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Within the scope of an overall report on the
measuring instrunents and resulls of lightning research
on the Monte San Salvatore a report 1s given on the ¢
photographic observations for the years 1955 to 1965,
following the lst Part vhich was published in 1965,
in wvhich the electrical lightning current measurements
of the years 1955 to 1963 were described. From the
peak of the Monte San Salvatore all lightning strikes
talking place at night in the neighbourhood of the
mountain are recorded photographically. The visible
striking points are marked in the geogrephlc map; <The
number of strikes behind hills are noted for each dead
area, '"Upward strokes", such as occur very often on
the pick-up towers on the Monte San Salvatore were
also detected at a fev points in the neighbourhood.

The main problem studied in the investigation referred

to the type and the manner in vhich the lightning

chammel is bullt up. This process was investigated

vwith the aid of photogrephs on a rapidly moving film.

Pour types of stroke were differentiated, i.e. the

discharge of wosltive and negative clouds in the form

of upward and downwvard stroles. Interesting

conclusions are drawn on the production of lightning

channels and the accompanying "strcamer discharges". _ .

Lic troduction

In January 1965 a report was given in this Jjournal on the measurements
of lightning currents by the Research Committee of the SEV and VSE for high-voltage
studies (FKH) on the Monte San Salvatore (Ref. 1). To supplement these electrical
measurements photographic investigations were made. The apparatus used up to
1954, and the results obtained, are described in the A.S.E, Bull. 1955 (Refs. 2 and
3)e In this paper a description will be given of the further development of the
photographic apparatus and on the later results obtained since 1954,

The church on the peak of the Monte San Salvatore has a lookout gallery
with an unhindered view to all points of the compass. An open space directly under
this gallery is an ideal position for setlting up photographic epparatus. This
makes it possible to record all strokes to earth in a complete circle round the
Monte San Saolvetore., The object of these photographs is, besides giving a general
view .of the types of lightning .stroke which occur, is also to give an objective
assesgment of the distribution of the striking points on the ground. It rust be
possible to see from this any preferential points for strikes, and points at which
upward strokes (Ref., 1) occur.



- 0

Special importance is attached to photographs on moving film, These
make possible the time resolution of the lighlning phenomenon along a certain
length of the lightning track in contradistinction to the current osclllogrems,
which show the current variation only at the striking point. For example, it is
possible in the case of an upvard stroke which has branches in an upward
direction to establish how any following strokes are dlstrlbuted over the
different branches.

Insofar as the illumination is adequate for a photograph, it is
possible to follow the development of the leader stroke, i.e. the development
of the lightning chamnel, By this means it is also possible to establish
clearly ‘the direction of development (dowmward or upwerd stroke). OFf course,
here strokes to the measuring towers are of primary interest, when the current
variation and the direction of the current are also measured, Since strokes to
the measuring tower 1 (post office transmitter tower) cannot be recorded from
the photogrephic room on the mountain peal, (for map showing the situation see
(Ref. 1) ), additionel photogrephic rooms were fitted out, at first in Paradiso,
and later in Breganzona. The second position in particular gives a good view
of the mountain with the two measuring towers, and by reason of the greater
distance () 2 km) a greater length of the lightning channel is included on the
section of the photograph. ‘ ' .

Photographlc records of lightning strokes are, however only possible
at night, and wnifortunately the nights are relatively short during the months
when thunderstoims are most frequent. The camera must be in readiness with the
shutter open, until a lightning stroke appears in Its field of view. The
preliminary exposure which is due to light from the towm or from clouds, which
are illuminated by lightning in other directions, is disturbing. If this
preliminary exposure is too great it may prevent the recording of the leader
stroke on the moving film. The film must therefore be moved forward, or
changed, after 5 to 10 minutes, even if mno 1lghtnlD" stroke has appeared in its
field of view.

2 Develcpment of the photographic equipment

2.1, Cameras with stationary film

For the beginning of the thunderstorm season in 1957 the nuwiber of.
miniature £ilm cameras in the photographic room on the mountain peak was
increased from 5 to &, so that the vhole horizon can be photographed
simultaneously. A feed motor on each camera makes it possible to control the
film feed from a central point. .In recent years all films have been moved
forward simultaneously since the operator in the photographic room has not
enough time to observe the thunderstorm conditions and to move the films forward
in the individual. cameras in accordance with the lighining activity in the
different directions. Forward movement telies place after each near lightning
stroke, or otherwise about every 5 to 10 minutes.

On the measuring tover 2 (Refs. 1 and 2), which is on the lower pealk
of San Carlo at a distance of 365 m from the main peak, a miniature camera was
also installed in 1958 and this records the strokes o measuring tower 1
(television tower). The film feed on this camera can be combrolled from the
photographic room or from the oscillograph room. A further miniabure camera,
the field of view of which includes the whole mountain with both measuring
tovers, vas set up in 1963 in the newly installed photographic room at
Breganzona. p



2,2, Cameras with moving film

The cameras with rotating drums (Ref. 2) used at the beginning gave a
low yield of good photographs. A fundamental disadvantage of these cameras is the
curvature of the photographic suriace on the drum, which gives a sharply focussed
photograph only on a narrvow strip. The drum cemeras were therefore taken out of
operation successively, and replaced for the first time in the summer of 1952 by
two cameras constructed as shown in Figs. 1 and 2. Here a closed film loop runs
over two rollers; +the photograph is made on the straight part betiveen both
rollers, The main difficulty with this type of construction is to feed the film
in front of the lens, at the right distance from it, without flutter. TFox this
purpose it 1s necessary to support the film in Ffront of the lens and when the ends
of' the loops are Jolned care must be teken that the film is thickened or stliifened
as little as possible at the joint. .

The first two cameras were sel up in the photographic room on the top
of the mountain end directed towards tower 2 in such a way that the strokes to
this tower and to the shoulder of the mountaln on which it is erected were recorded,
After they had produced a few useful photographs of stepped leaders in the summer
of 1962, two additional cemeras vere made and a position for them was sought, from
which the vhole mountain with both towers could be seen. It proved possible to
find a suitable position in Breganzona st a dlstance of 3.2 ka from the peak of
Monte San Szlvatore. WVhile the cameras on the peal: (focal length 50 um) at a
dlstance of 365 m from tower 2 can cover over its top a lenzth of stroke of only
about 130 m, it is possible from Breganzona, with & lens with a focal length of
T5 mm at a distance of 3,2 km from the peak, to include a length of stroke of
approx. &30 m over the tops of the towers. At the beginning of 1965 the focal
length of one lens was also reduced to 50 mm, so that this can now photograph a
length of stroke of 1250 m. Of course the scale of the photogreph is
- correspoundingly smaller.

Experience with the old cameras showed that useful photographs can be
obtained only when the films are changed after a maximum operating period of
© 10 minutes, The cameras must therefore always be installed in pairs so that
continuous readiness is ensured. Vhile one camera is in operation, the film in
the other 1s changed. This makes it clear that the photographlc room in
Breganzona must have an operator on duty when there are thunderstorms at night.
Use of the cameras in the photographic room at Paradiso and in the photographie
cubicle on tower 2 was therefore discontinued for these reasons from 1956 end
from 1957 respectively.

The earlier drum cameras were available in two models having film speceds
of 3 m/s and 50 m/s, The lower speed of % m/s makes it possible Lo give a
visible record of the bulld-up of the flash;y it also shows the progress of the
leader stroke when the charge channel is first built up, but it can give further
resolutlon of this phenomenon only in exceptional cases. The higher speed of
50 m/s is well suited for following the development of the leader strokes. The
steps in the forward progress of the first partial stroke which follow at intervals
of the order of magnitude of 30 to 50 ¢ s, can be clearly differentiated, But on
the other hand the forward progress of the main dlschalgu. vhich tekes place from
below in an upward direction at & speed of 5 » 10T to 108 m/s (1/6 to 1/3 of the
speed of light), as soon as a leader going dovmwards from the cloud veaches the
earth, cammot be detected even with this speed. The new cameras for 1962/196%5 are
mainly intended to glve more data on the development of the leader strokes. TFor
this purpose the £ilm speed mist be bebtween 20 and 50 m/s , and for constructional
reasons 1t was fixed at 27 m/s. The limlt of time resolution is therefore
approxe. 5 U Se
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3. Distribution of the striliing points over the terrain

A1l the striking points which could be determined from the miniature
photographs for the period of this report (with the exception of the strokes to
the measuring touevs), are marked on the maps in Fig. 3. The area vhich can be
seen from the lionte San Salvatore extends according to the direction up to a
distance of about 4 to 14 lm. So that the figure is not overloaded the dovmward
strokes are marked on a map wvhich gives only the main features of the terrain
(Fig. %a), while the section of a map of the same area with all cartographic
details and the upvard strokes is reproduced in Fig. 3b.

J t

The strokes for different years are indicated in Tig. 3a by different
marks. The area contains zones, some of them large; a view of which is obscured
by chains of mountains or hills. These are indicated by shading. The total
number of strokes in these zones is indicated by numbers. The strokes into
the mountain ridge itself are included, because it is impossible to decide
from the picture whether a stroke has gone dowm into the mountain ridge or into
the invisible zone behind it. OFf course, the accuracy with wvhich a striking
point can be determined becomes smoller as the point becomes more distant from
the observation position. The possible ervor must be reclkoned as approi. o¢% of
the distance from the peak of the Honte San Salvatore in a sideways direction,
and approx. 5% in a radial direction,

-The map (Fig. 3a) shows vhich areas have many and vhich have few
strikes, This cannot give an absolute nmeasure of the frequency of strikes
sinece only strilies during thunderstorms at night have been recorded and of these
an unknown proportion are not visible because of fog or cloud cover, Furtvher,
a comparison of the near area with areas further away is not possible, because
the latier are more heavily covered by clouds than the former.

Counting of the strokes vhich are marked gives for a circle with a
radius of 23 lm around the Monte San Selvatore peak a stroke density of
approixs 1.1 strokes per kn? and year, 1f the dowvmward utro tes into the measuring
towers are included in the count. For an area between 25 and 6 lan radii there
are only approx. 0.5 strokes per l? and year. How far the difference between
the two figures is due to the special position of the Monte San Salvatore, and
to vhat extent it is due to the better average visibility over the near area
cannot be stated. Since the night thunderstorms which have been photographed
represent approx. one quarter of 211 thunderstorms, the overall stroke density
in the area of the Monte San Sa_vauore must amount to at least four strokes per

km2 and year.,

As shovm in Fig. %a zones with great and small frequency of strokes

merge contlnuously into one another, It is not possible to find any pronounced

"stroke clusters", i.e. areas within narrow limits with very many strokes
surrounded by an area with a much lower stroke density. The distribution rather
gives the lmpression that it is determined mainly by the mebeorological and
topographical. conditions. An accumilation of strokes seems to occur because at
the particular points the thunderstorm cells pass by during thelr maximum
activity, or are held up there, It is noticeable that in the case of strokes
situated close together, most of them are for the same year. Detailed
examination often shows that these all originate from one and the same
thunderstorm which obviously discharged just at this point. The irregular
~ distribution of the striking points for different years shows that such
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discharges may take place at one time here, and another time there. It is to be
expected that in later years clusters will occur again at other points. In any
case the 10 years' observetion period is still too short for the statistical
distribution to be clearly established for a long time ahead,

k. TUpward strokes

~.In the evaluation of the oscillographic lightning current measurements
(Refs. 1 and 3) the terms "downward strokes" and "upvard strokes" were introduced.
The "dowmwards" and "upvards" here refers to the direction of progress of the
leader stroke, i.e. of the predischarge, which builds up the charged lightning
channel (see Section 5). In the case of a downward stroke the predischerge
progresses from the cloud towards the earth, and this is the normal case for a
stroke to more or less level terrain. On the other hand, in the case of an
upward stroke development is from the earth towards the clouds. These flashes
can therefore form only at exposed points on high Luildings or towers. The
classlcal examples of this are the Empire State Building in New York (Refs. 4 and
" 5) and the measuring tovers on the Monte San Salvatore., In the case of the latter
the upward strokes represent approx. i of all strokes.

