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Abstiract: This paper is consisted of two parts. Chapter 1 is concerned with the
ionizations by the aipha-, beta-, and gamma-radiations from the atmosphere and the
ground. The specially designed ionization chamber and the plastic wall ionization
chamber are used for measuring the rate of ion pair production by the beta-, and
gamma-radiations respectively. The charcoal trapping method is used for measuring
the rate of ion pair production by the alpha-radiation. The survey was carried
out at 32 points in and around Nagoya City. The beta-radiation plays the largest
contribution for the jonization of the air near the ground, and the gamma-radiation
including cosmic-ray is the next. The rate of ion pair production due to the alpha-
radiation in the atmosphere is almost 1 ] on the average. The contribution of the low
energy radiation below 40 KeV for the ionization of the air close to the ground is
almost the same with that of the alpha-radiation.

Chapter 2 is concerned with the properties of the radioactive ions. The energy-
spectra of alpha-particles radiated from the radioactive ions in the three ranges of
critical mobility were measured. The results showed that the radioactive ions of
which critical mobilities being 4.4 cm?/sec V and 0.7 cm?/sec V carry only RaA, and
those of which critical mobility being 0.2 cm?/sec V carry not only RaA but also
RaB and RaC. The results of simultaneous measurements show that the radicactive
ions of which critical mobility being 4.4 cm?/sec V only are free from any kind of
condensation nuclei. The mean life of radioactive ion in the range described above
is 23 sec on the mountain top, and is 1.3 sec on the campus inside a big city.

Introduction

In genaral, the phenomena due to the natural radioactivity in the atmosphere
seem to be able to be divided into two parts; the one is concerned with the radiation
of the alpha-, beta-, and gamma-rays from the ground surface and the air, and
the other one is concerned with the airborne radioactivity.

The radiations from the radioactive substances contained in the earth’s crust
were studied mainly from the view point of geoscience at first. Hess and his
collaborators studied these phenomena from the view point of the atmospheric
ionization. Recently, the peaceful utilizations of atomic energy have been
developed, and the naturally occuring radiation dose rate is considered to be
important from the view points of the irradiation effects on human body and
the back ground for the external radiation dose rate accompanied with irradia-
tions from radioisotope sources and accelerators.

On the other hand, the time variations of the concentration of the radioactive
substances in the atmosphere and its relations with the meteorological elements
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were studied by many authors in the many places of the world. Until now,
many important phenomena were clarified by them. But, the absolute values of
the concentrations of radioactive substances and the size distributions of the
radioactive aerosols are still remained to solve in the future. To prevent the
radioactive substances from entering into human body by breathing is now
important problem in the field of the radiation protection. In order to solve
this problem, a precisely measuring method of the concentrations and the physical
properties of the radioactive aerosols should be clarified at first. As is well
known, the radioactive aerosols are composed of the radon daughter products
and many kinds of aerosols altogether. Therefore, the most fundamental form
of the radioactive aerosols may be RaA atom or RaA atom combined with
molecular ion in the atmosphere. The size of radioactive ion may successively
grow up by attachment to many kinds of aerosols. When a particle size is large,
it may be easy to trap the aerosol particle with a filter or an electrostatic precipi-
tator. Inorder to clarify the physical process of growing up of radioactive aerosol
size, the properties of radioactive ions is the important object in this laboratory.

In this paper, the following problems are described.

(1) The distributions of the alpha-, beta-, and gamma-radiations near the
ground in and around Nagoya City are separately observed, and the abnormal
increase of radiation due to fall-out radioactivity is reported.

(2) The relation between the radioactive nuclides carried by radioactive ions
and their critical mobilities and the mean lives of radioactive ions are discussed.

Chapter 1. The ionization by each component of radiations
from the ground and atmosphere near the ground

1.1. Introduction

Although the ionization of the air near the ground have been studied by
several authors FD-N1-011L601T) - g Jarge part of these measurements were restricted
to the ionization by the gamma-radiation or total radiations near the ground.
Hess and his collaborators measured the ionizations by the alpha-. beta-, and
gamma-radiations separately, and discussed the local anomaly and time variations.
The contribution of each component of the alpha-, beta-, and gamma-radiations
from the air and the ground was clarified mainly by their works. They showed
that the beta-, and gamma-radiations from the ground have considerably remarka-
ble local anomaly mainly caused by the geological and geographical conditions
of the ground. Recently, the artificial radioactivity accompanying nuclear explo-
sion tests deposited on the ground surface, and its radiation seems to increase
the ionization of the air from the ground!®"*%.  As is well known, the dose
rate by the naturally occuring radiations is very important for deciding the back
ground values of any kind of radiations and radioactivity on the earth surface.
In this chapter, the results of measurements of the ionizations by the alpha-,
beta-, and gamma-radiations near the ground in and around Nagoya City are
reported. The abnormal increase of the beta-radiation in grass and moss areas
compared with those in soil area is discussed. In the cases of measurements of
the ionization in this work, all detecting equipments are fixed at 1 meter high
from the ground surface.
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1.2. Instruments used for measuring the ionizations
Instruments used for the present works are as follows:

t) lonization by the alpha-radiation. One of the present authors (M. K.111)
used the differential method with two ionization chambers for measuring the rate
of ion pair production by the alpha-radiation in the atmosphere. Although this
method is very convenient to carry out the continuous measurements, it seems
to be hard to obtain the absolute values of the rate of ion pair production by
the alpha-radiation. In the present work, the rate of ion pair production by the
alpha-radiation in the atmosphere was measured by the following method:

The activated charcoal of coconut is contained in a copper tubing held at a
temprature of approximately —20°C with ethylene glycol in a cold box. The
outdoor air is drawn with a suction pump through the charcoal. At the end of
collection, the trap is heated inside an electric furnace at about 800°C, and argon
gas is used for flushing the radon gas from the charcoal trap into an ionization
chamber (1.5 litres). The arrangements of equipments used for the measurements
are shown in Figs. 1.1 and 1.2. Radon gas emanated from the standard radium
solution (**Ra, 1x10-°Ci) distributed by N.B.S. was used for calibrating the ioni-
zation current.

