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SESSION 1.1

Atmosphefic Electricity Research in the Far East

H. Hatakejama

1. Atmospheric electric observations in the upper atmosphere.

Cbservations of the electrical conductivity and the electric fieia
in the upper atﬁosphere were made twice a day Juring the World Meteoro-
logical Intervals in the IGY and IGC at four stations in Japan-=$apporo
(,3°03'N, 141°20'E), Tateno (36°03!N, 140 08'E), Hachijojima (33°07'N,
139°47'E) and Kagoshima (31°38'N, 130°36'E).
4 The results of observaticns were discussed by K. Uchikawa (1961)
an::;how>that the mean vertical distribution of the conductivity obtained
at respective stations are almost enual to each other from the ground up .
to 500 mb level and that the conductivity increases with the latitude
in the upper troposphere and in the lower stratosphere as shown graphi-
cally in Fig. 1. This suggests that the conductivity in the free atmos-
phere is mainly under the contrbl of cosmic ray intensity, because the
total intensity of cosmic rays increases with the reomagnefic latitude.

Mean values of the potentiul gradient in the upper atmosphere
obtained at four stations are shown in Fig. 2. Values of the potential
gradient are large near the ground and decrease exponentially with an
altitude. Above 100 mb level the value becomes lower than 5 V/m. However,
as the accuracy of the measurement is 1t § V/m, the electric field
intensity above 1CO mb level could not measured precisely.

When the exchange layer develops, as shown in Fig. 3, the sudden

decrease in the atmospheric electric field and relatively small sudden
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inerease in the electrical conductivity were observed at the top of the
exchange layer as in other measurements in fcreign countries. This
rarked decrease and increase disappear for several days after the low
pressure or the cyclone passes throuch the observation pcint because the
exchange layer fades away after the low pressure.

The conduction current in the exchange layer is about 1.3 times

Ay
larger than that above the exchange layer. This meuns that the "Austausch®

contributes to generate the conduction current in the exchange layer
through the rapid production of ions.

Day to day variations of the electric field and the electrical
conductivity in the upper troposphere were investigated. These varia-
tions are related to meteorological factors, such as the air mass, the
upward or downward motion of the air, and the jet stream. For example
the increasing rate of the electrical conductivity with respect to the
latitude in case of a strong jet stream is larger than that ir a weak jet.

The concentration of small ions was computed from the observed elec-
trical conductivity. The vertical air currents in and around the jet
stream were calculated using the time and space variation of the concen-
tration of asmall ions. When the intensity of the jet stream is increasing,
downward motions of the air predominate in and around the jet stream,
only except the southern and lower part of it where upward motion exists.
And vice versa when the intensity of the jet stream is decreasing. An
example of which is shown in Fig. 4. These characteristics coincide
qualitatively with those obtained thermodynamically from the time and

-2 -
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space variations of the air temperature.

At Poona in India, observations of the potential gradient using

s
radiogonde techniques have been made since 1953 and systematic observa-

tions were made during the IGY. The results ef the observations were
discussed by S. P. Venkiteshwaran and Anna Mani (1962).

During clear weather, in both winter and summer, the higher values
of potential gradient are confined to a region extending from the greund
to about 600-500 mb, above which height it either remains fairly constant,
at about 20 V/m, or increase slightly with height. Within the exchange
layer, there are appreciable diurnal variations in the potential gradient.
They are at a minimum and almost constant during the hotter parts of the
day and higher at other times.

The data obtained during the IGY 1957-59 have been classified into
four groups, corresponding to the four main seasons -- (1) November-
February (Winter), (2) March-May (Summer), (3) June-August (Monsoon
season) and (4) September-October (when the monsoon ig withdrawing and
the skies are clear or partly covered with low clouds with a few thunder-
storms). Examples of the results of observations are shown in Fig. 5.

In winter, high potential values are confined to a region from the

W
ground up te about 600 mb (L.L km), above which, which represents the

top of the austausch region, the potential gradient remains almost steady

L2 LW e D e i i

AR S M

(about 10-40 V/m) with increasing height up te about 300 mb (9.7km). Above

whieh it again increases up te the highest levels studied, -- 50 mb (19 km),

-3 =~
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suggesting an lncrease in the rarticle content of tiie atnosrchere. The
200 mb region nearly corresponds to the altitude of the jet stream over
~India to the north of Poora. The increase in the potential gredient
above 300 mb thersfore suggests the existence of fine suspended particles,
presumably of extra terrestrial origin, in a larger concentration just
above the level where the extra-tropical stratosphere flows into the
troposphere, through the region of the jet stream between the tropical
and extra-tropical stratospheres.

The conditions over Poona in the summer season are as follows:

(a) The austausch region extends up to 500 mb (5.8 km), about 1.4 km higher
than in winter: (b) the region of maximum potential gradient lies very
near the ground and the potential gradient generally decreases with height
up to 500 mb: (c) above the austausch region, the potential gradient is
quite steady at the 500 mb value up to 150 gb (14.2 km) or above: and (d)
the potential gradient above 500 mb is of the order of 20-f0 V/m compared
to 10-40 V/m during winter.

The observations during the monsocn month are again markedly differ-
ent from those observed in either winter or summer. The potential gradient
attains its highest values between 800 and 6CO mb, which is the region of
maximum cloudiness during the season. The upper llmit of the regicn of
high potential gradient (500 mb) also represents roughly the top of the
clouds cduring this season, The most important difference is the steady
fall in the potential gradient above 500 mb, from 20-60 V/m to about 20--
LO V/m at 200 mb, and decreasing to less than 10 V/m at about 100 mb.

-4 -
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September and Cctober is a transition period when the monsoon is
withdrawing and winter conditions are setting in. The potential gradient
values are characteristic of both seasons.

T. Sekigawa (1960) observed and discussed the atmospheric electric
potential gradient at the swmmit of Mt. Fuji (3,776 m). Results are shown
graphically in Fig. 6. In summer months (May-August), the potential
gradient is large in later afternoon hours and small at about midnight.

On the contrary, in winter months (November-February) it is large in early
rmorning hours and small in later morning hours. In equinoxial months
(March, April, Septerber and October) the diurnal variation 1s double
oscillation and maxima appear after midnight and in later afternoon hours
and minima in the morning and in the evening hours.

The diurnal variation in winter corresponds to the universal chgnge
of potential gradient (9h L. M. T. = Oh U. T.). In summer months the
top of the exchange layer exceeds the summit of Mt. Fuji, and the potential
gradient is higher in afternocon hours and smaller in night hours. And in
equin;g;al months characteristic of both summer and winter appears.

2. Atmospheric electric elements near the ground.

Kondo (1959) discussed the secular change of atmospheric electric
elements using the observational data at the Kakioka Magnetic Observatory
for the period 1930-1957. He found that the potential gradient is decreas-
ing and the electrical conductivity is increasing since 1953. He thought

the cause of this decrease in the potential gradient and increase in the

_5_
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electrical conductivity was the artificial radiocactivity of fallouts due
to the test explosions of nuclear bombs.

Secular variations of the potential gradient at Kakioka (36" 14N,
140°11'E) and Memambetsu (43°55'N, 144°12'E) are shown in Fig. 7. The
curve of Kakioka is the deviation from the mean value 130 V/m for 1936-
49, and that ef for Memambetsu is that from the mean value 124 V/m for

1950~53. In the fall of 1958 the test explosions were stopped and the

potential gradient gradually recovered its normal value, but in the summer

of 1961 the test explosions were again started and the potential gradient
is decreasing speedily.

Hatakeyama and Kawano (1953) reported the diurnal change of the
potential gradient at several places in Japan. In Tokyo we have observa-
tions of that in rather old time 1897-1903, which is shown in Fig. 8. Ve
are making the observation of potential gradient in Tokyo since Jamuary,
1962. The mean diurnal variation January-August, 1962, is shown alsc in
Fig. 8. This type of diurnal variation is usually seen in large cities.

In the upper part of Fig. 8, the mean diurnal variation at Kakioka
for the period 1936-55 is shown. The distance between Tokyo and Kakioka
is gabout 70 km and the type of the diurnal variation at Kakioka has never
changed up to the present. Sixty years ago, the air at Tokyo was very
clear and the type of the diurnal variation was rural.

Misaiki (1950, 1961) devised a mothod for measuring the ion spectrum
and discussed the relation between the ion spectrum and the electrical
conductivity. Aceording to his method the inner cylinder of aspiration

-6 -
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. b e
apparatus is divided into two parts. The value ( a = -"Ct ) is observed
2

L
and the characteristic curve is formed taking (“_‘i - ‘_3..) as ordinate
2

and potential applied to the outer cylinder as abafi..ssa ( v , C 0, l\;,c,_
are current and capzcity of each part respectively). Ion spectrum is
obtained by deriving the first derivative of this characteristic curve and
the second derivative 1s not needed.

He made experiments for obtaining the mobility spectrum ef atmeospheric
ions in the mobility region between 3.0 and 0.2 e’ /V.sec. in 1960 in the
polluted air at Tokyo and in the clear air at Karuizawa. Results of the
diurnal series of observations made at both sites indicate some effects of
pollution on the relation between the electrical conductivity and the
mobility spectrum. In the polluted air, scores of per cent of the conduc-
tivity is attributed to the large or the intermediate ions while the
conductivity in the clear air is pregctically attributed to the small ions
only, as is generally believed.

The spectrum of the small ions does not shift on the mobility axis,
maximum concentration lying in the interval 1.0-0.7 cm"/v.sec., regardless
of the variations in the conductivity. On the contrary, the equivalent
mobility, i. e. the ratio of the polar conductivity to the small ion con-

centration, changes with the variations of the conductivity in the intensely

polluted air. An example of the results of observations are shown in Fig.
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natural radioactive dust concentration in the atmosphere near the ground
have been observed continuously with two jonization chambers and an electro-
static precipitator at Tanashi near Tokyo since April, 1958, by M. Kawano
and S. Nakatani (1958, 1959). They discussed the results of observations.

On fine days the diurnal variation of the lonization by oL -, (3—,

Y - rays is similar to that of the ionization by =, T- rays. As

is shown in Fig. 10, the maximum value oceurs in early morning (4-6 h),
and the minimum in the daytime (11-13 h). On cloudy and rainy days the
time variations are very irregular and the values are considerably larger
than those on fine days. On fine days the values of (R 7Y/ (*, P,T)
are about 2-5 per cent, being large in the daytime and small at night, but
the values on cloudy and rainy days are considerably smaller than these
on fine days.

The natural radieactive dust concentration is large at night and
small in the daytime, and the diurnal variation being similar to that ef
jonization. But the amplitude of the diurnal variation curve of the dust
concentration collected with the electrostatic precipitator is remarkably
larger than that of the ionization by ng Y - rays measured with an

ionization chamber.

The results ef simultaneous observations mentioned above seem to be
important for the researches on the natural radioactivity and on the fre-
quency distribution ef the particle size of the radioactive dusts im the
atmosphere.

M. Kawano and S. Nakatani (1961) studied the size distribution of
dust particles suspended in the atmosphere near the ground which carry the

-8 -
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naturally occurriig radicactive substances by the cascade impactor and
sutoradiograpny. The cascade impactor was used for classifying the dust
particles into four groups by their particle sizes, ard the autoradiography

was used for counting the number of ™ -tracks of each class at O hrs and

12 hrs after collection by the impactor.

Table. Size distributien eof dust particles

which hold the ¥ -activity.

1

Class ! II

Particle size (PA)

U R Y ——

5.2-1.,3

2.5-0.9

'
I

Number of  -tracks at O hrs
after collection (per unit area)

1 10

Number of X -tracks at 18 hrs

|
-

0

0

after collection (per unit area)

Accerding ie the results of measurements, as shown in the Table, a
large part of naturally occurring radioactive dust was concentrated in the
size range below O.Srﬁ, and the radieactivity was radiated almost solely
from radon and theron daughter products of shert half lives.

M. Kawane (1957) pointeétg;e abnormal increase of the ionizatien by
A = (3 -, ¥ - rays was found during the selar eclipse on April 19, 1958.

As is shown in Fig. 11, the maximum value occurred at the time of maximum

cbscuration and was mere than twice that on the ether days.

3. Atmospheric electric elements during disturbed weather.
Ch. Magone and K. Orikasa (1950, 1961) and K. Orikasa (1962) made
simultaneous observations of the surface electric fields, the charge en

-9 -
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raindreps and snow particles, the form of snew particles and the intensity
of rainfall and snewfall from 1956 to 1960 at Sappero. And the latter
auther made similar cbservations simultaneously at two stations 1.2 km
apart each otlier.

Analysing the data of these records, the following cenclusiens were
obtained. When the rainfall was light er steady, positive field relatively
smaller than these of fine weather or negative field was ebserved, and
when there was light or steady snowfall, positive field was observed, During
continueus heavy rain or snowfall and during heavy rain shewer or snow
shower, wave patterns of the electric field were often ebserved.

In almest all the cases of pesitive er negative electrie field and

(Lot mued
of the wave patterns of field, mirrer image relations hedd generally
between the sign ef electric field and the sign of electric charge on rain
or snow particles, But in the beginning of rain cr snowfall and when the
rapid increase in the intensity of rain or snowfall occurred, the sign of
the electric field and the sign of electric charge on particles becagtb
the same., An example of the cbservation is shown in Fig. 12.

To explain the mirrer image relation mentioned above, the auther

considered that the rain or snow particles were mainly electrified in the

Y
cloud and caried electric charges down to the ground, consequently the

cloud may be electrified to the sign opposite to the net charge which was
carried down to the ground by the particles. The case of the same sign ef
both the electric field and the electric charge on rain er snew particles
was explained hypethetically by considering the space charge due to charged

- 10 -
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rain or snow particles.

Kikuchi and Magono (1961, 196la) measured charges on natural snow

crystals befcre and aftef their artificial melting during snowfall, It
was found that the snow crystals obtained considerable positive charge
when they were melted. This ohservation appears to explain the above
mentioned general observational fact that in steady rainfall negative
surface electric field is predominant and raindrops carry positive charge
in most cases, while in steady srnowfall positive surface electrie field
is predominant and most of the snow crystals are charged negatively.

T. Ogawa (1960) and T. Cgawa and S. Saga (1961) made the continuous
observations of the electric current carried by rain drops, the rate of
rainfall and the surface potential gradient. Iroviding the Wilson's

) “ erplaiced
theory of ion capture by water drops,Vthe raindrop starts a cloud with
& small charge in the same sign 43 the electric field and reverses its
sign at a point between the cloud base and the ground. A guantitative
representation between the rain current, the rate of rainfall and the
potential gradient was ussumed and a relation between the surface poten-
tial gradient and the potential gradient in the charging region of rain-
drops below the clouds was deduced. An example of the effect of splashing
of raindrops at the ground was shown, in which the intensity of rainfall
was 10 mm/hr or more the effect reduced the surface potential gradient
in the value of about 2 V/cm toward negative,

Department of physics in the University of Singapcre has rlans to

expand itself and a new Atmospherics Fhysics Laboratory will soon be

- 11 -
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built. Last yeur znd up Lo August of this year, under the supervision
of Yen Yung Sen, J. Pakiam investigated the electrical conductivity of
‘he atwosphere neur the ground during the disturbed weather and some

ip*eresting results were obtained but they are not yet published.
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Kakioka,
(1936-h9)

Fig. 8. Diurnal variation of the potential gradient
at Kakioka and Tokyo.
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Surface Electric Field, the Charge on Snow Particles
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Raceived December 17, 1962
SESSION 1.3 '

Report on Atmospheric Electricity in
Central Europe 1959-62

by B, Mibleisen

The following summary is based on publications,
dispatched reports from “"Atmospheric Electri-

ciens" in Central Europe. The author would re-
gret it deeply, if any publication would have
been disregarded, because it was not known to
him. On the other side the dispatched reports

and publications have been so numerous, that not

SLLGTETER e

every one has been mentioned. The gravity has
been put on the new knowledges.

Disposition: The report is divided iAtovarious subjects:
1) General matters of atmospheric electricity,
phenomena in fine weather,

2) Atmospheric electric aerology, atmospheric

i o
T
-
;% - ‘r
Lo
g -
&
|
£
g
“ .

electric circuit and potential of the ionosphere,
3) Conductivity, ioms, radioactivity,
k) Precipitation electricity.

T ERPIL

5) Thunderstorms, lightnings, sferics, whistlers.

P 1y

6) Electrical phenomena in space.,
7) Biclogical action of atmospheric electricity.

1) General matters of atmospheric electricity, phenomena

in fine weather,

In the International Geophysical Year registrations of
the atmospheric electricity have been made dt numerouns
stations such as: Arosa, Payerne (Switzerland), Swidrze
(Polamd), Murchischon-Bay (Spitzbergen), Hohenpeissen-
berg, Garmisch, Zugspitze, Black Forest, Eifel, Potsdam
(Germany) and others. The results of these measurements

ma A\pproved for Release: 2017/09/11 C06461858,
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are manyfold. The difficulties in separating the global and local
influence have been explained. Therefore it must be concluded that
atmospheric electrical registrations on the ground can give infor-
mations especially about the local events of atmospheric eleciricity
in some cases, but only at excellent places and very seldom about
the global events, such as the voltage bet;een ionosphere and earth
and therewith the world thunderstorm activity or about a spacious
quality of the airmasses, such as the columnar resistance. The local
and the global part are about equally large, There are always some
informations not allowving an exact separation., This holds good for

the single case, but also very often for the temporal mean value.

Alse the registration of atmospheric electricity by S axer L,
and Sigrist W 1) inArosa (1800 - 2650 m above NN) proves
that, Although Arosa is a place with great air-cleaﬂ@ss, the local
influence can be found, Only the station in 2650 m NN shows equa-
lised courses of the day in a few cases, Of some interest seems to

be the discovered course in parallel of field at the ground and
content of Ozon in the layer 0 - 20 km above the ground, The
explanation of the relation between the 03 and the columnar-resistance
is the following: The percentage of 03 increanes as well as the
electric field in sink processes because the columnar-resistance

is getting less and the vertical-current-density is getting more,

Israel H. 2) brings the spacious atmospheric electric
phenomena in connection with geophysical effects, as radiocactivity
of the atmosphere and the exchange. The atmospherit electric
fluctuation means a quality to him which can be exploited on the
synoptical way and can be used as an indication of the type of

exchange.

Mihleoeisen R, 3) has continued the investigations about
the atmospheric electrie fluctuation at the coast of the German
sea. The strong and short periodical variations of field, vertical-

current and electric space-charge density have already to arise

B~ pproved for Release: 2017/09/11 C06461858
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on the open sea and will be caused by strong exchanges as it could be
pfoved by registration 7“of temperature, water-vapour and the speed
of the wind and by observations of the low Sc~clouds at the same time,
The exchange has to follow in big packages whereby the air near the
water must to be exchanged by fresh air frow a height of 100 -~ 300 m
in a period of several minutes, The air near the water probably gets
a positive space-charge by the electrode-effect, which the air from
above does notpnssess, and so the steep changes of the atmospheric
electric quality will arise at the fixed station,

The electrode-effect 4) has also been discovered over the lake of
Constance, The electric field E has been measured in various
altitudes from 0 - 100 m at fixed stations and with captive=-
balloons, The value in an altitude of 10 m or more are just half

of the value above the water surface. The measured and the calculated
space-charge-density is in agreement. If these results will be
transfemed to the circumstances at the cosst of the German sea, it
can be found that the peaks of the fieldstrength and the aspace-
charge-~density are in accordance with the very constant values of

the lake of Constance,

Ninet C, 5) calculates a formula under consideration of

the "eddy diffusion®, which describes the correlation of the
electric parameter of the atmosphere: space-charge, field-strength
and conductivity, By the assumption of Whipple about the comvection
current this formula can be used in order to win the eddy diffusion
coefficient by the values of the electrical quantities measured
near the ground, The author has made these measurements and bas

got the eddy diffusion coefficient as function of the temperature-

gradient, the speed of the wind and the Richardson nuamber.

that
Ninet believes the values received by this method have come into

accordance with the experiences, although he made some confined

suppositions,. This work is an valuable contribution to the problem

"electrode-effect”.,
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Reiter R. 6) gives a summary about his registrations at the
Zugspitz-massif in the last 6 years. Besides others he tries to

explain some interesting observations, He found out a relation between

the ratio of the small ions concentration n+/n_ and the increasing

speed of tbe wind, The herewith connected positive space-charge shall

T L DL

nave the action of an exchange generator. In the evening decrease of
the wind velocity the positive space-~charge also disappears and
herewith the atmospheric electric potential gradient sinks, That is

Reiter's explanation for the sunset effect,

Kilineki E, 7) disposed a difficulty with atmospheric electric
measurements, The impairing of the isolation by spiders' webs can

d
be preven: by rotation of the antenna such as a round vertical curreat

platc.

Atmospheric electric aerolopgy, atmospheric electric circuit, and

potential of the ionosphere.

First there should be mentioned some of the general publications
about the subject on atmospheric electric aerology. I s rael H. 8)
describes measuring methods and measuring resulte in the free atmosphere

in details, He putsthem in counection with the conditions near the

ground. and the meteorological conditions such as exchange, inver-

gions etc,

A chapter by Geor gii w, 9)

is devoted to the special atmo-
spheric electric measuring opportunity in a glider. In his institute
Reinhardt M, has instrumentated a doubleseat glider for meteorological
and atmospheric electric measurements, e is able to measure the
vertical component of the atmospheric electricity field with a field
mill and two radioactive collectors on the wing and under the wing.,
Besides this the horizontal component of the potential gradiemt and
the positive and negative conductivity of the air can be measured
continuously during the flight, It can be reported about the

already existing results after a concentrated exploitation.
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Mihleisen R, and Fischer H.J, 10) report on

the difficulties in exact measuring the atmospheric electrical field
in the free atmosphere and its remedy, based on their numerous
investigations with balloons and captive balloons. A special starting
mwethod has been developed in order to avoid a positive charging of
the balloon team with triboelectrical effects at the suspending

wire., A negative charging of the wire, what happened always during
flights through the ice satisfied areas, has been cleared up by

captive-balloon investigations as charge formations at rime.

The captive-balloon measurements by Lugeon J,. 11) give

further explanations about the relation of the field and the
conductivity in the lower atmosphere. The electrical quantities
make possible an exact determination of the limits of atmospheric
mist layers; they can be determined up to about 10 m by the con-
ductivity, This is more exact than it is possible to derive from
the ¢ourse of temperature and bumidity. It has been noticed that
the meteorological quantities show these mist layers scarcely

or even not at all.

An exploitation of the atmospheric electric work made by
Lugeon J., Junod A., Wasserfallen P,

and Rieker J, 12) in the IGY gives some new and precise
material about the course of the field and conductivity in the

free atmosphere. These mean values given in the following table
have been worked out irom2g atmospheric e¢lectric and 33 conductivity
measurements ahove the Murchison-Bay and fow 95 atmospheric electric
and 81 conductivity sondages above Payerne (see table 1),

A comparison with former values also from other authors demonstrates
that the field values in the stratosphere are eminently lower thapn
it had been assumpted in earlier times. These facts have also been
worked out by Mih1leisen R. and Fischer H.J.lj)

Their mean values became less as well shown in table 1.
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Table 1

R

Y o]

. - jz
b, (km) av/dz (v/m) X ’/\*(10-1"52 -ln-l)l) dV/dz(V/n))
NN Nurch,B, | Payerne {Murch.B. Payerne || Weissenau

Mean valunes of the potential gradient dV/dz and of the con-
ductivity 1+ in the free atmosphere published by L u g e on
etal. (1) and Miéhl eisen und Fischer (2)
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To the global events there is a contribation by Pischer B.J.lh)

The atmospheric electrical potential grudient between earth surface
and about 15 km above has been measured continuously by more than
50 balleen ascents, The ionosphere potential has been found out by
integration of the altitude. The mean value was 282 kV in agreement
with other authors, The precision of the measurements has been + 8 %.
The diurnal and annual courses of potential mean values agree very
well with the mean values of ithe Carnegie measurements. But the
single values fluctuate up to + 30 % of the mean-values, The same
fluctuation can be found in the Carnegie mean values of single days.
Therefere it seems not to be correct to compare single diurnal
courses of ntations on the continent with the mean diurnal courses

on the oceans like it is sometimes done,

Fischer has found a seasonal maximum in the course of the ionosphere
potential during the northern winter, He explains this in agreement
with Whipple (1929) by a much larger electrical efficiency of the
tropical thunderstorms, Considering all thunderstorms on the earth
with the same iuportance, they would have their maximum of activity
during the northern summer and no accordance with the mean results
would be, 1f one gives however the tropical thundersterms a greater
weight than the other thunderstorms on the earth, a special explanation
of the newest iscbronten demonsttation of the WMO material distributed
to different degrees of latitude proves that the maximum of the

thunderstorm activity is during the northern winter, indeed.

Donductivity, ions, radioactivity,

A great numer of publications has been submitted om the subject

of conductivity.

Bricard J, 15) improves his former theories about the
combination of small ions at aerosol particles, Im calculation of
the coefficient in the formula for the ionizatiom equilibrium he

takes in consideration, that the diffusion is not taking the normal
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course, if the particle radii have the same dimension as the mean

free path, For the radii more than 10-5 cm the deviation can be

neglected. It gets new values for the combination coefficient in

6

the radii range 0,6 x 107" to &4 x 1070 cm, which have a stronger

deviation as the former ones, but they agree well with the results
of Keefe, Nolan, and Rich,

Ninet's work (see 5 in chapter 1) concernsalso the conditions in

the ionconcentration near the ground,

R. 16) has registrated the conductivity

Besides others Reiter
and the concentration of small ions at some places of his atmospheric
electricity stations at the Zugspitze, Remarkable but not quite
clear is the fact that the ratio n+/n_ shall increase with the

speed of the wind: For M 0 he finds n+/n_ = 1,0; for w 5m/-

he finde n+/n_= 2,0,

Occasionaly he finds a strong increase of the negative conductivity
of the air at the sun radiated mist and fog layers., He supposes that
it is caused by a photoemmission by the solar UV, It does not seem
to be correct, because there is no light of sufficient short wave
length in the altitude of 3000 m.

There also appeared some new publications in the -nbgect of measuring

H. 17 describe a new

technique. Hoc k A, and Schmeer
small-ion . counter, where they have disposed the counterfield effect
by grounding the aspiration-condensator coat and by putting back the
electrodes iatothe cylinder, where they have used double-electrometer

valves in the entrance of the direct-current smplifier.

An interesting new method about the direct registration of the
atmospheric small-ion spectrum has been published by J un o d A.,
Sanger R, and Thanms J. 18) The authors used a

measuring condenser with a linear, quickly increasing voltage, where
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the currents become compensated by a bridge circuit. Not omly the
current voltage characterism will be won, but also a mobility-
spectrum by a thoughtful use of electronics, It is a great advantage,
that all signals exist as alternating voltages and therefore the

direct-current -amplifier can be avoided,

Hasenclever D,end Siegmann H, 19) published

a nev method of dust measurement using small ion dissipation, In a
ionization chamber, working in the range of satisfaction, small
ions will be produced with a radioactive probe. The measured
" ionization current changes when dusty air enters the chamber. The
small ionms become partly combined with the dust particles. These
charged dust particles will not be measured for their j]essened
mobility; the decreased current is a measure for the concentration
of dust, The authors show that mot the dust concentrationm, but

the product of dust concentration and medium particle radius has
been measured. because of the dependence of the dissipation

coefficient on the radius of the particles.

Siksna R, 20) developed an aerosol -eannring instrument at
the same time, which works with the same system, Here the small
ions will be produced in a separate tritium-ion generator and
mixed with air in a special chamber, The content of small ions
in the eir will be measured with an aspiration condenser. The
pecularity is that the production of small ions, the mixing of
the air, and the measuring of emall ions is separated. The time
of mixing is also independent of the speed of the wind and given
by tbe speed of the air flow through the measuring condenser.
Both arrangements can be calibrated only limited. The increase
of small ions depends on the dissipation coefficient and this

. . depends on the aerosol spectrum. The aerosol spectrum has a
further influence on the result because the time up to the

equilibrium is dependent also on the dissipation coefficient.
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The mixing time at disposial bas to be more than the time constant.
Compsring measurements with the same aerosol spectrum can be made
with this gfthod, where it will also be the advantage of a continuous
measuring. /In spite of all it is not satisfying, because there will

be kept only a single information.

21)

generator with a tritium sougce in a titan foil for the above

Siksna B, and Lindsay R, developed a small-ion
mentioned instrument. Herewith they have been able to place in a
emall room a large activity and to produce a small ion concentration
up to 5 x 106 per c.j of air. 0f great advantage is the half-value
time of the tritium of about 12 years and the assurance that no

unwvanted changes will happen with the aercsol.

There are also some works of interest on the subject of atmospheric
radioactivity, They have only been mentioned if they are in connection
with atmospheric electrical problems, such as the air conductivity

near the ground, the electrode effect or the atmospheric exchange,

Budde E.and Israel H. 22 digcussed the diffusion
coefficient of the radon in the air in soil. H. Israel compared the
exhalation 8nd the radonboncentration in the lower atmosphere calculated
with the various values of the diffusion coefficient with the measured
values of these quantities., He receives the result that a value of

D = about 0,05 cn2/nec approaches best to the actual condition, This
value depending on the sort of soil is about 50 teo 500 times as

bigh as the one of Budde,

Lugeon J,, Juneod A,, Wassertfallen P.,
Rieker J, 23)

near the ground besides the different qualities of atmospheric

registrated the radioactive content of the air

electricity in Payerne as well as at the Murchison-Bay (Spitzberzon).

24)

Reiter R, displayed his resulis of some of his investigations

of the natural and the artificial radioactivity measured in his two
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stations Wank and Farchant. Because these two stations have a

difference in level of 1,1 km at a relative little difference of

base, the author can make some declarations about the dependence

of the components on the altitude, Out of it he derives the

influences of the meteorological paramters on the natural and

artificial radiocactivity., He determines the exchange coefficient

by the calculated half-value altitude and he compares it with the

temperature gradient. These relations cannot be taken as the “i

general, because they are based on the conditions in a tight valley .*if
of the mountains,

Ernst P.,, Preining 0., and S e d_lacek M 25) LR
investigated the size distribution of the radioactive particles in

the atmosphere of Vienna by using a Goetz-aerosol-spectrometer,

The filter has been tested by the autoradiographic method, later
the filter cut in single pieces has been investigated by a counter,
They make the conclusion that thegrednstactivity of particles can be
found in the area of less than 0,7/u Stokes' radius,

Bricard H,, Pradel Jo, Renauzx A, 26) employ e
their dissipation coefficient to work out the frequency of the ff'

diesipation of radioactive small ions on the aerosol particles of . §
different radii, For that the size distribution by Junge has been

used, It has been supposed that the RaA atoms caused by decay of

radon, form small ions which combine later with the aerosol, Using
the formula the distribution of the activity on the aerosol particles

of different sizes can be worked out. The results bave been com-

pared with the values also measured by the authors.

L) Precipitation electricity and electrification,

Reiter R, 27) investigated the frequency of the signs of the

potential gradient in his stations in the mountains of Wetterstein,

By a statistic exploitation of the spacious measuring material he
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found out the following proportions of signs during precipitation:

Table 2

Type of precipitation: rain rain shower snow shower snow fall

pos. signs of the PG: 10% 30-40 % 40-50 % 80 %
neg, " " % » 90% 60-70 % 50-60 % 20 %
change per hour: 0,8 2,5-3 2«2,5 0,9

He analysed the number of the changes of signs per hour in the various
forms of precipitation in a similar way and he finds out the results
in table 2.

It seems to be very interesting that the changes of signs are much
more numerous in the valley tham in higher altitudes. In the same
work the dependence of the sign of the potential gradient on the

altitude during steady precipitation in the two phases bas been

discussed. Above the melting zone the potential gradient is about

3 - 4 times greater than the value of fine weather, while it is
negative and about 2/3 of the value of fine weather beneath the

melting zone,

Numerous and valuable work has been made about thunderstorm and
thunderstorm theeries, lightaning phenomena and their electro-

magnetic signals sferics and whistlers.

Yo1¢ ¥, 28

thunderstorms and the lightming-formation. Teepler's ideas about

discusses the present ideas of the cause of

the formation of discharges have been put in the ferefront again,

29)

Pihringer A, put up fer discussion a new thunder-
storm theorY , based on the electre-magnetic induction. In the

author's epinien an electrical field will be induced by the
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motien of a cleud in the magnetic field of the earth, This produces
oR electrical dipel moment which shall build up a strong electrical
field in the outer reem, The efficiency, necessary for a thunder-

storm, shall be withdrawn from the cinetic energy of the wind,

Michnowski1 8t, 30) indicates the impertant part of the
; - point discharge in the preservation of the charge exchange between
: the earth, thunder-cleuds and ionosphere. Measurements of the sum
of the point discharge fer a lenger period in Swidrze gave a
result of the mean ratio of a charge run out of a point %f = 1,5,

Miller-Hillebrand D, 31) describeas some iateresting
thunderstorm observations at Monte San Salvatore. The value of the
electric field has formerly been estimated from about 20 kV/m

te 330 kV/m. The auther noticed only a field-strength of about

3-5 kKV/m near lightming-strekes in the ground. He tries to ex-

plain whereby the strong fields have been screened by a larger

space-charge area; registrations of the electric field, point

5 A

discharge, precipitation curremt and precipitatien strength of

the same time suppert this assumptien. An exact temporal analysis
of the formation and discharge of a flash had been possible by the
measuring of the lightning current at the place of stroke and

the electrical and magnetic field-strength in a distance of

2,8 km at the same time. It had been shown that the steps

of a leader stroke are extremiy short. The single impulases

can have a temporal interval down to O,Q/n sec,

In another publication the author tries to extend the protective
radius of lightning conductors by radioactive point discharges.
At the sppreaching of a thundercloud, all points emit some
\ corona currents, which will be led away by the wind as space
charge. It had been asserted radiosctive poin® could increase

the peint discharge current so much that the space charge cloud would

e
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a
lead to catch discharge. 1n a laboratory experiment there was no

difference noticed concerning the corona current of a radioactive

point and a normal peint after arising the corona discharge.

With another experiment it was however shown that a strong peint
discharge of 8 mA has a strong influence on the electrical field

strength in the surrounding.

Outdoors the point discharge current of the radioactive points
vas always less than a current of non radioactive points. Obvieusly
the ion cloud around the radioactive point delays the beginning of

the corona discharge,

Miller-Hillebrand D, 32) has won an interestiag

material aboat lightning frequency since 1958. With a rather
narrow net of stations (115 stations) in Sweden he was able to
registrate more than 100.000 earth flashes in 1958, These made
65 % of all registered discharges.

Malkowseki G, 33) determines the mean value of tho diameter
of & convective precipitation cell d = 4 km by a collective of
1000radar observations during showers and thunderstorms., He gives

a ourve for the frequency distribution of these values. At the
observations of eches with the weather radar instrument it is of
some interest whether a precipitation cell visible on the radar
screen can be considered as a thunderstorm or a shower withount
lightnings., This had been undertaken by a sferic direction finding
instrument by finding the position of thunderstorm centers at

the same time,

34)

Norinder 81, Knudson E, made spacous
investigations about the discharge mechanism of lightnings in
& free field statien near Uppsala (Sweden), The collected data
had been exploited, The length of the lightning path between

cloud base and earth gave values of 0,6 - 2,4 kn with a mean
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value of 1,4 km. Observating 1135 flashes, there were 79 % between %
cleuds and earth and 21 % within the clouds. Analysing the multiple N
discharges it had been displayed a decrease of the magnetic field-

strength with the number of strokes, The intervals between the

lightnings had been noticed from 16 thunderstorms, 1t was found,
that the most intervals are 20 - 70 sec. At a single thunderstorm
of extreme strength 80 % of the intervals had been shorter than

1 minute,

K. 35) made lightning obersations with an oszillograph '“4f5

Berger
on the Monte San Salvatore in 1958-61, The registrations had been
exploited concerning the front duration, the maximum current, the
average and maximum current increase slope. On the base of this ;':£ 
measurements there had been 4 different types of lightning discharges, )
which differ in front duration, maximum current, steepness of

increase and current curve:

a) flashes with leader strokes in upward direction; in general they

only come from high and well grounded conductors. The form of current

shows a slowly increasing with a current maximum of 20 to asome :
100 A; ;;'

b) flashes with stepped leader from a negative cloud; the main
discharge has a maximum current of 15 - 45 kA and a front duration

of A - 12/n sec;

¢) following strokes from a negative cloud. The maximum current
strength is smaller, The front duration is shorter and less than St

l/u sec. in general;

d) discharges from positive clouds to the earth with a slow current
increase and a high discharge atrength, A discharge exchange of

more than 100 C is of no rarity.
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36)

Norinder H.,, Knudson E.,
made experimental investigations about the maltiple-lightning

strokes in the same lightning channel in 1956-57. Multiple

lightning strokes have been regarded in the laboratory if a high
obm-resistance has been inserted in the discharge cirecuit, Because
multiple lightning strokes can give some indications on the
discharge mechanism in the thundercloud, oszillographic registrations
of the strokes series and the discharge currents of natural

multiple strokes. In order to registrate the front time and the
discharge current three oszillegraphs with different time bases

have been used., The electromagnetic field had been received from

a frame areal and led to the oszillograph by an aperiedical
amplifier., Herewith the cbanges of the magnetic-field strength

had been registrated and an estimate of the currest changes in

the lightning channel has been possible. The measuring results

had statisticly been exploited concerning the amplitude dis-

version, front time and temporal intervals, Later on the method

had been completed by day-light photography. The increase of

voltage in the aeral triggered a connection circuit, which

released the camera. This combined method made it possible

to declare something about the discharge process in the cloud.

Papet Lépine J. 37) has been occupied with a

theoretical work about the mechunism of the lightning discharge
and the herewith existing cbange of the magnetic field. The
author shows a method to calculate the temporal course of
current in the lightning channel from the magnetic field

changes measured near lightning discharges,

Fritsch vV, 38) bas been occupied with the problem of
geological and geoelectrical influences on the place of
lightoing-strikes. He can confirm the opinion, that there
are lightning nests. A apociai result was, that the danger
by lightnings grows with increasing geologic2l age of the
terrain.
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Michnowski St. 39) describes an interesting observation

in nerth2ru Viet-Nam, where electrical discharges had been in a
cumulus cloud without amy signs of existing ice crystalls in the
cloud. The altitude of the upper cloud limit was supposed to be
2500 m, while the 0° isothermefor this season should have been
abeut 4000 m, .

vty r o eoneny

Dessens H. and his coworkerako)

made investigations with
an installation of 100 burpers which are arranged on a quadrat of
a sidelength of 100 m, They tried to produce artificial cumulus
clouds. During the first few experiments there ha® been developed
sometimes tornade pipes with wind speeds of some hundreds of k-/h.
It had been noticed that lightning discharges ensue always alomg
natural tornade pipes., Desusens hopes that aninsialled ventilator
will stimulate the formation ef a whirl of a tornado pipe, Dessens
expects that the so called Meteotron gives him the possibility

for direet lightning inveatigations and for experiments in plasma-

physics.

An earlier theeretical publication by W,0, Schumann refers to a
resonxance. frequency of the condenser ionosphere earth. Thia

41) investigated

frequency shall be about 9 c/aec. Konig H,
there upon atmespherics of this extremdy low frequency. His receiver
connected with a long-vire antenna e¢nclosed the rsnge from 0,5 - 13.¢ /.ec.

In fact he get signals with frequencies 8 ~ 9 c/nec. He believes that

i s it PRt s b Pk i i 128 SRS |
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one part of these signals is caused by lightnings, which have excited
the resommance circuit ionesphere earth to oscillations. Another
part of signale arises at sun rise, Kinig supposes, these signals
weuld be caused by abrupt changes of the altitudes of the lower
boundary of the ionosphere. Uther types of aignales with lewer
frequencies will be brought into correlativa with local weather-
phenomena, Eonig has examined his interesting results by a
simultaneous registration: .en a second station in a distance of

50 km resp.450 km on one hand,on the other hund during the eclipse of
the sun oB i 15.2.1961 (E.Haine).
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42)

Malkowsk.i G. determines the entrance-range of a sferics

receiver by a decrease of the sferics frequency during a antizyclonic
situation. At a field strength limit of 0,4 V/m he comes teo a range
of 850 km.

Israel H, 43) compares the sunrise effect of sferics at 27 kc/sec
registrated at 3 different stations, Aachen 50,8° N, Tokyo 36° N,

San Salvador 13,5o N. The beginning of the decrease of the sferics
intensity varies from station to station during the anoual coarse.

The nearer the station is to the sjuator the earlier and more unregularly
the effect begins.

hh)

Mattern 6, delt with the reception of sferics from great

distances. He bad built up his statien on a solitary island without foreign
electric installations. He is able to receive all lightning signals

from the whole earth. This however leads to overlapping signals

8o that a lower limit of mensibility (about 50/uV)must be fixed,

Norinder H, and Knudsen E, 45) inventigated
whistlers 1957 - 59 in order to explain the connection of thunderstorm
activity and whistlers. It has been proved that only one part of
flashes produces whistlers. They meptly appear in groups for a time
of 1/2 to 2 1/2 hours. The longest time of observation had been

6 heurs. These times faveourable for whistlers have been integhpted
by long period® ef silence. Hegistrations of aferics at the same
time showed that only sferics with the highest field-strength have
been followed by whistlers. The exploitation of the field -course of
the sferics with a barmonious analysator gave as a result that the
energy maximum of the radiation is on abtout 5 kc/sec. A comparisoam
between the temporal series of the multiple whistlers and the
oszillegraphic registrated multiple-lightning strokes showed
accordance concerning the time intervals,

Different whistler shapes had been regarded by the analysis with i

"Sonagraph®. One third of all registrated whistlers during the

llApproved for Release: 2017/09/11 C06461858
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thunderstorm season 1959 could not have been put inte relation of
thunderstorm- ~enters by & sferic~direction finder. All these
vhistlers appeared omly during a short period and must have been

produced in the neighbourhood of tha conjugate geomagnetic point,

In another publication N o r i n der H. 46) supposes that the
propagation ef whistlers will be influenced by ionospheric irregularities.
Ne follows the ideas of Budden, K.G, *n a theoretical publication.

6. Space phenemena of atmospheric electricity

In this chapter enly seme investigations can be reported which are
due to cosmic rays. The results come from balloon ascents made in

one instituate,

Waibel BE, 47) determined the iomization spectrum of the cosmic
rays. He was able to separate the proetons from He- and Li-nuclei

in the primary radiation. If one extrapolates to the limit of the
atmesphere, thecu-intensity is. about one seventh ef the protom
intensity,

Erbe H, k8) finds a clear relation between the intensity in
definite altitude measured by a Geiger-counter telescope and the

intensity on the ground,

Ehwmert A,, Erbe H,, Pfetszser Go, Keppler E.kq)
discussed the pPecularity of cosmif rays in a selar eruption im

sutumn 1960, During the summer season 23 balloon ascents had been

made in Kiruna (Svoden). Seme X-rays eruptions and injections of

selar pretens have been observed,

Ehmert a, 50) indicates that the experimental "rigidity
spectrea®™ of the primar cosmic protons and -~ particles can be

described by a variation of the electric potential of the earth
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against far space. Its variation is correlated with the solar
activity. The decelerating potential has a variation of 1 Gigavolt
&t sunspot minimum and 2,7 Gigavolt during a magnetic storm, The
field is supposed to be bsyond the radiation belt, as one can

conclude from the intensity observations of moon rockets,

Biological action of atmospheric electricity,

Enoll M., Rheinstein Joy, Leonard G.F.,
and Highberg P.W, 51) investigated the influence of
artificial atmospheric small ions on the reaction time and the
visual moment., An increase as well as a decrease of 7 % of the
reaction time has been found for desities of about 103 to

106 ionu/cm3, if the subject is breathing through the mouth,
There is no influence when the subject is breathing tbrough the
nose, The polarity of ions does ne matter at all. An influence
for the optical moment - i.p. the shortest time between twe
flashes, which can be recorded separately - bas mnot been found,
The influence of iona resembles the offect of many drugs on

the human system,

Konig H. 52) has regisirated the atmespheric impnlse
radiation since four years., The receivers are able to recerd all
sferics in three entrance ranges: 100, 300 amd 1000 km, Until
now there was not found any clear relation with aspects of

illness on human beings,
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1. Introduction

The purpose of this paper is to present a survey of research in
Atmospheric Electricity performed in the countries concerned and
reported since the Second Conference on Atmospheric Electricity in 1958.
The survey is not intended as an index to all the relevant literature,
nor is the space allotted to any fem to be regarded es a measure of its
importunces I have arbitrarily left out work on atmospherics and
electramagnetic wuve propugation. To muke the plcture more cumplete 1t
is wll to refer to the present quite consideruble aund wide-spread intereust
in the subject of Atmuspheric Electricity in these countries.

I will mention five centres in Fuglande At Leatherhead the Electrical
Research Association with over 1000 voluntary observers has since 1950
collected data on thunderstorms in Britaine At.Imperial College, London,
the experimentul and theoretical studies of the electricul properties of
ice and water are proceeding in Professor Muson's Sub-Department, and the
work of Dr. Browning and Dr. Ludlam (1962) on the airflow in convective
storms may well leed to a new approach to the problem of thundercloud
electrificution. Dr. Womell's group at Cumbridge Unlversity are extending
thelr investiguticns vn lons and Aitken nuelef, and arc also studying low
frequency fluctuations in the earth's electric field and the tield spectrum
of near lightning flashes. Dr. Latham, now at the Munchester College of
Science and Technology, is continuing his studies on the frictional elec-
trification of ices At Durham University Dr. Chalmers' group are investi-
gating precipitation and air-eurth currents with moblle us well us stutic
apparatus, pulnt disclarge, space churge, and electrical effects assoclated
with wuter and icce 1In New Zealund, at Auckland University, Professor
Kreielsheimer is concerncd with potential grudlent und point dischurge effects
at balloon altitudes. There are reports fram three centres in Ireland.
Professor Pollak and his group at the Dublin Institute for Advanced Studies
are working on the electrical equilibrium of aerosols and ice-rucleus con-
centration determinations, and have constructed a smull portable photoelectric
nucleus counter. At University College, Dublin, under Professor Nolan,
research 1s on charged and uncharged nuclei and the application of the

Boltzmann Law to earlier observations. Dr. O'Connor and his group at
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Mntveratly Coblepe, Gulung, are eageel Tnon ataly of witarnml woeaeeen off
Altken puclel aad cpace churge.

The African éom:inent., with its tinc opportunities for research in
tropical and sub-tropical regions, now has several centrese In South
Africa, at the Bernard Price Institute of Geophysical Research,
Johannesburg, work under Dr. Malun includes the siudy of lightnlug
rlaskes of various <ypes, lightuing photography, the study of upwiard
discharg+s ubove clouds, and flach counting technique s. Aluo in South
Africa, in the University of Natul, at bDurbun, Professor Clurence's
Department is containuing research on whistlers aud lightning. Observations
are now being made at the University College of Sierra Leone, at Fourah Bay,
of point discharge and precipitation currents. At University College,
Toadan, point dischurge currents arc being studied, and an intervsting
investigation of lightning by sound-ranging on the thunder has also begune
Other centres in Africa where there have becn projects for Atmospheric
Blectricity research are at Sulisbury, Southern Rhodvsia, Mukarere University

College, Ugundu, and University of Nigeria, Noukke.

2. Ionization in the Atmosphere

The time required for a cloud of uncharged nuclei to reach equilibrium
pas been further investigated by Rich(t), Po12uk(®) ana Metatexs(®) (1962).
Their calculations involve integrating the equations ror the rate of change

of concentration of small ions and churged nuclel respectively:

%gq-m‘-nonl\lo-qnﬂ,and

-:—': =q,n llo - nn bl
Here n, N are the concentrations respectively of small fons and charged
nuclei, assuming equal numbers for either sign, and No the concentration of
uncharged nuclei, The number of small ion pairs produced per on® per sec 1s

q, and 9, n, ure the uppropriate cambination coetficients. It 18 assumed that

(1) General Electric Company, Schencctady, UsS.As
(2) Dublin Institute for Advanced Studies, Ireland.
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3
multiple charging or recambination of nuclel muy be neglected. The

authors started with initisl valucs N = 10% co™ and n = 950 ca™® and

qQ = 1.6 o™ gec™t and considered three dir;’erent values for the fraction
of nuclei churged at equilibrium, corresponding to three different values
of nucleus radius. The results uf the calculation show how much more

slovly the charged wucled approuch their cquilibrium concentration campured
with the wmall ions, except for very umnll nuclel. With their arbitrury
initiul conditions the wuthor: found that for nuclel of radius 3.6 x 10°% cm
n is at 1ts equilibrium value aficr 7 minutes whervas N tokes nearly un hour
to reach 90% of its equilibrium value. These results together with the
recent history of an air mass say be used to estimate whether the nuclei

in 1t are in charge equilibriume In one observation, however, upwind of &
town, and where churge equilibrium might have been expuected, the cuncentru-
tion of charged nuclei wus only 0.6 to 0.8 of its cquilibrium vulue, perhups
of undetected sources of nuclei.

