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On the Calm Day’s Variations of the Small-Ion Concentrations
at Kakioka and Some Relations to the Other
Atmospheric-Electric Elements.

By Makoro KAwAMURA

Abstract

Since January of 1951, the continuous simultaneous measurements of potential gradients, space
charge densities and small-ion concentrations have been carried out at the Kakioka Magnetic
Observatory. But unfortunately, the observational data of small-ions on calm days are very little
compared with those of the other elements, because of the difficulties of the keeping of good
instrumental conditions. So that, we could not quantitatively treat them. In the present paper,
the relations among these atmospheric-electric elements were examined in some detail. At the
same time, the diurnal and seasonal variations of both small-ion concentrations and small-ion
ratios were described. Making use of this ratio, predominance of the occurrence of negative
space charge may be easily explained. Lastly, the writer estimated the combination coefficients
from Whipple’s theory.

§1 ¥ §

RN Tid, 195148 1 LK, = —~0v REIA A 2 FHT & BN A 2 8O MG b1 Th
NTW 3. AF ORI A HDAZALE Z DXRE T 5 B & 12 B3y
[CORT D THANSGANENTINS. 4 A2 I U TREAGLPOEEDRN DS 5. HIT
TR & XN & DBIFRITERN T, FHTERIIL NG TR 2 HINERT R D2 LD mib
5, SHICEIT X OTHMCHIRL 5N TW5. . COWUL T, KRIITRIT 2/004 & o BRI
% v OB ZAE L, (BOWMERBEITHT 504 & BB TN & HOBIKREICERU
T, HRERT 2 #hER T OWEMERMRIBR2EBREL TAIL. A AV BRFA A HIEHLT
RO S NHEH OO MH I NIz, TOMERIIZ4FEMT 98 b2, KRIGRHE
T EORIEYEE 2> 5, RRCHUFEOMUIIER TV, (LIS E ORI 2IEE 5 S 4 i3 e o
rh T LT R D L A B v s .

§ 2. MMFEOBELEEHEL

LRGN A BDATHZLZRT. N 6T bIc, XFci2 A Ao A2t

BB EHWD SN, BIE NHBCHSBDN. G E Mg F 2 /65T 5. &L



132

i ¥ itr
00
- ) Janm. (12)
o0 ¢ ‘\\ / '/“\___'_..-“
00 W E \\.__,.-f‘
- Feb (4)
% A ol
it "% ‘.\ \ 1
i, .
»
Y T £ 400f
™ 3
Eﬂrﬁﬁx  Mar(D) w0t
; B 3}3 H \-\-\. 1 &
"g i A B — /:’ zm L
é L / 3
S .
7 Apr (14) g
Lyl AT ONA] 8
il St -
i 3
N “0 ﬁay(‘?)ﬁ =
400 \ "f\.-f"‘\,p"/ N
S
&
R %\ \ Jum. {2) A
;I A\l e I
‘ \-n’N" V’H
N
i 1 i 1 i
0 6 /4 18 P 0 6 12 8 24"

Fig. 1. Diurnal varations of the small-ion concentrations for each month. ( ):

number of adopted days.
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* Diurnl variation in September is abnormal, but the cause is not clear.

. Monthly mean values of the

small-ion concentrations
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Fig. 3. Diurnal variations of the potential gradients for each
Month. ( ) : Number of adopted days.
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Fig. 4. Harmonic coefficients of the
diurnal variations of potential
gradients for each month,

E; : Monthly mean values,
E, : First harmonics,
E; : Second harmonics.

. Relations between the harmo-

coefficients for each month

: Monthly mean values,
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Fig. 7. Diurnal variations of the
small-ion ratios for each
season and year.
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Fig. 9. Relation between the total
small-ion concentrations and

the small-ion ratios.
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Fig.10. Relation between the po-
tential gradients and the total
small-ion concentrations,

Tabl 1 Relation between the small-ion
concentrations and small-ion ratios

Mean values

Number

Range of the
total small-ion | of the small-
concentrations | ion ratios | of data
0~ 200 1.53 43
200 ~ 400 1.23 222
400 ~ 600 1.18 364
600 ~ 800 1.16 426
800 ~ 1000 1.13 375
1000 ~ 1500 1.12 513
1500 ~ 2000 1.09 213
>2000 1.06 145
Mean 1.16 2304

Table 2 Relation between the potential gradients
and total small-ion concentrations or
small-ion ratios.