Although the concentration of radon in the atmosphere may be measured by
means of this method, the influence of the wall of the ionization chamber on the
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FIG. 1.1. Experimental arrangements for radon measurement. (Radon trap system.}
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F1G. 1.2. Experimental arrangements used for radon measurement.
(Measuring system used for radon concentration.)
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F1G. 1.3a. Large volume ionization chamber (220 litres).
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FIG. 1.3b. Arrangement used for measuring the rate of ion pair production.

jonization should be considered in the case of measuring the rate of ion pair produc-
tion. In order to minimize the influence of the wall, a large volume ionization
chamber is much better than that described above. Figs. 1.3a and b show the
large ionization chamber and the arrangement used for measuring the rate of ion
pair production. The volume of the large ionization chamber is 220 litres, but the
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effective volume for ionization is 90 litres which seems to be dicided by the
distance between the two electrodes and the areas of the two electrodes. As the
distance between the wall and the edge of electrode is 5 cm in this case, the
influence of the wall on the ionization may be minimized. Both ionization cham-
bers are initially evacuated, and the radon gas emanated from the radium solu-
tion is introduced into both ionization chambers. When the air pressure inside the
chamber reaches to 1 atm pressure, the air flow through the radium solution
stops.  All stop-cocks for the chambers are closed. As is well known, 3 hrs.
after the end of filling up is needed to keep the radioactive equilibrium inside
the chamber. The rate of ion pair production may be calculated from the ioniza-
tion current. Therefore, the ratio of the ionization current in the large chamber
to that in the small (1.5 litres) chamber gives the ratio of the rate of ion pair
production in the large chamber to that in the small chamber. The rate of ion
pair production by the alpha-radiation may be obtained by multiplying the value
of the rate of ion pair production measured with the small chamber by . The
results of the measurements give 1.3 for the value of 7. The value of the ratio,
1.3, seems to be always used for obtaining the rate of ion production by the
alpha-radiation in the atmosphere.

17) Jonization by the beta-radiation. The ionization chamber used for measuring
the rate of ion pair production by the beta-radiation is shown in Figs. 1.4a and
b. The wall of the chamber is aluminium foil of 44 microns thick (12 mg/cm?),
and the volume is 19.2 litres (length: 61 cm, diameter: 20 cm). The alpha-
particles below 9.6 MeV seem to be prevented from penetrating the wall. The
collecting electrode is connected to a vibrating reed electrometer. The ionization
current measured with the electrometer is recorded with an automatic recorder.
The wall is kept at the potential of 180 volts which is enough for obtaining a
saturation current by the beta-radiation. The ionization current measured with
the chamber is due to the beta-, and gamma-radiations altogether. To obtain
the current due to the beta-radiation, a stainless steel sheet is used for covering
the chamber. The thickness of the sheet is 1.8 mm (1,280 mg/cm?), and is enough
to absorb the beta-ray of which energy being below 2.6 MeV. Therefore, almost
all beta-rays may be prevented from penetrating the steel sheet. As the gamma-
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F1G. 1.4a. Ionization chamber used for measuring S-dose rate,
(* Ionization chamber was covered with aluminium foil of 12 mg/cm? for a-ray absorption.)
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FIG. 1.4b. Photograph of ionization chamber used for the beta-radiation.
(Now, no cover is used)

- sec')

Beta-chomber
130F (V=192 tite) /

v

rcte of ion pair production (ion pair - cm’

90}

S50

. L !

I 2 - 3 4

ionizotion current  (X10™4)

F1G. 1.5. The calibration curve of ionization current (S-chamber).

ray of which energy being above 40 KeV can penetrate the steel sheet, the dif-
ference between the ionization current measured with the chamber which is not
covered by the sheet and that measured with the chamber covered with the sheet
gives the ionization current by the beta-radiation only. The ionization current
measured with the chamber is calibrated by the gamma-ray radiated from a
standard radium (**Ra) source of 5.26 mg (Fig. 1.5). As shown in the figure,
the ionization current measured with the chamber is perfectly proportional to
the dose rate.
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i) lonization by the gamma-radiation. The ionization chamber used for
measuring the rate of ion pair production by the gamma-radiation is shown in
Figs. 1.6a and b. The wall of chamber is made by one kind of plastic plate of 5
mm thick, and the inside of wall is coated with carbon tacquadac) needed for
keeping the wall to be electrostatically conductive. The volume of the chamber
is 15.0 litres. The collecting electrode is an alminium pole of which diameter
being 0.5 cm. The electrode is connected to a vibrating reed electrometer. The
ionization current is calibrated by the gamma-ray radiated from a standard radium
(**Ra) source of 5.26 mg (Fig. 1.7). The ionization current measured with the
plastic chamber is due to not only the gamma-ray but also the cosmic-ray.
Although it seems to be hard to measure the ionization by the residual radio-
activity contained in the wall materials, the residual radioactivity contained in
plastic, in general, may be very little. If some alpha-particles radiated inside the
chamber, high pulses in the ionization current due to alpha-particles can be easily
detected on a record, and are excluded from the data.
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FI1G. 1.6a. The ionizalion chamber used for measuring the gamma-radiation.
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FIG. 1.6b. Photograph of the ionization chamber used for the gamma-radiation.
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FI1G. 1.9. Location of measuring points in the Central Japan.
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- 1.3. Measurements

The measurements of the ionization by the alpha-, beta-, and gamma-radia-
tions from the ground and the atmosphere were carried out inside and outside
of the campus. Figs. 1.8 and 1.9 show the measuring points inside and outside
of the campus respectively. The campus is situated on the hill about 80 meters
above the sea level in the east part of Nagoya City. The turbidity originated

Mt Norikura

A Gonoike B Murodogohara
C Corona obs. D Cosmic roy lab.
E Gongenike F Kengamine 3026 m)

FIG. 1.10a. The measuring points on the top of Mt. Norikura.

FIG. 1.10b. The Cosmic Ray Observatory, Univ. Tokyo, Mt. Norikura.
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in the central part of the city comes to this area by the wind, but is not so
heavy. About one half of the ground surface inside the campus is covered by
grass and trees, and the other part is just soil. The ground surface conditions
of the measuring points inside the campus are shown in the Table 1.1. The
measurements of the ionization by each radiation were carried out at every
stations shown in Figs. 1.8, and the data were obtained on fine and very fine days.
As is well known, the precipitations affect the radiations in the atmosphere.
The same measurements with those inside the campus were carried out on the
top of Mt. Norikura (2,770 meters high).

