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Thunderstorms and The Earth’s Magnetism.

By T. Yosimatu.

Abstract :—The investigation of the earth’s magnetic variation produced by thunderstorms
is hitherto confined to its impulsive changes due to lightning discharges. A statistical investi-
gation now performed is to find a rather slow, or stationary variation due to the thunderstorm
visiting nenr the Kakioka Magnetic Observatory, Japan, in the summer months. Most of them
are heat-thunderstorms and their paths of travel are more or less regular, from the north-
western part of the Kiwantd-district to the east, or south-east, spreading over the ocean. Con-
sidering various modes of influencing mechanism, possible magnetic variations in the present
case will be more conspicuous than those due to the other kinds of thunderstorms. 212 thunder-
storms are obtained in the three summer months of June, July and August in the course of
1924-1933, If the mean hourly value of each element of the earth's magnetism on these thun-
derstorm days and those values of the total summer period are designated by K: and K;
respectively, the difference 4K;=K;— K, will be responsible for the investigation on the effect
of thunderstorms. The results thus obtained are tabulated as follows:

(1) The mean daily range of the normal horizontal magnetic intensity on thundersiorm
days is almost equal to that of total period, for example, 49.07 for the former and 49.17 for the
Iatter in the ten years' mean, indicating that the activity of the normal earth’s mnagnetism
on thunderstorm days is normal.

(2) Various kinds of statistics show the similar type of the diurnal variation of 4X; which
is a single wave with a max. between 16" and 18" in local time, while that of the horizontal
intensity (H) has a max. at 14, 18" for the declination (D) and 5" for the vertical intensity (V).

(8) The diurnal variation of 4Ks of H, or D is very similar to that of the frequency curve
{P) of thunderstorms observed at the obgervatory, while V' has generally the same tendency
ag the.other elements, but markedly decreases near the max. time of (P), or H and .D, when
the thunderstorm passes over the head. It is reasonably expected that thunderstorm effects
upon the earth’s magnetism become larger with increasing (P), and each element gains an
excess Of positive or negative influences.

(4) From the different periods of years, the absolute amplitudes of the diurnal variation
of 4K; vary in the range of 1v-§Y for p7, 2¥-5Y for ¥ and 0.2’-0.4' for D.

(6) The absolute amplitude of 4K for the sun-spots mnax. years of 1926-1930 is 2 or 3 times
larger than that of min, five years of 1924, 1926 and 1931-1938.

(6) Each horizontul component of 4 K: for different groups of thunderstorms is perpendicular
to the direction of thunderstorms most frequently observed at this observatory; in other words,
if the magnetic field of 4Kj is derived fom the earth-current flowing approximately uniformly
around the observatory, the very current flows into the thundercloud, or flows out it.

(7) For the fen years' mean, for example, the current flows into the cloud. It is, therefore,
resulted that thunderstorms of so-called Willson-type have been frequent!y observed and the
earth has gained an excess of negative charges from the thunderstorm in the course of ten years.
Under reasonable assumptions, the order of magnitude of the current fowing into the cloud
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is estimated as 0.3 Amp./km? which is the rame order as that obtained by B.F.J. Schonland
and F.J.W. Whipple from their atmospheric electric researches.

(8) If the electric current in the upper atmosphere is taken in place of the above earth-
current, positive charges escaping from the cloud will take the role.

(9) The mountains ranging from the north to south abont 6 km. west to the obzervatory seem
to disturb the distribution of the earth-current affecting upon the earth’s magnetism.

(10) The earth’s maznetism at Toychura, South Sakhalien, is independent of the thunderstorm
observed at Kakioka.
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(2) Pi~id: H. Hatakeyama, Geophys. Mag., Vol, X, No. 3 & 4., 1936.
Reich, H., Beit, angew. Geophysik, Bd. 5, Heft 2, 1935.
Ramanathan, K. R., Nature, Vol. 140, Oct. 2, 1987.
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1924 1925 | 1926 1927 1928 | 1929 1930 | 1981 1932 | 1938 | ¥

MEA (v) 423 560 | 467 548 521 61.1 49.0 48.8 448 369 | 49.0

2 H () a7 | 489 :| 508 | 569 | 610 | 524 | 507 | 444 | 476 | 870 | 491

z \ 2Bl ESEcRoremhkEd e chifi e TR ESRIBHL ., Lhdzchbok
AR T RO S LI o B A LERR Rl 2 b0 s —RTH 5. FHL

