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Abstract

In measuring the mobility-spectrum of the ions in the at-
mosphere, by means of the cylindrical condenser of the type of
Gerdien’s aspiration apparatus, we must calculate the second
differential coefficient of the vol{age-current characteristic curve.
But it is very difficult to derive this from an experimental curve.
Furthermore, the variation of ion contents during the observation
can not be neglected without causing appreciable error to the
result. ‘ o
I used Nolan’s “Sub-divided Condenser”, and devised a meth-
od in which we have only to derive the first differential
coefficient for this purpose.

.

1. Introduction

Methods of measuring the mobility-spectrum of ions in the atmosphere have
been devised by H. Iérael,w P. J. Nolan,® J. Booij® and others. The difficulties
which le in ionic spectrum measurement are due to variation during the measure-
ment or the actual treatment which will be mentioned below. And then, the above-
mentioned investigators have devised varicus methods—each of .them has its own
valuable specialities. For instanci:, H. Israel has devised his “Double Condenser
Methed” intending to-control the variation of the total ion nu-mber‘during the ob-~
se;vaﬁon. In this method, however, a high-degree of exactitude in observation is
required because of the fact that to obtain the ion spectrum one must derive the
second differencial quotients of the current-potential characteristic curve.

Though the 2nd derivative is still required in P. J. Nolan’s “Subdivided Conden-
ser Method”, it has the advantage that his current-potential characteristic shows
distinctly the positions of the predominant ion” groups in a spectrum.

I have devised a rather simple method to measure the fine structure of a spec-
trum. It seems also to be useful for the measurement of conductivity.

’

2. The principle of measurement

In the first placé we consider the Gerdien’s type aspiration apparatus as shown
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in Fig. 1. The potential applied to the outer cylinder

, PR . SR A
is V, and the inner cylinder is earthed. The air which T )
flows between them is @ per sec.. In these conditions, L J
the mobility k; of ion, whose trajectory is just from
point A to point B, is o *i =y
© 4xCV, , ;
where C is the capacity of the cylindrical condenser. Fig. 1.

The numerical value of the element dn of a mobility-region between k and
k+dk is found fiom the equation du=f(k)dk.
The ions WhoSe mobilities are larger than k. constitute saturation current

i'=0e S;f(k)dk,

and the ions, whose mobilities are less than k., are not all caught in the inner

cylin&er, that is, the number of jons which are caught is kk* times of the total
. - o (]

" number of ions whose mobility is k. So that the current consisting of these ions is

=0e- —5 K (R)dk.
The current between the inner and the outer cylinder is #/+¢”, and

== j f(k}dk+07e- 5‘ OL
then,
T & _ d (di dkNdki__eD? 1
=t b )=t TR
‘Thus,v the second derivative of the current-potential characteristic gives the distri-
bution of ions among the individual mobilities. But to obtain the - 2nd derivative
from the experimental curve is very difficult, and I devised a method in whwh we
have only to derive the flrst derivative.
I used Nolan’s Subd1v1ded Condenser (Fig. 2). The inner cyhnder of the conden-
ser is divided at peint B, and each part is A
earthed. The outer cyhnder is charged at N
potential V. - l - L |
The current 7;-that flows from the first ‘

part of the inner cylinder to the earth is __-I:l/ i i,
: . T 1 (%, ; = L
D) zl’—¢e[5mf(k)dk+l-kc-go k| = = =
where k., is the mobility of the ion whlch‘ Fig. 2. .
enters from point A and reaches point B, and is given as
2> ' kc— 0 C, : capacity of the lst condenser

4 01V ’
Similarly the mobility of the ion which enters from A and re«aches Cis
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i

- o . : i s
(3) ky= T CCICOV s Cy: capac1}ty of the 2nd condenser.

In the second condenser, all ions whose mobilities are larger-than %k, and escaped

from the Ist condenser are caught. The current constituted of these ions is

P LU
mejkd A=)k,

whereas the ions whose mobilities are .less than k; form a. current independent of
the existence of Ist condenser

z'{’:@e(%d -;c—)j KfCR) k.

And so the current #; flowing from the second inner cylinder. to the earth is
s sy .;,_ r;kc g 1 kd"ﬂ . 1 ke -
(4> ir=if+i —weLSmek)kork;SO ROr. ’k;So K(odk] |
Consequently we obtain the following equation from (1) and (4),

C2 d h Z9 ke =_ ke
B I rCHane: C2> JLaaodn=k{ g

where

b= [t} i

Fquation (5') gives SZZf(k)dk instead »of f(k), but with this we can obtain a prac- -
tically sufficient ionic spectrum. v V
The relation between k. and k, is given from (2) and (3} as folloWs

- C 5
h‘c+ck‘

The smaller Cz is, the fmer becomes the ‘structure of: the spectrum.

