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Abstract: Lightning Flash Counters are relatively inexpensive devices for registering *
lightning activity in the neighbourhood of a given location. They are usually used in .
ligntning warning systems in places of work where lightning posesa hazard. 1In the
present work, it is shown how they can be used as a scientific tool to extract useful infor-
mation about lightning parameters.

The following characteristics of lightning occurring in the neighbourhood ofColombo,
Sri Lanka, have been deduced.

(a) The number of cloud to ground flashes per square kilometer per year is about 0.65.

(h) The centre of charge brought down by the leader of a first return ground stroke 1s

heavily concentrated towards the lower end of the leader and is at an altitude of
about 0.65 km.

(¢) The ratio of intra-cloud lightning flashes to cloud to ground lightning flashes 1s at
least as high as 8.5.

(d) Current bursts in intra-cloud flashes appear to be stronger and sharper than
usually imagined.

1. Introduction

Lightning Flash Counters (LFC’s) are relatively inexpensive devices for registering
flightning activity in the neighbourhood of a given location. They are designed to
be triggered by the electric field change which results from a lightning discharge,’
and are used as lightning warning systems in factories and other places of work
where lightning poses a hazard. But few attempts have been made to use them as a
scientific tool ‘in research on lightning.

There are great variations and uncertainties in the properties of lightning dis-
charges and it is not easy to assess what different types of LFC do count. To intro-
duce some measure of uniformity, the Conference Internationale des Grands Reseaux
Electriques (CIGRE) recommended that a standard type of LFC should be used
everywhere and gave specifications for such a standard counter. Yet it was not too
¢lear what in fact this standard counter would ¢ount,
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CIGRE recommended that the standard counter should have a maximum
response at a frequency of 500Hz and that the response should drop off equally
at frequencies 500n Hz and 500/n Hz where nis a positive real number. Forn =35
they specified that the response should be 10/17 of the maximum response at S00Hz.
It was also required that the counter should be lfocked for a time interval of one
second after a count so that the next rvegistration is possible only after this time.
This requirement was made to avoid multiple counts from a multi-stroke flash.1?

CIGRE recommended a horizontal antenna system, but this was found to be
inconvenient and many workers in different countries replaced the horizontal
antenna with a simpler vertical antenna and modified the counter circuit so that the
response of these counters was almost the same as that of the standard CIGRE
counter.!-10

Two vertical antenna counters called the VO3 and the VO4 were developed at
the Institute of High Voltage Research, University of Uppsala, by E. Pisler. The
VO3 had electrical characteristics and counting threshold closely similar to the
standard CIGRE counter, and both counters give almost identical counts to thun-
derstorms when operated together side by side. The VO4 was designed to operate
with the same antenna asthe VO3 and to have the same frequency response pattern
as the VO3 but with a maximum response centred at 10 KHz instead of 500Hz.
A sinusoidal voltage fed into the antenna triggers both counters at a threshold
peak voltage amplitude of 15.1 volt at their respective maximum response fre-
quencies.

Kannangara® observed an interesting counting pattern as a thunder storm approaches
when a VO3 and a VO4 were operated together in Uppsala in May 1978.  As the
storm approaches from a distance, the VO4 starts counting first.  This happens well
before there is any visible or aural evidence ofthe approaching storm at the site
of the counter. As the storm approaches closer, the VO3 begins to register in
coincidence with the VO4. When the storm is close enough for thunder to be
distinctly heard, thereis a short period where the VO3 counting rate increases and
registers many more counts than the VO4. When the storm is almost overhead,
the VO4 counting rate picks up and catches up with the VO3 rate. The pattern
repeats itself in reverse order as the storm recedes. A tentative explanation of this
phenomenon was given by Kannangara et a/.?

it was decided that an exhaustive test of the phenomenon should be made in
Sri Lanka which lies a few degrees North of the geographic equator, where there
is abundant lightning and where facilities for using visual observers of thunder-
storms 24 hours a day were relatively favourable, )
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2. The present investigation

A VO3 and a VO4 were installed in the premises of the Department of Meteorology,
Sri Lanka, in Colombo in August 1978. Three hourly counter readings are taken
throughout the day and night as a matter of routine by the officers of the Meteo-
rological department, at 0230 hrs, 0530 hrs, 0830 hrs, 1130 hrs, 1430 hrs, 1730 hrs,
2030 hrs and 2330 hrs LST. 0530 hrs LST corresponds to 12 midnight GMT. Con-
tinuous records of the simultaneous counter readings are available from the 2lst
August 1978.