(8) F.J.W. Whipple, Quart. Jour. 1938, Vol. 84, No. 275,
J. N. Bhar & P. Syam, Phil. Mag,, 1937, Vol. 23. No. 155,
R. C. Colwell, Nature, 133, Nr. 3378, 1934,




m W\

i R OB K

41

BROKEDS Y LTnE, TORAREOFRELEMEECHEADI TS 5. ERMELRM
PRSI X 2BRERZOWERNS, WRIETHR, REZOMEASEREDONENEEHO DL
RBBd D, FHIORSE Y D 2 5H B0 bz kBRSO, HEEESIFHFHI AR
BUEROERHE, BHOFREL LTHMcRE 2 ENMOBMBEREFALL. TrkTh
bHE ORI BIEE 2 L TIREOBMELRT.

(ii) HERHRR

(A). L 1EE 10 EMOTHikWTD 4K, Th 5. T2 3R =Ko
a8, hRESERTHNIHGE (1926-1930) i X 2R, 6, 7, 8 A) KRG 2 BEIIH
BEEE CAIFC G 2 BREELE (P)* ¥ Thwnwk. ik ks iR (a) 4K, it
B HEMELR D, 16~19 Ficiok, iRV/MEX AT 5—HMTH 5. RALTThEERHESI

% 1 EH 20045

(4.CST)

9 11 13 15 17 19 21 23 1 3 5 7 9

N\

(H)

P = N\

Pig. 1, ™
AXKs (1924-1933)

-—aKs
x —normal fcld

04

nx

N
_#\.&tm_

Yo,

v

3

I

/——/‘-P_:V\
T e

Number of cocurrences of
Thurdersiorma in
Kwantd. District for

1926-1930

')-Curve.

b N
¥ NSO

* H&SR.

207
10
0

= L

R 2WHRREEHRTE { HRcRD
ZIMIEER © P sk e MBI AT,
(b) OBLOTHIRE, HRIEE 2 FCR
T THB. Tt 4H, 4V, 4D gk~
KF, SRERASECRAOELT, MMARH
BFs%ELT 5.

(B). XicTo PR BCHERT 5702
WM & AR5 RBSBIR (1926~1930) & &/
1 (1924, 1925, 1931~-1933) : D% 544 IC
PR T 5. ZORRIEE 2 By 5.
TolcRT ok MM KRG 5 P RTD
5. CORBIbAMbABT LI () 4K,

AR (A) ORELEAKTS %. (b) Bl
B2k 4K, |HE, HH

4H | 4D 4av
A B RCA 27 |—040' | 54
ACH B s N —14 0.156 |—0.15
R!, R? —24 |—028 | 23
= W M 08 |—016 | 2.0




42 m W :

B R Om K

O, KRR 2 RCRT M TH B (o) BAMIORLREIMoRL LY 2~3 fEfikT

& 5 LIt o b MRIERK S

LIk (A), (B) R#EAHHR X b flthic BRIOHBMRICHET S LIRS~ %. BHloMEE AR
ABERCBCRECENS LRI rv. BROHEY, 166, #BT75R, FHhor Gk hR
BOREROWTH 5. Lo LT kT 2HFBWE £ oB4dHE, XT 0 fifThns.
SEENABRABERS WELERC K 2 EAWINHO—HRIESRRE LT 5T L MRS
2 B KBRENEK, B, 4K,

Years (1028-1050)