The question arises of vhether upward strokes can be observed at other
points of the zone which can be viewed from the Monte San Salvatore. Any upward
stroles can be only recognised as such if the lightning path is forked or branched.
The branches or forks are produced during the build-up of the charged channel and
therefore always indicate the direction of growth. Flashes which are forlked
upwerds ‘even in their lowver part can therefore certainly be termed upvard strokes.

Figs. 4a and bb show typical erarples of downvard strokes in the
neighbourhood of the Monte San Salvatore. The stroke into the lake in Fig. 5 is
also a downward stroke wlich in this case developed f{rom a very long horizontal
discharge vnder the clouds, Typical upward strokes at the measuring tovers are
reproduced in Figs. 6a to d and T. A careful examination of all lightning
pictures has now actually revealed a few upvard strokes at different points outside
the Monte San Salvators. These are the following pointss

peak of the Monte Arbostora south-southwest of the San Salvatore (possibly
the slope behind the pealk); , one strike 195k;

pealk of the Monte Sighignola,-éastwards from San Salvatore, into the
- flagpole of the restaurant; 10 strikes 1963, 1964 and 1965 (Fig. T)3

Monte Bré, northeast from San Salvatore, somewhat below the peak, prbbably
lightning conductor rod of the restaurant or of the outlook tower; one strike 1667%;

transnitier tower Monte Ceneri, north from HMonte San Salvatore; one
strike 1963 (Fig. 8);

- Monte Generoso southeast from Monte San Salvatore, probably post office
transmitter station; one stroke 196k (Fige 9); :

Monte San Elia south from Monte San Salvatore (spur of the P'ne d'Arzo-
Monte Orsa chain, possibly behind the wountain chaln; one strike 196k4;

" church at Biogno, probably church tover: one strike 1965 (Fig. 10).
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) These special points (except Tor HMonte Arbostora and Monte San Elia,
vhere the striking points could not be localised with certainty, were marked
with the sign on the map in Fig. 3b. Only the transmitter tower on the
Monte Ceneri at a distance of 18 km is not included on the mep. Its peak can
just be seen in the section of the valley north of Lugano (Fige G). .

While at all other points only one upward stroke vas observed in each
case, on the Monte Sighignola there were 10, Five of the 10 upward strokes were
recorded during a thunderstorm on the 12th September 1965 vithin 35 minutes. In

"the end phase of this thunderstorm wvhich lasted for 6 hours only upward strokes
occurred at the measuring towers and on the Monte Sighignola (Fig. T). The view
of the latter was then for a time obscured by fog; so that the number of the
upvard discharges which took place there may be greater than the number observed.
It is interesting that before 1963 an upward stroke was never detected at the
Monte Sighignola, although the steel fiagpole which is approx. 13 m high, which
obviously forms the point of initiation for the upward strokes, is said to have
been there for 11 years. The flagpole is on a terrace made of concrete above
a cellar, and is not earthed. During 3 storms damage has been caused by the
lightning current, for the first time in 1962, and then on the 11th Novesber 195k,
and finally during the storm already wmentioned, on the 12th September, 1965.

Of the total of 16 upward strokes outside the Honte San Salvatore, 13
have struck exposed points on mountain shoulders having buildings, towers or
poles. Two further strokes originated from dome-shape mountain tops covered
wiﬁh)forest, or possibly from the area behind them (Monte Arbostora end Monte
Ilia). '

Vorthy of particular note is the strolke to the church tower of Biogno,
shown in Fig. 10a. This is only 200 n zbove the level of the Lake Lugano at
the southeast edge of a hill which rises epprox. 240 m above the lake. The
church tower itself, with the cross on the highest point of the roof approx.

20 to 25 m high, rises only approx. ¢ to 10 m metres above the nave and the
trees in the neighbourhood. This example shows that upward strokes may occur
on objects of this height even in relatively flat terrain.

In general it can be stated of upward strokes that they generally
occur in the final phase of a thunderstorm, together with long horizontal
strokes between the clouds. They, generally have many branches, and often several
branches protrude into the cloud cover. But they may cowmprise only 2 to 3
branches, which branch off horizontally and then run wunder the cloud cover
horizontally for several lm. The fleld of view of the camera in Breganzona,

_ with vhich the flashes in Figs. 6a to d and T were recorded, includes a height
~up to 1500 m vertically above the peal: of the Monle San Salvatore. The
penetration of the discharge into the cloud cover is often outside this field
.of vievw, wvhich means that the lower boundary of the compact cloud cover must
be more than 2400 m above sea level. The cloud surface over which the branches
are distributed may then have an area up to a few m?. Powerful branched
upvard strokes carry charges of the order of magnitude of 100 C, and in
extreme cases even 200 to 300 C (e.g. 90 C in Fig. 6a and 220 C in Fig. 6b).
The two superposed strokes to tover 1 in Fig. T, which penetrate into the
cloud cover at only 500 to 600 m above the tip of the tower, each carry about
30 C, and the discharges in TFig. 6d with their branches bending over into the
horizontal, have only 10 C (tower 1) and 6 C (tower 2). The horizontal
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extent of these branches can bhe seen from the photographs of upward strokes which
are at a grester distance. Tor example, Fig. 9 shows a stroke of this type to the
Monte Generose which has two horizontal branches, the longer of which is at least
5 km long. Short discharges at the tops of the towvers, vhich end in the air after
approx. 100 m or less, are observed comparabtively rarely. As far as can be
established from the osclllograms they ave all positive (in relation to the flow of
current cloud-earth), i.e. the tower forms the negative peak. It appeers that
upward strokes occur only simultaneously with cloud strolkes or subsequent to cloud
strokes., For during the static charge separation in the clouds the field strength
alb the earth's surface is hardly high enough to cause the initlation of upward
strokes, Upward strokes therefore depend on cloud discharges the charge variations
in which cause short~period high local field strengths at the earth's surface,

5. Leader for the first component stroke (build-up of the lightning chahnel)

5.1. Review

As stated under sub-section 2.2 the film speed in the cameras with moving
film vhich are in operatlon was selected so as to be particularly suitable for
recording the development of the leader during the bulld-up of the charged channel,
By means of this type of record Schonland end his collaborators (Refs. 6 and T) first
established, and other authors also found later, that the bulld-up of the charged
channel during the first component stroke (in contrast to eny subseguent conponent
strokes) takes place in steps (stepped leader). For most of the photographs the
polarity of the corresponding lightning curwent is not knowm, and the guestion of
vhether the stepwise bulld-up of the lightning chammel proceeds in the same manner
with both charge polarities was not dlscussed.

In the case of strokes to the measuring towers on the Monte San Salvators
© the direction of current flow is known from the oscillograms, so that it is possitble
to establish for the corresponding leader stroke pholographs whether we are dealing
vith the build-up of a negatively or positively charged lightning chamnel. The
photographs obtained now indlecate a considerable difference in the two polerities,
and the classical stepped leader with regular clearly defined steps over the vhole
lightning path occurs only during the build-up of a negative chamnel,

The lightning current must be considered, in the same manner as in the
preceding vaper (Ref. 1), which described the electrical lightning measurements,
as always positive from the cloud to the earth. A classification of the strokes in
accordance with the directions of current flow and development therefore glves the
L veriant shown in Fig. 11, The phobographs of strokes to the towers durlng the
perlod reported comprise, divided according to the polarity of the channel. charge,
- the following:

A. negative channel charge

5 negative dovnward strokes (dovmvard strokes from negetive clouds,
current negative) with a leader developing in steps. But with one of them the
leader is visilble only on one side branch; -

T uwpward strokes from the negative tower tip (current positive), uith
a leader develop_ng in uteps' . :
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T short upward discharges from the negative tower tip (current positive)
10 to 55 m in length developing in steps. These discharges do not give any visible
deflection in the osecillogram. DBut in each case an upward stroke with positive
current was osclllographed simultaneously on the other tover. It is obvious that
the discharges at both towers have the same polarity; ¢

B. positive channel chafgg

T upvard strokes Trom the positive tower tip (cur ent nenatlve) wiltl
leaders vhich partly exhibit progress in steps, but the overall character;sLlcu
of which are clearly different from the preceding.

39 upvard strokes from the positive tower tip (current negative)
without visible leader. No trace of a leader stroke can be found although the
vhotographs are perfect and in focus;

1 positive downward stroke (dovmward stroke from positive clouds,
current positive) without visible leader. In this case also the photograph is
perfect, and in focus. : :

That the photographs of the last-named two forms are really sharp can
be established firstly by the fact thal subsequent component strokes with current
peaks ave present, the channels of which are clearly showm, and secondly from the
fact that the points on the puth vhich appear bright or less bright according to
the direetion of the lightning track; glve longitudinal strealts on the £ilm vhich
are in sharp focus.

The list shows that the formalion of a negative charge chamnel (dovmward
and upvard strokes) was always accompanied by a visible, stepped leader. If
those films are excluded which are not in focus, or are excessively blackened by
scattered light, there are no photographs which would not show this leader.

In contrast to this the formation of a positively charged channel was
accompanied only in seven out of a total of L6 cases by a visible leader, In
the other %9 cases the brightness of the leader was obviously not enough to
leave a trace cn the film. The loy lwninosity on the one hand and on the other’
hand the fact that in open terrain where hardly any upward strokes occur, the
strokes with a posltively charged leader are in a minority, wmay be the reason
vwhy this form of discharge has so.far not been observed. The photograph.of a
negative upward stroke from the positive peak of the Empire State Bullding .in
Nev York in the year 1945 shows, it is true, the typical characteristics of the
leader with positive charge, but was reproduced in the llterature (Ref. 5)
without any indication of the effect of polarity. On the Monte San Salvatore
success was achieved in taking such phoLograpno only in 1964,

5.2 Puild-up of the negatively charged chennel., .

Figs. 12 to 19 show ex amples of this phenonenon both in the case of
negative dovmward strokes and also with upvard strokes from negative tower
tips. The development of the chamnel in discrete steps is characteristic.

In the case of each step the part of the channel last formed is illuminated
fairly strongly. In the case of weaker records only these discharge heads
are visible. On other photographs the lighting up of a large section of the.
- channel can be observed in cach case.
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Fig. 12a shows a photograph of a negative dowmwvard stroke to tower 2
with a leader., The photograph from a distence of 365 m includes only the lower
120 m of the lightning channel. The leader exhibits along this path approx. 10
stepped discharges. At a distance of approx. 20 m from the tip of the tower the
main discharge was initiated, The current variation determined oscillographically,
having a peak value of 22 LA can be seen from Fig. 12b.

A similar strike can be seen in Fig. 13a. Bub in the leader only a few
wealt stepped dlscharges are visible before, at about 30 m above the tip of the
tower et point A, the transition to the main discharge takes place. A fine side
branch from the shavP kink in the llghthnn track (point B) to the left at the top
leads to the assumption that the streamer from the tower tlp forked at this point.
Its right<hand branch reached the lightning channel developing downwards., The fact
that nothing can be seen of the forward progress of the streamer on the photograph
nay be due to the fact that here we are dealing with the bulld-up of a positively
charged chamnel, as 1s discussed in the next section (5.3). The photograph on
stationary film (Fig. 13b) shows a firther stroke to the side of tower 2, 82 ms
before that mentioned. The current variation in bolth strokes can be seen from
Fig. 13c. : : :

A further negative dowmwerd stroke into tower 2 with a side branch which
does not reach the earth, is shown in Fig. 14, The surroundings of the main
discharge (B) exhibits much fogging probably from the clouds illuminated Dby the
branch, Therefore only the stepped dﬁscharge in the side branch (&) and "ts
branches can be seen.

In the case of the strolkes to earth the GLICCUIOP of current flow is
not known, But on the basis of observations on strokes to the towers it can be
determined from the character of the leader. A number of such photographs of
strokes to earth are available which can be regarded as negative downward strokes.
Fig. 15 shows an example with 2 stroke to earth near to tower 2. Both the
photograph from the mountain peak at a distance of aboul 360 m (Fig., 15a) and
also that taken from Breganzona (Fig. 15b) a distance of approx. 3 km, were
obtained, The photograph from the peak, on stationary film (Fig. 15c) shous a
side branch to the left which is cut off on the moving f£ilm immediately after its
inltlation, by the boundery of the picture frame. The picture taken from
Breganzona makes it possible to follow the development of the leader for a period
of approx. 5 ms and over a vertical path of approx. £00 m.

