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c) A fur ther cont ribution to the clarification of the meas ured
field strength jump dat a whi ch are lowe r th an those calculated
is that al l the fi eld mills a t the outstations wer e s i t ua ted
s ome 500 · IU l ower t han t he top of the moun t a i.n , This causes
partial screening by the mount ain • .

d) Deviations trom'c alculation are bound to be caused by the f ac t
t hat the ligh t ning channel does not r un ab solutely ver t ical ly
so t ha t th e max imum channel cha rge is not si tuated exact l y above

. the point a t which lightning strikes San Salvatore.

In addi tion t o the f ield jumps caused by t h e impuls e-type discharge
of t he lightning channel which have been di s cussed , co ns iderab ly greater but
r el atively s l ow field changes occur in the os cillograms of the outstations whi ch
lUuSt be ascr i bed to the ·kno"~ long-dur ation lightning cur ren t components whose
charge i s greater by a whole order of magnitude, but a l so to charge dis plac ement s
inside charged clouds in t he vi cini ty . · Thes e effects are i mportant for opt imum
dimensioni ng of l i gh tning .f l as h counters.

12. Remote ·ef f ec t s of lightning at cons ide r able distances, at mospherics

A s t r i ki ng feature is that the frequency range of th e lightning current
is fairly low and that very high frequ encies (~rnz) occur only in small amp l i t udes
(Bi.b,: 2) . In contras t wi t h this, as we know, f requencies of t he NHz or de r of
magni t ude are s t i l l st rong ly repres en t ed i n t he r emote "Sferi cs" . The cause of
t his apparent contradic t ion will be found fir st in the pr opa gation l aw ac cord i ng
to whi ch the field strength E of any dipole di sturbance consists of th r ee terms
(s t atic, el ectromagn etic and r adiation field s t r eng t h ) :

E
. 1 dH 1 d'H 1

H -- +,- x -- + -- x --
cDl dt c'D' , dt' clD

In the event of lightning s t r i k ing the ground, ~I , as a result of th e
mirroring of t hefield on the gr ound, mean~ t wi ce the amount of the e l ec t ri cal
dipole momen t (QH) of the charge Q at a height H above ground. In the vi cini t y
of the lightning f l ash , the fi rs t t vo terms ar e involved, and the l ast t wo a t
great distances; i.e. at a gr eat distance D t he r api d changes appeal' t o be
relatively s t r onger .

A s econd reason for this Sf erics phenomenon becomes evi dent from the
os cil l ogr ams of t he fie l d pattern and in par t i cular of f ield vär i ations. The
cu r ves of current i 7 (in the 7 mA r ange) r evea l a mult i t ude of r ela tivel y r apid
fi eld changes (dI;/dt) which do not appeal' in the high voltage r anges nor i n fie ld
strength oscillograms al r eady des cribed, be cause the fluctu ations 6E are small in
rel at i on t o the high Evalue s .

The simultaneous recording of t he f i eld s t reng t h E and of the cur r ent i 7
i7 % dE/dt whi ch i s ess en tially a di splacement current indicat es that the Sferics,

,at a considerable distance f rom t he f lash , are the r esul t not so much of
lightning curr ent propagation on th~ surface of t he ear t h as of r api d field
strength fluctu ations dE/dt which are caused by a l arge .numb er of local r e l atively
wcak and extremely sho r t-r Lived di scharge s inside t he charged cl oud , Example s of
t his are t he oscillograms 141 , 142, 116 , 33 . Thi s obser va t ion i s in ag reen:ent
with field meas ur ements carr i ed out by D. HlJ ller-B i ll ebrand i n the vicini ty of
~lount San Sa lva tore (Bib. 5) , and a lso " i t h mcasurement s in t he GHz region by
Luis L. Oh (Bib. 6).
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In so far as it is intend ed to ex amine the ~onnection between
a t mospher i cs and the lightning current s that causethem, it i s advisable to
r ecord not only the var i ation of lightning curren t and field s t r eng t h on the
ground, but a l so the .r api d f Iuc tu a t i.ons dE/ dt which can be done in a s imple
manner by oscil l ographi c measurement of t he displacement cur rent at t he l i ghtning
aerial (curren t 'i 7 ~Ii th.measuring r anges be t ween abou t J mA and 1N on a
sufficiently sensitive time s cale ) ,