Individual counts from the two counters were also recorded at various times on
a pen chart recorder moving at a speed of 1 foot per hour. A count on the VO3
was registered as a spike about 10mm long and a count onthe VO4 as a spike about
Smm long. A coincident count on both counters gave a spike about 18mm long.
Pen chart records taken as a storm approached and receded from the counting site
clearly showed the same counting pattern as was first observed by Kannangara in
Uppsala in 1978. Examples of these pen chart records and one year’s counting data
from 1ith September 1978 to 21st August 1979 analysed on a six hour basis using
the six hourly reports of thunder from the 20 meteorological substations referred to
earlier were reported by Kannangara,$ and Kannangara and Abhayasinghe Bandara.?
It was apparent from this exercise that the counting data should be analysed on a shor-
ter time pertod basis and that aural reports of thunder must be received from more
observing stations inthe area round Colombo. especially at a distance between about
20km and 60km from Colombo.

Atthe beginning, six hourly reports of aural observations of thunder were received
from 206 Meteorological substations located in different parts of Sri Lanka. From
February 1979, 17 of these meteorological stations together with 10 Physics teachers
in schools scattered around an area extending to about 70km from Colombo were
organised to make hourly records of thunder activity in their areas day and night.

This paper reports an analysis of one year's counting data taken from the 1st
March 1979 to the 29th February 1980 analysed on a three hour basis, using the
additional observers of lightning from schools.

Figure | showsamap of Sri Lanka showing the locations of the 27 stations which
kept hourly records of thunderstorm activity. These records were kept on specially
prepared forms where 24 cages were provided for each day corresponding to the 24
hours of the day and the observer marked a T in the appropriate cage corresponding
to the day and hour in which he heard thunder. Station I correspondsto Colombo
where the counters were sited. Keeping in mind that these observers were not spe-
cially employed to keep a vigilant ear for thunder, but were expected to record a T
if they were aware of thunder in the normal course of their daily activities, the authors
estimate that they would reliably report T only if the thunder activity occurred within
a distance of 10km from them.
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SRT LANKA

Figure 1. Stations sending in reports of thunder
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The main experimental exercise in this investigation was to correlate the recor-
dings of T sent in by the 27 observers with the three hourly counts read off the coun-
ters. There were 2928 three-hour periods in the year under consideration. Out of
these, counter data and T reports were available for 2905 periods.

For each counting period of three houss the appropriate T reports were scanned
and the closest station (CS) reporting T during that three hour period was deter-
mined. Table 1 -gives a comprehensive analysis of the counting data in relation
to the CS reporting T.

In this table, the first column gives the station number which corresponds to the
numbers marked in figure 1. Station | is Colombo where the counters were installed.
The second column gives the actual distance of each station from station 1. Itis
assumed that lightning activity within 10km of an observing station will result in
thunder being heard so positively that a T will be marked by the observer in the appro-
priate cage of the form given to him. In the case of two stations close together like
1 and 2, inthe vast majority of cases when 2 hears thunder, so will also [, except when
the activity is beyond 10km from 1 but within 10km of 2. Thus the effective
distance of the lightning activity from | when 2 is CS is not its actual distance of
3km from 1 but about 11.6km. Similarly effective distances have been worked out
for the other observing stations and these are given in column 3.

A scrutiny of columns 4 and 5 indicates that our estimates of effective dist-
ances of an observing station is sound. For example, stations 1, 2 and 3 which
are close to each other, reported T during roughly the same number of three hour
periods as should be expected. But station 2 was the CS on only 72 out of 320
occasions and station 3 on only 126 out of 361 occasions. These proportions
roughly correspond to the areas round each station which are within 10km from it but
greater than 10km from station 1.