N5, B HIRIIENEZE 00 F ORI I LBl
% Plighe 4K, &ysugEn 28 n3 b
Td 3. BEOHEBHIEC—ERNLERON
sl bR KXET AT L e 5.
(C) (4), (B) OFERHFERICH—/F O FERHE:
ERADBHS—o0ME ML X 5. B
W% (2) 16~18 B icifk b FiICEEE L 72
bod, (b) BEfobOLICHTFS. T LKl
SEEE L 2Rl & IR o Bk P & IRBI L 72
RITH 5. ° O LB E T OB
ANeATHrT LT 2. WEFLINIFR
L£RANECERESTT 2L TH B, 41
HROMBRDOZH Lo WA EAT BTk d
7e. 858 Bk = OFEREFT. H B D il
A5 LM OMES E {bhb. (8) TR
16~17 Reic AN EA T3 45E8% & Ak
B TH 2535, BER NI LT oRFlic
MBI /NE L BOTHS. cOBURERAEP
didk e BT 5 & — B BEEOWN & s L ©
BRASIAEE 2 2 TH D 5. Hic H i& P ik
&Fic 20 e AS 18 LI & D K B € & 5E
b—HLTHS. M VoMLt RA L ()0
BRREE P oBAMHECA TS RY,
FORfBKE L ADOTHS. FnCHLT(b)

47

2-.m

Fer  om (hie

Yeara (1

|
1031-38)

)

0.4

(A)

ﬂﬂu\ /—_'

)

(B)

e
- .

{




m W Ot 4 R E K 43

OPARAE P fik: LSRG LTHS. o V3 H, D oBEHECRTRPILTLHS
o, e (a) DPATH B BET~<Fz i BN, HLUERCE 2MEFEMLEETE
At OIS b , WEAINBECR D EET 5 &8 —Hk, BINEREREOME b O
LR DL, MECFTABPRIAL XD HERARFELINDE AZHDEITHS. @) OB

A1k 16~17 FicH LT BEAT >BEWEEFL M SHE (a): 15~18F. (b): 28, #5.

Fig. 3 4Xs (.C8T)
{BnicLT (b) OFa I P OBAMEEIC 9 11 13 16 17 19 21 2 1 3 5 71 9
RTHBEETHNE L bZEEHERA~S. | 7\

__.--:""'r \_____,.—.—l—"-.—"—'—'l—

zOBMBIRKICR~<3 (D) ORGSR THICE 0 T
FICHNB T LICEET ST LHBETD 5. P N
RzoBMi EziEd H AU D Ly . e 3
LTHBOTRE { Z20MAMN B« SRS : :
€ P ORAMORMICES. ChEB6(E |~ |
BRI HEET S icftn, MBS LoE D

L A WAREOAS 2T B8, KBC [
BB~ 2538 Li~2T V BRiF5

kED, HRZO PMERRMcRTBALE [N —————
3TH 55 BESEEHIHE L A K

v ®).
FHIBEINDTHH . SO B BHv : -
CRED EET B B L 7 o HiEes BEE /"_/_/ \m
A.

D). HEREHOMELHMICALTED ~ PRy
kR, S—BERNE LR, HLIRELIE 0 ]’/ =

FLZ R & Bl s@forckncig %\ ]
ST TS coOBMAKRE SLEIAVE | ok A \—0

20 =
\_ 3\
EATRBAROI R 5. ABRBEA B |2/ N
" \
AATRE 1 EOXSD 20HTH S, {Jhis O i T
B 4 % RLR HOSH

1924 1925 1926 1927 1928 1929 1030 1931 1932 1983
1 1 5 8 2 7 4 5 ] 13




4“4 ®m W o:r M R O® K

FRBTOVMAREC Xz 0% 23 @ik H4m R,RH, 4K
B, M BErEmERcAS. O 1 13 15 17 19 2 28 1 3 5 1“'?1)
zoBeo 4K, oRBHEE4 BT T o . -
Z ORI 10 FIOTSAMMOTSIE K of e L
LT 5. COMRE () ATHHE MR L —
AL 2. () V &P ofckfidiiE Reil ahm D
ICHRE LABPERLTHS. (¢) dE: @ g
IR, HRSEE 2 FCRT I RSB, 02
zoP ek ©) cTEBELemS, BF  °

ORVEELSHIRTE V o—HRdL v
T, BOBEBERORSHTLDS. o >
4 .-——:-_'2"
I, SRCNTIER .
(1), BB OHRH T LT 5 -G

ERL, WAIC & 2010% kAL,
FEhcFETIT L EMB. TNLOFERIE 1}
BWT—8T3. corsBMLERE (), 0 =
Bk (X) ORIRSIcikd 2 LEFHTH 3. {HL X, ¥ BRrbRURCRI ¥ELTS. B2
E-47

