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Abstract

Electrification of snow and related phenomena were investigated by measuring: (1) the charge
of snow when pouring it from a vessel into a funnel, (2) the charging of an insulated target when
letting snow hit it as well as the charge of the scattered snow, and (3) the charge in air from blow-
ing snow. Specific, basic phenomena were separated. The charge of larger snow particles
collected was dependent on the temperature and on the material of the target. The properties
of the surfaces seem to be of importance in these phenomena. Enhanced charges of both po-
larities were measured in air by ion-counters. It seems that these charges are not due to ions,
but may be attributed to very small snow particles suspended in air. A complete insight into the
whole problem of electification of snow might be obtained by a systematic consideration of

all these specific phenomena.

1. Introduction

The problem of electrification of snow,
known for a long time, has recently been in-
vestigated anew, taking into consideration dif-
ferent points of view. Some of these investiga-
tions (1), (8) are connected with the so called
precipitation static, i. e. the electric perturbances
arising in telecommunication when an airplane
flies in a snow cloud. Another field, in which
it is of importance to know the phenomena
of electrification of snow, is in connection with
the production of electrical charges during
thunderstorm conditions. Several investigations
in this field have recently been published. (7),

3).

( )One of the authors (H. NorINDER) has dis-
cussed the possibilities of the genesis of a special
type of atmospherics within snow showers (6).
These ideas led us to undertake the present
investigation, but some other more general
points of view will also be discussed.

Some difficulties arose at the beginning when
using snow as the substance of electrification
and therefore some preliminary experiments
were carried out by using sugar. Measurements
were made to clarify some general phenomena
observed when pouring substances; it was as-

sumed that similar properties may also be ex-
pected for snow. This assumption appeared not
to be fully correct because of a difference in
order of magnitude of electric resistivity be-
tween sugar and snow. The resistivity of snow
is smaller and therefore some difficulties which
arose when working with sugar (rest charge),
do not appear when using snow. To clarify this
subject, the resistivity of snow was also mea-
sured. The electrification of snow and related
phenomena were investigated by measuring:

(1) the charge of snow when pouring it
from a vessel into a funnel,

(2) the charging of an insulated target on
which snow was blown and the charge
of the scattered snow, and

(3) the charge in air during condition of
blowing snow.

2. Arrangement of the experiments

1. Measurements of the resistivity of snow. If a
charged Wulf electrometer was connected with
a metallic rod embedded in the given substance
placed in a grounded metallic vessel the fibres
of the electrometer dropped together in the case
of sugar, but the dropping could be seen and
studied. In case of snow, however, the dropping
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Fig. 1. Device for measuring the resistivity of snow: (R)

resistor of the substance under consideration S, T trolitul

tube, A and D brass plugs; E clectrometer, C high quality
condenser, B battery, K key.

was instantaneous. It was even impossible
to determine the resistivity of the snow, by
means of a bridge by which resistivities up to
10°Q could be measured. Therefore a method
must be used by which higher resistances can
be measured. The device used is shown in Fig.
1. A tube T made of very good insulating
material (trolitul) was closed at both ends with
the brass plugs A and D and filled with the
substance under investigation. One plug was
grounded, the other was connected to the Wulf-
electrometer E with the aid of a screened cable
of very good quality. A condenser C=o.1 uF,
also of very good quality, was installed in
parallel with the electrometer. The whole sys-
tem was charged by a battery B. Resistivity
of the substance under examination was deter-
mined from the fall of the potential.

2. Pouring snow. The device used is shown in
Fig. 2. Snow was poured from a vessel into the
funnel F. A cylindrical collector C was placed
on the polystyrene insulators I in the screening
vessel Sc. The collector was placed outdoors
and connected with the Wulf bifilar electrom-
eter through a high quality screened cable.
The electrometer was placed in a closed room
at room temperature. The following vessels
and funnels were used: (1) metallic, (2) paper
coated, and (3) paper coated impregnated first
with water which was frozen and after that
covered with ice by repeated immersion in
water and freezing. Pouring snow was quite
difficult. The vessel from which the snow was
poured, had to be shaken all the time by hand,
and in the funnel the snow had to be scroped
from time to time with a rod.
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3. Blowing snow. A device for snow blast
was built as shown in Fig. 3. Snow was poured
into a metallic funnel F connected with a
flexible tube T. Air was blown into the tube
by an electric driven blower B. Snow did not
always pour continuously into the gap between
the funnel and the nozzle of the blower, and it
had therefore to be poked by a stirrer S from
time to time. But on the whole the device was
suitable for obtaining a jet of snow which could
be blown in the air off on to different targets,
for instance on an insulated plate. The plate
was charged up to a comparatively high poten-
tial even by using small quantities of snow so
that once by slight carelessness the Wulf elec-
trometer connected with the plate (Situation I,
Fig. 3) was so highly charged that one fibre
was attached to the field plate. Shorter sparks
were occasionally obtained from the plate. The
charging of the plate was measured by a Wulf
electrometer E (Situation I, Fig. 3). The charge
of the scattered larger snow particles was meas-
ured in the collector C (Situation II, Fig. 3).
The charge varied depending upon whether
the plate was insulated or grounded (Situation
1, Fig. 3).