The bulld-up of the negatively charged channel can be followed
partncularly well in The case of upward strokes at the negative tower tips. Four
examples of tkis sreshown in Figs. 16 Lo 19, The Tirst 3 on tower 2 were taken
from the peak, and the last on tower 1 from Breganzona. On two of them the
current variation is reproduced’ (Fig. 16c and Fig, 19c) but in the case of the
other two the trip on the loop oseillograph failed, vhile the CRO was set for
too low sensitivity for recording the current variation durlng the build-up of the
leader. ' :

The strokes in Figs. 16 and 17 show only the bulld-up of a relatively
short channel of several hundred m, A few photographs of still shorbexr discharges
are available, e.g. only 20 to 55 m long, with T to 1% sharp steps. These
discharges do in fact trip the oseillograph, but give no vislble current
deflections (i.e. the current of 20 A is not reqched)
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On. the other hand, in the strike in Fig. 10 the leader must, after
10 6 and 11.6 ms (which for a constant speed of development COTIEaPODﬂS to a
height above the tower tip of 1,05 and 1.15 km) have encountered large charge
concentrations (possibly chennels developing in the opposite direction), and
this produced a strongly luminous main flash wvith a current measured in the CRO
having a peak value of 27 ki, The pholtograph from Breganzona, which is not
reproduced, shows that the leader forks approx. 300 m above the tip of the
tower, and that the multiple current peak commencing at 10.6 ms flows into a
main current commencing at 11.6 s in the other of the two branches.

The developnent of the leader from the negative tower tip can be seen
. very clearly in Figs. 17 end 10, Up to the time when the leader has reached a
height of 60 to 100 m, the whole chammel lights up again when one or the other
branch of the forked channel advances one step further. Bubt the two photographs
are made particularly interesting by the fact that in the steps which are so
clearly defined below a fine brush discharge is visible in each case at the

end of the brightly luminous discharge head. In order to show this clearly the
first section of the discharge is shown at a higher magnification in Figs. 1Tc
and 18c. These brush discharges, which have been assumed by different authors
in describing the build-up of the channel, have now been confirmed by direct
photographs, These show also that the brush between two stepped discharges
does not develop continuously. On the other hand the duration of development
and luminosity of the brush is so short that it appears momentary on the moving
film ( € 54 s)e Thz sudden emission of a new brush discharge appears to go
hand in hand with the conversion of the wealkly-conducting thread in the old
brush discharge into a conducting chamnel which produces the brightly luminous
discharge head. The agreement with the T8pler gliding discharges is striking
(Ref. 8). M. T8pler regarded the lightning discharge as a sliding discharge in
space as early as 1920, and described it,

Finally Flg. 19 shows a photograph from Breganzona in which a powerful
upwvard discharge at tower 1 up to & height of approz. 850 m over the tover tip
can be followed. As shown in the photograph on stationary film (Fig. 19b) the
stroke has pronounced branches so that it is difficult to dlfferentidte on the
moving film the discharge heads of the different branches.

53 §pild—up of the positively charged channel.

Tigs. 20 to 22 show photographs on which the development of positively
charged leaders can be seen, In Figs., 20 and 21 are upward strokes at the
positive tips of the measuring towers, and in Fig. 22 is a positive downward
stroke vhich struck near to Campione into the earth or into a building.

The upward strokes at tower 2 EThlbiL in the part recorded from the )
mountain peak (Figs. 20 a and 21a), i.e. up to a height of approx. 120 m
above the tip of the tower, pronounced steps which are similar to those in the i
formation of the negative chamnel. Hovever they cannot be followed away from
the tower tip, but appear only when the channel has reached a length of LO to
80 m, when the current has Increased to a few 100 A.. In Fig. 20a it is even
possible to see the stepped discharges from two different branches of the
leader. AL greater heights (above 150 to 200 m over the tower tip) the growth
is continuous. The chamnel head then malkes a continuous line on the moving
film. In place of the steps only periodle intensity mazima now occur, during
which the whole channel dowvn to the tlp of the tower is always weakly
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illuminated (photographs from Breganzona Fig. 20b end 21b). TFig. 21b
shows two leaders going outwards from the two measuring towvers superposed.
Fig., 20b shows only the leader at tower 2, vhile that at tower 1 (cf. the
photograph on stationary film, TFig. 204) was obv1ou51y too weak for
recording on moving film,

Fig. 22 shows the only positive dowmward stroke which was
recorded on moving film with a predischarge. It exhibits the same
continuous growth as the upward strole at the positive towver tips on the
photographs from Breganzona. Since this stroke did not hit a measuring
tover and therefore no curvent osclllogrem is availeble, it can be
concluded only from the character of the predischarge that this is a
positive stroke. But an indication of heavy current and hence also of
positive polarity is given by the heavy thunder which was noted as-
extraordinarily loud even on the Monte San Salvatore, a distance of 2.2 km.

There are few photographs of positive doimward strokes into the
measurlng towers. But then there is always a negatively charged channel
which progresses from the measuring tower towards the positive channel
coming from the cloud, so that in the photographs only the channel growinrr
upwards is visibles

The picture taken on stationary film (Fig. 22¢) from the mountain
peak shows another interesting detall: din the lower part the lightning
channel branches and then runs together again so that we have the picture
of & loop. The formation of a loop can be explained by the fact that the
~lightning channel, and a streamer cowing from below, at first grow past-
each other, and then the peak of each chamnel strikes sidevays into the
other. Unfortunately thils phenomenon was not recorded on moving film,
because from Breganzona the lower part of the lightning path was obscured
by & chain of hills,.

To summarize we will list once agaln the main characteristics of
the lightning stroke with a positive charge:

a) The positively charged leader stroke is of a lower luminous
intens:ty than that during' the formation of a negative channel. With the
camelas used the growth of the channel can be recognised only in approX.
155 of all upward strokes. The current which flows subsequently from the
tower then amounts to several hundred A.

. b) The formation of channels growing upwards cannot be followed
from its begining at the tip of the towers Only when the channel is at
least. 4O m long it lights up at irregular intervals. Only in-a range
approximately between 60 and 150 m long does it light wp in regular steps,
as in the growth of the regative chanmnels. In the case of greater lengths
the discharge goes over into the continuous form as described in c.

¢) Upward strokes at positive tower tlps, from ebout 200 m and
longer, and positive dowmward strokes exhibit continuous growth and con
continuous luminosity of the discharge head. In the place of steps there
are periodic or irregular 1ll-defined maxima, during which the whole
channel from the discharge head to the tip of the tower, or to its
disappearance in the cloud, is weally illuminated. In the case of the
dovnvard strokes the deocrlptlon 1s based, hovever, only on a single
photogreph.,
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5.4 Quantitative evaluations

In Table I a summary is given of data on the rates of development,
the time intervals between the growth steps, (or of the luminosity maxima) and
the lengths of the steps, insofar as they can be evaluated from the photographs.

Howvever, the evaluations are subject to some uncertainties, for the
folloving reasons:

a) The lightning track may be tilted towards the observer or avay
from him, and this camnnot be seen from the photographs. For the velocities ofl
growth and for the lengths of step only the vertical compenents were therefore
evaluated, i.e. rate of growth in a vertical direction and vertical length of
step. The true length of step is equel to, or greater than the value given in
the Table.

- b) In order to determine the speed of growth and the length of step;
the distance between the lightning track and the camera must be knowm., But in
general only the distance away of the striking point is knowm (for strikes into
the measuring towers or strokes to earth, the striking polnts for which can be
determined from the photographs on stationary film). For the higher points in
the lightning traclk this distance is inaccurate by reason of the inclinabion,
which cannot be checked.

c) DNot ell dlscharge steps can be reliably recognised on the
photogrephs. It 1s not always that equally strong stepped discharges follow
at regular intervals. Somebimes the intervals are irregular, and there are weaker
steps in between, which are probably no longer visible on weak photographs or
those vhich are fogged. In the evaluation the steps were counted on sections
having sbout 5 to 30 steps, and for these steps the mean time interval betwveen
steps and the mean vertical length of step were determined. '

d) In the case of branched strokes the discharge heads of different
branches are often recorded confused with one another., It is then difficult
to determine those for a certain branch. In general, in the case of branched
strokes that branch was evaluated which exhibited the quickest verticel growth.
The following points should be emphasised with regard to the results glven in
Table I for the various forms of lightning:

'No._1:

There are only 4 photographs of negafivg dovmward strcokes into the
measuring towers. All L are of strokes into tower 2, which were recorded from
the mountain peak. This means that in each case only the last 120 m over the
tip of the tower were included. The peak currents measured during the L strikes
were about 16 to 53 kA. It was not possible to establish from these few
photographs a dependence of the speed of growlh or of the step length on the
channel charge which varied in approximately the same ratio as the peak
currents.

The length of the streamer discharge, i.e. of the distance of the
point at which the leader stroke passes over into the main stroke from the
tip of the tower, can be determined only inaccurately, since all lightning
tracks exhibit conslderable horizontel components shortly before they reach




the tip of the tower. The measured lengths of the streamer are bebween aboub

20 m (at 16 kA) and TO m (at 53 kA). It is possible that the length of the

sbreamer increases gpproximately in proportion to the lighbtning current, but the
number of photographs is at this mowment still too small, and the relevant evaluvation
too Inaccurate, to prove such a lai. ‘ :

No. 2:

Negative downward strokes into the earxth. Of the 15 strokes with lknown
striking point which were avallable for thls evaluation, one is outside the
classification and is therefore given separately in the Table. In this case the
leader stroke was photogrephed from Breganzona over and beyond the Monte San
Salvatore only in ibs upper part, when 1t issued from the cloud &bt a helght of
approx. 2350 m down to a height of approx. 1750 m above the strilking point, On
a photograph taken from the mountain peak it can be seen that the stroke hit Loke e
Iugarno a little in front of the north ridge of the Monte San Giorglo. At this
height, and particularly as it issued from the cloud, the leader stroke exhibits
an exbremely high speed of growth and extremely long steps, while the tine interval
between the steps (vhich have very little scatter in the case of all discharges with
e negative chamnel) eare within the normal range in thls section also.. In the other
1 photographs, which record the leader stroke only up to heights of a maximum of
1300 m over the striking point, no systematic dependence of the measured vauues on
the hexgnt of the channel section measured, cen be eshab]iahedo

Nos. 3 and lig

Of the upward strokes to the negetlve measuring towers the short
© discharges (20 to 55 m long), vhich give no visible deflection in the oscillogram,
-are divided off and listed separately (Wo. L), But their evaluation results are
approximately the same as in the case of powerful discharges in the zone dlrectly
above the towers. The 3 photographs from Breganzona, which record such upward
strokes up to 800 to 1200 m above the tower tip, give for the upper zone somevhat
higher speeds of growth, and longer steps, than for the lower zone, One discharge
1s listed separately, because its steps follow one another about 10 times more
quickly than with other leader strokes. It is appro:z. 120 m long with two somewhat
shorter side branches, All three branches appear to reach the cloud with their
end and light up over theilr whole length. The relevant current osclllogram

(o. 65TT) shows two small nosmtive current peaks abt an interval of 32 ms. PBoth are
approx. 100 A and their duration is a fraction of one ms. It may be assumed thab
. the discharge represented belongs to the second of the tvo current peaks, and
follows a track formed in advance by the first impulse. Then we should be dealing
only with a subsequent discharge, and for this the rapld uuccess¢on of sbqps would
be normal (cf. Section T). : - :

No. 5:
A photograph from Breganzona (not reproduced here) shows 4 steps of an

upvard stroke at the Monte Sighignola. This is quite oubside the series due to
its high speed of growth and its long steps.
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No. 6:

Upvard strokes from the positive towers. As already mentioned, there
are available perfect photographs of 46 such strokes on moving film, Only T
of these shov the growth of the leader strolke. In the case of the other 39 the
luminosity of the leader stroke was obviously too weak to photograph. About
150 m over the tip of the tower the forward progress of the channel is continuous,
and the figures given under Tgp and Hgy refer then to the separation in time of
the intensity maxima, and to the forvard progress between two intensity maxima.

