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Statistical Study on the Conjugacy of Geomagnetic Field Variations
Kumiko HasHiMoTo'!, Natsuo SaT0? and Masahiko KUSUNOSE?

Abstract :  The diurnal and seasonal dependence of the conjugacy of geomagne-
tic variations associated with the auroral electrojet is investigated and their
dependence on ionospheric conductivity (due to solar EUV and auroral particle
precipitations) is examined. We analyze the fluxgate magnetometer data from two
magnetic conjugate stations at Syowa in Antarctica and at Aedey in Iceland, during
the period from September 1989 to September 1990. Here, a magnitude of
geomagnetic variation is defined as a deviation from quiet time geomagnetic elements
for each month. We further examined a ratio of the magnitudes of the geomagnetic
variations between two stations (A Hgyowa/ A Hagpey)-

Principal characteristics of the magnitude ratio between two conjugate observato-
ries include the following: When the sense of magnetic variations of H component is
positive (northward), the magnitude in the summer hemisphere is about three times
larger than that in the winter hemisphere during 1300-2000 UT, and the magnitude
ratio becomes largest around 1800 UT in the northern summer. Almost the same
magnitude of geomagnetic variations at the two observatories appeared at around
1800 UT in February and October.

On the other hand, for negative variation (southward), a similar seasonal change
can be seen only under low magnetic activity conditions. The magnitude ratio for the
negative variation is always smaller than that for the positive one. The ratios are equal
around 0600 UT in April and August.

The magnitude of geomagnetic variation showed dependence on the geomagnetic
activity level. Generally, in all seasons, the magnitude at Syowa shows to be larger
than that at Aedey relatively for both positive and negative variations with
geomagnetic activity level.

These results are consistent with the diurnal and seasonal change of the
ionospheres depending on the sunlit conditions. We further examined the effects of
ionization made by auroral particle precipitations.
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AL T, MWL OZOIEADOROBIRELHOEEID T 1 v 2 R#ERE L,
ZOEPLDEEXWBMAEHELEREL TVD. JHIZE-T, SEOFHELOBS T
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72O THH. IHNOOFEMEOEIERE LT, ECHEALOBMBOERZEE IR
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F1 HBOBAMEME T A AT 2 FO3FASAOMPPERE, i SEE (IGRF
1985 model ), K OTEIA7 fgr I .
Table 1. Geographic and geomagnetic coordinates, calculated by the IGRF 1985 model,
and total field (F) at Syowa Station in Antarctica and three stations in Iceland.

B om iy i A2 R %9 (nT)
bl . - N . .
WO R E R (23 March 1990)
REiE-S: ) - 69.00 39.58 67.78 68.28 44059
Husafell 66.67 338.97 66.02 68.88
Tjérnes 66.20 342.88 66.97 73.27 51619
Acdey 66.09 337.35 64.44 68.55 ( Leirvogur (23513 4 fifi)

PHELIEA.

F7:, Syowa &7 A4 25 FOBRATIE, BAMAE ML IZHRE(UT) & o$Fhh
1053 BAT, (ZIFHREEFE L WEARLZEDL. LA -T, KX TIRFIZZEDbY DL
WER ) %% UT THT.

22. F—4N=-ZX

Fluxgate DT CEM S B OMBITMHEITE TIE VWO T, XL L LIRN-2F51 ¥
(N=Z2F 4 VIOV TIZ 23 BETHNRD) 2RO, ThEELIIKC I ETEHRICL2ITA
bk, SHICKBHUMOBREROREMICLAWELITVYEE OT) IZET. 77,
Syowa DT =53 1Y TVTHLHN, TAAT Y FOTF=YE 283 Vil oT
WBZOTF - I BERZ T TER SR, RO B/E, 3~6 BT EHCREHO
WA AHRROLHE L EEMNICHLEBL LI L THHD0TH L7720, KENFTOBE,
MHALOFREMLBIIER TS LI L. 22 CRAVESHO LM IIAS N L EENES
DIALAr—VEZERLT, 1057EFEHOT—52HCLOPBUTHLEEZ. L
BTARBHTIZBVTIE, TO105FHT— 5 2BTORERT -y RX—2 &L, ThrHki,
VRIS CT IR EHm L THW TS
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Fluxgate Bg Dt D7 — & # AWV THAKBE DK 21T BIZIE, ABOEEL LD
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FRICBITAMBAORENDT A v R RERE L, ZOMEISDOEE? AL E L EX
THZ LT A, BIESHOMBADEIX, FEHICLX > THELTH. FITEBHTIXD &
AZEIIR=Z2F7 4 Y 2ROTVE. THIZL >TSS ERRDES OB DOLE % K
I ENTEL. KL TITHMETMBITZATO B2 5, fE4 D bay-type DEEZ D\ T