Fig. 1.10a shows the measuring points there. The ground surfaces of some
places are covered by grass and small trees, and the surfaces in the other area
are almost soil. The ground conditions are noted in Table 1. To discuss the
reliability of the obtained results of measurements, the amplitude of fluctuations
of the time variations should be clarified. Therefore, the continuous measurements
of ionization by each radiation were carried out in the point (6) inside the
campus (see Fig. 1.8).

1.4. Results

Some examples of the diurnal variation curves of the rate of ion pair produc-
tion by the alpha-radiation obtained inside the campus are shown in Fig. 1.11.
The maximum value appeared in the early morning, and the minimum value in
the afternoon. The amplitude of this curve is not so small, and the mean value
on one day is considerably different from that on the other day. The frequency
distribution of the rate of ion pair production by the alpha-radiation at the point
(6) is shown in Fig. 1.12. Although the maximum value is 5.9 J, the most frequent
value is 0.8 J. The mean value of the rate of ion pair production by alpha-radia-
tion is about 1.0 J.

Some examples of the diurnal variation curve of the rate of ion pair produc-
tion by the beta-radiation are shown in Fig. 1.13. The amplitude of the diurnal

—e— April.30 ~ May. I,1965
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FIG. 1.11. Some examples of the diurnal variation curve
of the rate of ion pair production by the alpha-radiation in the
atmosphere.
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FIG. 1.12. The frequency distribution of the rate of ion pair pro-
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FI1G. 1.13. Some examples of diurnal variation of beta-radiation.

variation curve is about 10 per cents, and the mean value is about 11 J on the
soil. The maximum value appears in the early morning, and the minimum in
the afternoon, and this mode of the diurnal variation curve is quite the same
with that of the alpha-radiation. To explain that the amplitude of the diurnal
variation curve of the rate of ion pair production by the beta-radiation is much
smaller than that by the alpha-radiation, an experiment for obtaining the ratio
of the ionization by “air radiation” to that by “terrestrial radiation” was carried
out at the point (6). Fig. 1.14 shows arrangement of the instruments. To prevent
the beta-radiation from the ground surface from penetrating the wall of the
ionization chamber, the wooden plate of 30 mm thick (b mx5 m wide) was used
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FI1G. 1.14. Arrangement used for separating beta-radiation.

for covering the ground surface beneath the chamber. When the rate of ion pair
production by the beta-radiation from the air and ground was 9.4 J, that by the
beta-radiation only from the air was 1.3 J. Therefore, the rate of ion pair produc-
tion by the beta radiation from the ground surface is 8.1]J. The ionization by
the beta-radiation from the air is almost 15 per cents, and that from the ground
is about 85 per cents. As is well known, the beta-, and gamma-radiations from
the ground don’t change with time on fine days. Accordingly, the diurnal varia-
tion of the rate of ion pair production by the beta-radiation may be due to the
radiation from the air which is only about 15 per cents of total beta-radiation.
Almost all radiations may be due to the air radiation in the case of the alpha-
radiation. Therefore, the amplitude of the diurnal variation of the beta-radiation
should be much smaller than that of the alpha-radiation. The rate of ion pair
production by the gamma-radiation doesn’t change with time on fine days.

The results of measurements of the rate of ion pair production in the several
points are shown in Table 1.1. As shown in this table, the contribution of the
beta-ray for the ionization of the air near the ground is the most important, and
the gamma-ray is the next. The contribution of the alpha-ray is not so remarkable
as the beta-, and gamma-rays. The ionization by the gamma-radiation is almost
the same each other in every points on the campus and the mountain top re-
spectively. The mean value of the mountain top is almost 1.4 times larger than
that on the campus. As the cosmic-ray intensity on the moutain top is much
larger than that on the campus, the ionization by the cosmic-ray on the top
should be much larger than that on the campus. The ionizations by the gamma-
radiation in the several places in Kwanto District (around Tokyo), Nagoya, and
Kwansai District (around Osaka) seem to be almost the same each other, but,
the value obtained in Gifu City seems to be considerably higher than those in
the other places. In the case of the beta-radiation, the local anomaly by the
geological conditions seems to be not systematic, and the difference between the
ionization in the soil area and that in the grass area seems to be very remarkable.
The high value of beta-radiation in the grass area may be due to the fall-out
radioactivity originated from the nuclear explosion tests.
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TABLE 1.1. The results of measurements of the back ground
radiations in the several stations.

Gamma-radiation
Surface ! Beta-radiation |———————————————

|

Stations } conditions | J | J | ur/hr
Nagoya Univ. | 5 ' ’
Pt. 1 “ soil 7.0 i 5.1 8.8
2 1 grass | 19 5.1 ’ 8.8
3 ‘ grass ! 19 55 | 9.5
4 | grass | 17 57 | 9.8
5 I sail ; 6.0 51 | 88
6 ‘ soil ! 10 ! 5.5 Il 95
7 | soil 6.5 ! 5.5 | 9.5
Mt. Norikura %
Pt. 1 ‘ grass | 21 7.7 13.2
2 ‘ soil | 8.6 7.8 13.4
3 | grass f 16 7.7 | 132
4 grass 22 i 7.8 13.4
5 lava 9.2 | 7.6 13.1
6 snow 5.3 | 7.2 12.4
7 soil 9.0 i 7.7 13.2
8 moss 22 ! 7.8 13.4
9 t soil 8.7 | 7.5 12.9
10 | grass 20 7.7 13.2
11 grass 13 7.7 | 13.2
12 ! pine-needle 16 { 7.7 1 132
13 grass 18 o7 182
Yagoto, Nagoya ’ grass 15 § 55 | 95
Tokyo Univ. | grass 12 51 | 8.8
JJAERL [ soil 11 5.5 9.5
! lawn 22 5.1 8.8
| sea-shore 45 4.8 8.3
Gifu City | grass | 16 6.4 11
Toki, Gifu Pref. i soil 7.0 7.3 12,5
" out crop — 14~92 | 24~ 160
Kumatori, Osaka Pref. | soil 5.8 5.5 | 9.5
grass 5.8 ! 55 9.5
lawn 8.4 | 68 | 12
Sugashima Is. i lawn 7.7 i 4.6