No. T

The only positive downward stroke CFig. 22), wvhich vas photographed
vith its leader stroke, issues out of the clouds approx. 1070 m over its base.
Towards the earth its rate of growth increases and reaches the extremely high
value of approx. 24CO m/ms. Its intensity maxime are irregular and at some
points are not clear. There is also a photograph avallable of a positive
downward stroke into tower 2, but the leader stroke is not visible on it.

6. Multiple strokes

One of the first tasks for the cameras with moving film was to
determine the time sequence of ceomponent strokes. For this puipose the high
f£ilm speeds of the nev cameras are unfavourable. Since the filwn, wvhich is
approx. 1 m long, passes round once in 35 ms, a long multiple stroke may be
distributed over 20 or more runs. In the case of strokes into the measuring
tovers it is then possible only with the eid of the current oscillogram to
determine the sequence and the time intervals for the commonent strokes.

- Multiple strokes are fairly frequent both with dowmward and also with
upward strokes but - with rare exceptions - only with negaltive strokes (i.e. in
the case of strokes betueen negative clouds and positive earth). They are
produced by the fact that, because of the lower mobility of the positive charge
carriers after the decay of the current in each component stroke, positive
charge remains in the channel, This weakens the original field of negative
clouds at the earth and favours the breaking of the lightning current (Ref. 3).
After the decay of the earth current the discharge within the clouds can
proceed, This means that after a time negative charges again reach the positive
resldual chamnel and progressively reverse its charge dowm to the earth. In the
case of upward strokes from positive towver tips a positive channel system is
built wp over them and it generally has pronounced branches. Branches of the
cloud stroke which released the upward stroke (Section L4) may reach one or the
other branch of this system and follow it downm to the earth.

In the case of the subsequent strokes also the forwvard progress of the
negative charge in the channel can be seen as a leader strolke on the moving
film, In general these leader strokes differ from those of the first component
strokes in their more rapid and continuous forward progress,

The upward strokes with their branches often give complicated
conditions. While in one part of the branches the continnous build-up current
continues to flow, it may dle out in other branches, and on these subsequent
strokes may occur, which appear in the photograph on moving film as momentary
lighting up preceded by a leader stroke. In the overall flash the peak
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currents corresﬁonding to these discharges are superposed on the continuous current
in the other branches, and they therefore produce no independent componeant strokes.

It may also happen that on one branch of an upward stroke from a p051t1ve
tover tip (with negative current) a subsequent stroke appears with positive current.
Fig. 25 shows the photo and the loop oscillogram of ‘simultaneous upward strokes at
both measuring towers. Vhile in tower 2 three subsequent strokes occur with
negative current, a simllar stroke appears at tower 1 with positive current (27 xA
peal: current) so that in the two towers opposing lightning currents flow
sinultaneously! TFrom the photograph on moving film vwhich is not produced here
it cen be seen that the subsequent stroke with positive current on the powerful
main branch (A) of the discharge at tower 1, and the subsequent strokes with
negative current at the left (B) of the two powerful branches at tower 2 have run
together. In the case of the subsequent stroke with positive current no lea&er
stroke can be detected. ¢

The oscillogram in Fig. 23b shous extremely well how both towers pvoduce
51multaneously an upvard strole n1th negative current of almost equal intensity.
The electrle field vhich has obviously been dynamically increased by a cloud stroke
already in existence is therefore approximately of equal height at both tovers at
a distance of approx. ‘400 m. On the other hand, in the case of the subsequent
strokes the opposite polarity of the currents shows that this depends only on which
cloud strokes grow into the residual channel. Cherges of different polarlty nay
even occur on different branches of one and the same sbroke.

The speed of forward progress varies within wide limits, and evalua tlon
of approx. 80 recorded predischarges gives 400 to 302000 m/ms with a mean of
approx. 9000 m/ms. It is probable that it depends on the length of the preceding
interval with no current and the charge which was passed through previously. But
" since other factors are involved, not only the amount of new charge flowing into
the channel but also indeterminate quantities such as the field and charge
conditions in the neighbourhood of the channel, it is not possible to determine
from the data so far obtained any clear relation. In order to illustrate the
conditions with an example, we give in Table II the data for a dounmard stroke with
6 component strokes into the tover 2. '

In rare cases stvepwlse development of the leader stroke is observed in
subsequent strokes also, The speed of growth of such leaders is L0OO to 1000 m/mu
and is therefore of the same order of magnitude as with the first bulld-up of a
channel, But the steps are considerably finer, and step lengths of 2 to 10 m
and time intervals of the steps of 2 to 12 U s are measured. Two of the total of
Tour photographs having a stepped subsequent leader strole are on the same film

‘of the 16th June 1957. One is the stroke to the tower with the date listed in
Table IT, Unfortnuately its leader strokes are too weak for reproduction. The
. other is a stroke to earth with I component strokes, which struck the northeast
shoulder of the mountain at a distance of approx. 500 m from the peak. The
photographs of the four component strokes are reproduced in Fig. 2%, The tine
sequence of the subsequent strokes and the duration of the intervals between
them cannot be given, since these may be distributed over several revolutions
of the film, i
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i A particularly clearly stepped subseguent leader stroke 1s shovm in
TMige 25, In the first discharge of this flash (left in Fig. 2%2) the leader
stroke camnot be recognised. It 1s noticeable on the stepped subseguent leadexr
stroke that it suddenly slows dovm its rate of growvth ncar to the lower edge

of the picture, and that its steps frowm thal place onwards overlap one another
Turther than in the upper zone. A comparison of the form of discharge on the
left and on the right in Fig. 25a shows the reason: below the point mentioned
the leader stoke no longer follows. the old chamel formed in advance by the
first discharge, but from here onvards it forms a nev branch directed more to
the right. In the lower part therefore we are no longer dealing with a
subsequent leader stroke, but with the original build-up of a new channel,

: An example of the development of subsequent sbrokes on the channels of
an upward stroke is shown in Fig. 26. The 6 discharges recorded on the moving
film (Fig, 26a) are marked with corresponding nwibars on the current oscillogram
(Fig, 26c). The first two are superposed on the continuous current and glve
current peaks of less than 1000 A, They follow the weakly defined branch to the
left of the centre of Fig., 26b., The other U discharges (3 to 6) are impulses with
2,5 to 15 kA, which appear as independent component strokes after the continuous
current has died away. They follow the strongly marked main branch. The other
side branches vhich are visible on the stationary film (Fig. 26b) cannot be
recognised on the moving film and can therefore have carried only continuous
current. A peculiarlty of the discharge 4 ~ which corresponds to the weakest
of the independent subsequent strokes - is that the lower two side branches of
the preceding upward stroke are indicated by short branches. The leader stroke
corresponding to discharge L is noticeably weak and can no longer be recognised
in the last 100 m above the top of the tower, even on the original film,

Te Streamer discharges

Of the strokes recorded with channels groving upwards from the
negative tover tips 5 result after 3 to 14 ms in powerful discharges with
positive current peaks of 22 to 106 kA, The 5 strokes, together with the only
positive dowmward stroke recorded without a streamer, are listed in Table III
vith their main data. Even in an earlier article (Ref. 1) the opinion was
expressed that in such cases the channel vhich is growing upwards meets one
which is growing dovmwards from higher layers of cloud. - If we work on the basis
of a constant speed of the rising discharges, then the height of the meeting
points in the &4 photographs is 1000 to 1800 m above the tip of the tower, In
one photograph it is at only 500 m and is therefore within the photographic range
of the camera at Breganzona. Unfortunately the particular photograph has much
fogging in its upper part, so that the upward discharge can be followed only up
to approx. 100 m above the top of the tower., In this case also therefore the
meeting of the two leader stroles is not photographed. But the main discharge
which sets in after % ms shows in the zone above a height of 500 m branches
directed downwards, which confirms the assumption of the channel growing
dowmvards. The current oscillograms show that the charge flowing for the build-
up in the upward channel amounts to only a few per cent of the charge carried
by the dowmward chaunel. This means that the particular strokes can be )
correctly termed dowvnward strokes, and the upward discharges observed at the
beginning are then nothing more than very long streamers (up to 1800 m). The
growth of such streamer discharges should be subject to the same lavs as
that of other leader strokes. Now that very long streamer discharges have been
detected in positive strokes an explanation of their relatively flat impulse
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fronts can be.given. In these cases the dlscharge wave of the lightning channel

runs Lowards the measuring towver along the long chammel of the streamer discharge.
Its front is then flattened by the attenuation. Table III then shovws also that
the steepness of front decreases wilth increasing length of the streamer discharge.

In this connection the only positive stroke to the towver without a
streamer discharge, vhich was also recorded oscillographically, is of interest.
After running for approx. 100 m almost horizontally the flash strikes sideways
into the lightning antemnma of tower 2, and the photograph on moving film (not
reproduced here) does nob show any recognisable streamer discharge. The positive
lightning current has the impulse front reproduced in Fig. 2Ta. This shows in
actual faclt about the same variation as in the case of negatlve lightning currents.
Its meximum front steepness, at 17 kA/ p s, is almost twice as high as the maximum
of the values measured on positive sbrokes in the years 1958 to 1965 (Ref. 1). Ve
are forced to the conclusion that flat impulse fronts on positive lightning
currents occur only if long streamer discharges are formed from the polint of
strike. :

With negative dovnward strokes the streamer discharges are much
shorter, and there is no photograph avallable which shows the growth of this type.
In the photographs of strokes to the hovers we only see that the main discharge
is initiated when the leader stroke comins from above has arrived within aboub
20 to 70 m from the tip of the tower., This dlstance is of approximately the same
order of magnitude as the progressive steps of the leader stroke growlng downvards
(8 to 10 m) and it could be assumed that the breakdowm of this last separation
-distence is completed very rapidly, l.e. vithin a few tens of H s. A more likely
asswption is that the build-up of a breakdowm spark of the size obtalned in the
laboratory (i.e. the formation of a low-resistance channel along the vhole path
within a few [ s) can only be initiated vhen the leader stroke has cone so close
to an earthed object or to an advancing streamer discharge that the brush
discharges produced at both points (the length of which is approximetely that of
a forwvard step) penetrale each other.

A few observatlons indicate that in actual fact in the case of negative
dovmvard stroles into the towers also, streamers from the tip of the tower
advance towards the leader strokes which are proceeding downwards. It is not
surprising that this forward .advance is not visible on the photographs 1T we
consider that a streamer discharge of this type corresponds in every respect to an
upward stroke to a positive point (build-up of a positive chamnel). In accordance
with Section 5.3 its forward progress can be detected only in exceptional cases
(with very powerful discharges) and then only at a height of at least 4O m above
. the tip of the tover. -

A first indication of the correctness of the above considerations i1s
the occurrence of streamer discharges which do not reach the lightning chaunel.
The best example of this type is in a photograph from 1953, which has already been
reproduced in an earller article (Ref. 3). This shows & stroke into tower 2,
vhich strikes the handrail of the upper platform obliquely from the side., The
dlscharge, approi. 100 m long, which appeared at the tip of the tover simulteneously
with the mein discharge, can only be regarded as a channel which grev upwards
from the tip of the tover, and then at the moment of the main flash discharged
rapldly as a result of the breakdown of the field. This channel is a streamer
discharge which did not reach the lightning channel whilch was shifted sideways.
A similar example is the stroke in Fig. 13, except that here the stroke runs into
the discharge vhich is pointing upwards, or meebs a side branch of the latter.
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A second indication is the current variation in the oscillogram. It
vas indicated earlier that the current in a negative downwvard stroke may be
Initiated slowly at first, and then in a few tenths of a ms it reaches a few
hundred ampeares and then it rises more stecply and goes over into the typical
front shape shown in the cathode-ray oscillogram. This is exactly what is to be
expected from the build-up of a streamer discharge, if, with a speed of growth of
40 to 75 wm/ms it is to become 20 to 7O m long. In Fig. 27b the shape of the
current wavefront is reproduced in a typical oscillogram. The broken part of the
curve uwp to approximately the point A corresponds to the build-up of the streamer
discharge. Subsequently the current rises steeper and steeper, until (a2t point B)
it reaches the wave current given by the voltage and the characteristic impedance
of the lightning chamnel. This part of the curve corresponds to the break-through
betveen streamer discharge and leader stroke. It takes place in approx. 10 U s,
approximately at the same speed as the spark between metal electrodes in the
laboratory. A further current rise (at point C) may follow if the discharge
wave, or the reverse charge vave is reflected at branch points of the lightning
track.