HELRDDHETHC LD 5 72
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BARBICELUTOL ) ICEERPREL TV A, DEAOBRAMWICRLEB,»2AD1AH
DIK BB 0~4 THAEBEITIE, FO1HOHMBMADELRFNTIN—254 L7
B, SKEBEHFLIZENSVHPZVAIZOWVTIE, SKEEYF~ 15EEOKHTIZOWL
TEHEMTO KFEES0, 1O0BOFEHE LY, Thx ZORBHONR—-25 4 > OfE& T
L., FLTENRZ 0B FEH L2302 F54 L& LTHERATA.
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TARZXT Y FOBRSCEIE S 17 fluxgate BUETOF— %1213, BERIHKICLILER
DA LBE L IERBRLEEDLDNL VY7 bORSA A SN72. Husafell, Tjornes, Isa-
fjordur TIZEHERED L NUAB AR THEICKRESELT LT LB Y, 4512 Husafell T
T HBEGPOERIZ1S0nT 1 3EDELTHAbH 7.

COF)7MORERELTEZONRD I &, BOOERESHICLI LV OZELE,
WL REL TV 2HBIME I LICED, BUHZEOLDODRBEIEITLILETHA.
HEEAME K &) DI, Husafell, Tjornes, Isafjordur T3S E +TH LT, 0D
FIEREZENTHRE SN TV LBAREIKEEZR > TR WITEENH L. L1Fr Y
KBTS OBHESEZICILT, ChLOBHAICBIARBO=ZRI a4 L TE
BADEALERANTHAL. LEALERIICRIDL I LY 7 FOBSRASNE D 72,
% LT, Isafjordur DEHIFTIZ 1989 4F 8 A IC Aedey IZBIz & N/2hs, ZOH LWEHIAT
BAGRD L) R FY 7 AL TWRWV., Zhid Aedey TRBEHEE - H— 2 E8D LI
BRELTWAIODTHLEEZLNAS. T/, Tjornes, Aedey & Syowa DELNEHIZEER
VERTBLOR CHETH AH. LA L Tjornes UNOBIAIA TIIMES LW 26, REFFNE
DEBIANREOHYTRERTELREII/NIVEZEZTIWV., DEDZ &R, TOF
U7 FORGIEEICBRUNRERE L CWABBORICLALOTHEALEZ LS.

TAZXTy FCTEE XN ER D= IZDWT 1984~1990 Fi2b 725 T, THDNX—
AFTAYDLNRNVDRY) 7 bERRXTHI. LaeL, Aedey ¥BRWA-BREATIXNY 7
BREL, L2 FORIMEMEVZEDIIRD N 7. FZTERBITIZBWNT,
ROLEETCHLREOR-—ZA5A V2 RODLZEPHBETH D LWL, 4 EOHEN TIE
Husafell, Tjornes & Isafjordur ~1989 F£ 8 A) DT — ¥ 2 fFHT A0 HELDHDLZ LITL
7-.

UEDZ En6, RIEHT TId Syowa & Aedey DTF— ¥ 2T A LI L7, HiEI
Aedey THIBIZSHBE I N-DH 1989 F8 A20 BN HTHAHI L L, SyowaDF— 513
DFFHT % AT ) B Tid 1990 45 10 A £ T L BESLBHMBFRATIC o722 25, 1989 4F
9AHS 199049 AFTHD 13 H AMIZOVTIT o TV A,
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3. f# T
AANTTid Syowa & Aedey TEIM & 117 fluxgate B IEHD H O 7 — % # w7z, #
i3 1989 4 9 A~1990 9 HD 13 7 A TH 5. LT, Syowa & Aedey l[Z BT A2LHH=E
THAXAHgy, AHap ERT. 7, BT OLWVERYERL, B8, &K, £HEv) 0k
PR OFEICHbE 5.