4. Measurements of the charge in the air. It was
evident that from blowing snow particles of

[ )
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Fig. 2. Device for experiments by pouring snow: F
funnel, C collector, I polystyrene insulator, Sc screening
vessel, E connector for cable to clectrometer.
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Fig. 3. Arrangement for cxperiments by blowing snow: B air blower, F funnel, S stirrer, P plate of various
materials, Ins polystyrene insulators, E electrometer, C collector, St screening vessel.

smaller size also could be expected to be present
in the air and it was impossible to collect these
suspended particles in a collector. The charge
carried by these small snow particles and pos-
sibly also by the air itself, if ionized, may be
measured as the net charge, as done by other
authors (7), but it is preferable, if charges of
both polarities are present, to separate them.
It was attempted to make this separation by
measuring the charge in air with ton counters
by which method it also could be determined
if ions were produced by blowing snow. The
ion counters used were those used at the Insti-
tute for measuring ions in the atmospheric air:
one ion counter for small jons equipped with
a Weger condenser (10) and one Israél large-
ion counter (9). The snow blast was arranged
in a gap between the observation cabin, where
the counters were placed, and a wagon on one
side of it (Fig. 4). In this way the space, where
snow was blown, was partially screened from
winds, although a slight draught prevented us
from obtaining an even “snow atmosphere”.
Therefore, if more definite conditions were
desirable, a better screening would be necessary
in order to eliminate the difficulties caused by

the wind. The snow jet was blown on a plate
P and in some experiments also directly into
the air.
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Fig. 4. Arrangement for measuring of charges in the air

with ion countcrs when blowing snow: B pipe of snow

blast, Pplate, W small-ion counter with Weger condenser,

E Ebert counter, Is Israél large-ion counter, V' vacuum
cleaners.
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Fig. 5. Increase of the resistivity of snow with time and variation by changing polarity of the system; () loosely
poured snow, (b) more shaken snow.

3. Some considerations on the electrification
of snow

a. The reason for electrification. Snow or ice
crystals may be electrified in various ways:

(1) The ice may be charged when water is
freezing (14), (5).

(2) Completely formed and uncharged ice
crystals may be electrified when falling through
ionized air, as has been assumed by several
authors. A summary and references on this sub-
ject may be found for example in a paper by

WICHMANN (13).

(3) Completely formed and uncharged snow
particles will be charged by touching other
bodies. Contact potential, friction and frag-
mentation of snow crystals may be the cause
of electrification in this case.

Only the last effect is of interest in our
cxgcriments.

. Electrification in our experiments. There are
three entities which may be electrified and the
charge of which can be measured when snow
is falling on a target:

(r) The snow itself, particularly the larger
snow particles which may be collected and
measured;

(2) The target may be electrified because,
if snow particles are charged, at least some
other object must be present which could be
electrified with the opposite electricity and this
can be the target touched by the snow;

(3) The air; electrification of snow and target
takes place in air and therefore the air may
Tellus V (1953), 3

also be electrified. From our measurements it
was not possible to determine whether the air
was really electrified, i. e. if ions were formed
in air by electrification of snow, or the charges
measured in air could be attributed to very
small snow particles suspended in the air. It
seemes to us that the latter assumption is more

likely.

4. Results and discussion

1. Resistivity of snow. As might be expected,
the resistivity of snow was highly variant de-
pending upon the variation of its structure,
but the orcitr of magnitude (Table 1) was the
same as that of ice measured by JoHNSTONE (4).
It was attempted to characterize the snow by

Table 1. Resistivity (in 106 () cm) of snow.

