Salva­
tore represent upward leaders without any retunl strokes. type 3 in fig . 1.
Their currents are between 100 A and 1 01' 2 kA; their electric charge is
rather high. The r emainder of 28 positive cl oud discharges as shown in type
4 of f i g . 1 apparent ly never have been observed before the reseaech on
Mount S. Salvatore. These flashes shall be discussed as folIows .

~ Typical nosi tive flashes to Mount S. Sal vator e : Type ~ of Fi~ . 1
From t he simultaneous registrat i ons of current end progress ion of leaders
it beeomes evi dent t hat . with a delay of up t o abount 25 ms after the inset
of an upward leader , a s trong imp~lse current appears together with a
bright "return s troke" . See Fig . 3 as an exemple. From t his figure emerges
some difficulty when defining upward snd do.~ward strokes : Regarding leader
progression t he flash i s an upward one, r cgarding t he heavy cloud discharge
it is a donnward one. In our statistical evaluation we proceeded this way:
When the electric charge in t he impulse cl oud diecharge is greater than the

.upwar d l eader charge we eel led it as do.rnwerd flash. This is the usual ease
with type 4 in fig. 1 . Considering this piet ur e it seems justified to de­
nominate the lang l eader i n f ig. 3 as an extremely l ang conneeting lesder
to an already exis t i ng intraeloud discharge. In tbis view type 4 eorre­
sponde exactly to the eleseieel type 2 of the negativs eloud. Instead of
about 100 m t her e are several km length of t he connec ting l eade r .

Ths Fig. 4•.. 10 illustrate some examples of positive do.~ward flashes ae­
eording to type 4 in fig. 1. The first curv es are current eurves , traced
on the bass of electromagnetic oBeillograms. the second ones are treced
by a specisl C. R.oscillogram. Fig. 4 is a complete r ecord, whers the two
current curves are supplemented by 5 f iel d mill r egistrations: 1 with a
cl s ss i ca l f ield mill on Mount S. Salvatore, 4 of a new type, one on a mea­
suring tower and 3 on points at 2.5 - 3.5 - 3,3 km distance (for details
s se ref . 4 01' 5). A fi rst proof of the preexistence of an i nt r acloud dis­
chargs just before thc beginning of t he u~ rsrd l eader is given by the field
oscillogram. Another proof of fss t field variation is reali zed by a very
sens itive measurement of corona-current to the t ower anter~~ (range 10 to
300 mA), curve C. A third proof is shoen by the curve L which r epresents
the illumination of ths slq even before the leader becomes visible. This
curve l: (light ) La pr oduced by u.."1"elect r onic eye" on top of the mountain
church. Fi g. 5• • •8 have in exoees of t he two current curves a single field
curve as measured on the montnin. These field curves normally shov a sud­
den charge of field polarity in the momsnt of upward leader inset, but
rather small an effect of impulse current (stroke cur r ent ) on field .

Fig. 11 shows t he time i nt erval T between leader beginning and "return
stroke" as abscis ea, and current peak as ordinate . r'lost intervals are bet­
Ween 10 and 25 ms leader duration. If We admit mesn leader velocities of
150•• •200 m/ms according to ref. 401' 5, the normal height of the j unct ion
point with the intracloud discharge is between 1,5 and 4 km. It may be of
interest to ment i on some very high impulse currents together with very
ahort leader durations (T = 1• • •4 ms), eorresponaing t o very low intra­
cloud branches . Some oscillograms prove t he exiatance of such short 01' faet
eonneet i ng leaders .
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Fig. 12 anawers the questi~n about correlation of current peak and current
steepneas (di/dt max ) . Thel~ i a no evidence of' such a corrslation.