4dX=AH.cos D— 4D.sin D
AY = AH .sin D+ 4D.cos D }
10 4Efio H, D, V Pk
H=20712Y
D=5 40.8'W ‘
V =3474TY
2Aa%. DART((2) ck hiE2XD 4K, ¥ 4X, 4Y, 4V kTESKCRT. W6EHRz oK
RIFRROREROBME R T Lic, C OB Y BT L IBE LRGSR CEA I T R BH ¢ dc
D EOBRMICT, AL LAROBROSHINBEIFERLTEWA. TOMRERS
c kicfir 4K, oFmR2{ B 0y 0Th <, BRSHLRELNRS LT LHEAT wWIh
PBWOKL L MANE NS FRICHMATD 5. #EoTHEHE WIS OEROLHICH A X
BREORSEAD. AGBREEAMNLEINAL CREXCFAERT. X /) & OFEMATREX



™ §

B O ® & £

45

FEUECRTRSERE SHTHIBRBEHBRBEOFRIKFAIOTHS. T \ CRMBHET
BEAEEERE Lds, HELEREHSFHELTHLEE

w6k 4X, 4Y oFHEM

4X 4Y 4V

oKL 7 biad s bva.

ABREEAN | sor

—-81Y 54y

AH B3 W]

-156 11 -15

R,k H -22

-22 2.3

2 M M| o9 [-18

Hic#B L hoTR AT D 5.
NS yo ORICHKEH o ¥FH
LRIfllicRIc & { a2 TfTl B
DLFB. THICK i=ipewn?,
RE7 - ) =~ BlomE s oxp
TERTONHRTHL 5. Thik
FRS A OWMET I & T LFEs D
5. WEEMEL LT, LHLER
& DRED B o, IR L,
SCHE ORI TR 2 ORIk
S, 4RI E

£=€ocos{-—2f,f~(y+yoj} )

OmlERL, Lok¥Eo% Y,
FHigokEacMB T Lic kb
BEOBRIERENE L L, BIfD

Fig. 6.

Max. years N

-2ls Wy,

(2). & 16~17 FEHFEEORAIRBE R THANEH~3.
IT OREREHBA~T, T ORIIcRT 2JEH i 2355 6 [
DI MR Y =7 b v ic H AR HRICTTic fRERAE
Wi, BBE O—a)DMic—RCHHL, Z cikEhmRe
T 5. HOMERSHPREFCHEET 2 ic z 0BHE =

Fig. 6.

0: Magnetmeter.
Pq: Earth's surface.

T

y BRI D 1 = —(ya+{-‘!). y.=(—§1’—yo) O MO BAOH I T L 1t A5teT 5 & Bt
5. %L ERATF, MERFRXOW T, HEOLETFREEEALT B bBFAK N,

mmf Lo

b po 2“!’
. T f f dyds
n L 8‘!+y$




46 w § r M B OB R

£ =Am 08 my—Bmsin my

=i, cos( 2T
m-—-‘lnms( __I'u y)

Bi=tisin (%y) ....................... (5)

oo 3—;’?’034, a<b  BIUL

He=2m Bub—a) L . e )
'-0 =“’ !'s"'Hﬂz
2m(b—a)

O Hy & y OEDH R KFRAL LY, H: RSMBETHicm . BIbZ0RPAR H, V 45
fimL, DHBBAT HHR, BANI2PMOBAOML THS. § oFmEicT s LEBbME

n%.
(8), (6) B

SEIECDTED B7%d, Hy=YIX+4Y, H=4V & &\FiX, 1924~1933 0 F¥ 4K,
chtincik VAX+AYE =16", AV=20,
i (7), 8) kb

LI R SN NS S

Yo7 )
-5

o %—amps ........................ (10)

