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ning path. The short distunce between the field stations
during the observation period was not particularly conve-
nient for such an investigation. Such an investigation must
be carried out with different arrangements as regards dis-
‘tance between the stations. Nevertheless, some interesting
cases were obtained with the distances used between the
stations. Examples of some cases of interest will be given
below.

Tn the two thunderstorm seasons covered by the contract
the number of curves particularly suited for treatment a-
mounted during 1956 to about 1900 and during 1957 to about
3000. 0f these, the recordings of 1956 have been drawn with
megnifying apparatus and are ready for further analysis. The
curve material for the 1957 season, owing to the short time
available since the termination of the contract, have not
vet been made ready. Por further information see chapter 13.

The number of photographs of lightning exposed in day-
light was in the first contract year 38 with about 250 oscil-
lograms recorded at the same time and in the second year 108
with sbout 600 simultaneous oscillograms, Besides these com-
bined measurements there is an extensive oscillographic ma-
teriesl which is particularly suited for treatment of special
details. Tn general, the aveilable and extensive oscillogra-
ohic material will require considereble time for a tolerable
amount of treatment.

Tn the course of the contract period four publications,
/4, 5, 6, 7/, attached to this report, have been issued.
They have 211 been compiled as & result of the investiga-
tions at Uppsala sponsored by the Air Porce.

6. Special investigation methods for the channels of light-

ning.

some of the oscillogzrams of lightning discharges with
complicated variation forms require svecial explanation. The
first lightning discharge in an active region of the thunder-

cloud nes been ‘ound to initiate secondery lightning dis-
charges vefore the discharge nas jyet terminated. These secon-
lary discharges may -have thelr course "n aquitie =2 different di-

rection n¢ nath from that of the original lightning. This is

























































37.

In exceptional cases the lightning discharges may ex-
tend over a second or & little longer time. An example of
such & prolonged discharze time is furnished by the time
sequence in Fig. 25. In a cese like this the discharge me-
chanism is extremely complicated and probably made up of
several channels, which have among themselves many partial
discherges. The suverpvosition of discharges in the cathode-
rey oscillograph’s oscillograms has made it impossible to
follow the discharges with certainty.

The examples treated in this chapter represent merely
a small part of the cases which may be picked out for more
thorough treatment from the extensive material acquired
during the 1956 thunderstorm se&son.

9, Changes in magnetic field variations with distance.

From many points of view it is of interest to investi-
gate the field intensity variations with distance from the
lightning path. As stated in another connection, the short
distences between the field stations made them not particu-
larly well suited for such an investigation. A different
distribution between the stations would be required for

his, All the same, some cases of interest were cobtained.
These, which will be described in some detail below, were

! >btained by recording witn vertical frames.
It may be of interest to consider in this report two

cases where the distance to the lightning path frocm the

two stations was practically the same. These cases are re-
produced in Fig. 26 and Fig. 27. For one of the stations,
Husbyborg, the distance to the lightning path was 4 km and
for the other, Rkerby, it was 6 km. The curves given in

Fig. 26 revoresent a typical pre-discharge process - the
succeeding main discharge was found to be guite over-deviat-
ed in recording and could not therefore be reproduced. Cn
the whole, the two pre-discharges show agreerent between the
stations as regards variation structure. On the other hand,
the amplitude is lowered where the distance to the lightning
path is greater. In Fig. 27 there is given another lightning
discharge which occurred during the szme thunderstorm, a
little later and with the same distances from the two sta-





















44,

vers the time from the start of the current right up to the
moment when its maximum value was reached.
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Fig. 31, Statistical analysis
of frontal times.

In "ig. 31 there is given the statistical result of
the front analysis. Acccrding to Fig. 31 the most frequent-
1y occurring frontel times for main and partial discharges
amount to times varying between 5 psec and 20 psec. The
egreement must be considered as very good when comrared
with the results published in TSR 1 and in another work /5, .
The more so es the results were obtained by a different re-
thod., In such e commarison, there must always be expected
some differences due to the great disvwersion in the varia-
bility cf the lightning discharges. It will be seen from
7ig. 31 that the frontal times for pre-discharges are short-
er all the wey through than for multiple strokes. This is
related to the fact that the pre-discherges are made up of
considersbly shorter sperk lengths than the long spark paths
that characterize main and partial discharges in the light-
ning paths.

At the bottom of Fig. 31 a statistical distribution is
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Fig. 1. Oscillogram with high-speed variation of igniting and killing flash.

Fig. 2. Oscillogram with slow-speed variation of lightning flash of Fig. 1.

thanks to the known distance from the stroke to the cathode-ray oscillographic
station. This distance was 4.5 kilometres. The lightning path was strictly vertical
against the earth’s surface as observed directly by one of the authors (N.). The length
above soil of the lightning path, obtained by angular measurements by two observers,
was 0.9 kilometre. From the front times of the discharges and with a penetrating
velocity of the tip of the lightning of 100 metres/usec the length was calculated to Le
1 kilometre.

The vertical lightning hit the ground in an open field where a farmer with a hay-
cart, a horse and a helpmate represented the highest object within at least 300 metres
around. The ground was very homogeneous at the point of the stroke and consisted
of a thin layer of cultivated soil on a very deep layer of clay.

The lightning flash had a very tragic consequence. The farmer was hit by the stroke,
his dress and the hay were set on fire. The helpmate became unconscious. The farmer’s
watch stopped at the exact time of the stroke and both the watch and its chain showed
typical melting traces. By laboratory experiments the same melting effects were
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H. NORINDER AND E. KNUDSEN, Discharges from distant snow squalls

Fig. 1. Field station at Akerby.

control direction finding was carried out at the Institute’s direction finding station
at Husbyborg. The other direction findiags for the Upsala-Kalmar base line were
carried out at the Royal Swedish Air Force's military air fields in the vicinity of Upp-
sala and Kalmar respectively. The Swedish Air Force placed personnel at disposal
for the direction finding work.

On account of the local interference at the Institute for High Tension Research it
was not possible to perform cathode-ray oscillograph measurements of the electric
field force variations from the new spherics. For the measurements, there was em-
ployed a field station, Akerby, Fig. 1, at a distance of 7 km from the Institute. At the
times when, in the daily control observations on a direction finder mounted at the
Institute, it was suspected that the new spherics were present, simultaneous re-
cordings were made on the three direction finders and the cathode-ray oscillographs
at the Akerby station. Owing partly to shortage of personnel and partly to the dis-
tance between the field stations it was not possible on all occasions to carry out these
observations simultaneously by the direction finders and the cathode-ray oscillo-
graphs. On those occasions when simultaneous recording could not be done with
cathode-ray oscillographs and direction finders, it was possible on the basis of experi-
ence to determine approximately the distance to the source of disturbance by means
of the appearance of the deflection on the direction finder. In such cases, no difficulty
was experienced as a rule in finding the actual disturbance area by comparison with
the weather maps

For a period of 14 days the Swedish Air Force extended its assistance with the
recording to comprise half an hour every four hours throughout the 24 hours. Un-
fortunately, it happened that this was done in a period with particularly stable
weather conditions, when disturbance sources for the new spheries were entirely lack-
ing throughout Scandinavia, with the consequence that serviceable results were
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