Pollak und Met.nieks(j ) (1962) measured the rate at which a stored
acrosol approuches cliarge vquilibriume Nuclei of various sizes were pro-
duced by heating u nichrame resistance-wire inside a 4.2 m® balloon. At
intervals during the decay of the resulting aerosol they took a sample
and measured the fruction of the nuclei charged. Stmul tancously another
sumple was brought to charge equilibrium, using a wenk Q-ruay source, and
the fruction of churged nuclel mensureds A state of charge equil{brium
wus recognized when the fructions for the two sumples were equale  For
stored ruclef of eguivalent rudius 3 x 10°° cm andconcentrat.ion 22,000 om™d
equilibrium wns reached with.n 1% mine As the size und concentrution 1mervased
80 d1d the time tuken. Nuclei of radius 10™> cm and in concentration talling
vith time from 234 x 10% to 59 x 20% o3 required several hours. The largest
had not reached 1t even ufter several days. These results confirm the

experimental predictions described above,

(3) Dublin Institute ror Advanced Studies, Irelund,

Approved for Release: 2017/09/11 C06461858




Approved for Release: 2017/09/11 C06461858

4,
The use of an @-socurce in bringing an aerosol to churge equilibrium
has been investigated theoretically and experimentally with u stored
aerosol by Flanagan and O'Connor(h) (1961). They conclude that it provides
the best method at present availuble to tegt tor charge equilibrium,
Folloving work briefly reported by Notan(®) (1955) at the First
Conference on Atmospheric Electricity the problem of the equilibrium
concentrations of charged and unchurged nuclei in aip has been further
examined by Keere(s) » Nolan(6) and Rich”) (2959) by applying the
Boltzmann Distribution Law, assuming that because of their frequent
collisions with small ions the particles should be in cha'rge as well as
in thermal equilibrium, A charged particle carrying x electronic charges
€ 18 treated as o spherical conductor of radius r so that it has electrical
energy & x%%/r in addition to the energy E, of au uncharged particle. The
particle energy is thus glven by
E=B +4x2%2%r
By Boltzmann's Lav the number in unit volume N(E) having energy E is given
by N(E) « Ag(E)."%/xT
vhere A 1s a constant and &(E) 1s the statistical veight of the energy state
E. Since a purticle has the sume energy whether its churge 1s positive oy
negative the statistlical welght of the energy state x > 0 gy & = 2. Hence
the number por unit volume vith x elementury charges regardless of sign is
N =20 exp (-} x®2/zx7) .
where N_ 1s the concentration of uncharged particles and x| > 0. If the
numbers of positive and negative particles are ecqual, the number Per unit
volume carrying x elementary charges of one sign is Qllx. Writing y « 4 €2/rkp
the total number of charged particles of one sign in unit volume is given by

(4) Untversity College, Galwuy, Ireland
(5) Universiry Colluge, Dublin, Ireland
(6) Universtity College, Dublin, lreland
(7) General Electetc Company, Hehenvetudy, U.S.A.
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N/No = e-y + e-hy + e-9‘y + coee

O Y R T L TP
-~ y -

The latter form is more convenient for the larger particles, ecay r > 2 x 1W™° on,
vhen all the exponential terms are negligible compured with %, 80 that
W, = -} + 4 Slafy)

When r > 2 x 0™ cm, and if the total concentration 2 = N + 2N, then
zZ/N = J(x/y)
- J( 2nrkT/€3)

= l‘[x’ where K s constunt.
The vulues of Z/No su deduced are In good ngrecment, with the observat tons
of Nolan amd Kenmsn (1949) on the equilibrium charge distributlon of
nuclei, @erived frum hot platinum, in the =ize range 0.7 x 107® < r <
14 x 10™® cm.

It 1s further shown that for the larger rudii the Boltumann Law
treatment predicts an average charge per particle of J(2rkT/a). For cloud
droplets of radius 5 x 10™% em this would give & specific charge of 6.8
€.5.u. @it The average ;1ect.r1cal vnergy per purticle is shown to be ikT,
the value to be expected fran the classical law of equipartition of energy
if the charge on a particle is regnmded as a coortinute for o degree of
freedam, the enerpy being proportionnl to the square of the charge.

Keefe, Nolan and Rich then upply the Boltzwmnn Tew Lo un neronol In cherpge
equiliveium Lo deduce the ratfor of the vartons canbination coefrie fents fop
{ons and nueleigWhen ¢ > 10~° cm, btut nut for the smuller particles, the
values of these ratios agree well with those deduced from earlier formulae
bused on diffusion of jons and jonic mohility - the "dlrf'usion-mohllit} form-
ulae",

An experimental investigation of {oniration cqullibrium tu maritime air
has been madse by ¢'Connor aund :Hmrkcyw) (1990) on the west econst of Irelund.
Upwind of the site there was no source of manemnde nuclet within 1% km and no

major source within 150C lame Assumity thut the Boltzmunn Law applics,

(8) University College, Galwny, Ireland
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particles of a given size shouwld have o def'inite rraction of their numier
chargeds  V'Comnor and Suarkey d-termined the radii r of nuclei fn the sen
airfram the diffucion coefficient found using a diffusion box and photo-
electric nucleus counters. They also messured the total nueleus concen-
trution 2 and that of unchurged nuclei N > A gruph of 2/ N, plotted
aguinst r showed general but by no mauns camplete agreement with the
theoretical curve bused on the Bolctzmann lave  The authors note yarticu-
lurly the £requent large und erratic fluctuntions in 2 when Lts average
value wus high, uad clailm that on these oceasntong cquilibrium studies
were impracticable uexcept by encloning o Inrge nteaple fn FAG: Leery
By dizcuss the possivle  laok of cqullibelun de Lo Lhe Intruasion of
smdl uncleerged auclel Crom et vourees on the ben shore.

Kectfe und Holan(y) (vel, 1%2) have ruggested s model for the capture
of small ious by unscherged nucleaie  When » € 10=7 cm the cambination is
assumed to be .ue tainly to simple kin-tic theory collision eftects with
the effective target cross-sectionnl arca tnereased by u factor due to
electrical imege forces. For lurke nueled, when r > 10-3 cm, diftusion
effects are predominant. In the intemedlate runge with r about )52 cm,
a3 in the air ut sen level, capture {3 Lhought, Lo b e Juintly 1o bown
mechunizmuse ‘e authors calculuted the cabinntion cortfficlent for fons
and unchurged nuclei end found moderately good agrocment with values
observed, but they emphasize the lack of good experimental data.

A study of nucleus und fon concentrutions hus also becn made at

Cambridg:. ‘e work, by Adkins and by Inw(lu) y is referrd Lo lutoer.

S¢ Potontinl Gindient Sptvce Cluvrw s
The fact thut loesl concentrnt fons of sprce charg: of'ten seriounly
modify the clectrie field nenr the ground In w1l weather condition:, but,
part tculurly in @i turbed weather, hus been oiephnstzed by Adl\lua(u) (1959).
He made continuous records of potential gradient with a field mill, of spuce

charge coucentration using a steel wool filter connected to a vibrating reed

(9) University College, Dublin, Ireland
(10; Cambridge University, Englund
(11) Cambridge University, England
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electremeter, und of smell ion concentration with an Ebert ion counter.

In fine weather he found large fluctuntions in space charge concentration

which made its mean value aifficult to estimate, though it would probably

be esbout +2 pC m~3, On seversl occasions in undisturbed weather he noted

a close correspondence between the records of space charge and potential

gradient. Sometimes this wus associated with exhaust smoke from passing

graffic; sametimes the records folluwed a similar course for un hour or

more; usually in quiet, stable conditiuns, when the observed spuce clhrrge

concentration changes would need to reach up sume tens of metres to account
for the obuerved fivld vuriutionse From his meusurements in disturbed wather

Adikins finds evidence for four processes.  ‘These nre

(a) the electrode effect (vhich he discusses in detadl),

(b) the modification of the potential gradi:nt within some tens of metres
of the ground by large-ior space charges resulting from point discherge,
the small ion deusity remaining almost unaffected,
in heavy rain, modification of the pote:ntial gradient by space churges
of smull ions produced by splashing {(Adkins reproduced this cftectih a
laboratory study end showed that the charge is proportiomal to the
existing tield), and

{d) the control of the potential gradient near the ground by reglons of high
spuce charge ussoclated with a column of raine

Adkins discusses the effective current due to splushing both in steady rain

and in heavy rain.

139(12) (1961a,b) has developed an aatamatic condensation nucleus
counter uperating a pen recorder to study the vertical distribution of
nucled within 3 m of the ground in comnexion with studies of space chargse
concentrativone His unpublished work shows thut convection pluys an impor-
tant part in the verticul trunsfer of electric charge.

The spuce charge concentraution near the ground has been deduced by

Smiddy and Chnlmers(lj ) (1959) frum meusurements ut two heights using

Smiddy double field mills to minimize ricld distortion. In fair weather a

(12) Cambridge University, England
(13) Durham University, England
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szall negative space charge observed 1s explained in terms of radioactivity
of the grourd, and, in heavy ruin, concentrations of negutive churge up to
1000 pC o™ are reporteds  The authors suggest that the lack of agreemont
with their simultanecus meusurements using Obolensky filtrution apparatus
is due to the presence of small ions.

Following the construction by Stcin(lh) (1958) of a field mill to be
carried by a radiosond: balloon, un fngenious double 4. mill for
radiosonde working hus been desfened und made by Curreie and Kreivl::h-:lmw‘(n')
(1960)s e stator and rotor memlers euch comprise the uppesite quadennts
of a circulur platee With the two stators commected together e vutput, g
proportivnal to the mill self- chisrge L the 1wo rotor: move in phaise but, pro-
portional to the externul potential gradient if the rotors muintain o relative
displacement of 900. Errors in field meusurement due to the charge on the
instrument are thus asutamaticully eliminated. The device has now been
prepared for carrisge in a glider of the Imperial Colluge Gliding Club for
thunderstorm investigations in England.

Adamson(ls) (1960) has designed a field mill with overull negutive
feedbuck giving a very closely lineur r:lution between output und il
to be used in u&n,mncuon with an anshielded nirecarth or rnln current
continuously recording systeme T mill output is t'od via a different. lut fuy
circuit into the currcnt amplitier in such & wuy as to glve compensatton for
the displacement curreat which is proporticnal to the rate of change of ficld,
The apparatus has a time constunt of 20 secand excepting thunderstorms it is
suitable for sll u:eathers.

Wamn) (1062) hus devised o fied mill suftable for use when the
signal due to the conduction current 1S no lomeer smnlld compared with the
inductfon signale His muchine rotor has two concentrie rimge of holey
covertng and uncovering two sets of Insulated studs, gliving two sopumate
signals with different dependence on field und couduct.ion current, allowing

the effects of these two to be distinguished.

(14) aAucklana University, New Zealand
(15) Auckland University, New Zealand
(26) Durhum University, England
(17) Durham University, England
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k. Potint Discharge and Precipitation Currents

A new method of measuring point discharge current down & tree hag
been introduced by Maund and Chalmers(‘w) (1960). The ions leaving a
discharging point cause a reduction in the potential gradient downwirnd,
With one field mil) upwind and another duwnwing the measured change in
Potential gradient can be used to find the point current. Although the
method s indirect, no modification of the discharging object 1s necessary,
The asuthors found evidence that a tree in full leaf gives much less point
dischurge currcnt thun hnd previously beon ussumed, a mitter of importunce:
in discussing the totnl chnrge bromght Lo carth.

Miluer and Clm.]nner:;“:') (1961) repurt, tensurements of potentinl gendient,
und discharge current fram a point fixed 2 m above a horse-chestnut tree
15 m high. For a &given value of upwind speed their results show a M
relation between puint current and potential gradient. These authors also
describe a new method of measuring point discharge current down s tree,
They drilled two holes through the bark of g lime tree, one 3 m above the
other, and inserted tubes containing mercury to muke electricul contact with
the sapweod, vomeeting the leads to o galvanometere This effectively short-
circutted that section of the teee and the current megsured was almo:t all the
point discharge “urrente Her: oo they found o lincar relationship with
potentiul gradient, und same hidicution thut o tree glves less point current
when in leafs Further ubservations with the same apparutus, by Chalmers (1962),
underline the need to exercise caution when interpreting point discharge recordg,
He reports that the tree current is not only always less than that through an
artificial point, but that during the rapid rfeld changes accampanying 1ightning
the tree current has a quite different course fram that of the artificial potnt,
vhich follows the ugrimeter record in the usual way. An approximate relation.
ship embracing the linear law for current Lo un curthed point hus been deduced
theoretically by Chalmcrs(m) (1961);—the current | » 2ne VW vhere € Iz the

clectrie Permittivity of afr, V the potentinl gradient and W the wind sped,

(18) Durham University, Englund
(19) Durhem University, Englund
(20) Durhan University, England
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Using Adameon's field-change compensated exposed cullector system (1950)
Remsay and awlmers(zl) (1960) have meusured the current brought to earth
during contiruous won-stormy precipitation, The comparatively chort time
constent of 20 tec enubled them t3 examine in greater detail than before the
connexion between current density ana potential gradient. This was reasonably
linear for observutions in the winter 1957-8 and of the well-known form
Iaa(F +C) vhere F 15 the potential erudient and u and € g constunts.
Correlation wus Poor in the summer of 1958, The comnnextion 1g most nearly
lincar guring slcet and "wet cuow", and supports the carliercunclusions of
Chalmers (1956, 1959) that in nimbostrutus clouds the precipitation, when
in the form of Snovw, receives a negutive churge, leaving pocitive behind in
the cloud: but when it melts it acquires a positive charge, leaving negative
behind,

5. understom Electric 1t
——ll ectricity

A new theory of thunderstom electrification has been advanced by
Lathen and Mason®?) (19616). 1t 15 based on the results of their detailed
laboratory experiments which ure in excellent agreement with thelir theory of
electric churge transfor ussovlisted with temperature grudfents in fce by a
kind of thermoelectric effect (1961a).  To quote ome of the authors, Magon
(1961): "Me positive bydrogen ions (protons) and the negative hydraxyl
ions (OH-), formed by the thermal dissociation of a amall fraction of the 1ce
molecules, became separated under the influence of a tempersture gradient.
If we imagine a steudy temperature diff.rence msintained ucross a plece of
ice, the wvarmer ond vill inttially Pposseas higher concentrutiong of both
Positive und negative fons, Ions of both types will diffuse down this
concentration gradient towurds the colder end, but because the mubility of
the positive fons 1s at least ten times that of the negative lons, they will
move ahead and produce an excess of positive charge in the colder part of
the ice.”

This charge trensfer process 1s considered to operate, in a storm when

supercooled wuter droplets cuptured by falling sof't hail pellets, freeze on

{(21) Durhum University, England.
(22) Imperial College, London.
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contact, throw cut small positively charged splinters, and so leave a
negative charge on the hailstone. This charged splinter production was
verified in the laboratory by the authors, working with e simulated hail
vellet groving by accretion of supercooled water droplets. They confirmed

the esrlier experimental findings of Mason and Maybank'2>) (1960) who
observed the splintering and usually negative charging, on freezing, of a
supercooled water droplet suspended on an insulated fidbre. While a drop-
let is freezing it will have & 1iquid centre at 0% and a solid outcide
part at a lower tempersture, giving a redial temperature gradient in the
ice ehell. According to the chuarge transfer procuss there will be an
excess of positive space charge in the vuter luyers of lce, and, when the
droplet bursts, the outer layer will teund to carry off positive charge,
leaving the residue negatively charged. Such negatively charged hallstones
in falling avay fram the positive splinters would produce a positive
dipole in agreement with that in a thuadercloud. .

Lathem and Mason (1961b) proceed to calculate the rate of charge
production in e thundercloud. For soft hail pellets of average radius R
and fall velocity v the volume swept out per nec 1cafi? v and 80 each pellet
zakes Exi®n A collistons with supercooleddroplels tn concentrution n a we
18 the collision efficiemcy. If there are n, lnilpllets per unit volume
there are thus Euﬁ'ndnhv collisions per unit volume per suconds 'The soft
hail has an equivalent precipitation intensity p, i.e. the mass of water
falling per unit arva per second given by %uﬁ’;nhv viere p 1s the mean
density of the huil. In terms of p the number of collisions becomes

i 1 #"- nge It the churge produced per droplet is g 4 the rate of churge
I .
production per unit volume is given by

R _oapp
TiETn
a T

Using the vulues Em 1, p= % cm bt or 5/3600 cm 8~*, R = 0.2 cm,

P =05¢g e, ng=1 cm™3 and the authors’ laboratory value

qd.h x 1078 €.8.Us, We have

(23) Imperial College, London
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dﬁé =4 x 1078 ¢couou, i®2

= 1 C e dmin~t
The suthors consider this rate udzquute to provide enough charge to give the
first lightning flach within ubout 20 minutes of the detection of precipitation.
particlesby rudar, and they suggest that their theory gives the principal
mechanism of thunderstorm clectriticution,.

Lathum and Mison (141a,b) have ulco iuvestigated the charge produced
by the momentary contact of two pieces of icw at dirferent temperatures.

From the temperature gradient churge trunsfor theory they predict a nax imum
charge transfer of 3 x 1073 AT cosiu. o2, where AT is the temperature-
difference, for a contact? time of 0.0l seconds. For longer timc:s the samples
rapidly came to the cume temperature und the charge will tend to zeroe ‘These
resulis were confimed experimentelly by the authors. Calewlations of the
rate off churge production in u storm by this process, with hallstones rall fug
through a cloud if Joe erystals, give only 107% C g9 ml.n‘l, und the authors
conclude thut although the sign of the charge on the hailstone will be
negative, as required, the contribution to stom clectrification will be

only slight.

The theory of the charging of hail pellets by these two processes has
been extended by Latham and Mazon (1962) to the case of collisions occurring
in polarizing electric fields of up to ubout 1000 V cg3d as found in thunder-
storms. They also exumined this question by laboratory experiment. They
conclude that such firlds have little effect on the rate of churgling predicted
by the m:iin theory outlined ubove.

Tere s a serlous discrepuncy betwen the uhsierved charge for fee-Jee
vontucts reported by Latham nnd Muson wmil et by Reynolds, Brook und
Gourley (1957), the latter being same £ive orders of mugnitude larger.

There seem to be no other measured values, but Ilutchinson(ah) (1960) reported
that for mamentary contact between two ice crystals grown fram the vapour and

heving temperature differcnces up to 1k deg C uny churges due to the contact

(24) Durham University, Englund

Approved for Release: 2017/09/11 C06461858

B

$se

2 e, S .

w0 sl

L.

130

LA

1" e

a3 im e < gwl




Approved for Release: 2017/09/11 C06461858

1%.
were below the appuratus sensitivity of 6 x 10™% ¢on.u.  ‘the uren in contact
lay between (.2 and 2 mn® and the contact time between 0.2 and 0.5 sece A
similar conclusion was reached by Evans (25) (1962). Charges as large us
those reported by Reynolds, Brook and Gourley should have been detected
easily. The discrepancy has uslreudy led to some discussion by Reynolds
and Brook (1962) and Mason and Lutham (1962).

Evans (1962) ulso has measured the charge remuining when a supercooled
drop on a ribre freenes, bursts, andejects fragmentse  Although his results
refer to only 50 drops there is an indication thut the charge produced s
often larger thun the Lathum-Mason theory cen casily explaine

The production of ice splinters on exposing a frost deposit to an
airstream at different temperatures has been examined by Iatham(as) (1962).
The particles were found to carry a charge, its signaid magnitude &:pending

on the difference in temperature between deposit and airstream, and explained

by the Latham-Mason temperature-gradient charge transfer theory.
the

Av Electrical Research Association Luboratories at Leutherhead, Eugland,
an inexpensive and reliable lightaing flush counter hus been developed (Golde,
1962). It operutes on positive potentiul gradient changes caused by negative
strokes to earth up to a distunce of 40 Jm. The recovery time is of the order
of 1 second so that if multiple strokes occur only one will be recorded.

Since the instrument is also triggered by the appropriate cloud to cloud
dischurges it 18 neccssary to know the rutios of megntive to ponitive enrth and

cloud strokes respectively.

(25) Durham University, England
(26) Manchester College of Science und Technology, Englund.
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ELECTROMAGNETIC ENERGY RADIATED FROM LIGHTNING

Atsushi KIVMPARA
The Research Institute of Atmospherics
Nagoya University

Toyokawa
Japan

Abstract— This paper is to survey the study recently developed
on the electromagnetic eénergy rediated from lightning, 1.e.
atmospherics, not including propagation. Characteristics of
the electrostatic, induction and radiation fields of lightning
are fully described, including the frequency spectrum in the
neighbourhood of the source. Consequently this paper will
supply a foundstion to the study of propagation of atmospherics,

slow tall, FELF and VLF propagations, whistlers, meckanism

-

of lightning discharge, etc.
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I. Introduction

This paper 1a to survey the generaler the develop~
ments of observeation and theory which have been made recently
in the field of electromagnetic radiation from lightning and
at the same time to sugrest the items of collahorated study
for the future.

In order to study the characteristics of lightning
discharge many kindsof measurement have been made and developed,
l.e. optical, photoelectric, electrostatic and electromagnetic
methods have prevailed all over the world. lere in this paper,
specifically, the characteristies of electromsznetlc enerey,
i.e. atmispherics in @ HLroad sensaec, radifated from 1lightning,
not including propagation, are descrlibed.

The atmospherics propa.-ate through the space between
the ipnosphere and the earth in the wave guide transimlssion
mode or in the ray mode reflectlny between them. Some of
the energy penetrate the lonoaphere into exoaphere anlong the
geomacnaetic line of force, and po to the other hemispheore
where they are reflected back and return to the source agaln
alony the same~ pgeomapn.tic llne of force. As the exosphere
is the mvdlquplasma with maynetic r'leld, 1L is dlspersive
and during the Jjourney atmospheric pulses become whistlers
from which the density of electro:. 1n the exonsphere ls
evaluated and the existence of proton in 1t is pr;vad.

Frequency spectrum of atmuspherics at the various distances
from the source will show the propagstion characteristics
nf LF and VI.LF waves. Since the lone waves are not disturbed

by weomagnetic storms and proparate with low attenuation,
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ther are very use ™l ta the Inbernationad comprt aan o0 Lhe
frecueney stamdards as well an tao Lipe g iio pethod of navi-attan,
cL
1t Is because the radio en-ineers and r.vc-n--hysi/{:%s moke mich
~f the stu-dy atmnspheric: and whistlers,

Consequently the Inverticatinn of charsct. ristics of
eleciric rlelds in the nelchi o phood of 1i.-htnin- discharse, are
very useful to the study o! the mechuanism ot 1ishtning alacharve,
tie proracation of longsear radle waves and the int: rrcrcnee
of atmospherics to radin communicutions.

Yor this purpnse workrs have made s~ f@ar the wrvefsrnm
measurement with wide bLand rrecivers, in whieh tne iand
whith 1s less than 1 ke/s to avatld interfepence in falily
clotded h‘lghm- requency revion.  ELF band, 1 ¢/a-3000 c/a,
which attracts recently attentions o ancineera arnd sclentiata,
is measured with recelvers »f pass band 1 c/8=%0 c/s Cor a lower
freguency recion and with waveforr recorders for a higher

frequency reeion, "slow tail". For HEF', VHF ard UHF regions

atservat tong are »alde wit!, s'norle frequency recetvers of

e
very narrow band width Lo avotd the 1x:L-:x'1"\r-ence of pradio

comzunications.
Lightning discharves ar. -i{vided ints 2 classes, 1.
tre clotd=-earth discharge and the intra-clourd discharre,

The cloud-earth discharre consists nf the pre-preliminary
o

dtscharyre, the preliminary discharpre ( Ty, Irnition st.m'e/\l‘;,

brealtdown atace, 1) Interta itnte abaee ned n, L, leadep

store oV by By, the rebo el osd ronmer oo s ¢y Wy Lhe ‘unction

stireamer starce, s, i, the I'inal Jdischaprece stave, etc.

Corresponding to each of these optically ohbserved stages,
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8 characteristics change of electric field is observed with
falry good response. (11(2)(3)(4)(5)(6)

The 1intre-cloud dischargze displays also characteristic
field changes somewhat cdifferent from those of cloud-earth
discharges. Therefore the investigation of electrostatic,
induction and radliation field of these stages and the
comparison among them are very useful to investigzate the
detalls of characteristics of lishtnine phenomena. It {s
because the electronical methods, developed remarksbly in the
last decade, are recommended to reveal quantitatively tie
details of the phenomena better then the optical methods,

II. Electrostatic Field

In accordsnce with the observation at distances 25-250

m, Pierce(a)found with capilliary e¢lectrometers the relation

between the positive and negative slow mcan field changes
with distance. The f'ield obeys inverse cube relation and
corresponds to a change of electric moment of 110 coul-km,
1. e. to a frleld-change of 1 v/m at 100 km. It is well known
that near a storm most fleld-discharges are positive, while
as the distance of the activity increases negative rield-
charges become more frequent.

For any partlicular year and for magnttudes less than
atout 100 v/m, the ratto N¢/N-, where Né and M- are tho
number nf all poalitive and noegative fleld changes, 13 conateat,
This constant value may differ from year to year, but there
1s no significant chance with magnitude between 100 and 0.1 v/me.
Above 100 v/m positive fleld-changes Lecome increasingly

predominant as the maenitude of the fielc-change rises.
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A fleld=chanze of 100 v/m corresponsponds to e ¢istence of
stout 20 lm; the constency of N+/N- belowe 100 v/m therefore
implies thet discharpes, producing & reversal in the sign of
the sssocisted fleld-chanre beyond 20 km, do not occur. The
changes from year to year in N¢/N-, for fleld changes { 100 v/m,
are thererore not to he regarded as characteristic of the year
vt rather as representing differences tetween particular
stormse.

€1ow nerative fleld-chanses are due to air or cloud

discharges vhich e'thLer lower prsitive chencee or, wore

protably, raise neratlve charge. Slow positive field-chenges

are procuced hy flashes which do not reach the earth, and
which »ratably involve the downward movement of negative
charse. Slow positive rield-chanves with fast elements are
produced bty [lashes conveying nezative electricity to sround.
Usunlly, a wradual L rise In field is succeeded Ly one or
more rapid R ¢lements separated elther Ly quiet tntervals

or by slow J chanres, samd there is often a rinsl & or F
section.

Takar1(ﬁ) ol'scrved that in rround discharges tlic slow c¢lectro=
static chsnge is nerative Unr neur filash (within § km ),
positive tn negative at cistances 9-15 km, positive at
1-20 km or more, and the larsc rround stroke pulse has
almnst always a positive and very sleep front.

yhe Jdifierence between the slow fl1eld chanme of o ground
dtscharsre and that of cloud discharge s thet the polarity

of the cdipole céontributinz to the slow chanie of a ground
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discharve is negative and has a reversed relation to that of
a cloud discharge, becsuse the net fleld change 13 negative

in a near distance and becomes positive in a long distance.

a)
Hillebrand obtained a rather unexpected result during his

ohservation of lightning discharge. With lightning strokes
at a distance of 3-8 km from his laboratory at Uppsela, it
turned out quite often that the cathode ray wuas dissppearing
for a period of 5-10 yse. The marnetic '1eld wus considerably
frester than the fleld calcilated for the return stroke

with a velocity of atout one-fifth to one-qusrter of taht

of light. His interpretation would be postponed to future
study and he wonders why was this fact not found in earlier
observations.

1. Pre-proliminarx.discharges. Takeut1(7) observed that
about 50 % of the srround diacharves are preceded by a pre-
preliminary discharse, duration 50-800 ms with median of

177 ms, which occurs within 500 ms before the first ground
stroke,. and so this discharpge precedes the "nreliminary
@tacharge” . In some thunderclouds the preater part of the
tirst ground stroke 1s preceded by the pre-preliminary
dischurge, while in others the strokes are preceded only

by the preliminary discharpe. On the average the ground
discharces preceded by the pre-prellminary discharge have
fewer rround strokes than those preceded only by the prelimi nary
discharge; the pre-preliminary discharse probatly neutralizes
tne negative charve In the ground stroke. The relation
between the pre=-preliminary dischar.-e and the preliminary

discharse 1s not yet known st present, but its characteristics

Approved for Release: 2017/09/11 C06461858



Approved for Release: 2017/09/11 C06461858

-6-
are almost similar tn cloud discharces and it seems very

likely to excite preliminary discharces.

A
2. B or Ig field chanwe.(a)( ) The B rield change,

duration 2-10 ms, 1s negative at distances upto 2 km,
positive at distances in excess of 5 km and positive or
necative between 2 and 5 im. (Malan); negative upto 6 km,
positive in excess of 10 km snd positive and negative or
Indeterminate tetween 6 and 10 km (Ishikawa). Taking into
account that the maximum chence of electric field occurrs

at a distance DaJ:ﬁ{, where H 13 the height of charge centre,
E rfield chanve is attributed either to positive charge
moving upwards from a minimm height of 1.4 km, or to
negative charce moving downwards from a maximum height of
2.¢ km,(2) The fact that the calculated heights of 1.4

and %2.6 km are in close acrreement with the respective heights
A the Lase o the cloud (1.5 to 2 km) and the lower region
or the nerative-chanve coentve N (3 to h km), strongly
suzrgests that the b rield change is due to a discharge
between N and the positive charge centre p situated near
the base of the cloud to make the discharge channel hetween
P and N contuctive,

3. I t1eld chanre.(a)(G) The I field change, duration

0-400 ms, s the part to connect the B and L field changes
end the rate of change of' rield is either fairly uniform
or variatle,

Lbe L field change.(1)(2)(6) The L fleld change, duration

L-30 ms, corresponds roughly to the photographed stepped

leader process, but whenever a direct correlation 1s obtasined
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the L field change lasta from l. i to 4.5 times as long,
the difference increasing with the order of the stroke in
the series. This indicates that successive strokes come
from progﬁessively higher regions. The L field changes are
negative and hook-shaped when near, and positive and
epproximately parabolic when far. The chenge in sign with
distance shows that the leader lowers negative charge from
the cloud and distributes this charee along its channele.
Two types of L variation preceding the first rapld
R element are distinguished upon the field ;ecords.(a)
In the first, the increase 1In field is uninterrupted up to
the R portion, while in the second the initial slow fleld-
change is succeeded by a quiet part usuglly lasting until
the rapld section, although there is sometimes a falrly
short slow rise in fleld immediately preceding the R elemento.
Somewhiat similar erfects have been noted by Schonland and
riven the titles A and ﬁ; this nomenclature 1s re¢tainded
here, the two kindsof initial fileld-change beine denoted
by L () end L (). The average duration for the L (X) change
is 50 ms, while the corresponding fipure for the L (ﬁ).
variety is 175 ms. The proportion of the total change of
t'feld, due to the whole discharve, oceurring during the L
scctlon, Is found to be sienittcuntly hiyher for L (p) than
for L (o) variations; the appropriate percentares are 54 %
and LO % in Europe(s) and 75 % and 9 % in Japan.(é)

5. R or Main discharge f'ield chanpe.(}l the R field

change is made up of 2 parts. The rapid portion Rb has a

duration of 50 to 250 ps (most r'requent value 165 PS)’
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and evidently corresponds to th'rapld uprwards movement.

of the return streamer, iLs duration Is tetween 1.4 snd 2,0
times as rreat as the time taker. r'nr the returt streamer

to reach the cloud Lase. Rb is followed by slswer field-
change Rc which lasts fror 70 to 900 Fs, corresponéine
rouighly to the duration »f continuing luminosity in the

return streamer channel. Both Rb and itc are of positive

sign at all distances as would te expected if thuy were due

to the remnval to ecarth of nerative charse from the leader
channel and the cloud, BRut at the distance nf more than

15 km Rb Indicates a superposed pulse wnich deflects at

rirst on the positive side and then nepative.(l)(5)(6)

e from a near flash tn rround I'requor tly shows small hooke
shaped field chanaes which occur for a period up to 4 ms
after Rb. Tts duratian is between 200 and 000 ps and its
amplitnde is 0.2 to 0.01 times of Kb, Tt seems Lhat these
hook-shaped change can be Jdirectly related to the M components
nf luminosity 1n the return streamer channel. At a distance
they show minor radiation pulses only.,

(8)
A, J rield chance. ‘i'his field chanpe in the Interval

between separate sirokes of the multiple dlacharee to ground
Is found Lo be neratlive ror nenr tlash (within § km), nevative
to posttive at a distance <12 i, pogsitive at 12-20 km. .
At distances tetween 20 and 150 km, Malan(b) found 25 %

, positlive, 37 % zero and LO % nerative, while Worwell and

(9)

Pierce found 25 % pasitive and 75 » zero. 1t 1s belleved

that during this process there occurs a discharce between the

positive charre btrought to the top of discharve cunannel by
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Lhe rolarn shrenmer o e nepnblve chonree o Lhe eloud,
This dischar-e makes conducllive the part ot ﬁ enlumn ju the
cloud, which has abundant newative charges, to excite the
next dart leader. %akinv into account the chan=e of sign
aC J field cliange with Jdistance, Malan{©) considered that
the discharge proceeds upward in the cloud and at the same
tirme the effect of positive charge, which is hixh above
the cloud snd cischarves upwards, does not come out at a
short distance due to the masking eff'ect of the J field
chanse and appears prosressively with inereusing distarces.
Accrrdins to the observation at Saceopn Mountain (alt,
79200 ft or 2,200 m) by Irock(10) the J process, in which
a streamer moves slawly upwans! in the intervals between
-he rrturn strokes was clearly visitle as It penetrated the
remote regions of the cloul. The upper most resion from
wihie!l. the return strake nri sinated was 6b§?ved to move
(in stepa reminiscent of darts) upward and outward,
HYuminatineg new rectons of clove!, before a new section was
ndded Lo the channel of the presions return stroke and a
new stroke accurred. Some dischar es to pround appeared
to originate from a verticual column, but far the ~reater
number were seen to pro-ress horigontally or inclined at
about 30° to the horizontal. ‘ihe horizontally progressing
Junction streamer occurre! abort 3 times us often as the
verticnl streamer,  ‘ihese obacrvations apre condistent, with
the Cleld measurement of Vorwell sand P1ercn.’”)

Hewitg(11) emloyei a rador cquipment at a {requency of

f0M Me/s for the study of strcamer movement within
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thunderslouds in the interv:-1ls hetween strokes to grounid.
“he observations show that ascendins echoes nccur at
sncreasing ranges and angles of elevation in the interstroke
intervals, the helights increasing with the order of the
{intervals in the series. %his is in accord with what would
ve expected if the echoes came from J streamers and the
sbserved vertical velocity acrees with that found for the

J streamer. A futher observation show that echoes at lower
heignhts less than I km persist throurhout thne series of
pscending streamers and often show consideratile horizontal
movement .

7. F field change. Nalan(lz) found that the I field
chanze is a larre (inal slow positive field change most
frequently occurs after flashes having fewer than Iy strokes

in the rultiple stroke processe. It is shown that this field

r
chanre 1s due to a continuous discharre tn ecround of part of

the negatively charced column hirher than that reached by

the last stroke. The mechanism of prosress ot upward
discharze in the column is simller to the J process. The
discharee to afround chan-es from intermi ttent to contiwnuous
when the charge density hecomes too low. It is believed
that durine this process there occurs a more active discharge
bhetween the posttive charse at the top of the cloud and the
nerative charge above it, and the offect of this discharre

is not clear at short distances aue to masking effect of

¥ process in the nezatively charged column, but it appeers

remarkahlg with increasinr distances.
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%, Intra-cloud discharge field chanre.,

show large slow continuous electrostatic field changes which

-1l
Cloud discharges

are positive when the discharge is near and btecoime nevative

when the 4

istsnce increases.

(5)(13)

Small rewpid step-like or

pulse form changes which are responsitle for sudden bursts

of bright luminosity are usually superimpnsed In sporadic

fashinn on the slow f'ield chanroe,
5)

Takavrl Cound

that In c¢loud discharires the slow electro-

atatlc change is posltive for near tlash (within %-10 km ),

nerative a

t 10-20 km or more.

Tt suggests that the cloud

discharge generally dissipate a positive dipole in a cloud.
The observed and cstimuted rield intensities of the electro-

static fleld chanres due to cloud discharses are shown in

1able 1, where the estimated value is ottained by assuming
that the charges +29 ald -29 eoul, are locuted ut the heleht

of b and 4 km resprctively on a vertical line. ‘rhe similar

values are estimated on the ¢rounsd discharse.

Table 1. The observed and the estinated field intensities

of the electrostatic field chanres due tn clond

discharves.

Distance Lativated

(km)

_Obsery

Hapid process
(v/m)

“ e

d—

ow process’

(kv/m)

absolute valuew
(kv/m)

2.6 =21

0 - 2.6
075- 031
.0‘:4- 025

0= 5
5=10
10-15
15-25

50300
10-100

2= 20
. 05- 10

e et s = s s &

L

) coui of civctricity

It 1s essumed thet 25 and
and I} ki reapectively

are locuted at the nltituides U
on a vertical line.

i
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IIT. Induction rield.

s .
l. B or Ig pulations, accordins to Tshikuva,(() Cﬂarence

and Ma]an,(z) at a Jistance moro than 19 ki the | or 1g

field chanre starts with A train of larwve end predominantly
positive rulses of varyins and wrraduslly decreasing amplitude.
The interval between the pulses is irrepular and varies

from 80 to 230 ps- ‘he most frequent, of the pulse train

1s between 2 and L4 ms, the longest irain observed lasting

for 12 ms, the duratlions correspondins with those of the
electrostatic B fleld changes., Small ampllitude pulsations

of which time separatlionsg are tetween 5 and 10 rs are nften
superimposed on the larce low-frequercy B nulse~, ‘They usuelly
continue with varyin- amplitude vn to the incidence of the
return stroke.

23(6 -
2. I;pulsatlons.( AN “he pulsations in the interval

between the B and L stages are high Urequency pwlsatinns

of very smell amplitude. Periodic spurts of isnlated pulses,
of amplitudes comparable with those of the b pulses, often
occur during the I phase. These pulses are positive when
the rate of change of electrostatic field increases and
negative when the rate of change of f'leld decrcuses.

When the return stroke fallows the larre b pulre truin In
less than 30 or 1;0 ma, the whole intormediate hn.f-rved is
nccupied by the charucteristic hipgh frequency L pulsations
deseribed in the next parasraph, which suegests that in
these cases the T stame 1s short or absent.

3. L pplsations.(z) The field chanizes immedlately

preceding the return stroke consist of a train of steep snd
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predosirantly ositive pulscs followine each nther at 5 to
10 ps intervals. fome of the pulses arc of larver amplitude
than thoze intervening. 1The lar:er'pulses follow each other
at intervals hectween %G ard €O rs, which 1s the same as the
pause time tetween the bhrisht sveons of stepped leaders,
The observation, however, Lhat strnkes sul.sequent to the
irst are often preceded by similar pulse trains indicates that
they cannot wholly be cdue to the step.ped process in tlLe
d¢nwnward leader, Since tie effects in the intervals hetween
the strokes »f a tlash nust bg due to J streamers, it 1is
reasonatle to econclude that the similar tleld chanrces
irmediately preceqdinz the first stiroke are alsno rmalnply
caused by streamer dischar~es inside the cloud, which
supply charge to the advancins leader. “he pulses during
the L part ol the discharge sre smsller in amplitude than the
EF pulsess 7The amplitude ratio of ¥ to L pulses varies
from 3:1 to 20:1, the hirher the rate of chanre of the
electrystatic flela durin- the B stare, Lhe larrer this
rating,
V. he Hadiatien Fiera, (<} (X710

l. Preliminary cischar-e nrocess., ‘ihe radiation fleld

of e prellvipary Jdischars process in the sround discharse is
remarkalle in cvery frequency. 1t is ohscrved even when

the static field change la net clearly apnroved. ‘the E,

I aud L stames show aluays some indication »f hixh

requency radiatioan, Usually the amplttuﬁe af I is larwest,
an¢ then that of I and T the smallest; the radiation rield

of B and I stacres arc ne~1i-itl; srmell in the frequency
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ruﬁge Letween 200 ¢/a anq 20 kesa. vhe radiation r1eld of
sul'sequent dart leaders Is not essentially distinspuished
from that of J process filling up in interstroke period
especislly at higher frequencies.

The recorcs obtained during the daytime illustrate
three common types of radiation L fields. (1) The of type
(duration 2-25 ms) having e small almost uni form train of
pulsations whose amplitudes are often less than 1/100 of
that of the return stroke. (11) The slow ﬁtype (duration
3=19 ms) whnse initial pulsations are slightly larrer then
the later pulsations, which resemble those of the O(type.
(111) The lar--e amplitude rastfltype (duration 1-7 ms)
whose initial pulsations may have amplitudes up to half as
laree as the first return stroke pulsation. Intermerdiate

types are also obtalned. The time intervals hetween the

L pulsations vary from 20 to 160 Ps which indicates that they

Briginate from stepped leaders. Night time atmospherics
show the same three types of leader, but the apparent time
interval between the steps 1is smaller owing to successive
ionospheric reflections.

2. The return streamer process. The salient points

re -ardine the radiation fleld of ground dlscharpe 1s as
follows. At 3 kc/s the radiation 1s confined to the return
strokes. This reraines true up to about 20 kc/s except
that preliminary and Interstroke pulses occaslionally appear
with amplitudes 1 % to 2 % of those of the return strokes.

With increasings frequency up to about 1-2 Mc/s return strokes
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ct111 have the larcest amplitide, bul radlation from other
parts of the discharve bhecorne prorressively larze. At L=-12
Mc/s, especlially at hirher then 10 ke, the Qatter sLrpass
the return strokes in amplitude. An interestin= phenomenon
is observed st these hircher frequencies. The radiatior is
intense and continuous during the course »f the first few

strokes of a flash, except for psauses varylig from 2 to 20

" ms immediately followinig a return stroke.(S)(la) LAfter the

initlal burst of activity the pulses biecome more ard more
apaced in time. Wwith increasing frequencies, the interrittent
tmpulsive radiations chance gradually into continunus
radiations, bul at frequencies hivker than 100 Me/s they

accur very often associated with electrnstatic pulses.,

3, The cloud discharze precess. In the intra-cloud

discharges smell rapid step like fiel: chanres responsitle

for sudden burst of tright luminosity are usually s.perimposed
in sporedlc rfashion on the slow field chanre. At frequencies
from 3 to 1€ ke/s there are usually only one to three very
small radlation pulses which arc assnciated with rapid tut
not necessarily thre larg:st K field chanses. As the frequency
increases to 2 Mc/s more and more radiation pulses appear,
those assnclated with h field changes remsining the larvest.
AL l;=12 Mc/a the radlation hecomes practieally econtinuous

and the K tulses can na longer be distineuished from the

rest of the radiation. The cloud discharee has sormewhat
st¥milar hich frequency characteristics to the J process

in the ground discharse and it 1is rererally composed of slow

J-11ke stresmers and rany rapid local strecamers. At nigher
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frequencies than 17 Me coantimious and interrmittent radiations
Independent of any process like stepped leaders are ohkserved.
Lightning flashes within % km shnw very ofter a continuvnus
radlation, which has a durstion larger than 100 ms, accorpanied
by an electric field of complicated variatiorn,

The following risures ~ive the ratios of the amplitudes
of the return stroke radiation »f sround discherges to the
emplitudes of the mast intense radiation components nf cloud
discharres at different frequencies:

Frequency Amplitude ratios
3 ke/s 20/1-,0/1
& " 10/1-20/1
10 : 10,1
3 " 2150
5c-100 " 1/1-1.5/1
1.5-12 Mc/s 11
The atove f'irures acrce with the sugrestion of Alyn that
clor:d di scharees contribute 1ittle to the radio nnise level
" below A Mc/s. '
v. F;equency Spectrum,

The frequency spectruri of atrospherics is very impotant
to the study of wave propavation, propagation of atmospherics,
mechariism of 11i-htning discharre, lut it is also very difficult
to oltain a freq: ency spectrum at varioms distances f'rom
the source, at verious stares of llrhtning discharres, at various
georrathical Fﬁiuros, at varlous meteorological and scaébnal
conditions. Althou:h the data avalahble at present are very
few, the fnllowings are the main results of observation from

ELF to UHF all over the worild.

ApmnvedforRékaase:ZOT?/OQM1 C06461858



"~ Approved for Release: 2017/09/11 C06461858

[A) . (| C‘) - Y et . .

Loyor and Jeans'' -/ recerded Lhe Lnbensity of atmesperics
at 1-}40 ke/s emitted from the eround discharvee at distances
tetween 150 ard 600 km. Wett and Eaxowll(lé) riade sinilar:
observations at 1-100 ke/s at distences retween 30 and 50 km,

Horncr(17)

messured at 11 Me/s and 4 ke/s at distances hetween
1.9 and /.5 km. Takagi‘lh) neastred at 100 kc¢/=-500 Me/s
at 15=20 km, Schafer(17) measured at 150 Mc/s at 1«32 km.
Summarizinr these data and normali-ing at a distance of 10
km for the receiver bandwidth of 1 kc/s, we obt-in a
frequency spectrum as shown in ¥ig.l. As the method of
measurements and characteristics of the apparata are different from
each other, the curve in the fizure is not fully reliahle;
it is only to show the renernl tLendency. ‘the wavei'orm of
atiospheric§ in the neirhbourheod »f lightning discharge
depenis on tie _zeosra:nical feature (sea, mourtain, plain, eity,
town, tover, ctc.), ,seographical pnsitf»n and tne kind of
-1scharre (pround discharee, clou#d discharve, etc.) and ‘
chanres 'rom time to time dur‘ne the discharce process.,

Iwo widely quoted expressions have been ~iven for the
current :nl;re durine the return-stroke of the 1l~htning

tlash to - rth, ‘0‘.11"1())

nave the same doutle exponential
from itzio(e.dt-e'pt), where t is the time in sec. and

1y the current at time t , the origin of time being taken
at the saturt of the return-stroke. Bruce and Golde(lv)
wave the following flgures for the parameters, namaly,

1o = 28,000 A, %= L., x 10! p- li.6 x 105, while Norinder'%?)

suzzested the values i, = 20,000 A, o2 7 x 107, 83 L x 102‘.
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for instance, that inlividual

It 13 well knﬁwnf

11~htning flashes differ consideratly in their spectral
charscteristics, the excitation of which may be anticipeted
to be related to cnniitions, and therefore currents, in the
return-stroke channel. Perhaps the most striking evidence,
however, for the existence of at least two maln types of
current surre is that derived from the study of atmosphericse.
The frequency spectra of the electromagnetic fields radiated
respectively by return-strokes carrying the Norinder and
Bruce-Golde forms of current surye, with the current assumed
to te uniform alonz the channel, can easily be calculated.

Hill(zl) calculated the radiation energy of lizhtning
in the VLP ranre, conaidering nnly the return stroke, and
found that the spectral enerey distribution 1is centred st
ahout 11 ke, with a total width at half-maximum of 12 kc.

Tn 1962 1t was suggegted by Shumann(az) that the eerth
and lonosphere may topether act as a cavity resonator for
electromaxznetic wave and that the first resonance should
occur at 10.6 ¢/s. Refinement of the thery indicated thet
lnsses due to sbsorption by the innosphere or radistion
throuech the lonospﬁere~shou1d reduce the resonant (requency
by at least 1.5 ¢/s. Experimental ev%dencezzge existence
nf the tirst resonant mode wan rceported first by Schumann
and Kﬁnlg(23) and, 1n consideral.ly wore dclall by #onige

‘ihe theory ~f ELF resonances was more recently discussed
by Wait, and experimental evedence for the existence of the

first and hisher resonant modes, based upon mecasurements
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of electric Clelds, was prescated Ly Falser niid Wugncr.!zh)
Their results were also applied by Huemer to the calculation
of an ionospheric loss parameter which is a funct’on of the
heirht and the conductivity of the sharply bounded ionosphere
assumed in the first order thery. Additional experimsntal
results were pulished recently bty hénlg, Uy Maple, by Lokken,
Shand and Wrirsht, by Polk and “Ltehen, @2md Ly Lao, Jindo

and humagal; Kﬁnlg(as) reported thut almost the same type
of ELF were observed at Lonn and Munich which was classified
into 5 types correlating with weather phecnonena and on the
accasion af snlar e~lipse the s£imilnr chanze were obsecrved

k(zé) confirmed the

with the sunrise and sunset phenomenn; Pol
existence of comparstively strons natural oscillations 1n
the 7 to 10 c¢/s freqency range, tut the resonant frequency
exhirits sneri-time variations and at nt-htihey are consider-
ally weaker then “vring drylight nours and strong.r than
.st.al during periads a1 -comarnetic nctivity; .‘ao(zr")
suzcensted that nly 2% . of 1l:hilning discharre emit ELP
md Y1 S oot ELEF come rom conirees, which radiate VILEF, around
the alacrvatory nnd not reor sources nll over the world,

Vi. "the Study Prorramme or the Muture.
1. According to the observation for a long time it seems
that the characteristics of atmnspherics, which define its
frequency spectrum, depend on the contlisiration and development
of thundercloud, They show variations in ncconrdence with the
seasonnl and meteoroloxricsl conditlons as well as geographical

featvres such as plateau, plain, mounta'n, sea, lake, town,

city, tall tower, etc. Thereforc it is recormended that the
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frequency sepectrum from ELE to 1Y is Lo he messured at
varions distances from the source, at every met@ﬂvogogical
and seasnnral -~onlitiomas well as at every ~eorra:t.ical
Feature., 1t will contritrite to the stirdy of wave rraoragation,
wecnan®sin of 11 rihitntng Jdischarse, properties of whistlers, etc.,
Really some guthoars ol owe?l that the aceurrence ~f whistleps
devend ~n the ‘requency suvectrum ~7 rother stmos—herics and
A the ~popacation ¢snd’tisns, end those atras. berics which
have a =eai : w e, In vlace of orlilnary 10 ke, excite
vhistlers v ry often,
2 AL pPresent many sclontists olserve the prodiction,
developrent and destructin ~f thunderclnuds at many pnints
on the ground with electrouical instrurents, and evaluate the
rlectrical corfiruration of timrndercloud. But this is
alterall the indircct method ard it is comnlicated, requélires a
lurre aren, muny tan=rower, cte,.  Therefare it is reanmmended
to deterine the specitioslion of a ratit=sondd and a Hndﬁr
with 'PT ad LT reores suitable ts abserve horizental and .
veptieal confi;urat angol’ thundercelond,
3. Althoursh we conld not sicceeded disturbed by a typhoon,
we madc a rmeasurement of characteristics of a ground discharge
with a large peper baloon, connected with a grounded conducter,
at 200 m high vpon the »latesv ~f Nt, ilaruns (14)j¢ m), around
which many equipments for reastrcments were arranced. It 1s

most
thherefore recommerndled that the usefml metnod of this kind
would be vlscusced and deteruined so that a sisdler Lut

more elaborate method may come out,
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To be presented at the Third
International Conference on atmospheric
and Space Electricity, May 6-10, 1963.

