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Abstract '

‘The disturbance of the atmospheric pOtenti_ai gradient,
caused by the eruption-smoke of the Volcano Aso, was observ-
ed in the neighbourhood of the crater. It was found that the
»dis’tu'rbande was positive when the volcanic ashes were faiIing
The negative dlsturbance was often observed in short dura-
tions when the tip of the smoke reached the zenith of the observ-
ing spot.. The electrification of ashes by the mutual collision
was, mvestlgated in the 1aboratory and it was found ‘that the
larger partrcle got the posrtlve electrm1ty and smaller partrcle
the negative. ’

1. lntroductlon - :

The disturbance of the atmospherlc potent1a1 gradient caused by the smoke- _
cloud ever observed in Japan was.always negative in’the cases of Volcanos Asa-
mayama, Sakurajima® and Yake-yama®. Volcano Aso in Kumamoto Prefecture
-in Kyushu recovered its activity from December, 1949, The authors of the present
. paper had interests in sign and type of the disturbance of potent1al gradlent and
observed them with the portable electrometer @ very near the crater of Aso in
the middle of February, 1950, . v

The topographlcal map of the crater of Aso and its nelghbourhood is shown
in Fig. 1. Observing spots are shown with marks A and B in Flg 1. The crater
No. 1 was active in these days and the black smoke which contained the Iarge
quantity of ashes erupted with many pieces of lava at intervals of several minutes.
Almost all the pieces Of lava dropped into the crater again but the smoke was

) H. Hatakeyama Journ. Met. Soc. Japan. Vol. 21, p. 49, 420,426, 1943, V01 25, p 48 1947.

(2) T.Nagata and others Bull. Earthg. Res. Inst. Vol. 24, p. "2] 1946

(8) H.Hatakeyama: Journ. Met. Soc. Japan. Vol. 27, p. 372, 1949 ]

(4) The same electroineter which was used by the authors in the observation of the atmos-
}ilxeric potential gradient on'the summit of Mt. Fuji. H.Hatakeyama and T. Uo:hika,wa:' Journ.
Met. Soe. Japan, Vol. 29, p. 28, 1951. :
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carried east-southeastwards by the winter monsoon and the
ashes fell down from it. Between the eruption of lava and
black smoke only the white smoke flowed out of the crater

2. Method of Observation

The observing spot A is situated to the east-southeast
side of the active crater and almost always the eruption-
smoke flowed overhead of A. Sodn .after the -eruption of
black smoke, ashes fell around A. T hese ashes were very
moist. > As the observing spot B is situated to the south-

. east side of the active crater, generally it was not covered
Fig. 1 by the eruptlon-smoke but when the wind-ditection turned
to the north-west it was covered by the smoke, and ashes fell around it.

The distance between the center of the crater No.l and A is about 400 m, and
that between the brim of the crater and A is only 50 m, and the height of A from
the sea level is about 1260m The distance of B from the center of the crater
No.l is about 900 m and the height from the sea level is about the same as that
of A. The vert1ca1 pro;ectmn of the crater and the observmg spots are shown in
Fig. 2. In which the top of the smoke is estimated .
to be about 150 m from the br1m of the crater, and'
to be 200 m or more at B.

Examples of observed values at A and B are tabu- .
lated in Table 1 and 2. In the column 2 of the ta- Fig. 2
bles the values of electric potential observed by the electrometer are shown, In
the column 3 of the tables, thosz were reduced to the values of the potential
gradient observed on the plane surface. But in the present case the earth’s spirface
is not a plane and the electrometer is situated- in a small valley. For this we must
apply another reduction.: The reduction factors were estimated from the position
of the electrometer and the topography around the electrometer considering the
equipotential surface. In the column 4 of the tables the values of potential gradi-
ent when the spots were virtually plane are tabulated,

" In the column 5 of the tables the values of the density of ‘space charge in the
smoke estimated by using the values of the potential gradient in the column 4 are
shown. The values of the density of space charge in the smoke are calculated
by the followmg formula,

- "4 woh, ’
assummg that the smoke covered the earth’s surface. In the formula, Z is fhe
potential gradient, o the density of space charge, h the thickness of the smoke
layer which is assumed to be 200m in Table 1.and to be 250ﬁ1 in Tablé 2.