““Range | Mean values i
of t?}e] of thia1 total ggeg:z ‘::::‘:fi"_ Number
potentia small-ion ' “ 4
_gradients | concentrations '™ ratios | of data
" 0~100 1266 111 814
100~200 351 1,16 846
200~300 494 1.27 201
300~400 409 1.27 45
400~500 296 1.37 10
>500 187 1.63 3
Mean 975 1,15 1919
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Fig. 11. Diurnal variations of the
small-ion mobilities of both
signs.

Fig® 12. Vector diagram showing the diurnal
variations of potential gradients and
small-ion concentrations for year.
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Fig. 14. Diurnal variations of the
space-charge densities for each
season and year.

------------ Total space charge (p)
Space charge due to
small-Ion (p,)

--------------- Space charge due to

large ion ()

H At

n+n<1/E
THid b,

m/n,=1+B-E
DIRILD. BE2T, HHNEH LIS R GETH
i, 4% VHGERINITESO—KEEE LTRSS
NA3TH55.

§ 7. AF e wMBRTE OB
KRN T, SRRl ATH 5.
RU, HoRZAGBIEEYS D, % ZFRMc
EQXITHA WIS N5, 514 ROBSITEN
RGO N2 e DT, AR, KerKk4x R
PN X DRI E B HMEBERHERINTVS. /b
4 F V1T 2 ZIREAHIRRIET S H, (SHEs

HZAL% UizW. KA X e & 5 MBI

e(N—N,) =p—e(n,—n,)

DORNEINIEDTHS. {HU, p REENER
BETHB. KA A icd 3 ERBHEE po OV
& N e & D HINBAEE ps DI E
i, WHRNE LT, MEAREDOKES2HTS.
RU, pe i3 p ODEZLICIREDHSES, p DH
ZR FEUT p DHZMLCKS b DEFEA LN
%. Wi~z Ric, 44 SRR D,

n E._ (Nl ) 20° 721
) =g ), R=Te
( Ny ) N, 10" M1z

DS—RUTIRIL2. AL, 70 720 RKRXIEENAF
v EBRIBE DRSAREL Mme 7u RKRLZEEUN
A EEMBOKA K L ORAEKTHS. il
WhRE1XYEKREWV. RDT, m>n LG
Kb, BFEUS, Ni>N: TR, M (:‘)=

2
>hu5&ﬁmﬂbflﬂ>NsKu6.EMWKRH&,C%-iﬂﬁhm%bmwé.mu

72)2—;;} (N\+N3)



Ml BT B/ A F > BOTERIGEAL & {2 B A H & OBIGR 139

EUTERDOTTEDUBKS. fOT, o iEAL4 A O E {%)-ha@mmmm¢a.mb

(_:i*) TR E I HICEEBETIE &, PGSR~ b, (_zL

2

)ﬁmm%OTMKAxwmﬁ

2
&g . EOTﬁ%ﬁka<&or,($)>km§btvmww1m>oama

213 BT OB BT 5 DI BAHEL. LREHAD KX 254, ( P
THr,EITE, 1tEA, RAACVBUIHIMUL TS, o 2R S TAMZNS. dOf,HMM
ROTHOBMBAH RIS 2 Dit, MM A U EDWAIKE L, FOTI 4 VDS L,
—tre (2 )<haaacam¢ LOLEA NG, d%&mkikMIK*bmt&ib
fz. WOBAIIE m>n 25 54F, %3 N, >N, TR sz, o THNRE N
Efé%c&ﬁﬂﬁéna.mwéﬁtﬁmmmﬁ@%ﬁt%m3ﬂrm5.ﬁb,235<®
L D3I LTV B R, ﬁLﬂllbéﬁéaﬁ&Waﬁ,ﬁﬂ%wiﬂiiNgmgb
V3T ISR T B 5. |