The Concepts of Atmospheric Electricity
as Applied to the Ionosphere

by
K. Maeda
(Kyoto University, Japan)

Abstract

1.1) Electric charges in the ionosphere are carried by tree electrons
and ions which are maintained by a balance of solar ionizing radia-
tion and decay processes. The electron density can be measured by
vertical radio sounding from the ground surface and the N(h) profile
is calculated from the data of this sounding. However, such N(h)
profile is not complete, but the whole profile can be obtained with
the aid of sounding rockel bearing suitable sensore. As for the
outer ionosphere extending to the magnetosphere, the N(h) profile
is estimated by topside sounding, satellite signal reception (Fara-
day rotation and Doppler shift experiments) and whistler observation.
The M(h) profile is a knowledgé;basic importance not only for radio
propagation study but also for understanding the interrelationship
between the geomagnetic variation and the ionospheric behaviour.

For the latter problem the ion density profile is also essentisl,

which could be revealed by sounding rocket so far, though incomplete.

e e T

.
Al

1.2) The dynamic behaviour of electrons and ions will be described

ot

T

in terms of velocity distribution, drift velocity, collision, elect-

ey :f:?r., PARPRERS

fiat

rical conductivity and current, some of which are mutually connected.
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Among others the velocity distribution and drift velocity of elect-

rons are the most besic gquentities. The classical magneto-ionic

theory should be revised by taking into account the velocity die-

tribution and some fruitful outcome from such revised concepl can

e wave absorption, Doppler vroadening

il P

poez gt T ETOT

be expected in understanding th

and so forth. It is well known from laboraloTy experiments that 8

certain non-linearity exists in the electron drift velocity. How-

hould bve treated under the influence of

dy
3. ew
ey

aver, when the problem 8

o ot VO

magnetic field, 8s in the case of jonosphere, & great difficulty

S

e X MR
' WL 3

arises in mathematics. Yuch is also the case of velocity distri-

.__‘,‘
AT

Sonis v Ci AR

he-effective toolws to

pution. monte Carlo method will bve one of t

attack these probleme and some laboratory experiments will be de-

N
h
)

n
’*r
|

signed to solve them. Also some possible methods of peasuring di-

rectly those quantities ©Yy sounding rocket will be devised.

1.3) ‘he Pedersen, Hall end Cowling conductivities (67,0;)6; ) based

on the ubove dynamic behaviour of charge carriers play an important

role in the dynamo-theoretical study on electric field and current,

which is responsible for the geomagnetic variation. The result of

such study tells us that the effective total conductivivy hes 8

peculiar characteristics, which can account for the sbnormal inten-

sification of dynamo current under the disturbed state of the iono-

sphere and that & large shear in the current flow can tuke place
near the boundary of two zones having different conductivities. It

is also noted that the wind systenm in the jonosphere js not yet

established in spite of its great importance.

2.1) The measurement of radio noise over the ground has been made
io noise jntensity

widely over the world and the world maps of rad

are available. this sort of noise 18 thought to originate jin. light-

2

Approved for Release: 2017/09/11 C06461 858§



ApmnvedforRebase:20TH09M1 C06461858

ning discharge and other climatic phenomena. When we once go up
into the ionospnere and stiil higher leveir, the situation will
change. Radio noise originated near the ground can invade there by
extraordinary wave mode(whistler mode) and such penetrated energy
is expected to be fairly large especially during night. A spaciai

gistribution of radio noise irom such erigin wiii be studied.

2.2) On considering the radio noise in the ionosphere and exosphere,
one can imagine the possibie existence ol noise from extra-teri:s-
trial source. If this is really the case, the noise distriobmtion
ia sucject g; wave propaghtion law which involves the frequency

of the wave and geomagnetic field as important factors.

2.3) Moreover one might imagine the generation of radio noise by some
certain electric phenomena occurring in the ionosphere and exos-
phere. Liberation ot free charges by impinging meteors might ve
an exampie, and synchrotron radiation of high energy electrons in

the radiation beits may ve snother source ol noise.

2.4) Besides the above, we have to notice that there is an evidence
to peiieve the exisvence of a certain amplifiying action 1or radio
waves in the exosphere, Jihe phenomenon known as ViLf emissions,

such as dawn chorus, hooks ete. is the evidence. Lhe problems of

SO TIRY o

!
Lo

poesible sources and amplifying mechanism should be studied, and
one may suppoge that such amplifying action, if it really exists,

can contripute to raising the energy oi radio noigea.

2.5) All the ab@ve points will be finally consolidated to the problem
on the nature and structure ot radio noise in the ionosphere and
its outer space, In connection to this problem one more important

point must ve adaed. Phat is the study or how the radio waves

i D RS e

PR

T T T A

e
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penetrate the ionosphere. The problem is to know the rates of
penetration and retlection ol radio wave energy when the waves gO
up and come down through the ionosphere. The proolem will e
attacked analyticaiiy. The rocket experiments and satellite Obser-
vations (such as LOFTI) will be very useful for the study of the

problem as 8 whole.
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GEOELEKTRIK UND BLITZSCHUTZ. Wicn, am Janner 1963
LEITER : DIPL.-ING., SC. TECHN. DR. VOI KER FRITSCH
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e

IH, Arsenal, Objekt 3

Postadresse: Wien, Postamt 62, Fach 389
Telefon: 6563 73, 44 0536
Postscheck-Konto: Wien 182.393

Volker FRITscn, wien 1*/

ueoelektrlsche Probleme der slitzforschung

vie Frage, ob und wie der untere teil der slitzbahn durch die
elektrische 3eschattenheit des Untergrundes beeintiuist wird,
w1rd 1n der rachliteratur scnon lange diskutiert. aber erst
d;e woderne 5eo;lektrlschc MeBitechnik Konnte jene genauen Auf-
schliisse iiber die elektrische” Struktur des Untergrundes geben,
die notwendig s1nd, uni dleses Problem auf eine cxakte urundlage
zu stellen.

ver Elektrotechniker ist im allgemeinen gewohnt mit recht homo-
genen Leitern zu rechnen. Uer Untergrund ist aber; clektrisch
betraChtet,'eln L&lter”cbllde von meist sehr xomplizierter Na-‘
tur. .iderstandsschwankungen um mehrere Zchnerpotenzen iber we-
nige hicter cntfernung sind keine oeltenheit. vaher sind auch
scharf ausgepragte elektrische Diskontinuititsflachen vorhanden.
iian versucht diese frage durch statistische irhebungen in Ver-
bindung mit geoelektrischen 3odenuntersuchungcen und durch Mo-

dellversuche zu klaren.

Un das Problem statistisch eindeutig zu kliiren, wire es zuniichst
notig, fur jeden pPunkt der untersuchten i'lache einen Bruch anzu-
schreiben, der die durch Blitzentladung abgeleitete Elektrizi-
tatsmenge pro i‘licheneinheit angibt. viese .ingabe wire dann zeit-

lich auf eine Gewitterperiode, also auf ein Jahr, zu beziehen.

Nehmen wir an, wir hiitten diese Ziffern fir eine groBle Fliche
und fir einen geniigend langen Zeitraum, dann wire unsere rrage,

ob ein Zusammenhang zwischen der ntladungsdichte und geoelek-

ur.Volker puIrTsCli, Leiter der staatlich autor.Versuchsanstalt
fur Geoelektrik und Blitzschutz und Protessor der H.f..
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trischen Faktoren besteht, aber noch nicht ohnewe¢iteres zu
beantworten. .ir wissen, dail die geoclektrische struktur des
Untergrundes moglicherweise eine Komponente ist. Ganz sicher
aber existieren neben ihr noch mindestens zweli weitere: eine
meteorologische und eine topographische. .Jir miissen daher die
geoelektrische Komponente isolieren. variber wollen wir noch
spater einiges sagen. Zunuachst wollen wir aber untersuchen,
mit welcher Genauigkeit wir die cntladungsdichte uberhaupt
schatzen konnen.

Leider stehen heute, wenn man von einigen Lindern absieht,
nur schr wenige und luckenhafte statistiken zur Verfugung.

Auf den letzten internationalen ulitzschutzkonferenzen wurde
die Frage der Jlitzzihler diskutiert. melbtechnisch bestehen da
sicher keine iiindernisse, aber gewisse i’robleme, wie zum Beisp.

die Trennung der csurd-und .Jolkenblitze, sind noch nicht geklart.

Auch hat jeder 3litz gewissermallen eine “aellreichweite”, die
von der eigenen >tromstarke, dem Verliauf der slitzoabhn und
weiteren raktoren ebenso abhingig ist, wie von der iieBBempfind-
licihikeit des Anzeigegerates. Jahrend auf der einen sSeite voppel-
zahlungen kaum zu vermeiden sein werden, durften andere schwache-
re minschlage wieder iibcrhaupt nicht registriert werden. Unter
diesen Voraussetzungen wird iaun erst nach vielleicht zehnjihri-
gen hMellperioden elinigermaflen reprasentative Vergieichswerte er-
halten. .ahrend so lfanger acitraume andern sich aber oft die
meteorologischen Voraussctzungen regional nicht unbedeutend.

Ich habe zahlreiche Leitungsstatistiken untersucht. wlan eriennt
da sehr deutlich, da:i} die sogenananten Gewitterstrailen sich
innerhalb oft reccht weiter Grenzen verschieben. Jedes Jahr sind
andere Abschnitte der von den Jtralien senkrecht geguerten Lei-
tungen besonders oft betroffen und daher kann man oft erst nach
30 Jahren wieder brauchbare hittel erhalten, aus denen man
Schlisse ziehen kann.
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Die topographische ikomponente ist konstanter, obwohl, besonders
im Gebirge, der Einfluf} dieser Komponente durch die meteorolo-
gische mitbestiamt wird.

2s ist also sowohl die irmittlung der Zahl der Blitzschlage

und deren tinschlagstelle, als auch die Trennung der drei wich-
tigsten Komponenten in einfacher Jeise nicht moglich. Jir missen
zu Untersuchungsmethoden greifen, die viel komplizierter und
obendrein weniger zuverldssig sind.

detrachten wir einmal die rein physikalischen Voraussetzungen.
Jenn sich die Vorentladung des Blitzes der crdoberfliche nahert,
so wichst ihr bekanntlich aus dicser eine "Gegenentladung" ent-
gegen, die auch "yangentladung” genannt wird. Vereinigen sich
diese beiden, dann ist der ionisierte Kanal geschlossen, in dem
die Hauptentladung zustandekommt. Iir jenen Punkt der urdober-
fliche, von dem die Hauptentladung daher ausgeht, ist somit si-
cher,im hohen jalle die Entwicklung der Gegenentladung bestimmend.
£s ist nun aber klar, dafl diese Gegenentladung in erster Linie
von einer Zone ausgechen wird, 1in der unter dem ninflull der vor-
dringenden Vorentladung ein hoher Potentialgradient entstchen
wird. padurch wird das Problem physikalisch ctwas durchsichti-
ger, denn man erhiilt Hinweise auf den pinflui der geoelektri-
schen Struktur und auf die Hohe, in der diese noch wirksam sein
kanne.

vie Aquipotentialflachen des normalen luftelektrischen ‘‘eldes
werden durch die geoelektrische Beschaffenheit selbst eines in-
homogenen Untergrundes, sicher nicht beeinflubt. wrst, wenn star-
kere intladungsstrome flieilen, gewinnen sie sedeutung. Nun sind
die ~Jiderstandsunterschiede im Untergrunde aber oft recht bedeu-
tend. Im Hochgebirge zum Beispiel, sind solche von mehreren Zeh-
nerpotenzen uber .ntfernungen von nur wenigen Metern keine 3elten-
heit. s ist dann physikalisch verstindlich und auch durch wodell-
versuche erwiesen, dafi die uegenentladungen besonders aus schma-
len gutleitenden cinschlussen hervorguellen. vie geoelektrischen

viskontinuitatszonen unterscheiden sich daher wesentlich von ho-
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mogenen Gebieten. Natiliriich wird durch die Gegenentladung nur der
unterste veil der Sliizentladung beeinituit, meist wohl nur die
zwel bis drei letzten stufen der Vorentladung, die zusammen eine
Ldnge von ungeftihr 8C bis 150 m im Mittel haben durften. Uber
diesen Hohen ist dann der geoelektrische iLinfluBl des Untergrun-
des ohne sSedeutung fir die ausblldung der Blitzbahn. Oiese Uber-
legung scheint iibrigens auch veriretbar, wenn man verschiedene
slitzphotos ndher analysiert.

Betrachten wir zuerst die Moglichkeit, das Problem auf statisti-
scher Basis zu behandeln: Voraussenden mochte ich, dais nur Sta-
tistiken einen ert haben, die sich iiber lange Zeitriume erstrek-
ken.

vie Statistik, die in einigen Lindern gepflegt wird, ist natiir-
lich mehr nach wirtschaftlichen als nach wissenschaftlichen Ge-
sichtspunkten ausgerichtet. In erster vLinie steht die meteorolo-
gische und die Schadenstatistik zur Verfigung. Kritische Verglei-
che in Csterreich haben gezeigt, dabl als einziz sichere Jezugs~
basis die Zahl der jihrlichen Gewittertage angesehen werden kann.
vie Angaben uber Zahl der aew1tter, oder gar iuber deren Intensi-
tdat, sind zu ungenau.

Jie schadenstatistik ist in den einzelnen Landern verschieden or-
ganisiert. In manchen Lindern werden die Yaten nicht veroffent-
licht, oder sie sind unvollstiindig. In Usterreich gibt es heute
eine 15-jahrige, fiir das Bundesgebiet einheitlich organisierte
Statistik, bei der auch darauf geachtet wurde, daB sie Aussagen
macht, die auch den .issenschaftler interessieren. va in Uster—
reich das Versicherungswesen aurchwepgs in offentlicher Hand ist,
so besteht fir die einzelnen Institute, die meist den Liindern ge-
horen, kein Grund, Angaben geheim zu halten. In jedem der neun
sundeslinder gibt es eine "Landesstelle fur grandverhiitung", die
auch die 3litzstatistik fiihrt. va praktisch alle wichtigen Ob-
Jjektc beobachtet werden und iiberdies auch alle slitzschléage be-
ricksichtigt werden, die irgendwie zur Kenntnis der Landesstel-
len gelangen, so ist diese statistik ziemlich umfassend.
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Gestatten sie mir, dad ich nur einige Zahlen anfihre: (Osterreich
hat eine rliche von nur 84.0CGC kmz. Trotzdem also Osterreich ein
sehr kleines iand ist, kann uns eine 6sterreichische statistik
etwas sagen, denn dieses Land ist topographisch und siedlungs-
miBig sehr verschiedenartig. Jsterreich umfaidt zunichst alle
Landschatten, vom iiocihgebirge, das fast bis 4U00 m ansteigt,

bis zur lieiebene. ns hat ein stark differenziertes nlima. sied;
lungsmaidig unfalit es alle winheiten, von der millionenstadt bis
zu den kleinsten Alpengehoften und schliellich sind Industrie
und Landwirtschaft iber bestimute Zonen verteilt. 50 wird wan-
ches, das wan in Usterreich becobachtet hat, vielleicht auch fur
groiere Linder interessant sein.

In Osterreich werden jihriich ungefahr 1000 blitzschlage statl—
stisch errast, also ein slitzschlag auf ungeiainr 8uU-10U km .
Jiese ziiier liegt natirlich tief unter aer tatsachlichen. i&inen
Anhaltspunkt erhilt man, wenn man die Verhiltnisse am Rande von
Jien betrachtet. In der sStadt .ien wurden pro {rlicheneinheit un-
gefihr achtmal, wenn man das dicht verbaute Gebicet betrachtet,
ungefihr zehnmal so vicel 3litzschlige beobachtet als in den un-
mittclbar angrenzenden Gebicten. In der Umgebung von ikom hat

G. Jruckmann, allerdings auf Grund viel weniger zuverlissiger
Unterlagen, ein Verhiltnis 5:1 percchnet. Beide Stddte sind un-
gefahr gleich groil. Jicse vifferenz ist nur darauf zurickzufiin-
ren, dal in der 3tadt die 3cobachtunzsdichte viel gzroler ist als
in den landwirtschaftlich besiedelten Gebieten der Umgebung. wan
wird daher annehmen durfen, dal ungefiahr 955 aller dlitzschlage
gar nicht beobachtet worden sind. Uanter diesen Umstinden darf
man fragen, ob ecine solche jtatistik iiberhaupt eine Aussagekraft
hat. Ich glaube, da man diese Frage dennoch positiv beantworten
darf, wenn man bedenkt, dal die Beobachtungsstellen zwar auf die
jeweils dicht verbauten sebiete zusaumengedrangt sind, die viel-
leicht nur $5-10j der Gesamtflache usterreichs ausmachen, daid die~
se aber wicder recht gleichmidig uber das ganze staatsgebiet ver-

teilt sind. .enn man von Jien und vier weiteren stadten mit unge-
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fiahr 100.000 bis 250.0U0 ESinwohnern absieht, verteilen sich
die i3eobachtungsstellen auf ungefahr 17.000 siedlungseinhei-
ten, die in 79 Jsezirken zusamuengetalt sind. .ir haben nun

diese sezirke zur urundlage der Jlitzstatistik cewahlt. oie

sind im burchschnitt etwas iiber 10GC km™ grof}, also relativ

klein, andererseits aber doch so groi), dab durchschnittlich
auf einen im Jahr 12 beobachtete plitzschlage fallen, und da
die Statistik heute iliber 15 Jahre lauft, so eriilt man fir den
Bezirk im Durchschnitt iiber 15u beobachtete slitzschlage. vie
ortliche Verteilung einer solchen 7ahl kann doch schon einiges

sagen.

4ir wollen daher unsere sStatistik nicht auf die IFlacheneinheit,
sondern auf die Zahl der beobachteten Ubjekte beziehen, da nur
diese exakt ertabibar ist. is ist, un die Zuverlissigkeit dieser
leduktion beurteilen zu konnen, wieder notwendig, die Vertei-
lung dieser Cbjekte uber die einzelnen 3Staatsgebiete zu unter-~
suchen. Nur dann, wenn diese einigermallen homogcen ist, wird
eine auf die Zahl der Ubjekte bezogene statistik in den cin-
zelnen Staatsgebieten vergleichbare angaben liefern konnen.

Im ganzen Staatsgebiet entfallen, wenn man die :jald-, Jasser-
und vdlandtlichen abzieht, in denen kein ieobachtuugsuienst
besteht, durchschnittlich 22 gbjekte auf den .uadratkitometer.
viese Verteilung ist in ungcetair 650 des otnatsygevictes last
die gleiche, in 1Ul der sebictstlache ist sic um 27, und iu 9%
der ucbietsfliche wi 4o, geringer. us handelt sich bei den
letzten beiden um die lHochgebirgsgebiete 1n Salzvurg und Tirol.
uMan kann also von ciner ziemlich homogenen Verteilung der Cb-
jekte uber das panze staatsgebiet sprechen. Daher wird eine auf
die Zahl der Objekte bezogene statistik ausreichend reprasenta-
tiv sein. selbst die erwihnten schwiicher besicuelten Gepirgs-
zonen werden ausreichend statistisch erfaiit, denn die Siedlun-
gen sind in diesen Gebieten zwar auf die schmalen Taler be-
schriinkt, diese aber sind wieder ziemlich gleichmailig uber die
ganze Alpengrenze verteilt und sie reichen bis in bedeutende
Hohen, bis in die Nahe des Zentralkamies.
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7ir bilden nun fir die einzelnen Bezirke uotienten, in deren
Zahlcr die jahrlich beobacnteten 3litzschlage und in deren Nen-
ner die Zahl der beobachteten Objexte steht.va dieser Bruch sehr
klein ist, so wird er mit 10.0G0 multipliziert. cr gibt also die
Zahl der Blitzschliige pro 10.000 Objekte an. Nun soll aber noch
die topogzraphische und weteorologische xKomponente ausgeschieden
werden. Jer wsinflud der .ichenlage wurde genau untersucht;er ist
kaum nachweisbar und uberdies nicht systematischer Natur. vie

meteorologische wnomponente wurde in der -Jeise berucksichtigt,

dafl auf die Zahl der jahrlichen Gewittertage, die in dem betref
fenden Bezirk beobachtet wurden, bezogen wurde. s bleibt also
nur die durch die geophysikalische Bodenbeschaffenheit bedingte
Komponente ubrig.

Gestatten Sie mir nun, daB ich das irgebnis dieser langjahrigen
Statistik vom Standpunkt der ueoelektrik aus kurz bespreche:

Sie sehen im i3ilde eine Tabelle, in der fiir das ganze Staatsge-
biet die besprochene, auf 10.000 Objekte bezogene Ziffer,

e - - — . - D = Gt e e = ——— G — ——— Y — Y " —— W ————— ——— S —— — na— o —

wir wollen sie Gefahrdungsziffer nennen, angegeben ist. vas
Staatsgebiet wurde zu diesem Zweck in leilgebiete zergliedert,
die geologisch einheitlich beschrieben werden konnen. ilan sieht,
daB diec Gefahrdungsziffer fur die alten gcologischen rormationen,
besonders fiur die archaische "dohmische hMasse" weit hoher ist
als fur die jungen lormationen. man kann eine ziemlich gleich-
wafige Zunahme der Getahrdungszifier mit dem gZeologischen Alter
feststellen. uiese Vertceilung wurde von mir vor ungerahr 20 Jah-
ren auci beobachtet, als ich fur das Land sachsen die 3dlitzsta-
tistik von Lehmann und schneider ausgewertet habe. auch damals
waren die alten i‘ormationcen durch eine besonders hohe dlitzge-
Tfahrdung ausgezeichnet.

viese tratsache ist nun keineswegs leicht zu erklaren. iine Ar-
beitshypothese, die jJjetzt untcrsucht wird, werden wir noch be-

sprechen.
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Jie Statistik zeigt aber auch, daid es eng begrenzte Zonen, deren
Blitzgefahraung weit uber jener der Uugebung liegt, gibt. Ich ha-
be bereits 1954 auf eine kleine uemeinde absroth in nordbohmen
hingewiesen, in der die aut Grund der Angaben von J.schwirtlich
berechnete slitzgefahruung ungeidhr 130 wal so groy ist wie jene
der nachsten Bezirke 1in sachsen. vie statistische Auswertung der
osterreichischen Statistik durch Brucimann hat nun zwel wr .tere
Gemeinden in kidrnten eindeutig als 4litznester erkannt. In einer
urtschaft von 150 Hausern hat der Blitz in G Jahren zehnmal ein-
czeschlagen, 1in der anderen, die 238 Hauser hat, zwolfmal. Die
6litzgeféhrdungsziffcr ist ungefdhr zwolfmal so hoch wie jene
der Umgebung. unter aunahme einer proissonverteilung hat gruckmann
die vahrscheinlichkeill fiir diese beiden Ereignisse mit 0,0u009
und 0,G005, sowie die .Jahrscheiniichkeit dafiir, da zwei Crte
mit so hoher ylitzgefaunrdung im gleichen dezirk existicren, mit

¢,0019 berechnet. hlan Kann also von ilitznestern sprechen.

sin weiteres dlitznest habe ich auf Grund der Angaben des fForst-

personales in der steicrmark konstatiert. sie sehen es im nachsten

gilde. Auf diesem Plan sind die iinschlagstellen eingetragen, die
3ild. Jlitznest

in den letzten Jahrecn beobaciitet wurden. Vergleicit man diese

Beobachtungen mit der Statistik, so crkennt man folgendes: Lm
Jdereiche des slitznestes entfallen ungefahr 21 slitzschlage im

e e

o

Jahr auf den cuadratkilometer, fur das sczirksgebiet kann man

Die s . v mATREI Y.,

SN

mit 0,3 bis U,5 s~inschlagen pro cuadratkilometer rechnen. vie

Gefahrdung des 3litznestes ist also 40U bis LU Mal so hoch wie

Sl 3

o
T T R

jene der Umgeoung.

Ich habe dieses uwebiet auch chelektrisch untersuchen lassen
w nachsten :3ild.

Das geoelektrische vrofil, das mit e .uner suslegung von 2x2U @
gemessen wurde, zeigt cinen Verlaul, wic wir jiin uber teitoni-

schen Storungen oft erhalicn. it sereiche des olitznestes und
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an seincn Grenzen sind Widerstandsminima ausgeprigt. Aullerhalb
dieser Zone steigt der spezifische Widerstand zu beiden Seiten
auf .erte von ungefahr 230 Ohm m, die in dieser Gegend als nor-
mal 2zu bezeichnen sind.

is handelt sich also um eine ausgepragte geoelektrische Dis-
Kontinuitat.

Neben statistischen Untersuchungen steit die Auswertung von
modellversuchen. .enn ich deren Argebnis bespreche, so darf

ich eine vemerkung vorausschicken: ws 1ist vollkouaen klar, ual}
uder wsiodellversuch niemals dic naturlichen Verhiiltnisse rekon-
Struieren kann, er wird stets nur Minweise geoen kdénnen. Diese
aber sind wertvoll, wenn man bedenkt, daf z.3. in Osterreich
nach den uesetzen der Nahrscheinlichkeitsrechnung ianerhalb
eines Zeitraumes von 26 Jahren erst jedes 79.CUu idaus dreimal
vom Blitz getroffen wird. Wollte man also diese fragen nur aus
Naturbeobachtungzen heraus klaren, so misten Jahrzehnte vergehen,
ehe man die ersten llinwcise fiir die dehandiung des problems er-
hielte. vagegen gestattet der modellversuch eine belieoig groise
Zahl von Beobachtunzen unter vsedingungen, die man ebenfalls be-
liebig wahlen kann. san wird daner auf den hiodellversuch nicht
verzichten, sondern secine vrgebnisse sinnvoll mit den Naturbe-
obachtungen verbinden.

Mit Schlagweiten von weniger als cinem Meter haben u.a. it.Norinder
Und O.3alka in Uppsala gearbeitet. sin sieidergeonis zeigt das
nachste pild. bas vordringende cntladungshaupt wird dadurch
eine spitzenelektrode ersetzt, die in der wmitle ilber einer mit

4. _sild. LEA

Sand bedeckten metallscheibe hingt. In dieser erxeunen wir links
eine gutleitende vinlagerung. Wir sehen, dal} die intladung zum
groidten Teil nach diesen Linlagerungen hin abgelenkt wird. Nur
wenige f[eilentladungen gleiten nach den Punkten 3 und C hin ab.
Gegen diese Versuche wurde eingewendet, dafl in der .atur cinla-
gerungen von der Art, wie sie sorinder und s>alka verwendet haben,
nicht vorkommen. Ich habe daher diecsce Versuciie im ilochspannungs-
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feld der Technischen Universitiat uresden wicderholt und davei

naturlicne geologische iLeiter - sand, iLuwus und stark angefcuch-

teten Lehm . verwendet. .iulerdem have ich mit utladungen bis

zu 2 1 Lange gearbeitet. .in meBergevnis schen sie im nicnsten

dild. vie wntlaaungselektrode wurde bei Aeeedesoviou.. ol ange-
o1ld.

ordnet. Im oberen 3ild sicht man die verteilung der .inscnldge
uber einen gewachscnen 130den, 1in dem gutleitender Lelua eingela-
gert 1ist. vie meisten cinscilige sind dber der gutleitenueu Zone
konzentricert. Im untercn reilvild ist der umgeKenrte cull darge--
stellt. vie schlechtleitende Zone ist gus ziemlich trocikenem
sand gebildet. 1n ihr ist nur ein winsCieag zu verzeichnen. Da-
gegen sind diese an der oiskoatinuitiitsfliiche konzentriert. Im
nachsten 8ild sind alle .rgebnisse miteinander veirglichen.

vild.

Jle ilaxima und iiinima sind besonders iiber der sutleitenden .nin-
lagerung, bei positiver 3pitze viel stirker ausgepragt als bei
negativer.

vas iirgebnis meiner Untersuchungen deckt sich also sut ait je-
nem der Versuche von Norinder und salka. Auf der Hochschule fir
<lektrotechnik in Ilmenau hat i;. uopalan ..odellmessungen ge-
macht, bei denen der Untergrund durch ein JSystem Ohmscher «i-
derstunde ersetzt wurde. Jie wntladungslinge war leider nur ge-
ring, namlich 44 cm.
Als Beispiel michte ich die Analyse des selbergebnisses zeigen,
das Gopalan in Tafel 14 seiner Dissertation bringt. Man sieht,
7. B1ld.

daB uUber der Diskontinuitiitssteile ein bedeutender Anstieg der
rinschlage zu beobachten ist. Die Verteilungskurve zeigt uber
der rechten Diskontinuitidtsstelle einen viermal so hohen wert
wie uber der linken. vas .Jiderstandsverhiltnis ist rechts: 1:2C,
links aber nur 1:4.

Im Zusammenhang damit sind auch Lxperimente interessant die
e Jummer auf der Hochschule fir ilcktrotechnik in Ilmenau ge-
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macht hat. Von diesen will ich zwei silder zeigen., Summer hat
den verlauf der iwntladung in feuchten sand untersucht, also die
soz. slitzrohren. Im nachsten 3ild ist der verlauf ciner uslitz-
rshire in cinein homogenen csandboden dargestellt. oie verliuft von

8. 3ild. olitzrohre nach_vuamer

der =inschlagstelle ziemlich geradliniy und unefihr senkrecht
zur Uberfliche in der iichtung zum arundwasser. fm nachsten
dilde sehen wir den Veriauf in einem inhowmogenen Untergrund,

Jer sund hat wieder einen spezifischen siderstand von ungcefahr
150 Ohm m. Zu beiden seiten sind aber gutleitende wcinlagerungen
mit spezifischen Jiderstinden von 4 und 12 Ghm m angecordnet.

In diesem Falle teilt sich die untladung nach beiden :ichtun-
zen hin und steuert die gutleitenden Zonen an. Jliese Untersu-
chungen zeigen somit einen iihnlichen Verlauf der Zntladungsbahn
wie er in der Luft, nahe der .rdoberfluche, beobachtet worden
ist.

fir wollen nun damit die in der watur beobachtetien .rgebnisse
vergleichen. vie scobachtunyg von slitzscanligen in snergielei-
tungen hat verschiedene autoren zu verschiedenen srkenntinissen
getihrt. d. wchmann, der wohli iber die atteste otatistik dicser
art veriugt - sie ist S0 Jahre alt = ko..aat zu dem «esultat, das
iber geoclektrischen Jisikontinuitatszonen uchr ~ilnschlage zu
verzeichnen sina als uber seoclektriscn nouwogence sonch. andere
Lutorcun Kowwen zu vatgegeunsesctzten .esuliateun. olese Verschle-
denheit der ergepbnissce konnte aover physikalisch durchaus verstan-
den werden, wenn man bedenki, dde dic cliuzelnen autoren ganz ver-
schicuene Leitunsgen untoirsucit habeu, nawlici solche tber hornio-
senen und inhodogenen Untergrund. auecraes solite man bel eincem
kritischen Vergleich nur solche statistiken berucksichtigen, die
sich uber aindest 5 - 10 Jaohre erstrecken. sei Kdarzeren measreihen
ist dic otlrocuunsg zu srod und es xonnen kawa prauchbare surch-

schnitte ermiteeit werden.

Ieh habe nun auch die bereits hesprochence Usterrcichische sta-
tistilk in Jdieser <ichtungz analysiert. .as tsterreichische dun-
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desgebiet ist mit cinem etz von ungefuhr 1.CUC geoelektrischen
Sondierunzen uberzogen, so dad man dic seoelektriscnen sigen-
schaften der einzelnen Jcpiete einigermaden beschreiven kann.
Zunichst kaun man zeigen, das die geoelekstrische ..omogenitit

der jlingeren zeologischen rormationen im ailgemeinen sroer ist
als jene uer alten. Die vercits sezeligte ravellie wirde dann leh-
ren, dal die olitzgefdhrdung nit zunehmenaucr uomogenitat -~ paat,
was auch mit dem irgeonis der besprocaenen h.odeilversuche iiber-
einstimat. Ich habe nun weiter in Csterreich zwei Gebiete von
ungcfihr 3506.000 Ubjekten ausgewanli, von denen das eine eovclek-
trisch ziemlich nomogen, dus andere sehr inhomogen ist. uvie sta-
tistik zeigt nun, daii in der geoelexktirisch inhomogenen Zone 83,
der dezirke wit extrem hoher uefulirdungsziiter (amchr als 1.,0)
liegen. uie stiirkere efahraung des inhoilogenen Gebietes ist
also oiffensichtlich. Zur crclurung wird jetzt eine arbeitshy-
pothese untersucht. Im homogenen Geviet ist meist auch dice
srundwasserverteilung einc homogene. Landwirtschattilcune ob-
Jekte sind daber nicht an vestimate Jonen sebunden, an denen
Yasser vorhanuen ist. i alten, geoclektriscin inhowogceuem ue-
birge aber ist Jasser nur aus einzelnen machtisen wossertihren—
den sSpalten zu gewinnen. uie landwirtschaftliichen Ubjekte wer-
den daher meist in deren unmittelbaren Jihe angeoranet, da ja
{fruher fiur den standort einer Landwirtschaflt die muglichkeit,
«asser zu gewinnen, von groster sedeutung war. vamit riic<en

aber alle diese Cbjekte aucii in die aaile von conen hoher Llitz-
gefanruung.

weun ich damit meine asusfuhrunzen, die Kelneswess volistundiyg
sind, abschlicle, so wiirde ich mici wiriklica fremein, wenn mein
vortrag dazu beigetraen hitte, .ie zu Vergleicnen anzurc;en,
die oie vielleicht lhren eigenen statistiscilen Untersucuaungen
entnehmen kionnen. uerade auf diesenm aeblete ist eine interna-
tionale Zusa.nenarbeit notwendis, deun die :-rovleme liezen nicht
einfach. .s ware vieileicht eine uankbare autgabe cicser .onfe-
renz, eine einhcitliche statistischne wriassung der olitzscalage
anzustreben. '
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Session 4

Charge Generation in Thunderstorms

by
J. Alan Chalmers
Durham University, England

1. Introduction

I think I must first apologize for intruding into this discussion
when Iyﬂave no theory of my own to put forward; if what I have to say is
more critical of the theories that have been discusséd, rather than con-
structive suggestions of alternative theories, my excuse may be that it is

difficult to formulate a new theory before we know what is wrong with the

old ones.

Requirements of Theory

Mason has given a nuwnber of facts which must be cxplained by a
salistactory theory of thunderstorm electritication. lowever there seems
to be one case where his remarks can be improved upon, und other require-
ments which can be added to his list.

Mason gives the requirement of generating current al the rate of about
1 amp. But this is the requirement. just to provide the lightning flashes
of an average storm, and to this must be added the charges which are used
in the point-discharge current below a cloud, and the charges used in
dissipating currents within the cloud. It is probable that a total
generating current’of 3-5 amp is a better estimate, with about 1 amp
external current outside the cloud, including lightning flashes to ground,
and 2-4 amp average internal dissipating current, including lightning

flashes within the cloud. Wormell's (1953) results show that, after a
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flash, the potential gradient due to the cloud returns towards its previous
value approximately exponentially, and this indicates the building-up of a
dissipating current.

Mason's figures refer to an aversge storm, but theré ere storms which
are much more violent than the average, and if Mason's theory; or any other,
i1s to be considered satisfactory, it must be able to account for the
electrical phenomena in these. Vonnegut and Moore (1958) quote cases
where there are 10-20 lightning flashes per second, as compared with
Macon's figure of 1 in 20 seconds. Thus the lightning current must be
100 amp or more and the charge being separated of the order of 107 C. The
question then is whether this remains within the bounds of possibility, or
whether some theory is required in which the relative motion of charges of
different signs is not limited to that provided by gravitiation.

In nimbo-stratus clouds, the total separation of charge is approximately
measured by the precipitation current at the ground. This seldom reaches ;
value of more than 10710 amp/me, s0 that for an area of 10 kme, corresponding

to that of a thundercloud, the current is only about 10-3 amp, i.e. less than

that of the thunder cloud by a factor of over 103. An acceptable theory of

i
Ha e

thunderstorm electricity must be sble to explain how it is that the process

concerned gives so much smaller electrical effects in the nimbo-stratus then

TR
N

- e,
33404 T T

in the cumwlo-nimbus cléuds, although, for example; the amounts of precipita-
tion show much less difference.
It has been pointed out sevéral times by Vonnegut and others that the*

current carried down by precipitétion in the thunder cloud is never more than

a small fraction of the charge seraration, though most theories consider

precipitation to be the mechanism by which cherge is separated. Even measure-
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ments within the cloud at the Zﬁgspitze (Kuettner, 1950) show that precipita-
tion does not ~arry much charge. It is Lherefore necessury for a theory
involving precipitation to be gble to explain how the charge leaves the
precipitation and becomes attached to cloud droplets.

Information available at'present suggests that the external current,
above and below the cloud, is probably less than the current of charge
separation within the cloud and this leads to the conclusion (see Chalmers,
19{1) that the source of the charging current must be within the cloud and

not, as in Vonnegut®s theory, outside.

3. Discussion of Mason's Theory

While Mason's theory appears to give an adequate explanation of the

c harges in a normal thunderstorm, it has yet. to be shown whether it is able

I
#,
I

to account for very violent storms and whather ik can explain why the nimbo-

R A

stratus cloud gives so much less charge generation. And the question of the

transfer of the charge to the cloud droplets Trom the precipitation has not
been discussed in detail though there may be an answer in the splashing that
oceurs at temperatures close 1o 09C.

The measurements of Latham and Mason (1901b) on the production of
charge and of splinters showed good ayrecment. with their theory considering
the average charge per drop. But the measurements of Mason and Maybank
(1960) and the more recent measurements of Evans and Hutghinson (1963) have
shown that some individual drops on freezing give much greater charges than the
averuge uand, in fact, give charges which are quite conslderubly greater than
could be provided by the mechanism suggested by Latham and Mason (l961b).

This forms & serious difficulty for their theory.
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It seems swrprising that Latham and Mason concerned themselves with
electrical effects of temperature differences in ice, corresponding to the
Themson effect in metals and did not consider electrical effects at the
surface of melting, corresponding to the peltier effect in metals. This is
the more surprising when it is remembered that Workman and Reynolds (1950)
have found very large electrical effects on freezing, even though, as Brook
points out, they themselves no longer consider this as the main agency of
charge separation in clouds.

Lathem and Mauson found that their theory of electrical effects in ice
at different temperatures was adequate to account for the ice-impact results,
when there was no water present; they then applied the same theory to riming
phenomena, neglecting the ice-water boundary, and found it would give enough
charge for a thunderstorm. But surely the ice-water boundary cannot be
neglected and there is very likely to be preferential movement of ions across
this boundéry. Tt may be sdded thut the total "freezing potential measured
by Workman and Reynolds (1950) involves not only the ice-water interface but

also the metal-water and metal-ice interfaces.

4. Discussion of Workman-Reynolds Theories

There is at present a very serious discrepancy between the experimental
results for the amounts ol charge separated on ice‘imp&ct, the results in
New Mexico (Beynolds, Brook and Gourley, 1957) giving values greater by &

factor of 107 than those in Fnglend (Latham and Mason 196la, Hutchinson, 1960;

Evans and Hutchinson, 1963). It is to be hoped that each side will attempt to’

repeat the experimehts carried out on the other side.
The remarks made in regard to Mason's theory in respect of violent storms,
of nimbo-stratus clouds and of the transfer of the charge to the cloud droplets

apply also to these theories.

4
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Discussion of Vonnegut's Theory

Some of the main arguments put forward for Vonnegut's theory seem to

be more arguments sgainst the theories that involve precipitation and ice.

Wwhile Vonnegut's theory could more easily satisTy some of the conditions

stated, such as those of the very violent storms, of the nimbo-stratus clouds
end of the arsence of much charge on precipitation, there still seem to be
very seriouns difficulties in the fheory.

Tt is difTieuls to visualise how it is that when negative charge has
reached the base of the clcud in the down-draught, and there attracts
positive chargs produced by point discharge, it, is the positive, rather
than ~he negative charge which gets into ihe up-draught. Similarly, how
is it that, when positive charge gets to the top of the cloud, it is not
this charge but negative from above which gets into the Jown-draught? No
answer cun be comtemplated in Lerms of the attachment of the charges to
cloud 1roplets or precipitation particles. since this would again lead to
differential motion under gravitation and a return of the problems that
+h2 theery is ~rying 1o avoid.

Alsa Yonunepnt 's theory is in opposition Lo the results discussed above
rezarding internal apd oxternal currents.

1

OL. 0 Woarm Thunderstorns

Tt geems hLbat the gquestion of warm thundersborms is a very vital one.
Ir it be cenfirmed that these do exist and do give the same separation
of churge as normal thunderstorms, then this does seem to give a serious
blow nc those theories Lhat involve ice as a necessary agent in the generation
of thnderstorm charge. If, however, 1t should turn out that the polarity of

a warm thundersiorm is opposite to that of the normal thunderstorm, this

mwight te e¥plained as due To the same Process as is normally concerned in

Approved for Release: 2017/09/11 C06461858



Approved for Release: 2017/09/11 C06461858

the production of the lower positive chuarge, bul acting with sufficient
ect to produce lightning.-

T« Conclusions

While there may be substance in some of the arguments sgeinst
pracipitaticn bzing the mechanism by which charge 1s separated in clouds,
i+ dces not seem that Vonnrnegut's theory is wholly satisfactory and up to
the present. there has been no ~ther reasonable alternative, and we are left
with a choice of theories, none of which appears quite satisfactory.

Whut appeuars to be required is a theory which might. involve icé, but
in which the sepuruLionvin spuce is achleved not by gravitiation but by some
other agency. As a tentative suggestion, could ihere be some sort of
centrifugal action in the main up-draught, where the electrification process
oceurs, flinging the heavier. negatively charged particles out of the up-
draught. while retaining the smuller positively charges particles to move up-
wards, ziving a speed of sepuralion much greater thun the differentiul speed
under gravity. oand hence requiring a smaller conlent of charge in the cloud.
The postulation ol the up-draugh'. would explain the aboence of eifects of
such magnitude in the nimbo-stratus cloud, and allow of larger currents with
very intense up-draughts. ‘The effect need not be thought of as centrifugal
action on a large scale, but rather as the throwing off sideways of the
heavier rarticles by the turbulence that occurs in the up-draught. It does
not, scem that enough is yet, known about the motion in the up-draught to be

able O make any calculations to put this suggestion to the test.
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RELATIONS BETWEEN L1GHETNING DISCHARGES AND D1FFERENT

TYPES OF MUSICAL ATMOSPHERICS

by

Harald Norinder

University of Uppsala

1. Introduection

When observing atmospherics at very low and audible frequencies by
the use of a special amplifier, different types of musical (tonal) gquali-
ty are heard. One type is classified as a usual whistler characterized
by a steadily decreasing whistling tone from the upper limit of hearing
and downwards with a frequency which falls first rapidly and then more
slowly. Unusual musical atmospherics are characterized by irregular and
shifting frequenoy variations.

The first to detect usual whistlers with an amplification set was
Barkhausen (1) in 1918, and he alleged that the whistlers had connections
with metecrological phenomena on warm summer days. In 1930 Barkhausen (2)
indicated lightning discharges as a source of whistlers.

The first theoretical analysis of whistlers was made in 1925 by
Eckersley {3). No information was presented of relations between light-
ning flashes and whistlers, and in 192f he and Chapman (4) co-ordinated
whistlers with powerful heard atmospherics. Later, Eckersley (5) cites
relations observed between visitle nocturnal individual lightning flashes
and whistlers. Early investigations of whistlers were also carried out by
Burton and Bosrdman (6). In Storey’s (7) well ss experimentally as theo-
retically comprehensive work a connection is assumed between atmospherics
from lightning discharges and whistlers caused by them.

The theoretical investigations of whistlers stimulated extended ex-
perimental observations and have obviously influenced the comprehensive
observation progfam of whistlers carried out in North Americe during the
International Geopbysical Year (1957-58). The main objective of this pro-
gram was to record whistlers on a nuaber of symoptically situsted sta-
tions in North America. Magnetic tape recorders were used and the record-

ing periods were not less than two minutes each hour round the clock.
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2. Motivation for whistler investigations in Sweden

The 1GY program did not include any partioular investigations of
lightning discharges which caused whistlers. Therefore it seemed to be
of special value to start whistler investigations in Sweden. To some ex-
tent they could be considered as a complement to the mentioned 1IGY pro-
grar. The aim of the new project was to analyse the relations between and
the variation features of those individual lightning discharges which
caused whistlers.

With its northern latitudes Sweden seemed to be well situated for
whistler investigations. A special circumstance facilitated such a pro-
Ject. For the past few years a number of field stations outside Uppsala
had been used and cperated for simultaneous analysis of electromagnetic
field variations of lightning discharges. Some of the results are given
in the fellowing publications (8-11).

A number of recording cathode-ray oscillographs and direction finders
were at hand. Therefore the new investigation project only necessitated
the construction of special whistler recorders.

Results obtained in the project will in brief be presented here;

details are given in a number of publications {12-18).

3. Observation station, equipment, method of observation and supervision

In order to avoid man-made noise the whistler station was placed
17 ka east of Uppsala. The geomagnetic coordinates are r 5804,44_10700.

The following instruments were used:

(a) Whistler recording equipment,

(b) CRO recorder for lightning discharges and sferics wave-forms,
{e) CHO recorder of multiple lightning strokes,

(d) Lirection finders of CKO type,

(e) Sonagraph frequency analyser,

(f) Uarmonic frequency analyser.

The otservation of whistler activities was done continuously at the
station during the summer months June-August. There was a special reason
for the concentration of the work during these months. It is well-known
that the general occurrence of whistler activity is lower in summer, but
on the other hand, it is only during this season that it is really pos-
sible in Sweden to observe thunderstorm activities at such distances as
are necessary for a correlation with whistler phenorena.

During two seasons, 1958 and 1960, the observation and supervision

program was carried out during the day, in 19959 botk night and day, and
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2. Motivation for whistler investigations in Sweden

The 1GY program did not include any partioular investigations of
iightning discharges which caused whistlers. Therefore it seemed to be
of special value to start whistler investigations in Sweden. To some ex-
tent they could be considered as a complement to the mentioned 1IGY pro-
grar. The aim of the new project was to analyse the relations between and
the variation features of those individual lightning discharges which
caused whistlers.

With its northern latitudes Sweden seemed to be well situated for
whistler investigations. A special circumstance facilitated such a pro-
Jject. For the past few years a number of field stations outside Uppsala
had been used and operated for simultaneous analysis of electromagnetic
field variations of lightning discharges. Some of the results are given
in the following publications (8-11).

A number of recording cathode-ray oscillographs and direction finders
were at hand. Therefore the new investigation project only necessitated
the comnstruction of special whistler recorders.

Results obtained in the project will in brief be presented here;

details are given in a number of publications {12-18).

3. Observation station, equipment, method of observation and supervision

In order to avoid man-made noise the whistler station was placed
17 km east of Uppsala. The geomagnetic coordinates are ] 5804,44‘10700.

The following instruments were used:

(a) Whistler recording equipment,

(b) CRO recorder for lightning discharges and sferics wave-forms,
{¢) CRO recorder of multiple lightning strokes,

{d) Lirection finders of CRO type,

(e) Sonagraph frequency analyser,

(f) lHarmonie frequency analyser.

The otservation of whistler activities was done continuously at the
station during the summer months June-August. There was a special reason
for the concentration of the work during these months. It is well-known
that the general occurrence of whistler activity is lower in summer, but
on the other hand, it is only during this season that it is really pos-
sible in Sweden to observe thunderstorm activities at such distances as

are necessary for a correlation with whistler phenomena.

During two seasons, 1958 and 1960, the observation and supervision

program was carried out during the day, in 1959 botk night and day, and
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'in.1961 only at night.

The supervision was carried out in such a way that the thunderstorm
activities were observed for 10 minutes every half hour. Simultaneously
the occurrence of whistler activity was checked and detailed notes of the
sifuations were made. Such notes formed the basis for the corprehension
of the development of whistler situations. ‘

Wwhen a whistler sctivity was ascertained, the observer either extend-
ed the continual observation or, if the whistler intensity seemed high
enough, started a full recording procedure. This meant that all the men-
tioned apparatus were set into continual operation until the activity
disappeared. In this way the following data were obtained: (1) the geo-~ ‘
graphical position of the occasional lighthing discharges, (2) the wave-.
fores of the produced atmospheries, (3) multiple lightning strokes, their
“intervals and tire sequences, and (4) tape recordings of whistlers. These

data will obviously make possible a rather detailed analysis.

4. Observations of local lightning paths producing whiatlers

At the very beginning of the whistler investigations in 1956, an
attempt was made to determine what direotion of lightning paths was fol-
lowed by whistlers, e.g. if they were only linked to vertiecal lightning
vatias or to those in other directions. This was singly possible by 31mul- ’
taneous local observations of lightning paths and whistlers. Earlier di-
rect observations from other localities which right have answered this
problex were not at hand. _

Comprehensive reasurements of lightning discharges cowbined with
daylight photographs of lightning paths during the thunderstorm season
of 1956, when three field stations were sirultaneously operating in the
vicinity of the whistler station, did not result in any simultaneous ob-
servations. On the other hand, in 1957, operations of the three stations
resulted in the most comprehensive number of local thunderstorm and l1ght-7
ning flashes ever obtained. More than 100 daylight photographs and 600
cathode-ray oscillographic records were obta;ned In spite of the great
number of lightning discharges within the area in the numerous thunder-‘
storms during the season, we succeeded only during a single day in con-
firming that certain lightning discharées were accompanied by whistlers.
This constitutes a glaring and permanent proof of how rare and kazardous
the conditions must be for whistlers to develop within a thunderstorm
area. There nrust, consequently, be special pre-requisite conditionms in

the thunder atmosphere and in the layers existing outside in space for a
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lightning discharge to give rise to whistlers.