3.1. BRZNBHEOABZEILE TOEHEIL
#, KHIOBMAIN ;iR A 8O H SO BE L% 1a, blZ/RT. Syowa DI K #5385

(a)Feb.3,1990
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(b)Oct.1,1989
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(c)Aug.20,1990°
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(d)Dec.30,1989
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BE1 19894 10 A 1H, 12A308& 199042 A3 H, 8H 20 HIZ Syowa &
Aedey 12 BV T SN HBEA D HKS. SFEHICBT RN L2EE
LOBITH B, HHRIEIBEADN-ZAF7 (1 v 2 EKT.

Fig. 1. Typical examples of daily magnetic field variations observed at Syowa

and Aedey on October 1, December 30, 1989, February 3 and August
20, 1990. The dotted line in each panel indicates the base line for each
month.
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E 19902 A3 HA 22, 1989 4E 10 A1 Hid24 TH 72, FMIEIN—ZATL Y %RLTW
L. EOEBILA S %, AOKENIIBEME ¥ KT, 1989 4 10 A 1 A 1300~1930 UT
D&\ N2 D D negative bay (B DBRIZEAL) A5, 1200~1800 UT i positive bay (iF D&
BEA) A LN SH. 1990 4£ 2 A 3 HiZid, 0000~0300 UT & 2130~2400 UT Z negative
bay 7%, 1400~1830 UT | positive bay 75 51 5. % L T#DOEEI ORI ZE(L R S B
DEEIEIE, EHH0 LVHEBERLTVAS.

HMilc, didE, ZHIIBITA HESOHRBY R BEDOBITHS. Syowa DI K 158K
21990 4 8 A 20 Hix 21, 19894 12 A 30 HiX 26 Tdh - 72. M D positive bay |24
B R IERIMEA AL NS, 8 A 20 B (K 1¢) @ 1200~2230 UT 24 5 15 positive bay i3,
BEFETHH Aedey TEBHEDNKE L, £FTH5b Syowa Tid/hEw, #LT12A30H
(B0 1d) ® 1100~ 1830 UT @ positive bay Tid#ii2, ZEIEAEFED Syowa TK & ( £FED
Aedey T/h& . DF ) ERIRA DI ) ASLFERKM X D positive DEBIEATKE . —F
negative DB IZEHIIZ b L2 D Syowa DEFBEBELD LRKEVL I ITALNRE.
(bay-type DEBNIER S THET 2 & 5 TV A2, KRLTIE ‘bay LW EBELAWT,
‘positive DBy ', F 721t ‘negative DEEY L KT 5.)

Syowa & Aedey DEE) & DAHBM % X 2 (1277 7. H#hix Aedey, Htdlid Syowa DEH)
BEOT) ¥ &AKT. 1990 4F 6 A L 1989 4 12 H DI K 15547 20~30 D H 2D\ T 10 4

400 + + + } + + + + + t + +
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3001 H
200+
7~ 1001
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~
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-300¢ °°:°° o: ° oe
ol e
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AHAede (nT) AHAede (ﬂT)

X2 Syowa & Aedey (28T A ABIEOMBAM. 1989 4F 12 A & 1990 4
6 H® Syowa DI KIEBAT20~30 DHIZOWTHE L 7Oy P LTWA.
Fig. 2. Scatter plots showing the correlation of the magnitude of magnetic field
variations between Syowa and Aedey in December 1989 and June 1990.
In these panels, data are presented for the days of medium activity ( X K-
index indicated from 20 to 30).
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Fftix 70y b LD DTH A, 452 positive DEBNE ST EBILATHHEICA S LT,
12 BICIZA Hpag = 047 *AHgy TH 57255, 6 BIZIZA Hag = 2.95 A Hgy I27% 5TV 5,
Negative DEBDEFEAICIZ 12 AL 6 O X I3 ZHAA Hag = 072 A Hgy LA Hpg =
1.03 -A Hgy T positive DERENI ERKE LFEHELIA LN L. ZTD L % positive DE
B & negative DEEITIX, FHIZ L 2HFHIRLS.