In the case of CS being station 1, on the assumption that a thunderstorm ap-
proaching within a distance of 10km will result in a T being recorded, the closest
approach of a thunderstorm could be anywhere within a distance of 10km from
station 1. The average distance of closest approach would then be 6.67km.

In the first column, station O signifies none of the stations reported T. Column
5 indicates that there were 1677 such periods and columns 6 and 7 indicate that dur-
ing these periods a total of 104 counts and 502 counts respectively were registered
onthe VO3 and VO4. These may be due to thunder activity over the sea, but it
must be remembered that an unavoidable personal factor enters into the observa-
tions of T. One cannot expect a T to be entered on the record sheets with 100 per-
cent efficiency when thunder is heard in the area of an observer’s station. [n the
case of Meteorological observers they are expected to keep a 24 hour vigil but lapses
do occur. 1Inthe case of the observers used from schools, however interested and
devoted they may be. one has to expect cases of missed T especially during the
sleeping hours. Also one has to expect the marking of a T in the wrong cage occa-
sionally. Even with these obvious uncertainties the figures in table 1, especially
a study of columns 8 and 9 and also columns 14 and 15, will indicate that
the observers in this experiment have sent in reliable reports and that the table
gives a fairly accurate picture of the actual state of affairs and that valid conclusions
can be drawn from the numbers displayed therein.
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3. Results

The essential features that come out of table | c¢ould be summarised as follows :-

(D

)

©)

(4)

&)

©)

™)

Out of the 2905 three-hour periods available for analysis, one-or more
of the observing stations reported T during 1228 three-hour periods.
During each of these 1228 periods, there would be a closest station report-
ing T. This is referred to as CS. Column 5 gives the number of occa-
sions when each station was CS.

The average number of counts registered per three-hour period, when
each observing station was CS, by the VO3 and VO4 respectively are
shown in columns 8 and 9. It will be noticed that there is a sharp drop in
the counting rate of both counters when CS shifts from station 1 to 2,
which appears to indicate that thereis a short range signal of range less
than 11.6km from thunderstorms, to which both counters are sensitive.
Column 17 seems to suggest that the VO3 is more sensitive to this short
range signal than the VO4. Columns 24, 25 and 26 also bring out the
existence of a short range signal of range less than the effective distance of
of station 2 from station 1.

Column 8 indicates that the counting range of the VO3 for the longer range
signal is not more than 50km and that the counting efficiency for this
signal drops sharply at about 15km range.

Column 9 indicates that the counting efficiency of the VO4 to the longer
range signal drops off more gradually than the efficiency of the VO3. There
appears to be a drop in efficiency between about 15km and 30km range.

Columns 14 and 15 give the fraction of three-hour periods when a station
was CS and there were zero counts recorded in the VO3 and VO4 res-
pectively. From these columnsitis clear thatthe VO3 does not register
any counts from lightning beyond S50km and that the maximum range
of the VO4 isin-theregion of 80 to 100 km.

The ratio of counts VO4/VO3 when each station is CS is given in column
10. It is seen that on an average the VO4 counts more than the VO3.
The ratio VO4/VO3 is seen to increase as the CS recedes from Colombo.

Columns 17 and 18 show that on some occasions the VO3 registered
more counts than the VO4, but that this phenomenon happens almost
exclusively when station 1 is CS. This observation seems to point out
to the fact thatthe short range signal from thunderstorms referred to in
(2) above begins to trigger the VO3 at a range which is a little larger than
the triggering range for the VO4.
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We have interpreted the long range signal to be due to cloud to ground flashes
and the short range signal as being due to intra-cloud flashes. The basis for this
interpretation will be discussed later.