Snow |Loose-
Tempe- Shak- | Pack-
Date | turece| 90- ly en ed

sity |packed

1953

Jan. 29 —2 — 2600 470 70
Feb. 4 [—3, —2| o0.13 620 300 28
Feb. 3 |—7, —4| o0.a8 62 15 —
0.22 200 29 67
0.51 77 44 27
Feb. 9 —38 0.47 | 100 60 70
—8 0.09 440 170 60
Feb. 5 —9 0.25 | 2430 | — 400
Feb. 6 —I2 0.29 170 g0 500
Feb. 7 —16 0.17 900 440 200
—16 0.30 700 210 190




264

its density, which also is variable. A definite
dependence on the temperature could not be
found.

The obtained variations of the resistivity of
snow may also be related to some other phen-
omena (Fig. s). The resistivity of snow poured
into the holder increased with time. If the sign
of the electrical charge applied to the system
was changed, the resistivity returned to the
smaller initial values but thereafter increased
again.

Resistivity of sugar wasof the order 1—3 x 1012
£ cm. It is evident that in order to obtain more
definite information about the electrical resis-
tivity of snow, more careful measurements must
be carried out. Electrical resistivity is also a
quantity by which electrical properties of the
substance are characterized, and, as has been
shown, no difficulties arise in measuring it for
snow if one uses modern insulation materials.
In our case it was only important to obtain a
general idea of the problem and the most im-~
portant conclusion was the following one: al-
though the resistivity of snow is comparatively
high, it is considerably smaller than that of
sugar, and therefore difficulties caused by the
rest charge observed in casc of sugar should not
be expected to be of importance when working
with snow. Thus the difficulties one might ex-
pect from working with sugar did not appear
because it may be expected that if electrified
snow particles fall in a heap, the charges of the
particular particles will be completely distrib~
uted over the heap and hence the charge would
disappear if the system were grounded. In ad-
dition we may also conclude that results of
investigation of electrification obtained by using
substances of very high electrical resistivity (as
sugar, perhaps also quartz) cannot be applied
to substances with low resistivity, (e. g. snow)
without particular considerations.

2. The electric charge on snow falling into a
tunnel. Under the same conditions snow was
negatively charged when falling on a metallic
surface or an ice surface and positively when
falling on a paper surface (Table 2. Jan. 26,
30, Feb. 9), although under other conditions
it was negatively charged when falling on a
paper surface (Table 2. Feb. 7). Thus the same
snow obtained charges of different sign depend-
ing on the character of the surface which was
touched. The properties of the other entities
determined the charge and also the polarity of
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Table. 2. Electric charge in 107 1% coulombs perig

snow when pouring as dependent on various

factors.
Tempe-] Date
Funnel dS;l;)i‘tvy rature | Weath-
Metal Ice Paper Cc° er
1953
(—) 0.38[(—) 0.35|(+) 0.37] o0.5 —4 |Jan. 26
(—)o.2
(—) o.7/(—) o.3)(4) 1.3] o0.24 —1 |[Jan. 30
(—)0.96 0.22 —7, | Feb. 3
(—) 1.00 drifted | —4
(—) 18.4{(—) 1.0{ *) 0.25 —8 | Feb. 5
(—) 8.6 strong
(—)15.2 wind
(—) 35.4{(—) 0.88] *) 0.29 —12| Feb. 6
(—) 338 [(—)o.95
(—)39.4{(—) 0.45
{(—)o0.42
(—)o0.93
(~— 1.19
(—) 0.96
(—) 21.0|{(~) 0.72|(—) 1.56] 0.3 —16( Feb. 7
(—) 23.0/(—) 0.55|(—) 1.36] old wind
(—) 22.0 (—) 1.35| granu-
(—) 19.0 (—) 1.44| lated—
(—) 2.24
(—) 2.40
() 29.0{(—) 1.25|(—) 0.20 0.17
(—) 26.6!/(—) 0.53|(—) 0.12| fresh
soft
(—)1.35 *) 0.47 —0a.6] Feb. g
(—) 1.05 old —8 | wind-
(—)1.15 granu- less,
lated SNOW
(—) 1.10{(—) 0.39| *) falling
(—) 0.47/(—) 0.15
(—) 0.94{(—) 0.26
(—) 8.7 [(—) 1.45)(—) 1.7 0.09
(—) 7.1 |[(—)o0.93[(—) 1.5 | fresh
(—) 7.6 Funnel
heated
up
(+) 0.67
{(+)0.58
(+) 0.45
(+) 0.60

*) Indefinite, collector discharged independent
on the polarity of the charge at the beginning.

the falling snow. The magnitude of the effect
was also dependent on the structure of snow
and on the temperature. At lower temperatures
the effect was greater.