A Hsy LA Hpp OO BEALE HETIZ A D 72010, ERHOEBHELE KA ICONT
FI¥EIT o7z K3IC19894 108, 12 A& 1990$2FJ, 6 AD 17 ABOEERT. #
B i3t 5 F (UT) T 0000~2400 UT @ 24 BfTdH A, HE#IIA Hsy/ A Hag AR LT
Wh. HRRIZA Hyy/ AHpag = 1 %2713, KD EF5I3A Hyy & A Hup 78 SIZIEDSE
TEFIEDICAOEHEETHD. AHsy LA Hap DFHRLZZHEIBVTVE. 20
K Tix, positive DZBY & negative DEBI O — MM B2 M5 72012, #2H L EELH
ZBRWAZ K A320~30 DHIZOW T ZIT - TW A, ZHd Syowa DI K 7525 itk D
HiZid, negative bay & positive bay 3% AR ET 5 & V) BERICE SV TW 5,

CDOREM»H D, positive DEE L negative DEFOFMIC L AFHI KSR LT L
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< _
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(% 3 . L 3
:} [ O N :. 1 's','d.-'.-s..._.._.,,._.'_,,...,,,,., ------------------------ e
<] /3 T ars

175 1/5

0000 0600 1200 1800 24000000 0600 1200 1800 5500

TIM E (UT) TIM E (UT)

(3 Syowa & Aedey DHIBIR A BRI (A Hyy/ AHue) DAL, SADZK
BHEA20~30 DHIZOVWTFYET-oTWE. EHRAWHREAOLE R
MIIZEEDBHE, TRIZZIZADHETH 5.

Fig. 3. Diurnal variations of the magnitude ratio, A Hgy/ A Hag. A H values for
both observatories are the monthly mean values for days of X K-index
from 20 to 30. The upper and the lower panels show positive and nega-
tive variations, respectively.
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AWbH . Positive DZEBYNIFKIAD 1989 4 10 A E HFH D 1990 4E 2 A 1213, B LS
FAHgy/ AHap 3IET1ICH5TWA, LA LEMD 1990 4 6 A 1213, 1230~1900 UT
WCAHAg A Hgy L D KEL 2D, AHgy 13A Hap D 1/5~1/44513&127% 5. £ 1T 1830
~1900 UT |ZA Hgy/ A Hap DEIZRICKE {2 Y, 1900~2000 UT 1Z1213F 11274 5.
— AR D 1989 4E 12 A%, 1200~1500 UT ZA Hgy 7°A Hap & ) K& {, A Hgy 12A
Hpap D3~5EREICR D, £ 1L T 1500~1600 UT (25258 (1ZA Hyy/ A Hag DfEIZ/NE L 72
h, 1600~2300 UT iZi3i3X1127% 5.

Negative DEBNI LB B ILDTFLNIC & o TELE T, TAFHICLOTEHRIHLL
5. T 5 positive DEB) TIIEBEL I UT 2 X - TEEEUPR LD Z LD
Molz. L Aedey DEF L Syowa DEFTIIEHEILOHEALAMHIIZIEI % 5T
RV, TOZ &, FEECERTEMEIEEATLTLL R L TR WI EFRLT
w5,

3.2. UT K& 5AERRIEOENETIL

BAEDBITICED, BRAUDIZE - TEHEIIRE LI ENbrs7. £2T, &
iE37 1 zbh‘éAHsyc‘:A Hap OHOFEZEEHA (X 4). Bl A TRTEKO 13 74
A, Mt i3 LBIE A Hoy/ AHug %, B 5 HREEAY 0100 ~2400 UT O ZEEH THA
Hyy/ AHAg =1 OBRBEY KT, #LC, LIZ—HBBEITEICHEA3, 5 &MWL, T
£13, U5 &% 5. [X 4a h positive DEEY T 4b %% negative DEENIZDOWTTH 5.
T ZIIBEFLOLE 1 HFRFEHICLT, EHICEADIKHA20~30 DEIZDVWTFEEL
Twh, 4TTay b2 RWA, BEEH HDIE, positive DEE) & negative DEE)
WUTHREREDS DB L L, SHICKERICUTEKENR S L7 0TH 5.

a6 TOL) BRI ENERAS.

(1) Positive DB

1100~2000 UT iZi3 5 & ) L-FEHEAS AL NS, A Hyy/ A Hag DEDVE I L/
S, ZHMIIERLKRES RSB, EDOA Hop/ A Hyy DEDEIADA Hgy/ A Hag £ 9
D RKREVI EIFMBTH S, EHHIZIE 1700 UT WHIZA Hag 2°A Hgy DK SHEE T
2%, ARHIZ13 1300 UT HIZA Hyy PA Haop DRK3EIZ &S, FLT2HE10
A® 1800 UT HIZA Hyy EAH,g DRESHD% LA 5. 0000~1000 UT & 2100~2400
UT 7= 5 OBHIL 0Dl 25T 2 E AR,