2T Y=y, Y=y 2=u, z=b OYFEErBELTHNS2EIE I 1%,

v2 . _
1=(b.—g)-£ idy=!"_¥2(b_“)=1.3_10-5_ Yo. AIPS.: + 0 0o 0nevsenas(ll)
1 m

@) T\ CRICH~OTEROFLHEE & b STOMEEME & & 5RECEIHSED b s h



| W r M X E 47

LT LAMETS B RLASERIECEFEROEIFRD b X-+HHF, &S (ik 10 A
AR TEFOMBRERLT I WEEA~S. A ZBRCRTRIESHAT 2D, XZOER
K X 2AHER N@bh bAav. SR iR UHEE Hor $E 4 OPLIRE ) —HRic B
o o ORRIAHHT 52, Hibbsd - OIREC RO 3R j=if 2). SEEORY
BBREBSR I~3 FFLALNZDT, D i ZOWSF 2RI fih L2 L LT, A=25F, r=10
LT BY Q= Lh5. HRERATELEE L2 HA TS MU ko2 B
BETH 5. #£2oT r=10 FORECRTRBEOHBERIEWLTLIWTHE D FLEBIES
HOERMEER =10, 85 To=405F T3 bAilihn e b MoL 2, () 1D,
I=52 7v=_7

gEzkoin < T OBHABRO nfikx 2o BFRT 2h+abhoTE bass I 435 XYo Offie %
BLT 20x20 FHIFOBWER & ) —HAMECTHRINS LT 5 LBEROFE—FHFoH
EHoHATAREHE Q &

e 52 e - o 1
Q——400 =013 72T /4F

Blx DFPRRFLSHBAVBEALNZOTE 5 LT HEEOHELHA«OMIllE ¥HMLTH X
WERFTATHS. L3 LOBEORMSERL VAT 2z Laftllans. BETIDR
AT IS DA RIBEIE @ OIHIE b DL RES R 285, K& L b 0.6 T =7/ &l
PELBirins. F.JW. Whipple 4 BF.J. Schonland® BEOHEES, 2, BIrSoME R ER
X vk b BEBICHEAT 8. 02 7y _THF OBHREYRDHTHS. ToRAMBIEIMICH
Zh R CEES A V. BEEROMROHMRILBHRICE LB ERo EROKED
WL & 2 BNEAOKRRL AR S, BEIMETS2.D

@). TR 9) 5 w=57¥%48%3. B 10 FMOTHcRTHMOTEE 5.7 FFOPH»BE
WEBERA L 2 5. T OHBHHE LR M OFE L cldbiclifi+ 25k I b , FTRBH oD
FREHBEURCHOTAL S WFEILERHMOMEREE 7iFRoREicEs. BHROBERTIC
RTRILBHERERICIRA & & ) 4SS HE OB LT, MEERS > TR E—BRE
nodod, BECHM SHOFE—%rhTiklEk+4d), ERAKMHT 2 LEs.
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B.F.J. Schonland: Johannesburg, Trans. 8. Afr. Inst. elect. Engers., 24, 1988 (Lzc@kic Xk 3)
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(6) J. Koenigsberger: Phys. Zeit. 28, 1927 (342-344)
(7) G. Simpson & P.J. Serase: Proe. Roy. Soc.(A). Vol. 161. No. 906 (809-352), 1937.
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ZLIBEBRACETBRORINEREEEBLTH LS, cORARTEHERNL=FLHELTHS
TEBKREITHS. T LH LEABMK~JIE LoOEE Y BRI LALTRAEDA. Wil
HoOBECRATENTHLS & B

(9) LlEgssfEiic X 2MEEM0ERIEO% C oSt BR T o2MER OBR), BE SO
Bhic X ZBFEH i=p.v. p: BWHF, v: WE. RIE Willson. ORLNEFRic & 2BHERC L
IETHRLVEE 2 5. TOBEOBARBED BRI EREER o HEETCERAT S B4
E, WHEETFHSERL)HEINIBEBE~LNS. T LOH LK 2 [ RMEBIR L %
FEAs & x Siud i bR, FARERER L ) 235411 Willson DR & { EBHFFEE X

D& L TR bR, Bikic X 2BEROPIE) bREHK & ) BFEECRBLEET L=
NTH 55, BRI LI -HTFLLET B 50 DHIERESKICIAET 2 20 c A B O b &, E
OBIEHEELYET 2 TH 55" wWIhic LT HHEAHEAR TeEmc ik ol v BB
fEc X 2 b 0% » 2T NEMBERICEFET 20 TRFOBRISHMLE 2 5. BEOEN L @R
BEOH—EH ¢=202 — v »BEOTHFE 30 HFTRUB LR UMETERE S =3 TKF
BRI 5L, WUNE LR TR B=-2=02.107 5y x oBErEs. HLNEE
Ty B2 1 4E 1 Folifc—EEcZMER p 9, Z02BFRE 7 10" 10°=3.1-10".