13 . Examination 'of downward s t t okesbas ed on field 'and ' cur r en t:measur cmen t s

Records of fi eld variation i n the i mmediate v i cinity of the place wher e
t he lightning strikes toge t her wi th .r ecords of t he I ightn i ng cur r en t prior t o and
during the l i ghtni ng flash , allow a more ac cur ate idea of the or igi n of the
flash to be obt ained . For example , t he r e ar e t wo kinds of downward f l as he s:

First, the sudden lightning flash from a negative cloud charge to the
ground which occurs during a 'f equen t l y weak f i e l d on the gr ound. The time of
formation in this cas e is the durati on of the l eader whi ch as a rule is between
5 and 50 ms ,

Sec ondly, the lightning fl ash t o the gr ound which i s fo rmed in the
cloud in the course of pre-d ischarges . The se pre-discharges may l as t from a few
hundrcdths of s econd s t o abou t 1 second . Hith the se cl ashe s , t oo, the leader is
clea,ly manifested by the mostly exp onential, and more rar ely linear, field
increase whi ch occurs in the v i ci ni ty of t he f l as h , The pre-dischargos
f r equently s tar t ver y sud denly; their ons et can be t r aced very clear ly by
mcasurement of the displacement cur r ent of the l ightning curren t ae r ial on a
sensi t i ve current r ange (mA) v i t hou t; ampl if iers . In 't he course of the pre­
di scharges, fi e ld polari t y changes are common . In the no-currrent i nt er val s of
the Li.ghtni ng current measured on the oa r t h surface th e pre-d is charges per s i s t ,

Even af t er cessation of the lightning current recorded on the ground they continue
to exist, freque ntly f or many tenths of second s ("post dis charges") .

The true "lightning duration" determined f r om the pre-rli. scharges and
post discharges of t he lightning within the ehar ged elouds i s con sider ably greater
than t he lightning duration reeorded on the strength of lightning eurrent
measu r ements on the ground; a s a rul e it is so mewhere between 0 .3 and 1 second .

The measur ed field strengths of about 300 to 400 kV/m pe ak at the
field miUs on Hount; San Salvatore ex pLain the fo rmation of connecting streamers
and brush discharges on l~ires . or othe r poin t ed obj ects prior t o the occur rence of
t he liretur n s t r ok e s '" ,

The r emote ef fect of lightning striking San Salvatore at a di st ance of
abou t 3 km can on Iy be made to agree to some ex t en t wi.th calcu la t ions if the point
of maximum concentration of the channel cha rge equ al i sed by the fi rst stroke is
as sumed to occur at a r elatively 101~ a l t i t ude H above the mountai n e.g . 0.5 km.

The explanation of t he consider ab l e differenee i n t he shape of the
current curves of t he f i rst and subsequent st roke s is t o be found i n üsso cia tad

. subs idi.ary di schar ge of the f Lash , Hith t he f i rs t s t r oke , t he di schar ge of t he
lightning channe! al so discharges the latte r . In the consecutive str okes, only
thc mai n channe I dis charges to t he cloud which is conf i.rrned by pho t cgraph y ,
Consequently t he cur r ent curves of the cons ecu t i ve stroke s ar e i nva r i abl y very
s i mpl e and similar to a RC di scharge.



The ground f i eld s trengths measuted prior to lightning s t r iki ng
San Salvatore are as a rule negative and sur pr i s ingly Lew, They are mucb
smaller than the figures calculated ftom cl oud charges of 100 As . The gr ound
field s t rengt h rapidly i ncteas es when lightning s t r i kes in t he vicinity and
frequently ends up at higher val ues than prior to the strike. This also
explains t he acous t i c ef f ect s of a slight de tona t i on and the subsequent hissing
noise above the measuring t ower. It must be assum ed that there is above the
ground under the clond charge a layer of positive space charges which partly
screen off the static cloud field. Evidently this layer is due to the fact
that as a r esul t of negative Lower cloud charges the ground field strength is
suffieient for ionisation of the air above tree tops and ot he r point ed obj ects,
so that there is automatie l i mitation of gr ound field st rengt h . A formally

. s i mi l ar phenomenon occurs in the fine weat her field when t he continuous i on
stream of positive carriers to earth manifes t s itsel f above the ground as a spaee
charge (Bib. 7).

