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Abstract

The electric charge on individual precipitation elements was simultaneously
measured together with the surface potential gradient in Northen Japan, using
respectively a vacuum electrometer and a Wulf type electrometer. The size and
shape of the elements were also observed by the filter paper and microphotographic
method.

The charge on precipitation elements measured was represented simultaneously
with the time variation of potential gradient. The following results were obtained.

i} In rain falls, “the reversal relation” between the signs of charge and potential
gradient is observed except during the short period when the sign of the potential
gradient is changing.

ii) The reversal relation is also observed in general snowfall ; however, when graupel
or sleet falls, the relation between the charge and potential gradient is very
irregular.

iii) The charge on snow flakes is extremely large when the potential gradient was
rapidly changing.

Considering those results, it is supposed that the precipitation elements are
electrified partially by WILSON's mechanism under fairly intense field, and on that
mechanism are superposed certain other effects. If an element is influenced by both
positive and negative field during its fall, the effect of the fields will be canceled and
the element will carry its original charge to the earth surface without any charge
deformation.

§ 1. Introduction

The electric charge on precipitation elements became of inter-
est in- connection with the charge separation in clouds and with
the balance of the atmospheric. electricity. If the charge is
measured simultaneously with the potential gradient, it is more
useful, because the potential gradient under a cloud base yields
an information about the cloud electricity. In the discussion of

* Yokohama National University.



8 C. Magono, et. al.

the balance, it is necessary to assume total precipitation currents
on the whole earth surface, therefore, it is desirable that the charge
on all kinds of precipitation elements should be measured at various
regions on the earth. However the observations of the charge on
precipitation elements have been almost entirely limited to Euro-
pean or American regions. Therefore, in Japan, the present writers
undertook to measure the charge on raindrops, snowflakes and
graupel simultaneously with the surface electric potential gradient
under clouds through- 1954, 1955 and 1956.

§2. Apparatus

To avoid artificial electrical disturbances, in winter the authors
used an igloo under the snow cover as the site for measuring the
charge on snowflakes, as shown in Fig. 1. The igloo was very
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Fig. 1. The vertical section of a snow igloo used in
observing the charge on snowflakes.

N1

convenient for the photographing of snowflakes owing to its cold
temperature and stagnant air. An ion collector for measuring
potential gradient was set up at the height of 25 m above the
snow surface and to the leeward of the igloo. The potential
gradient on the snow surface was measured by a Wulf type string
electrometer. Rods of polystyrene or paraffin were very useful as
electrical insulators. However, it should be cautioned that snow-
flakes accreted on the rods often lower the insulation power in
the antenna system. A receiving equipment for snowflakes is
shown in Fig. 2. At the moment when one snowflake falls through
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Fig. 3. Electric circuit for measuring

the charge on precipitation
Fig. 2. Receiving plate system. elements.

a hole of the igloo and falls on the receiving plate, a rotating plate
below the ceilig is shut. When a few snowflakes falls at one time
onto the receiving plate, the mean charge of the several snow-
flakes is adopted as the charge of single snowflake. The mass of
snowflakes is measured by a filter paper dyed black which is used
later as a dark back field to photograph the snowflakes. The charge
of snowflakes lying on the receiving plate is measured by an electric
circuit as shown in Fig. 8. The apparatus was also used to measure
the charge on raindrops.

§3. Charge of Raindrops

Kiryu is famous as a city where thunderstorms are very often
observed in summer season. Some results in the measurement of
charge on raindrops obtained there are shown in Figs. 4 and 5.
In the Figures, solid lines show the time variation of potential
gradient, and black dots show the value of charge on single rain-
drops. Numerals suffixed to the dots represent the diameter of
the rain drops in mm. At the lowest part of the figures the
weather is indicated by International Meteorological symbols.

In Fig. 4, one sees a reverse relation between the signes of
drop charge and potential gradient. It is noted that the larger
the drop is, the larger the charge on it. The reverse relations
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Figs. 4 and 5. Time variation of the charge on single
raindrops and earth surface electric potential
gradient at Kiryu.

are also seen in Fig. 5 except during the short period when the
sign of potential gradient is changing. The drops which were
observed within 2 minutes before and after the instant when the
soild lines showing potential gradient cross the zero-line, are dis-
tinguished from other drops by the use of double marks @®. The
reverse relation has already been found by Ersrer and Gerceer®
and others”. From the relation, one may probably recall Wmrrre
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and Cuarmers’ caleulation® based on Wirson’s? theory. The result
of their calculation is as follows,