!. Diecuesion
A first observation relates to the exceptional long duration or length of
the upirard l eader to the F~'Jitive clouds above 140unt S. Salvatora, l1ith the
cOnBscutivs impulse discharge. It is interesting to note an observation by
Sir B.F.J. Sehonland, ref. 7, page 93 "By eending up positive streamers
whieh ean travel the whole distance to the . el oud, they often ae tuBlly in­
vite flashes of lightning to oceur to them". AB Schonland was concerned
ahraya ~rith negative cIoud diseharges he eoneluded the oeeurence of posi­
tivs upward s treamers tOlrard negative elouds. These ars not suffieient in
luminosity for photography. As ehown in Fi g. 2, short eonneetion leaders
below negative elouds do exist; their length is of the order 10••• 200 m,
their duration less than 1 ms. Furthermore there is the big majority of
upuard leaders or rather "strokes" baIov negat i ve clouds aecording to type
1 of fig. 1, whieh do not ahow any immedi at e dounward "return stroke". They
rather present a single leng continuing eurrent, or then after a complete
eurrent interruption one or more very eteep impulse eurrents: This is thc
so-called multiple stroke flash. What Sehonland surmised to happen with
negative clouds ean be obeerved on Mount S. Salvatore only in the form of
multiple flashes lrith complete current interruption bet1;een ·the strokes to
ground. But the Sehonland-pieture really is observable as in fig. 3 ••• 10
for diseharges of positive clouda to the towers on Mount S. Salvatore.

A seeond observation relates to the topographie situation of Mount S. Sal­
vatore. Its peak is 915 m above sea level or 640 m above lilics Lugano. Mea­
auring tOller 1 i s 90 m high (before 1958 it was 70 m}, tower 2 is 400 m
apart end 70 m high. For eomparison the Empire State Building in 1938 wna
1250 feet (375 m) high. At tho firet view both cases should be rather aimi­
lar. Comparison of r esults ehow this i8 not the case. Many poaitive eloud
diecharges could be meaeured on Mount S. Salvatore whieh never eould be ob­
served on the Empire State BuildiDg. The more it soems difficult to trens­
pose results from theee to tho flat country. What eomparison of eurrent
end field measurement s prove wi t hout any doubt that the necessary fields
strength for upward leader progression ist eaused by just preeeeding end
still lasting intraeloud diseharges. The field at the ground before the
inset of any diecharge may be positive or negative or zero; never the oc­
currence if a stroke is predictable by the static loeal field strength one
or more seeonds before. The most severe case like type 4 fig. 1 eeeme to
happen only at local plaees with a strong field concentration, end only
uhen the at mosphere ia predisposed to intrncloud dä.acharges l1hieh have the
effeet to alter the ground field immediately.

A third r emark refere to lightning type 5 of fig. 1: Positive dOmlward
leader end upward conneeting leader. Photography of this type ie neldorn
aueeesaful bseause of insuffleient luminosity of positively ehargad lea­
ders. ~lere is only one undoubtful photo grnph of this eaee. uith a dOlln­
ward positive leadsr, not to ths towers on S. Salva tore but to the flat
border of lake Lugano near Campione. Beyond a relative elear leader photo
the picture on still film ShOl1S the famoua loop of the lightning ehannel
near the ground as a proof for an upward eonneeting lendsr.

Some more exampl ee to type 5 of fig. 1 probnbly are represented by the
points with very ehort leader duration 7( in fig. 11. A possible confir­
mation would be fOBeible by field oseillograme ehowing a faet, trumpet-like
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Held raise curve , similar ·to that observed wit h negative clouds of type 1
of fig . 1. But all these examples of Fig. 11 refer to f lashes to (01' f rom)
the towers on Mount S. Salvatore, not to t he flat country.

2' Lightning and Aviation
Planes. helicopters and rockets may be involved in the lightning chsnnel ;
the full current may pass their metallic bodies . The charact er i s t i cs of
lightning currents are wel l knOHn if measur ed at the ground. But these cha­
racteristics certainly are functionsof hight above the ground. Below nega­
t i ve clouds current peak 'and steepness are maxinnun at the grotUld , corres­
ponding to the travelling wave t heory of t he upward return stroke. In t he
case of a l ong upward leader belm" a posit ive c10ud t he "return stroke" is
i ni t i at ed at t he junction point at the intracloud discharge . Highest s t eep­
ness and amplitude of current have to be supposed at this junction point
where the do~mward travelling wave starts . Inatead of the wel l conducting
earth there is nOH a weI l conducting intracloud channel which behaves like
a surge impedance for the lightning transient. This latter may be the rea­
son for the lower steepness at t he grotUld of the positive stroke of type 4
fig . 1.