Sti ll obscure is t he origin of individual r apid H eld jumps be t ween
strokes at San Salvatore, e s g , in the os cillograms115, .116 , 148. They succeed
one ano ther a t intervals of a f ew hundredths of seconds and ar e less high than
the jumps, Table I, whi ch oecur when t he mount ai n i s struck. Conceivably, they
are caused by strikes at dist ant points. If this is the case, their relatively
rapid succes s i on would, however, be surpri sing. Perhaps compensating processes
between previously separate lightning channe l s are involved. These would have
to be t riggered by fi eld changes due t o one or several strokes to San Salvatore
in the elouds in such a rnanner that starting from an as yet intact cloud char ge
they propagate in the direction of the existing ligh tning channel and sudd enly
discharge into this using it as it were as a conne eting streamer. Thi s .
hypothes is was first put fot'lard ·by Schonland, but was later disputed. It häs
not as ye t been possible to settle t he question. Without doubt i t f orms a major
problem i n t he ~ esign of lightning fl ash counters f or count i ng ground fl ashes onl y.

The lightning striking t he gro und mus t be cons idered as part of a
greater dis charge which ean pr obably only be recorded by fi eld me as urernent under
the cloud and inits vi ei ni t y and by os eillograms of the brightness of the cloud~

The measurement s available pr ovi de r eliable informati on about the field
variation up to ms , and the current distribution up to ~s. They al l ow assessrnent

. to be made of the behaviour of lightning 'f l.ash counters and all kind s of .
thunderstorm monitors.

From the theoretical point of vi el' it would be attractive to ex amine
the diseharge of the charged leader in the "re turn str oke" ma t herna t ically as a
dis charge of a conductor subj ect t o l osses of a s pecial kind. The los ses are
caus ed by the r adial glow discharges i n relation to t he ehanne l , and in the
voltage dr op of t he channe l whi ch is like an e le ct r i c ar c ,

}Ieasur ement of t he vo l tage dr op i n sparks of any short dur ation ,qi th
any small charge, and in a di scharge correspondi ng to t he propagation of the l eade r
present s a further, as yet unsolved, theoret i ca lly and experimentally attract i ve
problem.

14·, Photogr apher of ligh tni ng

During the period under review a total of about 3,000 flashes were
photographed at night from }Iount San Salvatore using a conv entional camer a and
ordinary film. In addit ion to this some photogr aphs wer e taken on rapidly
movi ng film wh i ch sh co th e propagat ion of the ligh tn i ng charme l , F' i gs , 7 and 8
are ex amples of t hi,s , In negatively charged ·channe l s . the elearly ma rk ed 5 t ages
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werc confirmed. It is impossible for lack of space to discuss details here.
In contrast with this it should be mentioned that among all these photographs there
is not a single one which would suggest a more or less point-shaped or spherical
or in any ether wal' mysterious l{ght phenomenon persisting for several seconds
or even minutes ("ball lightning"). But so-called "beadi.ng lightning" was
recorded during the extinctiou of the arc of vigorous long-duration 'f l ashes by

·cinematography. In conclusion, a few beautiful photographs of lightning are
reproduced which were selected from a special album of such photegraphs
(Figs. 9-17).

Lightning photography has made a major contribution to our understanding
of the lightning process. Associated subsidiary discharges ci the lightning
channcl 'ar e the best means of identifying the location of space charges, at least
underneath the cloud layer. It would be welcome if these fine ramifications could
also be recorded inside the non-transparent cloud. Although the lightning
problem mal' have been solved satisfactorily for the assessment of lightning .
conductors, detailed physical problems remain te fascinate the researcher on
lightning.

The work described was made possible mainIl' by the financial assistance
of 'the Swiss National Fund for scientific research and by subsidies from FKH and
the Swiss Institute for the Promotion of the Swiss national economy. The
measurements were done and the photographs of lightning on Mount San Salvatore
were.taken by Hand H. Binz, and members of the High Voltage Laboratory of ETH and
FKH, Dipl.-Ing. H. KrBninger from Pretoria and Dupl.-Ing. H. Berkes, helped with
evaluation.