[ 79

1.5. Ionization by the low energy radiation

As previously described, the beta-particle below 100 KeV and the gamma-ray
below 40 KeV can not penetrate the walls of ionization chambers used for measur-
ing the beta-radiation and the gamma-radiation respectively. The gamma-ray
radiated from the radioactive substances contained in the earth crust are scattered
by the soil, and the flux of the gamma-radiation below 40 KeV may be measurable
in the atmosphere near the ground. Although this kind of radiation may be
easily absorbed by the air, the contribution for ionization of the air near the
ground may be not small. The instruments used for this measurement are as
follows:

As is well known, a proportional counter is the most convenient and reliable
for detecting the gamma-ray in the low energy range. In the present work, two
kinds of proportional counter were used. The one is Ar-gas flow type, and is
used for measuring the radiations of which energies being between 1 KeV and
10 KeV, and the other one is Xe-gas seal off type, and is used for the radiations
between 5 KeV and 45 KeV. Their structures are shown in Figs. 1.15a, b and c,
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FIG. 1.15. The probes used for measuring low energy radiations.
a) Ar-gas flow counter. b) Xe-gas seal off counter. c) Photograph of these counters.



140 Minoru Kawano ef al.

TABLE 1.2. The characteristics of the proportlonal counters for countmg

Effective length

Pro ortmnal counter
P of absorber

Energy resolution

Ar -gas ﬂow type | 209 (for MnKx) i 30 (mm)
—— —— ! -
Xe-gas seal off type ' I 108

1094 (for BaKx)

TYPE

l T.D.U. r— WRITER

and their characteristics for counting are shown in
Table 1.2
The energy spectra of the low energy radiations

u .
p‘.’g.i}.‘. from the ground surface were measured with the pro-
— portional counters and other systems shown in Fig.

| 1.16. A pulse by a gamma-ray is amplified with
LA amplifiers, and its height is analyzed with 400 ch. pulse
height analyzer (Technical Measurement Corp.), and
the result is automatically recorded. The windows of
the proportional counters were fixed at 5 cm, 50 cm,
and 100 cm above the ground surface successively.
The live time of each measurement was 40 min. Some
examples of the energy spectra measured with the Xe-
gas seal off type counter are shown in Figs. 1.17a, b, c.

As shown in the figures, no remarkable peak in

/ ar SOIL /

7T

. /I/o/ A .

Fi1G. 1.16. Block-dia-
gram of instruments used
for measuring the low
energy radiation.

the pulse height is measured in every spectra. The
countings in the energy regions above about 25 KeV
seem to be a few, and the increased intensity at lower
energy is due in part to the greater total absorption
efficiency of the detector at lower energy and in part

to the fact that the multiple scattering of the gamma-
radiation occures in the soil. Although the energy-spectrum seems to be almost
the same each other, the dose rate estimated from the integrated value of each
energy-spectrum is different each other; ie. the largest is the one obtained at
5 cm above the ground. the next at 50 cm, and the third at 100 cm. The rate
of ion pair production by the low energy radiation measured inside the campus
is shown in Table 1.3. As indicated in the table. the rate of ion pair production
changes with the distance from the ground surface. It seems to be considerably
important that the rate of decrement of the ionization with the distance from
the ground surface is different between the soil area and the grass area. Fig.
1.18 shows the rate of ion pair production by the gamma-ray below 40 KeV near
the ground surface. As indicated in Table 1.3, the ionization by the low energy
radiation is not so intense as those by the radiation above 40 KeV, but, the
ionization by the radiation below 40 KeV may be almost the same with that by
the alpha-radiation at 1 meter above the ground. Therefore, the ionization by
the radiation in the region seems to affect the electrical properties of the air
close to the ground.

1.6. Conclusion
The ionization by each component of the alpha-, beta-, and gamma-radiations
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a), b), and c) are the records obtained at 5 cm, 50 cm, and 100 cm above
the ground respectively.

TABLE 1.3. Tonization by the radiations below 40 KeV.
(Pt. (6) inside Nagoya Univ.)

Height —» | 5 cm | 50 em | 100 cm
Conditions | ! (J) | (J) | (J)

moss 20 | 14 L1

soil 0.8 ' 0.7 0.6

I
T

F1G. 1.18. The vertical distribution
of the rate of ion pair production by the

@\""L\o_ low energy radiation near the ground.
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was measured separately in and around the campus of Nagoya University. The
beta-rabiation plays the most important role for the ionization of the air near
the ground. Although the gamma-radiation including the cosmic-ray plays con-
siderably large contribution for ionizing the air near the ground, its contribution
is about one half of that of the beta-radiation even on the soil. The ionization
by the alpha-radiation is small compared with those of two other radiations
described above. The interesting result is obtained by the measurements of
the low energy radiation near the ground. The rate of ion pair production by
the radiation in this energy region is found to be almost the same with those by
the alpha-radiation. The distribution of the dose rate by the low energy radiation
in and around the campus will be measured in the near future.
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Chapter 2. The constitution and its change of the radioactive ion

2.1. Introduction

Many authors *¥ have studied the natural radioactivity in the atmosphere;
in particular, the time variations of concentration of the radioactive substances,
local anomaly on land and the relation between the concentration and the meteoro-
logical elements have been fairly well studied. But, the researches on the interac-
tion between the radioactive substances and the aerosols seem to be considerably
a few*2#9+9, To clarify the growing process of particle size, the original form
of the radioactive aerosols and its relation with condensation nuclei should be
well understood. As pointed out by Bricard and Wilkening, the radioactive ion
seems to be the most fundamental form of the naturally occuring radioactive
aerosols. The radioactive ions may attach to many kind of aerosols.

It is very easy to find that the daughter products of radon, RaA, RaB, and
RaC, carried by the aerosols can be collected with a filter or an electrostatic
precipitator. To clarify the process of attachment of radioactive ions to aerosols,
the influences of condensation nuclei on the properties of radioactive ions should
be studied from the view points of atmospheric physics. In this paper, the
constitution of radioactive nuclides carried by the radioactive ions, the relation
between the concentration of the radioactive ions and those of condensation
nuclei, and the mean life of radioactive ion are discussed to study the influences
of condensation nuclei on the radioactive ions.