(2) Negative DX EY

Positive DA B D £ 9 L FEH AL A S T, "H A 58 H (0000~0500 UT, 2300
~2400 U 20T, FHIZLOTAHgy EAHA EFE UL S50V, AHgy DFH 1.5
BERELC R STV A,
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uT (a) Positive (b) Negative
0000 +——+—+—+—+———+—+——+ +

2400 i ] e 2 [
SONDJFMAMIJAS SONDJFMAMIJAS
MONTH (1989-1990)

4 ZUTICBIAHBESAESRL (AHsy/ AHag) DAKIL. (@) & (b))
% % positive DB & negative DEBI OV T TH L. HIkE DEEE B
DEENE% 4, Syowa & Aedey DMERAM TRFOIEF &R

Fig. 4. Diurnal variations of the magnitude ratio, (A Hgyl A Hag) for thirteen

months from September 1989 to September 1990. A H is the monthly
mean value for days of X K-index from 20 to 30. Panels (a) and (b)
show positive and negative variations, respectively. The white and black
arrows indicate the geographic local noon at Syowa and Aedey, respec-
tively.

3.3. BESUEENEIC K B4

30 EOMIT T, SKA20~30 DHIZ2WTEEELT - T/ ZOZORBEIT K
AN B NAOEE, D F )L BEND YL TLE s Tz, 201D,
WRAEEAE L T L & LB E T, REMCBVL THBALHEOIZEDN L) 2
BALAH B DRSS LRV, 22T, WHEAEBEICL A5 HET -7

05 &[4 6 1% Syowa 12 81T 5 K #8E O THRAGEIE % 3 BRI 0 TH 5.



%I BT B SR B ORI 1

5a, b, ¢ i positive DEENZDWT, %4 Syowa D K FHEAT0, 1,2 D5, 3,4 DA,
5.6,7 D4 TadHb. 1M 6a,b, c id negative DEBNIZOWTHS & EREDHTH %.

5, Q6»5UTFTDEHI I Libhsb.

(1) Positive DEE)

AWML EHELIENG L EDbL WA 6eallALNA L), BER(K =0,1,2)12
13 1200~2100 UT DB L £HDOLOKE EDEHI S HIIKRE S ko7 BHICIE 1100~
2100 UT IZA Hag 7°A Hgy & DK E <, $5121300 UT EH 5 2R ICA Hag/ A Hsy DfED
KE D, 1800 UT IS KTS2CETh b, —HAHICIZ 1200~1900 UT IZA Hgy
MAHA £V KEC, RATHAHsy/ AHpp =27 BETH D, £ L TL OIS

Positive Variations
(b)K=3,4 (C)KZS

0900
1200+ 7

1500 {:

1800' s ;.:::.. ..

2400 e ¢ - SN\ et - N
SOND J FMAMJJ AS SONDJ FMAMIJ J AS SONDJFMAMIJ J AS
MONTH (1989-1990)
©@5 Positive DZEBZOWTH 4 &FEB  Syowa D K fEEIC L - T8 K
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Fig. 5. Dependence on the geomagnetic activity index (K) for the magnitude of
positive variations. Data given in Fig. 4 are sorted depending on the K-

index: (a) 0, 1, 2 and (b) 3, 4 and (c) over 5.
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EoTIEALEILL 2\, &2 AN, MHRAIEBENRE 2512 T, EHD 1400
~2100 UT IZBWTA Hyy/ A Hpag DIEP/NES 5T A, £ LT, #IZAHO 1100 ~
1600 UT 1213, HEAIGEIE & & D IZA Hyy/ A Hap DK E R oT0A. D),
MRIEBESRKE 2B E, HMBIZAHA DN E %), AHyy BWRELS 2B,

(2) Negative DE Bl

WHAEBE COHTAILIZL T, BIER(K=0,1,2) IC3FEHICE L1 H 5
Z ENbh o7, Positive DEB L FRRICERICA Hayg DFPKE L, LHIZI3A Hyy D
HHRKEL D, 0500~0800 UT Tidd4 AL 8 HBHICAHgy EAHA g DR ESHEHELL R
L. LdL, HBEEEEESKERBE, TOX) BEHEABILEALRONEL Y,
ZHiAECTHEICAHgy OB 1.0~1.5F13 8 KE R 5TV A,