The mentioned occasion during the 1957 thunderstorm season when two
local thunderstorms were accompanied by whistlers occurred on August 6,
with the first thunderstorm between 15.07 and 15.57. In one case it was
possible to obtain a daylight picture (see Fig. 1) of a vertical light-

ning flash which according to simultaneous observations at the whistler

Fig. 1
Deylight photograph of vertioal
whistler-producing lightning
flash.

station gave rise to a whistler. The distance from the station to the
flash was 18 kilometres. The small distance of the stroke from one of the
oscillographic recording stations allowed a calculation of the current in
the path which reached g peak value of 7 kiloamperes. A second thunder-
storm arrived at 19.15 on the same day. For half an hour the author was
able to observe a number of typically vertical lightning paths which were
all followed by whistlers. Observations based on the author’s forty years’
experience of studying lightning discharges charactarized the thunderstorm
observed as having an extraordinary and copious occurrence of vertical
lightning strokes. Through the investigations of these two thunderstorms,
it has accordingly been established that local vertical lightning paths
generate whistlers. Oscillograms from the lightning stroke of Fig. 1 show
to full evidence that negative charge was transported in the channel to
the ground. The results obtained of the dominant role of vertical light-
ning strokes is quite in agreement with the current-jet hypothesis of

whistler generation by Hoffman (19).
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5. Qccurrence of whistlers

It has been found that whistlers occur in groups during periods of
time lasting up to several hours. Between these periods, whistlers are
entirely absent. On going through the routine observations carried out
every half hour no occasion occurred when the observer only heard isolat-
ed whistlers. During these periods are observed either cases in which no
whistlers at all occur, or else cases in which groups of whistlers occur.
Such situations as are characterized by activity as regards whistlers
have therefore been designated throughout as "whistler situations". A
typicel survey of a whistler situation during an observation period of

46 days is exemplified in Fig. 2.

S5 SED P IO A ) Wy

cce-a geediepdaip b - — —
30June Iduly 20Aug

Pig. 2. General survey of whistler situations,

The following general conclusions can be drawn:

(1) Whistlers ocour in great numbers during shorter periods of.time bet-
ween which there is a total cessation - this may extend over hours,
days, and, in isolated cases, even weeks.

(2) Several whistler situations often occur on the same day or on conse-
cutive days. o

(3) A cessation of whistler activity cannot be connected with a general
cessation of thunder activity.

Through the investigation of whistlers and their occurrence carried
out as described above, it is ccnfirmed that, in addition to lightning

discharges, there are certain other required, locally manifested, geo~

physical conditions which are necessary if whistlers are to be generated l
at all. '

6. Synoptic direction-finder observations related to whistlers

By the use of a direction finder in combination with records of

whistlers, it is obviously possible to obtain and follow synoptical si-
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. tuations of whistler activities. It has been found that a thundoratorﬁfv
region located in one direction can be accompanied by whistlers whili
another simultaneous thundorstorm located at the same or at other dis-
tances and in other directions may or may not produce whistlers simulta-
neously. It is possible to illustrate such varying situations by the use
of a graphic reproduction in which suitable circles provided with time
and distance indications are used. Thunderstorms are marked in the sec- -
tors in such a way that no blackéning represents no whistlers, half
blackening an average number of whistlers, and full blackening a high"
number. The graphical method is e. -8+ illustrated according to direotion
finder observations of an interesting thunderstorm situation on 28/7/58
reproduced in Fig. 3. Two marked thunderstorm centres exist partly over

‘,' ! \ \ July 28,1958
! ,
.

Fig. 3. Map with thunder-
sookm | Storm regions related to
whistlers.

north-east Sweden and partly over the Gulf of Finland. The development
of whistlers in these two thunderstorms during the course of the day is
apparent frorw the graphic survey of Fig. 4. In this, very weak whlstlers
may be noted from both the thunderstorms during the observation period
of 13.00. At 13.30 weak whistlers started at the centre in Sweden, and
stronger whistlers which were very marked for both centres during 14.00-

o Y S W L e
A AT R BT R w

x*a‘ g E Ce

”l)E‘l 2.

14740 started at the cenitre in Finland. The whistlers’ intensities de-

creased for both centres at 15.0C and ceased after 15.30.

TR

(55
&L h

According to direction-finder observations three thunderstorm areas

appeared on 7/9/59 (see Fig. 5), one situated in southern Sweden, one in
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Fig. 4. Thunderstorm regions
productive or non-productive
of whistlers.
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Fig. 6.

which only one, located in

Fig. 5. Three simultaneous thunderstorms of
Finland, was followed by whistlers.

Fig. 6. An extensive thunderstorm front in which whistlers were produced
and located only in the regions of the Ukraine.

central Finland and one in the Ukraine. The thunderstorm area in soutnern

ut in spite of that it yielded mno whistlers. On-
ly the arelh in Finland gave whistlers, whilst they failed to appear at

Sweden was very intense b

all from the area in the Ukraine.

A particularly interesting case occurred in the night of 19-20/7/59.

As shown on the map in Fig. 6, trere apreared a very extensive thunder-

storm fromt which stretched from nothern Germeny through Poland and the

Ukraine down to the Crimea. The deflection of the direction finder alter-
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nated between 15°0 and up to 190°. The closest flashes which were accom-
panied by the greatest amplitudes, were located in northern Germany at &
distance of 600 km. These lightning discharges were not followed by any
whistlers. On the other hand, lightning discharges located in areas in
the Ukraine at ca. 1300-1700 km and with small field defleotions at the

Uppsala station, yielded clear whistlers.

Investigations carried out hitherto with the aid of direction find-
ers cannot result in an accurate determinatiorn of the local positions
within a thunderstorm area where lightning discharges accompanied by
whistlers occur..This task is by no means easy but a solution is poasible
through the izprovement of instrumental equipment. As follows from the
foregoing, it is almost hopeless to draw conclusions by means of oscillo-
graphic analysis of local lightning discharges. This depends in the first
place on the hazardous occurrence of whistlers. Through the development
of a special direction finder system for locating whistlers this problem

will obviously be nearer a solution.

7. Atmospherics producing whistlers

As has already been pointed out, the activity of whistlers will be
associated with a limited region in the thunderstorm. It is evident in
this respeot that not all ligntning discharges indicated by atmospherios
give rise to whistlers. In this respect a manifest difference is found
within different whistler situations. One day, for example, the number of
observed atmospherics with subsequent whistlers amounted to 85 £ of the
total recorded atmospherics during an interval of 5 minutes. On other
days the corresponding nucber may only amount to 10 % in apite of the
fact that the lightning discharges emanated from the same area.

It is of special interest to illustrate how the relation between
atrospherics, with or without subsequent whistlers, changes if an inten-
sive whistler situation appears. Such a typical situation developed on
28/6/58 and lasted for two hours. On account of the high intensity level
of whistlers that day continuous recording was started and allowed a per-
centage distribution of atmospherics with or without subsequent whistlers
during every S-minute interval. The result is given in Fig. 7, where fill-
ed piles represent atmospherics with subsequent whistlers and empty piles
atmospherics without subsequent whistlers. The variability of occurrence
of whistlers is rather striking.

It is evident that employing the direction finding procedure in the
study of lightning discharges simultaneously combined with sccompanied

whistlers is of greatest value if correlation is to be shown between the
Approved for Release: 2017/09/11 C06461858
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Fig. 7. Atmospherics productive of whistlers versus non-productive.

two phenomena. In the first place the method of analysis can be carried

out after the following principles:

1. Comparison between the crest values of the electric field force of tﬁe
atmospherics.

Comparison between the wave-forms of atmospheries.

Investigation by harmonic analysis.

Electric field variations of atmospherics in relation to whistlers

~ When it is a question of a comparison between the crest values of '
the electric field force of atmospherics, whether followed by whistlers -
or not, the whistler situation reproduced in Fig. 7 is especially valu- '
able. It affords valuable material for comparlson of the phases of deve-’
lopment following on each other in whistler situations. The field force
strength values have been directly determined by measuremxents from the
original osclllograms in such a way that the values represent the hlgh-
est amplitude difference between the two polarities.

The measured field strength values are, for a whistler situation on
28/6/58, graphically reproduced in Fig. 8, where‘E indicates the firsfl;'
period (79 observations) and b the second (119 observations). The field
strength in volts/metre accompanied by whistlers is repiesentad by fill-
ed c1role= and that without whistlers by empty clrcles. During the first
half-hour of the whistler situation about 30 % of all osclllographic re- .
cordlngs gave subsequent whistlers within the actual sector fixed by the
direction finder. During a later period 85 % gave subsequent whistlers.
There is in Fig. 8 a very clear tendency to be seen for the relation of
the field strength values to whistlers. In the area of the lowest field
strength values atmospherics are not accompanied by whistlers. In a
central area of the scale, atmospheries occur with or wlthout whistlers.
At the higher values on the scale all atmospherlcs are accompanled by
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Fig. 9. Electric field of
atmospherics related to
b whistlers.

Fig., 8. Electric field of atrospheriecs
related to whistlers.

Investigations on other whistler situations resulted in similar re-~
lations as obtained in Fig. 8. Another example of a characteristic situa-
tion from 27/6/58 is given in Fig. 9. The predominant occurrence of atmos-
pheries producing whistlers at the groups of higher field-force values
might to some extent be related to intensified current variations in the
whistler-generating lightning discharges as compared with those lacking
whistlers.

This indicates that the ionization in the channels when whistlers
are produced has higher intensity values than in cases where no whistlers
are produced. This fact is related to the typical preponderance of gene-
rating whistlers which, as will be demonstrated later, is characteristic
of rultiple lightning strokes. Another circumstance is related to the de-
pendence of the transmission coefficient of the ionosphere in the very
low frequency band from 1 to § ke, Wait (20, 21). hs will be demonstrat-
ed further on, the frequencies around 5 ke are characteristic of light-
ning‘discharges followed by whistlers, and this must facilitate the

entrance of the sferic signal through the ionosphere.
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9. Wave-forms of atmospherics with or without whistlers

cvidently uan attempt must be mude to fxy to trace the characteristic
variational quality factor in the lightning discharge which forms the pre-
requisite conditions for development of whistlers in a thunderstorm region.
This problem will be treated by analysis of the oscillographic recordings
of the atmospherics. During the 1958 observation period nearly 700 oscil-
lograms of atmospherics have been recorded from whistler situations. Due
to the large nuzber of oscillograms at hand, it appeared especially suit-
able to divide up the plottable material by the use of the amplitude va-
lues of the field strength in conjunction with Figs. 8-9. In doing so
three characteristic groups of amplitude variations of oscillograms from
atmospherics were cbtained:

(1) Oscillograms of atmospherics not producing whistlers.
(2) Oscillogrums producing and not producing whistlers.
(3) Oscillograms of ouly atmospherics which produced whistlers.

As it is a question of comparison, the suitable group is the one
which contains atmospherics bhoth producing and not producing whistlers.
According to Fig 9 there is such a group from a thunderstorm centre with
bearing between 40° and 65°.and a mean distance cf 45C-600 km.

y Within this observation area a
™m

27 1958 . .
@ dune number of atmospherics not produecing

whistlers were received and are il-

FVVVWA[J 203673t lustrated in Fig. 10. The oscillograms

show typically irregular variational

forms, where particularly regular fre-
quencies are absent. Another very im-

portant feature is that the atmosphe-

207332 rics have in common the fact that they

have been generated by single light-

ning strokes, which wmeans one must

reckon with high resistunce in the

lightning path.

From our‘investigations in cther
connections it has been found bty spe-
ciel oscillographic analysis (22) that
lightning discharges without multiple
20" 307 36° channels, as coxparod with multiple

1000y | ones, occur only in 10 to 15 % of all

Fig. 10. Oscillograms of atmospherics not followed by whistlers.
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Fig. 11. Oscillograms of atmospherics followed by whistlers.

In Fig., 11 a ;uuber of whistler-producing atnospherics from the ob-
servation area are jllustrated. Except in the initial stages these atmos-
pherics are characterized by such very repular variational forms that
they can, without furthev consideration, be designated as wave-forms,
where the frequencies rost nesrly correspond to 5 kilocycles or to bands
nearest this frecuency.

The oscillograme reoroduced in Fig. 11 are charuacterized by multiple
discharres oblained by the method given in reference {11). The time inter-
vils between the multiple discharges are given in milliseconds. In an
oscillogran not reproauced in Fig. 11, only one single discharge was ob-
tained with the same characteristic variational forms as given in that
figure. Moreover, it is not out of the gquestion that sometimes multiple
strokes occur whick dc not appear in the recording because of their low
amplitudes.

Multiple discharges which occur very often in the lightning path
rresuppose increased jonisation over that produced by single discharges
both in the path and in the spaces within the thunderstorm atmosphere
from whick the large quantities of electric charges transformed into the
the lightning discharges are fed. The consequence on the whole must be a
smaller resistance in the lightning path than in the oases where the burst
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is characterized only by a single path.
This marked differsnce explains why only high-energy sferics appear

capable of generating sferics, a fact thoroughly discussed by Hoffman

(19).

10. Harmonic analysis of atmospherics with and without whistlers

In different connections, the necessary preponderance of frequencies
around 5 kc has been mentioned as linked to the generation of whistlers.
Fror this point of view it is obviously of special importance to compare
the harmonic spectrum of lightning discharges followed by whistlers with
that of discharges without whistlers. An indispensable condition for a
corparison is that the lightning discharges occur during the same record-
ing veriod and not very apart in time. This condition is very well ful-

filled by an analysis of the oscillograms in Figs. 12-14.

vim A
024 1.0

ll A
+ Nﬂ\Mﬂﬂk/w 20" 3" 3
1;‘
iy
- 0 - 1000;;5

e e

/\T/\/ 20" Jo"‘oas

A Curves without following whistler

B Curves with following whistler

5 10 15keks
Fig. 12. Harmonie analysis of atmospherics not follow-
ed by whistlers, A, followed by whistlers, B.

Results of the harmonic analysis in these figures, where A repre-
sents oscillograms of atmosprerics not followed by whistlers, and B ,
oscillograms of atmospherics followed by whistlers. The harmonic analysis
shows a striking predox 1nance of frequencies in the region 5 to 8 kc for

atmospheries fcllowed by whistlers. Similar results have been obtained

for other oscillograrxs in the same scale region of the field force. From
the comparative analysis it follows that lightning discharges are follow-
ed by whistlers when the discharge contains a frequency distribution with-

in tke low frequency band as exemplified above. Evidently, a more exten-
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Fig. 13. Harmonic analysis of atmospherics not follow-
ed by whistlers, A, followed by whistlers, B.
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Fig. 14. Harmonic analysis of atmospherics not follow-
ed by whistlers, A, followed by whistlers, B.

sive corparative analysis is necessary, and such an analysis is already

in preparation. A look at obtained frequency spectra of the extended com-

parison confirms agreement with what has already been shown in the above

mentioned lirited investigation.
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11. Relations between multiple lightning discharges and multiple whistlers

In the previous discussion it was remarked that a lightning only fol-
lowed by a single discharge does not in general produce whistlers. From
our observations only about 10-15 % of all lightning strokes consist of
a single discharge in the path. The reverse is very often true of mul-
tiple discharges in the path, and this difference is paurtially ascribed
to the supposed higher ionisation in the paths of multiple discharges.
Certainly it would be of special interest to examine more closely the
occurrence of time differences of multiple whistlers passing in the same
lightning channel. This is possible by frequency-time analysis using a
suitable sound-spectrograph. For this purpose a Sonagraph of the Kay
Electric Co design is especially well fitted. By the use of a narrow
band filter and a heterodyne oscillator a record is obtained on a sensi-
tized paper, a so-called sonagram. The frequency is given along the y-
axis and the time along the x-axis. For multiple whistlers the time in-
tervals are obtained on the sonagram. The only inconvenience is certain
time uncertainties in the records of the sonagrams. This explains the
tire differences in intervals obtained by another more exact method.

An examination of the time intervals related to multiple whistlers
can also in an exact way be obtained by simultaneous records on two ca-
thode rey oscillographs (11, 22). The procedure allows a determination
of the variational forms of successive discharges in the same channel
here previously shown. It was also possible to obtain exactly, by cathode
ray analysis, the time intervals between successive discharges in the .
channel. A comparative analysis of the time intervals of multiple whist-'

lers is therefore possible.

kcis
3 4

1ésec

Fig. 15. Sonagram of a single whistler produced by a
51nglo llghtnlng discharge in the channel.
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In'Fig. 15 is reproduced a typical sonagram of a whistler emitted
from a lightning discharge which gives no indication by the oseillogram

of more than one discharge having passed in the channel.

3 multiple lightning dis~
charges in the channel.

107 200 ms.
e —

R TINN
"})‘

oo Ve by

Fig. 17. Sonagram of 3 whistlers produced by multiple
discharges in Fig. 16. Only 2 of the whist-
lers definitely visible.

An interesting case of a multiple-whistler situation is reproduced
with oscillogram in Fig. 16 and with sonagram in Fig. 17. The differen-

ces in milliseconds between the oscillographed intervals of the discharges

=5

and the intervals in the sonagrams are ascribed to the mentioned uncer-
tainty in time of the Sonagraph. Noteworthy is the long time intervals
batween the two discharges as compared with the third.

T Y R

o
fap

A contrary situation with more concentrated intervals are given in
Figs. 18-19. The oscillogram shows 5 multiple discharges. Between two of
them a very long time difference occcurs as compared with the rest. A very
dense accumulation of whistlers is shown in Fig. 20. This variation can

be considered as a transition to the special variational type of condens-

ed whistlers which is a typical transition to the form which has been
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Pig, 18, Oscillogram of multiple lightning
discharges with the first interval very
long us conpareg with the following ones.

Fig. 19. Sonagram of § whistlers produced by the mul-
tiple discharges in Fig. 18.

called a swish shown in Fig., 21.

The haphazard occurrence of whistlers in local thunderstorms hasg up
to now prevented the observance either vizually or by daylight photographs
of lightning strokes followed by wnistlers in separate channels. Neverthe-
less we have during two thunderstorn seasons (10, 23) sumples of observa-
tions which in several ¢ases show locally Secarsted lightning strokes
where the first has initiated the following ones, All strokes were bound
tegether within tinme veriods not exceeding 2 seconds. The occurrence of

such locally separated lightning strokes can be decepted as indirect evi-

dence that whistlers from adjacent S8parate lightning strokes will follow

Approved for Release: 2017/09/11 C06461858
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separate propagation duots. This opinion is supported by daylight photo-

graphs obtained in an earlier investigation (23).

.

138 |
Fig. 20. Sonagram of 5 whistlers. Oscillogram shows
7 multiple discharges, 2 whistlers are missing.

05
32 52 20 ms.

1 [P S |

[V B [ D C e

Fig. 21. Sonagram of a swish caused by 7 lightning
discharges in the same channel.

12. Unusual musical atmosprerics and their relations te lightnirg dis-

charges
In the foregoing, musiczl atmospherics of the usual whistler type
have bLeen discussed. Iifferent sural otservitions have shown that aside
from usual whistlers other variational forms of musical atriospherics occur
in graat veriety, a fact which becomes much mcre evident when whistler
tize-variations are resclvaed by z sound specirogragh. When in the follow-
ing "variational type of whistlers" is used, il is neanl the freguency-
Approved for Release: 2017/09/11 C06461858
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time variational type of musical whistlers obtained on sonagrams. Such
unusual musical whistlers have received several suggestive names more or
less well defined. Sore of the most frequent are tweeks, single or mul-
tiple risers, hooks, constant frequency type, step type and combined types
of some of the above mentioned.

As far as is known it has up to now only been possible to find a cor-
relation between lightning discharges and usual whistlers and between
lightning discharges and tweeks. It has been found to be of special inte-
rest to try to extend investigations of possible relations between light-
ning discharges and the quoted irregular variational types of unusual nu-
sical atmospherics.

In a publication (17) it was shown that several of the variational
forms of musical atmospherics occur mainly in the day time. During the
two thunderstorm seasons of 1958 and 1960 day-time observations of un-

usual musical atmospkerics were carried out at the whistler station and

about 700 individual observations that could be used as a bzasis for a

special analysis (18) were obtained.

To this end during applied recording periods, continuous observations
were carried out of the simultaneous occurrence of lightning discharges
by means of the CKO direction finder and of musical atmospherics by the
whistler-receiving set. Just as & whistler was tuped, it was observed and
noted if a correlation did or did not exist with a practically simulta-
neously racorded lightning discharge on the direction finder. A similar
metbod applied in more southern latitudes with a comparatively high thun-
derstorm activity would no doubt lead to unrelisble results. Because of _
the simultaneous occurrence of a considerable number of lightning dis-
charges it would lead to some difficulties to correlate a musical atmos-
pheric with an observed individual lightning discharge. Owing to the com-
paratively low thunderstorm activity-on the latitude of the station it
was easy to determine the correlation. Occasionally it happened that a
limited thunderstorm area could be used for observation of the correla-
tion for a period of up to 1-2 hours. During such a situation a]l musicai
atmospherics without exception were found with correlation. In anotker
limited thunderstorm situation not one of the musical atmospherics was
observed as correlated. To some extent this difference can be explained
in such a way that only a limited part of the thunderstorm ares had ne-
cessary conditions favourable for production of musical atmospherics.

The explanation for the occurrence of similar veriational types of
correlated musical atwospherics versus not correlated ones will be dis-

cussed later on. In the following examples of the variational types ob-
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tdined by sonagrams have, with some exceptions, been reproduced types ob-
served as correlated or mnot correlated with lightning discharges. :

Kcis
8.

R4

B%@mﬁkﬁﬁﬁiﬂép

Fig. 22. Basic riser variation- Fig. 23. Basic riser va-
al type, correlated. riational type, not ocorrelated.

In Figs. 22-23 a type of single risers is reproduced with or without
correlation, and the same is given for typical multiple risers in Figs.
24-25. A single hook with or without correlation is reproduced in Figs.
26-27, and in Pig. 28 there are exemplified rultiple hooks with correla-

tion.

Fig. 24. Multiple risers
of basic variational types,
., '5sec. correlated.

Fig. 25. Multiple ri-
sers of basic varia-
+ional types, not cor-
related.
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0 15cec. ROt correlated.
1 N | 1 [ 5 3 1. i1 Y SUR NS SO

0s

10 15 -
[JNNN SRS QN SR NN DR WU T S VAU WS SN WP WS SU S S | L 2JDS€|C

Fig. 31. Couparatively irregular variation of frequency, correlated.

Fig. 32. Comparatively irregular variatiorn of frequency, not correlated,
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Fig. 33. Multiple step variational types, not correlated.
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36. Whistler of usual type creceded by one riser, correlated.
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Fig. 37. Whistler of usual type preceded by two risers, correlated.

13. Special remarks of variational forms of unusval musical atmospherics.

Tre musical atmospherics of urusual types illustrated by Figs. 22-37
show plainly the most shifting variational aspects and forms. The conclu-
sion must be that within the thunderstorm atmosphere there exist some ve-
Ty complicated, special modes of generation of unusual musical atmosphe-
ries. A theoretical explanation of the phenomena will for this reason re-
quire a more extended experimental analysis than has been obtained by the
results presented here. It can only be confirmed that a theoretical treat-
ment of the phenozena will be considerably more intricate compared with
what was vualid for musical atmospherics of the usual type.

It is especially striking that the analysed unusual rusical satmos-
pherics with or without correlation resuldi in a conspicuous conformity
in their characteristic variational forms. This shows that the unusual
musical atmosphorics originate from the sume type of sources within the
thunderstorm atrosphere. The conclusion i3 neur at huand that the non-
correlated musical atmospherics are also caused by lightning discharges.

The protlem that non-correlated musicAal atmospherics have also been
csused by lightning discharges without having been recorded as correlat-
ed has its explanetion in the linitations of the equipment used with re-
gard to distance sensitivity. For determination and recording of wave-
forms have been used CKO recorders and for the determinution of the dis-
tances CHRO direction finders. The acceptable distances for an accurate
determination were estimated to be 2000 km at best. It seems quite ac-
ceptable that musical atmospherics beyond that distance have sufficient
propagation to reach the observation station and to be cobserved und re-
corded there as not correlated.

Another exrlanasticn of the exictence of non-correlated musical at-
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mospherics within the sensitivity limit of the station is possible. In a
thunderstorm region lightning discharges might occur producing musical
atmospherics characterized by effective propagation qualities. On the
other hand, in spite of their location within the sensitivity limit of
the station, lightning discharges have sometires insufficient propaga-
tion effectivity to reach the station. This can very well explaim why in

apecial situations musical atmospherics have not been correlated.

Summary

A station for analysis of relations between lightning discharges
and pusical atmospherics of usual (whistler) and unusual variational
forms has been operated for some years near Uppsala.

Recording cathode-ray oscillographs were used for the analysis of
the lightning discharges whose relations to musical atmospherics were
investigated. Cathode-ray oscillographic direction finders placed at two
stations with suitable distances between them made it possible to deter-
mine the sources of the lightning discharges investigated.

Through comparative harmonic analyses it was shown that lightning
discharges producing musical atmospherics cf the usual type - whistlers -
wers characterized by a preponderance of frequencies around 5-8 ke. Mul-
tiple lightning discharges were found to be followed by multiple whist-
lers.

The recording method of the station allowed also of an investigation
of correlations between lightning discherges and rusical atmospherics of
unusual and irregular variational forms. It wes found that out of 700
unusual musical atmospherics about 70 4 were correlated to lighining dis-
charges and about 30 % were not. The striking variational resemblance
between correlated and non-correlated short-time variational types of un-
usual musical atmospherics indicated that the non-correlated variational

types must also emanate from lightning diéoharges.
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Problems of Fair Weather Electricity; Introducing Remarks.

by H. Isra®l, Aachen

"electr1c1ty.

When I try to do this for the fleld of the "Fair Weather Electrlclty"
‘lk( FWE“) I have the feeling that some of you may think:

Why stili FWE? This is overdone! Moreover the results

in this field are so complex and so contradictory that

it seems senseless to continue!

But as scientiéts, I believe we shoﬁld hesitate to use such an argu-
ment or to resign in view of difficulties. Besides there are quite dif-
ferent opinions concerning this quection° Therefore let us examine
eri 1cally the today's situation of the FWE.

The conception of "FWE" was the result of the o014 custom to conéider
only the fair weather values. These data seemed to be easier to explain
than phenomena cohnected with disturbed weather. Today rather the oppo-
site 1s true as we may see, e.g., when we look on the program of the pres-
ent conference.

Thevdivision of the atmospheric electricity in £he two parts; namely,
the FWE and the "Disturbed-Weather Electricity,” was justified afterwards
by the dynamic conception of the atmospheric electricity: We have to
distinguish generation - that is the disturbed weather electricity, or
more pre01sely, the thunderstorm electricity, where the charges are separ-

ated - and consumption - even the FWE, where the separated charges will be
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nevtralized. So the two parts are comnected together very closely, having
the samé importance in the explanation of the whole picture.”

If we look now on the fair weather electricity we first remember the
‘fundamental discoveries of the last thirty years: We understand why we
find everywhere and always an electrical field in the atmosphere charac-
terized by typiéal periodical and nonperiodical variations. But these
results emerge only if they are based on a large grantity of data, while
fcr éhorter series of observations the average picture is disturbed more

and more by local conditions and meteorological influences. TIn other words:

we go*t a climatological picture only, based on statistical evaluation.

However, this method is quite insufficient to relate, for instance,
the atmospheric electric with the meteorological phenomena. Thus, in my

opinion investigation in this branch is rather uaderdone than overdone.

IL. Modern Froblems in FWE

A. The Stratosphere

Let us Iock now on the modern problems in FWE. As you know, it is
one of the most difficuit problems in this branch that freguently the
results are ambiguous because, in general, there are worldwide influences
superimfosed on local effects - especially if we evaluate measuremenfs
rear the grourd. Therefore, we have to look first for suitable methods
tc separate the two districts of influences.

This may be achieved when we try to separate the researches w1th'
respect to space; We have to distinrguish at least two spheres of a quite
aifrerent behavior, the troposphere and the stratospheré/mesosphere.
Furthermore, we usually divide the troposphere in two regions, a lower
one which is characterized by the vertical turbulent connection, and an

upper one which is governed generally by a horizontal movement of the air.
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It is evident that the processes and the problems we have to clear
up are quite different in these three regicns, from the meteorological
poinf of view as well as from the electrical one:

The elctric behavior of the stratosphere/mesosphere is governed
essentially by worldwide steering effects of the main generator and by
“variations of the ionization according to the latitude effect of the
sosmic radintion cnly. On the olher hand, troposphefic variations of the
atmospheric electrical behavior are controlled by the influence of the
"austausch" on the aerosol conditions.

Thus, I believe we can separate the “"targets"™ of further researches
in FWE in the two general groups of

1) étratospheric researches of the electric field and
§he conductivity and of
(2) t%opospheric results of the aerosol conditions.
let me give some examples:

1f we lcook on the first group, i.e. the stratospheric problems, we
reed first systematic measurements of the total potential difference A
between the surface of the earth and the ionosphere and of their vafiations
ip time. Results cf tbkis kind can be obtained only by measurements in
hicgher sltitudes and at places not or less effected by the "austausch”!
So we have there a special task for the aerological method of meuasurement
es developed in the last time. |

Two ways seem to be successful:

(a) Integration of field measurements by airplanes or radio-

sondes (0.H. Gish, 194k; J.F. Clark, 1956; J.H. Kraakevik,

1958; H.J. Fischer, 1962 et al.)
Direct measurements of V and dV/dt in about 11 km altitude -

by airplanes or constant level ballocns with radiosondes -
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as proposed by-g.wu Kasemir, 1950.

Méasuremen@; of this kind promise a better insight in%o the mechanism
of thLe worldwide.atmospheric electrical circuit. I think there is ho doubt
that our basic hypothesis is correct, but up to rnow it is based only on
mean results of a few polar expeditions and or those of the cruises of thne
Carnegie Institution. We are not able to control this in detall, e.g. to
find out changes of the thunderstcrm activity in different partsvof the
world - a target of special interest for the msteorology as well as for
aviation. There are cnly first hints in this direction (gi Isra@l and

E. Theunissen, 1957; H. Israll  1957).

The aerological researches may be aided bty centinuous records of the
atmospheric elements over the free oceans and at mountaln tops. The first
one could be done cn the "weather ships" fixed now 2% different places of
the oceans. Furthermore, I believe we should ask the Permanent stations
in the arctic and antarctic regions for atmospheric electrical records.

Another urgent question conceras the conductivity in the stratosphere/
mesosphere. Hera we have only scurce results up to now. The conductivity
was measured directly, e.g. by radioscnd

S.C. Corcniti, A. Nazarek, D.E. Kotas, D.W. Seymour, and Jd.V. Werme, 1955;

R.H. Woessner, W.E. Cobb and R. Cunn, 1958). Furthermore the behavior of

electro-magnetic waves ir the higher atmosphere allows to measure the
density of electrons or the conductivity respectively in the lonosphere,
i.e. for altitudes above 80 km. 1In the interval between 30 and 80 km the

conductivity values were computed (H. Isgaél and H.W. Kasenir, 1949;

R.E. Bourdeau, E.C. Whipple, Jr. and J.F. Ciark, 1959} and measured directly
only once by a rocket sonde (Bigl_ggurdggg et al., 1959),
This first experiment shows already a considerable discrepancy in both

the computation and the measurement, especially for the region above 50 km
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in thefregion of 30 km to TO km the electron concentraflon-

is iﬁfluenced by the intensity of lonizing radiation, by the

recombination processes, and by electron detachment and

‘attachment rates. To understand which of these quantities
- prevail in rhysical processes throughout thig region, it is

necessary to determine the rhcmlcal molecular, und atomtc

compo&ents and their density, including their change with
" altitude.

In: lower alt1+udes the conductivity of the atmospheres is
,“determined by'the dens;ty of the small ionsj_ AU
A T

1onosphere tne conduct1v1ty is caused practically by free'
‘f“electrons, The t"ans1tion is to be expected in the 7egion
.;beuween ?O and 80 km of hp1ght. o : : . ' ‘ JA: JL
‘t;More knowledge of this kind will give"é better understénding;
of the lower boundary of tme ionosphere.
y It also w1]] yield more 1nformatlon cn the global curr,nt
‘ci?cuit of atmospheric electrioity, toncernﬁng questions
such as the height distridbuticn of the equalizing current,
latitude effects, field gradients in horizontal directions,
Perhaps daily variations, ete. .
() Finally we may find in this region connections to geomagnetic
events, solar influences, aurora and similar phenomena.
It:is true, measurements of this kind may be much more difficult to
carry out than the usval atmospheric electrical measurements; however, I

belleve the adaptation of measur1ng equipment to rockets and satellites is

& technical and not a principal problem.
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B. The Troposphere

A quite different picture of the'electrical béhaﬁior we meet in the |
troposphere; Qe find a group of problems of another kind.

Tozcharacterize the sitﬁaﬁion we may remember the-opinion of Lord Keivin
: 100 years ago - that in the Pfuture the forecast of the weather wouid be done
A#ith the electrometer. This prediction, of course, was a too optimistical
one;‘however, the essential point which provoked that statement is the same
up to the time being: All meteorological events are accompanied by charac-
teristical changes of the electric parameters.

What we have to do is to explain thése connections and to classify
the electric variations. Maybe this is easier to say thap to do because at
the first sight the results up to now seem to give a chaotic picture. We
remember, e.g., wide ranges of variation spectra of the different elements
including fluctuations from the annual variations down to the so-called
"noise,” the different combinations of the "electrode effect" with the .
aerosol conditions, the radioactive influences, the movements of air masses,
etc. Although we know many details in this field, it is hard to find an
integral view up to now.

This, I believe, is the reason why some people voiced the opinion it
would be senseless to continue researches of this kind. But in my opinion
we have here no more difficulties than in the field of meteorology in
general. Therefore, rather we shouid examine our measuring methods if they
ere adequate for the problems arising here.

As mentioned above in the troposphere we have to distinguish two regions
of a quite different behavior, i.e. the "Exchange Layer" and the upper tro-
posphere. VIn addition to this we have to separate a third region near the

surface of the earth which is governed by the so-called "electrode effect.”
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The boundaries between these spheres are fluctuating according to the
specific wéather conditions, to the time of day, and to that of the season.

1. The Electrode Effect

The electrode effect is caused by the electric field in ionized
air near the electrodes, i.e. here near the surface of the ground. Con-
sidering the atmospheric condtions one can compute that this effect will
be essential up to an altitude of one or at most a few meters. This alti-
tude is smaller if the content of condensation nuclel in the air is greater
(J. Scholz, 1931), and the effect is depending on the ionization conditions
near the ground. They may limit it sometimes to the first decimeters above

the ground (A.R. Hogg, 1935; J.A. Chalmers, 1946 et al.)

Summarizing the results we find only a rough conception of this
effect. Especially we mlss researches of the meteorological influences.
Therefore, I believe we have to see here a first important problem for our
future researches.

How will the electrode effect be influencéd»by the

meteorological conditions, the radiocactive conditions

in the ground and in the alr near the ground, the

aerosol conditions etc?

Moreover the region of the electrode effect is accessible easily for all

measurements and recordings we need. This enables us to examine the
meteorologic-electrical connections in a small range, so to speak.

Of course, the usual measuring methods will be insufficient for
researches of this kind. We have to measure at least the electrical field
strength and the conductivity in small regions. Therefore, all kinds of
disturbances should be avoided as much as poésible as they occur due to the

orographic situation, the installation or the working method, the equipment,
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ete. It{is true, this will raise the claims for our measurements. However,
\

I believe the problems we have to investigate in the region of the tropo-

B

sphere require urgently a new eftort in our work.

2. The Exchange Layer

In this region of the troposphere we meet in general quite
similar problems as mentioned before. However, the researches are more
difficult because this sphere is much more extended in both the horizontal
and the vertical direction. Therefore, we have to combine measurements
both near the ground and in the free atmosphere.

Looking into these problems we have to find out above all the
numerous influences of the "austausch" on the aerosol conditions. They
will give us the key to understand most of the meteorological electrical
relations.

The next step will be a systematical examination of the effect
of air mass movements, considering their aerosol conditions, their content
or radon, thoron, and decay products, maybe the content of fission products,
etc.

Although the measuring methods are insufficient here, too, & lot
of results came out already. I recall your attention, e.g., (1) to the
explanation of the different types of diurnal variations of the electrical
elements (J.G. Brown, 1930, 1935; H. Israll, 1948, 1950, i952); (2) to the
explanation of the so-called "sunrise effect"” (H.W. Kasemir, 1956); (3) to

the researches of the so-called "brightness effect" (G. Fries and H. Dolezalek,

1956); (4) to the "noise" of atmospheric electrical elements (H. Isra¥l, 1958,
1959); (5S) to the steplike variations of the atmospheric electrical elements
at the upper boundary of the exchange layer (F. Rossmann, 1950; Callahan,

Coroniti, et al., 1951) and to other ones.
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However, these results yield with few exceptions, average values,
deseribing the climatological behavior. This may be the reason why we miss
& systematic picture of the connections between the weather and the atmos-
Pheric electricity up to now. Therefore, we have to look for a suitable
extension of investigation. We shall see that here, too, the usual measur-
ing customs must be changed.

"O0ff-hand-solutions" and "ad-hoc-theories," as they are tried some-
times, do not help us. They fall today as they failed in the days of F. Exner*,

3. The Upper Troposphere

The problems arising here may represent the last step in the new
program for atmospheric electrical researches.
Since the aerosol content in the air above the exchange layer in

general is unimportant, (see, e.g. R.C. Sagalyn and G.A. Faucher, 195k, 1955)

we can expect to be confronted in this region, first of all, with the influ-
ences of air masses and their mnvements, with effects of variations of radio;
activity, and with stratospheric influences.

Researches in this region will be done with airplanes, gliders,
radioéondes, and constant level balloons. Furthermore, it will be very help-
ful to record the atmospheric electric parameters at mountain tops of suffi-
cient altitude. |

First, results and important hints for future researches will be

found, e.g., in the papers of F. Rossmann (1950); R.C. Callahan et al, (1951);

R.C. Sagalyn et al, (195&, 1955); C.G. Stergis et al. (1955)s L. Koenigsfeld

(1955, 1957, 1958); J.F. Clark (1956, 1958); J.H. Kraakevik (1958); K. Uchikawa

¥) 5o, e.g., the hypothesis of F.M. Exner (1886/1890) concerning a transport
. of charges by evaporation of water, which was refuted by H. Benndorf ( ** )
and P. Lenard (1944); a revival of this hypothesis by R. Mlihleisen (1958)

Do ity

was refuted by H. IsraBl and R. Knopp (1962; see also R. Knopp 1961).

——————— e

**) H. Benndorf conducted in 1897/1 field investigations in Siberia, which
demonstrated that the mechanism as suggested by Exner is not verified.
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- ‘ (1951); G. RBnicke (1963); and other ones. For observations on mountain
tops see, e.g., the researches of R. Holzer et al. (1955) in California
and Hawaii énd of H. IsraBl et al. (1957) in the alps.

I1I. The Measuring Methods

The researches proposed above require changes and improvements of the

I T

measuring methods,

First of all we have to look on the comparability of the results.

4

. o .
Ve AL

For this the following demands must be fulfilled:
(1) It is known that the so-called "Reduction on the Free Plane”

involves a considerable uncertainty, because it is impossible

L e Or TR T PR
B paais i T K AAUTOT A o

to include the influence of the spuce charges. Therefore the

Lai ot 2257

necessity to reduce the observed values must be avoided. In
other words, all measurements near the ground‘— especially
those of the electric field - should be done on an open plane
of sufficient size. The rules of H. Benndorf (1900, 1906)

may be used for the critical examination what means "sufficient.”
This should be applied also to measurements in mountain regions
where we have to look for planes of sufficient size (plateaus,
glaciers, etc.).

Of course by measurements with aircraft, radiosondes, etc., a
computation fuctor concerning the geometrical forms i1s inevit-
able.

(2) Measuring techniques which disturb the naturul conditions should
be avoided as completely as possible. This concerns first of
all the use of radioactive collectors for measurements near the
ground. For airborne equipments the collector may be used pro-
vided that the aspiration is sufficient. When using radiosondes

it is important to consider the researches of G. RBnicke (1962)
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concerning the mutual influences of the two radioactive
collectors.
Different measuring equipments both for measurements near the
ground and in the free atmosphere should be compared by simul-
taneous application at the same prlace and over a longer period
of time.
All researches should include simultaneous measurements of
the three parameters of Ohm's law, i.e. the potential gradient

(field strength), the conductivity (conductivities), and the

agir-earth current density.

_—. S .
im0 oo e e e dacha

(5) To avoid misunderstandings concerning the "sign," the remarks
of H. IsralBl (1961, 1963) may be mentioned.

For synoptical researches as proposed by H. Israll (1954, 1955, 1961)

PR T P PRI

and included in part II, B,2 of this paper the following difficulty should

be considered.

(6) Synoptical researches near the ground will be disturbed by
the electrode effect which may be different at different sta-
tions. 1In order to avoid this difficulty it was proposed by
H. IsraBl (1962) to measure no more at the ground itself but
in an altitude of at least two meters. If this proposition
will be accepted the comparability may be improved. In this
connection I like to refer to the researches of W.D. Crozier
(1963). He tested a new method of tield measurements which

works with a minimum of disturbance:s.

IV. Some Indications for Practical Applications

Someone may ask for practical applications, if he thinks of the proposals

given above for further investigation on Fair Weather Electricity, and the
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‘'expense connected with it. It is true, sclentific work will not be criticized
from this point of view; but, I believe we can answer questions of this kind
also. Let me give some examples.
(1) At first I like to mention here the method of M. Kawano (1958)
to evaluate the "austausch" and its dally variation on the
basis of atmospheric electrical measurements. Similar researches
were done by W.B. Milin (1951, 1953, 1954). Researches of this
kind will be very helpful for both climatological and meteor-
ological purposes.
Some results concerning the ionizing effect of artificial
radiocactivity in the air (see e.g., D.L. Harris, 1955; E.T.
Pierce, 1959; G. Kondo, 1959; K.H. Stewart, 1960; A. Oster, 1963
et al.) suggest the application of atmospheric electrical obser-
vations for watching the fission product content in the air.
Some years ago was discovered that the atmospheric electrical
elements ondergo specific variations about l‘to 2 hours before
the onset of fog and about 1/2 to 1-1/2 hours before the dissipa-
tion of fog (see e.g., H. Dolezalek, 1957; G.P. Serbu and E.M.
Trent, 1958; L.H. Ruhnke, 1961 et al.) The application of this
results to the forecast of fog and fog dissipation will be of
special importance for the practical meteorological work
(H. Dolezalek, 1962).
Other possibilities for the application of atmospheric electri-
cal results to practical problems came out from the researches
of A. Gockel (1915) and others, concerning the prediction of
thunderstorms; the results of J. Scholz (1935), concerning the

prediction of blizzards; and the observations of G. Rott (1963)
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concerning connections between the behavior of the electrode
effect and the weather development during the day. - In all
cases the prediction arised from observations during Fulr

Weather many hours before the event in question.
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ACTION OF RADIOACTIVITY AND OF POLLUTION UPON PARAMETERS
OF ATMOSPHERIC ELECTRICITY

by J. BRICARD
ABSTRACT

Placing ourselves at an altitude of several meters above the
ground, in order to avoid the Perturbations, we recall the charac-
teristic.elements of radioactivity and of atmospheric pollution.
It is shown that their actions are in the first case the formation
of small ions, in the second case their disappearance and the
formation of large ions. From that we deduce the ionic density of
the air under given meteorological conditions, studying separately
the ions, corresponding to the recoil atoms, which come from radio-
active disintegrations in the troposphere and in the lower strato-
sphere,

Finelly we introduce the relations between the radioactivity
and the other parameters of the atnospheric electricity, close to

the ground and in the free atmosphere.

I. RADIOACTIVITY AND THE INTENSITY OF IONIZATION

1. Intensity of Ionization.

We call Intensity of Ionization (or q) the number of small
ions of each sign (air molecules, having lost or attached an electron),
created in one cubic centimeter of eir per second. It is hence a
fundamental parameter of the atmospheric electricity. Disregarding
the action of cosmic rays, which produce cohtinuously about two pairs
of ions per cm? of air per second at the sea-level, we can.practically

say that at this altitude the natural radioactivity of the air is

responsible for 80% of the intensity of ionization.
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2.

We call one Curie the quantity of a radio-element, producing

3.7 x 1010

of disintegrations per second. If we know the concentra-
tion of & given element in the air, expressed in Curies, for instance,
it 1is easy to deduce from it the corresponding intensity of ionization
in the case of a disintegration producing Alpha-Rays. The calcula-
tion is much more complicated and not always possible in the case

of disintegration producing Beta- and Gamma-Rays (Section I'3b).

One Roentgen is the quantity of radiation, which per cm3 of air at

0° under the pressure of 1 atmosphere generates a quantity of elec-
tricity of each sign equal to 1 esu or 2.08 X 109 pairs of ions.

In spite of its importance it does not seem that the
measuring of q by the method of ionization chambers were satis-
factory as a whole. (Difficulties in measuring the ionization of
particles @ because of the recombination in columns and the absorp-
tion of radiations by the wall-el'fect. Necessity to introduce in
the ionization chamber not only air, but also the aerosolfs it
contains, responsible for one part of the radiaactivity a, and
contributing by their charge to the saturation current. Absorp-
tion of P and ) on the walls of the chamber, etc.)

In spite of the.improvements proposed (very thin walls of a

known absorption i _7 %, double-cage chambers ZTEL7))WC know
but a few direct measurements of the intensity of total ionization.
The instrument we applied for our calculations (double-cage) has
not given so far sufficiently reliable results to allow us to use
them at the present moment.

Thus, we are generally limited to indirect estimates of q,

at least as far as a are concerned, nade on the basis of the

*) Numbers in brackets refer to the list of references.
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content of radioactive products in the air and in the ground.

2. Intensity of Ionization Several Meters Above the Ground.

We shall suppose that the total intensity of ionization is on
the order of 10 pairs of ions per cm3  and second, 20% of which
are of cOsmic origin. It is then the production of 8 pairs of ions
per emd per second that we attribute to the radiocactivity of the
air and of the ground.

'The radioactivity of the ground is about 3.5 pI/(cmBSec);
consequently the fraction of intensity of ionization, due to the
radicactivity of the air, amounts to 4.6 pI/(cmdsec). These

values are divided in the following groups, according to their origin

(Hess Z_3J7:

Table I

-Redicactive substances of the air:

A oeeeaes bl pI/(cm3sec)

B eeeevs 0.03

Yeeeiros C.15
.58 pI/(cmdsec)  (min 1.4

(mex. 13.5
-Radicactive substances of the surface soil:

B eeeees 0.3

Y.l 3.2 3

3.5 pI/(cm’sec) (min 2

(max. 6
We see that in the case of radioactive substances of the air
the radiation @ plays the biggest role, while Y is the most impor-

tant in the case of radiation from the ground.
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k.

Above the oceans the total natural radicactivity is reduced

to a few hundredths of its value above the ground.

3. Intensity of Tonization in the Altitude,

a. Radiation from the ground.

We see (table I) that the natural radioactive radiation
of the surface soil, almost exclusively of J/ origin, plays an
important role in the lower layers. The following table (IsraéL)

indicates its variation as a function of growing altitude.
Table II

Altitude above the ground 1m 10m 100m 500m 1,000m

% of radiation at the ground 91%  83%  33% pe 0.1%

We may suppose an exponential law of absorption of this radia-
tion in function of the thickness of the air-layer traversed. Let
‘lﬁlbe the coefficient of absorption, suppose@ identical for all
radiations. The intensity of ié;zation is proportional to the inten-
sity of radiation in one given point. If we call Qy' its value in
the imediate vicinity of the ground, we shall have in the altitude

Z:

Qyg = 1, exp(-—/( z).

- -1
The coefficienf/t(is in the order of 8 X 103 m™*.

b. Derivates (Daughter-Products) of Radon and Thoron in

suspension in the air.

In the case of natural radioactivity the distribution of

concentration of Tn and Rn (we neglect the presence of Actinon),
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5.
| |
as well as thut of their derivates, is connected with the state of
turbulency of the air. Taking a soil with average internal charac-
_(eddy) .

teristics and a coefficient of turbulentrdiffusion K, independent
of the altitude, of 8 X 101+ em® sec'l, we find through calculations
[Th;f for Rn and Tn emmsd concentrations at the ground level of
158 x 10728 ang 174 x 10728 c/cem3, respectively.

Difficulties arise, if we want to calculate the concentrations
in various altitudes, due to the disintegration of the various
daughter-products of Tn and Rn (it is necessary to know the state
of equilibriwn mother-daughter products), and due.to the attachment
of the daughter-products on the aerosols in the air, due to their

coagulation and to their disappearance with time.

On the other hand we have to make a distinction between Rn and

Tn. The first-one, whose half life-period is long (k& days), dis-

integrates slowly as it raises higher, while Tn (half life-period

10 sec.) and the ThA (period 0.2 Sec) disappear in the vicinity of
the ground. Thus, in higher levels only ThB remains (half life-period
10 h). In the altitude Z above the ground the concentrations of Rn

and ThB in the atmosphere are given respectively by the relations:
RY 1
C = Co exp (-2 ) 2 K"2)

where Co represents the concentration of each on the ground level,
K the coefficient of turbulent diffusion, and 1 the radioactive
decay constant, either of Radon or of ThB.

To simplify the reasoning, let us suppose that there exists a
radioactive balance at any altitude between Radon on one hand and
ThB on the other, and their daughter-products. This, of course, is

very approximative, for if there actually exists a radioactive balance

between Rn and RaA (3+ minutes period), it is not so for the other
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daughter-products, at least next to the ground. This is shown in
the studies on the decrease in function of time of disintegration
Products of Radon, captured in the form of ions or aerosols. This
is generally the case for ThB and ThC.- With the simplification we
see that every disintegration ¢x of Rn carries along simultaneously
2 ¢ (RaA, RaC), and 2/§'and 2‘¥.(RaB, RaC), and that every disinte-
gration K? and }J of ThB brings along simultaneously lﬁ?”and ldf
(ThC) and 10{ (The).