In interpieting table 1, another factor hasto be keptin mind. The counts are taken
on a three-hourly basis. During this time period thunderstorms are not stationary.
Meteorological observations in Sri Lanka suggest that thunderstorms would move
an average distance of about 45km towards or away from Colombo during a
three-hour period. Also thunderstorms in Sri Lanka are not of the frontal type but
thermal and wind confluence storms which are generated more or less in isolated
arcas and not on a broad front. Thus in working out the counting efliciencies
of the counters as a function of distance from table 1, one has to assume that
the counts registered in a given three-hour period are due to storms approaching
or receding from Colombo on a relatively narrow front.

4. Deduction of the Counting Efficiencies of the Counters as a function of distance of
the Thunderstorm

We shall assume that the counts registered per three-hour period when a station
is CS comes from thunderstorms at distances ranging from the effective distance
ol the station from Colombo to a distance of 45km beyond this effective distance.

Benes ifthe effective distance of a station is X km, then the average number of
counts registered per three-hour paried by a counter when that station was CS must
be proportional to the arsa of the efficiency versus distance curve of that counter
lying between distances of X km and (X .- 45) km.

To avoid confusion we shall first concentrate on the long range signal and assume
that all the counts registered when stations 2 to 27 are CS are due to this long range
signal which come from cloud to ground lightning flashes.

Figure 2 shows the counting efficiency curves we have deduced for the VO3 and
the VO4 for these signals. In table 1, it is seen that when the CS is at an effective
distance of 11.6 km, the VO3 counting rate per three-hour period averaged over
the yearis 5.75. Onthe basis of the procedure described atthe beginning of this
section, the counting rates per three-hour period can be worked out for the VO3
and VO4 as a function of the distance of the CS by standardising the VO3 count
at a CS distance of 11.6 km to 5.75. Due to the shorter range of the VO3 it
was considered that there was less ambiguity in the VO3 counts and that standardi-
sation to an experimental value of the VO3 was preferable to standardising to an
experimental count of the VO4. Actually itis found that there is little difference
if the experimental VO4 count at 11.6 km is taken for standardisation instead.

Figures 3(a) and 3(b) are counting rate curves worked out using this procedure.
The experimental values are also marked and it would appear that the efficiency
curves shown in Figure 2 have been chosen satisfactorily.

&
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©
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When station 1is the CS, itisassumed that both cloud to ground flashes and intra-
cloud flashes trigger the counters. The possibility of the counters registering
spurious counts under conditions of high ambient electric fields present in the close
proximity of charged clouds is dealt with later. '

From columns 5, 6 and 7 of table ], it will be seen that over the year there were
360 three-hour periods when station 1 was the CS and that during these periods
21948 and 30789 counts respectively were registered on the VO3 and VO4. It
has to be estimated how many of these counts are due to cloud to ground strokes.

The average effective distance of the closest approach of a thunderstorm when
the CS is 1 was taken to be 6.67km. Exfrapolating the curves of figure 3 to this
distance, yields average counting rates per three-hour period of 14.4 and 42.4 res-
pectively for the VO3 and VO4. In the 360 three-hour periods when station 1 was
the CS, itis therefore estimated that 5184 and 15264 counts respectively on the
VO3 and VO4 were due to cloud to ground flashes. This means that during the
year the VO3 registered 16764 counts due to intra-cloud flashes and the VO4 regis-
tered 15525 counts. The VO3 counts only slightly more intra-cloud flashes than
the VO4, which means that the effective range of the VO3 for intra-cloud flashes
is only slightly bigger than the range of the VOA4.

According to the counting efficiency curves for cloud to ground flashes deduced
in Figure 2, both counters register all ground flashes that take place within 10km
of the counters. When the CSis 1, we considered that the average closest distance of
approach of a thunderstorm is 6.67km. Then on an average, on our assumptions
during a three-hour period when the CS is 1, thunderstorms should occur between
6.67km and 51.67km from the counters, and out of the 5184 and 15264 cloud to
ground flashes registered by the VO3 and VO4 respectively during the 360 three-hour
periods when the CS was station 1, the numbers of cloud to ground flashes that
must have occurred beyond 10km from the counters should be proportional to the
areas under the respective counting efficiency curves between 10km and 51.67km.
These areas are in the ratio of 9:39.5 for the VO3 and VO4, whence it is easily
deduced that there were 2134 cloud to ground flashes within 10km of the counters
during the year.