HEHOS 0.5k L TR & R TKFICBEIT 5 LR B =3‘3‘:;15f’${;'% =10%.

* PROLBIMIER:2 LRERFF—EoBRicd 3 L Az oT, coBBCHEH L 1l 3 ETH
RARY oA IE2HELBI LR IFIL3. coBARERCH A BMNTENECBRES & L RiESH
HFEBMICREILOTHEDS 5.



50 wm M & M R @ R

H=10"4y R, F 2L, TORDLELZMER p=0310"/fFe.su. LA3. ThicHS
L BETOEMOBEIC & 5 HEMRRMEES 2 VBATAWE itk . BHREHTHES
@M 3 LB 8c X 2 BHAERT 5 Wik 2 SR A IR 22 .

IV, #REWA SR SR & B E Ok

PR & 2L OHBSRRBOBEENSE WO T2 & LTERB IO bOTH 2 35H~DH
Ofcbkic BB D 5. WBH L LB L TH2ER L RAETH 2. ARG B oy kg
AT % BRI § WHROERSFBLARMLE LTHTH 3. FNHEN HE > ok
BT 55, cORAMEBRT 2 &, BAEC K TRRH O MM O Fiafiic iy THE Lt
BRBERTHS. T\ TREROM B8 FEEE (6,7,8 A) kit 2FHflicBiLTtoskk
BT ackdr. S bMcRo s c ofiMoBHRH c @i TRIEA EBRILBML Thwv.
ENHEMOHBRIAMOLCOLFINTHBT LTk,

S THI OB B ic R+ 201, QHOMBRTSiiEks Ky T RBRMOBHZ & HOF
BgFkax Ko, To £15%. TNE7— ) =~ BHCHMRTHLBOHKLAS.

LMY = FROBHRERILTS. cOMREBRTLEB7H () ki3, zO#N
SHioERAND T &1,

K 1
w7k T} =-0.+n,§','1(a..cos nt +bn 8in nt).

H(y) Vi) D (minute)
K K, Ts T, K K, Ts T, K K Ts Te
a 1.5 29 7.9 79 —-63 | -—63 -80 | —29 -03 00 [=01 0.0
Qs 0.1 0.9 —15 -18 —44 | —-388 -1.8 -14 -08 |—08 |—-08 |—02

a, -09 | —086 —08 | —08 -29 -=3.0 00 | —-02 —-06 | —-02 |—-06 |—01

b, 05 | —02 | —25 | —81 | —48 | =80 |-22 |-27 18| 08| 26| 07

by 42 39 54 6.1 -15 |-156 | -22 | -28 12 05 17 0.5

by —-32 | —26 | —46 | —44 -09 |-18 | =09 |-11 02 01 0.2 01

b, 05 | —01 18 11 -03 |—-03 | -01 -0.1 0.1 0.0 0.0 0.0

(7) vVvictor yacquier, Terr. Mag. & Atm. Elect. Vol, 42, No. 1, 17-28.
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1). WEIRTR T To OBPRRERSH L LWHLKCHA EfiOoT—ER Ti=mlo KX b
ZHohs. AL m |2 H:10, V:09, D:35 TH%- B s @itic AT RAITHOEHH S
+ H oS b BRIA 2 B ok b ASKIICRLT 550w OB R2 CR/ITS
3. IR AG 3 RBITRERA S EhokT Lick S,

9). ziicH L THIMOR LKL Rok, ABAOHERRIR Ki=nK, OEHMRCTAELT
»B. AL n |k H:11, V:10, D:25 Td5. L LEHAOBMOMKICH Y ZOBMRL Y
Bons. GBENHCBISHOREHEELLE LeaD. $TOURMML b fAnsfREED
+x b0 BiliA HOMEHENE LTRHOTHS LBERP S Mo xs (047, 02). zh
P RTFHCH 7 P llidh & LT 5 L SE@7BR LB AT 5. V pMb ISR L THic
INENZ LHETAND. R COERERAS, /) /& SO EHELEET b DI
ST LHSOML THET LR EBTHE .