2. 2. Instruments

Although many kinds of apparatus were used for this work, the main ap-
paratus were as follows:

(@) Radioactive ion. An apparatus used for collecting the radioactive ions is
shown in Fig. 2.1, and is almost the same with that used by Wilkening?*. The
diameter and length of the flowing tube are 25 cm and 250 cm respectively. Cu
wire of 0.055 cm in diameter is supported coaxially in the flowing tube with
insulators (ebonite), and is maintained at negative potentials of 90 volts, 560
volts, and 2,000 volts at need. The flowing tube is always grounded. The air is
drawn through the flowing tube at the rate of 200 cm/s. For the values of
potential and airflow described above, all ions collected on the wires have critical
mobility larger than about 4.4 cm?/sec V (90 V), 0.7 cm?/sec V (560 V), 0.2 cm?/
sec V (2,000 V). At the end of collection period, the wire is wound upon a flat
spiral for activity counting. In the cases of energy-spectroscopy of alpha-particles
radiated from a wire which collected the radioactive ions, a gridded ionization

250 ¢ca -

Sheet-metal tube

Removal copper wire
-
Exhaust fan

l

FI1G. 2.1. Apparatus used for collecting radioactive ion.
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FIG. 2.2a, Experimental arrangement used for measuring alpha-energy spectrum.

FIG. 2.2b. A view inside the gridded jonization chamber.
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‘chamber (Osaka Dempa Co. Ltd. Japan) and a 400 ch. analyzer (Technical Measure-
ment Corp. U.S.A.) are used for pulse height analysis. Fig. 2.2a shows the ex-
perimental arrangement used for measuring alpha-ray spectrum; z.e., the radioactive
ion collector, gridded ionization chamber, 400 ch. analyzer, etc. Fig. 2.2b shows
the view inside the gridded ionization chamber used for the present work. PR-
gas of 2 atm. is used as the counting gas. In this system, the analyzed results are
automatically recorded with an electrical typewriter and cathode ray oscillograph.
The accumulating time needed for obtaining a reliable counting is 40 min. for most
cases because of low activity. ZnS scintillation counter is used for counting
alpha-particles radiated from the wire, and the counted values are automati-
cally recorded.

(b) Condensation nuclei. A Pollak aerosol counter was used for measuring
the concentration of condensation nuclei. Figs. 2.3a and b show the Pollak aerosol
counter used for the present work. The calibration curve obtained by Nolan®®
was used for estimating the concentration of condensation nuclei from the meas-
ured values of light absorption in the counter. Although it seems to be very
hard to decide experimentally the lower limit of particle sizes of condensation
nuclei which can be measured with the Pollak counter, the lower limit of particle
size may be approximately estimated assuming the adiabatic expansion®®. In
the case of the Pollak counter used for the present work, the lower limit of
particle size may be 0.0010 microns (=1x=10"7 cm).

(¢) Radon gas. Activated charcoal kept at low temperature can trap per-
fectly radon gas passing through the charcoal-trap. In the present work, the
activated charcoal of coconut is contained in a copper-tubing held at a tempera-
ture of approximately —20°C with ethylene glycol in a cold box. The outdoor

F=1 |

- lamp

#;_s}’—lens - |
T T—shutter ]

- glass
== - tc o manometer

P—'* moist fiiter paper

Pollaa Counter

Wy |

@ c injector
(Y

F1G. 2.3a. Schematic diagram of Pollak photo-electric aerosol counter.
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air is drawn with a suction pump through the charcoal. At the end of collection,
the trap is heated inside an electric furnace at about 800°C, and argon gas is
“used for flushing the radon gas from the charcoal-trap into an ionization chamber
(1,500 cc). The ionization current due to radon is measured with a vibrating
reed electrometer, and is automatically recorded. (The instrumeuts used for
measuring the radon gas are shown in Figs. 1.1, 1.2, and 1. 3)

2.3. Energy-spectra of alpha-particles radiated from a wire which collected the
radioactive ions

A pulse height produced by an alpha:particle is directly proportional to the
energy of the particle. The radioactivity of the wire was measured with a
gridded ionization chamber, and each pulse height was analyzed with a 400 ch.
pulse height analyzer. Figs. 2.4, 5, and 6 show the oscilloscope records of dif-
ferential pulse height distribution for alpha-particles radiated from the wires
maintained at the potentials of 90 volts, 560 volts, and 2000 volts respectively.
Fig. 2.4a shows the three groups of alpha-particles well resolved; Ze., at 6.00
MeV, 7.80 MeV, and 8.70 MeV, and these alpha-energies correspond to RaA+ThC,
RaC' and ThC' respectively.

The energies of alpha-particles radiated from RaA and ThC are 5.998 MeV
and 6.051 MeV respectively. It is very hard to distinguish the spectrum of 5.998
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a) after 7 min c¢) after 115 min

b) after 54 min d) after 161 min

e) after 205 min

F1G. 2.4. The oscilloscope records of differential pulse-height distribution for
alpha-particles radiated from the wire. (90 V)
(Counting was accumulated during 40 min.)

MeV from that of 6.051 MeV with this kind of gridded ionization chamber.
Comparing the spectrum shown in Fig. 2.4a with that in Fig. 2.4b, it is under-
stood that the amounts of RaC’ and ThC' increase rapidly, and the sum of amounts
of RaA and ThC is almost constant in Figs. 2.4a and b. The spectrum of 6.00
MeV in Fig. 2.4a may correspond to RaA+ThC, and that in Fig. 2.4b may
correspond to only ThC. Because. RaA decays so rapidly as it does not remain
at 50 min. after the end of collection.