In order to obtain the corresponding value of intensity of ion-
ization, it is necessary to know the number of pairs of ions, produced
by each kind orf disintegration, and to calculate the total at every
altitude. This number is well-known for the c{ » Which is monocinetic.
It is poorly determined, hovwever, for £ and )/ , whose spectra of
distribution of energy we know little about at the present time.

Table III represents the results, indicated by Israll, for a
coefficient of turbulent diffusion K=8X thcme/sec and supposing
a middle-value of 2 X 105 pairs of ions through disintegration
and 2 X th pairs of ions through disintegration é} and b). These

values are supposed the same, independent of the source of radiation.

Table IIT
Altitude km 0 0.1 0.5 1

q from radio- 7.6 5.1 3.8 2.7
activity

It will be noticed that the values, indicated for the vicinity
of the ground do not concord perfectly with those of Table I. This

1s explained by the very approximative mode of calculation used.

¢. Lower Stratosphere

Fig. 1 represents variations of intensity of total ionization
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in function of the altitude. We sec that It beging by decreasing,
rasses through a minimum at about 3 km, increases again, and above
several kilometers the effect of the radioactivity becomes negligible

as compared to that of cosmic rays. The effect of cosmic rays, very

i imeta P iae ane e AT e bt

weak in the vicinity of the ground, increases progressively with

2.5 e amim

increasing altitude up to about 12 kilometers, passes a maximum and

hd A . ‘o _‘t," -
R o R U, L P P W £ Ul SR R

decreases then for the higher altitudes.

In the lower stratosphere, between 10 and 20 km of altitudg,
we find RaD (period 22 years, source of f“ and \j) in very low
quantities on the order of 10-19 c/cm3. We find, in addition, radio-

active elements originating in the action of cosmic rays upon the

32’

which will be used later. The first one can elso originate from

molecules of the air (principally Ar). Among them are Be7 and P

-1
atomic explosions. We find about 5 X 10 -2 local c/cm3 of Be
21

7> and

5 X 107" local c¢/cm3 of Pio+ As in the case of RaD, the resulting

intensities of ionization are negligible as compared to the effects

of cosmic rays.

h. Artificial Radioactivity.

With the exception of quite extraordinary conditions (vicinity

of an nuclear station, or in the period after nuclear explosions 175547)

-18
the average content of artificial products in the air is now 2 X 10 L

‘.’I
c/cm3 of sources exclusively of ﬁiand ¢ « This corresponds to inten-

sities of jonization in the order of 3 X 1073 pI/(cm3 sec). In other
vonié it is negligible as compared to natural radiation, except per-
haps above the ocean, where the latter one is reduced to a few hun-
dredths of its value above the ground. The situation is the same

in the stratosphere layers, in spite of the accumulation of disinte~

gration products manifesting itself there. At about 20 km of altitude
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D

: -17 <13,
we find maximum concentrations Zf5;7 of 10 and 10 13 c/em?, the

average concentrations being lOu and 103 times veaker. Thus the
effect is negligible as compared to that of the cosmic rays.

The situation is not the same, if there is an accumulation
of these products on the surface of the ground after precipitations,
sedimentation of dust etc. According to Israll /- L 7, a rainfall
of 10 mn containing 10_13 c/cm3, i all the water remains on the
ground-surface, would give in its vicinity an intensity of ioniu-
ation on the order of 75 pI/(Cm3 sec). ilowever, this is considerably
ninimized by the disappearance of water in the cround, .and the
effect is partially masked by the dcercase of Radon exhalation during
rainfall. Thus, it gencrally cannot be cbserved, yect it could

become observable on a waterproof ground.

5. Qualities of 3mall Tons.

Gencral Remarks. ‘The small ions are generally present in the

.

air in the order of a few hundreds per em”, the concentration (n')

of the positive ions being by some 204 hicher than that (n'') orf

the negative ions. Their difference (n' - n'"') amounts to several
elementary charges per cm3. The concentration of the small ions,

which is normally that of 300 to 5C0 per cm3 next to yground, can

be reduced to less than 1G) of its valuc in highly polluted atmosphercs
and in the clouds. It increases with increasing altitude..

Physical characteristics of the small ions, whose dimension
(some 10-8 cm) makes direct cbservation impossible, are the
following:

Mobility. This is the speed the ion has in the atuosphere
under given conditions of temperature and pressure, if it is exposed

to an electric field of 1 V/cm. Under normal conditions the mobility

ApmnvedforReIease:201:7/09/11 C06461858
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RN . s s . - - 2.
of the positive ions is in the average in the order of K' = 1.4 e/

H 5 5 : R I 2/
(Vv sec), that of the nagative ions a little nigher, K - 1.9 ey
(Vv sec). (Phose are in fact the most prebable values, the real

values being dispersed around these averase values). Tt varies with

pressure and toamperature according to the relation:

. - ) l;o ‘1‘
K(p,1) =k (UGE) —= — (2a)
O

Electric conductivity of the air, nore casily acceosible for
direct measurement than the ionic concentration, is proportional
to it and to the mebility orf Jons. It is ;siven by the [ollowing

o

relation, where o stands Cor the elementory charge:
./\ = ({{'n'"+K"n") e (3)

On the sround level it is in the order ol O.H X 10“16 to 2 X
10"16 52_—1 cm’l. Tt awunents penerally vith increasing altitude
under conditions denending escentinlly on metcoroloprical circwnstances.
The Tigure 2, ocrrowed from Mhleisen, represent several examples

Ll
of variation (Exvlorer IIj Sagalyr and Faucﬁo?ﬁ. According to curve
I we can consider ,ﬂL.a: notably constant between the ground and 2.500
n (strong turbulence wder a marked inversion). This is not co in
the other caves.
The density of the vertical conduction current is given by:
i /AE ZEK'n'e+ FEK"n"e = i'+ i" (1)
where E is the electric field strength.

In jood wecather the vertical currcent is directed downwards, and
we can suppose that its value is notably constant in the tropospherc
and in the lcwer stratosphere, whatever the spot the measuring has.

-
taken place may bte, Its size is on the order of 2 X 10-16 A cm'e.

The constance of this current permits to bring into connection the

electric field and the conductivity of the air, which are two quantities
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of different origin, . - . A

Diffus%onACoefficient. Let theré be %gf the gradient of
concentration of the small lons, positive, for example, following
6 direction 0Z, The-number.or small ions traversing per sec.

1 cm2 normal cross section at oz is equal to D' &' ' | D' stands

) , dz —_—
for the coefficient of diffusion of the tmall positive jons, In.

.

!

principle, the same is valid for the negative ions.  The coefficient:

of diffusion and the mobility are connected by the Einsfein relation:
X .
D

KT : , | (5a)

v

k being the constant of Boltzman and P the absolute temperature.,
On the aﬁerage, D' and D'' are under normal conditions in the

orier of 3.7 X 10'? em see™t ana 5.1 X 10~2 em sec‘l, respectively [f847. .

Mean Free Path, In molecular dimensions, even if the charges

are elementary; thé electrical field produced by a small ion,
animated by the Brownian movement, is sufficiently strong to polarize
the neighboring molecules, TIts trajectory, which ig deviated by
these charges between two succesive collisions, is not straight, éo
thaﬁ the results of the cinetic theory cannot be applied to it

any more..

If we neglect this effedt, we can.calculéte the mobility and
the diffusion coefficient in function of the masses m of the ion
and M of the pgas molecules, from the average speed of thermic
agitation of the ioﬁ and of the ges molecules and from a fictitioué

mean free path,A‘ + Thus we obtain, for instance, the relation

(1st formula of Lanzevin):
A

K'-g-e l’\{” m,;;[M X’ .1]«:“1‘ ; (5)
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where k sté.nds for the constant of Boltzmann.

If we take M = m and K = 1.5 cm2/(V sec) (normal conditions- of
temperature and pression), we find ;\ = 1.3 X 10'6 cm, a value -
notably different from the value, which corresponds to air molecules

(6.4 x 1076 cm), under the same conditions s /.

Recombination Coefficient. The small positive and negative ions

recombine after their formation. A number of small ions of both signs

disappear thus pef sec. and per cm33

dn' _dn" _ OCn' n"; (6) ‘.

dt dt

o(,standing for the coefficient of recombination, is given by the

relation:

' 2
of = fﬁ'ﬁéi ) €

5 . . :
P IKT & Jeo (8)
2 3
12 V2 ( i } 1 - ‘ )
9 Ar 3kTA ( S 1+ 3k1‘d’/e2

’ + ‘\ e e

6kT
where k is the constant of Boltzmann and X the mean free path, defined ..
in ( 5), and ~9 1s the average speed of thermic agitation. The express- _
ion (9), valid in a range of pressures between 10 and 10 2 mb is
different from that of Thomson L—BJ and allows us to calculate the

coefficient of under the various conditions of temperaturs and p;'éssure.

Under normal conditions we find /715 7 &= 1.6 x 10-6 cm
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6. Small Radioactive Ions.

Every disintegration of Rn, of Tn, and of their daughter-pro¥
ducts in the atmosphere is accompanied by the appearance of a recoil
atom. Let C be the concentration of the element considered,.expressed
in Curies per em3. For Radon, for exémple, there will appear per
cm3 and per sec. next to the ground a number of RaA atoms in the

order of;

Q. =0 % 3.7x1071° 2 8 x 10® pI/(cn3 sec); (20)

tﬁe same as for the other constituants. A certain number of these.
atoms is neutral (20% in the case of RaA), the othéfs with a positive
unitary charge, constitute the small radiocactive ions.

Studying the decrease of these sméll radioactive ions, as a
function of the time, properly sampled, we find that they consist
almost exclusively of RaA, with a very weak fraction of RaB. A more
profound study allows us to evaluate the life-span of these atoms
in the atmosphere before they disappear in a process we shall deal
with further on. This life-span is found to be on the order of 20
to 60 sec. /107 /11 7 /2],

It is easy to determine their concentration in the air by |
direct capturing, and by measuring the activity of the captured
sample. We find in the vicinity of the ground that this concentration

b to 2 X lO'l‘L atoms of RaA per cm3. Not having

is on the average of 10~
more precise results, so far(measurings are being carried out at the
present time), we shall suppose that their mobility and their diffusion

coefficient is the same as that of the ordinary small ions.
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A study of the broducts of artificial disintegration, found in
the lower stratosphere (accumulation zone) would lead us beyond the
framework of this article. Without getting involved in the details,
We can say that one part of the products of the explosions exists
initially in the atomic form, neutral or electrically charged, as
well as all the products of fissions of cosmic origin.

Let us take a simple example, that of Be7 and P32, generated
by the fission of oxygeﬁ and nitrogen in the first case, of Argon
in the second case., The period of the first (Be7), which changes
into Li7 stable, is 53 days, that of P32, which changes into 532
stable, is 1k days. All these are products, which are set free in
the state of atoms, and they have Probably an elementary positive
charge,

Let us suppose at the altitﬁdu of, 20 km [fl%;7 the concentration
of 5 X 107 ¢/en3 or Be, and 5 X 167 ¢/cm3 of P35, They remain .
in the stratosphere for a sufficiently long time so that we can
suppose thaf the radioactive equilibrium is reached. According to
the relation (lO), in one cm3 of air and per sec. there will appear

) “‘lo
2X 10'b atoms of BeY and as many of Li?’ as well as 2 X 10 atoms

- of P32, with as many atoms or S3q. Thesc atoms exist for a certain
(o8

time in a free state in the atmosphere before they are attached to
aerosols, present at this altitude (section II, 1), and it should

be possible to detect. thern (section III 5 o ).
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II. AIR POLLUTION AND LARGE TONS

l.v General Renarks

Natural éerosols, the aggregate of which constitutes the
normal’atmospheric pollution, are liéuid or solid particles, likely
soluble in water, ncutral of .electrified, whose constitution is, as
yet, not well known and to which we will assign a spherical shape.
Thevr dimensions are included between 7T X 10 =7 and about 10_+mn radius
(see Table IV). They are also called condensation nuclei (see sec-
tion II, 3).

Condungatlon nuclei, appedrlng at, the ground, are carried
upwards by turbu¢g211£iffuulon. They coagulate but slightly and
fall back onto the ground by sedimentation, preferably at night,
when turbulent conversion is less intenzive, or they are collected
during the fall of precipitations.

They may come from the ocean (sprays), or from human
activities (combustions), and, owing to their glow falling sbeéd
with regard to air, they are apt to be carrieé far from their place
of crigin. Their chemical composition may vary greatly A 16 7, L 17_7
(CthTIQEU, culphates, nitrates, ammonium salts, oodlum, nafne"lum)
They are usually mixtures of variéus matters, since they coagulate,b
coming from simple nuclei initially formed.

. Their concentration ranges about 103 to lO5 per cm3 at a
Tew meters above the ground. It decreases with the increase-of the
‘altitude, sald decrease being more or less steady (see Large ions,
electric pharge, section II, 4). Figure 3, borrowed from IsraBl
[ % ], shous, according to Wigand, [ 18 7 the relative variations of

atmospheric concentrations in aerosols as the altitude increases
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15.

(measures made by a ballcon). It may be seen that said distribution
follows an experimental law, with a discontinuity corresponding to
a temperature inversion. Towards 8,000 m it is reduced to I%K-of
its value at the ground level, and it goes on decreasing as one goes
up. According to Junge [fl9_7, there would be an increase of the
concentrations, bétween 10 and 20 kmj the‘concentration of particles
averaging about 0.15 4/ radius, going from 0.0l to 0.1 cm-3, before
decreasing again. But this concerns rather large particles and it
does not seem that, a¢ these altitudes, smaller particles have Been
numbered .

Let us finally mention the case of natural clouds, made
up of droplets of water of some L/ in diameter, a few hundreds of
which may exists in a single cm3. Some authors have mentioned, in
addition to these droplets, the presence of particles inferior in
size and much more numerous / 20 /. Above the altitude of 6,000 m,
clouds are exclusively made of ice particles flat or elongated, over
0.5 mm in diameter. These crystals play an important part in chargé
generation in stormy clouds, but this will not Be discussed here.

A direct observation of natural aerosols offers difficulties
in particular with‘respect to their sampiing. This is made either
by collision (Konimeters), a method which does not seem to be applic-
able to small size particles under 10™2 cm or aboﬁt; cither by
means of very fine threads (spider threads), which Is possible
only for liquid particles; either by electric precipitation of part-
icles charged by corona effeéts, (particles with dimensions between
appro#imately 0.2,L(and O.SILL escape more of less to that kind of
precipitation); either by thermal precipitation (which is only good
for solid particles); or by means of filters (one may moreover wonder

how it comes that particles settle on the front surface of the filter
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and that, as a rule, only a few of them get inside the pores). On
" the other hand, particularly in the field of dimensions unattainable
to an optical microscope, it will not be possible to use an electronic
microscope for liquid partiqles, as long as there are né means avail-
able to realize supports liable to Pix impressions of the droplets
of these dimensions. 1In order to 'study condensation nuclei granul-
ometry, we are compelled to use indirccet methods baced 6n thelr
physical propertiese.

Their quantitative analysis in bulk in the air may be
achieved directly by sampling on filters and by chemical analysis,
or by radicactive computation. This prodeeding, justly crticized
[;h3J7 on account of the inefficiency of filter sanpling in some
dimensional fields, particularly between 1.5 X 10'6 and 10'5 cm,
seems now perfected. It has been controlled thanks to the use of
extra-thin calibrated aerosols and of large natural ions, the size
of vwhich were known. Filters with an efficicncy of more than 685
may thus be obtained, whatever may be the dimensional field of
aerosols to be filtered.

© 2. Optical properties

Light is diffused by these particles and, at least in
the case where their constitution is known, (index, reflection,
and absorption factors), it is possible to compute a diffusion’
indicator for particles the dimensions of which are given. Recip-
rocally, the measurements of the flux diffused by a group of particles,
allows to figure, at least approximately, the atmospheric concen-
tration in aerosols; and the measure of the flux diffused by an

isolated particle, correctly lighted, allows to know its dimensibns
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without changing its constitution.

This method has been originally used for qualitative mea-
sures or for pollution detection, has been recently developed so as
to become quantitative / 20 /, Zf?l_]l It permits the access to
dimensions bordering on the limit of the separative power of the
optical microscope and we are now extending it to a field of lower

dimensions.

3. Condensation
These particles, in a supersaturated atmosphere, act as

condensation germs and give liquid droplets directly observable

T e R R

optically. The use of said property permits to determine their

i,

concentration in the air.

A droplet thus formed has a radius depending on its
chemical nature, on the salt concentration or on the mixtures of
salts of which it is formed and on atmospheric supersaturation.
By measuring these droplets, under well defined conditions, 1t is
possible to determine the primary dimensions of the corresponding
germs.in the air and to form an idea on the air polluflén on the
spot where they have been taken.

The following granulometric distribution may /22 7 be

inferred from this:

AN — _C | : (11a)
d log R R3 : ’

in which 4N represcnts the number of nuclei in a logarithmic
scale of radius R, and C a constant. This eXpression seéms
valid for particles whose dimensions are at least equal to 10—5cm

(see section II, 6).
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h. Electric Charges

These particles can’carry charges usually very ldw,
(ranzing about one or several elementary charges), either by .
attachment of small ions, or by means of other chemical or thermal
processeés, in order to give large ions. The statistical study shows
that, on an average, the atmospheric concentrations of large ions
of Eoth signs are very close, so that the average space charge
correspondiné to them must be low. However, in the course of the
various operations resulting from human activity (combustion,
condensation), very important differences between these concen-
trations, as well as a very pronounced space charge, either posi-
tive or negative according to circumstances, may appear.

Under undisturbed circumstances, the proportion —-—E—-

N'4-N"

of the total number of nuclei, to that of charged nuclei, is very
variable, depending on authors [fé3_7.‘it i¢ included between
1.6l and S.4. It increases with the number of nuclei; the lowest
value nearcst to that stated by Mme, Thellier [Téh_7, seemns to
corrcspond to undisturbed averape statistical conditions.

The large ions concentration, proportional to that of
condensation nuclei, decreases also as the altitude increases, under
conditions depending on the meteorological situation; and they

disappear above 3000 or 4000 m. Fig. 4, borrowed from Sagalyn and

Faucher 1725_7, represents examples of their distribution in altitude.

9. Mobility and Diffusion Coefficient.

Due to their rather great dimensions, the above mentioned
particles have mobilities and diffusion coefficients defined in the

same manner as in the case of small ions, but much smaller. The
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maximum values, under normal conditions are, ranging in about 10
2 -4 2 . .
em</ (V sec) and 3 X 107" em /see, respectively. These quantities,
as in the case of small ions, are interrelated by relation (5a).
It is known that, in a viscous fluid, the strength needed
to give a constant speed B to a particle with a radius smaller than

10 2 cm is expressed as follows (Stokes-Cunningham. law):

6m
FzJ (12)

1< b/pR

? is the air viscosity (at normal temperature and pressure '? =
1.7 X 10'1* cgs), P is the atmospheric pressure expressed in cm of
me:cury, and b a constant, (b = 0.000617); R is the particle radius.
According to the mobility definition, we may write :b
1 b
K = ne ( 14+ — ); (13)
PR
e meaning the elementary charge and n the nuaber of char;f,e:; ‘carried
by the ion, said number being low and usually cqual to the unit
(see further down).
The following table IV gives an idea of the large ions
mobilities and dimensions, derived from formula (8), a unit-charge

carried by the ion being supposed.

Table IV

-1 8

. 2 - -
Small ions 1,0 >k > 0,01 em” vt sec 6,6 <R € 18x10° cm
Average large ions 0,01 > k ) 6,001 ‘ 78 < R { 250 X 10“8 cm
Langevin ions 0,001 } k& » 0,00025 250 € R 570 x 107 cn

‘ : AN -
Ultra large ions k< 0,00025 R/S."{,X 10 6 cm
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The diffusion coefficient of large ions ma,

Y be deriveq

from relations (5a) ana (13). Ve then find for n=13.

KT ( b
DEmee— (1 +—) (14)
677‘R'z PR '

k representing Boltzmann's constant:
For average large ions, for instance, D, under normal
e L -6 Y- -1
condltlonq,ls included between 10 and i0

em” sec .
6. Coagulation

Suppose Z is the total number of nuclei, charged or neutral,
per cm3. It is proved that everything happens, with Trespect to coag-

ulation, as if every nucleys was neutral /756 7, Smolukowsky' s L2667

coagulation theory may be applied to them ang Ve may write:

g‘.._: - -r"lz. . } (15)

With R the average radius,

p=8 DR, (16)
D being given by (14).

For the large tropospherical atmos

[-25_7 4y =1.6% 1077 cm3 f'ec.l

o

vheric ions, we rind

» Which corresponds to an average

-6
radius of nuclei R =2.3Xx10 cm.

The result is that the initial total volume of the nuc

lei,
l.e. product ZR3

» keeps a constant value. In the field of small

dimensions, under 107 em (Holl [_27_7'and Mbhleisen 1728_7), we obtain:
ay_ - __ ¢ (17)
dR

R3

Figure 5 represents, after Holl, the granulometry of natural
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aerosols, as a whole., The fixation of condensation nucled by c¢loud
dioplets may be discussed as g coagulation process; it may yield an
explanation for the smaller concentration of large.ions inside the

natural clouds than in the surrounding atmosphere,

7+ Radioactive Condensation Nuclei.

Thesc are particles identical to those which have becn
described above, but they liffer on account of the fact that they
attached not smalil ordinary ions, but small radioactive ions, studied
in section I-6. Here we shall only study those originated from natural
radioactivity decay (Ra and Th); especially the first one. On these
Wwe now have a few informations, taken in the vicinity of the ground .

e have seen that small radioactive idns are, as a rule,
largely made of RaA atoms. Due to the long stay of the large ions
near the ground (abouf 15 minutes according to Renoux' measurements
[f12;7 ), those atoms, once attached to the large ions, decay, giving
birth to daughter-products RaB and RaC. As this stay is not sufficient
for the radioacti&e eQuilibrium to be attained (nearly three hours
would, as a rule, be neccssary), they are therefore constituted.by
accumulation products coming from the Radon, corresponding to 15 to
20 minutes /12 7. .

Their destination by sampling and activity measurements

is unreliable, since it involves information on the duration of that

Stay .
Let us suppose that the radioactive equilibrium is reached

between the Radon and the RaA, (section I, 3,b), whatever its con-"

dition may be (rree'or attached to aerosols). - We shall write:

A np = ;\A ( np + Zy )

A pprdved for Release: 2017/09/11 C06461858
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in which nA and Zk mean the atmospheric concentrations of small

ions end nuclei having attached RaA. The concentrations of Radon

being known (1 to 2 x 1016 C/cm3), we find that n, + Z\ averages
) !

lto2x 10-3 atoms of RaA/ch, wherefrom the Z* value is deducted
L . -

by difference, i.es, 8 X107 to 1.8 x 10-3 rarticles per cm3

under normal conditions ZfiQ;7.Z—il47'

Their granulometrie distributicn is ag fcllows:
Table Vv
=2c v

(1) (2)
R ) 1.7 X 1070 cn 1.7 % 10 L <1070 on

55%. 21%

The lO-5 em limit, actually under study, is not determined
exactly. It secms well established that the greuter part (60 to 704)
of the products responsible for natural radioactivity, is attacheq
to the average larpe ions and on Langevin iong L‘1Ld7 1—13_7'[f39_7
[ %o 7.

Radiocactive nuclei generated by the attachment of small
ReA ions to neutral nuclei, carry a positive charge, but those
generated by the attachment 0f RaA neutral atoms to neutral nuclei
or of RaA positive atoms to negative nuclei are electrically neutral.
Of the 55% of class (1) nuclei, 24y ape charged, the remainir 319
are not Zf29d7. These proportions are fairly the same as for neutral
nuclei and for ordinary lurge ions.

.S{Qtospherical particles (section IT, 1) attach small
radioactive ions (section I, 6) and it is due to them that the

atmospheric radioactivity at high altitudes is determined. Furthermore,
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~there are solid particles, entlrely radloactive, gencrated dircetly
by nuclear explosions.

8. Attachment of Small Ions to Charged and Neutral Nuclei.

Small ions, radioactive or not, sediment on condensation
nuclei, charged and neutral, by diffusion and by electric action at
the same time. Let us first suppose that nuclei are constituted by

& monodispersed medium whose radius is equal to the average radius.

The settling speeq 4R , A0 of the small positive and negative
dt dt

lons on the totality of nuclei, will be expressed as follows:

::’ = . -/ | ( ‘ﬂl'p LA +/32;N"p)
(e, +fe )

in which No, N' p’ and N’ repres ent per cm3 the number of neutral
nuclei, large positive and negative iono, respectively, carrylng p
elementary charges. /ﬂal is the atitachment coefficient of small
positive ions on nuclei huviny p positive charges, and /qu the
corresponding coefficient between the same small ions and nuclei
having p contrary sign charges, and the same goes for small nega-
tive ions.

The only experimental values available as far as for
attachment coefficients, are those corresponding to neutral nuclei
and to ions having a single charge (we shall see later how to
calculg#e those corresponding to several charges). Let us mention

the following scale of sizes:
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Parkinson / 31 ]

Mme Thellier /24 7
Nolan and [f32;7»

de Sechy

Table VI
/ -6 ,.I -6
/é»'xm ’Lt"xm
o o
0.58 1.07
0.6 1.
2.6 3.2
6.8 7.6
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2k,
s / -
L' X 10
" 22
2.35
2.4
5.8
8.7

A great dispersion is noted in the above results; in some

cases it may be due to difficulties in measuring.

9. Attachment Coefficlent Expression.

In order to simplify, let us first suppose that charges are

syéZ%rical. We consider a condensation nucleus, having radius R,

charged or not.

entering a sphere having radius r, centered on 1t.
that the medium is sufficiently diluted, so that the presence of the

other possibly charged nuclei has no effect on the value of n' and n",

Let us compute the positive ions flux for instance,

It is supposed

concentrations in small positive and negative ions, in the vicinity

of the nucleus considered; and that the nuclei, due to their mass,

are motionless.

The number of small ions, positive for instance,

crossingbby'diffusion and by unit of time, the surface unit of the

sphere and proceding towards the nucleus, will be D

the diffusion coefficient of the small ions.

dn'
dr

, D being

The number of small ions of the same sign, crossing the

same surface, under the same conditons, on account of the electric

field, will be Kn'X '%.J‘ , U representing the electric potential at

the distance r from the nucleus center and K the mobility of the

small ions; (it is supposed that the diffusion coefficient and the
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small ions mobility of both signs, have the same common value K
and D). Under rermanent normal conditions, there is no accumulation
of ions and the ion flow o} crossing the sphere is constant and equal
to the flow settling on the hucleus. Therefore we shall have:
p=u e (p tal +-9U--xn) = Cte; (19)
dr

P he the nunber of clementary charges e, positive for instance,

carried by the nucleus, whose surface is supposed to be conductor.

Keeping into account the image force of the small ion with regard

to this, we shall write:
(20)
ke

Let us write r = Rx and 7 = -« The iIntegral of relation (19)

is expressed by:

(21)

&. MWithout Consideration of Small Ion's Mean Free Path,

Integration constants are determined by writing that n' is
zero on the nucleus surface, supposed to be a perfect conductor, ana
that, far from the nucleus, limit densities have the same value no,
since the medium is supposed wholly neutral,and n" is obtained by
changing p to <p in relation (21).

Combination coefficients /é? /{3 of a nucleus carrying
elementary charges of same sign as that of the small ions and of

opposed sign, are expressed as follows:
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4 TTpR (98- )
dr x=1

LifpR (=2 ),

(22)
dr =1 .

from which

4 7 DR - 4 7T DR
- L ?’”d ﬁ -

1p 1(R,p) 2p I(R,~P) (23)

with %
I(R,p) = -—-},— exp (..1_). - _.;..2.._) ax . (238)
x 'F X 2x(x"=1) _
1

Particularly, for neutral nuclei (p = 0) IHlO and /;20

assume the form:

= 4 7T DR. p
o {I DR (24)

Such are the expressions obtained independently by Fuchs
/7337 and Bricard /[ 34 /. In fact, for particle sizes in the
range of large ions ( R .7 5 X 10'7 cm), and neglecting a few hundredths,
we may disregard the action of the electric image (Fuchs 1—33__7, [§5J;
Nolan and Keefe / 36 /), and write (Pluvinage /317, Gunn /38_])

eP 1 - e-P'z

n .
I('Z)P)= pyzl}I(?’-p): p'z (25)

Whipple's approximation L_hlj consists in supposing that
the quantity of small ions deposited by diffusion, is the same for a
particle with a given radius, whether the latter is charged or not.
This means to neglect the action of the charge carried by a particle
on the ionic density in its vicinity, and to write that it follows
the same distribution law, whether the particle is charged or not.

A small iori, situated at a distance r from the center of
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i

a large ion, carrying an opposed unit charge, will support an attraction
rorée -—;— and will proceed towards the large ion at a -—2- speed.

So, forrone unit of time, the number of small ions entering a sphere
whose radius is r, centered on a large ion of contrary slgn, by

electric attraction, is -_E. b W0 = 4 T Kne. The difference

- r
A
/“;21 - /70 is therefore equal to 4 TTKe. By replacing /Cg; =

,Cfio S‘/ﬁéo by value (24), Junge's relations are obtained [ w2,
Relations (22) and approximations stated above, which lead
to fairly concordant results, when R is higher than lO-5 cm, show,
if we take for the/(?the values ﬁentioned on Table (VI), the radii
R of about lO'6 cm, in full accordance with mobility measurements.
However, they have been denied by Keefe, Nolan, and Rich [Thh_7, as
when applied to smaller size nuclei. Keefe, Nolan, and Rich deny
the validity of the theory, which has just been stated, and offer
the following explanation: on account of their frequent collisions
with small ions, condensation nuclei must go back to a state of
equilibrium with them, as regards (at the same time) temperature
and electric charge. Taking in consideration their electri~ energy,
Boltzmann's distribution law can be applied to them. The concentration
of particles carrying p elementary charges of both slgns, may be
written under the following form:

N = 2N exp (—~p°e?/2kTR) | (26)
p o |

in which Nb represents the number of neufral particles per unit of
volume, k the Boltzmann constant and T the absolute temperature. Im
fact, it does not seem that an equilibrium, in the Boltzmann meaning,
can be established under these conditions and, as shown by PFuchs 1733_7;

[ 7357, the expression (26) may be considered as an approximation
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28,

to relations (25), when radius R is sufficiently great (section IIT
A3). Figure 6 shows a comparison between the various theoretical
results stated above, a.ccordinlg to Keefe, Nolan, and Rich; the
points marked are their experimental results. It may be seen that
the concordance is satisfactory when R> 10'5 cm and that no com-
putation is also satisfactory for the lower values of radius. ,

b. Introduction of the Mean Free Path of Small Ions,

Suppose that Ais the mean free path of small ions, stated
by relation (5). Suppose that /\ 1s the average distance from the
particle surface, with which the small ion had 1ts last .collision.
It 1s supposed that everything happens as if said distance would be
constant, i.e. as if the _collision had taken place at the distance
R+ /A from the large ion center, and that the thickness shell,A s
may be considered as a void space. A first approximation, (Arendt
and Kallmann /45 7) used by Lassen [ %6 7, consists in taking A=

)\ « In a more accurate way, (Smolukowsky [ 35 7)), we shall take

[ 477
R+ - (52 +A2)3/3/ _g; (27)

which gives /\ = >\ for very sm values of R , and A = -A for great-
values. )

It may be considered that, in the thickness‘zonea >
between both surfaces, particles (in this instance small ions), move .
as in a vacuum and are impelled by thermic agitation speed v.
Suppos@  that nR+ A is the small ion concéntra.tion on the outsicie
surface of the shell. The ion flux reaching the particle (large ion

or nucleus) is:
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= TV Revn

R+ A

At equilibrium we shall write:

R=Pren
or, accordiné to (19):

b MR+ D) p ol N e = TR .
ar R+4 M & Jraa] T T TR (30)

—

In saying that the above relation is satisfied and that, very
far from the nucleus, ionic densities have the same n value, we get
. o
A and B,integration constants of relation (21). Furthermore, we

retain form (23)

find that attachment coefficients /6 1 and /621)
P

providing we write :

1))
equ -_—- ax <+
x 2x (x - l) MVR

A - (32)
X=1+ R

If we disregard the electric image, we get a good approximation

by writing:

lp 82 v 2 -pe?
pP == 4 —— R 1l -exp
kT 4p _ kKT (R+D)

/5 TRV g em AL
2p

pﬁg- v R2

e2

kT up exp sz )
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in which k represents always the Boltzmann's constant.

-

We find especially for /]o:

m‘ R2v
/ﬁ o v 2
1 e
Lbp R+ A
We see on figure 6, that the curve marked Ii , new theory
calculated from (33) and (34), confirms the experimental points of
Keefe, Nolan, and Rich, in a satisfactory way. Another argument in
their behalf, is that relation (8), concerning the recombination
coefficient of small ions and equally proved right by experience,
has been obtained through an argument identical to the above argu-
ment. V
If r is greater than some 10'6 cm, reldtions (33) are
simplified and become identical to those of Lassen th6_7. For
example we obtain for O

o L 7 DR

P/ I-—:E:. ; (35)
vR

-5
and if R is greater thun 10 cm, we obtain relation (24), save for

a few hundredths.
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ITI. IONIC EQUILIBRIUM OF TiZ ATMOSPHERE.

We have studied, in chapter I, the radio-active origin of
small ions and, in chapter II, the pollution characteristics, keeping
strictly within the purpose of the Atmospheric Electricity viewpoint.
We intend to study here the combined action of radio-activity and
pollution, that is small ions versus condensation nuclei.

The consequences of the relations obtained, which are valid
through the thickness of the entire atmosphere, will be studied circum-
stantially in the lower atmosphere, where experimental results are
comparitively numerous. We shall state, furthermore, what may be

their possible application to the problems of the higher atmosphere.

A. Eddy Diffusion is Disregarded.

l. Equilibrium Conditions. We suppose that the small ions,

created in the air, disappear solely by fixation on neutral nuclei
or on large icns having an oppositc sign or the same sign; placing
ourselves in a quiet atmosphere, free from turbulence, we disregard

the nuclei coagulation (section II.6). At a given moment, at first

we suppose that charges are symmetrical and that all the nuclei have

the same radius (monodispersed medium), calling "Np" the number of
nuclei with the charge " + pe" (large positive ions); and"Na'the
number of electrically neutral nuclei. On account of the symmetry

of the problem, the number per cm> of nuclei bearing the charge

” (1]

- pe” 1s also Np. Under these conditions we may write:

. 2 “ ; . < _ d(ﬁE! 6

g_il =q _-.ﬂnv -n ;,/'/UONO + (,'Ulp""/»)zp ) Np] K az ‘3 )
=1

p 3 +4
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32.

‘ py )
[} are defined by relations ot)e In the vicinity of
,60,/€1P’ //2p J (33 !) J

the ground, the term depending on the re-combination coefficient ox
will be disregarded. This would not be allowable in altitudes where
A

2 <‘ /|
quantities (ﬁ N *-/K:N 4jﬂ) N + ... are much lower. We shall
7700 411 22

also disregard the term Kn dE .
dz

We write for large ions:

an, ~ , .
. =n /f N -0 N (31
dt 1,p=1 p-1 / np p/ * _

We shall state that an equilibrium exists between the large
ion production and their attachment on the nuclel, consequently:
an_ (38)
dt

2. Required Equilibrium Time.

Let us suppose, in order to simplify, that there are no
large lons having a charge greater than 1 elementary charge. If we
consider the concentration of nucléi and large lons as constant, the

concentration of the small ions at the time t will be written:
7 . ,_
-ft) T (/5 ) [1-exp (50) T (39)
y )

If the total nuclei concentration (i.e. Z) is constant, the

concentration N of the large ions of both signs will be:

N(t) =

[1-exp (-pt) / + N exp (-pt) =—

Z
(/?el/ﬁohe o

=N [1-exp(-pt) ] + N exp (-pt) ; (%0)

No is the value of N at the time t = O and N the equilibrium
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concentration.
1

&: -j— : o . (1)

oVo T/ ’\'glNl

represents the average life time of a small ion, in a free state,
that i1s the average time elapsing between the moment when it appears
and the moment when it settles on a condensation nucleus.

In normal atmospheres, that quantity is included between
20 and 50 sec.

The quantity:

1 1
T B anmme o (!}2)

p (/gote/go)n

represents the equilibrium time constant. Under normal conditions,

it averages a few hundred seconds [fh_7. A direct measure of the
average age of large radio-active ions, in the vicinity of the grounds,
gives a value averaging 15 minutes. This represents the time of
contact between large ions and small ions. The result is that in

this time, as & rule, the jonic equilibrium corresponding to relautions

(38) is nearly reached, a few hundredths still missing.

3. JTonic Densities.

According to (36) we shall write to the equilibrium /o 7
o0

- nﬂ°N° M Z (/flp*'/gp) Np . (+3)
o

P=

7

(k)

wherefrom:

Approved for Release: 2017/09/11 C06461858



= o - s Approved for Release: 2017/09/11 C06461858 *

34,

These are relations thse numeric éomputution is in progress
and which permit +the determination of the distribution of charges
in terms of the nucleus.

We may state that if R does not exceed 2x10'6 cm, particles
carrying a double charge do not exceed 1% of those carrying only
one charge; thut particles carrying three charges do not exceed by
29, in number those carrying a double charge.

We find the repertition of charges attached to perticles
with greater than 10™2 em in (57) and (38). In particular, it is
shown, that the maximum charge attached to cloud droplets is in the
order of a few tens of clementary charges.

Relation (44) may be written:

] NO / 'O /( 11 !A-' 1p

/[p Sy t2p

N
P

or, according to (25)

- Z:S
exp;DQ -1 - .
N 3N — exp ( - rzi

exp (m/2) - exp (-pty/2)
SN —— : exp (-p29/2).‘

Py exp E;}, -exp ( - Egl )

PR

is very near the unit, so that we may write (Fuchs [f33_7) for every

If R exceeds 1072 cm, the quantity

sign:
-p282
N =N e)cp(.—m).
P o 2 RKT

The distribution of charges therefore follows, when the

particles radius is not smaller than 10"5 cm, or so, a Boltzmann's
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35.

law, as regards electrostatic elnergy, according to the hypothesis
expressed by Nolan, Keefe, und Rich thh_7, (section II, 8a), which
may be considered as an approximation to the results stated above.
If we disregard particles carrying several charges (i.e.
'ill’-XLiu) and if" we suppose that (:ﬁiEl /fé-o) s 2, (in fact the
average of‘this ratio amounts to 1.7 according to table (VIE))we
find, according to (24) and (L3):
4 TR
(46)
I (R,0)
R is the average radius of nuclei. This is Schweidler's formula
which connects density of small iongs and condencation nuclei with
ionization intensity.

In a more accurate way, we shall write, according to (43):

(47)

%W 77 DR

I (R (48)

Figure 7 represents Z—h9_7 the variations of function I (R)
in terms of R, in the case as expressed by relation (23a) and in the
case as relations (33) are used. e see then that, except for very
small values of R, function I (R) is very close to the unit.

Introducing the atmospheric electric conductivity, relation
(47) is written:

,\ 2 g I(R) Ke 2q Ke )
= A S— (hg
e 4 i DRZ 4 Il bRz,
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36.

Figure 8, borrowed from Sagalyn and Faucher [ 25_7, rep-
resents idnic density variations, computed according to. the above
relations. The points marked show the results of measures made in
the exchange zone, which had a thickness of a few km above the sround,

Let us now consider the case of a medium whose granulo-

metry follows relation (17). Relation (47) is written as follows:
(R D)

//D

qQ = n /3 £(R) dR = Cn 2 "; (50) -

o R,
C being a chuaracteristic constant of the granulomctry for

a certain ioni ation intensity, that is for a certain stuted atmnos-

pheric radioactivity; we shall then write:

1
t .
23 o te (51)

nx=as

an expression which is experimentally proven 1727;7; 1728_7.

L. Account is Taken of the Inepalities of Po:ufitive und Nejutive

Mobilities / 34 7.

Relations (47) will be expressed thus:

4 p'Rzn' 4T p"Rzn"

I (R, P') I (R, p")

PP (53)
n~ 53
L TD'RZ

Xt results that: (5&)

According to the above relations, the space charge constituted

Approved for Release: 2017/09/11 C06461858



* Approved for Release: 2017/09/11 C06461858

by small ions, will be written as follows:

qe D' - D"

gﬁ;==e (n* «n') = —
LRz, D' D"
in which R is always the average radius of the large ions.

This quantity Sll represents a positive space chu?gc;
for an average ionic denéity near the ground it avera,res to 50 to
100 elementary charges per cms, in accordance with the results which
may be computed from direct measures of ionic corcentrations of
hoth signs.

As a rule, this represents only one part of the space
charge, which, while breserving usually a near-by order of size, may
be inversed in sign. Norinder's [ 50 ] results, valid at 8 or 9 m
above the ground, show a negative charge (400 elementary charges per
cm3). Scrase [f51_7 finds in case of marked turbulence, a charge
always positive (under these conditions the electrode effect is
masked); and negative in the first 5 meters above the ground, if the
air is quiet; the average value measured ranging about 200 elementar&
charges per cm3. From here it may be inferred that there is a surplus
of charge born by other rarticles and especially by large ions in
excess.over that corresponding to small ions; and this may reverse
the sign of the whole.

On the other hand, positive and negative conductivities
are such that;

q K
=K' n'eY.
4D R,

\ q K"
)\n K" n"eY

( 4T p"Rz,
\

-
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It results from relation (54) that:
At = /\\u R (57)

According to relations (4) and (56) we f£ind that the
corresponding electric field of the earth is really proportional to
the voliiution ard inversely vrororiionnl Lo
the ionization intersity, which corresponds to the observations
and permits particularly to explain the field variations related

to radio-activity, on the ground as well as in altitude [—55__7.

Finally, according to (23), (37), and (38):

N' N I ( ’ P)
2. - R = - ? . (58)
N w I/ 1n,-(p~1)
p+l p+1 L Z 3 (P ]
Particularly:
Nl
=3, . (59)
"
1

Relations (54), (57), (59) confirm usually stated experi-
mental results. The following table gives a comparison with Mme.

Thellier's cxperiments:

Theoretical Values Experimental Valuegs
n' K" nt
— D e 21,25 = 1.2k
n." k‘ n"
\ -
/\ ‘= /‘ "o >\' = l.k2 X 10’1‘; A" = 1.b0 X 10
Nt ) N
& =1 *l = 1-03
N'l N"

1 1
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According especially to relation (59), the space charge
born by lurge ions should be zero, vhich results seems inconsistent
with the results recalled above. However, we must not forget (section

eoull ibrdu
ITI A, 2) that the ionic¢ ' “is usually reached only to a few
hundredths; Let us take 5%. It corresponds to a possible excess of
large ions of the same order. Tor a slight pollution (2000 large
ions/cm3), 100 elementary charges born by lar;e ions may result,
this being all the more marked when pollution is higher. We nust
furthermore add that artificial vollution causes important charges

of a preponderant sign Zf6_7, which have no time to be neutralized

by natural ionization, and whoge action, superposing on that of
SIS IR R SRS

natural pollution, alter ioﬂl /équations.

5. 'The Case of Radio-Active Tons.

a. Computation of Concentrations. The following reasoning is

prevailing and valid whatever the nature of the radioactive body present
in the atmosphere may be, providing that elcments of the range of
molecular dimensions be present and not aerosols of larger dimensions.
It will be applied to the rarticular case of the Radon near the
ground, which seems to have been the more accurately studied until
now.
Supposing that:

(60)

is the number of Rad atoms appearing per cm of air and per secord,

SRn meaning the atmospheric concentration of Radon and )\ﬁn its

radio-active constant. e will write relation (36):
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[4p]

L -y {Poﬂo r L t—(g-)lpf ,;,’ ) Np Tl '%AJ]Z. (i

P=1

n, 1s the atmospheric concentration of small RaA ions, and NPA that
of the nuclei having attached RaA atoms.

Not knowing the exact value of the diffusion coefficient
of neutral Ral atoms (mentioned in section (I,6)), which appear when
the Radon disintegrales, we suppose as a first approximaj:ion, that
every radio-active ion carries a positive elementary charge. The
problem is then the same as that of the attachment of ordinary ions
on condensation nuclei, with the difference that this concerns only
positive ions.

Due to the fact that small radio-active ions have the
same mobility é.s the small normul ions of the atmosphere, it results
from relation (‘7) that they have also the sume recombination coefficient
as the small negative ions and we may, under normal conditions, dis-
regard the quantity o nnAo

The ﬂ have the same meaning as in the previous section and
the expression ﬁleA takes into account the formation of radio-
active particles having a multiple concentration charge Np A° The

limit concentration rcuched ut the equilibriwn will be given by

d.nA

dt
and disregarding multiple charges:

= O; that is, according to notations of section ITIA, 2

qA ‘
n = - . . (62)
A 3+ AA

The quantity@- -%— represents, as in the case of
B
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relation (41), the average interval of time between the appearance
of a radio-active atom coming from the Radon, disintegrated or ﬁot,
and its attachmeht on a particle; it ranges therefore to about

20 to 50 sec, the same as for small normal ions.

This is, in fact, the order of magnitude corresponding to
Renoux' direct measures 1712_7, taken close to the ground (study of
the decrease of disintegration products of small ions, directly collected
in the atmosphere during a very short period). RaA atom concentrations,
corresponding to the conditions of relations (62), are of the same
kind as those mentioned in section(I.6) for_/g-values consistent
with experience.

Relation (62) may also be applied to the computation of the
concentrétion of stratospheric recoil atoms. At an'altitude of 20 km,
we mARY suppose for them: D=1 cm2 sec‘l; R = lO'5 cm; and 7Z = 0.1
per cm3. We find that'G ranges at about lo-ssec'l, the attachment
time for every present aerosol particle of these liberated atoms
ranging at about lossec., about 3 hours. If we take the case of
Be,_ and P32 considered in section I-6, whose period is long com-

T
pared with this attachment time, according to (62),'corresponding

concentrations would amount to 2 X 10'3 and 2 X 10'S of free Be7

and P_. atoms per cm3 of the atmosphere, respectively.

32
b. Neutral Radio-Active Nuclei [72941 The whole of the Radon

deéay products is thus either free, in the form of small ions,

- mainly constituted by RaA, and by RaB and RaC in very small quantities,
or 1n'the form of radio-active condensation nnclei, el&ctrically
neutral, (coming from large ions originally negative),‘or of. large

radlo-active lons (coming from neutral condensation nuclei), or
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fixed on dust particles.

Radio-active neutral ions can also appear by neutralization
of large fadioactive ions, by small negative ions, and disappear
by attachment of small ions of every sign. We will disregard, in g
first approximation, these minor reactions.

It the‘disappearance of large radio-acti§e ion and neutral
nuclei, exclusively of Ha and N@Q concentration, is exclusively
attributed to their decay, we will write, for instance for the
second concentration:

di,,

th " A [3211“" - A, Yoa 3 s (63)
N" is the concentration of large negative ions. The same relation
will be obtained for NA"

If we suppose that there is an equilibrium:

dn dN

A oA .0 . (61)
dt dt )

and supposing a probable atmospheric ion concentration, we find
for nA = 1.5X 10'ucm/ (section I.6) that Nﬂﬁ =5X lO_u/cm3; NA%=
L x lO"L*/ cm3, '
This corresponds to the experiments (section II.7).
However, (secondary reactions mentidned above), large
negative radio-active ions should appear, orliginated by attachment
of small ordinary lons, on neutral radio-active nmuclei. TIn spite
of all our efforts, we did not succeed in detecting the presence of
these large negative ions in the atmosphere, which leads us to
suppose that such a mechanism does not exist. It is, however, possible

to realize it by the corona effect. An explanation could be the in-

sufficient contact time between natural aerosol particles and Radon
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products.

c. Equilibrium Between Radioactive Small and Large Tons.

Lf1047, £—1147, [ﬁh347. Suppos€  that Z. is the concentration
of RaA atoms, corresponding to these two kinds of particle. Due
to the small RaA period (3 min.), it may be supposed that the
radio-active equilibrium is obviously reached Letween the Redon
and the RaA resulting from its decay (10 minutes are indeed
necessary to realize said equilibrium to 10%). We shall there-

fore write:
oy = o= ) (st
A

and, starting from (62) and (65), we find that:

(67)

n
We see that the ratio A is independent of the
VA
quantity of Radon existing in the Agir.

Relation (67) shows for the RaA (period 3 min), near the

n
ground, under normal conditioms, (/3 =k X lO’asec'l), that -Zﬁ- ranges

at about 10%/which corresponds to the measures. These relations are
also valid for stratospherical decay products. For Be7 and P32 with
/g = 1079sec™t, orders of magnitudes of 0.02 and 0.06 are respectively

found for n/Z.
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Ly,

d. Granulometric Distribhution of the Activity of Fatural Aerosols

[fh6;7, L4 7/, First, let us go back to the case of the attach-

ment of small ions on natural aerosels, but in a polydispersed

medium. According to (47) and (48), we may write:

Rf (R)
a(R) = 4T bn j‘ g ‘ (68)
Ro

f(R) = w— represents the granulometric distribution of the medium
as givendgy the relation (17). Function q (R) is represented, in
relative values, in Tig.9 for two values: Rp=5X 107 and R, ='.’LO'6
cm of minimum radius R, corresponding to inferior limits, reasonable
for large average ions: the maximum radius was chosen equal to 1 .
The distribution, thus computed from relation (68), is practically
identical with that computed by Lassen [ %6 7 from relation (35)

for Ry = 10-6cm.