Q = —3E7*

where @ is the maximum
charge on a raindrop under
a potential gradient X, and r
the radius of raindrops in
C.G.S. It is considered that
the magnitude of electrifica-
tion of raindrops by ion cap-
ture is proportional to the
surface of the drops, there-
fore, in Figs. 6 and 7, the

charge per unit area of drop -

surface is shown to the po-
tential gradient measured at
the moment when the drops
fell. For comparison, the value
of charges obtained by Wurp-
pr.E and Cuarnyers’ calculation
is represented by a solid line.
In the figures, one may see
that the relation between the
signs of the charge and the
potential gradient agrees fair-
ly. well with that of Wirson’s
theory, but the magnitude of
the charges observed is several
times larger than that calcu-
lated. The measurement of
potential gradient was not
accurate ; however, this dis-
crepancy may be due to other
factors, perhaps to the fact
that the potential gradient
below cloud bases was much
larger than that observed at
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the earth surface. Field potential of the magnitude of several
thousand volts per cm is not unusual under active thunderclouds,
therefore, one can expeect such large charges on drops as shown
in Figs. 4 and 5. In this connection, in Wurepr.e and CHALMERS
calculation, a constant potential gradient between cloud base and
earth surface is assumed.

On a certain day in September, 1954, charges on raindrops
from a frontal thunderstorm were observed at Yokohama. The
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Figs. 8 and 9. Time variation of the charge on single
raindrops and earth surface electric potential
gradient at Yokohama.
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reverse sign, the exception and the magnitude of charge were
similar to those observed at Kiryu as shown in Figs 8 and 10.
On the next day, Typhoon No. 14, 1954 passed through Yokohama.
The results obtained then are represented in Fig. 9. In this case
also, the reverse sign relation is seen, however, the magnitude of
charges shows less than those in thunderstorms. The upper limit
of charges measured agrees fairly well with those expected from
Wurerre and Cuarmers’ calculation, as shown in Fig. 11.

Some considerations should e';‘-’/cmz
be given to the fact that the Sa,
signs of charges on raindrops 04 4"
were observed near the reverse
of the sign of potential gradi-
ent, as shown in Figs. 5 and 8. -
It is questionable whether rain-
drops carrying such charges of
the sign same as that of po- — =
tential gradient fall actually .
or whether the authors ap- .
parently obtained only such a . .
result near the moment when .
the sign of potential gradient
changed. The lag time be-
tween two moments of ob-
serving charge and potential
gradient was less than a half o, NO.4
minute. This time interval is - : 4[:: e
fairly small compared with a
few minutes expected from
Figs. 5 and 8. The time re- R LU
quired for raindrops to fall -6 -3 '
from the cloud base to the [  oosk
earth surface was probably a » ' L
few minutes. This time ap- -0l
pears to agree with the lag Fig. 11.
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Figs. 10 and 11. Relation between the
charge per unit surface area of
raindrops and potential gradient
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drops under the electric field follows late after the variation, and
the drops arrives at the earth surface still later, i.e., if a few
minutes elapsed during their fall, then such drops of the same
sign as that of potential gradient should be observed only after
the reverse of the sign of the potential gradient. However, as
one sees in Figs. 5 and 8, the drops which are charged with the
same sign as that of the potential gradient are scattered equally
before and after the moment when the potential gradient crosses
the zero-line. Therefore, the authors believe that the occurrence
of such “same-sign” phenomenon is not entirely due to the lag
phenomenon which is produced by observation procedures or
charging mechanism.

It is supposed that if a drop suffers both positive and negative
fields of the same magnitude during its fall, the effects of the
fields on the charging of drops will be almost canceled, in other
words, the effect of electrification by Wirsox’s mechanism may be
neglected. Thus, the drop observed near the moment of the reverse
in the potential gradient’s sign will show its original charge ob-
tained within a thundercloud. In considering both the original
charge and the deformed one on a raindrop, the authors have
reached an opinion essentially the same as that of Syitn® In
Gunn’s report”, the relation between the signs of raindrop charge
and potential gradient seems almost to be irregular. If the signs
are rearranged removing the data observed during the period
near the instant of reverse of sign of potential gradient, the
relation would become more regular.

§4. Change. on Snowflakes

In winter season, Northwestern Monsoons bring many squall
snowfalls to the western side of Japan. The snow crystals observed
there generally form snowflakes which are more or less wet and
to which cloud particles are attached. Some results obtained at
Sekiyama in Niigata Prefecture are shown in Figs. 12, 13 and 14.
The shadowed areas showing potential gradient in the figures
mean that within the areas the indicator measuring potential
gradient vibrated so violently that instantaneous values could not
be read. The rapid change of potential gradient might be due to
the local change of air cells near the ion collector, however, it is
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noticeable that the charge on snowflakes observed in such periods
often showed extremely large negative value, although the magni-
tude of the potential gradient itsself was not so large.