The oscilloscope records shown in Figs. 2.4c and d indicate the time varia-
tion of the amount of each nuclide. Although the amount of RaC’' decreases
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a) after 9 min c) after 101 min

b) after 56 min d) after 145 min

e) after 189 min

FIG. 2.5. The oscilloscope records of differential pulse-heigt distribution for alpha-
particles radiated from the wire. (560 V)
(Counting was accumulated during 40 mio)

with time, that of ThC’' increases gradually, and passes through a maximum at
about 100 minutes after the end of collection, and decreases gradually with time.
As shown in Figs. 2.5a and 2.6a, the pulse height distribution of alpha-particles
radiated from the wires maintained at the potentials of 560 volts and 2,000 volts
coincide well with that from the wire maintained at the potential of 90 volts.
The time variation of the radioactivity on the wire may be expressed by the

following equations:
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c) after 115 min

a) after 7 min

b) after 54 min

F1G. 2.6. The oscilloscope records of differential puse-height distribution for

alpha-particles radiated from the wire. (2,000 V)
(Counting was accumulated during 40 min.)

11\[““' =9qn.— AaNs

dt

_fd__gf_ =7qnp+ AalNs— AsNp

dgc =7qn; + AnlNp — A Ne

where,
4: collecting efficiency for radioactive ions.

g: flow rate in cc/s.

(D

(2)
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n4. np, and n;: concentrations of atoms of RaA, RaB, and RaC in the at-
mosphere.

Na, Nr, and Ng: numbers of atoms of RaA, RaB, and RaC collected on a wire.

A4, A, and A¢: decay constants of RaA, RaB, and RaC.

A4t 3.79x10-3

Ar: 4.31x10°¢

Ac: 5.86x107¢

Initial conditions:

at t=0, NA=NB=Nr =0.

The solutions of the equations are as follows:

Ni= WT’:iu—e'M‘) (4)
_ 1q(124 + 728) -apt 7474 —xaf _ =gt
Ny= 19t B0) (q _ pmrpty _ JARa_ (=hat — g5 (5)
Az An—An
_ 1atnetne) ety 194Acnat+ (a = An)ms}
Ne = 2 A=)+ =) >
~amt _ =ty _ N,gART4 —aat _ =Mt
(e e ") T Ge=TD) (7 *4F — g7 (6)

In these formulas. ¢ expresses the duration of collection. In order to dis-
tinguish the duration of collection from the time of decay, t is exchanged with
T in the formulas described above.

N = ’”ﬁi (1— ¢ *47) (4"
A

NG = 10Ot ) () iy 00 (pmhat o) (5"
Ap Ap—2Aa

T _ 2q(na+ne+nc) o aery _ 1q{Acna+ (A — An) ns}
N i (=™ = =10 Ue=1s)

—ABT _ AT\ _ ____ MGABT4 —aAT _ =rcT '
(e7"8" = ¢77¢T) i =iy € e ) (6"

The decay of each product after the end of collection is expressed by the
following equations:

AP LNs = daNs (8)
fig’tl — 25Ns — AcNe (9)

Initial conditions:
at =0, Na=N% Npz=N% Nc=NC

The solutions of these equations are as follows:
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Na= Nie 4 (10)
T

Np= ;—,‘:l}%: (¢4 = M") + Nje %! (11)
AsdaN Ap{(An—2NE—24N%}

NC — (e—)\At - e—Act) + X

(AH'—XA)(}.C—XA) (}»("—AR)(AR—}M)

(78 = ) 4 Nie (12)

The alpha-counting of RaC’ accumulated during (7:—7i) sec may be ex-
pressed as follows:

T —uT
: _ Ardems(L—e ™) (1 g magrey L caer _ maems
}, edNedt = ST NG L (€0 =€) = g (€ e

Al =20me—Aama} (L= ™") {1 s capry 1 caery e,
* (e —15) (n—4s) (i (7 =) = o (=)

_lil.ﬂh;F (XA - XB)”PL}_ (e—?.BT__ e'-lcT)

J — Ty ba T \Aa ™ AB)
+\(71_4+?13+92c)(1 e ") + An—Aa) e —Az)

_ AcAp ~dT _ =deT 1 aery 2Ty y
Toine—ip e —e™ W @ —eem | (13)

If RaB and RaC are absent, this formula is written as follows:

T, - - 4T
: _ Acdrma(1—e™ ™) 11 o can
LL"Cch"”‘I[ (n—Aa) (A —22) {2, )

1 -aery_ ~ery\ _ Achanta
~—~(€ ¢ e 'c )’ 5

N : ~ p BT
(l(;-“)u;)(lk—l,;)(l ¢ )

Ac
X {ALB (e — g7 PuTs) /ll_r (e7heTs — gmheT) } - {m(l — e T

Achanta -MpT _ —AcT
U= (e —Ta) &)

. Al 74 —-haT _ =hT 1 i =Ty . =rTs
Ui iy e e )J{xc (e € )}J

=pgn f(Ty, T2, T) (14)
In the case of radioactive equilibrium, there are the following relations be-
tween n,, nz, and 7.

Aatts = Apnip = Acoic

g = —ﬁﬁ; P4 (153.) Ne = i‘: V7 (15b)

Taking the relations of (15a) and (15b) into consideration, the formula (14)
is written as follows:

T2 . /lglm,‘(l—e'*ﬂ) 1 - Ty ~AaTs
ST‘Kchdt—'ﬂq T n—Aa)(Ae=13) {1‘: (g7"a% — g7 tatz)

_i ~XCT1 _ ,=MT2) b AC)‘AﬂA(l—e"BT)
70 e | As(Ae —5) s —Aa)
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Y {_11” (e—)\B’l'l _ e-)‘RTz) - %(e—kc’r, - e—lcl',)}
Aeii(e” P = g7 0T)

n { Ande + Achat Aa
Au(An—Ra) (Ac—4p)

A]{A(;
Apdc (e ™Y — g7eT)

-y e @ = [ g, 1, ) (16)

(1- e 4

Theoretical curves I and II shown in Figs. 2. 7a are obtained by the numerical
calculations of the formulas (14) and (16) respectively. As shown in this figure,
the curve I seems to coincide well with the measured values of the amount of
RaC' collected on the wire maintained at the potential of 90 volts. This good
coincidence seems to support that radioactive ions collected on the wire maintained
at the potential of 90 volts carry only atoms of RaA. This result coincides well
with those obtained by Wilkening** and Bricard*®". Figs. 2.7b and c show
the comparisons between the theoretical curves and the measured values of
RaC’ collected on the wire maintained at the potentials of 560 volts and 2000
volts respectively. As shown in these figures, the theoretical curve I seems to
coincide fairly well with the measured values of RaC' collected on the wire
maintained at the potential of 560 volts. But, the theoretical curve I does not
coincide with the measured values at the potential of 2000 volts.