On the same figure, a dotted line shows the dlstribution.
obtained by making I (R) = C°C in relation (G8). We may see,
especially for Ro = 10'6 cm, that the corresponding distribution is
very similar to the former, and that, due to the accuracy of
measuring methods now available, this approximation is largely sat-
isfactory, which justifies Mihleisen and Holl's (217, [287
arguments [Ti (R) = 1/,

We derive from the curves that the average nuclei ( R =
2.5 X lO-6cm) attach 78 to 80% in the first case and 83% to 86% in
the second; the remaining, i.e. about 15 to 20%, being attached by
rarticles of larger size. These results define the role of these
particles, the nature of which has been discussed before L3 T,

Relation (68) is general and applies to small radio-
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: 45,

active ions derived from the Radon; for instance, attached to aerosol .
particles; n is to be replaced by nA and g by QA (R), which represents
the accrued granulometric distribution of the activity attached to
natural aerosol particles. Points marked in fig. 9 represent the
experimental results directly obtained, corresponding to table V.
We see that categories (1) and (3), table C, are well placed, (points
marked c and d), with respect to the computed curves in fig. 9.
The.experimcntal device used in these investigations does

not permit to know accurately the value of the radius corresponding
to class 2, which may be either a or b on fig. 9. However, even if
we teke the farthest, we are again in the neighborhocod of the computed
curve. We may then conclude, in consideration of the slight
quantities measured and of the difficulties encountered in such
experiments, that the experimental points thus obtained, constitute
& first checking of the theoretical consideration stated above. They
are also in agreement with the theoretical distribution foreseen by
Lassen / 46 /, concerning the attachment of Thoron by-products on
artificial aerosol particles.

B+ Introduction of Eddy Diffusion Coefficient. KawanQ's Theory

L7527 [53F-

l. JTonic Density.

In order to know the vertical distribution of ionic densities,
we must introduce the eddy diffusion coefficient into the equilibrium
equations. This allows to determine the distribution of the varicus
electric parameters, depending on the altitude. Iet n be ihe
concentration of small positive ions, for instance, supposing that,
as in (36), charges are symmetrical and that K is the eddy diffusion

coefficients The rate of variation of n with altitude Z will be
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expressed, on account of eddy diffusion, as follows:

an _ q

— (x ). (69)

The contribution of ions, coming from lower parts, adds
itself to the production of ions by the various ionizing agents,
considered in chapter TI. Let q{z) be the corresponding total ioniz-

ation intensity. Equations (36) and (38) vecome, at altitude 7x:

(x ;12)+qz=-BZn-K‘3£§E§l+xn2. (70)

d
dz

Account may be taken of prossible variations of K with the
altitude (Miline /7Sk 7), which complicates the computations. Ve
vill merely consider K as constant (Kawano) and disregard possible
variations of tne conduction current, as well as the small ions recom=-
binations, which leadsto rclation:

i)
_ d“n
K =— 4+ q = B Zn. (71)
dz*- 2

The ionization intensity is the sum of 3 terms:

9 =9+ 9+ s - (73)

The first term)qzl, represents the action of the y -radiation
from the ground. At z altitude, it is given by relation (1), The
second term represents the action of radio-active gases and of their
active decay products suspended in the atmosphere. By limiting our-

selves, in a first approximation, to the Radon daughter-products and

*) K is not well known close to the ground. However, we shall suppose,
that the value of K as well as that of dn/dz is much smaller at ground
level than in some heighti: This justifies the equations (37) and (38).
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by reverting to the reference level h, we will write, according

to (2):

o) =g e [V aowl. )

where A is the Radon radio-active constant. (It would be easy
to take into account the other radio-active bodies, possibly presént.
They would reveal themselves through a sum of terms of the above
'type).

Relation (70)will then be written under the form mentioned

by Kawano:

K d2n )+_ - ! T( h) -
5 —+ qlo exp(t}¢z q2h exp Aralit e + QB = BZn; (74)

dz

Zn; (%)

q 1s the cosmic radiation contribution, supposed constant, in
tzrms of the altitude.

The integration of the above relation has been made by
KAWANO, in the case when product 12 is constant with the altitude.
It is evident that this condition is in comtradiction with the ofher
conditions brought in relation (74), (other characterisfics variable
with the altitude), as well as with experience, (section 11,1).
Therefore, the expression of n thus obtained can only be very
approximative and would most probably be improved if Z would be
given an exponential form. However, with the following 1imit con-

ditions:

n= nh at z = h

n=n at z = OO
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we obtain

n 2in el 20 3| e /—/'2' (2m) | 4 —22
n Jaz-A BZ-Ku BZ \ Bz-)

Y 920 .
exp {\/% (z-h)]-i-. _BZ-K/.LQ exp (- /UZ)+-—- . (75)

This expression allows numerical calculation of the ionic density

with these simplifying hypotheses and according to (3), the conduc-
tivity, resistivity, etc., at various altitudes.

2, Other Electrical Parameters.

By calling E the earth's electric field supposed vertical

and.g the charge density at altitude:

._.._..-u’Tc;)

dz

or, according to (k4):

- i
g = lb’"’/\t

i1 is the density of the vertical conduction current.

Starting from (3), (75), (76), and (77), we may therefore
bring in ‘the pollution and radio-activity on all other atmospheric
electricity parameters, and especially on the space charge and the
electric field. Let us write Yot q3 = q_2 and = 0O, which means
to disvegard ground radiation absorption (tabls III). Noting that

;\: <2.09 X 10"6sec-l is negligible compared with BZ (whose order
of magnitude under low pollution is nearing,lO'asec'l), we obtain,

according to (75), (76), and (77), a relation between the electric

field E and space charge density at the height h, which is written

Approved for Release: 2017/09/11 C06461858




Approved for Release: 2017/09/11 C06461858

(18)

At zero altitude, if we take K = 4 X 10 cmPsec, B 7 =
lO’Qsec-l, Q, = 10 pI cm-3sec'l, and n = 100C cm-3 accordinz to
(46), we Tind that E ranges about 0.3 esu/m, i.e., about 100 V m~1,

nomal size range. Relation (7€) allows to explain, in a satisfactory

way, the electric field local anomalies.

IR
!
)
t

i

) i :jr . _:_._._ R P, SN S , ot VLT e
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50.

IV CONCLUSIONS

Although the relations established in the course of this
report are geiteral, their application to prablems of atmospheric
electricity is restricted, as regards the equilibrium between small
ions and natural aeroéols, at altitudes higher than a few km. Above,
ionization intensity of radio-active origin and atmospheric pollution
Play & negligible part, compared with ionization intensity of cosmic
origin and re-combination between small ions. In other words, relations
(70) and (72) remain valid, providing all other terms besides q3 and
cxn2 are disregarded even in the stratospheric accumulation zone.

We have shown that ionic equilibrium conditions may also
be applied to the attachment of ions or radio-active atoms on natural
aerosol particles. Although their concentrations are extremely low,
compared with those of large and small natural ions, their experimental
study is already well in progress, in the neighborhood of the ground.
It presents an interest in the exchange layer where pollution and redio-
activity are still noticeable, but seems useless between the latter
and the tropopause. On the contrary, in the accumulation zone,
towards 20 km in height, where exist at the same time, radio-active
atoms (fission and artificial radio-activity) and an appreciable
quantity of pollution, it presents certainly an interest and could

constitute a new stage in the study of the atmospheric radio-activity.
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SESSTON 3.1

Ceneration of Electric Churges Outside Thunderclouds

by
J. Alan Chulmers, M.A., Ph.D., F.Inst.P.,
Reader in Physics,

Durham Colleges in the University of Durham, England.

1. Introduction
It can scarcely be denied that the most important processes of electri-

fication in the lower atmosphere are those within thunderclouds, but never-
theless there are many other electrical provunses at work in various regions
of the atmouphere thut el ha.ve been diseovered and thut will have zaall or
large effects un the electrical state of the atmonphere.

It is hoped that, at the rich of bDecomlty 6 mere catalogue, sumething
can be said ubout most of these procesces, though nnturnlly there will be
more that can be discussed aboutl sume than about others.

As in the thunderstorm, it is possible to distinguish vetween two stages
in the geoeration of charge, first the actuul separation of the two chérges
of opposite sign from previously neutrul matter and, second, the segregation
of these two charges in such a way thut they reach difrerent places. In
some of the provcsses discussed, the sepuration js that vhich produces the
nn!.uml. comtuctivity of e nusosphiere, unmely the fembent ion of U tmes-
phere by commle uyn and by endimetivity,  Awl In nome procenses the s regntjon
18 by the ordtmry process of electrie coptuction In the electrle Fleld that in

present, moving charges of opposite sign in opponite directlions.

2. Point Discharge
Point discharge can be considered as a generaior of charge; since the

breakdown separates charges from neutral matter and the electric field segre-
gutes them.

When un earth-contectad point exlsts ubove the surface of the earth, the
1ines of electric force in the atmosphere concentrate on the point and the local
f1eld strength geufdeater than that ‘CL the ecarth’s su;-fvzce.- In the simple case
of an isolated point, this local field strength would depend on the potential

difference between the point and its surroundings, 1.e. the free atmosphere
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at the sume level, and so on the height of the point and the potential
gradient !n the atmosprere; for a point which 1is one of a number at com-
parable hefghts, the other points medify this simple approa;:h.

When the potential gradies.t in the atmosphere reaches a certain value,
the field streagth near the point becomes sufficiently lurge for local
breukdown, involving lonisation by collision, to occur, awl, as the potentinl
gradient increases, Lreahdown can vccur over wider volumses nid ror move:
pointse ‘Mhe loval breaukdown nenr points hus veen stadied under lubormtory
conditions us "curonn discharge”, but the detalls need uot concern us here.

The result of te loval breakdown is to produce lons of both signe; those
of the sume sign as the potentinl gradient move quickly into the point and
form a curm:nt to eacth, while those off the oppusite sign remain in the
wunosphere and form a spuce charge, ultimately moving upwards to the cloud
whi~tt 15 the origin of the porentinl gradient.  The precence of the spece
charge uenr the peint dimintabes the actul Cleld wteemgin of e peein and
wister sultable clivrcumatances Lthe digchmrepe my oecur o paloess aroroigiog
erreets over preriods of Lime Loy, compuared with U palaes, (L I3 cusy o
e thot, o stendy conditions, theee will e an sdjustment. Lo glve n steady
current el space charge, the tocul conditions weur the point providing Just
sutficient curront for the purpose; it is then unnecessary to diccuss
details of the actual processes at work near the point, Just as, in an
anmalogous case of the Lammuir-Child luw for thermionic =mission, the
detuils of the emission process uced not be discussed.

With u particular point and om: wilae of the potentint graudient, it
foltows that the current would be aliered only If the spree charpe 16

altered, and thic {6 achieved only by wind removing (U From che oeighibourhood

Ceeternd ¥

See

of the polnt. An aspproximnte theoretienl calcuination of the eurrent §n its

SR
Semesé

FREPR L TS SRR

dependence on potentlal gradient and wind speed for an isolated poilnt hms recently
been mnde (Chalmers, 1902) and work ig progressing on an attempt to carry out

a more accurate computation with e computer. The theoretical problem of a

roint which is not isolated, but one o s number simtlurly or differeatly
situsated remuins Lo ve tackled.

On the eaperimental side, the carlier measurements of the relatlon

between point-dischurge current and potentianl gradient did not recognis:
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3.
the part played by wird, but the more recent work has shown that this must
be included and the results are in fair egrement with the approximate
. theoretical culeculations.

The work so far discussed has been curried out by simply erecting a
metal point in the utmosphere and connecting it to earth through a measuring
. instrument; this, therefore, does not give a great deal of information about
the eft;ect of matural point discharge, which must tuke place largely through

trees. The problem thercfore arises as to how closely a metal point and a
tree correspond in regned o .mlr'lt,-dlsclmme currentse

. Sehoadund {(19::8) cut down burh, typieal of the nelghbourhood, mounted
1t on insulutors and mensured the current throwsh It; whille this wus an
approsch Lo matural conditions, ft did 'not reproduce the conditions of a
1living trev. More recuntly, Msuad and Chulmers (1960) uttempted L0 measure
‘the current through & tree, not directly but by meusuring the effect of the
space charge on the potentinl grudient downwind; the results suggested that
a tree in leaf gives less currcnt: thun a point at the same helght. Mllner
tnd Chaldmers (1901) tnaected oloctemdes It o Leee, 50 n Lo aort-clrenit
U -:um'n;l. Wown the Leoe theoueh o gal vatsee Lor mod Cound gl ler eoreenlas
than for n polnte dQuite recently, with Lhe sue aggaratue, Chnlmerns (I')hg)
t‘ound.uvu., ut the tine ui,'?’]o:m lightning flash, the tree and a nefghvouring
metal point guve appreciubly differcnt curreuts, showing thut the tree does
not behave like a simple conductor. It would be very desirable if such
measurements could be attempted in the purts of the world where thunderstorms
are frequent. .

The question of the effect of the prescmce or nb:;ence aof nelighbouring
pointy on Lhe current theough o pureticutar point 1o anothee which requires
further fuvestigntions  Chiploskne (1940) nnd Chulmers and Mapleson (19%5%5), .
uning mnturnl polot discharge, fomd that the totul current through m nunber:
af pofuls close topether was Jess than if they were veplaced by a aslugle
peint, but Belin (1948), in a laboratory experiment, found that each point

of a group gave the same current whether the others were present or not.

..
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3+ Hon-Stonmy Rain and Snow Clouds

Although the electricul effects in non-stormy clouds are less than those
of thunderclouds, they are still appreciable, and some processes of charge
separation must be present.

One of the important problems in this ficld is the discucsion as to
vhether the charge-sepuration procusses in nonm(omy clouds ure the same as
in thunderclouds or note If they are the came procedses, then the problem
is why the mugnitude of the churge svgaration is so different; what are the
conditions in the thundercloud ihat make the processes 80 much more efficient
there than in the non-stormy cloud? It chould perhups be pointed out that the
dirference is much greater than the mere difference in intensity of precipita-
tion. I, on the other hand, charge separution in the non=-stormy cloud takes
place by totully different processes, t.h-:n.t.hes«. processes must be such thmt they

_are not much mnpgnit'ied by the chunge frum nou-stormy Lo sturmy conditions, and,

further, the processes in the thundercioud must be such that they cannot
operate significantly in the non-stormy cloud. These considerantions are a strong
Jusiification for increased study of nonetormy cloud electrification, particulsrly
vhen it is realised that such clouds are much more frequent in many parts of the
world than thunderclouds amd conditions are much speudier and more amenable to
arnsurement., '

In this connectiou, an important. principle hng been uged, wunely ttnt of
the quusi-stendy smt.g;, 50 thut une cun asmame that the totul vertical electrie
current s the sume ai all levels. This asoumes that there 1s no differential

horizontal electric current at any level, and 1t might be profituble to consider

LIV

Tt b

this question in more detail, purtfcularly in the case of wurm-front clouds

o

>y
35 .

vhere the movement of the air 1s much more horizontal than vertical.

RoYear S A
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¥ e, R, et

G
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An important result in the measurements of the effects of non-stormy

clouds 1s the dirffervnce of both potentisl grudients and precipitation

Ri

currenty ao botween ralo and cnowe  Unless there are effects nt. the enrth's

i

wilee

rurface, or near Lo §4, Lhis seemo Lo ludieato Wint thern mint Lo mloctrfonl

S T
e

- vy S

effects {n the process of melting, srince mont of the preoipltation concerned

wai%

hts swarted us ice particles and, if fianlly fulling as rain, has melted later.

-

The simple discussion of the quusi-cteady state lends to the conclusion that

the potentisl grudient abuve a cloud would alter insign when the precipitation
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S.
charges fram rain to snow or vice versa; it would be most desirable if' this
conclusion could be confimed or refuted by actual observations above the
clouds,

LR Non-RuininE, Clouds

The charges in wurm clouds which are not brecipitating have been
measured by a number of workers end, although there is same disagreement,
the generel results 8ppear to be that the larger droplets more often carry
positive charges and the emaller negative, the actusl charges being only a
few electronic units.

Same laboratory experiments by Barklie, Whitlock and Haberfield (1958)
have shown thut thege charges are directly related to the presence of ions
and this {5 in accord with theoretical work by Gum'n (]f)j‘j).

Though thege effects provide the only tepuration of charge in clouds
af this type, it seems unlikely that similar processes could be appreciable,
compared with others, in clouds which give precipitation.

Another effect in non-raining clouds is that which is termed the "traffic.
Jam effect". Since the conductivity within a cloud 1s less than that outside,
in order to maintain continuity of current 8cross a cloud boundary, there must,
be & greater potential gradient within the cloud than outside, und thig, ;n

turn, meuns a region of space charge ut the boundary.

5. Precipitation

Precipitation, as it reaches the ground, 1s usually cha,rged;- if the
charge it carries is that which it has received in the cloud, then this is
not to be congidered separately from the problems of charge generation within
the cloud; but if the charge on the precipitation has been altered as it falls,
then the processes by which this occurs must be considered as separate. If
precipitation 1g un important factor in charge generation in thunder clouds,
then there must be a large change of charge during fall, since {t 1s rertain
that the precipitution eurrent reaching the ground is much smaller than it
would be in the chargc-generuting region of the clot;d. A

When precipitation leaves the cloud, the only ways by which it wonxlt;l seem
possible that it could acquire charge would be 1) melting 2) capture of ions and

3) shattering.

A pprbved for Release: 2017/09/11 C06461858)
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The fact that the charges and t‘.he potential gradients during snowfall
differ from those during rainfall (see, for example, Chalmers 1956), show
that 1t 1s likely that something occura during melting and 1t is very
desirable that more should .be found out about this, both by observations
during precipitation and, if possible, by laboratory measurements.

The "inverse-relation” between precipitation current and point-discharge
currant (Simpson 1949} can be expluined If the precipltation ucquires charge '
frum the polnt-dlucharge lons and o more detulled connlderution of thig
(Chalmers 1991) hap shown fnirly sntisfuctory results.  For the correlation of
ruin current with potentinl grndlent. when there 1s o polnt discharge, tne
matter dves not appear so simple and further work 1is required. At the time
this 1s being written, work is in progress on the measurement of rain current
simultaneocusly at the top and foot of a 60-foot tower; results and conclusions
may be avallable by the time of the Couference.

Kelvin (1860) and Chauvesu (1900) have found & change of sign of the
potentlal grudient at the top and foot of a tower on certain occasions during
raln, and this requires a negative space charge in the air betow the top of
the tower; measurements of charges due Lo splashing cannot entirely explain
theoe resulto and 1t might be Chat shnttering of miy drops occurs In thig
reglomn.

6. The Electrode Effect

It 18 perhaps questionable wnether the electrode effect should be
included as a churge-generating process, since the actual charges concerned
are only the lons produced by coumic rays und Tudionctivity. But recent work
has vuggeoted thnt the electrode effect, and theqeonvection of the chaurgen
separated by 1t, are of appreciabie lmportauce in the slmosphere.

The electrode effect camprises a spuce charye near an electrode, in
the casze of the atmusphere the earth's surface, und arises because there can
normally be no ions leavwing the electirode, 50 that the conductivity at the
surface of the electrode is due to ions of one sign only. _In normal fine-
weather conditions, the electrode effect would glve a positive space charge
near the earthds surface; this 13, 1n ract, found only im special conditions,
€.g. over the Greenlund {ce-cup _(Ru}mkc, 1962) or over wuter (Miinlelsen, 1961);
in other cabes It 1s reduced or abnent, becanse of higher jonization close to

the earth.
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T. Other Raturnl Sources of Charge

There are several other natural phencmena which glve rise to cherges
in the atmosphere.
. In blizzards, there are charges generated by, presumably, the impact of
s'rll;w 'particles on one another und on the snow on the ground (Simpson 1919) and
v.t;l';e §ém;a occurs 1;x drifting snow. Obstucles such us wires becane charged in
. n blizzaed (tarrd, 1993).
'l)u’st.- storms glve rise Lo quite large electrle potentinl gradients,
sﬁuetixx;cu even glving lig}xtnixlg (Rudge, 1914), und voleunos also glve
6nsid§ruble effects to be ascribed to frictional effects of the ush
(Haceiayama and Uchikawa, 1951).
'TA It has long been known that positive charge is generated by the

splashing of. vater, e.g. at waterfalls (Lenard, 1892); Mihleisen (1958) has

ove'up\gurdn from the nen surfrce, producod by the brenking of alr bulhley

[

_lll tlio oen.
It 1s probuble that only the lust two of these are likely to be of
" apprecisble importance in the whole balunce of churges in the atmosphere,

but there is scope. for more investigations of all these phenomena.
]

8. Artificial Sources of Charye

Mithletsen (1953) has investiguted fn detull the generation of churge
'bybburnlng und vther industrial proceusses and hng found Lhat different,
processes produce different signs of charge; the nmounts of churge taken
into the ntmosphere may be quite appracinble.  An - earller example of the
suie wag the posdtive charge urising Uran locomotiven (Kelvin, 1860).

Chalmers, (1992) found thut negative clinrges can be liberated into the
atmosphere from high-tension cables in conditions of high humidity when the
insulation purtially breaks down; sufficient charge is liberated to produce

negative potential gradients several km. downvwind. ..
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T4
oA

8.

Another example of an artificial source of charge i1s the observation of
Moore, Vonnegut, Semonin, Bullock end Bradley (1962) who found positive space
cherge downwind of a television tower in fine weather; this they explained
as due to the removal by wind of a space charge formed at the top of the
tower by the electrode effect.

Deliberate attempts Lo produce space charges in the atmospanere by
electric discnarge Lave been made by Vonnegut and Moore (1958), Vonnegut,
Maynard, Sykes, and Moore (1961) and Vonnegut, Moore, Stout, Staggs, Bullock

and Brudley (1962).
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CHARGE GENERATION IN THUNDERSTORMS

By B.J. Mason

(Inperial College, London)

Introduction

It is proposed that the principal mechanisa of thunderstorm
electrification involves the accretion, freezihig and srlintering of
supercooled droplets on pellets of soft hail. Gravitational separation
of the small positively-charged ice splinters and the much heavier
negatively-charged hail pellets then produces am electric fleld of
the obuqrved polarity.

Evidence in support of this theory comes froa: (1), observation
of the disposition of electric charges and fields in thunderclouds;
(i1), observed correlations between the appearance of soft hail and
strong electric fields; (4i1), laboratory cbservations that riging
elements acquire a negative charge as positively-charged splinters
are sjected from treozin# drops; (iv), the discovery that this
separation of charge arises from a basic property of ice, viz a
protonic thermo-electric effect which has been investigated experiment-
ally and theoretically in some detail; (v), application of the
laboratory results on the rate of charging of artificial hail pellets
to a model thunderstorm which reveals that the proposed mechanisa is
capable of producing and separating charge at the rate required by
observations on lightning flashes while other mechanieas appear to
work much too alowly. These arguments will now be presented in
more detail, but firet it seems worthwhile to list the more important
snd relatively undisputed features of the thunderstorm with which any

satisfactory theory of electrification sust be consistent.

-

2. Requiremsnts of a satisfactory theory of thunderstorm electrification
The theory must explain guantitatively how electric charge is

generated and separated in a thundercloud at a rate equivalent to that

at which it ias dissipated in lightning flashes. It muat account for
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the observed polarity of the thunderstorm and be consistent with what
is known about the electrical and dynamical structure of the storm,
the nature of the electrical field changes accompanying lightning, the
size and duration of the storm, and the nature, scale and intensity of
the precipitation processes which are generally considered to be
closely correlated with the electrical activity. More specifically,
the theory must be consistent with the following factas:
(i) The average duration of precipitation and lightning from a
typical single thunderstorm cell is about 30 min.
(11) The average electric mcment destroyed in a lightning flash is
about 100 C.km, the corresponding charge being 20-30 C. A typical
cell produces flashes at intervals of about 20 sec 80 the average
lightring current is about 1 amp,
(1i1) The magnitude of the charge which is being separated immediately
after a flash, by virtue of the falling speed of the precipitation
elements, is of order 1,000C.
(iv) .n a typical cell this charge is generated and separated in a
volume bounded by the O and -40°C 1evels and having a typical radius of
2 km and therefore a volume of about 50 km3.
(v) The negative charge is centred near the -5°C level, while the
main positive charge is situuted some kilometres higher up; a
subsidiary positive charge often exists near cloud base where the
temperature is usually a little warmer than 0°C.
(v Sufficient charge must be generated and separated to supply the
first lightning flash within 10-20 min. of the first appearance of
precigitation particles large enough to produce a radar echo.

In round figures, the requirement is to generate about 1000 C of
charge in a voluse of mbout 50 km® im @ period of about 20 minm. i.e. at

an average rate of 1 C/km}/lin.

3. Observational evidence for an ice mechaniem

(1)  Lightning is usually accompsnied by ﬁeavy precipitation although,
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in warm, dry climates, this may not reach the ground. Most theoriea
on the origin of the electric charge have assumed that the precipitation
plays an important role, and as the main charge centres appear at
levels in the cloud where the temperature is below OOC. it is natural
to associate that generation with the presence of supercooled water
and/or the ice phase.

(4i) Kuettner (1950), from obsmervations made inside thunderclouds
capping the Zugspitze in Germany, reported that s0lid precipitation
elements were predominant in the greater part of the thundercloud and
were present on 93% of the occasions. Snow pellets and pellets of
soft hail were the most frequent form of hydrometeor being present on
75% of occasions but large hail was relatively rare.

(41i) Fitzgerald and Byers (1962), using aircraft fitted with
electric-field meters, have reported that the actively building regions
of thunderstorms are regions of exceas negative charge. The strongest
fields, of up to 2300 V/em, were associated with regions of heavy
precipitation. In particular, a large hail shaft produced a strong,
amoothly increasing field indicuting a negative charge on the hail.
(1v) Malan and Schonland (1951, &, b) find that, in South African
storms, the negative charge is often distributed in a nearly vertical
column which may extend up to but not beyond the -40°C level. Thie
1s consistent with the charge being genmerated by growing hail pellets
because supercooled droplets exist at temperatures down to, but not

below -40°C.

4, The charging of rime depoaits

In recent years, several workers have reported that when super-
cooled water droplets impinge and freeze on an ice surface, the
resulting layer of rime acquires a substantial cﬁlrse. The experimental
results, which have been reviewed by Mason (1957), may be summarized
as follows.

Findeisen (1940, 1943) formed a rimed layer by spraying water

droplets on to a cold metal surface and found that it acquired a
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positive charge. The charging ceuased if the surface becume smooth
and glassy, as was the case if the drops froze slowly, or if it
became wet. Rather stronger charging was obtained with a natural
supercooled cloud than with an artificial spray, the difference being
ascribed to more rapid freezing of the smsller cloud droplets. The
rate of charging in the cloud was 3 x 10-1} c cn-z a’l.

In a later investigation, Kramer (1948) found the rige deposit
acquired a negntive charge which increased in proportion to the

impact velocity of the droplets. with a velocity of 0.5 nm l-l

the charging rate was 2 x 107 ¢ 2 g7t and, for a velocity of
Sam s-l. ten times larger.

Lueder (1951 a,b) made experiments in natural supercooled clouﬁs
on & mountain top in order that the cortaminants in the water should
be those occurring im nature. He states that the growing rime deposit
acquired a negative charged, an equal positive charge being comamunicate
to the air, probably on the parts of the drops which were flung off
without freezing. Unfortunately, it is difficult to interpret his
experiments and to deduce the actual rate of charging.

Meinhold (1951) measured the electric field strength at the

surface of the fuselage of an aircraft flying at 80 = e-l through a

|
!
g

supercooled cusulus congestus cloud. The deposition of rime was

accosranied by a rapid rise in the field strenogth in a sense which

indicated that the aireraft was acquiring a negative charge, and the
12 C e -2 .-1

rate of charging was calculated to be S x 10~ | .
The charging of a rime deposit on a cold metal surface was also
studied by Weickmenn & aufm Kampe (1950). Water droplets in the
diameter range 5 to logfsuere sprayed at velocities varying from
Stol5m 5-1 on to a metal rod of 5 mm diameter in a cold room kept at
either -5 or -12°C; they were therefore slightly aupercooled on
reaching the rod. The rate of charging, which was not sensitive to
the presence of dissolved salts, increased with incressing velocity of

the air stream, and for a velocity of 15 = l-} attained a value of
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~12 -2 -
5 x 10 12 Ccn “ 3 1. Wwhen water at temperatures slightly above

0°C was sprayed on to the rod it acquired a slight positive charge.
Later the authors indicuated that the results of these experiments
may have been seriously affected by electrification associated with
the production of the spray.

The balance of the evidence from all these experiments points
to the acquinition of a negative charge by a growing layer of rime,
Findeisen's result being an outstunding contradiction. In light
of the recent experiments of L.otham and Muson (1961}, described below,
it now appears that some of the differences between the results of

different workers may be ascribed to the use of differing drop sizes,

temperatures, and impact velocisies, while spurious effects may arise

from initial charging of the spray droplets and electrification

produced by the splashing of droplets on the ice surface.

S. The splintering and electrificution of freezing water drops.

Some evidence for the production of charged splinters by a
growing rime deposit was obtained by Kramer (1948), and their
production during the freezing of individual water drops was
investigated in detail by Mason and Maybank (1960).

Nucleation of @ water drop, at temperature —TOC, is followed
by rapid solidification of a fraction T/80 of its mass in the forms
of un ice nhell. Subsequent freezing of the liquid interior now
proceeds at u rate detemmined by the dissipution of the lutent heat
to the surroundings. ‘The expansion which accompanies this freezing
sets up stresses in the ice shell which may disintegrate to produce
a number of ice splinters. Mason and Maybank found that, for drops
suspended in still air, the number of splinters produced was almost
inde pendent of the drop diameter in the range 0.1 to 2 mm but that
for drops of diameter < 60# . sflicter production was asuch reduced.
They also measured the charges on the residues of fragmenting drops.
if only a minor fraction of the drop was blown off the residue was

invariably negatively charged. Typically, a drop of 1 mm diameter
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freezing at —SOC produced about 20 splinters and acquired a

negative charge of ubout_10~b €.s.u,; a similar drop freezing at
—15°C yroduced about 5 splinters and acquired a charge of about

3 x 10—5 e.8.u. The average positive charge per splinter was
therefore 5 x 10_6 e.s.u. These exreriments suggested an explanation
for the electrification of growing rime deposits and that a similar
mechanism operating during the growth of hail pellets might be an
important fuctor in the electrification and ice-cryatal economy of

clouds,

6. Charging associated with the growth of soft hail pellets.

Latham and Mason (1961) measured the electrification of artificial
pellets of soft hail as they grew by the accretion of supercooled water
droplets, and determined how this varied with the temperature, size
and impact velocity of the drops.

The experiments were conducted in a cold room, at air temperatures
ranging from 0% to -1?°C, with the apparatus shown in Fig. 1.

The hailstone, simulated by a 5 mm diameter, electrically
insulated, copper sphere coated with™ a 2 mm layer of ice, was
suspended in the centre of an earthed vertical brass tube through
which the air stream carrying the droplets could be drawn at velocities
ranging from O to 0 m s *.  Water drops of uniform diameter in the
range J0 to 99?‘ produced by the spinning-top apparatus of Walton &
Prewett (1949), or ruther larger dropa produced by an atomizer, were
allowed to fall several fect in the cold room where they became super-
cooled to very near the air temperature before reaching the hailstone
target. For a given droglet size and air-stream velocity, the flux
of droplets hitting the target was determined by allowing them to strike,
for a given time, a Formvar-coated glass sphere of the same dimensions,
and countihg the droplet impressions under the microscope. The
impaction and freezing of the droplets was accompanied by the ejection
of ice particles from the target surface; thelr number and sizes were

determined by inserting Forwvar-coated slidea Just beneath the hailatone
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snd later examining the plastic replicas of the crystals.

The electric charge accumulating on the hail pellet during the
freezing of droplets on its surface was measured by a Vibron
vibrating-reed electrometer of resistance 1012[1 and time constant

200 s. The minimum detectable charge was about 5 x 10‘“ €e.5.U.

The surface temperature of the target, measured by a thermo-
couple, was higher than that of the surrounding air because of the
latent heat released by the freezing drops and could be raised
artificially by irradiating the surface with the beam of a 50 W

tungaten lunp.

s

The experimental operstions, which could be jerformed from

outside the cold room, consisted of setting the cold room (air)

TUHTOUP LM LT CAd et 130 T0d o hde bt et ® D bbaid Brre 000t o Aot 0047 51 9208 0 o 0t 95 19 540 A T B E 48 v 474 =211 prwcts * S SqW PP T I o oy P ® TR

temperature, the air-stream velocity and the drop size and reading
the electrometer after the target had been exposed to the droplets
fora known time, usually 10 s. Then the effect, on the rate of

charging, of raising the surface temperature of the hailstone (this

1142 42 Ve e o om 4 & 15,

being previously calibrated in terma of the air speed and the current

ooy

supplied to the lump) wus investiguted. Mcanwhile, slides for
collecting the ice crystals shed by the turget were inserted at

regular intervals. The whole procedure was then repeated for a

TUET™ A A g et o

different set of conditionsa.

B R -

The freezing of droplets of distilled water on the surface of

3 the hailstone caused it to become negatively charged and was accom-

I panied by the ejection of small ice splinters. The manner in which
; the average charge und number of splinters produced per drop vuried

with the drop diameter, imjoct velocity and air temperature is shown

5

9 in figures 2, 3 and b.

% In a typical experiment, with the air temperature at —1500 and

. ~ 4 ‘
g the air stream moving at 10 m s 1. 10" drops of diameter 89f~ struck )
E

! the hailstone within 10 8 and produced a total charge of 4 x 10-2 e.8.u., i
] =

i i.e, an average charge of &4 x 10 6 e.s.u. per drop. On average, each

z droplet produced 12 ice splinters; their mean diameter on collection

S

5 -x—;' ¢

(2

3

I

L

x

i
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was ng, but they were probably smaller on ejection and had grown
in the meantime.

Drorlets of 4 < 39/~ produced few splinters and little charging.
Figure 2 shows that the production of both was enhanced as the droplet
diameter was increased to about 50/~ , remained fairly constant for
diameters between 50 and SQf.. and fell again for still larger
drops. These remsults are in fairly good agreement with those
which Muson and Maybank (1960) obtained for individual droplets
suspended on fibres except that they did not observe a reduction in
splintering for large drope. This tendency, in the present experi-
ments, may be explained by the fuct that, in impinging at several
metres per second, the larger drops shattered before freezing and
that eplashing communicated a positive churge to the ice target in
the manner observed uriginally by Faraday and more recently by Gill
& Alfrey (1952). Fositive charging of the target at high impact
velocities is shown in figure 3; this occurred although there was
still a considerable production of splinters.

As shown in figure 4, the rates of charge and splinter production
are almost independent of the air temperature in the range -6 to -17°C
but both fall off rapidly at higher temperatures and, inp our experimenty
were no longer detectable at -2°c. The explanation is as follows.
The impacting droplets can be frozen only at a rate determined by
the rate of dissipation of their latent heat to the environment; at
air temperatures close to 0°C the rate of freezing was slow and
consenquently the hailstone surface becume wet and, as the replicas
showed, considerable splashing occurred as the drops struck it.

A number of tests were carried out to make sure that charging of
the hailstone was due entirely to the collision and freeziog of the
droplets. No detectable charging occurred when the air stream
carried no droplets and when droplets, impacting at very low velocity,

froze on the surface without producing splinters. The parallelism
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between the curves of charge and splinter production in figures 2

to 4 is, perhaps, the strongest evidence for the one being a

-3 X

e

consequence of the other.

Irradiation of the hailstone by the lamp caused a reduction in

TG A e
AT,

i

the rate of charging. For example, with the air temperature at -12°C.

raising the surface temperature of the hailstone by 2°C reduced the

rate of charging by about 20%¥; when the surface was warmed by 5°C.

o TR

the charge production was halved; but, in both cases, the rate of

splinter production was not appreciably altered.

“rmTTE T

When the impinging water droplets were contaminated with sodium

chloride in concentration corresponding to the average found in cloud

51RO

PR e S

water (3.6 mg/1.), the rate of charging was decressed by about 20%.

These experimente appear conclusive in showing that the negative

charging of the hailstone is caused by the ejection of small splintera

p At

of ice during the freezing of droplets on its surface. The influence

TS

of droplet size and the presence of salt are in fair agreement with

TITEI

the observations of Mason and Maybank apart frow the effects which

were produced by splashing of large drope.

In a later paper, Latham and Mason (1962) reported that when the
above experiments were repeated in the presence of an external electric
field the charging rates of the hailatones were altered by only about
10 per cent by aprlication of fields of~ 1000 V cn—l. The inference
is that the churging of hailstones will not be greatly accelerated by

the cumulative build-up of rolarizing fields in thunderstorms.

P Application of laboratory results to computation of the

production of charges and electric fields in a model thundercloud.

We consider a thunderatorm in which above a level Zo the
updraught U contains an exponential size spectrum of hailstones such

that the concentration of stones within the radius interval R to R + dR is

NR) ok = N, ea7a(~ AR) 4k, 0

where No and /\. are constants indepdndent of position in the updraught.
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Since splinters and charge are produced only by the freezing
of droplets on the surfaces of hailstones which remain dry, we write
the fractional volume FD(z) swept out per unit time by the dry hail

at level z as

1.G)
F (=) = Jf R™ v(%,z) NQR) «R, (=)

where V' ig the hailstone fallspeed and RZ(Z) is the critical radius
at which a hailstone becomes wet at level z. ie now ascume that this
flux of dry hail encounters a concentration n{z) of supercooled drop-
lets of radii greater than Zsr.; smaller droplets.produce few splinters
and little charge. Since these droplets are continually being swept

up by the entire spectrum of hailstones,'their concentration will
decrease with increasing Aeight according to

afz) =, e (- r F(_Ldz) (3)

7,  U()

whoroe n, is the concentration of dropes at zO and F(z) refera to the
entire hail spectra.

Tie total rate of charge production between levels Zy and z owing
to the impaction, freezing and splintering of large cloud droplets on
dry hail is then given by

r4
I A”‘f,?&.f F(z)“f'(J FG) az) dz, ()
dt: 0(x)
z 8
where A is the mean cross-sectional area of the updraught and ?L is
the average charge produced by the freezing of a drop of r . 25/“~

Wwe have seen that a typical single-cell s'orm generates about

1000 coulombs of charge in about 20 min., i.e. at an averuge rate of

9 10 2
about 1 amp. Futting 4@ =1 amp = 3 x 10" e.8.u., A = 9T x 10 ce

Pyl

( =& mean radius of km for the cell), a, = 4 x 10 6 e.s.u. (Latham
and Mason 1961), and values of FD and F based on the observations of
Atlas and Ludlam (1961) for a storm having an updraught increasing
linearly with height according to U(z) e 5(z-1) o sec ™ with z

measured in km and a liquid water conmtent of 3 gm-}. we find no =5 cn-3
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This does not seem un unreasonable value since droplets of r > 2%/~
have been found im concentrations exceeding 1 cn-j in rather small

cumulus (Durbin 1956), while concentrations of 5 cn-}

in Cb have
been observed by Weickmann and aufm Kampe (1953).

The corresponding concentration of splinters, assuming a freezing
drop to produce on average, 10 splinters, is calculated to be
sbout 1 cm-) between the -20°C and -50°C levels (Browning and Mason,
196 3). This, too, veems a reasonuble figure.

The rate of building of the vertical electric field E by separation

of the bail pellets and ice splinters is given by

4
‘2‘; + /3 dE - -;,ﬁm,%z T NR) R? V'R) )
(24 AL
~ar(Pl;) (V/%) (5
where /5 represents the leakuge of charge through point-discharge
and conduction currents, p the precipitation intensity, j{ the
average density of the ice particles, V and R are respectively
weighted mean values for the fall speed and mean radius of the hail-
stones. For particles sizes ranging from R = U.1 ma to 1.0 mm,
\7/-‘2.' = const ™ B8500. If we assume that the precipitation
intensity increases rather rapidly with time at first,and then
levels off at a value pnx"hiCh is maintained for several minutes,;a
may write l:): F" (l - a-‘“-) and Eq 5(a) becomes
6 4 pat - 8(-e), S
act a

where

S a - 3T &5@»(’”«%4.) P

The solution of (6) with the conditions E = O and d&/u- = 0

when t = 0 is

— —dL -g<
E=-4d]%- <8+ L (’ € ‘- “ e d ) . (;)
P 0751 (/3~aL) A Fz
5 -3 -1 -3
Teking /9 22x10 " ewu. and P =«5cmbr”, g = 0.5 g cm
-3 -6

;f = 6004, n, =1ca” and 9 4 x 10 e.s.u., Eq (6) predicts
that the field will reach a value of 9400 V cn’l within 10 min of the
appearance of precipitation elements. But, before large-scale

’
fields of this magnitude are reached, lightning discharges will almost
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certainly occur and destroy the field. However, it appears that
the accretion, freezing and splintering of supercooled droplets on
hail pellets can readily account both for the production of charge
in thunderstorms and for the generation of large-scale fields of
several thousand volts per cm during periods of about 10 min.

If the field were destroyed by a lightning flash but the soft
hail continued to fall at a steady rate ﬁk , the field would

recover at a rate given by

AL 4 g dE .k ()
A
- A3C
AENC

£ - J’(/—i—%) + 4

with /3 and g taking the same values as above, the field would
build up again to 4000 V cn‘x—l in 30 s, which is about the average

interval between lightning flashes from a modest single-cell storm.

The buasic mechunism of charge-sepuaration during the freezing and

splintering of droplets.

The fundumental problem is to explain how the electric charge can
be separated during the bursting of a freezing drop and why the
splinters are ejected with a positive charge leaving a negative
churge on the hailstone. Mason and Latham (1961 ) have proposed
thut thia is a munifestation of a protonic thermo-clectric effect
in ice by which the hydrogen and hydroxyl ions formed hLy the
dissocistion of & smull fraction of the ice molecules become separated
under the influence of a temperature gradient.

The rrocess depends essentially on two facts. One is that the
concentrations of jositive and negative ions increase quite rapidly
with increasing temperature; the other, that the hydrogen ion (proton)
diffuses much more rapidly through the ice crystal than does the
hydroxyl ion (Eigen snd de Maeyer, 1958). Thus, if we imagine a
steady temperature difference muintained across a jiece of ice, the

warmer end will initially possess higher concentrations of both
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positive and negutive iuns. The more rapid diffusion of n' ions
down this concentration gradient leads to a separation of charge,
with a net excess of positive charge in the colder part of the ice.
A detailed theoretical treatment by Mason amd—tutiem-{(196%) leads
to the following expression for the potential V produced by a

temperature difference T across the ends of an ice specimen
o -
Vo= lt(,_’_@:._){,é_H}AT (1)
-3

2¢ (G .)

= ¥ AT millivolts

where U , U  are resrectively the mobilities of the H and OH™ ions,

Uvb_ = 10, e the electronic charge, k Boltzmapn's constant,

¢ = 1.2¢V the activation enerygy for dissociation in ice and T is

the absolute temperature. Luatham and Mason (1961) have measured the
potential differences across specimens of pure ice and find excellent
agreement with Eq. (9). Moreover, the potentials are not markedly
affected by the rresence of dissolved salts and gases in the jce.

when two pieces of ice at different temperatures are brought into
temrorary contact and separated, the warmer piece acquires a negutive
charge and the colder one an equal positive charge . Theory indicates
that there should be a maximum churge separation of 4 x 10_5[3 T ¢.s5.u.
between each cm2 of contucting surfuce whcen the surfuaces are separated
after about 0.0l sec, if they ure left in contact for longer times,
the charge separation will be decreased as the two pieces of ice become
more necarly equal in temperature. These conclusions have been
confirmed by experimental measurements that show that very little charge
separation occurs if the contact period exceeds 0.5 sec.

The electrificaticn of freezing water droplets is explained by the
rreferential migration of protons down the temperature gradient
established across the ice shell. buring the early stages of freezing,
a radial temperature gradient is established across the ice shell, the
inner surface being held at 0% by the water that is still 1liquid inside,
the outer surface cooling towards the air Eem;erature. According to

the above theory, protons will migrate preferentially down this

Approved for Release: 2017/09/11 C06461858



Approved for Release: 2017/09/11 C06461858

temperature gradient and produce an excess positive space charge

in the outer layers of the ice. When the droplet bursts by the
expansion of the centre as it freezes, splinters ejected from

the outer layer will tend to carry away a positive charge and leave
the remainder of the drop negatively charged. This is in accord
with the experigental observations.

It is difficult to calculate the temperature gradient across the
ice shell, which varies with time, and therefore the space charge
density in the outer layers at the time of rupture. During the
formation of the initial shell, the temperature of the drop is
everywhere OOC; as freezing of the interior proceeds, a temperature

gradient is built up; when freezing is completed the droplet fimally

ussumes the air temperature everywhere and aga}n the temperature

gradient disappears. However, near the end of the freezing process,
when the centre of the drop is still 0°C and the temperature of the
outer surface close to that of the air, we may take the average
temperature gradient across the ice to be 2/4’. In fact, shattering
usually occurs before this late stage but we may use this value of

the gradient to calculate a minimal value for the sejurated charge.
Aceording to Eq. (9), this will be Wit f-’U-r 7:../"' e-8.u. If
Tn 2 —15°C and v = h0/f , this bucomes b x l()“5 e.6.u. If r = 0.5 om,

o
the charge becomes 5 x 10 ' eus.u. Thus the measured churges of

5

~6 -
5x 10 " e.s.u. and 3 x 10 e.s.u. could be accounted for by the

fragmentation of one-tenth of the surface area of the drops.

The Reynolds-Brook Charging Mechanism

Reynolds (1954), Reynolds, Brook and Gourley (1957), have
attributed the negative churging of hailstones not to the freezing
and splintering of droplets but to coll!isions between the hailstones
and much cmaller ice crystals. Laboratory experiments in which an
ice sphere wus rotated in a mixed cloud of ice crystals and super-

cooled droplets showed that the spiere acquired a negative charge;
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but if the cloud wus com;oused entirely of droplets or entirely of
crystals, there was negligible charging.

Reynolds believed that charging was caused by rubbing contact
between the simulated hail pellet and the ice crystals which bounced
off with a positive charge, and that the sole function of the
freezing droplets was to warm the rimed surface and to create
a temperature differvnce between it and the colliding crystals.

It was estminated that, with a temperature difference of a few
degrees, the average charge carried away by a c;ystal of radius
SOIA— was 5 x 10‘“ e.8.U.

Following up these ideas, Reynolds, Brook and Gourley (1957)
investigated the electrification which resulted from rubbing contact
between two rods of ice of different temperatures. When both pieces
of ice were formed from distilled water, their resistivity being about
108 L cm, the warmer became neg-itive after rubbing. If, however,
one of the ice specimens was made from a 10-“ molar solution of NaCl
it became negutive even though it was 25°C colder than the ‘pure’ ice.
This reversal of potential was attributed to the formation of a liquid
layer during rubbing and, on refreezing, a selective incorporation of
C1” ions into the colder ice. Later, Brook (1958) investigated the
potentials developed when two pieces of ice of different temreratures
are brought into temporary contact and separated with a minimum of
frictional contact. The sign of the charging was related to that
of the temperature grudient, for both 'pure' and ‘salty' ice, in the
same manner as before, but the potentialas were an order of magnitude
smaller than those developed during rubbing contact.

These phenomena have been re-investigated by Latham and Mason
(1961, a, b). They found, in agreement with Reynolds et al, that
when two pieces of highly purified ice were brought into temporary
contact (with minimum friction) and separated, the wormer acquired
a negative charge. A theoretical calculation bused on the protonie
thermo-electric effect, indicated that a maximum charge transfer of

3

3x10° ATe.5.u. cm-a should occur with a contact time of about
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1/100 sec. and that it should thereafter decline as the two

" T ey

pieces become more nearly equal in temperature. The theoretical

F D
e AR

value for the charge developed for a contact time of ~ 1/100 sec.

was well confirmed by experiments which also showed that very
little charge separation occurred if the contact period exceeded
3 sec. Contumination of the ice with CO,, HF, and NaCl in

concentrations of up to S0 times that normally present in rain-

"

water, did not greatly influence the electrification.

LT

=Iil

Latham and Mason aleo investigated the charging of a simulated
hailstone by collisionas with ice crystals., In order to eliminate

charging by the freezing of sujpercooled droplets, these were

P ATR o3 5110

rigidly excluded from the cloud, and the surface temperature of the

Py

ro

el

hsilstone was controlled by an internal electric heater or by

irradiating its surface. Charging of the hailstone by the

rns e

colliding crystals was measured as a function of their texnperature

difierence, and of the size and impact velocity of the crystals.

|
'
!
i
t
1

4
“
y

D The sign of the charging wus directly proportional to the temperature

vy,

v difference but rather insunsitive to the size (diumeter ranging froa

S Tl

RO/o to 50/0) and dmpuct velocity (1 to 50 m uoc_l) of the cryontuls.

with a temjerature differcuce of SOC, # rebounding crystul of diumeter

50/~ produced, on average, a charge of 5 x 10—9 ¢e.5.uU.
This 1e five orders of magnitude smaller than deynold's value
-4 '
of 5x 10 ~ e.s.u.!

Reynolds' value may be questioned on two grounds. First, the

field produced by such a charge at the crystal surface would exceed

10,000 V cm_l; surely a discharge would occur between the pointed

crystal and the hoil pellet before the charge on the crystal could
build up to this value.
Secondly, the charge of 5 x 10-“ e.s.u, is about 1000 times

greater than that of all the charged carriers that would be present

in the ice crystal if this were pure ice! Additional carriers

might be produced as the result of local fricticnal heafing of the

ice at the points of contact but even if the whole ice crystal
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fall in a vertical electric field and collide with the much smaller
cloud-droplets that they overtake. The raindrop will be electrically
polarized by the field; 1in a downwardly directed field such as
exists in the atmosthere in fine weather, the lower half of the drop
will carry a positive charge and the upper half an egual negative
charge. Elster and Geitel suyrested that, after collision, some

of the cloud particles would rebound from the underside of the rain-
drop, carry away some of its positive charge, and leauve the raindrop
with a net negative charge. The fanlling drops, in carrying their
negative charge towards the base of the cloud, would enhance the
original field, and so the whole electrification process would build
up rapidly. A detailed mathematical treatment of the problem shows
that if only one per cent of the cloud drojlets striking the lower
half of the raindrops were to bounce off, and if this percentage

were independent of the electric field strenrth, the field would

grow exponentially with time and, in a cloud producing rain at the
rute of 1 cm/h, would resach 1000 times ite initial fine-wenther value
in only 10 minutes.