Negative Variations
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Fig. 6. Same as Fig. 5 for negative variations.
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4. % £
Wt CEHN SN BMALHIEHBERICL-THELL. ZLTEZOEBHEEROKE
SREMBOELRCEEICKECKELTVAD, HHALH L BHBOBRIZEE DY
BEZITA. R1ULIRT LT, Syowa & Aedey TIIEBERBIZBITARHAEINED. Fhb
SOBVDEMBERICELBEMELELSETVLEFHEINS, FHEBKIEA -0 Tk
FOBENAAIZEL ) BRBOERGEEN AL 720, ABOZEORVIZLEEEE2HA
IR OB R I OWTEE LT E R S .
AT RIS O B EHELFICOTTI LD TADLE, UTO LI IR 5.
(a) HEASEF
(1) Positive DZBhd negative DEE) S, FFIRAAL LKA L ) HAEBEIKE .
(2) AHgy & A Hop 7% U< % 508175, £ LGOI LT TN,
positive DZ &) (1500~1800 UT &) —=2 A, 10 A
negative D7 E) (0500~0800 UT &H)—4 A, 8 A
(3) AHgy EAH g DOBKMBERIAEL W EHOIZINKELL LS.

positive negative
E% A HAE/ A HSY — 48 3.0
8] AHsy/ AHag  — 26 1.5

(4) Positive DZEBNZER D 1800 UT BRIZIH (A Hap/ A Hsy) BB b K E 2 5.
(5) Negative DZEEhIZ positive DEE) & 1) X A M OEBNE D HLATERIZ/N S V.
(b) HEAELEE

(1) Negative D% B b positive DEE) b, MBS EHEIKE K %25 EHTHIZA Hsy
BREL 2D,

(2) Positive DEBNIBRBHLFE LY AOEBRLOFHELIFE > TV 5.

(3) Negative DEENIFH ICEHH 5T, A Hsy/ AHag = 1~1.5 TAHgy A Hag & 1)
KEW.

(4) Negative DZE)ILZ, EEIBRILICFEHEMAIAONLEL 2 5.

NS OBHEHEEICOWT, EEELUTICRNS.

4.1. BRFHICLIDR
Syowa & Aedey O HBDFRMEDE NI,
(1) FEATBRUEDEAE - LFEKRICH D,
(2) WERHFEFA 4 FEH, Syowa DH ARV,
(3) KRN Syowa DHHS “WMHEEIINET 5,
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D3IFMHLELTWA.

Positive DEBE AL LI L W EFRTRE (A DHI L, MHHOMEL -HL TV,
AHLTIIEEI, SEEROBT & E LBlW R OMBEAEEEICD HREHFORIZL S
Y ELHLESHEAFROND S EAHLMIIL 572, Positive DEB)DFFHEIHFICHHET
$b. HBEHLE, KBEPLOEMEC L VERBOEMENI LA L, Bl DELILE
EAKEL LD, ERCELAFLYVABSEEGO, BROBRARE LD, IR
AITIRAEERM L ) BRBERAIKEX 2D, Z0/0, HHEKEEE L EFRUTK &<
7B L # % 5N b (Nacara and KokuBun, 1960; WEscoTT and MATHER, 1965; KOKUBUN,
1965; MENG and AKASOFU, 1968; fth) .

K OERTIZE 51, B (Aedey DEZF) L &8 (Syowa DEF) Tid, FEIH A
J D positive DEBDHATKE (8 T ENHLNIIR 572, THLL Syowa & Aedey Dith
MEREOENCEHEEZ LN, K713 Syowa & Aedey DEMEIZ31T 5 HIREFH & £
DAZA AT L b DTH H. s HREF (UT) TS 12 7 AZRT. TORIZALR

=010
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7 Syowa & Aedey |28} % HEBEM OFHL(L. K LIRS X &4
Syowa & Aedey D % /Y.
Fig. 7. The seasonal variatons of sunshine at Syowa and Aedey. Vertical and
lateral striped patterns show the dark at Syowa and Aedey, respectively.
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&9, BEHOS AOBVENS 7TADO#KD $Tid Syowa TIZHBA W, —F, &8
DN ADFEHSE 1 ADOHEN TTIE, Aedey iZb D TNCHENH L. ©F 1) HEH LI
BUILHEEHOENEM LA TIRELD., O LREH EAMOMEBRSIZBITLA
mREADESHETL L ES5IZHLHTH 5.