Table I: The field strength E and variation of field strength öE/~t within
I ms as a result of downward strokes on Mount San Salvatore .

1 = San Salvatore "nev"

2 = San Salvatore "old"

3 = Duration of pre-discharge,

4 = Duration of "Leader"

5 = Duration of lightning flash

6 = Comments

7 = Connecting streamer

Comments:

1 ~s ' shunt defective

2) Negative-positive field, no dis charge at +290 kV/m,
followed by a rapid field change positive to negative with dis charge.

3) Gradual rise of positive field resulting in a positive flash
(connecting streamer) .

4) Traces of lightning current at Tower 2

5) Presumably lightning struck Tower 2 beLowxhe shunt

6) These osc i l l ogrems are not shovn in F'i.g , 6
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( c ont i nued )

Feldst örke E und Feldänderung !:1E/!:1t inne~t J ms in/alge von Ab wärtsblitzen zum Monte San Sc lvatore
Tabelle ]
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' )

,)

')

' )

. )

690

410

610

660

o
730

6

7.S }
790

4

J2

JB

30

4'

7,' } 800

29

"

JB

~ O

41

JB
+
80

2S
+
84

JB

"

"

JB

100

670

670
+

123

JBO

JBO
+
20

41
+

102

110

SO/I

70/1

170/1

]60/1

185/1

270/1

- 17
- 90 140/1
+ 28

+ 87

+ 22
+ 450 650/1 ,5
- 73

- 50
- 310 340/1

- "

- 50
+ 390
+ 325
+ 340

- "- 280
o
o

- )]5
o

o
- 170
+ 17

o
- 50
- 10

San Salvato rc:
2 ) tall.l

E IilE/!H
kV kV
m m 'ms

- ,.
- 350 450/1

o
o "- 300 340/1 +

- 25 . 113 19
- - - -- - - -- -- - - - - ---
-56 5656
- ]40 4]0/1
- 17

320/1

- 110
)8 0/1 - 190 200/1

- 4'
- "85/1 - 190 17011
- 17

380/1

350/1

520 /1

375/1

390/1

200 /1,5

375/1

450/1

o
250/1 - 190 110/1

+ 17

190/1 .

14011

390/1

400/1

110/1

I
l:J. E1li. t

kV
I rn - msm

E
kV

- 42
- 290

o
o

- 290
- 28

- 28
- 180
< 10

o
- 280
+ 70
- 14
-280

o

- .,
- 230
+ .,

+ 7
+ )]5
- 20

- '0
- 320

o
+ 14
- 62
- Jl

- 63
+ 350
+ 210
+ 260

o
+ 7S

- "- 170
o

+ 14
- 290

o
o

- 190
- 40

- 28
- 200

o
o

-300
+ 7

- 28
- 280
- 20

San Salvl1lo rc:
1) 'neu l

211

6/1

2/1

3/1

< 3

<3

< 1

< 1

< 1

< 3

23/1

4"/1

3,3/1

2.2/1

3,6/ 1

2,2/1

1,5/1

o
o

o

Pugcrna

E I!:J.EItJ.l
kV kV
m rn "DIS

- 1,5

- 1,5

o
o

- 1

- 6,6

+ 23
+26

+ 10

- 2.>
- 4

- ,

+ 5,5

+ 17
+ 16

+ 13

-22

- 2,5

< 1

< 1
o
o

< 1

o

-18

-13

-18
-18

< 1

+ 2
+ 10- 15
+ 7

3/1

3/1

3/1

< 3

< 3

< 3

< 3

< 3

< 3-

Jlll

1211

3,6/1

2,3/1

I
AE/At

kV
m 'rns

o

o

Gemm o

m

E

kV

- 1.5

- 1

- 4 ,7

< 3

o

+ 3
+ 1,5

+ 6

< 1
o

< 3

- 3

o
-23

+ 3
+ 3

+ 3

+ 4,5

+ 6
+ ,

- ,
+ 1,3

- 4 ,7

+ 40
+ 40

+ 14

+ ,

611

3/1

' /1

3/1

6/1

61l

< 3

< 3

< 3

< 3

< 3

< 3

< 1 5/1

< 1 2,6/1

35/1

4,5/1

4,5/1

I
AEld,

kV
m ·nu

Agfa

o

o

o
o

m

E
kV

- 3
- 8

o
o
o
o
o

- 2,5

- 6

- 1,5

o
- 30

o
o
o
o
o

- 8

o
+ 16

+ 23

o
o

13

Q
total

- 8

- 8,5

-6.5 -3

o

- 4

- 5,5

klein

-12

+ 1.5

+ 6'