On inspecting Table 2, we find a course of electric effect ‘due to an eruption

(1) . D¥. Y.Miyake considered its origin as due to the deliquescent constituent such as Mgu, -
contained - in.the outer side film of the ash granule. Y. M]yake Journ. Met.. Soc:: Japan. Vol.
16, p 89, 1938. : ‘ .
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Tabjle 1. The variation. of the. atinospheric potential gradient at A
(at-about 12h, Feb. 17 th, 1950).

Iin o Pot(;e‘;x;;ial Potentéi?]l/ l%m;:dient S})_%C:ngé;?g?l R . Reinarks’
: - Cesu/m?) ) - :
1 23 230-1 - 9200 | ) | Covered by the white smoke but no ash-falf.
2 . 36 . 360 14400 | 1.9 | Ash-fall.
3 23 - 230 9200 ) | Rather strong ash-fall.
4 14 | - 140 |- 5600 i . . .| Ash fall in the neighbourhood. _
5 . 32 820 { 12800 - 1.7 -{ Covered by the wflite smoke, no 'z;sh fall.
. 6. .45 |1 450 180004 @ . 2.4 | Towering up of the black smoke, the strong-
1. 1o - S :est eruption dunng the observatmn
>220 | >2200 >88000 >I11.7 ‘ Strong ashffa,ll beglps. '
8| o ol 0 | Ash-fal ceases.
| 19| 0| 7eo| No ash-fall.

" Table 2 The variation of the a.tmospherlc potential gradlent at B
(at about 1th, Feb. 17 th 1950)

Liné P 0?31?,8‘1 Potent(l%l/lﬁl)'adle_nt bpag::nscl}tx;rge - o A Rémark-s
(esu/m3) ‘ ‘ ‘
1 s | 8 1280 | | White smoke flows eastward.
2 95 ' 93 140<0 l ' o ‘White smoke comes vnéar‘.
3 25 93 "1400 ‘ White smoke goes away.
4 | ‘ 27 » 100 1500 | k Black smoke rises high up. ‘
5 -78 -288 -4310 ~0.46 _ The tip of black smoke comes to the zemth.
6 23 85 | 1280 Ash-fall begins. :
7| 102 | a7 5650 0.60 | Ash-fall continues.
8. 91 337 | 50407 |- 0.54 | ditto.
9 98 362 5420 0.58 | Ash falls in the nelghbourhood
10 a1 337 5040 0.54 Ash-fall continues.
11 23 . 8 - 1280 ) White sinoke flows eastward.
12 36 | 133 2000 | - © | Margin- of the white smoke is at the zenith.
13 48 178 | - 2670 ditto. ‘ ‘
14| 32 us | 1o | " | White sioke rises high up.

activity from the line 4 to 11. It must be remarked that when the ‘tip of the
eruption-smoke reached the zenith of the observing spot - the potential gradient
suddenly changes its ‘sign from- positive to negative. And afterwards when the ash
begins to fall the potential gradient recovers gradually its positive value and -at
last it takes a large positve value which is numerically greater than the former
positive value. ‘ : ‘

In Table 1 we f1nd a course of electric effect due to an eruptlon activity fiom
the line 6 to 9. Very near the crater 2s.in A, immediately. after the towering up
of the eruption-smoke the strong -ash-fall begins.. The electric potential gradient
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takes a very large positive value soon after the rising of the black smoke. And
when the ash-fall ceases it recovers gradually to several thousand volts per meter
which should be considered to be the normal value at A. o
Can we explain these two differe_nt courses of electric effect by a common
distribution of electric charge in the eruption-srnoke ? We propose a hypothetical
distribution as shown graphically’ in Fig, 3a
and b.® Tt is only assumed that smaller ash
granules have the negative electric charge and
» larger ash grains have the positive charge As
o ) ) shown in-Fig: 3 b the electric charges of nega-
Fig. 3a ' Fiig' 3b tive . ;sign are in the upper part of the eruption-
smoke owing to their smaller falling veloc1ty, and the positive charges are in the
lower part owing to their greater ve10c1ty But very near the crater, as shown in
Fig. 3a, the screening of the electrrc charge is not yet performed and only the
effect of the larger falling ashes which have the posrtrve electric charge is observed.
3. Expenments on the Electnhcatlon of Volcamc Ashes ,
- The only assumption in the former article was that the smaller. ash granules
had the negative charge and the larger ones the posmve It 1s con81dered that -in