8 MBS DORGEEANDED AL, RUEE(LEZRLEZODTHL. KEHESA

Jan.

Feb.

Mar.

0000 0600 1200 1800 2400

uT

8 Syowa & Aedey BITHABRIEADOEZOEEHEL. W, A, [0, &IIK~4,
K #8550, 1, 2 ® & X2 @ positive DZ B, negative DEE), K HE¥AT3,
4 O L & D positive DEE), negative DEBNII BV THEBR SO MBEE
BESEL2ARHERT.

Fig. 8. Seasonal variations of the difference of solar zenith angles between at
Syowa and at Aedey. Four different symbols indicate the time when the
magnitude of the magnetic deviations at two observatories is the same
under the following conditions:

. for positive variation under K-index: 0, 1,

. for negative variation under K-index: 0,

. for positive variation under K-index: 3,

. for negative variation under K-index: 3,

2
, 2

POrE
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DEPIE Aedey & Syowa DRFGRIEMA (KL P ap, Psy) DE P=P op —Psy TEET 5.
RERIMBRAROKBEEA»E L VGG, Blbe=0"%2KLTWn5s. M8 LEHD
1600~1800 UT EHIZPDEIX K 67 I E TIZ % AT Lhb b, —HEH D 1600~1800
UTEH TRV WVo==—21°Th4s. 2Fh, WBHMIIIBIILEHEOERIZEREDE
X, EBDIZ)HBIKE V. ZD7-0, Syowa DEFE LY Aedey DEF DT ) AT &I
BlII A AL EDENKEL B LHHTE 5.

% 72, positive DEBIOEBIEILITER O 1800 UT fifZICHRKICAR A, THI L B8
DPDEVH KNI AR E —B L TWAE. —7, BFH»SFRNII»T TIFROBEMF &
EHICEIZe=21° ZHIZ¢=—66°1"7% 5. LALES TRLZLDIZ, negative D
TENZDOWTIE, positive DEEJIIE1E- 2 ) Lo KEESEAZDKRIEEIZA LV,

—%, K796bhrs L2, MBRHNATHROKT ZEBARY, HROKD HEHH—
BT HEMEE KoroThTnb, 2AL10HD 1800 UTHE L 4 AL 8 A 0600 UT
HTHAH., THIIWER SO AN ARR T TWALAZ LIZL s TALTWA., ThH6D
B, FRNTIC L DA Hgy CAHAg WS LK 2 ARHIE L —HLTnb., £2TEHIS,
BRHNZBNWTAHgy/ AHAe 1 L2 502 X8 ICH, [, &, AD7 0y P TEY.
Positive DZEE) T3 1000~1900 UT (A Hey/ A Hag = 1127 BEER], RUTA 25¢= 0°D#%
EEK—FHLTWwA. %L T negative DEBDIFE S 0200~0800 UT DFZRFIZ1Xo=
0°DIIZH R DEVE VR B,

% 7z, positive DB 1900 UT LLFE L, negative DEEID K I§HA53, 4 DHAICA
Hgy/ AHpg = 1 2% AREID0= 0 D222 T NRTLE-> TA. Th5Hid 1900
UT LAF%IZ 13 positive bay 3 F ) R0, HETISHEENL (2w En) 2 L,
negative DEBNIBAIEBIENTRKE (AL LHICHBOMEL D I A —O TR T ORED A
AL BENRDAEDNKREL L DB120THHLEEZLNS.

DL b6, #I2FF O negative DA E) & positive DEENIE L 12, AHgy LA Haopg 7% L
% HER, RURADPKEEEAG A LOsy PWE L AML, AIZE—HLTED,
HRERZDHESEREIEFICREILEB A RITLTVEE VWA, F7-, HRIZL2%)
F1d negative DEBII T, positeve DEB TIHEICHETH 5.

Kamipe and FukusuiMa (1972) 1%, BERIE9IZIRSZ L 72 positive bay DA I I3 LB E 125
HZELEAONLZVE W) ERER L., KBTI, T XTEADHEROL )L %3
Me L, MEMLBIT 21T > Tn5b. TOHETIE, SEBRSTOFHELIISHETETNS
LEZONL. LaL, BHEICELL GERPIC bay-type DEBIZE L TV ABA DX
AMLTWwRw, F07-0451%, S5IZH—0 bay-type DEBID % 1T > THLLEND
5.
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4.2. HBFEAREICK SR

B OBBAOBEBERIE, +—0FF— /NIl TEMBE LR A+ -0 2y b
BRICL o TRIENTWS, FEBICIZ, F—0FKFHF -0 T+ - IOHEOERE
WCHEDAATL S, ZO-DEMBOEMEN LA L, BXGEENKE( LS. Lzdo
THEEEICIABOHRUINC DL ) Ld — O SHTFOBEY AR L AREOEE L #
DT EHIZOBNDL LEZOND.