The above reflexions are at the base of the strength of planes . helicopters
end r ockets by lightning. The problem of protection against light ning consists
in fixing certain ~nthstand values of its characteristics, which is not within
the aim of this report.
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Fig. 2 Downward negative stroke of type 2 with upward connecting leader
A junction point
B branching point of connection leader
a photo on fast moving film
b photo on still film
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Fig. 3 Positive flash of type 4
above photo on fast moving film
below oscillogram of stroke current



8

66111 Ti

-

14IJ ms-{2.0~/C(76'0
I

. 0 0

o 2Po

zo 4t-o
r (

±12

- I/- kA
2

I· ... .- . _.

66111

1(70(7$>00q oo

fit
12..0 : ..-.---.... , I

~/-- I -. I I
100 I I I

"'.... : I

--
I I "\. .

/0 i l j ~ I._ _-! _.__ __ _ 0 I .o_ .__----l-. _ ______ _ ___

I I I "'" i] i I , .-.--._-- ,_._- -- --l--l-o~i

_.- ----r--·--·j-------r·----- - .----i' --I · I ..............-.10 I .-J 1 __

. i 0 _ _ • • __,,___ -- - . _ _ . -r--1---
f 1 1
I I ".'

, I

"
..... /. I't

Fig. 4 Examples of oscillograms of positive flashes of type 4
to Fi g . 10 above stroke current on ms-scale

middle " 11 on I's-scale
below (only 4•••8) electric field variations during strokes

to Mount San Salvatore, details see ref . 4 and 5.



1- . _

9

.

66113
I- G(J(J Ti

~-1-
I~ ,f' /~-

-400

ZooA ..
l / - · ·1okA

- -
/ -

- .-6
;-.- --~ 120 kfl .

. / \ .1- 2.-.

s» 7715
J

GO
f .

'fO
I

20- - -".:.../---J----+--~-_r_:_----+---$1

66113

//000 1200~
/

KooI;-(}()200

AA,I
//20 I f- .

........... 1/ r-.
/6'0

<,

f"-.........-" - - --- _. . .- I-- - --._---_ . --
Go ----..... ----- [- '""----~

.--_.--_. ----._--
/fO

- I -- --- 1--------- --- -.---- -

I 20
!
i

')

Fig . 5



10

671/;-1;-

--------/;.'~l;=::;~;;:::;:;:=-=-------'±:..=:.~-kA---
(.........'J',,; , -r

2

\
2.2t<A

2.() GO
I
I .

.... 00iSO(00:;0

AA
r I- . -

2.Q. /" <, --!-----r- .-e-.-. -. j ~h. I .
10/ ----~-j --::::.:: .._--_ .---
I

I , ., r:

---_._------_._--
b]/lfIf

Fig. 6



v.

11

6tlf3 T'i

I ]~ /

-- - ro G/'
/ . ijkA

/ ~oA 2.

7·k . '200

. II

I'-
12 0 Ifo 60 to 777S.

I I I , I 1

/ + Cf!ikli

kA

1­

7!JOtJ2ftJ /tu2001,fO100

100

Ir~1
,

I \ . .\- !
ßo --- ---
60

. Ir' I- I!.-=-- - - -- I-

\!HJ-
-;~

-- )
I I

I .1- ..i

I
J A"

"

Fig. 7



12 6t6J 72

-{20 No 1115 .

--=:::::._--~_.----=

(J(J

/;-0

1200/- s

6863

2

~

{o(J - -,

so ( -.
\

..