"

kle in

- JJ

- OS

- 2

- "

- SO

- 26

±

- 1S

- 27

+ 270

- JB

+ 2 ­
FilngentlOl dung

tu Cl )
+ 11 + 72

02

17

148 (1)

148 (2)

139 (2)

116 (I)

142
T2

116 (2)

139 (1)
T 2

'40
T2

107 (1)

7
107 (2 )

llS
T2

JJ(l)
T2

)) (2)

Oszi llo­
gramm

1--:---\- --,--,-1- -----,-,- - - - - - - - - - - - - -1--,--- 1- - - - ---- - - - - - -

1----,-,4'"', -:-:(1):-1- ----,.,:-1-- ---.,.--- 1-- - - - - - ----- - - - --- 1--- -1--- - - - - - - - - - - -- - - - - - -

~~::; I

I

1--:-::-:--1- - -1- - - - - - - - -- - - - - -1- - - 1- -

' )

' )

.)250

JBO

480

30

Jl

22

1S

"
22

4'

"

106
- 20
- 250 290/1
- 11

- 2J
- 285 16011
- '0

- 2J
- 250 290/1
- J2

310/1

335/1

200/1

400/1

280ft

190/1

190 /1

- 14
- 250
- 42

- 21
- 265

o

- 21
- 265
- 28

- 21
- 240
< ' 0

o
- 280
< 10

- 14
- 22S

+ "o
- 240
- 13

< 1

3,3/1

3,3/1

2,2/1

1.8/1

2,2/1

2.5fl

- 1,8

o

- 3

- 1,8

+ 3,3

< 1

< 1

6/1

< 3

< 3

< 1

o

o
o
o

o

o

- 1

< 3

< 3

< 3

< ,

o

o

o

o

o
o
o

o

< 3

< 1

< 1

,

,

- 5,5

- 0,6

- 27

- 27

Spur

167 (2)

167 (I)

168 (2 )

1611---1-lJ 1 1- - - _
163 1-------:3-=-0+ - ----=--

~!1 ---_3-8-!--- --- --- ------ --- ---11----1------ --- --- - _

Bemerk un gen:
1) Defekt des us-suuntes.
~) Negatlve s-pcsitives Feld , bei + 290 kV I m keine Entladun g, da nn rasche Feldlinderung positiv-negativ mit Entladung .
~ ) Langsamer Anslieg des pos itiven Feldes führt zu einem positiven Blitz (Fan se ntladung).
' ) Spuren von Bli tzstrom Im Turm 2.
' ) Vermullich D1itzsehlas zu Turm 2 u nterhalb des Shuntes.
6) Di ese Oszillogramme sind in Fig. 6 n icht Bufs c( Uhrt.
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TabJe 1I: Figures of the ratio AE/6Q

1 Site of measurement

2 ~ Distance D f r om San Salvatore i n km

3 ~ Figures 6E/6Q for an assumed altitude of channel charge
above San Salvatore of H =

- - - - - - -
,-~. '

( ; ' ;-h ', ::l

(0
,

/)"; .' 1 I ; \\'n l; ,'. 1 ..•.~ , 1,.' i '<i1:1 ::·! l ···I.}r,lm ...·.l "

Mc~~r.rt
H ';' I ~.I :1 I Ir.:.: .h f !~ '1 '" ::1:1 .1:1 ':::1l1'\:1 t.!_ l:l
s· .;\ ;ltwc ~ ,' J1 S.lh .u•.t c 1 \ ' :1 J(

l m Cl.) I.. m 1 1.'11 J 1.101 )) m------,\y:a .1, 30 0.21 O, -l ·~ 0,('1 0.-;2

I Gcinruo 3,45 0,21 0,)9 0.56 O,:~ O

I Puecma 2,5 2 n.53 (l,~ l ; 0 .•'Q 0,51_.. . .