3. Charge of an insulated plate when hit by
drifting snow. A similar and more marked effect
was established when a jet of blowing snow

Tellus V (1953), 3
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Table 3. Charge on insulated plates of various ma-
terials when blowing snow.

Charge in 10-1° coulombs
per 1 g snow Date and
Plate Plate at the beginning [temperature
(+) | = | un 1953
charged|charged|charged
Aluminium |(+) 6.2l(+) 16.8 Feb. 13, t =
(+) 8.5/(+)12.8 —10° C
(+) 5.8[(+) 7.2
(+) 12.2[Feb. 14, t =
(+)13.0}— 5°C
Pasteboard {(—) 40.0i{—) 21.7 Feb. 13, t =
(—) 37.4[(—) 23.0 —10° C
(—) 36.1/(—) 244
(—) 22.8{Feb. 14, t =
(—) 25.0— 7°C
(—) 296
(—) 25.6
Pasteboard [(+) 10.0{(+) 18.()"(—{—) 10.2|Feb. 13, t =
covered (+) 6.31(+)13.0(+) 11.8]—10° C
with ice (+) 6.3/(-+) 11.7{(+) 149
(+) 85
Wood (—) 13.6iFeb. 14, t =
(—)124}— 7°C
(—)12.2
(—) 14.6
Bakelite (—) 11.9{Feb. 14, t =
(—)11.8}— 6°C
(—)11.2
(—) 16.8
Plexiglas (+) 9.0[Feb. 14, t =
(+) 6.31— 6°C
(+) 7.1
(+) 6.7

struck different targets: metal and pasteboard
covered with ice were positively charged,
pasteboard, wood, bakelite were negatively
charged, but a better insulator such as plexiglas
was charged positively (Tables 3 and 4). The
charge obtained on pasteboard was very large.
A snow block also obtained a very large charge
(Table 4). On the other hand the charge of a
metal plate was very dependent on the quality
of the surface, a greasy iron plate obtained
somctimes positive and sometimes negative
charges. Also here the effect was, in general,
larger at lower temperatures.

4. The importance of the surface. It scems that
these experiments conclusively show the im-
portance of the character of the surfaces touched
Tellus V (1953), 3
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by the snow particles. This is shown still better
by experiments at temperatures close to zero.
In such cases a dry pasteboard and a dry wood
plate were negatively charged, but the charge
became positive if the plates were wet (Table
s). A similar effect of changing polarity was
also observed on metallic surfaces although
not so marked. It may seem that this effect
could not be of importance for electrification of
snow under natural conditions, but we do not
think so, because the properties of the surface
of individual snow flakes, snow crystals, par-
ticularly graupel grains may also be different de-
pending on various circumstances of this effect,
possibly modified, may therefore also be ex-
pected under natural conditions in the air and
in clouds. The different charging of various
targets when struck by blowing snow is of
basic importance because so many varying con-
ditions have been observed to affect snow elec-
trification. If the properties of the surface of
the bodies for electrification are of such impor-~
tance as shown by these experiments, the con-~
ception of the role of the surface layers for
electrification of bodies by friction as pointed
out recently by BONNING (2) may help us in
trying to explamn this phenomenon.

5. Charge of larger snow particles scattered from
the plate. One fact seems to be contradictory
to this conception, viz. that the larger snow
particles scattered from the target by blowing
snow were in all cases positively charged inde-
pendent of whether the target was charged
positively (metallic surface, ice block) or nega~
tively (pasteboard, wood) (Table 4). It should
be added that the larger snow particles were
negatively charged only in one case when scat-
tered from a grounded ice block (Table 4, Feb.
20). The charge of the scattered larger snow
particles per gram of snow was in general larger
than that produced on the target per gram of
snow. But as yet we have not considered the
possible effect of the air or the smaller snow
particles in the air.