G. Final remarks

The lightning investigations described were carried out, as were the
measurements published earlier, by the Research Committee of the SEV and VSE for
high-voltage studies (FKH). For the photographic equipment, particularly also
for the camsras with rapidly woving film (Boys cameras) made to our design, a
grant was made available Trom the Swiss National Fund for Scientific Research.
Ve talke this opportunity of expressing our warm thanks. Further, the authors
vould also like to thank the Arciconfraternita di Santa Marta in Iugano for
permitting the use of the photographic room above the chureh and to the
Osplzio Vecchio, which contains the oscillograph room and vhich serves as
quarters for the technician, H. Binz, entrusted with the measurements. The
authors would also thank the Collegio Pio XII in Breganzona for allotting a
room in the Gartner building of the college, where it was possible to set up
cameras with stationary and moving film.
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Summary of the evaluated data on the growth of negative and positive

leader strokes

_tower, or above the striking

point

. i B 1 H v Tst s

Cd He RS 19r1 . n m/ms Ls m

1 Negative dowmward
gbrokes into the
measuring tovers b Oies 100 1 105:::200 4§ hD..52 Osa 4 10

" 0eos 1300 | 85.,.440 | 29,..47 500 1T

2 Vegative downward Qs TT50 65
strokes into the 1[ 1750, ¢ « 2000 T00 1 29
earth 2000, . 2350 1060 bt 50

5 Upward strokes from 8 0.0.110 120444190 | 33...50 L.5...8

: 'th.e nega‘hive 5 2509 o0 1200 1 10n o 52‘;‘50 1!‘0. ° 31[‘7 50 o0 18
measuring towers 1 2045110 | 07044o11850 1 kUiueB.5 5:5.00T.5

b Short discharges
to the negative 6 Osw:s55 OFans 14O ) Blaw o7 Bysals
measuring tovers

5 Upvard strokes at _
the Monte Sighignola 1 540. ., .900 2200 55 120
(4 steps) :

6 Upvard strokes at L 40.,.110 | 40.¢.T5 65w 110 hooo8
the positive T 110. .« = 500] 150...490 | 45,4115 Beoe2T
measuring towers T | ~50000e1150] 105502970 | 40440115 | 12,,.40

x A 1 320, 5 .920 2100 - -
T zgizizve dovmward { 920. .. 1660|1700 - ]
1660: LI ] 1870 360 Lo Ll
P Polarity of the charge q of the v Vertical speed of growth
il te .
Rl RS, TSt .Mean time inbterval between ., Measured
',Pi Polarity of the lightning . betveen steps over 5
chizrent: 3. ) HSt llean vertilcal step tz 38
n Number of photographs : length seeps
evaluated
H Height above the tip of the
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Cheracteristic data for the 6 component strokes in the case of a

dovmward stroke to tower 2 on the 16.6.1957 (oscillogram 5713)

' Interval :
Component Impulse A Tis Speed of T—
stroke current advance
current
No. kA ms 1/ms
1 55 220 Stepped leader stroke
1488 :
e 13 800 Leader stroke with
fine steps
16
& 11 5000
141
L g - No visible leader
) stroke
28
5 20 6000
' _ >
6 8 - Tole) Leader stroke very
probebly in fine
steps '
!

ggbie IIT: Evaluation of the streamer discharges in the case of 6 positive
dowmward strokes,
(Tip of tower negetive)

advance)

l'-" > D

initiation of the peak current

Impulse current (peak value)

- . - i 3 T e
Oscillogram | Tover i Q - (di/dt)nqx
f}is
No. No. ms ¢ A KA/U s
6151 2 0 i 30 32 17
6527 1 3.0 500 12 el L.5
6572 2 6.1 1000 62 TT 3
6232 2 BT 1200 65 56 2
6520 2 1.6 | 1150 3% | et 1
6he2 2 1h 1800 130 106 2
T Time from the beginning of the discharge advancing upwrards up to

H Vertical length of the channel advancing upwvards until it meets the
channel formed in the clouds (ertrapolated with constant speed of

Impulse charge (Guring the first 2 ms after begimning of the impulse)

(di/dt) i Mazzimum front steepness (steeyest tangent) of the impulse current.
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FIGURE CAFTIONS

j;llustrations are reproduced by an economical method which 1s adequate

for most purposes. If greater definition is reguired, please refer to

original document obtainable from the Library)

Fig, 1

Fi{;- 2

Sketch showing the principle of the camera with moving film

1, driven roller;

2, moveable roller wlth spring for Tensioning the films;
3. rotating film;

b pilcture limit with support for the film;

5 lens.

Camera with moving f£ilm



Fig- 3

Fig. b

Fig; 5

Fig. 6

Fig. T

Fig. 8

Fig. 9
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Mﬁp of the surroundings of the Monte San Salvatore
wvith striking points marked,

(a2) simplified map with striking points of the dovmward
strokes, The different marks for the striking points
refer to the following years:

x 1955 G 1956 o 1957 ¥ 1959 0. 1960 = 1961

A 1962 * 1963 & 196k g 1965 (1958 no photographs
J - - ¥ of lightning)

The shaded zones are obscured by chains of mountains when viewed

from Monte San Salvatore, so that the strikes there cannot be
localised. In the closer zones, the total number of strikes to

that zone or to the ridge of mountains at its edge 1s marked,

Stroles to the measuring towers are not included, in the 104 strikes in
the zone which includes the Monte San Salvatore itself '

(b) section from the provincial map 1 : 100,000 vith
striking points of the wpward strokes ( )

Dovmward strokes with typical branching dovmwards

(2) strike in Biogno;

(b) strike to the mountainside below Ciona

Dovmvard stroke with long horizontal branches under
the cloud cover

Stroke into the lale near Melide

Negative upward strokes to the measuring towers,
photograph from Breganzona

-left: tower 2, right: tower 1

() in tower 1 (6440),

(b) din tower 2 (6525),

(c) ana (a) discharges to both towers simulteneously (6441 and 6582)
Two upward strokes to tower 1 which folloved one another

(6585 and 6584) and one at the Monte Sighignola (photographed within
approx. 8 min. from Breganzona)

Upward stroke at the post office transmitter tower on the
Monte Ceneri

Upvard stroke at the Monte Generoso with long horizontal
branches under the cloud cover .
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Fig, 10 Lightning stroke to the church at Biogno

(a) photo of the wpward stroke;

(b) church at Biogno

Fig. 11 Diagramsatic representation of the four types of lightning
(Section 5)

le negatlve downwald stroke (channel charpge negative,
current negative)

2. positive dovmwvard stroke (channel charge positive,
current posiltive);

%, upvard stroke to positive tower tip (channel
charge positive, current negative);

}t, upvard stroke at negative tower tip (channel
charge negative, current positive). Direction of
advance of the leader stroie

Fig. 12 Dovnvard stroke into tover 2 (6225)

(a) photoproph on moving film taLen from the mountain
peak. The discharge heads of the stepped leader
stroke are visible; ,

(b) current variation

Fig. 13 Two negative dowmvard strokes into tower 2 with an
interval of only 82 ms between them (G446)

(a) photograph of the second stroke on moving film taken
from the mountain peak. The stepped leader stroke
above the point A is showm very wealily on the original
film and was retouched for reproduction. The
discharge at point B which is directed upwards is
the same, and this may be a side branch of the streamer
discharge;

(b) corresponding photograph on stationary filmg

(e) current variation on the left for the first, and
on the right for the second strole

Fig, 1k Negative dovmwerd stroke into'tOVer 2 (6304) with side branch (A)

- (a) photograph on moving film taken from the mountain pealk.
Because of the pronounced forging of the film near to the
main strole (B) only the steps of the side branch (A) and
its branches are visible;

(b) corresponding photograph on stationary £ilm (vith an
additional stroke to earth); - :

(¢) current variation



Fig. 15

Fig, 16

Fig. 17

Figs 18

= ok -

Stroke to earth near to ﬁower 2

(a)

) |

(c)

photograph on moving film taken from the mountain
peak, Hth each step the wvhole visible range of
the charge chamnel lights up;

sections of the photograph on moving film taken
from Breganzona. Because of the greater distance
the steps are not so clearly showm, but they can
be observed on C00 m of the lightning track for a
period of 5 msj '

photograph on stationary film talien from the
mountain peal,

Upvard stroke at the negative tower tip 2 (6423)

(a)

(b)
(c)

photograph on moving film taken from the mountain
peak. The stepped advance upwvards of the channel
can clearly be seen. As we are dealing with a
pure upvard stroke, only one chamnel is built up;
no main stroke takes place which would correspond
to an impulse discharge or inverse charge of the
channel ;

corresponding photograph on stationary filmg

current variation. Thet even such a small current
can give a clearly visible discharge is a characteristic
of the build-up of negatively charged channels.

Upvard stroke at the negative tower tip 2 (5525)

(2)
(b)
(e)

‘photograph on moving £ilm taken from the mountain pealk;
corresponding photograph on stationary film;

enlérged section from Fig. 17a. The visible brush
discharge should be noted at the end of the brightly
luminous discharge heads.,

Upwvard discharge at the negative tower tip 2 (6520)

(a)

()
(c)

photograph on moving film taken from the mountain
peak. 10,56 ms after the beginning of this discharge
small impulse currents occur and 11.6 ms after the
beginning of the discharge there is a poweriul impulse
of 27 KA. This shows that here we are not dealing
with an ordinary upward stroke, but with the very long
streamer discharge from a positive dowmward stroke;

corresponding photograph on stationary film;

enlarged section from Fig. 18a. The brush dischérge
at the end of each brightly luminous discharge head
should be noted,



Fig. 19

Fig, 20

Fig, 21
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Upvard stroke at the negative tower tip 1 (6523)

(2)

(b)
()

photograph on moving filin taken from Breganzona.
From the greater distance only the brightly luminous
discharge heads are still visible;

corresponding photograph on stationary film;

current variatlon

Upvard stroke to the positive tover tip 2 (6559)

(2)

(v)

(a)

photograph on moving film taken from the mountain
peak. In the visible range more than 50 m above
the tover tip the stepped growth of the discharge on
both branches is clearly visible. At each step

the whole channel becomes slightly lumlnous;

photogreph on moving film teken from Breganzona.
In the zone under consideration the charge
channel grows contlnuously. There are fairly
large fluctuations of the luminosity;

photograph on statlonary film from ‘the mountaln
peal:;

taken from Breganzona. Here a simultaneous
upward stroke at tower 1 (on the right in the
pleture) is visible, which does not appear on

- ‘the moving filim,

Upvard strokes at the posltive tower tips 1 and 2
(6558)

(2)
(b)

(c)
(a)

photograph of the stroke to tower 2 on moving
film taiken from the mountain peak;

photograph on moving film taken from Breganzona.

of the two 1000 m scales the shorter refers

to the vertical helght above tower 1, and the 1onwer
to the vertleal heighb above tower 2- -

.photograph of the stroke to tower 2 on stationary

f1lm taken from the mountain peak;

photograph on stationary film teken from
Breganzona. (Tower 2, left, tover 1 right);

" ecurrent variation in tower 1.