5. The Electrical Characteristics of the Counters

Both counters use identical antennae. A voltage V,(t) picked up by the antenna
is first fed into a filter circuit and the output V(t) from the filter is fed into the base
of a 2N914 transistor. If V4(t) exceeds - A volt, there is a count. A is the same
for both counters and is about 0.58 Volt. The circuitry ensures that there is a
dead time of 1 second after a count.

dx
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The antenna flter circuit of both counters can be represented by an cquivalent
circuit of the type shown in Figure 4. In this circuit, if Vi(t) — V Coswt, V(1)
is a sinusoidal voltage of amplitude V, given by:-

v ) -V
O T (0 @) (w4 pH 1l
1 I f r Ch
ere aff = =& a -+ = - s e
where o ff {CRC, aind (o + /) e t[ RTa
The frequency resnonse is characterised by:
(@) V, is a maximum at w =: w, == (¢f} and

(b) V, isthe same for w = nw, and w = we/n
where n is any positive number.

In the VO3, wy == 27 - 500, and in the V04, w, = 27 < 10,000. Also in both

10
counters V, == 17 (Vodmay When o = 5w, and when o = /5.

The threshold of counting fora sinusoidal signal for both counters was adjusted
for V= 15.1 Volt at & = w,.

The effective height of the vertical antenn= was meas red by Kannangara et al®
and found to be 1.88m. By thisit is understood that i1 a vertical electric field
of E Volt m-' directed downwards the antenna acquires a potential of 1.88E volt
relative to earth.

| | AAAA o
o— lr \~
Ca
vi(e) c T R NV°(t) 3}

=

Figure 4. Equivaient circuit of the antenna and filter.
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To ascertain the response of the counters to lightning, itis convenient to idealise
the voltage change V; (t) fed into the antenna to aramp change of the type shown
in Figure 5. The two counters respond to the same Vif wot,, is the same. Since
wo differs by a factor 20 in both counters, the two counters respond differently
fora givent,. Itisin terms of this difference that we have interpreted the counting
data.

0o |

0 t,,

1

Figure 5. Tdealised electrostatic voltage change fed into a counter of a lightning discharge

A circuit analysis indicates that when t, = 0, thatis, for a step voltage change
of V' volts, both counters are triggered when V exceeds roughly 17.7 Volt. This
threshold voltage remains practically unchanged up to wot,, = 1, which corres-
ponds to t, = 260us for the VO3 and t, = 13us for the VO4. For t, larger
than these values, higher values of V are needed to trigger the counters. Table 2
indicates some rough values of V needed to trigger the counter for various values of
t, from 0 to 1 ms.

TaBLE 2.

Triggering Voltage V

tmfbs VO3 VO4
0 17.7 17.7
16 17.7 17.7
60 17.7 22
100 17.7 38
200 17.7 60
500 19 114

1000 26 180
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Another important point that comes out in the circuit analysis is that for an
input step voltage, V, (t) reaches a maximum att = 320us in the VO3 andt =
16ps inthe VO4. This means that an input voltage pulse with a rise time of t_, a
plateau extending up to timet, and subsequent decay, in any manner, will be
seen effectively as a step volfage change if t; is greater than 16xs by the VO4.
In the case ofthe VO3, t must be greater than 320us. Also it will be clear that
the VO3 will be quite insensitive to a voltage pulse witht, << 360us. For the
VO4 to be insensitive, t  must be << 164s.

6. Field changes produced by Lightning Discharges

An intra-cloud discharge essentially neutralises an electric dipole above ground
and a cloud to ground discharge essentially neutralises a pocket charge above ground.
The electrostatic field change, due to both these types of discharge, at a point near
the earth’s surface at a horizontal distance D from the discharge can be idealised
to a ramp pulse of the type considered in section 5.