Now laborustory expuriments indicate that, in the ubt.ence of an
electric field, the fraction of cloud droplets that actually rebound
after striking raindrops is small; the great majority of collisions
result in coalescence. However, no experiment sufficiently accurate
to detect non-coalescence to the extent of only a few jer cent has
yet been performed. This problem, which becomes comjlicated further
by the presence of electric fields and of free charges on the drops,
i8 now being studied by the author. L hay been found that although
droplets of KLJ(Ky‘diumuter mny rebound after striking an uncontumin-
ated jlune surface of wuter or a wmuch larger drop, they can alwaya be
wade to coalesce by upplying vertical fields of only about 10 volts
per cm. The droplets become distorted as they approach the water
surface, small protuberances develop at their ends in the direction
of the field, and complete coalescence occurs, probably because small

electric discharges occur at the protuberances and cause rupture of
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the intervening air fila. This suggests, jerhaps, that once fields
of ubout 10 V/ca are established in the cloud, coalescence between
colliding cloud droplets and raindrops is assured. In this case
the Elster-Geitel charging mechanism will cease long before fields
strong enough to initiate lightning are produced.

At the present time we are unable to suggest a mechanism that
would convincingly sccount for the origin of lightning in clouds
consisting wholly of liquid water. But there is strong evidence
in fuvour of the riming-hailstone mechanism being the dominant

one in the typical large thunderstorm.
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Frauvre 3 Splintor (x ) and charge (O) production as a function of the impact velocity of
the druplets. Air temperature, — 15 °C; drop diameter, 70 p.
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Ficure 4 Splinter ( x ) and charge (O) production as a function of the air temperature.
Air velocity 10 m/s; drop diameter, 70 j.
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SESSION 7.1
THE THEORY OF LIGHTNING

D.J, Malan
Bernard Price Institute of Geophysical Research

Johannesburg,

The title of this discussion covers a very wide
field since & dlscussion on eny aspect whatscever of the
lightning discharge or 1ts manifestations involves a certain
amount of theorizing,

I shall confine this talk firstly to the theory
of the stepped leader, and shall then discuss discharge
processes taking place 1nside and above the cloud,

Experimontal data on the latter processes are
oxtromely scanty so tﬁat the suggested moechanisms aron

mostly speculative and as such fall in the realm of theory.

TH: THEORY OF THE STEPPED LEADER,

Very little new Information based on photography
of tho steppod leader of a lightning flash has materislized
slnce 1ts dliscovery about thirty years ago. Photographic
studies of lasboratory sparks on the othor hand have vielded
a large amount of new information but difficulties arise
when attempts are made to apply the knowledge gained to
the leader of & lightning stroke. A case In point 413 the
recent work of Stekolnikov and Shkilyov (1962) who used an

image converter tube to photograph negative rod-to-plane

sparks, They state that the bright steps they photographed

- are /..-oc
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are impulse corona discharges end are not preceded by a
pllot streamer, from which they conclude that the leader
process in laboratory sparks is different from that of
natural stepped leaders.

Apart from the observatlon that the bright step
is not accompanied by a pronounced steplike electrostatic
field change, electrical studles of lightning have given
little informatlon which can be usefully applied to stepped
leader theory,

In studying the radlation flelds of flashes in
the distance range of 50 km,, both Clarence and Malan
(1957) and Kitagawa (1957) found that when the stepped
leader approaches the ground, radiation pulses follow one
another at intervals of the order of IQ/*sec. Kitagawa
ascribes these pulses to short interval leader steps.
Clarence and Malan, howover, conclude thet since the radiation
flield comes from the whole lightning channel, intracloud
streamers which take part in supplylng current to the
advancing leader also contribute to the radiation pulses.
The evidence for thils conclusion 1s based on the observation
that of the numerous stepped leaders photographed by us,

none except porhaps the last step, show intervals as short

as lol;sec betwoon steps. Furthermore, we also argued that

because exactly simllar short interval pulses are often
observed to precede strokes subsequent to the first, 1t 1a

evident that all the pulses need not necessarily originate

in a stepped leader process,

The question now arises: which explanation of the

profuse /,...,
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profuse radiation pulses is the correct one? The answer
to this question 1s ilmportant from the point of view of
stepped leader theory. It 1s especlally necessary to have
conclusive evidence showing whether dart leaders are prop-

agated by short steps or continuously,

The latost attempt to formulate a stepped leader
theory known to the speaker 1s that of Wagner and Hileman,
The theory of these authors 1s a sort of combination of the
well-known earliler theories of Schonland, Bruce and
Komelkov, Wagner and Hlilemsn dlstingulsh between the
channel which consists of a 2 mm, diameter hlghly conducting
arc plasma end a surrounding corona sheath of dliameter about
30 m, When the channel is arrested a space charge develops
in front of 1t)belng fed by a multitude of filamentary
streamers. At some instant the current in one of the
filaments reaches & critical value of 1 ampere when an arc
plasma begins to develop from the tip of the channel, This
filament now robs the other space charge filaments of their
charge and omergos as the new channel (or stepl.

According to Wagner and Hiloman the Intonsity of
the current at any point along the advencing step rises
suddenly when the tip of the newly formed arc plasma reaches
that point and thereafter remains constant until the tip
hes reached {ts maximum extension, The current which
remains at about 1 ampere at the starting point of the step
increases uniformly along the new channel to reach & maxlmum

value of about 7000 amperes at the tip of the fully

developed /,....
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developed step. At any polnt the product of current and
duration of current flow is constant during the advance of

the step, i

The assumption that the current which flows 1n

the plasma channel during step formation 1s mainly derived

from the surrounding space charge can explalin why the

bright step produces practically no sudden electrostatic

fi1eld change although it carries a heavy average current,

THE POSSIBIE EFFECT OF HREAVY RAIN ON THE STEPPED

1ADER PROCESS ,

It has been postulated that the preliminary
electrical breakdown in the base of the cloud takes place

by the mechanisnm of filament formation on large water drops.

In & heavy thundershowar the base of the cloud virtually
extends down to ground level, The question now arises as
to what extent, 1f any, heavy rain is likely to affect the

stepped leader breakdown to earth,

Let us first consider the information available

o AR A b 10 £ e St = e o & e e et et e T e T

from the radiatlon fields occurring immediately before

eoreei

first strokes of flashes to ground, When using very high
amplification, raqiation pulses which may be ascribed to
stepped leaders, can be detected 1n practically all cases,
For a very large percentage of flashes tho radiation pulsesa
aro surprisingly small, howover, Doos this 1ndicate that
the breakdown procosa for flashes in rain is a hybrid
between the ordinary stepped process and the filamentary

process, or can the effect be wholly attributed to the low

radiation /eeeee
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radiation propensitles of stepped leaders in general, or
as flrst suggested by Plerce, are stepped leaders totally
absent 7 »

Let us now consider the photographic evidence,
Under favourable condltions for photography all flashes
show stepped leaders. By favourable conditions 1t 1s meant
that the flash 13 not obscured by raln or that the stray
1ight acattered from rain has not caused overall blackening
of the plcture, It 1s obviously almost impossible to
photograph a falnt stepped leader in heavy rain, except
perhaps when the flash 1s very near indeed,

Berger has taken many pictures of flashes in close
proximity but has only obtalned pictures of stepped leaders
on very few occaslons, It will be interesting to hear
from professor Berger whether the abaence of stepped leaders
on so many of his photographs bears any relatlion to the

intensity of rainfall whlle takling the photographs,

THE MECHANISM OF INTRA-CLOUD DISCHARGES,

It can be confldently concluded that intra-cloud
discharges are not propagated by a stepped leader process
because these discharges do not emit the radiatlon pulses
which are cheracteristic of stepped leaders,

In regions near the base of the cloud where there
ares large water drops, the discharge can be propagated by
the process of fllament formation when the fleld reaches
10 xV/cn, provided thet the dlameters of the drops exceed

2 mm, At high altitudes 1n the cloud where 1ts content

may /eeeae
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may consist of ice particles snd droplets amaller then 2 mm,,
or af 1ce particles alone, this process can no longer take
part in propagating the discharge. The followlng is a
tentative explanation of the mechanism of the dlscharge
process at high levels,

The droplets and also ice particles, as Chalmers
(1¢47) hes shown, will become polarized in the electric
field, When the fleld betweon a neiphbouring pair of
droplets or 1ce particles reaches a value of about 30 kV/cm
(the exact value depending on the pressure), electrical
breakdown occurs, The discharge 1s subsequently carried
forward from particle to particle, probably in a channel
of large cross-section,

Thn presonce of discrete pockets of high charge
donslity In fairly close proximity to ecach other will cause
the tip fleld to increaso rapldly with tho advance of the
streamer so that 1t 1s not arrested as In the case of the
stepped leader to ground, Yaurthermore, 1f this 13 the case
it may not be necesasary for the tip flield to build up to
60 kV/cm which, according to Schonland, iIs the fleld required
to produce the thermal ionization required for the progress

of a stepped loader,

PROCESSES CONTRIBUTING TO INTERSTROKE FIELD CHANGES,

There are several factors which can contrlbute to
the change of electric fleld as observed at ground level
durirng the intervals between the strokes of a flash to

ground,

Effect /oeas.
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Effect of space charge below the cloud.

A re-arrangement of space charge between the base
of the cloud and the ground will influence the field in
close proximity to the flash, However, since the conduct-
ivity of the alr near ground level is smell the relaxation
time 18 long which makes 1t unlikely that this effect will
contribute notliceably to the fleld changes observed during
the short time Intervals between the successive strokes of

a flash,

Effect of transient changes in the charging process,

The separation of charge in the cloud under the
influence of gravity is also relatively slow, It 1s bound
to be profoundly affected during the development of the
discharge, but to what extent 1s difficult to judge owing
to the lack of exporimental deta, Moore, Vonnegut ot al,
(1962) found by Kadar obseorvations that the large drops
responsiblo for gushes of rain following after lightning flashes
wore not presont prior to the electrical discharge, They
suggpest that after a return stroke the droplets in the
streamer channels and the surrounding droplets are oppositely
charged so that coalescence takes place by electrostatic
attraction. This observation wlll have to be taken into
account when formulating a thoory relating to the transient
effect ot a llchtning flash on the normal separation of

charge in a cloud,

The J process,

The Interstroke J process 18 considered to be a

positive streamer discharge progressing mainly upwards from

the /eeees
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the upper regions of the pravious return stroke channel,
It was found that at distances nearer than 5 km interstroke
field changes were nesrly always negetive in sign, whereas

et distances between 12 and 20 km there were very few

negative fleld chenges, about 2/3 of them being positivae
and 1/3 zero,

In the intermedlate range between 5 and 12 kms
distance the tendency was for the initial interstroke field
changes of a flash to be positive changing to negative
between the later strokes,

The sbove distribution of sign of interstroke field
changes at short range are 1n support of the suggested

mechanism.of the J process,

Effect of continuous discharge to ground,

A continuous discharge to ground during the intervals
between the intermittent strokes of a flash brings negative
charge to earth and will thus contribute & positive component
to the interstroke field change at all dlstances.

Brook, Kitagewa and Workman (1962) have carried

out a detalled study of continuing currents by simulteneous

olectrical and photographic observations in New Mexico,
They find that a continuing current flowa to ground in

about 25% of interstroke intervals,

THE INTERSTROKE FIEID CHANGES DUE TO DISTANT FLASHES,

At distences beyond 20 km, J field changes although
small should be positive so that it would have been expected

that most of the Interstroke field changes in this range

if-hé;!" would /. ecee
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9.

would be positive. Sych 1s not the case, however.

In Englend Plerce (1955) found that only 25% of

such interstroke intervals showed positive field changes
whilst in the remainder no field changes could be detected,
The above percentage of positive field changes agrees with
the frequency of occurrence of continuing currents-;n New
Moxico, so that it may be assumed that large poslitive
interatroke fleld changes observed at groat distances are
malnly caused by continuing currents in the channel to
Fround, The contribution by the J process may be so small
as to be undetectable.

At Johannesburg the distripution of sign 1is somewhat
different. At distances between 25 and 100 km, 19% of
interstroke field changes are positive, Here too, these
fisld changes may be sscribed to continuing currents, of
the remalning fleld changes, however, 37% are zero and 14%
negative, rig. 1 shows three examples of fleld
changes of flashes 1n the 50 km range, In () a positive
jnteratroke fleld change 1s followed by 4 negative interstroke
field changes. All the f1eld chenges are relatively small
compared with those due to the preceding return stroke3s,

The sequence of sign in this type of flash 1s not random
but follows in the order positive, zero, negative, except
for the occasional random occurrence of an exceptionally
large positive rleld change which 1s obviously due to
cont inuing current,

Of far less common occurrence are the fleld changes
shown in (B) snd (€) where negative Iinterstroke field changes
are comparable in amplitude with, and may even surpass, the

preceding return stroke fileld chenges, The occurrence at

1&!‘83 /..oo.
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large distances of negative 1interstroke fleld changes at
Johannesburg and not in England is possibly connected with
the large verticeal extent of thunderclouds at the former
locality which 13 situated on an extensive plateau 1800
metros above MSL,

As outlined ebove, the basic data on which to base
a thesory for explaining the negative flold changes are
scanty but it appoars that tha effect can beo explalned 1n
terms of a readjustment of space charge above the top of

the cloud, A posslible theory wlll now be briefly outlined,

THEORETICAL STUDY OF SPACE CHARGE EFFECTS,

Consider unit volume of air above a thundercloud
at an altitude 2 above the ground,
Let the conductlon current be j , the

potential ¢ , flela E | conductivity ¢  and

donslty of charge f .
1f the fleld 1s not too high

gE (1)

eep0s0000000P00

quo - 4my

E - grad P

it follows that

qu’ -awv (§/a)

giving

amp (a)div § + (grad V). (§)

for steady state conditions, div { = 0 30 that

Jeveen
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hw p = (grud Va).(TE)

since the conductivity is constant in the horlzontal plane,

we get

P o= S [%y (0] E, vreeeeans (2)

Gish (1944) hes shown experimentally that 1n falr weather
Yo can be empirically expressed 8s the sum of three
exponential terms, Two of these can be neglected at high

altitudes, so that for the reglon above the cloud his

equation may be written

0123
Ve =037€ x 167 ohm. cm, 3 being in km,

1t it is assumed that the thundercloud does not alter the

conductlivity of the air above 1t (Gish and Walt 1950) ,

oquatlon (2} becomes

f et I EXENERENEER XX ] (3)

A similar expression was derived in a rather more lengthy
way by Holzer and Saxon (1952)

It follows then that the space charge density at
a point in the air above the cloud 1s proportional to the

electric fleld at that point,
Using equatlon (3) 1t 1s possible to obtain an

approximete estimate of the distribution of space charge in

8 /0enas
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a vertical colurm above the cloud and to calculate the field
change produced at & point on the ground by the relaxation
of space charge after the occurrence of a stroke to ground,
Tamura (1954) expanded the theory of Holzer and
Saxon to provo that the difference in the recovery curves
after an intra-cloud discharge for near and dlstant flashes
could be éxplained by taking into account the read justment
of space charge above the cloud after the occurrence of a
flash, Tamura's expressions for the fleld component of
the space charge will also be used in what follows.
The Interstroke fleld change due to the space
charge effect will be called the U field change, A
stroke to ground removes negative charge from the cloud so
that 53 of equation (3) becomes more positive and the
U field change will consequently be negative at all distances.
To circumvent the uncerteinty in estimating the
magnitudes of tho chavrges involved in the dlsacherge processes,
Lho ratio U/J of tho vroaupoctlve fleld changoes was celculnted
assuming arbltrary valuos for the charges, Furthermore,
1t was assumed thet the ratio U/J 1s unlty at a distance of
20 km, Justification for this assumption depends on the
experimental obsorvation that at dlstances up to about
20 km the interstroke fleld changes correspond in slgn wilth
the expected J fleld changes whereas at larger dlstances
this 1s no longer the case,
The varlations of the ratio U/J wilth dlstance,

starting from 20 km, are shown in figs, 2 and 3.

In fig, 2 the J process ;dvlnces from 4 to 5 km,

altltude and in fig, 3 from 7 to 8 km, The former thus
represents conditions at the commencement and the latter
those at the end of a flash with several strokes,

Curves /,..se
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Curves A have becn calculated on the simple
assumption that the U charge disappears from the top of the
cloud at 12 km altitude as flrst tentatlvely suggnsted by
Malan and Schonland (1951), Since these curves are
approximately parallel to the abscissae they show that
removal of charge from such a low altitude does not account
for negative Interstroke field changes,

Curves B were calculated by the simplitfied method
outlined above and represent the effect of the adjustment
of space charge in a column reaching from 20 to 30 ¥m
altitude and taking place after & stroke,

Curve C was calculated from Tamura's equatlons
which assume that tho space charge 1s distrlibuted from the
top of the cloud to infinite helght,

The difference between curves B and C 1s not
significant except In the range 20 to 30 km where curve B
seems to fit the exporimental observatlons somewhat better,

Both curves show that at large distances the neg-
atlve U field change can bs much larger than the poslitive
J tield change,

E3 of equation (3) increases 1n a steplike
fashion after each partial discharge wlth the result that
the U fleld change also increases, This can account for
the observation that the interstroke field change is often
positive or zero after the initlal strokes and becomes

nerative after the later strokes of a flash,

As Brook, Kitagawa and Workman have polinted out
the J field changes become very small at a distance of 50 km

from /eeae
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from which 1t follows that the curves of figs, 2 and 3
do not sccount guantitatively for the relatively large
negative fleld chenges shown In fig., 1 (B) end (€),

It 13 possible that the fleld above the cloud
occasionally becomes so large that equation (1) 1s not
valid and the outlinad theory breaks down. This may
conceivably happon In a cloud of large vertical extent
where the main posltive and negative coentres are widely
separated so that flashes to pground are more frequent than

intra-cloud flashes, When the records shown in fig.l

B and C were obtained}flashes to ground were 2 to 3 times more

frequent than cloud flashes,

In the extreme case, the fleld above the cloud
may becnme high enourh to Initlate a glow discharge between
the space charge and the lonosphero (Malan 1937), In this
case tho conductivity of Lhe alr above the cloud will increase
and causoe a docreeso In tho rolaxation time thus glving
large and rapld U fleld changes,

Tt will be interesting to determine whether
the rare large negative fleld changes have any connectlon
with solar flares whichcsuse increased lonlzation in the

D layer of the lonosphere,

R R

R
Ak
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Types of Lightning N. Kitagawa

Introduction s

The mechanism of lightning discharge can best be studied by the
simultaneous measurement using photographic and electric-field record-
ing technique. Lately in New Mexico lightning measurements on this
line 'ith'improved technique have been done extensively. The result
thus obtained have revealed new aspects of lightning discharges as
well as the detailed structure of the discharge mechanism. (Kitagawa,
Brook and Workman, 1962; Brook, Kitagawa and Workman, 1962)

Based mainly upon these results, the author will try to depict
the picture of the lightning, pointing the accompanying unsolved

problems at the same time,

Termifiolegy )

The author adopts the terminology of Sﬁonland (1956) in describing
the various processes in the lightning discharge. A flash is a light-
ning discharge in its totality, A stroke is a partial dischange con-
sisting of downward-moving return streamer. A flash may consist of
a single stroke or a series of strokes in the same or an adjacent
channel. A M component is a sudden enhancement of the continuing
luminosity which occasionally follows a stroke in the channel (Malan
and ﬁgonland, 1947). The M components are not preceded by leaders.

Long-continuing luminosity is arbitrarily defined as luminosity
which persists in the channel for a time longer than 40 msec i.e.,
luminosity which lasts as long as or longer than the usual stroke

-1 -
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interval. A stroke followed by such luminosity will be called a long-
continuing stroke, Occasionally a stroke is followed by continuing
luminosity which lasts less than 40 msec; such a stroke will be called
a short continuing stroke. A stroke whose luminosity decays abruptly
will be called a discrete stroke. A K change is a amall, rapid elec-
tric field change which occurs in the intervals between and after the

strokes of a multiple stroke flash ( Kitagawa, 1957; Kitagawa and Brook,

1960 ). The K changes are generally associated with streamer activity

within the cloud. There is a slow electric field change which occurs
during the interval of continuing luminosity, this will be referred to
a8 a continuing or C change to distinguish it from the junction or J
change which occurs without the accompanying channel luminosity between
or after the strokes.

In analogy with the difinitions given by Malan (1954), a lighting
flash which involves one or more continuing strokes is called a hybrid
flash. A flash which involves discrete strokes or short continuing
strokes is called a discrete flash. Cloud-to-Ground, in-cloud and
cloud-to~cloud discharges will be referred to by the symbols, C-G,

I-C and C-C discharges respectively. A cloud-to-clearair flash ias

called a air discharge.

General nature of C-G discharges

As a result of New Mexico lightning measurements it has been found
that hybrid flashes i.e. flashes involving one or more long continuing

strokes are found to be observed very commonly in G-G discharges.
- 2 -
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In multiple flashes which constitute 86 per cent of all (-G discharges,
the occurrence rate of discrete and hybrid flashes is about fifty to
fifty. The percentage of single flashes with long continuing luminos-
ity is exceptionally low (only 2 of 193). The long continuing strokes
does not either occur as the initial stroke of a multiple flash.

Figure 1 is a comparison of the luminous events of a discrete and a
hybrid flash as recorded by the moving-film camera and by the electric
field and electric field-change records. In the schematic represen-
tation of the luminous events, a straight, vertically oriented channel
is assumed. The electric field record represents the actual varia-
tion of electric field, whereas the electric field-change record
emphasizes the rapid components through the use of an antenna with a
short time constant and a high amplification. Both of the flashes
are about 20 km distant from the recording station. It can be noted
in Figure 1 that the magnitude of slow electric field changes (J changes)
is very small or practically zero during the intervals of non-luminosity
between strokes of both discrete and hybrid flashes. On the contrary,
it has been found that a large positive, slow electric field change

(C change) is always associated with a continuing luminosity on the
photographic record. The average ;Lnber or strokes per flash in

both discrete and hybrid flashes is 7. If we include the single
flashes, the average number of stroke per flash is 6. Thus the num-
ber of strokes per flash has foun@fﬁe appreciably larger than the sta-

tistics by Schonland (1956) based upon electric field-change records.

It is not uncommon to find several strokes which produce field-changes

-3 -
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of 1/10 to 1/20 of the field change caused by the largest stroke.
Without the positive identification of the leader-return combinations
on the high speed photographs, it is highly probable that R changes of
such small magnitude might have been interpreted as K changes or over-
looked.

Malan (1954) found that the large slow field change of the same
nature as defined C change here, often occurs as a final stage of a
multiple flash which involves fewer stroke elements. In New Mexico
measurements such a hybrid flash found to be observed more frequently
that its earlier stage is very simﬁillar to that described by Malan
but involves one or more stroke elements of very small R changes in
its very late stage.

In England Pierce (1955 a) sometimes recorded S(B) field change.
The field change of this type can reasonably interpreted as a conti-
nuing current field change in which the stroke field change initiating
the C change is barely discernible on the electric field record.

It is because of the occurrence of such small stroke field changes that
the number of strokes per flash appears to be less when counted on the
electric field records than when measured on the high speed photographs.

While the duration of long continuing luminosity varies widely
as shown in Figure 3, the duration of the no-luminous interval i.e.,

04 the precedimg “troke
the interval from the end of the luninosityﬂto the following stroke
tends to fall in certain limited range around 80 msec (from 50 to 200
msec). Though the duration of a no-luminous interval appears to be
longer than a usual stroke interval, the value still lies within the

-4 .
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range of discrete or short stroke intervals (5 to 180 msec).

The methods and assumptions used in calculating value for the
charge which is brought to earth by individual discharge elements of
a flash are described and discussed in detail by DBrook, Kitagawa and
Workman (1962). Here the method will be outlined. The electric
field change due to a lightning stroke measured at the surface of

the earth is given by

o E — L}O o 2 QR,-i,Z
(D5 4 He ™ )Y?

where AE is in volts/cm, Qg is in coulombs and Hg and D are in km.
D is the horizontal distance from the field meter to the flash and
Hg is the vertical height to the assumed center of cha;ge Qr
The hight Hg; is determined by

ffp == f} fr//fp
Where h is cloud base ﬁight, te is the total duration of the dart
leader measured on electric field change records and tp is the time
for the dart leader to travel from the cloud base to ground determined
by photographic records. From the first equation, with the measured
value of Hg , D and 4E, the charge Qg can be written

L E [P+ (hte/t,) 17
130 hte/tp

QR:

The above emthod is also applicable to the continuing current intervals.
Let H, and H; be the heights determined for two successive strokes
between which a continuing current to ground was evidenced on both the
electric field records and the photographs. The charge Q. is assumed

-5 -
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to be centered at He , a distance midway between the tops of the two

return stroke channels; i.e,,

He = %{ (Hy + H,)

The corresponding slow electric field change A E is then measured,
and the charge Qo is calculated.
The negative charge (no strokes carrying positive charge to earth
were observed) lowered by individual stroke is shown in Figure 2(a)
and 2(b) in two histograms showing the number of occurrences of strokes
in which charge was (a) lowered by strokes which were preceded by
stepped leaders and (b) lowered by strokes preceded by dart leaders.
A striking contrast is seen to exist between the two types of strokes.
The minimum charge lowered by the strokes associated with stepped
= leaders is 3.0 coul; for the others a minimum value is 0,21 coul.
. Both of the histograms exhibit a sharp cut-off at their minimum end.
[ The most frequent value of charge brought down by first strokes lies
' between 3 and 4 coul; for subsequent strokes the most frequent value
lies between 0.5 and 1 coul. For single flahqes the average value
of the charge lowered was calculated to be 4.6 coul. The charge
lowered by the continuing current is shown in Figure 3 as a plot vs.
its duration. The maximum duration of a continuing currnet interval
was found to be 300 msec. The greatest amount of charge lowered
during one of these long intervals was 31,2 coul, Though both the

amount of charge and the duration vary widely, the plot shows that

be far less variable from current to current. It ranges from 38.4
'};:: *' -6 -~
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to 130 amp around the mean value of 79.2 amp,. Thus the continuing
current turns out to be very efficient agent for carrying the cloud
charge to earth. Because of this agent the total charge lowered by
a hybrid flash is remarkably larger than that lowered by a discrete
flash, The calculation shows that the average values for a discrete
and a hybrid flashes are 20 and 34 coul respectively.

The result of the calculation of the charge center hight for each
stroke element is shown in Figure 4 as a plot vs. the stroke order.
The figure shows the definite tendency that the hight of charge center,
exactly speaking, the length of the stroke channel increases from
8troke to stroke, The most frequent height difference for the dis-
crete flash is 0.3 km. The value for the discrete intervals of the
hybrid flash is also 0,3 km. The continuing-current intervals are
most frequently associated with a value of 0.9 to 1.6 km. Figure 4
suggests that hybrid flashes usually involve greater cloud volumes

than do discrete flashes.

Continuing currentrand the junction Process

With the realization that the continuing currents to earth often
occupy the intervals between strokes previously assigned to in-cloud
processes alone (i.e. J changes), it is desirable that we reexamine

the interpretation of the inter-stroke field changes, as discussed by

Malan and Schonland (1951 b), Malan (1955) and Pierce (1955 a.b)

Table 1 shows the electric moment change 2HQ associated with a
flash, a stroke, a long continuing current and a J process, obtained

-7 -
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in the present wmeasurement. J change, identified by the abmsence of

Table 1 Electric Moment Change Associated with a Flash,

a Long Continuing Current and a J process

Discharge Electric Moment Change 2HQ (coul km)

Flash (average)
Stroke (average)
Long Continuing Current (average)

Junction Process (maximum observed value)

a continuing channel luminosity on the photographs turns out to be
remarkably small. Asshown in Table 1 the maximum change was found
to be 1.62 coul km. Large slow field changes doe# occur, but
invariably the photographs show these to be associated with continu-
ing current to ground. When we consider the average change in
moment associated with the flashes in this study is 248 coul km
(Table 1), it is not surprising to find that the J-change moment,
having values much less than 1.6 coul km, are not detectable.

Taking the maximum value as 2 coul km, we see that the J process

produces a change in moment which is about 10 per cent of the average

change in moment for strokes (22 coul km), and about 1 per cent of the

- 8 -
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average change in moment for continuing currents (135 coul km). It
is now clear that the value 2BQ = 50 coul km used by Pierce (1951 b)
for the J change in moment is really to be associated with the C change.

We shall assume that the most favorable conditions of noise allow

-3
the measurement of slow field changes of magnitude 10 of the earth's

fair weather field, i.e., of magnitude 10 "% volt/cm. Using the value
1.6 coul km for the upper limit of the J change in moment, we calculate
that the maximum distance at which a J change will produce an electric
field change of 1073 volt/cm is 52 km. Since only a C field change

is expected to be detected as a slow electric field change on the rec-
ord beyond this distance, it is highly probable that most of the J
changes reported by Pierce (1955 a) for distances between 50 and 90

km were produced by continuing currents to ground. He was able to
measure slow field change in approximately 25 per cent of the inter-
vals between strokes and for the remainder no variation in field could
be detected. This figure of 25 per cent is reasonably consistent
with our own statistics for the occurrence of continuing currents in
lightning discharges. These statistics also reinforce the conclu-
sions that C changes, and not J changes, are detectable for distances
beyond 50 km. A new process involving a discharge from the cloud

top to the high conducting layers was postulated by Malan and Schonland
(1951 b) and Malan (1955) to explain the apparent absence of J changes
in the measurements of Pierce (1955 a) and Malan (1955) for distant
storms (20 to 150 km). Since we now see that the absence of J

change is actually to be expected for distances beyond 50 km, the com-

-9 -
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pensating process (a discharge to the upper air) is unnecessary.
Also, it appears that it is not nesessary to postulate a difference
between thunderclouds in kEngland and in South Africa (Pierce and
Wormell, 1953).

During the interval between successive strokes of a multiple
flash, there found to be two different stages of channel conditions,
a continuing luminosity stage and a non-luminosity stage, We have
done some experimental approach to the luminous conditions, but the
channel condition during no-luminous intervals remains entirely un-
known, A number of problems concerning this channel condition
should be the subjectsof future studies. For instances, what is
the amount of the dark current in the channel? How the J process
is connected to the ground? How such a conductive condition is
maintained in the channel that allows the dart leader of a subsequent

stroke to follow the same channel.@

M components and K changes

During the continuing luminosity M components are found to be
associated with field changes similar to K changes on electric field-
change records as can be seen in Figure 1. Seperations of M compo-
nents are very small and tend to increase very rapidly with elapsed
time within the first 15 msec from the return satroke,

Later on this tendency desappears and M-component intervals exhibit
no dependence on the elapsed time. Figure 5 (a) shows the frequency

histogram of M-component intervals in this later stage of continuing

- 10 =
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luminosity. For the comparison the frequency histograms for K changes
in discrete intervals of G-C discharges (b) and for K changes in I-C
discharges (c) are shown in the figure.

So far the luminosity continues in the channel, streamers connected

to the channel keep developing within the cloud into the flash charged
region, The M components is the presentation of the current surge

in the luminous channel produced by the momentary increase of the

cloud charge supply. Thus, the occasional appearance of M components
in a continuing current is considered to be the reflection of the non-
uniform distribution of charge in the cloud. The similarity in

three histograms (a),(b) and (c¢) in Figure 5 also suggests that M-
component intervals and K-change intervals both in discrete stroke
intervals of C-G discharge and in later stages of I-C discharges are
all controlled by the same conditions, by the conditions attributable
to the cloud structure, not by the conditions of the discharge process.
Ogawa (1962) calculated the average developing velocity for the stream-
ers associated with the long continuing current to be 1.6 x 10° cm/sec.
This value, combined with the most frequent M-component interval of

6 msec, gives the linear dimension of 100 M for the spacing of the
densely charged regions in the cloud. This dimension can be com-
pared reasonably well with that of the unit cell of the convection
suggested by Reynolds (1954) i.e., the microstructure in the so-called
cloud cell, evidenced by the radar echoes of the strom or by the visual

observation of cumulus towers and striation in the rain sheet.

The K change is a rapid luminous small scale discharge within

- 11 -
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the cloud. Usually the duration is less than 1 msec and the moment
change involved varies from a few hundredth to about 1 coul kmwm,
Ogawa's (1962) analysis based on New Mexico measuremeuts shows that
the main discharge process which constitutes the K change is the rapid
flow of the cloud negative charge into an already existing channel.
Comparing the discharge processes associated with M components with
those produces K changes, there seem to be no essential difference in
the way of the streamer developgment within the cloud. A junction
or J process described by Malan and Schonland (1951 b) is now reason-
ably interpreted as a whole series of K-change discharges involéved
in a stroke interval. The J change turns out to be the smoothed
trace of the electric field record which actually consits of a number
of very small K-change steps during the non-luminosity interval of a

multiple C-G flashes.

Nature of I-C discharge

Figure 6 shows a typical example of electric field and electric

field-change records of a I-C discharges. The records is usually

£
dfvided into two different portions; the earlier active portion and

the later portion. The later portion of field and field-change
records are very similar to those between strokes of a C-G discharge
i.e., J or C field changes; K changes follow each other on the electric
field-change record with the identical time intervals with those of

K changes and M components in C-G discharges (Figure 5).

During the earlier portion pulse activity is much higher; amplitudes

- 12 -
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of some of pulses are much larger and pulses are spaced so densely
that quiescent intervals are seldom recorded. Occasionally an
carlier active portion may be preceded by a less active portion,
called an initial portion, which is characterized by pulsations of
high repetition rate and of relatively small amplitude. The rate
of the moment change estimated on electric field record is generally

higher during active portions than during later portions.

‘I'ne electric field and electric field-change records of a later portion

i

obviously show that the discharge mechanism is essentially the same

as that of discharge processes which take place in the cloud during
the intervals of a multiple C-G discharge, Though there is no strict
distinction between the discharge of the M-component type and of the
K-change type in the case of a I-C discharge, the discharge mechanism
is considered to be closer to that of the continuing current interval
of a C-G discharge, because the moment change in this portion is gen-
erally larger than that in the discret stroke intervals (i.e. J field
change). And it is highly probable that continuing channels of con-
sidarable length are usually eatablished in a later stage of a cloud
discharge as occasionally evidenced on moving camera records of C-C

or Air discharges, Occasionally a moment variation in a K change is
appreciably larger compared with that in C-G discharges.

A measurement by Ogawa (1962) shows that for the I-C discharge the
average moment change associated with the K change is about 6 coul km
and the charge involved is estimated to be 2 coul. The average

current during the change is 2000 amp.

- 13 -
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A very frequent occurrence of pulses in an active portion appar-
entry suggests that a number of different streamer channels developf
in the cloud at the same time or with slightly different time phases.
Sometimes the development of relatively small scale streawmers is
repeated for the duration of some 50 to 100 msec before the burst of
larger streamers takes place (an initial portion). At present quan-
tative informations about streamer processes in an initial or in an
active period of the I-C discharge are not available. However, we
can point out one aspect of the initial stage of the I1-C discharges.
Regardless the discharge starts with an initial portion or immediately
with an active portion, the pulse activity is much more irregular than
that recorded in the very beginning stage of the leader field change of
C-G discharge, both length of pulse intervals and pulse amplitude tend

v ke dn
to be larger and more variable in the first several mees compared with
those in the later stage, Still the regularity in both period and
amplitude well reflects the step-wise development of stepped leader
streamers, In fact the pulse intervals during this stage lies in the
range from 10 to 1350 Manec, On the contrary for corresponding initial
stage of the field change of & 1.C discharge, pulse intervals spread
over the extremely wide range from 10 (isec to several msec. Pulse
intervals along with much irregular pulse shapes indicate that the
mechanism of the associated discharge is entirely different. While
the initial breakdown of a C-G discharge takes place in the water
droplets region of a cloud, the initiation of a I-C discharge starts

at much higher altitude where the cloud consists of ice particles and
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A very frequent occurrence of pulses in an active portion appar-
entry suggests that a number of different streamer channels developf
in the cloud at the same time or with slightly different time phases,
Sometimes the development of relatively small scale streamers is
repeated for the duration of some 50 to 100 msec before the burst of
larger streamers takes place (an initial portion). At present quan-
tative informations about streamer processes in an initial or in an
active period of the I-C discharge are not available. However, we
can point out one aspect of the initial stage of the 1-C discharges.
Regardless the discharge starts with an initial portion or immediately
with an active portion, the pulse activity is much more irregular than
that recorded in the very beginning stage of the leader field change of
C-G discharge, both length of pulse intervals and pulse amplitude tend

wu ik eroade

to be larger and more variable in the first several mees compared with
those in the later stage. Still the regularity in both period and
amplitude well reflects the step-wise development of stepped leader
streamers. In fact the pulse intervals during this stage lies in the
range trom 10 to 1350 jtsec, On the contrary for corresponding initial
stage of the field change of a 1-C discharge, pulse intervals spread
over the extremely wide range from 10 i sec to several msec. Pulse
intervals along with much irregular pulse shapes indicate that the
mechanism of the associated discharge is entirely different. While

the initial breakdown of a C-G discharge takes place in the water

droplets region of a cloud, the initiation of a I-C discharge starts

at much higher altitude where the cloud consists of ice particles and
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super-cooled droplets of very small size. The autkor suggested that
the difference between the two initial breakdown processes is attrib-
table to the difference in the breakdown impedance affected by the
above two different enviromental conditions i.e., the difference in
the relative populations of water drops and ice particles in the cloud
(Kitagawa and Brook, 1960). In addition to the difference in the
breakdown impedance, it is probable that the kind of breakdown stream-
ers, positive streamers mostly, not negative streamers and the config-
uration of channels, extensively branched or separated into a number
of the initiol

of channels will account fotr the different character in-the-very-early

breakdowmn process
stage of the-field-ehange of I-C discharges.

#e have tried to depict the nature of the I-C discharge in the
comparison with the C-G discharge. As to discharge processes,

however, which take place entirely in the cloud, we have very little

quantative informations. For the further study of the lighting

discharge, cusntative nessuremernts of these :rccesses are desired, c.g.

en initisl bresndown streener rrocess, n stremmer pricess in en active

portion, a K-chen;e procees and & stresmer process of continuing luwaincesity.

tne eypreoech tor these will Le sinultoneous meuwsurements by field weters

cf high t:me-resclution tt several stations on “he surface.
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Lightni Pr :
SEESTON A1 ghtning otection

D. Miller-Hillebrand
Tnstitute of High-tension Research, University of Uppsala,

Uppsala, Sweden

Physiecal reseafch on lightning and the practical application of 1its
results are intimately related to each other. The demend for securlity
against damege by lightning has greatly stimulated research., Lightning
discharges affect buildings, power lines, machlnes and equipment, and
telecommunications systems. They can cause damage to aircraft and during
tunnel blasting deep down in a mountain., They ki1l and injure living

ereatures and cause fires and sccidents., A1l this has glven rise to

innumerable investigations and publications in the majority of civilized

countries in vwhich lightning is a problem. Summaries on lightning pro=-
tection matters have often been published. An early work by Goodlet (1)
deals with questions such as the shattering of poor conductors, damage
to buildings, oil-tank fires, damege to aircraft and effects on liwing
creatures. A more recent work by McEachron (2) gives, in the first ,
place, an account of protective measures for communications and power-
-gsupply systems. The present report can only give a limited survey of
such protection questions as have still not been completely elucidated;
they relste, on the one hand, to physical phenomena and, on the other,
to statistical and probability investigations,which are often connected
with financial problems.

The publications from the Golden Age of lightning research - from
about 1750 to 1780 - often show acute cbservation of nature in connec-
tion with protective measures. As &an example, I quote two observations
by Benjamin Franklin which touch on quite topicaquueations. The first
showa his view of the 1limited protective range of an elevation rod =

a question which 1s always being discussed. In "poor Richard's Almanac"

for 1753 Franklin writes:
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Provide a small Iron Rod (1t mey be made of the Rod~1iron used by
the Hailers) but of such a lLength, that one End being three or four
Tect in the moist Ground, the other may be six or eight Feet above
the hirhest Part of the puilding. ... If the House or Barn be long,
there mey be a Rod end Point at each End, end a middling Wire along the
Ridge from one to the other. «..

The instruction is later repeated in Franklin's 24th letter (3).

The second observation makes clear the protective effect of a thin
wire, in a case which is topical today, as regards finance., The church
at Newsbury in Mew England had becn badly damaged by 1ightning in the
summer of 1754, Franklin gives a detailed account of the destructiomn,
I reproduce extracts from his letter to Dalibard (3):

The spire {of wood, reaching 70 feet higher than the 70 feet high
st:eple) was split all to pilects by the 1ightning, and the parts flung
in a1l directions over the square in which the church stood, so that
nothing remains above the bell. ... Prom the end of the pendulum, down
anite to the ground, the building was cxceedingly rent and damaged, and
some stones in the oundation wall torn out and thrown to the distance
of twenty or thirty feet. ...

The central portion was not damaged, The lightning current had
destroyed a thin wire which connected the clapper of the bell to the
c¢lock mechanism 20 feet away. The flash was conducted to the pendulum
wire, which had the thickness of a poose quill, Frauxlin draws the
following conclusions:

1. That lightning, in its passage through a building, will leave
wood to oess as far as it can in metal, and not enter the wood &gain
t111 the conductor of metal ceases. And the same I have observea 1in
other instepnccs, es to walls of brick or stone.

2. "he quantity of 1ightning that passed through tnis steeple must
nave becn very great, by its eftects on the lofty spire above the bell,
and on the sauare tower a'l below the end of the clock pendulum.

3, Great as this quantity was, it was conducted'by a small wire and
a clock pendulum, without the lz2sst damage to the building so far as
they extended.

4. The nendulum rod being of a sufficient thickness, conducted the
liphtning withont daunage to itgself: but the small wire was utteriy

deatroyed.

5. Though the snall wire vas itself destroyed, yet it had conducted
the lightning with sarety Lo the building.

6. And from the whole it seems probeble that, if even such a small
wire had been extended from the spindle of the vane to the earth,
before the storm, no damage would have been done to the steeple by
thnat stroke of lightaing tnough the wire itself had been destroyed.
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Yefor: concluding this short historical survey, I show (Fig. 1) one

of th- carliest Yightning-conductor drahdqgl ever published - a ﬁightning
conductor designed by Torbern tergman for a building in Uppsala, Sweden,

in 1765. %ven at that period the special instruction is given that

large metal narts in the building should be connected to the lightning

conductor (4).

The Lightning Path near the Ground .

Space charges belween cloud and earth grcatly.éffect the lightning
path. A visible proof of this is the "Type B leader" according to
Schonland (5, 6), which has a high velocity (more then 6 x 107 cm/sec =

600 m/ms) between the base of the cloud and the space-charge layer

(first stage) and a low velocity {(about 1 x 107 = 100 m/ms) end often

a nronounced tork in its further carcer to the ground {second stage).
About 30% of the leaders in South Africa showed this phenomenon (7).

The charges in the water-vapour cloud are transported to and distributed
over the spuce-charge cloud. These charges conscqﬁently become "over-
-neutralized“. The leader's space-charge channel. recelves additional A
charge and thereby has a greater volume than it would have had if the
apace-charge layer had not existed. On the return stroke the lightning
channel accordingly receives a substantial additional charge. The
current strength i1s increased. The course of the 1lightning current,
according to Ue¢rger (8), who recorded it on the sumnit of Monte San
Salvatore, shows that a current maximum is reached after 5—10/ua.

The vertical length of the lightning channel after 5—10}#8 is approxi-~
mately 400-1200 m (5)., The order of magnitude of the distance between
the space-charge cloud and theEround agrees with the length of the
Jesder's "second stage" measured by Schonland et al. At Monte San
galvatore the space charges may be particularly heavy. The two 70-metre-~
-high towers on the 600-metre-high mountain both generate glow dis-
charges in the static electric field. The charges - spproximately 1 Coul

-
in 10 minutes - may affect the lightning path, The statietnics of
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lightning strokes to ground show this clearly (9). The annual number of
lightning strokes to thesé toﬁers is 29, T1f this is converted to 10
lighining days( correspanding to an isocerannic level of 47 lightning

days) we obtein 6,2 strokes per year, the same order of magnitude as

L)
~n the Emﬁ%e 3tate -“uilding in “ew York and apnroximately 25~75 times

~reater than on a 70-metre-high tower on level ground (10).

Haw a leader develops near the ground is not known in detail, To
calciilate the field strength on the ground near the leader certain
sagumptions have to be made as to th: charge distribution in the leader
chamnel, Schonland assumed that the charges are cvenly distributed
over the l:nrth of the lender (5). Lruce and Golde (11), on the other
hand, assumcd that the charges decrense cxponentially with height,
corresnonding to e'h/hO. The constant hg is between 54 m and 143C m.

Pierce (12) points out that the line density of charge along the channel

cannot be uniform. It is provably greatest towards the middle portions,
Tn the immediate vicinity of the cloud the charges are slight, as the
notentiel difference is comperatively small, At the ground end the
natential ditference is preat, but th=: time is not sufficlient for the
axtenaive production of charse. Griscom (13) <velved a theory sccording
1o which the soace charses at the end of the leader nre concentrated in
a ball with a relatively large diameter., The rtasuijbf his diascussions
wes an unexpectedly large number of flashovers in a high-tension network.
®ig. 2 shows the cherge distribution according to these different
assumptions. In calculating the attraction distance betwsen the leader
and an object on the ground, the charge distribution in ®ig. 2 plays

an essential vart, Thus Golde (14) calcalates the distance between the
leader, according to Fig., 2b,and the ground with different inteasity
values of' the snace charge for ene field strenpth on the pround. A
leader charge of 1 Coul, according to Golde, corresponds to a lightning
current of 20 kA, Distributed exnonentially, with hO = 1000 m, this
charre at a distance of 17 m from the ground generates & field strength

of 10 kV/em. "ith a lstzral distance of 15 m, calculated in the same

way, th: field strength is 3 kV/cm and consequently sufficient to start
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a capture discharge from an object about 20 m high to the leader. The
J.method o

ettraction distance is thus /172 + 452 = 48,1 m. Tniﬂ'e‘éﬁi?l‘f{cion of the
attraectinon distance for smaller space charges and conseguently smaller
current strengths receives support from many »bserved lightning strokes
on lower objects adjacent to high objects or horizontally to low objects.
FPig. 3 shows an example (15), a stroke horizontally on n farmhouse roof
to the lightning-conductor cable, which was located the width of two
tricks from the edge of the roof. The damage was comparatively slight,
a fect which is often observed in connection with such nhenomena, for
example, in the first "clessical” lightning stroke at Purfleet, England,
in 1777 (16) on the Meeting House of the Artillery College, which wes
furnished with & lightning arrester. The lightning did not strike the
rod but struck an iron corner clamp above the cutlers, The tip of the
rod formed@ a protective angle of 31° and was 14 m from the point struck.
Here also the damage was insignificant, but the fact that a lightning
conductor with a protective angle of 31° could not prevent it caused a
rreat sensation at the time without it being possible to give any
explanation,

The protection of high-tension lines against direct lightning strokes
with the aid of earth wires is an important technical problem which has
given rise to many investigations, both theoretical and experimental.
pavis (17) took up afresh the problem of calculating the protective value
of these earth wires and consequently the frequency of 1ightning strokes
to high-tension lines, He calculated the flashover voltage between the
end of the lesder and the ground with the aid of an impulse flashover
gradient based on extrapolated experimental velues. He determined by
geometrical calculations the effectiveness of the ground wires' shielding
angle in relation to the high-tension line. The shielding angles ranged
from 45° to 150, With a shielding angle of 45° in an earth wire at a
height of 20 m, flashes with a current strength of over 37 kA would be
intercepted by the earth wire. With a shielding'angle of 20° the corres-

vonding current strength is 20 kA, It cen be deduced from the statig-
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tical distribution of lightning currents that the number of lightning
strokes to the transmission line would be reduced from about 40% to 174
(10 to 4.25). This does not tally with practical experience, The quan-
titative calculation ia dependent on very approximate assumptions as to
the distribution of .the charges in the leader., The geometrical method
cannot teke into account metre-long corona discharges which are generated
from the cables and alter the geometrical picture.

Grindley (18) calculated the magnitude of the charges bound on earth
wire and on phase conductor by the leader in some distant part of the
wires. Equality of charges is taken as a condition in which both wires
are equally l1ikely to be struck. T1he charges are calculated from the
field due to the leader and it is shown that eauality of charges corres-
1onds to both wires being at the same equipotential of the leader.
Caiculation sugrests that shielding is nornally adequate for conductors
in a wedge, of which the apex line is the earth and of sermi-vertical
angle 45°, At a shielding angle of 45° an earth wire would consequently
offer perfect protection. Fig. 4 shows that this does not agree with

experience. This figure is a collocation of lightning faults in high-

—-tension lines operating at 275-400 kV and a fow lineﬂyelow 275 kV with

n low ecarth resistance In the pylons. The majority of these faults
aroac from lightning strokes to the line, The values wre derived fron
a tabulatlen by Kostenko (19) and have been converted to 2 line length
of 100 km, 100 lightning days aund a line height of 30 m. According to
this tsbulation, the faults are reduced from about 10 to 0.25 when the
shielGing ang’e is reduced from 45° to 20°, In addition to Kastenko's
values for protective lines about 30 m high, the values published by
Burgsdorf (20) for 220 kV, 150 XV and 110 kV lines 1n the USSR are also
reproduced (Fig., 4). “hese lines have en avcrage height of 15 m., The
original values have becn converted f'rom 30 lightning hours (= 20
lightning days) to 100 lightning days., The number of lightning strokes
to the phase conductor increases very substantially with increasing

shielding angle. The risx of a stroke increases approximately quadra-

Approved for Release: 2017/09/11 C06461858



o T T T T 777 TApproved for Release: 2017/09/11 COB461 858 s R sy e S

R -7~

o tically with the height of the object (10), If these values, which were
estatlished for lines 15 m high, are converted to a height of 30 m
by a facter of 4, the agreement is then satisfactory.