"Thus, it is not necessary to obtain the second derlvatlve but sufficient to derive
the first. And moreover the result is hardly affected by ‘varlatlon of ion eontent
during the measurment by the aid of a suitable' amplifiring apparatus.

Z)-
TC

venient. In such a case, the Ist and the 2ni inner cyhnders are to be connected
with two pairs of quadrants of electrometer of the needle which is charged at a
constant high potential v5;, and we may observe the deflection angle of the needle.

We introduce the expressions v; and v» for ‘the potent1a1 of the Ist and the 2nd

inner cylinder, then we get the followmg relation at the constant potential of the
outer cylinder

b e som (s ),

where C/ denotes the capacity of quadrant and lead wire which are connected to
the Ist inner cylinder, and similarly Cy with respect to the 2nd cylinder system, «

For measuring zC Wlthout an amphfler a quadrant—electrometer is con-
1
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Fig. 3.

is determined from the preliminary observation of natural leakage. Let v;=0,=0
at £=0, then

(1+ Cr )v; (1 += —)vz— a- e‘”‘)—( a -(":22—)

Cl’ CY

If 'we make ron ——C“— =p, adjusting C/ (addmg suitable capacity to the Ist System),
thén we ‘ge<t o
&6 =D o (),
o Ko (S8 /%2) ,
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where z)1~—vz is proportional to the deflecting angle of the neédle, and we can cal-
culate the numerical value of *—*2. From thus formed V, (~’L— : Z—) charac-
: Ct Cs- Ct G
teristic curve ion-spectrum can be obtained.
3. An example of the observation

In this section is shown an example of observation carried out with this method.
The dimensions of the measuring apparatus are as follows ;-

radius of the inner cylinder -« eeeveveriiiniiiinnniini. 0.5 cm

radius of the outer cylinder-:t - e ereememrenieenivniuennas 25 cm

length of the Ist inner cylinder -e-eeeeereiieniiinnniiies -+60 cm -

length of the 2nd inner cylinder « :oesererereiiienriiieninnns 20 cm

Deevevennmnarnaaeanes Ll e 320 €L ClfSEC

Lo T U U ST RPTTPTPUPTOE 186 cm

Corevorerrrnioriiiine e i e e e 6.2 cmm

o SO SN 125 em

Cgl  creveiei e s e eeverereces .4.2 cm
In this experiment, a Dorezalek quadrant electrometer was used. In Fi‘gs.'B, 4, the
values of 71)1—1)'2 3 minutés after the beginning of observzition, instead of é‘l—-—— (’:22-,

are taken as the ordinate.

The ion spectrum derived from Figs. 3; 4 is'shown in Fig. 5. The two curves,
Cand D, in this diagram represent k., n-curve and %, #-curve respectively, so that
if the abscissae of the intersection points of a line #=#; and C-, D-curves are k and
ka, w; is the number of ions whose mobilities are between kc; and ku. Inversely ithe
number of ions in any mobility region is given by dividing the interval of two

s ;
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Fig. 5. ’
curves -“stairwise” as in Fig. 6, and summing up the ordinates of the intersection
points on the C-curve. © From Fig. 5, we see that about 350 ions are found in the

region 2.5~05 (2 } ‘ic‘l;zi) and 200 ions in the region 01~002 (&2 | ”c"’%)
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4. Summary

In this paper a method of measuring ion-spectrum is described. Its specialities
are as follows:
(1) The inner cylmder of asplratmn apparatus is d1v1ded in two parts We
21 ]

observe the value (—v ——‘i) -and form the characteristic curve, taking (4"—
: Ci Cqo/> Ct
2

—-—C)> as ordmate and potent1al apphed to the outer cylmder as absmssa.,
: 2

(i1, Cr, zz, C; are current and capacity of each part respectively.)
(2) Ion—spectrum is obtamed by deriving the Ist derivative of its characterlstlc,
and the 2nd derivative is not needed.
(€)) For trial, T observed by this method; using a quadrant-electrometer. ‘An
example of this observation is shown in Figs. 3~5.
In conclusxon I wish to thank Dr. H. Hatakeyama and Dr, S, Imamiti for thelr
kind guldance and encouragement throughout the work.
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