In the case of a cloud to ground flash bringing down negative charge, the field
change will always be positive (a vertical field directed into the earth is convention-
ally called positive.)

The electrical dipole neutralised in an intra-cloud discharge, usually has its
negative charge nearerthe earth’s surface. The electric field atthe earth’s surface
due to such a dipole is vertical and thereis a neutral point at some horizontal
distance D, from the dipole where the ficld undergoes a change in sign. At dis-
tances within D, the electrostatic field change resulting from a discharge is
positive whereas beyond D, the change is negative. Thus the counters have to
be within D, to be triggered by an intra-cloud flash. For the purpose of this analysis
we shall consider an intra-cloud discharge to be represented by the discharge of a ver-
tical dipole with its negative charge at a height h, km and the positive charge at a
height h, km with h, > h;. The horizontal distance on the earth’s surface from

the dipole where field inversion takes place is D, == h;!/# hy13 (h,23 + h2/3)/2,
In cloud physics, it is commonly believed that the negative charge in a cloud
concentrates at an altitude near the — 10°C isothermal level and the positive charge

is centred near the — 30°C isothermal level. In the tropics, these isothermals are at
altitudes of Skm and 10km roughly. Thus substituting h, = Skm and h, = 10km.
in the tropics we could expect D, to be 10km. Hence our assumption that the
counters register intra-cloud flashes only when station 1 is the CS is reasonable.

In a cloud to ground flash, due to the dead time of 1 second after a count, field
changes produced by the first return stroke only will be of importance.
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Essentially, the first return stroke discharges to earth the charge deposited on
the stepped leader. We can idealise this asthe discharge of a point negative charge
Q to earth from some height H. The value of H will depend on the distribution
of negative charge deposited on the stepped leader.

The electrostatic field change at the earth’s surface at a horizontal distance D
would  be given by:-

18 % 10° = QH

E T}{z :;3_' ' D’é)}/i'

. Volt m—1!

where Q is in Coulomb, and H and D are in km.

The time taken for the discharge would be roughly the time for the potential wave
of the first return stroke to travel up the leader channel from the ground to the cloud.
Values of about 8 »» [0"m.s ! are usually assumed for the velocity of the potential
wave, and in the tropics the length of the channel is usually taken to be of the order
of 5km. This gives a time of about 60us for the discharge. The electrostatic
field change produced by the discharge could thus be approximated to a ramp pulse
with t,~60s. From table 2, VO3 will need field change of ijé'fg' = 9.4 Volt m~*
to be triggered and the VO4 a slightly higher field change. Thus the VO3
is more sensitive to the electrostatic field change of the first return ground stroke
of a cloud to ground flash than the VO4. But very large currents develop in the
first return stroke in times of the order of a few us and the large rates of change of
current in the lightning channel travelling up for times of the order of 60us produce
radiation field pulses with rise times t,, of the order of 3 or 4 xs and plateau times
t, of the order of 60us. The VO3 is quite insensitive to these pulses but the VO4
will see them like a step voltage change and can be triggered by them.

The VO3 can be triggered only by the electrostatic field change. The experi-
mentally deduced counting efficiency curves of figure 2 suggest that all cloud to
ground strokes are registered by the VO3 up to a distance of 10km. Hence experi-
ment suggests that :-

QH 9.4
(H2 £ 100)2 ~ 18 X 103

= 0.52 x 103

Assuming a leader length of Skm, and assuming a uniform charge distribution on
the leader, the value of H should be 2.5km.13 Using this value for H we obtain
a lower limit of Q of 0.23 Coulomb. However Berger et al> have suggested that
95 percent of first return strokes bring down more than 1.1 C of negative charge.
50 percent more than 4.5C and 5 percent more than 20C. If these values are extra-
polated, it suggests that all first return ground strokes bring down more than 0.8C;
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If we use this as the minimum value of Q then our results suggest that H = 0.65km
which means the chaige deposited on the leader is heavily concentrated at the lower
end. This agrees with the stand taken by Bruce and Golde,® which is physically
more realistic.