These results obviously show that the radioactive ions of critical mo-
bilities of 4.4 cm?/sec V and 0.7 cm?/sec V carry only RaA, and the ones of
critical mobility of 0.2 cm?/sec V carry not only RaA but also RaB and

Theoretical curve

H2A only
o= R0 equilibriun

Measured values
0 No, L

® No. 2

Counting rate

Tine (sec)

F1G. 2.7a, Decay curves of radioactivity of radioactive ions of which critical mobil-
ity being 4.4 cm?/sec V,
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560 V.
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F1G. 2.7b. Decay curves of radioactivity of radioactive ions of which critical
mobility being 0.7 cm?/sec V.
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FIG. 2.7c. Decay curves of radioactivity of radioactive ions of which critical mo-
bility being 0.2 cm?/szc V.
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———— Theoretical curve

Electro-static precipitater (Rn-equilibrium)

© Measured values
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FIG. 2.7d. Decay curves of radioactivity of radioactive aerosols collected with an
electrostatic precipitator.

RaC. As previously pointed out by Kawano*!", the radioactive nuclides car-
ried by the radioactive aerosols collected with an electrostatic precipitator are
RaA, RaB, and RaC, and there is the radioactive equilibrium between RaA, RaB,
and RaC in the atmosphere. Fig. 2.7d shows the decay curves of alpha-activity
collected on an electrostatic precipitator measured with the gridded ionization
chamber. As shown in this figure, the theoretical curve calculated by assuming
the radioactive equilibrium seems to coincide well with the measured values.
Therefore, this result seems to support the conclusion described in the previous
paper. As shown in Figs. 2.4, 5, and 6, the radioactive nuclides carried by the
radioactive ions are not only Rn-series but also Tn-series. As the amount of
ThC' on the wire is not so high as RaC', it seems to be considerably hard to
discuss the radioactive equilibrium between ThA, ThB, and ThC collected on
the wire.

2.4. The relation between the concentration of radioactive ions and lhat of
condensation nuclei
The relation between the concentration of radioactive ions* and that of con-

* The concentration of the radioactive ions may be given by the following formula:

R
B4 59739

where,

n4: the concentration of the radioactive ions in the atmosphere. (cc™1)

I.: alpha-disintegration rate at the time f after the end of collection (d.p.s.) (here, ¢ is
10 min,)

q: flow rate (ccesec™?)
0.973 in this formula is the value at the time of 10 min. after the end of collection. The
detail of this calculation is described in the previous paper (2-9),
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FIG. 2.8. Relation between the concentration of radioactive ion and that of con-
densation nuclei on the campus inside a big city.

densation nuclei was studied on the campus of this university. As shown in
Fig. 2.8, the concentration of the radioactive ions of which critical mobility being
4.4 cm®/sec V seems to be inversely proportional to that of condensation nuclei.
But, the concentration of the radioactive ions of which critical mobility being
0.7 cm*/sec V seems to be almost proportional to that of nuclei.

Furthermore, the concentration of the radioactive ions of which critical
mobility being 0.7 cm?/sec V is several times more than that of ions of which
critical mobility being 4.4 cm?/sec V for the constant values of concentration of
condensation nuclei. The results of measurements show that the concentration
of radioactive ions of which critical mobility being 0.2 cm?/sec V is almost the
same with that of ions of which critical mobility being 0.7 cm?/sec V. The dif-
ference between the concentration of the radioactive ions of which mobility being
0.7 cm?/sec V and that of ions of which critical mobility being 4.4 cm?/sec V
are shown in the same figure. To measure exactly the size distribution of radio-
active ions in the range of critical mobility between 0.7 cm?/sec V and 4.4 cm?/
sec V seems to be considerably hard. But, it may be recognized that the particles
of which critical mobility being less than 4.4 cm?/sec V are larger than the
particles of which critical mobility being larger than 4.4 cm?/sec V. As described
above, the concentration of radioactive ions of which critical mobility being 4.4
cm?/sec V seems to be inversely proportional to that of condensation nuclei; i.e.,
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the radioactive ions in this range may be controlled by the process of attachment
with condensation nuclei. But, the particle sizes of radioactive ions of which
critical mobility being less than 4.4 cm®/sec V may be included in the range of
particle size sensitive for Pollak aerosol counter. As described in this paper, the
lower limit of particle sensitive for the counter may be 0.0010 microns. The
remarkably different features connected with the concentration of the condensa-
tion nuclei between the radioactive ions of which critical mobility being 4.4 cm?/
sec V and those of which critical mobility being 0.7 cm?/sec V seems to show
the different sizes and structures between them. In the strict sense, the radio-
active ions should be restricted to those which are free from any kinds of aerosols.
Therefore, the radioactive ions of which critical mobility being 0.7 cm?/sec V
and 0.2 cm?/sec V may be considered to be different from those of which critical
mobility being 44 cm?/sec V, and may be considered to be one kind of radioactive
aerosols. Because, these ions seem to be not free from condensation nuclei.

2.5. The mean life of the radioactive ion

In the case of discussing the problems on the radioactive ion, the mean life
seems to be important. To estimate the mean life of the radioactive ion, the
simultaneous measurements of the concentrations of radioactive ion, radon gas,
small positive ion, and condensation nuclei were carried out on the campus and
the top of Mt. Norikura (2,770 m above s.1.). Mt. Norikura is one of the highest
peaks in the Middle Mountain Area of Japan Island. and the Cosmic Ray Obser-
vatory and Solar Observatory of Tokyo University are situated on the top. Mt.
Norikura is situated at 120 km apart from Nagoya. As the university is inside
a large city—Nagoya City (population: about two millions), the atmospheric
turbidity is considerably heavy. But, the air on the top of Mt. Norikura is very
clean. Therefore, it seems to be very convenient to compare the several elements

3l o Mt Norikura
» Nogoya (summer)
o Nagoya {winter)