HEMEICREDAATLS ANTORBRIBIET—HTIEZRL, MLT, BMEBELZEICL-T
Bh, L2L, TZTidSyowa & Aedey WL VIR A THAHEER B0, Kb
CEYRIFILTVAIOEHBAHNEADOIT—EFEDENTHLEEZ 5N A, Syowa &
Aedey IZEI ARG OBEAE ) (R 1). Aedey DT ) PEEBUE TRV /20, I 57 -5
iZ Aedey D) 25E <, EMEEE I TRIAATL A -0 KT DRI Syowa 2t
NRTARweEEZONRDL, bbb, FEERICIE Syowa IO B O HHRLF DRE ) AH
WCEAREBREVEFHREINE, ZDZ ki, AHuye EAHgy DWICHBORE L 1338
DREE FITT.

Dtz &nrt, BEBIZEIA -0 IKNTFOEDARIIDERIRELC L), HROX)
B2ITblET L RIZHHEVZ A,

T 7-BELER I, MBS OBAEBREAFBEVWICKE(EAT LI ) MESLEZ 2T
ER S, BAEREICHEESThTLE) Z&ic Y, MBI AOMBKELEOH
BM2E A TR RoTLEIL)ITE, LX) 2BRIBL LD, KEICLY,
10 AL 2 ACHBRIAICBITAHBEHOMROERS RS /PIE VW Evbho7z. £2
TINLDORIZOWT, WERNAOESRASEOMBIREZ #H <72, 200~800 nT D%
Bhio oW THBAR I 10 A£%0.7319, 2 AA70.8323 T, LVWHIBEBEFRICHELEVZ L. HF
ELEE DR A L E) 13 ~800 nT RBEAIIL AL TH L7200, BB U A MBI & 0%
HOTHEAHRICBOW THBALEBEY BT 5 ETERIEIEREC RV EEZLNS.

5. % E]

B D Syowa & 714 A5 » FOD Aedey DHRERILIZ TIZ BT, FIREICEBIRA X L7z g
[ HBAS % 19894 9 A~1990 49 AN 13 A Allb iz TN RiTo 2. ZORKERDS,
MRS ORI B AR LB RO BE L, FHEAL L HBAIEEIEIC L AHa!
B OFMSE ORI, FLTEHRPBRAAICL S HRBREGOBEVIBISEMEERICIH
BIIRELWEY G Z TWAI VLN o7,

IS DD ) HLEIEEIC BT AL, negative DZEY b positive DEREY D 3IZH
BIZLZ2BHBOEMDERDE N EEMMNIERICIV—HERTIEPFHLNII R 7.
HIESICBITH OB (KEEE, BERER) OZERIE, Syowa 5% Aedey & 1) HiFRiE
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FBEAHI S EBREERAICAIBT A L, AR ABBEA TSI LR EINL > TETS.

B B, EMREE I CHRIALA - U TR FICLAEMIERE 2 5. T
R D ARKF DR Aedey £ 1) Syowa TEHWI L #EKL, Aedey 7% Syowa & 1)
IT-BEFEVEWVWIEEL-FL TS, HEHRLEEIHEI) A -0 K FORED A
BIWCEBHENBEVIITHLHELEY) L RICH Y, FHELOEPIINITTHRNS positive
OEBTIIABICL 2MEOHHFKEL, WA SLHFHICHN S negative DEE) TIIHEAL
PREL D EARICE DERINITFTBHSN TR FORY AR L DFRIKELC 25
TW5h.,

# 2
TA AT FORBRERIC TIBEC/T A X5~ FKFD Th. SAEMUNDSsON #(i%,
MERIEAEBICB W THRIABIR 21T 728 30 K, 5 31 KEREBABLHK O £ IRH
2L EY. AR LARZTIREB I VIS 25 A T B S s FERBLE, TR
SR, ESEAE, BEHENEE, RERZRA, £ L TENBMATFERT O &R EM
DI RITERSCEH N LET.
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