Our results indicate that the range of the VO3 for ground strokes is not more
than 50km. Assuming that H = 0.65km this gives Q not more than 100C.

The curves of figure 2 suggest that the VO4 counts all cloud to ground flashes
up to a distance of 15km. It would be the radiation field pulse that triggers the VO4.

The radiation field drops off inversely as the distance and could be represented by

X ) .
Er = D If Eg exceeds 9.4 Volt m-! the VO4 should register a count. Taking
D as 15km we then deduce that the radiation field of all cloud to ground first

. 141.5
return strokes must satisfy Fr > B Vm- L.

The calculations of Uman ef g/'* indicate that in the expression Ep - - o X 1

directly proportional to vI  where v isthe velocity of ascent of the current pulse
and T, is the peak current in the current pulse. For vI, -- 8 »: 10% m.s7'kA
they obtained X = 175. Assuming the rough validity of Uman’s calculations our
experimental value suggests that all lightning first return strokes have
vlg > 6.5 x 108 ms—' kA. If we then assume a commonly accepted value of
v == 8 x 10"m.s-! our results indicate, on the basis of Uman’s calculations, that all
first return strokes have an I > 6.5kA.

Berger et /™ estimated that 95 percent of first return strokes have I > 14kA, 50
percent > 30kA and 5 percent > 80kA. If these values are extrapolated to 100
percent, theyv also indicate that all cloud to ground first return strokes should have
I, > 6.5kA.

Experimental evidence regarding intra-cloud lightning is vague. Brook and
Ogawa* summarised as best as possible the existing situation.

An intra-cloud discharge appears to consist of a main streamer, which is similar
to the leader of a cloud to ground stroke, in which currents of the order of 120A
flow for about 250ms neutralising about 30C of charge. Superposed on this
streamer there appear to be short duration bursts of current lasting a period of about
Ims, where on the average, about 1.4C of charge are neutralised. More recently
Rustam er /12, have suggested that these bursts could be stronger, neutralising about
2.4C of charge and leading to a mean dipole moment change of about 13C km,
implying that the dipole length is of the order of 5.6km. There is no indication of
the sort of current involved in this paper.
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From our analysis it will be seen that only the short current bursts in intra-cloud
flashes can trigger the counters through the electrostatic field changes they produce.

Suppose such a burst of current neutralises a dipole of charge Q with the negative
charge at an altitude of h; km and the positive charge at a height of h,km. We shall
consider a representative vertical dipole. The counters can be triggered only by a
positive field change and hence, as was pointed out earlier, the counters have
to be within a horizontal distance of h,'3h,*/*(h,>3 + h,23)172%km to be triggered.
We interpret the short range force which comes from our experimental results to
be due to the electrostatic field changer produced by the short period current bursts
in an intra-clond lightning flash occuring within this distance. Our observations
indicate that this distance is not morz than about 10km.

Q coulombs of charge neutralised in a vertical dipole with the negative and posi-
tive charge at a height of h; and h, km respectively produce a field change at a
horizontal distance D given by:

h; h,

E-—18 % 100 % Q) — o 2
(h3 <- D2y~ (hy + D2)r|

Let us assume that Q:+=1.4 Coulomb as reported by Brook and Ogawa.* If the
time taken for the discharge is Ims then the counters will see the fizld change as a
ramp with t = Ims. If the change is positive and greater than 26/1.88 volt m !
the VO3 counter will register a count. If we put h;, == S5km and h, == 10km,
then with Q = 1.4C, the distance D at which the VO3 starts counting works out
as 9.2km, which fits in well with our experimental observations. On the other
hand the VO4 will register only if the field changes is greater than 180/1.88 volt m !
and would give a range of ~ 6. 2km for the VO4. This would imply that the VO4
would count only 45 percent of the intra-cloud strokes counted by the VO3. This
does not fit in with our observations.

However if we take t,, to be ~ 200 ps, then the counting range of the YO4 for
intra-cloud strokes goes up to 8.1 km.and it will count 78 percent of the intra-cloud
strokes counted by the VOQ3.