. v 8 q
concentration of radioactive ion (xI1Q curie/cm’)

gO o
2} °
°
* °
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(] 8 00
o 32 =¥ xx
°: °:’a
0 1 1 5 L 1
o] 2 4 6 3 10

ion number (x10°cm’)

FIG. 2.9. The relation between the concentration of small
positive ion and that of radioactive ion on the campus and mountain
top.
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F1G. 2.10. The relation between the concentration of
radioactive ions and that of condensation nuclei on the
campus and mountain top.

each other in these two stations from the view point of atmospheric physics.
Fig. 2.9 shows the relation between the concentration of small positive ion and
that of radioactive ion obtained on the mountain top and inside the campus.
The concentration of both ions are comparatively small in Nagoya owing to
much turbidity. Still, the concentration of radioactive ion seems to corelate
fairly well with that of small positive ion. The ratio of concentration of radio-
active ion to that of small positive ion is 10~%—10-",

Fig. 2.10 shows the relation between the concentration of radioactive ions
and that of condensation nuclei. The concentration of condensation nuclei on
the campus is much more than that on the mountain top.

On the other hand, the concentration of radioactive ions on the campus is
less than one third of that on the mountain top. The mean value of each element
obtained on the mountain top and the campus is shown in the Table

The concentration of radon gas on the mountain is considerably less than
that on the campus. As Mt. Norikura is considerably isolated peak, the concen-
tration of radon gas may be less than a plain area. Assuming the radioactive
equilibrium between radon and RaA, the number of atoms of RaA in the unit
volume of the air may be estimated from the measured values of radon gas.

TABLE The mean values of the rate of radioactive ion production /, the
concentrations of radioactive ion »n, and condensation nuclei N,
and the coefficient of attachment 8.

| Mt. Norikura | Nagoya Unmiversity
July, 1964 | Sept. 1964 | Dec. 1964 | May 1965 | Nov. 1965

I (cc™lesec™)|  0.74x 10~ 48 x107% | 48 x10-5 | 1.5 x10-¢

‘ | 3.0 x10-6
7 (cc—1) | 1.7 x10-% | 0.73x10-% | 0.57x10-% | 0.46x1075 | 0.45x10-3
N (cc™) | 13 x 103 | 32 x10¢ | 50 x10¢ 6.5 x10* 4,5 %104
B (ccesec™?) 1 34 %1075 | 2.1 x107% | 1.7 x107% | 0.50x10-% 15 %1075
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The ratio of concentration of radioactive ions which carried only RaA to that of
atoms of RaA carried by every kind of aerosols (including radioactive ion) was
almost 10 per cents. This value is much higher than that obtained on the campus
(less than 1 per cent). The mean life of radioactive ion seems to be controlled
mainly by the atmospheric turbidity which seems to be almost proportional to
the concentration of condensation nuclei.

The mean life of radioactive ion may be given as follows:

0= (17)

where,

0 : mean life of radioactive ion.
4: coefficient of attachment between a radioactive ion and condensation
nucleus.
N: concentration of condensation nuclei.
Under the condition of radioactive ion equilibrium, the following relation may
be given:

I
= N (18)
where,
I: the rate of radioactive ion production. (be equal to disintegration rate of
radon.)

n: concentration of radioactive ion.

Putting the value of BN shown in the Table into the formula (17), the fol-
lowing values of mean life of radioactive ions, §, may be obtained.

. (Summer): =1.4s, (Winter): =13s,
Mt. Norikura: =23 s, campus . . B
(Spring ) : =31 s, (Autumn): =1.5s.

The mean life of radioactive ion on the mountain top is much longer than
that on the campus. As indicated in the Table, the values of coefficient of at-
tachment between the radioactive ion and condensation nuclei, 5, seem to be ap-
proximately constant compared with the values of other elements. Therefore,
the formula (17) seems to show that the mean life of radioactive ion is inversely
proportional to the concentration of condensation nuclei.

2.7. Conclusion

The energy-spectrum of alpha-particle radiated from the radioactive ions of
which critical mobility being 4.4 cm?/sec V, 0.7 cm?/sec V, and 0.2 cm®/sec V
were measured with the gridded ionization chamber and the 400 ch. pulse height
analyzer. The results showed that the radioactive ions of which critical mobility
being 4.4 cm?/sec V and 0.7 cm’/sec V carried only RaA, and the ones of 0.2
cm?/sec V carried not only RaA but also RaBand RaC. The radioactive aerosols
collected with an electrostatic precipitator carried RaA, RaB, and RaC, and there
was radioactive equilibrium between them. It seems to be important that the
radioactive ions of which critical mobility being 4.4 cm?/sec V and 0.7 cm?*/sec
V carry RaA. To clarify the limit of the radioactive ions which is not held by
the condensation nuclei, the relations between the concentration of the radioactive
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ions in the two ranges of critical mobility and those of condensation nuclei were
studied. The results of measurements on the campus show that the concentration
of radioactive ions of which critical mobility being 4.4 cm?/sec V is inversely
proportional to that of condensation nuclei, and the concentration of ions of 0.7
cm?/sec V is proportional to that of nuclei. Therefore, the radioactive ions of
which critical mobility being 0.7 cm?/sec V seem to be held by the condensation
nuclei. As the radioactive ions should be free from any kind of aerosols in the
strict sense, the radioactive ions seem to be restricted to those of which critical
mobility being 44 cm?/sec V. The mean life of radioactive ion defined above
was estimated from the results of simultaneous measurements of concentrations
of radioactive ions, radon gas, and condensation nuclei on the campus and the
mountain top. The mean life is 23 sec on the mountain top, and is 1.3-3.1 sec
on the campus. It seems to be concluded that the mean life of radioactive ions is
inversely proportional to the concentration of condensation nuclei. The ratio of
the concentration of RaA on the radioactive ion to that of atoms of RaA is about
10 per cents on the mountain top, and is less 1 per cent on the campus. The
continuous measurements of the several elements through a year were carried
out on the campus inside a big city. As the concentration of the radioactive
ions is low through a year, it is hard to measure the mobility spectrum of radio-
active ions instead of critical mobility. But, it is important to measure the
time variation of the spectrum and its relation with the concentration of con-
densation nuclei, and the preparations for the study are now in progress in this
laboratory.
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