Fig., 22

Fig. 23

Fig. 24

Fig., 25

Fig. 26
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Stroke to earth in Campione, apparently positlve
lightning current

(a) photograph on moving film taken from Bresanzona.
The leader stroke advances continuously. Because of
pronounced fogging of the photographic layer the
main stroke appears comparatively weal;

(b) corresponaing photograph on stationary film;

(c) photograph on stationary film taken from the
mountain peak,

Upward stroke to the positive tower tips 1 and 2 with
similtaneous subseqguent strokes of different current
direction

(2) photograph on stationary film taken from 133:(3@511'1240113..o
The subsegquent stroke with positive current to tower 1
follows branch A; +the subsequent strokes with negative
current to tower 2 follow branch B;

(b) current variation in both towers (6439)

Sfroke to earth with I component strokes, apparently
negative lightning current.

photograph on moving film. The stepped predischarge of

“the first component strole appears very weak on the over-

exposed film and was slighltly retouched for reproduction.
Of the 3 subsequent strokes one exhibits a finely stepped
leader discharge, and the other 2 continuously advancing
leader discharges. '

Stroke to earth with a oumsequenh stroke, apparently negative
lightning current i

(2) photograph on moving film. The subseguent stroke
exhibits a finely stepped leader stroke. Near to the
lover edge of the picture it finds a new path and
from there onwards the distance between the steps
becomes considerably greater;

(b) corresponding photograph on stationary film.

Upward stroke at the positive tower tip 2 with subsequent
strokes (6531)

(a) photograph on moving film taken from Breganzonaj
(b) corresponding photograph on stationary film;

(c) current variation. The impulses marked 1 to 6
correspond to the discharges in Fig. 26a.



Fig. 27
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Current variation at the wavefront

(a) of a positive dowmward stroke without streamer
discharge (6451);

(b) of a negative dovmward stroke (59%4). Up to
Point A build-up current of the streamer
discharge. A to B the two discharges merge and
develop the wave current in the lightning channel;

(¢) further current rise resulting from partial
reflection of the wave current at branch points
of the lightning track.
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Photographische Blitzuntersuchungen der Jahre 1855...1965
' auf dem Monte San Salvatore

Von K. Berger und E. Vogelsarger, -

Im Ralimen cines Gosamthersichites diber dic Meseinri h-
tiengess und Resaltan der Bl hora 2 oaufl ezt Memte San
Salvatare wird wher dic plotagrapiisclion Beobacliiuneen der
Juhire TOSS 0nS Derichocr, mecindent inoconemy T965 ceacliione-
nen o Teil dic elohirivelion Bfitsstrommessunzen der Jadre
IS5 1963 boschrichon warden. Vo Capfel des Monte Sun
Salvarore auy werden dios nachins e Bluzcins ilize in der 1oi-
vohuny doex Boreey plotocraphivey fostechiolicn, Die sichilaren
f‘,.l'rna ’f’u:.‘n‘l'”l'“ werden m ol L'x-".'hl‘,"-’:u:\l ,il KNurte u‘fif'_'g‘.‘;'f: .’:-
ner: dee Anzalil honter Hozole niodorccbender Blitze wird fir
jeden toten Rawnr netrert. Sovenonnte tafwartshlipze, wie e
an don duftanstasoren aut dose Mosze S Salvatore solir Tl
siid . waerde i it o cinige s Pareoons der Uimgehgoge feseeestelin,
D Hanpeprofdem Jdoe Untersae fane herrifle e re and Werse,
wie vl der Blirzkanal anfbani, Doowr Voroane wuede i Thilte
ven plotograpliaion dadeatinn g aaf naesct bewesionr il
unteesuche, Debes werden 4 Blasformen, st bodie Entlandune
posiziver umd vecetieor Wollow g Forsr voor Lutwarts woed Ah-
wartsblizen untors Gicdon. Ex orceben s loaniers ssanre S ilione
tier Jic Forsichnns Jor Bz banale wnll dér Zue iten oz
sFunvenihanduneens,

I. Einleitung

Imy Januar 1965 wurde an dieser Stelle ither die Bl
Vslrumm;-v-uugcn der Porschungshommission des SEN und
ASE fiir Hochspannungesfragzen (I KH) aaf dem Monte
San Salvatore benichret (1] In Freiinzung Jdieser elekirischen
Messungen wurden photographeche Untersuchunzen durch-
pelithrt. Dic bis 1954 verwendeien Uinrchtungen und die
erhaltenen Resultate sind ime Bulletin SEN 1935 [2:3] be-
schrichen. b Folgenden wird tber dere weiteren Aushau

e o e s
] .

T

Prinsipabizzse der hoawera mit beweetem 1ilem

e Rolle, 0 verscliehbare Rodie e Foder
fopbantemder Bl 3 Budbecrensang e AR
tur den Paler v pnl,

P oanzcetny 2N

Jer bty [t

FSichie Dooteraine o Solitisas des Nt ses

Toooeh

D |
e
Mt Sulve
Oy

o rappory compler relatit vy westaliotions
B A R L s R R R R USRI AR S
'.'I‘ 1'|;.‘f.’(l*‘|‘

deertt arapecs fonorospltans dos oo
VJUER g Jent o Loy obaertaiions dlectrigues

sl vt B porionde de TOSS o dend oo cic decrines
dany @iz wner gappeerd en genveee Mais e soenc! W
Vet N Sofvatore, teas s comtsede-focad e sen ey 8o

p,l',, et

N e ca e woostaphifgic on g toperie tosay Ios
cerdrogis veildoy o oty s

he toadre. Lo momithee de v inios se

rromvent dovrrere des cofling s osr Twone poar cincie ospace e
imvrabde Doy vonra de fonndre aseenidints vl regaeniy diens
ficotrives ol Momge N e Saedvazoory, et o ol
sty porttis wygeaes dfiy g
e colliioy vedines, Lo probloen pricoiped Jdes oeccBorcines ent
celal odv da formtion dueocanal e T foadrc, Ceo plicnomien:
el clnctde avee e g sddocreosdiae so nionven! a ot vy
sito s devaar Pobvec i O v aodiveencr o de oy
dvfonedre. st do podarite posat’se ot nesative, sesr
> JECET N B PR T FYRY AT

Fen tonrs ene
vhaerve s isi-deanes

vy oy

EUF TP F PRI ALY [T HF SRR PR TR Intes
(AL S ] ctre Lrees iy oo m

Tov sydeafrrre v Joorgop ennzzig s

sl ol on oo st

L BT RN LN T I T

der Photoeinnichtuneen und  ther e seir [958 peu we-

voonnenen Resultate berichtet,
e Kiche aut dem Coptel des Monte San Safvatore

Arazt cine Aussichisterrasse it trewem Ausblick nach allen

Himmebnchtungen P treier Raome aomaielbar uater

dicser Terrasse st ocin adeader Aatstellungsort i Phote-

apparate. Frogestatict Jdie Registowerung abler Frdemschlaee

haniera it bowezgem 1itim



C ) dzings v oy aap
VA ury A
LU U] WOy G T e

(CLEER P TTETS U A B FERR SR TET TR B RPN TSR B Y LA W ._.ﬂ.....:..._ Mt

SO Y rygjas 2

. o .
il Ay Nyl ol @ ] i M b e o tsnl . Lyl o Yynt 11 sunil =

g ou DELWRTRTTR TR TRV R AT BN PATHVAY FTRU VA S AU TR T RTCELN LHRLL U S LULTER TR | TSR RA R

(H.\I\.\\\t.\\.\...d
AL AT 4

.

LN

...\. e
Al

AL
ASEL I I AP

comrpiyh o b O ! 1 L e,
LN ol P Y o, S o a B . “\. e lAE

—




GAID PUAEAI WY TDIEPUL] USp IRy IR Sunjian
SICL CAYAIPSTEIYASULT A0TU LT 1A 0 Sungadu) Joula
UL UDENIYMSUL] UD[AIs JYSs 1 Uayar)] M2uadsyiua sy p

aulay

wayati SIPULSNE wadpsausg s uainadagsne {gors
USSR S A Japuruau ITETEI TR AT} T TR [TRITER QR RN RIS
D PUN IDIISSOIE U MR uayad ey Cf1L] SsTuarn)
uaERNag g pun ztuy oad
AARYASUE] O SIARIPUHU AIOPAES URS U0y SAP 121406
W AUEIPSEEFOSUIRIWNID) 3P ALNP SUAYITIUSIT 13w
e 1 e apawaiigary aapsgdeaioloyd aip e cuadns
DI YIS 1881 IS ASUIpay Sungaiu] a1ayey ap gan ydig
DIONSOY LHUGISYDINC] W 2D YIRP DWW pUil a0y ng
UG SOy SOP AT AUAPUOSA 2P 4D UdIA A UaPIay
uayISI g MAMdIA - Cdyer sy
oid DERpPMUE] TR U 83 PUIS W 9 pun s 7 uagds

uap panasidu] Lap pun
SPw/ SEDIYU ) UDUID G RN JILENISSQYY MP Ui 2F
SRV 3w wiagos uyel pun gy oad uadvyasung
71T U0y dpepadviyasiny] aurd apdin-aromngeg urg
Aoy BN smpey owy 7,7
IS IRERR I W ITRNTLS | ll:'\l.'\llli.‘\!."i, Fu Iop Sunpyiesny aung

Wi S} uaua ang

DUA ST PU PRAPEIA Y UIYIOAY YD 2 221p
PP AEOU MU ISE UKD UL IUA I0NAM T SUngaR
SUUET) URIAYTU D DI WD TN OIS IPGIYAIS YA WP
SATUSY O AL JOPO [N UOTI W IR A2 JUURY YU Ui UdsdIp
UOY PUN UIPIDN UDUIIOUITE INE WRINIT YA, 1y 3Feyas
T = i 1T SR AN TR R R ITRTIT R TN [V R TR T DR LR TR R (VR TTE |
JAP ST NI IOSYE U] U e TR | T am e
PUnl 2L A3IGAN) SYIan CEIDZ (VY R Ay di(]
U W IIUYDIDT BUNYNY WeIpRi Uit ¢
W Twsy CTUNIgorY IaUAIUEIN W ORI S urg uoly sap
(PIGI0) 0N SOPURISGYT S Y, TR UON IAYa udyandoi
WD T s s3 CsE apud pumdsdumyargoag wos
Jasarp 1anaw b CHaudpy esn g2
o1 pqundsErposur ] Ut sap gy ineaany agg s
UATLEEAT PSSy 120 12GA) ANy UG sep Ul 13po

ISE O TUUEY HAPIaN

MUWETIG AP UL ZUEE U o ISR UIPIASIUS 1o pyig)
WA INE IS EP CUISOLOYUID ULEP PUls s duryiiagg
QP UL AATPEANULL] AP YINY UGS UYTL 42IND Pus
LUAGINL] 3P Ul dFLRDAMUN] 0P [ Iursan) di(] CIRead
UM[IUUDY ANPGRS yaunp pitis SN IS IYRSpaay adng
SIOEN] 13PO UINFIAE] NP YD UM DP Cusyoey | daassoud
BRI RIS REES IR HY s UL BRI BRERS B ANERR AN TRE R
UDARP TY T W PUIS 2a4U L IOUIPAINID Y DERIYAUIT 21

ST UDGATATIAPAIW (g T UD UDZT SIS UID P uaiay
SJAZUT | AU U ITOLI] UG J SIIAI0Y IS 1S
NI S I TN BT R TR PR TR TR I8

SAPURIA) LAY UAEMAZUUIY UAYIIUINAW MDY Int 2P Cudien

SO TR TR RIS B BT AR RV R ELF AN

AUl AUEY DU M AZHEUE WGy A
NP Ry Cw T TR U0 ZuRisg] dou

PUIS CUIRrRIAgN

nNZ o e
nzo sy Jumygory ymu ol

YIS IYRAIN 130 ARy

13N IOPNTY BEG JIUOJY WO0N S RUGMDATGE ¢ R
UOA URMEN UIP UL PUIS NSy 3P U1 SRS aap
SRS I UATUOY U0 s 1apind apotiadsigatiag dap
UL OEPIGUIDY] UDD ST 21 Cajasar]gasue oajye

APUE[3 ) WL WAEASTEISUR] 10p Bunpaaa gy

el ¢ g uep piag Sunsejanpay

P dsu0dy Jig) PR S 2O E uapuineyy usapnas

U OSHE DU D CLHIES N L agg U ) UMW {0aWY

TR R !‘-‘~'1~-i'.|'l'3-.‘.I;.“.\‘Hzl;f; SH ORI ERS B R TS I

RIS

SHA ] A3 FUBP WU P 1aGT UaBrpu) dyau wapge
£anl sl S|
=13 IYAU HAOU TR YINR I ML UIDOQPE] AP 21T
JAPLASYIA DU 20U 24[0A J2P DO U ppegos CEijopaa