If we take Q == 2.4C as suggested by Rustam er al, then with t, == 200 pus, the VO3
range for intra-cloud flashes works out to be 9.5km and the VO4 range 8.7km. This
implies that the VO4 will count nearly 84 percent of the intra-cloud flashes counted
by the VO3 and would agree with our experimental results better.

Our results therefore appear to suggest that larger quantities of electricity flow for
shorter durations of time in the current bursts that occur in intra-cloud lightning
than are usually thought to exist.

vl
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7. Discussion

Omne of us (Kannangara) when working in South Sweden in the summer of 1978
observed the VO3 start counting continuously at its maximum counting rate of 1 per
second when the level of the electric field exceeded 5000kVm-1 in the presence of
precipitation.  Such spurious counts were not observed on the VO4. A Japanese
team working in North Sweden in Kiruna, too, observed spurious counts when the
general electric field was high. We were well aware of the possibility of such spurious
counts and kept a vigilant look out for them. Especially, the possibility that the
sudden increase of the VO3 counting rate over that of the VO4 over short distances
where a storm is a few kilometers away, may be caused by spurious counts was looked
into. This effect was present both in rain and sunshine. Also, during a good part
of the experiment it was possible to have a duplicate pair of counters operating at a
site about a 100m away from the experimental pair.

For certain administrative reasons, it was not possible to take three hourly readings
from both sets of counters all the time, but whenever simultaneous readings were
taken, both sets agreed to within 5 percent under all conditions. We are of the
opinion that spurious counts on the counters under tropical conditions, where the air
is generally humid and electrostatic phenomena are difficult to generate, are minimal
and do not affect the conclusions we have reached.

We have used the equivalent circuit shown in figure 4 for the analysis. In the
Pisler circuit the output V,(t) is fed into the base of a 2N914 transistor. This introdu.
ces an extra degree of freedom which makes the actual Pisler circuit slightly different
from the ideal equivalent circuit. A circuit analysis shows that the main difference
between the ideal circuit and the Pisler ciicuit is that in the ideal circuit if V.M isa
linearly increasing voltage given by V; (t) = at, then V, (t) reaches an asymptotic
maximum at t = oc, whereas in the Pisler circuit V;, (t) reaches a maximum at t~5.7ms.
Apart from this difference, the circuit analysis indicates that the response of the Pisler
circuit differs from that of the equivalent circuit by less than 10 percent for all the
pulses we have considered. The nature of the present experiment does not warrant
a distinction to be made between the two circuits.

It was pointed out in section S that our counting data indicate that over the year
about 17000 intra-cloud strokes are counted. Our analysis shows that these counts
should come from intra-cloud strokes within about 10km from the counters. In
section 4 it was estimated that about 2000 ground flashes occurred within 10km from
the counters. The ratio of intra-cloud flashes to ground flashes that comes out of
our work is therefore roughly

17000

2000 ~ O
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It is possible that there are a number of intra-cloud flashes which do not have
sufficently sharp current bursts to trigger the counters. Eye estimates of thunder-
storms in Sri Lanka seem to indicate that there are more than ten times as many In-
tracloud flashes as cloud to ground flashes.

8. Conclusions

(¢) During the year Ist March 1979 to 29th February 1980, there were 2134
cloud to ground flashes within a radius of 10 km from the counters which
were installed in Colombo, Sri Lanka, which is 7°N of the Geographic
Equator and 3°S of the Geomagnetic Equator. That is, the number of
cloud to ground flashes per km? per year ~ 0.65.

(b) The Centre of charge brought down by the leader of a first return ground
stroke is at an altitude of about 0.65 km, which means that the charge is
heavily concentrated towards the lower end of the leader.

(¢) The number of intra-cloud flashes strong enough to trigger the counters
is about 8.5 times the number of cloud to ground flashes.

(d) Current bursts in intra-cloud flashes appear to be stronger and sharper than
usually imagined.
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