i 7 EH (a b)
o no Thunder
Yoo

n ks @ Fig. 7. (a) Fig. 7. (b) X thunder
L} Y %2 ) Kakioka @nomder)dn
® thunder

24 ;g)w
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KICHHHEEM OB E 5728 (Ko Td), (Ko To) ORRESETHE (0) cBF . LhL

Rk o MEE MEEc k5 Ao S » 8 isi]

Tg- 6. (.C5T,)
ZZOTMRCLEDD. AFRATREREZE 19 15 17 10 2128 1 3 5 1 9

HREPeick EP=04T" ol TH%. B 4 /‘\ H'= — 1.4 cost—08 cout 407 sint
HiH LB 2N E ARTH 2 ETHRERET S

0.2 —

Bl& BRORBRCH b, EPHICKE KV=23

0
I (a0, KY=00T7 CERI0 2R | \_/
» 8 X% 10
; /‘\

H(y) D (min) Vir) e~ VY=—0.08int=0.4cost

—1.4 cost —0.3 cost —0.4 cost

=

15 o B arve

—0.8cos2t +0.2 sint —0.9 sint 0} /_/—\
; 5
+0.7 sint /

4 ; .
PBREHHOETHEcN L ) iZ£T5. D K EP=1017 LRATiw. {HLERDOIM sint,
sin2t gFoLENTHS. LiE K7, I7---- onx REAH, RS T3 B ¥—Hfic LTk,
UROKAPFRISSE EARET 5. TOMEREEIR Y 2L ENCESTHIR EREEOKR 2L T
PR FRETT \ TRBHBEIED 7.

Y. & &

U EDHEREFART S LR0ML A 5.

1). HRfciG 5 1924-1983 4EMICHNG 2B S HRE ORI BUTHE (6,7, 8 A) «©
B 2B X 2EIB2 WS L RO %, £EEMIATH UERER, ZoBLIEHiIMIc
R 2BTHESIEE (P) LA UELERL 16~17 ekt 5 2—BETH 5. HLBER
SRBUESH LR CEET 2 cfto, ZoRFHEEC THh~2TRAT 2MRRED 5.

2). BHH OHBAEEOTHRE2MMOIN LFEA LS L {, BHH KRS ERLRsED
K E BREAR.

3). WBMIc X 2 HESRLOBRBILRKTFRAMCT I~8 #r~, WERSE 2~6 ¥ <, R
ik 02'~04" FRBEL 2 5.

4). KIBREEAYHHEEOBMOKE S RB/MIHHEORND 2~3 {SRREEL X 5.

5). HEFEEO V=2 P RESBRRNSRCH. BACRHC, BSRESEETENEEE,
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hktificERico v {FFHREE T2, TORERBEOSCHEN2HXRER L ) i
W2 HRCESTHS.

6). 10 EMoFHicTROBIEREREOF KHEAT 3. ik h zoRilihicd Willson A
OBBHRENWZ Lk 3. BPHENREBRERORACR TARM L BRMCHRCHAT 5. £
ORERBEALZBEOT TR 037 7P BEL#EEEINS. HLEBRL Y L HHI5E
B AT Lic kb IRRGKHIRMLT 2 1Y, ERFSHR LA TRE LA,

7). 10 SEMOFEHBHBIILAIEHETE 6 FRECHTILMMHEC TRAMER L, <oliiki
DTSRI IRl & 1~ 5 B S 5.

8). WAL LEHIRER, B 13 FEEACARMINTHS L Bl s.

9). @i 2 8 FEUE (6,7, 8 B) OB MMM it it 2 Wi 224808
ATH 5.

10). pisfic THIM IR G 2 BRIERBIOKFEME, 7018, FHERD 2B A BOMILMREHE
LrWEL 2.

Bt % Fig. 1.
(A) Hif G 5 BEIEEHN .
10 ‘EMic it AWIMNEREE 1 Rom 2 3. =) & OF
FHOFIL 83, " LU ELOBRUCRBOHOMZE S KFT. 2D 8
& BHUE OB BB dnfii 2ERIc B 2R EATS 5. WK

PLEI
~ojaumy

1027 [1929-1920
L]
400 b

HH OB F 30 b SRS 1c ko7, 1024-1930 G |
BEGRIAHY 1 Blicm. Tk b HiRGBRHE e isfe 3 2 BTH BN 5 o
2OORFD 19% LEEMNT 52 2 kB, HHIGEED (1920 | o108
+1930) DEMIZKIE 16 4 X b WIF1 6 4EICTE BREF X hRodTe.