6. The charge in the air. The presence of charges
in air, and simultaneously charges of both po-
larities was shown by measuring with the small-
ion counter (Figs. 6, 7, 8). Sometimes the posi-
tive charge was predominant, sometimes the
negative. Similar effects have also been observed
by several authors during natural snow storms
and alsoin experiments. SCHAEFER (8) has shown
that the air-to-ground current during snow
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Table 4. Charge of an insulated plate when blowing snow and charge on larger snow particles blown

away from the plate and collected in a collector, when the plate was insulated and when grounded.

Charge carried by larger snow
particles
Charge of Date and
Plate
insulated plate Plate temperature
insulated grounded
Total charge in 10-1¢ coul. of the
same unknown quantity of snow 1953
i {+) 60 (+) 60 Feb. 20,
Aluminium (+) 48 t= —25°C
Pasteboard (+) 130 (+) 190
(+) 115
In 10-1° coul. per 1
g snow
Snow block (+) 44 (+) 145 (—) 25 t=—15C
(+) 55 (+)185 (—) 36
in 10-1° coul. per 1 g snow
Iron very (+) 1.1 (+) 3.8 (+) 1.15 Feb. 24,
carefully cleaned (+) 1.0 (+) 3.0 (+) 47 t=-—2°C
(+) 2.3
Pasteboard (—) 5.2 (+) 10.5 (+) 27 t=—1.5°C
(—) 44 (+) 8.2 (+) 335
Wood (—) 10.2 t=—1°C
(—) 12.2
Wood (=) 47 (+) 85 (+)83 March 4,
(+) 106 (+) 75 t=—1.5C
(+) 72
Snow block (+) 0.82 t= +41°C
(+) o35
(+) 5.5 (+) 3.2 (+) 1.6 March s,
(+) 7.0 (+) 19 (+) 1.8 t=-—15C
coarse-grained
SNOW, SNOW
block very dense

Table 5. Charging of an insulate plate from blowing
snow. Date March 10, 1953. t = 0° C, strong N'W

wind.
Charge in 10-10
Plate coulombs per 1
g snow
Pasteboard Dry (—) 5.1
(—) 3.2
moistened (+)1.5
by water (+) 2.1
dry (—) 3.5
Wood =33
moistened (+)1.6
by water (+) 21

storms usually was positive, but it may also
be negative in some cases. STAGER (11), (12) has
established sometimes a positive, sometimes a
negative charge in a cloud of fine snow in a
whirl. By measuring the space charge during
snow storms PEARCE and CURRIE (7) have estab-
lished that the space charge density becomes
strongly positive, when the surface snow starts
to drift, but the rate of charging of the collector
either decreased or changed its sign temporarily
when very strong gusts occurred which indicates
that the proportion of negatively charged par-
ticles entering the collector increased in such

cases.
We have not succeeded in clarifying the con-
Tellus V (1953), 3
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Figs 6, 7, 8. Number of elementary charges e per cm?®
in air when blowing snow measured with Weger con-
denser at different potentials (in Volts) of the control
electrode. Beside the average values points for individual
measurements are also shown.
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Table 6. Number of elementary charges e per cm?
measured with Israél large-ion counter adjusted to

a limit mobility 4y = 13.6 X 10~% cm sec™1: Volt

cm~ L, Feb. 20, 1953, t = —5° C.

I series 11 series
(+) (—) (+) (—)
In the air 760 1030
When blow-| 2380 3700 3020 3020
ing snow 4430 3320 3170 2550
3900 | 3020 | 2770 1580
4400 4150 2660 2660
5100 3500 2890 2880
4430 2890 3910 2660
5540 3700 3500
3700 3700 3170
3900
4430
4430
Average | 4070 | 3380 l 3170 I 2620

ditions under which the positive or the negative
charge is predominant in the air. The maximum
value of the positive space charge or the net
charge estimated by us in the air may be of
the order 0.5 x 1075 ¢. 5. u. per cm?®; PEARCE and
Currit (7) have measured values up to 1073
e. s. u. per cm® occurring with moderate drift
during snow storms. If only the net charge
were measured, the charge opposite to the pre-
dominant one would be overshadowed. There-
fore measuring of separated charges as done
by us has a certain advantage. Charges of both
polarities were also measured in air with the
large-ion counter (Table 6).

No definite conclusions would be drawn
whether real ions were measured in air by ion
counters or not. It seemed to us as if smaller
snow particles with larger charges (up to several
100 000 elementary charges per particle) carried
the charge on to the collector electrode when
measuring with the Weger condenser. Larger
particles with properties of large atmospheric
ions might be measured by the large-ion
counter.