~ .
Go

/;.0

"'"- -!
20 <;

/
OrJ lO(J GoO fOO . (JOO c

Fig. 8



If. /iA l~l;:A
I- GO(J

.
400A2.

\ . 200

.
20 4-0 Go 111.5

I

kA

13

20

---e---_

100

. .

6930
Ti

12.0~

"

Fig .9



"'

14

l\-- »
. -' ~

J\rJ\~
. . G MI

i/fdoA4-
2. 2.00

-t- A50kA -, " "

10 't-O GO {O 171.5,

1332
T-1

32

60 I J " I
[ I.

kA 7-3
40 V -,

. - --- "

\ [
I20 I"- - - -- - t--

<,-

r---..

2.00 400 600 ,foo -tOM 1200/U

"Fi g . lO



--~, r
Fig. 11

Leader duration Tz end stroke current r for fla.shes of t ype 4,
Leader height f{ calculated wi th 150 end 200 m/ms leader velocity
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K. Berger Ztirich, 14. ~ßi 1975
FKH-AK 19/75 KB/ASchm

B 1 i t z s t rom - Par a ffi e t e r

Resultate der stat ist i schen Auswert ung der Blitzstrorn-~essungen auf
dem Monte San Sal vat or e 1963 .•. 1971

I

Beobachtungs- Ein- Prozentuale üebe rschreitung "I
No.

Par a met " r
heit der Tabc llen~erte

I

95 % 50 % l 5 %

Blitzst ro~-S chs;tel wert

I
( > 2 kA)

99 Negative erste Teilblitze kA 14 30 80

137 " Folgeblitze kA 4.6 I 12 30
28 Positive Blit ze (Folgeblitze II

nicht vor~3nden) ! kA 4.6 I 35 250
! I i

Ladune I I I I I
91 Negative erste Teilbli tze C , 1.1 5.2 24 II I

II 124 " Folgeblitze C I 0.2 1.4 I n,

I
e 88 " Gesmntbli tze I C 1.3 7.5 I 40 I

i I I
26 Positive Blit ze I C 20 I 80 I 350

20

32
120
32

12
40
2 4

4.51.1

5.5
12
o 20

c

I .-

!
; I ,

: kA/"s
i kA/"s
I kA/"s

......... c

Impuls-Ladur.g
Negative erste Teilblitze

IGrösste Steilhei t di /dt
I Negative erste Teilblitzo
I " Folgeblitze
I Positive Blit ze

88

90
124

21
!

~ I . , . I,

IHalbwertdauer I I
I II78 Negative ers t e Teilblitze

I
p.a I 30

I 75 200 I104 " Folgeblitze

I
6.5 32 140

I
I's

I16 .Positi ve Blitze p.a 25 230 2000, I

IIntegral i
2dt Il s

I 3 I 4 I - I89 Negative erste Teilbli t ze I 5

64 " Folgeblitze I . i 6.0xl02 15 . 5xI 03 I 5.5xl0
4 I

i I 5.5xl0
4

6.0xl0
5 i 5. 2xl0

7 I26 Positive Blitze i 2.5xlO I6.5xlO 1.5xlO
I i i

Zeit intervall zwischen ne- I I II

133 gativen Teil.blitzen I ms I 7 33 150 ,
I

Dauer des Ges 2.-"ltblitzes
92 Negative (Einfachblit ze

eingeschlossen) ms 0.15 13 1100
39 " (Einfachblit ze

aus geschlossen) ms 31 180 900
26 Positive Bli t ze ms 14 85 500

119 " Folgeblitze
I

C 0.22 I 0.95

I
4.0 I25 IPositive Blitze (nur ein

I I
Teilblitz) I C I 2.0 I 16 150I I

Frontdauer I
I 87 Negative erste Teilblitze I "S 1.8 5.5 18i !
! 120 n Folgeblitze I p.a 0.22 ; l.l 4.5

11) Pon';+';v Blitze "a , 'I ! 22 200

I
!

I