(B) WIFHSIEY (P) wr

1% 0-1, 1-2,---.23-24 BroHEB A L4ARMERAK L I
DLBAESHELABYE P 75, D5—HEOBACTYER o 30 30 20 20

TSI L 24881 P=1 2B 2ER5:5 A 5. ZNENDBTG § frnan
REESESPNETERD P LKL &% LFECENSE BT NIET 2BRVWERK P ¥38m

LS. WERKOF CRIFHHNERCBEHEES (BRTNIHELISEE 2b3td 3. T
O B AXECBT Tk,




i 1 #
¥onth
o] 1924 25 26 27 28 29 80 81 32 83 | Sum
5 1 1 1 1 4
T 38 4 38 L 2 3 4 3 28
6 | r 1 2. 1 1 1 8
K 2 8 1 8
R 1 1 2
5 1 1 2 2 2 s 11
T 2 3 3 ] b 2 8 1 3 4 29
7 | =° 38 1 3 1 2 3 1 2 2 18
4 38 8 1 1 1 3 12
e 1 2 1 1 1 1 2 3 12
4 1 1 1 1 2 9 1 3 2 21
T 3 5 8 5 4 7 4 2 1 6 40
8 | R? 1 1 1 ik 2 2 1 9
R 1 4 2 1 3 11
R? 1 1 3 1 1 1 8
Sum 15 17 16 26 16 24 29 17 17 35 |212
S, 18 16 15 24 14 19 18 16 12 20 | 176
S 0 1 5 10 2 7 5 4 12 51
(C) (P) k4.

P 0 BSMLoRAf (M), Zofillt (V) © 1924-1937 Mo Lk 2 BicRkT. s s e
N § M ¥ ABREER, B/NHHLCZOBREY AT 5 SaoBPEky 5. K
RS 1923, 1033 AERHEASE/INVEL A& b 1028, 1088 EHHEASEAREL A %% X P © HEMU
Dia Y X b hEOHBIMIL (B) ¥A2L N RU M LRE4A8E ¥RicL, 1927, 1936 ©
HEBBAIBHEICER ¥ E L, 1932 £ o RME/NIMEcB/MI Y Fo, th & ARabRcs 3
D& P Dk Y ORZ (Te), M OERs (Tw), P O ) ORZ Ty TH %. ZNEARRIEASIC
REWIRE B Sl s 4micd 5. BEEANIC Tlic 8~9 BroREic P #43
THIBINBEARBETA V. TN EOHRBEFECRD 2ER2cHRWTDOT L TH 5.
R2E DR HIHHE ORE BRI cE2ROEWAE (1) ¥ VB2, zhid LR
P oMo dn < Milliciz 5.

(D) BIERCFHE OB H EOHAER.

R B SO R 5 ORI B R A 2 2RI TS 5 0T, £ OBRRNEHAIMOETE
e BRE D b TA L, FHOE B EOWRC RSO EMFRS 2R 30TS
Biec—hinTs. BIEEKEGCHEL YR I2FEES 2LEWD (6, 7, 8 A) BHBED

* J. Bartels: Terr. Mag. & Atmos. Elect. Vol, 43. No. 2, (1988).
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FCHNT d=CRliE)—(FHE). TRLTH 5. b I IREARILCIGEZ BT H Ll S h, i
CRA2BIABHBOEDHTHS. Thk » mi B
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ALTHS. EEAHOETBBEEFHDicd

22 e

3~4 FOPMEUTKECHBELTHIT L ERLTHD. KE 6 THEOHIETCOREI Y
BoONBBEER L WHERYRLTHS. 4% 1~2 FRIBOLSEES WRcBERNS. T
ORMRBAMTRRESR K2 ¢ { 1R EFED B R dr 27 BRI 3 Ric B 43 2 BRI OR, MFHITR,
BEEMSE b0 L RN~ BB OP<20 B TH S 2 vw. LORMOBTAHKDOE
RETREBOHERMUC h2HcE~bL 3.
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