Joa U os U STIUNY UdNog uanuay

DGO AU UMUN GOA  LHSYSIPULRYSITIGD | dap Vet )

ST TS UOA BNTIPUIMGISI0D) 1A 1 sep cFunpeyg
SUALINTI J2p UAnAOSIO.] SEP Yot 1] uadadue] Cuaey

-1apuruiasne ms L21s udsei 'unfi';n_l_[n S8 TunipIouas

W) 13) UDPURINGY UD 3P 271yl ] UDINID S3P udsarw

SOy W] UDINEG D] CUAR|OJ1aA NZ 2] 13D Sunpyaiw

SUCT QP W CINE YIS UEIR S W ¢ U0 aNSIPUIwyos

FUOLY TN 2R IR A 0l SR g oUTONg np Erpasaig o
WO e JunEdasia g aaspd qur anngsiaagy

R ’
e B S R S
!
{
B¢
f
i

SIS

T



-

e e it s s e i i e s
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Abwiirtblitz wit lanzen hoirontal
Einschlag in dden

die meicorologischen und topographischen Verhiiltnisse be-
dingt zu sein. EFine Hiutung von Einschliipen scheint da-
durch zustande zo kommen, dass an den beteeffenden Stel-
len die Gewitierzellen withrend threr grosaen Aknvitit vor-
beibommen oder dort hiingenbleiben. Es tialle auf, dass bei
dicht heissmmenlicgenden Einschligen die meisten aus dem
gleichen Jahr stammen. Eine Jdetsillierte Uherpritfuny zeigt
oft, dass diese alle aus cin ond demselben Gewitier stam-

5

L«ten wnter der Wolhendecke
e b Melnde

men, welches sich offenbar gerade an dieser Stelle ent-
Ldlen hat. Die ungleichmiissive Verteitung der Finschlags-
punkie verschicdener Jahre zeigt dass solehe Untladungen
cinmal hier und cin andermal dort erfolgen hénnen. IS iy
su erwarten. duss in spiteren Jahren wieder an anderen

L

Stelien Hiutungen aufireten. Dic zehnpihrige Beobachiuo:
daver ast jedentalls noch 2o hurz, um die statistische Ver-
teitung auf weite Sicht einwandtrer festzostellen.
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Aufaart-blitz m Moute Guicroso it
Laneen horlrontalen Xsten waotve dor
S Waolhendeche

mit Gebituden, Tiirmen oder Stan-
een betrofien. Zwei weitere gingen

von bewaldeten Berghuppen oder
creatucll vomy Gelinde hinter Jden-
sethen aus (Monte Arbastora und
Monte Fiha.

Besonders bemerhenswert ist der

m Fig. 100 gere Finschlag in
den Kirchturm von Biogno. Dicser

licgt nur 200 m ther dem Spicacl

des Luganersees an der Studostkante

eines Hilgels, der sich umen 240 m
tther den See erhebt. Der Kirch-
turm selhst, mit dem Kreuz aul sei-
ner Dachspitze ¢, 20025 m hoch. iiberragt das Kirchenschifl
und die Biume der Umgebung nur um o cu. 8100 m
(Fig. 10b). Das Beispiel zeizt, dass an Objekten dicser Hdhe

[

auch im relativ flachen Gie
nen. Immerhin divelten diese sehr selten sein.

Allgemzin kann tiber die Aulwirsblitze gesagt werden,
dass sie meist in der Fndphase cines Gewitters auftreten,
gemicinsam mit langen horizontalen Blitzen zwischen den
Wolken. Sie sind meist stark verzweigl, oft tauchen mceh-
rere Aste in die Wolkendecke. Sie kiinnea aber auch aus nur
2.3 Asten bestehen, die in die Horizontule abbiegen und
bis zu mechreren km hotizontal
decke rverloufen. Das Bildfeld der Kamera in Breganzona,
mit der die Blitze der Figuren fad und 7 aufpepommen
wurden. umifisst eine Hohe bis 1500 m senkrecht {iber dem
Gipfel des Monte San Salvatore. Der Eintrint der Fniludune
in die Waolkendecke livet hitufig noch ausserhalb dieses
-Bildfeldes, was bedeutet, duss dic untere Grense der kom-
pakien Wolkendecke noch oberhalh 2500 m diher Meer
liegen muss. Die Wolkeaober(liche, aufl dic sich die Ver-
fistelungen verteilen, kann dann eine Ausdehnung bis zu

Aubuiirtshlitze

well unicer der Wolien-

cinigen km? annchmen, Kriltige, verzweigte

e

s e+

wle Aulwirtsbhitze aufireten Lon-

tithren Ladungsmengen in der Grissenondnung von 108 ()
in Extremfillen sogar 200300 C 2. B 90 Cin Fig, bzound
220 Cin Fig. by Die beiden diberlazeiien Bhize an Tunn /
“in Fig 7. die schon 560600 m tGber der Turmspiize in dic
Wolkendecke cintuuchen. fatren je etwa 30 C. und die
Entludunzen von Fig. 6d mit iheen in die Horizondale
abbicgenden Asten fihren nur 10 C Tutm £y und 6 C
{Turm 2. Dic horizontale Awadehnunye solcher Aste ist aus
den Autnzhmien weiter entternter Aufwiirtsblitze ensichilich,
Als Beispiel zeizt Fizo 9 cinen solchen Blitz am Monte
: mit Asten, der
Lingere mindesiens § km lang ist. Kurze Enthedungen an
1000 m ooder weniser in der.

Generoso zwer honzenialen von denen

den Turmsphizen. die nach ca
Lutt enden. werden pelany sselten beobachter, Soweit sict
dies aus den O-zillogramnien feststellen Bisst, sind sie alle
positiv taul die Stromrichiung Wolke-Frde besogen), d. h,
der Turm bildet dic negative Spitze. Fx scheint, duss Auf-
witrtshlitze nur gleichecitiy mit Wolkenblitzen oder an-
schlivssend  an Wolkenblitz Dean bei der

statischen Ladung treanunz in den Wolken ist dic Feld-

vorkomimen.

stirke am EFrdboden haum so hoch, dass sie zur Auslésung
von Aufwiirissblitzen fubhren Konnte, Autwirisblitze sind da-

d Fie. 10
Blitscinschlaz in Kireliz von Biognn
a [l des Aulwarishlvses: & Kiache von Bosna
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unregelmiissig und stellenweise undeutlich, Es licgt auch
cine Aufnahme von cinem positiven Abwiirtsblitg in Turm 2

“vor, doch ist daraul der Lentblitz nicht sichtbar.

6. Mehrlachbliize

Fine der ersten Aufgaben der Kameras mit hewegtem
Film wir es, die zeitliche Auteimandertolge der Teilblitee 7u
ermitielin. Fiir diecsen Zweck sind die holien Filmgeschwin-
digheiten der neueren Apparate ungiinstig, Daoder can 1 m
lange Film in 35 ms cinmal umliult, kann sich ain langer
Mehrlfuchhlitz aul 20 oder mehe Umliufe verteilen, Fsojut
dann nur bei Einschiipen in die Messtiirme mit Tille des
Stromoszillogrammes maoghich, dic Auleinanderiolge und
die zeitlichen Abstiinde der Teilblitee 2u ermvitteln.

Mehriachblitze sind sowohl bei Abwiirts- als anch bei
Aulwiirtshlitzen ziemlich biialig, jedoch — mit seltenen Aos-
nahmen - nur bei sevariven Bliczen (dhe bei Blitzen 7wi-
schen negativen Waolhen und positiver Erde). Sic komunen

dadurch zustande, dass wegen der Kleineren Beweglichhedt

Fie. 19
Aufniictablity an der nepativen Turmapitze [ 6524

a Aufnihime auf bowernt Pl son Bregansona aus. Aus der gidsseren
Distany sind nur noch die helleachienden Fothaduneshopie

b oentsprechende Autnabme aul coheadem Diloe ¢ Suomsertaut

st

der pﬂ.s’ili\un Ladungstriiver nach dem Abkhineen des Siro-
mes in jedem Teilbliz positive Tadung im Fanal ruriich-
bleibt. Diese schawiicht das ursprangliche Teld nezaner
Wolken am Boden und begiinstive Jdus Abreissen des Blhie-
stromes [0 e Frladung innerhalb der Wolken kinn
nach dem Abkhingen des Erdstomies weitergehen, Dadurch

wird nach einiger Zeit wicder negative Ladung in den posi-

Stiven Resthanal gelungen und diesen Tortschreiiend bis zur

Frde umladen, Bei Aubwirtshlitzen aus positiven Turm-
spitzen bitdet sich Gber dieser ein mieit stark verzweiptes.
positives . Kanalsvstenn Aste des Wolkenblitzes, der den
Aufwiirtshlitz ausgeldst hat (Abschoin ) Konnen den cinen
aoder andern Ast dieses Systemes erreichen und ihm his zur
Erde tolgen.

Auch bei den Folgeblitzen ist dis Vorwachsen der nega-
tiven Laduny im Kanal als Teithlitz auf dem bewegten Film
sichtbur., Diese Leitblitze unterscheiden sich im allgemeinen
von denjenigen der ersten Teilblitze dureh schnclleres und
Kentinuiertiches Yorwachsen, .

Dic Anfuwdrnblicze mit ihren Verzweigungen ergehen

oft komplizeste Vechiifinisse, Withrend in cinem Teil der
Aste der kontinuierliche Aulbuustrom weiterfliosst, hann er
in andern Asten erldsehen, und os kénnen auf dicsen Folge-
hlitze auftreren. die in der Autnahmie aut bewegtenn Film
als momentanes Autleachten mit sorangehendem 1 eithblitz
eracheinen. e Gesamtbhity Gbherlogern sich Jdie diesen Pot-
ven Stolstrdme dem kontinuierhehen

ladungen  sugehiri

Strom der andern Astes sie ergeben somit keine selbstiine
digen Teilblitze.

Fs Kommit auch vor, dass auf einem Ast eines Aufwirts-
hlitzes aus positbser Turmspitee (mit negativeny Strom) cin
Folgeblitz mit positisenms Strom: erscheint. Fig, 23
Photo und dus Schlcifenosziflogramm gleicheeitiver Aut-
Withrend in
drei Folgeblitze nuit negativem Strom auitreten, erscheint an

seivt die

witrtshlitze an beiden Messtiirmen, Turm

[urm [ cin solcher mit positivem Strom 127 kA Stoss-
strom). so dass in den beiden Tirnen oleichzoftin eneeecen-
vesersie Bliczsodme Htivsver? Aus der hier micht wicderge-
vehenen Aufnahme auf beacgtem Film geht hervor, dass
der Folgeblite mit auf kriltigen

TPowptast o4 Jder Pothadang ame Turme Joound die T olge-

positiseinn Strom dem

hlitze mit negativem Strom am linken (/) der beiden krat-

|15



! i E

i K]

i 12

i ;_I

- :

| @ -

| W, NS ST e o e e i e A bk AR s — i < - e Rl G b e e - Ay == = - o |

J 3ms 1
e e e ’ s s e, o)
S S ! e

! |
; f
| |

: i

i i !

| |

i ' i

1 H i

i : :

i :

| E

| -

Aufwartabing an dor posniven Termspitze S

o, Afnahine sl Poagsisee § st Meps apdel ans b
Iortladone o bosten Ao depthieh sinhog
0o Voo tran abes | ondune
Anin and

Pavea 7 ooyt i Baide sschirho;

b ol

woachsen afe:
Il von B

e e

Bamia atg

I ouebrtarke ot o T (R TR

"2 on

tgen Aste am Turm 2 ozugzelavten sod Bem Folaebhins

me pesigvem Strein bann ke D enbhitg teseesielit soeiden.