‘the  eruption-smoke there are many chances in which ash granules collide with
each other. It is very influential for our hypothesis that the smaller ash granules
get the negative”electric charge and the larger get the .posi_tive charge in these
chances of collision. - Following ﬁexper;ients were undertaken to test these possi-
bilities. o R

‘(a)’ Experihents with the voleanic ashes Of Aso. - The same ‘apparatus, Whieh
was formerly used by K.Uchikawa,® one of the present authors, to investigate
the electrification of soil and sands, was used for our experiments. ‘

The brief diagram of the equipment is shown grapbi-
cally in Fig.4. In the figure, A is a dish made of copper,
having a diameter of 10cm, and is'connected to an electro-
meter B and -is electrically shielded by C. The whole
electric capacity of the system is 22cm. D is a thin tin-
plate which capable of changing the inclination. Previously
the layer of ashes of larger gra‘.ins*ispasted over the plate
‘D. Volcanic ashes to be tested are placed on the plate D.
‘When it is mchned shghtly the ash grains of larger: size
run down onto the dish A after rubbing with the smaller.
granules. When 1nc1mat1on is. mcreased the smaller ash
granules run. down after ruhbmg with ‘the larger gra.ms\ N l
pasted on the plate. 4 . o Fig. 4

(1) This distribution of electric charge is contrary to that of the eruptlon-smoke of Volcano
Asama. H.Hatakeyama: Journ Met. -Soc. Japan, Vol 20, p. 48,1947,
2 XK. Uch]kawa Joum Met Soc. Japan Vol. 27,'p. 288, 1949
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We made these experiments with the volcanic ashes’ biought from, the neigh-
bourhood of the observing spot A. The average d1ameter of 1arger grains is 0. 3
mm and that of smaller granules is 0.04 mm.® The deflection of the image of the
electrometer is mostly positive when the larger grains are running down and it is
negative without exception when the smaller granules are running down.

The averaged value of electric quantity per unit mass for larger ash grains is
+40.004 esu/g (average of nineteen examples). And that for smaller ash granules
is —0.108 esu/g (average of nineteen examples also). From these results we may
conclude that, when the ashes collide with each other, the larger grains get the
positive electricity and the smaller get the negative.

These are results of laboratbry experiments. But it is very probable that in
the eruption-smoke the same procees takes place. The hypothetical assumption in-
the former article .is.now supported by .the experimental ,evidehce..'

(b) Baperiments with the volcanic ashes of Asama. - The disturbance in the atmos-
pheric electric potential gradient caueedvby‘ ‘the eruption-smoke of Volcano Asama
was always negative. But in the neighbourhood of the Volcano When‘the‘ tip of the
eruption-smoke reached the zenith the positive disturbance was often observed.
And the hypothesis @ vwras proposed that smaller ash granules or atmospheric ions
had the positive electric charge and the larger ash grains had the"negative The
cause of the separation of electric charge was hypothetlcally consxdered that. it
would be due to the mutual collision.’

- The 51m111ar ‘experiments as with the ‘volcanic ashes of Aso- were undertaken

with the volcanic ashes of Asama which were collected in the nelghbourhood of the
crater by ‘Mr. H. Dobashi, Chief of ‘Karuisawa :Meteorological Station. In, -ther case
of volcanic ahes of Asama,' there are - very fine - particles. - The average size of |
larger- ash grain’ is- about 1. 3mm, that of smaller ash- granule is"about- 0 03 mm
and that of very fine ash particles is about 1.6 microns. - . )

On the contrary to the case of the volcanic ash of Aso, the sign of electrlelty obtain-
ed by the electrometer when the larger ash grains of Asama are running down onto
the dish is always negative without exception.. The averaged -value of -electric
quantity per ..unit mass for larger: grains is —0,027 esu/g. (average of -ten exam-
ples).. The hypothetical assumptlon in . the former paper has now, obtamed the
expenmental ev1dence

The problem why the larger ash grains of Aso get the positive electrmlty and
those of Asama get the negative after the collision with smaller granules was left
untouched for the future study. '

(1) The group distribution-in the size of volcanic ashes of Aso and Asaroa was already ob-
served by the late Prof. T.Terada and Dr. Y.Miyake. T.Terada: Bull. E.n'thq Res. Inst.
Vol. 13, p. 801, 1935; Y.Miyake: Journ. Met. Soc.v Japan. Vol. 16, p. 89, 1938.

(2) H.Hatakeyama: Journ. Met. Soc. Japan. Vol. 25, p. 48,1947.