" r.ra :Gcn:"' lo ~ 1'1;&1; , 11.1 A;ra IGenaue ,11' 1.'f(un
I i !

-I·;~!'" !~:,T~.·v;1i1 ~;:-I~' I-~I~
--

4,5 ; 3,(' ." 6 J,91 1,2 ,1 ..
.1 5 ! 31 25 1-1.8 I 10 ..

< I I 5 I 2 < 0.5 I! 1,7 , -
< I 2,6, < I < 0,5 0,9"
< 3 I< 3 I< J < 1,3 < 1 -- E
< ) 12 i<3 < 1,31 ·1 " ·TI

3 2,3I 1,5 1,3 i 0,3 -.~
< .1 < 3 3 < 1,31 < I - !'

< ~ 1

1
< ~6 I

1

< ~21:~ <~:~ 'I <: I=a)
< 3 < 1,3 2 I ..

.)
..... ~h-~ .. ·t l ll;

~n ue n ~ .:kbllih::n

Field,strength j umps 6E at the outstat ions in 1 ms caused by 12
l i gh t ni ng current impul.ses at Bount San Salvatore ,

~ Oscillogram

~ Impul s e

~ Approximate cal cul a t ed figures above the plain

Figures measured at the fielrl mil l s

= Data reduced to plain

= Coul d not be eval uated , shunt def ective

= Not determined

&, I'lD~'~~I---'~: ''''''''/-1--- A"-'..'------(-i ~-m-"->O--~---J'-"'-"-'"-,---1--...,..--.,-----1-----.,-----1

~r~;~III:;ll~ ,I~Ilr~h -,;~.~.~-;-~- ..- k\'I; ,:-~i_;:~- -l"/m~.~,_;:-J;~-
1:'<, A. 0,' I 1 I J : , - ~;!-, i l 1 ' I o"T; -,-;-T~'

02 1- 53 1

1-

,13 3,1 5,711~,O ; 5, 5 1!2,? 15' 1 17'3 15,2 ' 6'8 !J2 '12 ! 6,6
17 + 270 ?I) ? .. - I - ? - I-1- i ? I - , - I ­
33(1)!- 26 ,- 7,51,r. 3,3 14,6 !3,2 , 1,6 12,9,' 4.2 3,01 ·1 ,0 i6.8 ,6,8 ;3,S
33(2),- 15 1- 3 0,7211 ,3 I' I ,S; 1,25' 0,"3 : 1,2 1,7 jJ,2: 1,6 I 1.7 I 2,7 : 1,5

107 ;+ 11 1+ ~, 5 o.coj r.: 1 .5 il .05 : 0 . 53~ l,O , 1,.J ! J,Oj l .J I :!.25; 2.~ 5!I . 1 j
115 " - 33

1-
12 2,9 15.3 ', 7,3 15'01 2,5 : 4,7 ', 6,7 14,3 16.4 111 pi IG,I

ll6 .. 27 1- 4 0,% 1' ,75 , 2,5 : 1,7 IO,S·I ' 1,55 2,2 : 1,6 ! 2,1 , 3,6' 3,6 i2,05
1·10 -e 50 - 6 5 1,6 2,9 14,0 ; 2,7 11,4 12,5 : 3,7 : 2,6 I 3,5 ' (, 6 1.1 ,3

: ~~ =~~I- 8 1,9 13,5 '15,Oi 3,3 11,7 ! - ,I :4 ,5 3,2 4,3 7,2 7,2 ; 4,1

148 1- 3) 1- 5,51,3 '2 ,4 3,,1:2,3 ,,1,15 12,1 !3 '1 , 2'2 2.9 5 I' 5 ! 2'8
S65 .. 301- 5 1,2 12,2 13,0 j2,1 , 1,05 ; 1,9 i2.S i2,0 ; 2,(,5 i 4,5 4,5 i2,6

'1&) J) nich t 3I1S\\ c = lbar~ Shunt defekt.