Das Osaliogramm o Fae 2306 zaict ausserondenthich
schin, wiv bende Tarme elowchzemy emen Aulwarisbhee i
nevativent Strom Last zleicher Intensitat entstehen Lassen,
D atfenbur durch cimen berets besteheanden Wolkenbhiny
dunaniesch orbiohre elobineche Feld st atbso an boewden Tae-
Cmen i e 200 AbSand etwa elereh hoch Ber den |olee-
Polarita

welche Waolkenhligse

blitzen dagesen oo Jie cmgepengeseisde der
Stronie, dass diese min devon b hanet,
it e Rosthenal zasemmenwachsen by honoon -0 car anl

saomdbupen Heona oberhosthe S0y gbe
Stinde fvue et Jtee
sl erlol o g e
rdene i sam Berey
dor aut adem brwesten |

EIUN
1

der Teeisntae 0 e sfidenveee Nare

vanse kol schsoachr anf, B Nutaalange anul beaeglom
hoby «taeke Sohe
And

e Bs St o
Thor ot em
it boschuaman o

inaleit Boredh

J e 180

ol {ARCT A wlen heeates

verschredenen Asten e und desselben Blivees 1 adanzen ver-
saliedener Peleritat auttreten.

Dic Verwachsgeschwmdighon sarnert in waiten Giren-
sen. e Avsveriung von oo SO aulgenommenen N orent-
Ladlungen cradbt S, Waa me ms et cinem Mittel son v
Faoast zu erwarten, dass sieovon der inge der
il

Daaber noch wetere

R LATTS IS P 431N

vorange tangenen stromlosen Patise son afer o vorher

durchgetiossenivn Dadune abhuingg
Faktorea mtnchen, nchen der nenan den Kanal ciothes-
senden Tadunasmcore anch unbesiniubare Grissen wae

die Peld und Tadungsserhaitnesse an der Umigelung des
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Erdeinschlapg In Campione. offenbar positiver Bzstronm
o Aufnahme aul bewestem Film von Breganzona aus,
Dyer Feublity scichst bonunuierlivh vor, Wepen starher
Uberbetichtung der Phetoschicht it der Elaupibli
relaty schawach hersors A entsprechemde Aulna
Crubeadern Titing o Aufrshme aul rubendem il vent
: Bergeipfel aus ]

Einen bhesonders deatlich gestutien Folgelewhlitz zein

Fig. 25, Bei der ersten Endadung dieses Blitzes thinks in
Fig. 234) lisst sich der Leithluz nicht erkennen, Am gestuf-

ten Foleelenthlitz fillt auf, dass er nahe beim unteren Bild-
rand platzlich sein Voraachsen verhingsumi, und dass seins
Stufen von dort an wesentlich weiter aufeinanderbiczen als
im oberen Bereich. Ein Vergleich der Entladungsformen

n
ol

links und rechts in Figo 250 zeigt den Grund: Der Leithlits
folgt nimlich unterhulb der erwiihnten Stelle nicht meht
dem alten. ven der ersten Enttudung sorgebildeten Kanal.
sondern er hildet von hier an einen neuen. mehr niach rechts
gerichteten Ast. Man hat es daher im darunter licgenden
Tetl nicht mehr mit einem Folee-Leitblitz, sondern mit Jdeim
ersten Aufbau eines neuen Kanales zu tun. '

Ein Beispicl fiir diec Entwicklung von Folgehlitzen aul
den Kanilen cines Aufwdrichliczes gibt Fig. 26, Die 6 aul
dem bewepten Film gezeichneten Entladungen (Fig, 26a)
sind aul dem Stromoszillogramm (Fig. 26¢) mit entsprechen-
-den Nummiern bezeichnet. Die ersten zwei sind dein Konti-
nuierlichen Strom tberlagert und geben Stromspitzen von
weniger als 1000 AL Sie folgen dem schwach gesvichneten
Ast links der Mitie von Fig. 20b. Die weitern vier Entla-
dungen (3...6) sind Stésse mit 2,50 15KA, Jic nach dem Ab-
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klingen des kontinuierlichen Stromies als selbstiin:
dige Teilblitze in Encheinung treten, Sie folgen
dem hreiiftiz gezeichaeten Fauptast, Die weiteren
dem Film
(Fig. 20b) sind auf dem bewegten Filo nicht zu

auf ruhenden sichiharen Scitendste
erhenaen und kinnen duber nur hontinuierlichen
Strom gefiihrt haben. Als Besonderheit bei Poi-
lndung 4 — div dem sehwiichsten der selhatiindi-
gen Folgeblitze cutspricht — sei vermierkr, dass
die unteren zwel Seiteniste des vorangeheinden

Autwitrtshlitzes durch hurze Abzuweigungen an-

gedeutet sind. Der zur Untladung 4 gehorige 1eit-
Blity ist auffallend schwach und in den letzten 100 m Gber
der Turmspitze wuch auf dem Originaltilm nicht mehr zu
erhennen.
7. Famgentladungen

Von den aulgenommenen Blitczen oiit aufwiiriswach-
senden Kandlen ans den negativen Turmspazen tdhren 3
nach 314 ms zo Kridftgen Entadungen mit positiven Stoss-
stromien von 22100 kAL Die 5 Bhitze, zusammen mu dem
cinzigen aufgenommenen positisen Abwdrishlitz ohne Fang-
enthadung. sind mit thren wesentlichen Daten in Tahelle 11
zusammengestellt. Bereits in cipem fritheren Autsaiz 1]
wurde die Ansicht vertreten, dass in solchen Flillen der auf-
mit hohieren Wolken-

schichten abwiirtswachsenden zusammentritft. Rechnet man

wiirtswachsende Kanal cinenm aus
mit gleichbleibender Geschwindigkent der aufsteigenden Tat-
ladungen, so licet die Hobe der Treffpunkte bei vier Auf-
nahaien 1000, 1800 mv ither der Tucmspitze. Bei einer Auf-
nahme liegt sic bei nur 500 m ond damit im Aufnahmche-
reich der Kamera von Breganzona, Leider ist die betret-
feade Aufnahme in ihrent obern Teil stark Gbersicahli, so-
dass dic Aufwirtsentiadung our bis ca. 100 m iiber der

Turmspitze 2u verfolgen ist. Auch in diesem Falle ist also
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K. Berger and E. Vogelsenzer — C.E, Trans, 4414

PEOTOGRAPHIC LIGHINING IINVESTICATICNS IN THE YEAR 1955 TO 1565 ON THE MONTE SAI
SATVATORE
Preprint of A.8.E. Bull., Vol. 5T, 22 p. (1566)

Within the scope of en overcll reoort on the meesuring instruments end
results of lipghtning resecrch on the lonte San Salvatore o report is given on the
photogrephic observations for the years 1955 to 1965, following the 1st Pard
which was published in 1955, in vhich the clectrical lightning current ]
mepsurerments of the yeers 1955 to 1653 were deseribad. From the peak of the !onte
San Selvetore £ll ldightning strites tc'dng nlece af night in the neighbourhood of
the countedin ere recorded photozrophlerlly, The visible strilting points cre
marked in the geogrophic mop;  the mucher of striles behind hills are noted for
ench dead avea. "Upiard strokes", such as occur very often on the pilck-up tomey
on the Monte Son Eolvedbore yere olso detected ot a fey points in the neighbourheod,
The rofn problem studied In the investipobtion referred to the tyve ond the monner
in which the lightning channel 4o btuilt up, This process vas investigated with
the eid of photozrephs cno a repidly nmoving £1im, Four types of strole were
difrerenticted, l.e. the dischorge of positive and negative clouds in the form of
upvard end doimumrd stroles, Interesting conclusions ere drown on the production
of lightning channels end the eccompanying “stresmer discharges”.

i Barger end E. Vogeloanger C.E. Trans. 414

1

PEOTCGRAPEIC LIGETNING TIVESTIGATTCNS I THE YEAR 1955 TO 1955 O THE MONIE SAN
SATVATORE
Preprint of A.S.E. Bull., Vols 57, 22 p. (1966)

Within the scope of ca overall report on the meesuring instruments end
resmlts of 1ightning research on the Mante Son Salvetore o report is glven on the
nhotogrsnhic observations For the yeors 1955 to 1665, following the 15t Port -
which was published in 1655, in vhich the electrical lightaing current
ressuvezeats of the years 1655 to 1653 were deseribed. From the peak of the Monte
Son Sclvatore 211 ldghiundng striles tolding plade et night in the neighbourhood of
the rountain ere recorded Thotogrephicelly. Thé visible strildng points exe
parked in the geographie rep; the nunber of strikes behind hills ere noted for
each dead orea. "Usirard strokes", such os occur very often on the pick-up towers
on the Monbe Son Salvetore were also debected ot a feu points in the neighbourhood.
The r=in problea ghudied in the investipetion referred to the type end the mooner
in vhich the 1ightrini chonnel ig built wp. This process wes investigeted with
the cid of photozroshs en e ronidly moving film. TFour types of sbroke were
differentisted, 1.c. the dlechorge of positive ond negative clouds in the form of
uzuord erd dovmvard strokes. Imberasting conclusions ere dromm on the production
o7 lightming chrnnels and the eccompenying "stresmer discherges”.

K. Berger and E.",V'ogal.uaném.-

C.E. Trans. W14 }
PEOTOCRAPHIC LIGHTIING THVEITIGATIONS IN T 1
e I THE ¥YEAR 1955 TO 1955 ON THE MONTE SAN :
Preprint of A.8.E. Bull., Vol. 57, 22 p. (1966) '

Vithin the scope of en overall report on the measuring instruments and

results of lightning resesrch on the Mante Son Salvatore o report is givern on the
rhotogrephic observations for the years 1955 to 1955, following the 15t Port
which was published in 1955, in which the clectricel liphtning current
nmeasurezents of the yeers 1955 to 1953 were deseribed. From the peak of the lante
Sen Salvatore oll lightning sirikes teiing place ot nicht in the nelghbourhood of
the mountnin are recorded photographically. The visible striling points eve
merked In the geogrzphic m=py  the nurber of strilkes behind hills ere noted for
each dead erea. "Upiard strokes", such as occur very ofien on the pick-un towers
‘on the Monte San Salvetore vere also detected ot & fev points in the neighbourkocd,
The mndn problem studied in the investligation referred to the type ond the wommer
in vhich the lightning chemnel is buflt wp. This process vas dnvestigeted with
the aid of photogrcrhs cn a ropidly woving fMlm. Four types of shroke vere
differentieted, i.c. the discharge of wositive ond nezative clouds in the form of
upverd and dovmvard strokes. Inmteresting conclusicns are dresm on the produetion
of lightning channels ard the ecccmpanying "streamer discharges”.

K. Berger end E, Vogelsenger

C.E. Troans., W41k

PEOTOCRAPEIC LIGETHING TVESTIGATIONS I THE YEAR 1955 TO 1665 ON TEE MOGTE Say
SALVATORE
Preprint of AS.E. Bull., Vol. 5T, 22 p. (1566)

Within the scope of en overall report on the mensuring instruments end
results of lightning resesrch on the Mante Scn Solvetore o report 18 given on the
photogramhic cbsexvations for the years 1955 to 1655, following the 15t Pexrt
woich wos published in 1955, in which the electricsl lightning current - ‘
mensure=eats of the years 1955 to 1655 were deseribad. From the peek of the Monte
Szn Beldvetore 211 lightping strikes tolting vlece et night in the neighbourhood of
the pountoin are recorded photogrephleally. The visible strikdng points are
warked in the geogrophie mow;  the rumher of strikes behind hills ere noted for
each de2d crea. "Ummrd strokes", such es occur very often on the pick-us tcwers
on the lMagte San Selvetore vere also datected ot a fev points in the neichbourhood,
The pe=dn problen stndied in the fnvestigotion referred to the type and the monner
in vhich the lishtning chomnel is built 1pe  This process was investizoted with
the 21d of photozrephs oa e ronlély roving £11m.  Four types of sirolke were
differentiated, i.e. the dischorge of zositive and pegeiive clouds in the form of
uprnrd end doimverd strolies. Interestlng ceonclusions are droym on the production
of lightning chonnels and the eccorsanying "stresrmer diccherges”,