In those figures also, one may see the reverse relation of signs
between the potential gradient and the charge on snowflakes. Con-
sidering that the periods of field change are roughly 30 minutes,
the rythmical variation in potential gradient may be a part of
so-called “wave pattern”. When snowflakes are wet, it is easy to
measure their charges individually, but in Sapporo when a snow-
flake breaks up on the receiving plate or many dry snow crystals
fall at once, the distinction of charges on individual particles is
difficult by means of the writers apparatus. Therefore, Q/r* was
adopted as the charge on snowflakes, where @ is the charge
measured during one period, r the radius of water drop calculated
from the total mass of snow particles fallen at one period on the
receiving plate. The magnitude of @/ in mm had usually the
same order as that of single flakes even if such a calculation was
employed. Therefore, one may use Q/* in esu/mm as the mean
charge on single snowflakes, the effect of their masses being
eliminated.

In Fig. 15 (Obs. No. 9) and Fig., 17 (No. 12), it will be seen
that in steady quiet snowfalls the potential gradient shows positive
values similar to that observed usually in fine weather, and even
if small depressions of potential gradient owing to the negative
electricity of cloud appeared at the same time as shown in Fig,
15 (No. 8) and Fig. 16 (No. 10), the charge on snowflakes was still
a small negative one. It has already been found by Simrson”,
Cuarmers and Lirrie® that in steady quiet snowfalls snow erystals
carry negative charge. Findings of the authors is that in such
cases, the sign of potential gradient is generally positive. This
reversal relation calls to one’s mind Wrirson’s mechanism in the
case of snowflakes. On the other hand, Cuarmers” has shown that
the snow ecrystals could be electrified by the capture of ions.
However, in such steady snowfalls, it is still questionable whether
the charge on snowflakes are electrified by the ion capture mecha-
nism or not, because the magnitude of the potential gradient is
similar to that in fine weather. Even if the snowflakes are charged
negatively by other mechanisms, for example, the mechanism sug-
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gested by FarcoNer', and the potential gradient is maintained
by the mechanism just as in fine weather, a similar reverse relation
of sign to those shown in Nos. 9 and 12 may be observed.

Until the positive charge during negative potential is also
observed, WirsoN’s theory of snowfalls ecannot be accepted. Un-
fortunately, the present writers had no chance to make such obser-
vations in the period of their study.

§5. Special Cases

An example of charges on graupel is shown in Fig. 16 (No.
11). The potential gradient changed rapidly from —600V/m to
+500 V/m, and the charges on graupel were roughly zero or rather
positive. From Workyan and Revwnonps’ effect'™, it is expected
that a graupel is rather negatively charged in a thundercloud.
But the authors think that after the fall from cloud base the charge
on the graupel may be influenced by other mechanisms, for example,
by Wrison mechanism. If the original charge on the graupel is
relatively small, the sign of the charge will be reversed during
its fall. Naxava and TErapa' reported that when the snow crystals
had cloud particles attached, they were often positive. It is the
authors’ opinion that more numerous data are necessary in order
to learn the relation between the potential gradient and the charge
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on graupels, because the change of potential gradient under clouds
which precipitate graupel is very violent and complex. '

Early in April, 1956, some results about sleet (partially melted
snowflake) were obtained as shown in Fig. 18. The potential
gradient varied violently and the charge on the sleet was also
widely scattered. ’

§6. Conclusions

The change of potential gradient and of charges on precipi-
tation elements is so rapid and complex that a vagueness is not
avoidable in the discussion if based on the results arranged by
the mean values. Therefore, to show the charge on individual
precipitation elements simultaneously with the time variation of
the potential gradient may be an adequate method clearly to repre-
sent the precipitation electricity. The authors believe that using
this method of representation they will arrive at a more perfect
understanding .about the cloud electricity. Considering generally
the results obtained hitherto, it is the authors’ opinion that the
reverse relation of sign between potential gradient and charge on
precipitation elements ocecurs mainly under the cloud base by
WirsoN mechanism and on that mechanism are superposed other
mechanisms.

The authors express their best thanks to Mr. Bunji Arax for
his cooperation. The expense of this work was defrayed from the
Special Fund for Scientific Research of the Educational Ministery
of Japan.
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