"

Tab l e I lI:

1

2

3
•

4

5

6

7

-
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FIGURE CAPTIONS

(Illustrations are reprodueed by an eeonomieal method whieh is adequ ate
for mos t purpos es . If grea t er def inition i s r equired. pleas e r efe r t o
the original doeument obtainable f rom the Library

Fig. 1 Geographieal IDeation of t he measuring points with new field mills

1 Agra

2 Gemmo

3 Pugerna

4 Hount San Salvatore



Fig. 2,

Fig. 3

Fig. 4

Fig. 5

Fig. 6

Fig. 7

Fig. 8

Fig. 9

Fig.10

Fig.11

Fi g ,1 2

" Fig .1 3

Fig.1 4

Fig.1 5

Fig .16
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Field mill on t he roof of Agra Sanatorium

Field mill on the roof of Gemmo switching station
Massagno Power Station

Field mi l l ~n the garden of Pugerna Cus toms House

Field mi l l on the viewing plat f orm on San
Salvatore.

Looki.ng Eas t

Sample oscillogr am of field variation with lightning strokes
on Moun t San 'Sal vat or e

Legend:

A = Agra

G = Gemmo
P - Pugerna

·51 = San Salvatore (church r oof)

52 = San Salvatore (tower)

N = Cur r en t Zer o

i 7 = Pre-discharge curr ent , 7 mA r ange

i l = Pre-discharge current, 1 A r ange

Top: calibration fr equency 100 Hz

Frequency of 52, appr oxi matel y 1 ,150 Hz

The scales are valid for E = 10/30/100 kV/m

The figures noted i n the Diagram A- G- P- Sl- S2 i ndicate f i eld s trength

scales for 10, 30, or 100 kV/m

An example of the propagation of a downward stroke from a negatively
charged cloud. Time interval abou t 3 ms

Example of the pr opaga t ion of a flash f rom the top of the tower
to a pos itively charged cloud. Time inte,val shol'fi: about 2 ms.

Upward stroke

Upward s troke

Upvar d stroke

Upward s troke

Dovnwar d strokes

Downward s trokes

Downward str okes

Downward s t r okes ,



•

Fig.l
Geographische Laec du Meupunkle mit Deucn FcldmÜhJC'D

1 A gra j Pugerna
2 Gemmo 4 Montc San Salvetore
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•

F ig. 2
Einbau d er Fefd mllhl e :kUr dem D ach dcs Sanat or tum s A~ra

J) Die Zahl enwerte zu a), b) , c) sind in der T abelle I un tereina nder
gesem.

Fig.3
E inb au d er Fddmü~Je auf d em Dach d er Sc b:lIl kablne Gemmo

des Elclllrlzlllilsl'I'erli es !'tIass:ll:no
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Fig.4
Einbau der Fcldroühle Im G arf en de s Zoll b:nlU'S rU t:trnli

Fig.S .
• Einbau du Fddmühh: auf de r AU551chlsiernu sr Ilur dem San Sahalorc

Blickrichtung nach Osten



Fig.6
Oszillonamm-Bdspltle d es Ftldferl .llufs bei BUtzclnscblih:en :uD MoDle San Sllh.lliore

Bezeichnungen:
A. Agra N Nulldu rchgan g
G Gemmo ;7 VorentJadun gsstrom, Bereich 7 mA
P Pugerna ;J Vorentladun gsstrom, Bereich I A
S} San Salvatcre (Kirch endecb) Oben: Eichfrequenz 100 Hz
S1 San Salvator! (TurmOan ke) Frequenz von S2 ca. 1150 Hz

Maßstabstrecken gelten für E = 10 1 30/ 100 kVI m
Die beim Strecken-Schema A -G-P-SI-S2 notierten Zahlen bedeuten die Feldstärke -Maßstäbe

. für 10, 30 oder 100 kVI m
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Fig, 7
Beispiel flir das Vorwaeb sen eine s Abl'l'ärt.sbUtl rs II W ein er negat inn ~unl:nro1ke

Dargestelltes Zeitintervall ca. 3 rns

Fig.8
Beispiel rtir das VOnl"DcbsCD etn es Blitles IIUS du Turmspltze uach einer pos lthen LDdDDllswolke

Dargestelltes Zeitintervall ca. 2 ms
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