The importance of the role of the charges or
possibly the smaller snow particles produced
in the air by electrifying snow is also shown
by the following phenomenon observed by
us: The measured charge of the collector (when
snow was falling into the funnel) and of the
plate (when blowing snow) was larger when
the collector or the plate had been discharged
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during the measurement (collector or plate were
charged at the beginning with a charge opposite
to the charge collected), than when collector
or the plate became more strongly charged,
(i. e. when they had had at the beginning a
charge of the same polarity as that of the col-
lected charge).

The great importance of our knowledge of
the propertics of the charges produced in the
air by electrification of snow may also be seen
from another point of view, viz. the problem
of separation of charges obtained by electrifica-
tion of snow. This problem is very important
for various thunderstorm theories, but it seems
that it cannot be clarified in a simple way.

In addition it must be noted here that we
have not observed the effect of electrification
by erosion of snow as shown by Pearce and
Currie {7) when an air stream strikes a snow

HARALD NORINDER AND REINHARDS SIKSNA

block. Perhaps our jet was too weak and the
sensitivity of our electrometer may also have
been too low, but our intention was only to
get an idea of the more pronounced effects.
By using more effective devices certainly many
interesting details could be found.

A more detailed account of the investigation
presented here will appear in Arkiv for Geofysik
published by Kungl. Svenska Vetenskapsakade-
mien, Stockholm.

Acknowledgements

The Swedish Natural Science Research Coun-
cil deserves to receive thanks for placing means
at the disposal of the Institute for the perform-
ance of this investigation. Mr A. Metnieks
who assisted in the observations and calcula-
tions deserves appreciation.

REFERENCES

(1) ARMY-NAVY PRECIPITATION-STATIC PROJECT, 1946.
Proc. I. R. E., 34, 156—177, 234—254.

(2) BonINg, P., 1952: Theorie der Aufladungserschein-
ungen an Staub, Papier und Spinnstoffen. ETZ, 73,
655—658.

(3) CraLMEgs, J. A., 1952: Electric charges from ice
friction. J. Ammosph. Terr. Phys., 2, 237—239.

(4) Jounstong, J. H. L., 1912: The electrical resistance
and temperature coefficient of ice. Proc. a. Trans.
Nova Scotian Institute of Science (Halifax), 13, 126—
144.

(5) Lueper, H., 1951: Ein neuer elektrischer Effekt bei
der Eisbildung durch Vergraupelung in natiirlichen
unterkiihlten Nebeln. Z. angew. Phys., 3, 247—253.

(6) NomiNDper, H., 1949: On the measurement and
nature of atmospherics produced by electric discharge
in snow squalls and from other sources. Tellus, 1,
Nr 2, 1—13.

(7) Pearce, D. C. and Currig, B. W., 1949: Some

qualitative resul's on the electrification of snow.

Canad. J. Res., 27 (A), 1—8.

SCHAEFER, V. ]., 1048: Properties of particles of

snow and the electrical effects they produce in

storms. Trans. Amer. Geophys. Un., 28, $87—614.

(8

=

(9) SiksNa, R., 1952: Measurements of large ions in
the atmospheric air at Uppsala. Ark. geofys., 1,
Nr 18, 483—s18.

(10) SiksNa, R., 1953: Mobility spectra of ions formed
by positive corona discharge. Ark. fysik, 6, Nr 28,
279—286.

(11) STAGER, A., 1925: Experimentaluntersuchungen tiber
Kontaktelektrisierung von staub- und wolken-
formig zerteilten Korpern, speziell von Schnee als
gewitterbildendem Faktor. Ann. Phys. (Leipzig), (4),
76, 49—70.

(12) STAGER, A., 1925: Weitere Untersuchungen iiber
Kontaktelektrisierung bei fein zerteilten Kérpern,
besonders bet Schnee. Anun. Phys. (Leipzig), (4), 77,
22§-—240.

(13) WiceMmann, H., 1952: Zur Theorie der Gewitters.
Arch. Meteor. Geophys. Bioklim. (A), 5, 187—230.

(14) WorkmaN, E. F. and ReiNoOLDs, S. E,, 1950: Elec-
trical phenomena occurring during the freezing of
dilute aqueous solutions and their possible rela-
tionship to thunderstorm electricity. Phys. Rev., 78,
254—259.

Tellus V (1953), 3