§8. # & & ®

EROEREERD 3 AL, M+ OB E AT, 1dz/ﬂ@mﬁ&mmwﬁﬁbn
_@aeau-% OHICEI L THs B2 DA BN TS 25, 10~10° B ORRHKORICK
LTRELIBN2.5 VS HZPNARCBND AWM. HOFEEN S, HRARBHZEALTA
7. 3H3NiTid Whipple OBIRAMRIRMA LY. ZORM, ARMERATED NG,

- 4”8{K*(N )+K( }
Y=

'm=m4&+ﬁc%X%%l,

()

e e (o))
NG R

e e (GG}

(5

=2.5 L{GEL, X LROFESMIE, EH1 % vz Aonig,

B
zR



140 i 15 it

Ne=1.18X10™°,

N0=1.40X107°,

M2 =3.01X 107,

Na=3.43% 107,
&85,

§9. # e
A 2 VB OBINE B B L OR TR ORSY L DR D> 5 Fllk OBBED U 5. IEL/N
4 F UBut, BECIRABZBNI A TOEY. Figd 4 U8t Bfie LTiish s, MM
T, 6 MOV E LTBNENE. DEOH#ED» S, RDIERRERIETS T &k
ISVh, BRELT, RORZT LEHEAIRIBDNIS.

1 {ESHTIAG B EERUNM A VOB kA m=516, m=467 THor. HOHAZE
(LR O FBMEAGZ R OZALC MG 5. Wb, BRI X VORI, B
OMAEA F L EDORINTHES . Wi OBIRIZZIMIAR % i U THD TR HIAHIK
BRUCEB DL EbRE. ‘

2. WMWIENA A UBuE U A VBE D KRRV, IM F U HOEESHIZN 1.16 TH 5.
DN F Ui BEALE L BHE 1T 5. ZHOEL KBS OZILICSEITT 5. -
ZIBEL UT, HRMECRY 2 8FAORKRTH 3 5. ERE HZLREE DI BN
TV, IEOBIRKHES hIcE» 6h 3.

3. T ha b BT B, M 4 i B ENEA S —EOEOMRRT. X N
m1wﬁ<.X4zvm¢5§mmwm,szywiagmmﬁ&ﬁbﬂﬁwkagéé
9ﬂ.4#?¥ﬁﬁb6ﬂﬁénamm,E%w%b;m%mﬁ®M%m6C&ém?mu
L.

4. KNSR 5 HMHE DA DB OB L, HOHZIEORT i3, LD/ & ik
DHZAED SHURIN 5. —fic, BREBODVEETIE, ILORZIRMBIL 6N DTR
ZHB 5 . .

DT A, IR SR % 5 D $ Ut SR O B H ER TR SR B e I < L

UEWEd. Biafiss 2 MlEemb 3 U RanAMGic&n T b Bike kU7,

2 F T W

(1) S, AR, 575, M1 (1954).
(2) TR, MBS, AT, 5518 %, 1843 (1954).
(3) ZHEHES, HBUAEATER, 6%, 52 5 (1953).



(4)
(5)
(6)
(7)
(8)

(9)

(10)

RN 2084 F o BOTHEGZAL & (D AT & DB 141

iR T, SBAR, Sl S-F=EM, S, S4-Am

H. Norinder, and R. Siksna Arkiv f8r Geophysik, Bd. 1, Heft 10 (1950).

L. Koenigsfeld, Thunderstorm Electricity, Chapter 1L (1953).

J. A. Chalmers, Atmospheric Electricity, Chapter T (1949).

G.R. Wait, Compendium of Meteorology, Atmospheric Electricity, Ions in the atmo-
sphere (1951).

H.Israél, G. Labmeyer and H. W. Kasemir * Studien iiber das Atmosphirische Potenti-
algefille,” I ~VI, Terr. Magn., Vol, 53 (1948) ; Ann. d. Geophys., t. 5, (1949) ; Journ.
Atmosph. Terr. phys., Vol. 1 (1950) ; Arch. Met. Geophys. Biokl., A, Bd. 3 (1951); Bd.
5 (1952),

H. Wichmann, Das Gewitter, 3. Gewittertheorie, 6) Gewitterprobleme (1950).