T. Horvéth {21) has attempted to avold the disadvantages of a

geometrical calculation by means of an experimentel model investigation,
He determined the orobability distribution of the critical distance
between the leader and the grounded object vith the guidance of Golde's
calculations ond of the statistical distribution of lightning currents,
2y model experiments on a scale of 1:30 to 1:100 he determlned the
probability of & lightning stroke on the conductor, which wus protected
by an earth line with shielding angles of 20° ana 500. By reducing the
stielding angle from 30° to 20°, the number of lightning strokes was
meducad in the ratio of 10:1 in these model exveriments on a scale of
1:50. This agrees with experience, as shown in Fig. 4. But the problem
is not thereby solved, as the experiments are based on uncertain assum~

ntions rs to the critical distence, The relative emplitude of the pre-

~@ischarges in these model experiments is not in accord with reality.

These model experiments do not reproduce correctly the influence of

e s e e e e e et e I
N D¢ et et e ot & 6t 88 Ay 4+ 7 o 908 > oot 2 v 8 T ot o g mmmama

the heicrht of the line on the frequency of lightning strokes. An

[ alteration in the scale of the model and thereby the height of the line
! in the ratio of 2:1 results in a change in the stroke frequency invthe
ratio of 30:1 with a shielding a:igle of 20° and of 10:1 with a shielding
engle of 30°and ﬂ-,"cfore not in agreement with observed valves,

The questlon of the influence on the lightning path of corona
discharges from lightning-conductor pnints is as old as lightning ;
research, This complex of oquestions includes Dauzere's inguiries con-

cerning an accumulation of lightning strokes on a boundary line between

two different geological formations, According to Dauzere, the emenation
of radium from geological discontimiities influences the lightning path 3

throurh the ionization of the air. About ten investigations ensued .Some

shoved a tendency to strive after c(ap-bap.’l‘he question would long ago
commercial
have beecn l2id ad acta if substantial fSimawssmd interests had not been g

Approved for Release: 2017/09/11 C06461858



‘Approved for Release: 2017/09/11 C06461858 "

-.8_
involved in protecting buildings centrally by a single radlo-active

point. The Y-radiation generated by these radio-active lightning con-
ductors can be demonstrated by sensitive instruments at a distance of
several hundred metres, Sut the ionization of the air should Dbe 10G to
108 times more powerful than the ionization that can be produced by a
radio-ective point, to have any possible effect on the lightning path
(23). Uncerteinty in judging electrical effects in th#gtmosphere is

often a result of incorrect measurements, Unfortunately, many investi-

getions made before 1942 are valueless on account of fundamental errors
in messurement, varticularly as regards the electrostatic field in
ghunderstorms. In low-lying land with plants, trees and grass the field
is limited to values which seldom exceed 10 kV/m. Tncorrect measurements
at a height of 600 m sbove sea-level at the High Knob station in

, for example, resulted in field strengths with an average

value of 290 XV/m. Ten per cent of the measured values showed a field

strength of more than 260 xv/m (24). Even with a field of 6-10 xV/m

all plants produce such intense space charges that the electirostatic
field seldom exceeds 10 kV/m, With 8 field of 70 kV/m, discharges on

a man's fingers are visible. Only in areas vithout these "points", for
exemple, at sea, can such powerful electric fields arise that St, Elmo's
fire can be formed on a ship. There 1s cnnsequently & conceivable risk
of lightaing strokes on ships, but with the steel ships of today this

ia no longer of current interest.

The Lightning Path on the Ground

fairly well known through many investigations (25), Their probability
@ietribution is revpresented within certain 1imits by & normal logarith-
mic Aistribution., Tf the percentual number of the marnitude x (current
or charge) within the 1imite Ax jg denoted by Az, the distribution is

expressed by
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Sx T/ sXg X

meddian

vrere g ig tho aaecSeper value, 1 the base of the natural logarithm

(2.30%) end s tre standard deviastion. The mode of distribution X 0d is

_ xoe‘("’-s)z (2)

*mod ~

ar.d the arithmetical average value Xgnith

+(Ms) /2 ) ) (3)

The rrotebility of the magnitude X is calculated by the geussian distri-

bution
t
P=1 -t%/2dt (4)
VT
vhere t =1 log (x/xo). (42)
s

values waEes recommended by the AIEE for lightning currents above
median

5 kA (26). Accorcing to this tetulation, with 18 kA as e value,

twe current strength which occurs most frequently is 10 kA. The arith-

metical mean is colculated us 23, 7 kA, Column 2 shows the average values

in investigations by both Zerger and 3tekolnikov and measuarements “in

sweden (25) which take into account current strengths below 5 kA, The
current strength which occurs most freguently is 4.25 XA, The arith-
metical mean is 22.8 kA, The charges in column 3 are valaes for a single

lightning stroke, Column 4 gives charges for a complete lightning dis-

charge consisting of maltiple discharges and prolonged discharges (25).

sxtrapolation for & cumulative value less than 2% would gilve values

iarce for the current strength. If the percentage o? lightning

KA is érawn on log- lin peper, Py for J(A)
s 1 and 2 in Table 1,1s represented

toc
currents rreater than 50
lightning currents,according to column

by the following expressions:

-4 ’
,-0.384 x 107°(2 x 104 + J), (5a)

_ ,-0.288 x 10%(3 x 10% + J). (5D)

with J the curreat (n A.
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If the current strength is calculeted for a vrobability P = 6.1
end less, arcording to (5a) and (5b), the values riven in Tabig 2 are
obteined, Porerful strokes with current strengths exceeding 200;000 A

occur very seldom,

investirated. Practical cxperience is available from investigations

with a power transmission line from 3oulder to TLos Angeles (27) carrying
287 XV in an area with about 30 lightning days a year. Three stations

ere shielded arainst lightning strokes by capgure tovers 50 m high,
cerrying esrth wires, These towers and some pylons, 80 towers in all,

are furnished with elevation points, magnetic links forvcurrent measure-
ment and six conper wires connected in series (seec Table 3). The current-

~heat impulse values given have been calculeted from experimental inves-

1
tigations b%Foitzik (28).
~

“xperience over 20 years shows that, in lightning strokes on these
towers, 1, 2 or 3 wires sre destroyed, never 4, O ne example mentioned
is a current strength of 43 kA, which destroyed wires nos. 1-3. On another
occasion 36 kA were measured&ithout wire no. 1 being destroyed. Bellaschi
(29) determined experimentaf&y the connection between the current impulse

(decreasing exponentially) and the hslf-value period T, required for

H
fusing comper wire:

.I=3,2x105xA‘ (6)
H

where A is the crecss-section in mm2 and TH the half-value period in,ﬂs.

With a 36 A peak current which does not fuse 0.81 mm wire, the half-
-value neriod, according to (6), is less than 40 #s. The probebility of
these tovers being struck would seem to be at least 0.15 per year. With
80 towers and 20 years' experience the probability of the current-heat
impulse being sufficient to destroy a 2.09 mm2 copper wire is thus less
than 0.47,

After 16 years of measuremene}s at 3an Salvatore, Berger (9) confirms

that the current-heat impulse was greater than 1.5 x 10° A%ﬁt on fi
ve
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occasions &nd greater than 6.4 x 106 A2 8 on one occasion., The corres-
nonding probabilities sre aﬁout 0.75% and about 0.15% respectively,
These results sre collated in Table 4,

7
strokes to the ground (d1/dt) has not been so comprehensively investi-
gated as-to enable the observational material to be treated statisti-
cally, Direct measurements on tall chimneys, carried out by Hyltén-
-Cavallius and Strandberg (50% showed on sevéral occasions di/dt

values greater than 30 kA4us and once a valuye of about 100 kAéus.

tin
At 30 kkcps the inductive voltage drop in a @sbge with an inductance

of I.GZ/H/m is 50 xV/m, Oscillographie measurements of the lightning

current make an analysis possible, Serger (8) wasg able to show a
consequence of

a first downward-progress leader from a negative cloud and of an upward

midgap streamer from the air (Fig. 5a), Ten ber cent of the measured

course shows a steepness greater than 25 kA4us. Partial strokes from

'negative clou@s, which follow either the first discharge, in accordance

with Fig. 5a or the vrolonged discharpge typical of San Salvatore of a
few tens or hundreds of ampéres, have a front period of only one or a

few microseconds (rig, 5b), The Specific steepness ig thus substantially

gecualey

lihén with a current course in accordance with Fig, 5a, "The method of
measuring the current coursé with the aid of a delay cable hssg been
used since 1960, The results are consequently nd¥7§é numerous as Eﬁ)

(er.able
8 statistical snalysis to be carried out,

The multinlicity of courses which lightning current can take on end
in the ground results in numerous and Varying phenomera connecteg@ with
questions of protection. sxtreme and uncommon phenonena ettract perti-
cular attention in this conneetion ang are naturally more conspicuous
than the more common cases, The following Phenomena are mentioned
briefly and are illustrated in individual cases by examples.

U
» for example, in a lightning-conductor .éﬁie;

The power 1increcases as the cquare gr the current Strength. With g
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1fghtning enrrent of 100 kA tioere comes into existence a power of

the
500 kp in n cesere which follows a very oronounced cornice on a building.

RIS 2 S e e i D AT 2T e VTV,

In addition breaking Tcrces arise in straight lengths,

2,

R

place of striking, and stusrting from the point of striking:

(a) Voltages of up to several million volts es a result of the
resistance in transit to earth,

(v) Sliding discharges from the point of striking to the sur-
roundings up to a distance of 50 m, arising in very poorly conducting
bedrock, for example, granite.

(e) Voltags differences in a cable as a result of rapid change
in the 71”htn1n~ current. The voltage difference mey be 100 kV per
metre of e-géu at 60 kAéus.

(a) "Displacement" of voltages to distances of many hundreds of
metres through fissures in rock {tunnel building), wire fences,
nower lines or underground cables,

"eat phenomena.

(a) ¥hen the striking nlace consists of metal, power 1s supplied
to the surface of the metal equivalent to the strength of the
Tirhtning currvent times the anode voltugze drop. At 100 kA a power
of about 1200 k¥ 1s susplied, The p&gr density 1n copper is about
800 kw/cm; an? in aluminium 300 k‘.'V/cm“j tn the first IO‘Ma and Lhen
Aecreacses owing Lo Lhe reduction of the eurrent density,

(b) Tn the interior of the metal carrent heat arises, which is
invers2ly w»ronortinsnal to the fourth power of the linear dimensions
of tne conductor, for example, the wire diameter or the plate thick-
ness.

(¢) Transmission of heat from the lightning channel to the sur-
roundings, thereby causing fire. *'ith a lightning stroke in sand
Tfilmrites may b2 formed. At 100 k4 the pover is anproximately

0 :™W/m in sand.

Ures,are phenomena.

(a) Tn the rapid expansion of the lightning path as a result of
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6 roatd opeowth itn the 1ightning current, o pressure wave arises
which 1a pa2leased Crom the lighining channel ot supersonic spced.
"he wesdizses pressure ond the wave impulse may produce coasiderable
dainege.

{v) “ne seme phencmenon may arise in the vaporization of mnetal
wires,

(¢} Turbulent forces mx® arise in the evaporafion of water in a
cleft, Tre=s snlit in most cases, At 100 kA dblocks of stone weighing

5 tons mar be torn o~ and rocks weighing 100 kg thrown 20 m,

This short tamilation will be illustrated by & few examples.

1. On June 15, 1956, liphtning struck the church at Rudolzhofen
Dayern, Germany) and did extensive damage tvo the lightning-conductor
inatallation and to the church (31). Fig. 6 shows a semi-diagrammétic
nsicture. From th: top of the tower two copper conductors ran to earth, one
{4 x 3 = 12 wires, 30.6 mmz) directly and the other (7 wires, 24.2 mmz)
over the body of the church. The cables were torn to pieces in at least
seven places, denotad in Fig. 6 by th: figures 1 to 7. (T'he conductor
with lightning faults 1 and 2 ran down the other side of the tower.

The power input similarly took place on the other side, Fig., 6 was
drawn with this down lead on the front side for the sake of a more

parspicuous survey.) At 1 the slate roof was dunaged. At the grounding
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point 8 a hole appeared in the concrete pipe which had becn used as a
:n=chanical protection, The réinpipe was damaged at I and TI. A flashover
haé occurred from the down lead to the rainpipe at a distance of about
20 em and from the rainpipe to the power ceble, similarly at a distance
of 30 em. The cable in the church (4 x 1.5 = 6 mmz) was vaporized for a

length of 10 m, equal to 0.5 kg of copper. Considerable pressure damage

RPN

T63

wes done to the organ and the electrical installation. Examination of
the material showed that the temperature of the cable had been about
7C0%G. To heat copper cables of 54.8 mm2 to red heat, a current-heat
imoulse of 1000 x 106 A2 s is required and to vaporize 6 mm2 copper,

37 x 163 A2 s, From these power and heat phenomena the strength of the
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lichtning current can be estimated as 300,000 kA, which, with an effective
duratisn of at lesst 11 ms,meant a cloud charge of over 330 Coul. Sﬁch
nhznoiena occur with a probability of less tnan 1:100,000 (see Table 2).

2., Plg. 7 snows the situscion in a lightning stroke which caused
considerable damage to @ house without the lightning conductor being
avle to preverne it (32). The flash had struck a birch tree about 20 m
high at a d¢istance of 35 m from the house. The tree stood on granite cove-
red with a thin layer of soil., The area was strewn with large and small
stones. Jeveral traces leod from the tree, which was totally splintered.
One trace, more than 35 m long, 1:d to the house. 3everal cubic metres
of ecarth and stones had been thrown up, sSix wisdows hsd been amashed and
40 or 50 litres of carth and stones had been flung into the upper floor
of the house, Via the cellar the flash had struck a wa'l socket for the
electric ceble in the kitchen, about 1.5 m above ground level. The
cable (2 x 1.5 mmz) vag vanorized. The trace then disappeared iato a
4 mmg cablé?fgencc o a watsr-pipe with a flashover anproximately 10 cm
in length. Four persons who on inis cceasion were sitting only 2 m away
from the vanoriz«d csble were uninjured., This phenomena - that a house
may be struck and damaged Trom under ground - is not rarticularly uncom-
mon in Scandinavia when granite is the bedrock (33). Experimental inves-
tigations of pesk currents in clefts permit an extrapolation to a current
strengtn of 100 kA with a half-value period of 200 M8. In damp sand the
amount of energy developed in such cases is apnroximately 1000 kWs per
metre of the lightning nath. This is equivalent to the energy developed

in the detonation of 215 g of Adynamite or 350 g of gunpowder per metre,

M
"Disp]nccmant of the voltage plays an Ilmportant technicsl part. Tn

tunnel construciion in high mountains, primers prepared for blasting
have been exploded too soon and accidents have becn caused. As a safety
measure the cables are provided with a metallic sneath (34) and special
primers are used which require substantially greater. power for firing
than the ordinary primers, which ignite even with a power of 1 mWs (35).

e Cables in the ground may be exposed to a direct lightning stroke at a

distance of several tens of metres from the place of striking. Telephone
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cables connccted with overh=ad lines are exposed to indirect and direct
1ightning action. Conious specialist literature shows the importance of
safety mesasures (36-40, a limited selection),.

3., In & 1ightn%ng atroke on a lightning conductor, high voltages
mav arise in the ééﬁig, with the result that a flashover may occur indoofs
to electric cables or tzlephone wires 40 or 50 cm away. Yany fires have
been caused in this way. These high voltages are then transferred via
power or telephone lines to adjacent houses. It is, nowever, often
possible to establish that the demage at a distance of about Smemd 10 m
from the point of striking is fairly slight. !cCarthy et al., (41) analyse
a lightning stroke on a church in north-vestern Pennsylvania with the
aid of installed oscillographs and magnetic links., The lightning stroke
shattered a 4" byF“ by 18' wooden rafter, left the steeple and terminated
on the wiring sbove the ceiling., The church had no lightning conductor -
the electrical installation was the lightning conductor. Some fuses were
blown end some lamps vaporized, but neither the watt-hour meter nor the
7.2 ¥V transformer 50 metres away was damaced or affected by the flash,
The lishtning current was 2stablished as having been 31.7 kA, Of this,
4.6 XA went to 2orth in the transformer, 19.5 kA to the high-voltage-
~grrounded conductor snd &,7 kA to the high-voltage phase conductor via
the transformer. irhe éuration of this partial current was determined.
oscillorrephically as longer than 2000 He- 3imilarly the damage to the
electrical system in the case of the powerful flash at Rudolzhofen (Fig.
6) was very slight. Fig. 8 shors the danmege in the general plan, denoted
by figures 1-8; fuses bdlown, lamps vaporized and flashovers in junction
boxes. "o m:ater was demnared, in snite of the fact that the distance to
some instal'ations was less than 30 m from the place of striking.

4. Very high voltages may arise in lightning strokes on a thick bed
of sand, the foundztion of which consists of a better cnnductor, rof
example, clay. The lightning channel goes simnst perpendicularly down.
the voltage gredisnt is about 1C0-150 kV/m. After about 100 ps of contact
with the lightning channel pressed into the sand, fulgurites arise, The

temperature of the lightning channel, according to snectroscopic
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measurements by Mandelstam (42), is 16,000-25,000°C, Fulgurites arige

at 1800°C, Yheir generation can only be established in a chance direct
observation of a lightniug stroke in sand (46).'In the atmosphere the
nregsure 1s nronggated as a detonation wave, which can shatter window
nanes at a distance of about 10 m., Fig, 9a shows a remarxable case of
dama;e cause’ by pressure to a window pane, An almost circular disc
(160/170 mm in diametecr, plasa thiexness 2.5 mm) with sharp edges had
been ent out of the pane. Thn window was an external one, separated from
the undnnoee’ inner one by @ space of about 50 mm, The round dise had
foul'en down betwern the two #indows, (The window is in the Tnstitute's
arcnives, initiatcd'hy Professor H. Norinder) Bdckmann (44) describes
similar dsmage (Fig. 9b) in June 1754 to a hothouse in Yarlsruhe. ‘he
window wa2s torn cut of the frames in which it was nailed and thrown out
into the carden - o rsult of the negative presaure, The explanation of
the daracre -ay be that the siress on the glass through the pressure wave

d.epression

~nd wave of the lightning channel was reinforced to

Yreatling oo'nt tirouvh the wave's Yeing propagated in the glass and

(LGN §

refected et the cidge of the glass.
Tirhtning Protection in the Light of 3tandard Codes

The Imowledre nnd swractice of that time was swmnacized by th: ".ightning
Fod Toanferenen in "ondon in 18748 (45). About 25 years later individual
counntries - dnclund, the J3A and Sermuny - Leran to draw up instructions
ant mmiding princinles dealing with the srotsction of dir-erent kinds of
builcdings, towers, chinmneys, ships and last but not 'east structures
contzining inflammable linquids, gases and explosives. A tabulation of the
cofies available to me is given as rof, (46). On the whole, the instructions
“re much the same but cn closer scrutiny show divercent views which are
not due to the individual chavacter of particular countries,

The “uestinon of the zane of nrotection is not fsalt with in a uaiform

n the U3A (i8, m) a shieldiag angle of 45° 1in imnortant cases

-n Tess important cases is considered sufficient (Tig. 10).
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In Inglard (46, 1) & shielding angrle of 45° is given, but not, however,
for perticulsrly important buildings, such as explosives factories, oil
end wetrel tanks, ete. In the USSR (46, n) the shielding angle is sub-
fivided. Tn a chimney 52 m high the shielding angle for the upper part is
very limited (Fig. 11). Tor the lower part a protective radius of 40 m
is stated on the basis of model experiments,

Contrary views on elevation rods are made clear by Figs. 12 and 13.
Tn the U3A several elevation rods are recommended, for example, 15 on
"the tynical installation on = barn group". Tn Germany specisl rods are
mat recomuended on the roof of a farmhouse, The roof conductors act as an
air terminal, Some ewe-inspiring objects (Fig, 14) included in the Code
for Protection agsinst Lightning (1959) in the U3A are probably of most
use on the psychological plane. According to Eritish 3tandard EB{#G,I),
an air termination need not have more than one point and should be at
least 1 foot above the salient point on which it is fixed. We accordingly -
see thet the dimensions of the elevator rod, which was formerly 10 feet
high or more, are now only rudimentary (Pig. 15).

Tn a1l the instructions the question of reliable grounding plays an
important part, In =Zngland s maximum value of 10 ohms is prescribed

eConom (call
(45, 1, 308c)., Tn Austria this is not nossible at fiupmedaide justifiable
expense in certain provinces, The Austrian instructions (46, a, 10, 3)
resistance

thercfaore allow hirher teewsstimn values than 10 ohms for a specifie
e2rih resistance of sore than 250 ohms/m., For this, 2xnet instructions
with varions cxamples are given., Tn the IJSA (46, m, 217h) 1t is laid down
that lov rosistance is. of course, desirable but not essential, By a buill-
ding rcéting on a bvase of solid rock it would be impossible to make a
fround connection in the ordinary sense of the term. The most effective
means would be an extensive wire network laid on the surface of the rock
s.rrounding the building, after the manner of a counterpoise to a radio
antenna, ere we aptiroacn the standpoint of James Clerk Maxwell (47) that
"rufth" does not =rist In the protection of buildings against lightning.
“he cssential thing is to prevent potential djifferences. ‘axwell in 1876

. : . 2 .
sugrrest@ -a%ing a construciion like a cage with 6 mm copner wires, In
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mod-rn houses ith hentingg sy Lems, woler-plpes and clectrele cubles, not
many wirses would te needed to comulete the whole arrangement sccording
to Tia

cross-section of the conductor necessary for the discharge has

@acafes been Tixed more on the tasis of the crattisman's experi-

arce of mecharnicel strensth ané of vractical knowledge of very powerful
1ightning strokes than on the basis of physical investigations eand
calculations of nrotabilities. Tor the protection of aircraft, however,
it was necosnary to determine the cross-section of the conductor for
Landing rul "0Ses. ne current-carrying capacity of the honding system
has to be such thet a lightning discharge current can be carried between
Ly twe cxtremitics of the airplane without risk of damaging f1ight con-
trels and externel surfaces or of producing excessive volieges within
the aireraft. The investifations were carried out with peak currents up
to 100 kA, reachiag the crest value at 16 us and dropping to 50 kA at
9?/4& Tor this a copner cable with a cross—-section of 3.3 mm2 or an
tipinium ceble with a cross—section of 5.1 mm2 was necessary (48).

with a fow exceptions the cross-section preseribed in the standards of
Land_is much bigger,

direarent countrics is a result of vxnerience in vuildiug technique/
Tifacaing protective systems can be divided into three groups: (1)
ﬁnpvv—instullutions, in which rzlatively large sums of money have to be

spent to obtain perfect protuction; {2) standard jnstullations, which

(public Luildingd
®re designed, in the first place, for valuuble buildingsﬁﬁhd buildings

in wnhich fipanciel considerations pley & small part; (3) "3o-it-yourself"
insizllations, in which the financial aspect of nrotection plays the main
part end which are designed Tor the numerous emall dwellings in the
provinces, for which a standard instellation would be too expensive.

An cxample of a super-insta]?ation ig shown in Fig. 17, &n explo-
sives factory built on poorly condueting ground. The surroundings of the
building are protected by banks of earth, On these banks stand wooden
posts carrying & retwork of 50 mm2 copper wires with a mesh width of

sbout 8 m. This network is grounded through a ring conductor with out~

reat
going eerth wires at a relatively sz distance from the bullding.
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Thin In countructed 1ike n Faraday cage and gprounded separately. All the
metal parts In the buillding are carefully grounded in order to avoid the
gereration of smell spnarks hy a lightning stroke. There is no permanent
metallic connecticn between the building and its surroundings. If the
zupnly of electricity 1is neevessary, this is done by means of a cable, the
last 10 m of wvhich are arranged overhead and are separated from the
building at this distance when lightning is forecast.

Standard installations are so thoroughly described in the instructions
of the respective countriles (46) that 1t 1s not necessary to give an
account of them. Only one noint may be mentioned: the practical difficulty
of connecting large metal_part§ to the lightning protective system. A
relatively large amount ;;pgggége has been brought about by, amongst
other things, television antennae., The difficulty is that in many cases
the supports for the antennse, usually iron pipes affixed to the roof or
a chimney, are not ~rounded at all, Obviously they are virtually ungrounded
ligktning rods with only the twin lead of small wires as a circuilsv to
ground, elther through a smell arrester, probably poorly grounded, or
through the TV set. The twin lead 1is ecasily vaporized and thereby pro-
duces an explosion (49),

Tn the majority of countrien lightning protective systems are not
econom?cal for small houses: other considerations play the main part in
their M'. Insurance statistics show that lightning damage in the
countryside seldom exceeds a value of 3.0 per insured small dwelling and
year, As a rule, it is not possible to produce & standard lightning
protector for an sconomical sum of 20 x 3 = #60. In Poland Sxpor has sug-
gested protecting small houses with 10 mm2 iron wire (50). Several hundred
thousand installations have yielded a surprisingly good result as regards
lightning (16), 'oere detniled investigations of current-hcet impulscs sl
and their probacvility showed that 10 mm2 copper wires arc completely ade-
quate (51). The instellation is made cheaper not so much by reducing the
cross-section of the conductor but by the fact that it is possible to use
lighter fittings and brackets, which are availabie mass—éroduced. Tt is

nossible to stretch the wires over the building aneself, without having
b 4
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to depend on the experts who are required for ercction work with the
heavier standerd wires. It is requisite, however, that owners of small
dwellirgs who wish to build a lightning conductor themglves should
receive the essential instructions. This system is permitted in Sweden

{46, i, 9).
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Tables

;'  Teble 1. Normal log distribution,

Column

1| 2

3 | 4

Magnitude )
AverzgeMediay -
Deviation -

Yode

Arithmetical mean

Current, kA
18 - 13
0.32| . 0.45
10.4 - 4.25

23.7 22.8

T 4.7 30

.Charge, Coul
3.1 15
0.46 0.51
1.33 | 3.8

Table 2., Extreme current strengfhs;'

Probability

Current 1, A

Current 2, A

4:10
4:100
4:4000
1: 40000

42,000
100,000
160,000

220,000

50,000
130,000
210,000
290,000

Table 3. Current heat impu(S&

Wire diameter,

mm

Wirecrogssection

rrm12

Current heat impulse,

106 A%See

0.81
1,02
1.29
1.63
1.83
2.05

0.52
0.82
1.31
2.09
2,63
3.30

0.019
0,048
0.12
0.303
0.49
0.77

Teble 4, Probability of current heat impulses.

Region

Probability

v

Current heat impulse

10% a%ec

Zoulder

3an Salvatore

<0.4
0.75
0.15 .

0.303
1.5

6.4
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Figures

Fig. 1. Lighining conduoctor proLosed by Torbern tergman for a building .
FY Upnsala m 1766,

Tlg, 2. Diagrammatic survey of the charge distribution in a lezder

chennel, according to various pronosals,

Fig. 3, Marks left by & lirhtning stroke on e farmhouse. (a) General
view, (b) Metail of noint of atriking,

Fig. 4. “irhtning feults on high-t~nsion cables protectcd by carth
vires with verions shiclding angles.

Fig, 5. Course of lightning current, according to :grger. (8. /First

stroke from negatively charged cloud, b, Subsequent pertial discharge,

Fig. 6. Damage causcd by a powerful flash of lightning striking the

church et Rudolzhafen (“ayern, Germany),

Fig, 7, Traces of lightning over poorly conducting ground from a distance

of 35 m to a house,

Fig, 8, Tiatribution of insignificant damage causcd by 11phtﬁing to the

electrical inastallation nenr the nowerful flash mentioned in Fig. 6,

Fig, 9. Holes in window panes as a result of lightning discharges,
(8) “indow in Stockholm in August 1944, (2) ¥indow in Kgrlsruhe in June

1754,
Fig. 10. :hilelded zone of a mast, according to NEPA Ne’g

Fig. 11, Shielded zone of a chimney, according to Russian model experi- -

ments,

Tig, 12, Tynical installation of a group of barns, according to the COGQ
of Protection apainst Lightning (1959). (N E PA IV° 78) v
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ﬁ%g; Fig, 13. Lightning-condustor installstion on a farmhouse, aoccording to

Cerzman rooonnondntiona.‘
Fig. 14. Air terminals, scoording to NEPA No, 78,
? Fig. 15. Modern air terminal.

Fig. 16, A modern house with oil-fired heating eto, and lightning

! protection,

Fige 17, 1Installation of a proteotive network oh wooden poles over a

building used for the manufaoture of explosives,

i
;
J
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Griscom

F .
Sy Fig.2, Diagrammatic survey of the charge
o distribution in a leader ohannel,

. ‘ cording to
Fige1s Lightning conductor proposed by aocording various proposals.

Torbern Bergman for a building,
Uppsala, 1764

Mg.3. orks left by a 1ishining stroke on a Mg, 40 Ligming faults on high-tension
farubouse lines protected by earth wires
8) General view., b) Detail of point otriking with various shielding ansloss

o |

-

L]

o . ™
. : Fire6. Damaze caused by a powerful

Flge5. Course of lizhtning current, according to Berger flash of lishtning striking
ag First stroke fron negatively charged cloud. the church at Rudolzhofen

b) Subsequent partial discharges (32yern, Germsny).
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Fice8s Distribution of insignificant -

Fg.7. Traces of lightning over poorly damage caused by lightning to the
conducting ground from a distance electrical installation near the
of 35 m to a house, powerful flash mentioned in Fig.6s

Fig.9. lloles in window panes as a rooult of
lightning discharges,
a) Jindow in Stockholm in iugust 1944, b) Window in sarlsruhe in June 1754

F1g.10 Shielded zone of a mast, according
to NEPA o T8,

rigs.11, Shielded zone of a chimney,
according to lluscian nodel
experinents,
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Rohrbrunnen \}

Fig.12, Typical installation on a group of Fig.13, Lightning-conductor installation on a
barns, according to the Code of farmhouse, according to German
Protection avainst Lightning (1959). reconnendations,

(:'EPA o T78). j

[
=
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Fig.14. Air terminals, according to iilPA No 78, Fig,15 lodern zir terminal,

e

3
&
3

T L T i

Fige17. Installation of a protective network

Fig.16, A modern house with oil-fired on wooden poles over a building
heating eto, and lightning used for the manufacture of explo=-
protection, sives,
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SESSION 9.1
Whistlers as a Phenomenon to Study Space Electricity.

by N.D. Clarence. ~~e=m=wesrtms o

Part of the data used in this paper have been taken from
the results of a joint project by the author and Dr. P.A. P'Brien
now of the University of Khartoum. - The results of this project

are now in the course of preparation for publication elsewhere.

SUMMARY .

After a brief resumd of evidence supporting the contention
that whiatling atmoapherics may be generated by lightning dis-
charges to ground, and that the components of a multiple flash
vhistle{ariae from the separate strokes in the flash, an analysis
of the measurement of dispersions of .multiple flash whistlers is
given. It is shown that there is an increase of about 3% in the
dispersion of the second component as compared with thet of the
first. An explanation of thié is tentatively giveh in terms of
an upward electron Jet originating from runaway electrons in the
thundercloud. Further sﬁpporting evidence for such a jet is
sought from a study of the records of electrostatic field ohanges

during a lightning discharge to ground. -

1L th b

PSSy

4 4

LB HTTS, Lstad P rariord

A pproved for Release: 2017/09/11 C06461858



P Approved for Release: 2017/09/11 C06461858

N
.

SESSION 9.1
Whidtlers as a Phenomenon to Study Space Electricity.
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by N.D. Clarence, -~m«mwvasrm-s oo

oy

Part of the data used in this paper have been taken from
the results of a joint projeoct by the author and Dr. P.A. P'Brien
now of the University of Khartoum. - The results of this project

are nov in the course of preparation for publication elsewhere.

SUMMARY .

After a brief resumd of evidence supporting the oontention
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that whiastling atmospherics may be generated by lightning dis-

' . charges to ground, and that the components of a multiple flash

whiatlﬁ'ariee from the separate strokes in the flash, an analysis

of the measurement of dispersions of .nultiple flash whistlers is

:
g S ' .
t éég? . given. It is shown that there is an increase of about 3% in the
? ’ . diepersion of the second component as compared with that of the
E first. An explanation of this is tentatiively given in terms of
% v an upward electron Jet originsting from runaway electrons in the
i -
g thundercloud. Further supporting evidence for such a jet is
? sought from a study of the records of electrostatic field changes
i' during a lightning discharge to ground. -
]
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1.

Introduction.

During the International Geophysical Year whistling atmos-
pherics were recorded in South Africa at Durban (geomagnetio _
co-ordinates 31034' S, 93004' E) by sampling incoming atmospherics

.for two minutes each hour during the day and night. All records
were made on magnetic tape from which frequency-tinme curves of
whistlers were made using a Kay Electric Sona-Graph. The records
referred to below were all obtained during the period September
1957 to August 1959,

Multiple Whistlers.

Multiple whistlers, consisting of several components were
frequently recorded and may be classified as either multiple path
or multiple flash type (Helliwell and Morgan 1959). It is not
possible to determine, merely by inspeotion of a spectrogram, the
group to which any particular example belongs. It is known,
hovever, from the Eckersley disperéion law that t2 - Dz/f vhere

. % is the time interval between the occurrence of the lightning stroke
producing the whistler and the arrival at the observer of the come
ponent of radiated energy of frequency f. A plot of f'i vt
8ives a etraight line the alope of which is the reciprocal of the
dispersion, D, of the whistlerg. Grouping may be carried out by
drawing the Eckersley plot for each component and producing the
straight line back to out the time axis., In the case of the mul-
tiple path type the lines produce baok to a single point indicating
the same source for all components. For the multiple flash type
the lines out the time axis at points which are separated by from
10 ms. to several hundred milliseconds indicating a discrete source
for each component. Typical examples are shown in fig. 1(a) and

(v,
v
t
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o
2 'ﬂ;)/
10 4’/'/?/
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N cls ‘91,:,/‘/
w0 //i//
iy
os //(/'/
d
e o0 r...w:m) ha o o0 ‘“"u:ze N 1000
iz X
{339 Fige.le Eckersley plots for (a) multiple path whistlers and

(b) multiple flash whistlers,
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Of the Durban records of multiple whistlers selected for
analysis, over 90% were of the multiple flash type. The ensuing
renarks refer specifically to multiple flash whistlers.

The origin of whiastlers.
Although sources other than lightning discharges cannot be

excluded, there is a great deal of evidence supporting the con-
tention that whistlers arise from lightning discharges.

The strong correlation found between thunderstora aotivity
in the region near the geomsgnetic conjugate point of a recording
station and short whistler activity at the station suggests that
lightning discharges are the source of whistlers.

Helliwell, Taylor and Jeans (1958) found correlation between
observed vertical discharges and long whistlers heard. The atmos=
pheric waveforms recorded at the time were typical of those for
flashes to ground.

By the simultaneous recording of long whistlers and the wave-
form of the related lightning discharges, and by direct comparison
of the time intervals between whistler components and strokes in
the lightning discharge, Norinder and Knudsen (1961) have shown
clearly, for the records published, that the components of the
whistlers arose from multiple discharges in the same lightning
channel. )

Although similar direct comparisons could not be made in Durdan,
as only short whistlers were recorded, the Durban results do provide
further indireoct evidence that lightning dishhargea are the source
of whistlers. The distribution of the time intervals, A t, between
components of whistlers is shown in fig.2, together with the dis-
tribution of the time intervals between strokes of a lightning
flash to ground,

i
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Pig.2. Distribution with time interval of

a) lightning strokes to ground {full ourve) and
b) whistler components (dotted curve),
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The modal value for 4 t of between 20 and 60 ms. is in agree=
ment with the value for the most probable time interval between strokes
of lightning discharges to ground given by Bruce and Golde (1941)
for recorde in Europe. Also the distribution may be compared with
that for the time intervals between strokes to ground given by
Schonland (1956) where the similarity of the two curves is again

obvious.

It seems clear that where a multiple flash whistler has several
components it is generated by a lightning flash to ground which
coneists of several separate strokes. Por this reason it is felt
that this type of multiple whistlexr could be more apprépriately
termed a “multiple stroke" whistler but for the sake of consistency
with published literature the term "multiple flash" whistler is
retained,

In the case of cloud flashes the xodal value of the. time intere
vals between rapid field changes is significantly less than the above
value and of the order of 10 ms (Malan 1955; Kitagawa and Kabayashi,
1958). Furthermore, the radiation energy from cloud discharges in the
3-6 Kc/s range ia at best only 1% of the corresponding energy for
ground flashes (Malan 1958). 1t seems unlikely therefore that
whistlers are generated by discharges within the cloud.

The Disperasion of Multiflash Whistlers.

The Ratio of the Dispersions of successive Componentas,

Whigtlers with two components only.

For multiple whistlers with two components only, there waa often
a significant difference between the intensity of the components,
The records could be divided approximately equally into three groups
where the intensity of the second component was (a) greater than, (b)
approximately equal to and (c) less than, the intensity of the first
component. Alao the dispersion of the second component was often
slightly greater than that of the first.

In Table 1 ‘the results of an analysis of the ratio of the dise
persion of the gecond component to that of the first, D2/D s 8TO
given. In the column giving the mean value of DZ/DI’ the Ltundurd
error of the mean is also shown, and the final column givea the level
of significance between the measured dispersion and a ratio of one.

This result proved particularly interesting in view of the fact
that previous authors have stated that the dispersions of successive
components are either identical or approximately equal. (Storey 1953
Iwai and Outsu 1956; Helliwell and Morran 1959; Norinder and Knudsen
1961;). Because of the small difference between the measured values
of D2/D and the value one, selected groups of records were analysed

Approved for Release: 201 7/09/11 C06461858




'ApmnvedforRemase:20TH09M1 C06461858

4.

Intensity

Group

- No. of

records.

No. with
D 1
2/Dl

Mean value

Significance
level, FP.

(a)
(v)
(c)

31
N
31

29 1.052
28 " 1.026
24 1.016

0.001
0.001
0.01

All groups

103

81 1.031 +

0.001

Table 1.

by several different workers.

two component whistler.

Ratio of dispersions of components in a

All agreed with the main finding that

D2/ ;> 1. Significance tests have also heen carried out between
D
1

the mean values of the dispersion ratio for the various intensity

groupa. Significance was calculated toteat the 0.04 leyel for groups
(a) and (b) and at the 0.29 level for groups (b) and (c).

It is concluded, therefore, that the dispersion of the second
component of a two component whistler is about 3% greater than that

of the firet and that there are significant

differences between

the dispersion ratios when two component whistlers are grouped

accordingly to the relative intensity of the two components.

Whistlers with more than two components.

A sipmilar analysis of the dispersion ratio for successive com-

ponents in the case of whistlers with more than two components, leads

to a similar conclusion,

four and five components are shown in Table 2.

Results for records of whistlers with three,

No. of
records.

Mean value
Dispersion

Significance
level P,

52

52

)
2/
Dy

D 1.031 +

3/p,

4/
Dy

5
/D4

D 1.018 +

D 1.011 &

= 1.023 +

0.005

0.001

0.30

0.70

Table 2.
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Although the dispersion ratlos D and D5 are both greater
4/p /v

than one the number of available recorde3 is 4
too small for any great reliance to be placed on these figurese.

The Relationship between Dispersion_and the Time Interval
between Components.

An investigation was carried out to see whether the difference
in dispersion between successive components was in any way related
to the time interval between components. The analysis was made by
plotting 4D, the difference in dispersion between successive com-
ponents, against 4 t, the time interval between components; Time
intervals of 20 ms were used and the results were obtained from all
records of D2 - D1 and D5 - DZ' In both cases it was found that
there was an initial increase ind4D, as 4 t increased, followed
by a decreases The maximum value for 7\ D occurred for a value of

A4t = 30 ms.

The results for D2 - D1 are shown in figure 3, the numbers in
brackets indicating the number of records, in the particular time

interval, available for calculation.

2-57

60
AT (msed)
Fig. 3. Helationship between the difference in
dispersion between the first two whistler

components and the time interval between
theme

Speculations on a Possible Explanation of these Results.

From the above it would appear reasonable to assume that {a) in
the majority of cases the source of a whistling atmospheric is a

lightning discharge between cloud and ground;
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in multiple fleuh wvhistlers the several components
arise from the separate strokes of the lightning
discharge,

there is a small increase in dispefsion between the
successive components of a mul tiple flash whistler;
the increase in dispersion between whistler coaponents
is related to the time interval between them.

Point (d) is of particular interest as it suggests that
the dispersion measurements may be related to the physical
processes occurring in the thundercloud during the interval
between s trokes. A possible explanatioﬁ of the variation in

D might be sought in terms of these processes,

Factors Influencigg the Dispersion of a Whigtler,

f

The dispersion D of a whigtler is given by D -5%7 Fﬁ ds.

(Storey.1953). provided the frequency of the whistler is much less
than either the gyrofrequency fH or the plasma frequency fo.
ds is an element of path length and the integration is taken

over the whole path. By substituting for fo and fﬂ,
D= (fzé (g) ds. where e is the electronic charge in e.m.u,,
1
€

B

N the eciron density per cc and H th?ﬁagnetic field strength

in oersted,

It ie known that the ducting of whistlers, giving rise to
the multiple path type, occurs very much more frequently in
higher latitudes than it does at lower latitudes. It would
seem reasonable, therefore, that the energy in each component of
& multiple flash type has traversed the same rath. In the short
time interval between components the values of the magnetiov
field strength along the rath will not change, Consequently,
any change in dispersion between one component and another can

only be due to a change in electron density along the path,

The fact fhat {1 D initially increases with (J t, as shown
in Fig.3, suggests that the change in dispersion is related in
some way to the physical pProcesges occurring in the thundercloud
during the time interval between strokes. Could then the source
of electrons, necegsary to account for the increuse in dispersion
originate in the thundercloud?

Runaway electrons were postulated by .,T,R, Wilson (1925)
who showed that in the presence of electric fields such as are
found in thunderclouds, the energies of such electrons could
be as high as 109Mev. Evidence for such penetrating particles
of high energy has been found by ..nonland and Vil joen (1933),
using geiger counters and by lal1iday (1941) using an expansion
chamber. 1In the former case there was a pronounced tendency
for the counting rate to increase at the moment of the flash and

in addition more impulses were registered during the few seconds
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before a flash than during-a similar interval after the flash. The

radar studies of Atlas (1958), Hewitt (1957) and Rumi(1957) have
shown the existence of upward ionised jets during discharges of a
thundercloud to ground. Such jets extend to heightsévell above the
; top of the thundercloud and are estimated by Rumi to have a velocity
of approximately 2 x 10' co/sec, '

P N e M tiriom i e o

Using data given by Nelms (1956) for the range of electrons in
i ‘various media it is estimated that for an electron to penetrate the
remaining atmosphere from a height of 10 Km. it must have an energy
of the order of several hundred Mev., It ig possible therefore that
Tunaway electrons, accelerated within the thundercloud, could provide
an upward jet of electrons,

Assume, in the first pPlace, that such a jet of electrons moves
upwarde during the time between one stroke and the next. The modal
value of /] t between firat and second strokes is 40 ms. and for this
time interval 4 D « 2.0 8e0~. If the upward velocity of the Jet 4ia _
assumed to be 2 x 107 on/aec.)in 40 ms. an ionised column 8 Km long 4

will be formed. The electromagnetic energy radiated from the second
stroke would thus pass through this charged column in addition to
traversing the whistler path traversed by the energy from the first
stroke,

The question now arises as to whether this column of enhanced
ionisation can satisfactorily account for the increuse in dispersion of
the second component over that of the first. Assuming 8 magnetioc field
strength of 0.12 cersted the value of the electron density in such a

B e

-

2 column, whioh could account for an increase in dispersion of 2.0 seoﬁ
is 9.7 x 107 electrons/cc. For such 8 medium the quasi-longitudinal
approximation of the magneto-ionic theory, upon which the expression

g

for D is based, is applicable and, assuming a colision frequency of
g lolo/sec., the medium would have a refractive index of 22 for a 5 Ko/sec
wave,

l The above value for the electron density necessary to account for
the measured dispersion is the effective density required in the
assumed ocolumn., It could be used to estimate the current density in
the jet and the total charge moving upwards from the thundercloud. 1In
i this case, however, values obtained would be minimum values for two

; Teasons, Firstly the picture of the upward moving column has been

: greatly over simplified and no account has been taken of the effect

; of recombination. This would increase the value of the electron

J denaity by at least an order of magnitﬁdq?rom the intensity of radar
. reflections the electron density in upward jets has been estimated

)
Rt

at 3 x 10" rer cc. as it leaves the cloud and 2.8 x 107 per cc. at a
height of 60 Km. These figures are consistent with the known values

for recombination coefficients at these heights which are of the order

g
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8.
of 10-7. The calculated value for the electron density necessary to
account for increased dispersion falls satisfactorily within this

experimental range of densities,

Secondly it has been assumed that the jet current flows for the
whole of the time interval between strokes. From the work of Schonland
and Viljoen (1933) this assumption appears to be justified, but it
is likely tﬁat the intensity of the upward jet increases to a maxi-
mum at the time of the discharge. '

The current deneity, T , in the Jet is given by J = Nev.
and using the calculated value of N =« 9,7 x 107 per cc. and
v =2x10! cm./sec. is equal to 0.31 ma/om°.

The total charge cﬁrried upward by the jet is given by
Q = A.L.N e. vhen A and L are the area of cross section and length
of the ionised column respectively., Substituting known values
Q = 4, 14%4 coulombs with A in square centimetres, Estimates of the
radius %9 upward jets vary over a wide range from a few centimetrea
to several kilometres depending on the assumed model of the thunder=
cloud. With the uncertainty in the value of A it is difficult to
make an estimate of Q. However, a ssuming a radius of 1 metre,
approximately 0.7 coulombs of charge would be carried upward by the
Jjet. Increasing the radius soon leads to enormous values for the
charge carried upwards and unless the radius of an upward jet is of
the order of 1 metre or less the assumptions made above become
untenable bearing in mind that the charge brought to ground is
approximately 4 coulombs,

The effect of upward jets on field chapge measurements.

If upward jets of electrons as postuluted, do in fact exist
some evidence for them might be expected from field change studies of
lightning discharges. Malan and Schonland (1951 A) have considered
the electrostatic field which would be produced by an upward moving
charge and have shown that there is a reversal in the sign of the
measured field change as the charge passes through a reversal height,.

Assuming that measurements are made at a distance D from a vertical

discharge, the reversal height, H}, is given by B} - DA[E.

For
#wom upvard moving positive charge}electrostatic field ohamges

would be positive whilst the charge was below the reversal height and
negative when above this height. In the case of upward moving electrons
the signs of the field changes would be reversed,

Iy

Malan and Schonland esplain th. observed results in terms of an
upbnrd moving positive junction streamer between strokea.ynﬂ having a
velocity of approximately 3 x 106 cm.sec. Final slow positive field
changes observed for flashes at a considerable distance may also be
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due to positive streamers from the top of the thundercloud,

Consider the simultaneous existence of upward moving junction
streamers of positive charge and upward jets of electrons. If both
processes are below Hr the electrostatioc field changes produced by
them would be of opposite sign. Since both streamers originate in
the thundercloud the faster moving electron jet would be the first .
to pass through the reversal height. When this happens the field
changes due to each process would be positive and a sudden increase
in the rate of charge of the electrostatic field might be expected.
Such field changes are occasionally observed in the final field
charges of fairly distant discharges. A typical example of such
a field change is shown in Fig. 4.

i
Electrostatic S Increase in rote

Field of change of field

Time

The electrostatic field of a fairly distant
discharge skowing a sudden inorease in the
rate of change of field during the final field
chaage.

Suppose now that the following information is available:
Distance of the discharge from the observer and hence Hr; the

height of origin of the final stroke; the time interval, t, between
the final stroke and the increased rate of change of the field., From
these data it is simple to estimate the velocity of the upward electron
Jet, assuming that the increased rate of field change may be attributed
to its passing through the reversal height.

The results of these calculations are shown in Table 2. for
" nine records generously provided by Dr. D.J. Malan, of the Bernard
Price Institute, from data collected by him over many years. The
stroke heights used in the calculations have been taken from Malan
and Schonland (1951 B)., In all cases the increased rate of field
change occurred after the final stroke which originated below the
reversal height,
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10,
i gﬁi% ) Record Distance B, Field chamge Assgmed t Velocity
L No. (Xm) {(Km). increase after height (ms) of elec~
stroke No. of dis=- tron jet.
charge (em/sec x
(Ka) 10°7).
3
t DAl,3 30 21.2 3 5.4 65 2.4
E DAE3,1 20 14.1 . 2 5.1 14 6.4
! DE2,3 16 11.3 3 5.4 20 2.9
E DAH1,1 15 10.6 2 5.1 32 1.7
; DABS,9 15 10.6 3 5.4 60 0.9
! DX4,6 10-20 10.6 9 8.9 28 0.6
i D03,5 13 9.2 2 5.1 16 2.6
: DE4,6 12 8.5 2 5.1 46 0.7
] 1 3.7 .50 0.7

: ’ Do2,3 10 T.1

The calculated values of the electron jet velocity lie within

i l the range 0.6 x 107 - 6.4 x 107 cm/sec. Bearing in mind that there

; could be a considerable difference between the assumed and actual

» height of the final discharge, these estimated values of the velocity

i i may be regarded as consistent with those obtained from radar studies.
]

The results of the above paragraphs appear to lend support to
the assumptions made., In spite of this, the suggestion that the
increased rate of field change is due to the processes outlined
must be regarded as tentative for several reasons. The 9 records
analysed were the only ones showing the effect out of a total of 285

records and a more {requent ococurrence of the effect might be expected.

Similar inoreases in the rate of field change between strokes earlier
than the last might also be expected but there is little evidence
for this. Pinally, out of a total of 159 field chamze records of
flashes which occurred at a distance of 8 km. or nearer there are
three instances of an increase in the rate of field charge occurring
after the final stroke., These results cannot, however, be explained
in & similar fashion as it is likely that all processes took place
above the reversal height.

In spite of these difficulties it 1s felt that further radar
} ’ studies, designed specifically to investigate the existence of ionised
Jets above thunderclouds during the intervals between strokes, would
be justified.
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