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Analysis of Geomagnetic Data Obtained at Multi Observatories
near Syowa Station during the IMS (1976-1978)
— Correlation of the Location of Auroral Electrojet Current
with the Aurora and the Behavior of Geomagnetic Conjugacy —

Masaru AYUKAWA! and Kazuo MAKITA?

Abstract: This report describes the movement of small scale auroral electrojet
current regions and their relationships to spatial and temporal variation of visual
auroras based on magnetic data at three ground stations [ Syowa (69°00’S, 39°36’E,
30 m as.l.), Unmanned (69°47'S, 41°35'E, 1470 m a.s.l.) and Mizuho (70°42'S, 44°
20'E, 2230 m as.l.)]. Japanease Antarctic Research Expedition (JARE) party
carried out this observation as a contribution to the International Magnetospheric
Study (IMS) from 1976 to 1978. It was shown that ionospheric currents with no
change in Z-component magnetic field variations corresponded to auroral lumi-
nous regions. This result suggests that the line current approximation is appli-
cable to small scale auroral electrojet currents. Secondary, a conjugacy of polar
substorm phenomena is examined with comparing magnetogram data obtained
from three ground stations in Antarctica and with those from Leirvogur station
(64°08'N, 21°47"W), Iceland in the northern hemisphere. During quiet periods, the
conjugacy could not be identified due to poor correlation of magnetic field
variations between Leirvogur and the three stations in Antarctica. On the other
hand, during disturbed periods, the conjugate point of Leirvogur was located near
the Unmanned station. Thirdly, the diurnal variation of magnetic conjugate
point is examined with magnetogram data of antarctic three ground stations and
two stations (Husafell and Leirvogur) of iceland. The conjugate point shifted
toward the higher-latitude side from the evening (18 h MLT) to the mid-night (00 h
MLT), while it shifted toward the lower-latitude side from the mid-night to the
morning (08 h MLT) hours. This result was consistent with the diurnal variation -
of the conjugate point calculated from the Tsyganenko-Usmanov model.
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EBE: EHhERpEKEEEEE (IMS, 1976-1978) AT, REFIEHE 0
TA—u ZECH S BSBYERROM EL SEHAlEk L. o L%
HBHTHE N HIRKOEHZHFRICE XA —07 Y2y M EF (auroral
electrojet current) fZjE & 4 — 1 7 FNFROXICEMR, MK H B3 03B R
7 H) (negative bay variation) L T3 EEO R0 K ORGSR I LR SO
A2t E2BT L7, ZOE, BEEEIICAKAEERZRKE L, O
iﬁ!ﬁﬁﬁ Z B ® s ORD Iz AZ=0 O A A — 0 T OIEEIRY % ROLEEER

ITETRMEL, 2—u7Y >y FEORITEREERE O IR O %

%EPE’JLﬁi’L'CWé @ HRER H B OB Az ot L ¢
i, JEEEREIO L A4 VR 7V (Leirvogur, lceland) &b RUOHEABBE 2R 4
Hifsld, ATIEEM LD L EREAOEABASCHEAETH>. O ﬁ
B EO A2, d0FEREIOILE &S (MY EROBE SR EE L 725E) &
& F & BRESE] (1I8h-00h MLT) 1240 TEBEMIC, EETHL5H
FfH] (00h-08 h MLT) 27 TIERRBERIC > 7 b 3 2 i ARHMKEREFE 2R L,
Z OFHEIX Tsyganenko-Usmanov D E 7N & 2 H-IEH O HEAL/ S8 — > DIF
[\ & —ET 5,

. 30 &I

MEOANTHEHBEAD Y £— b vy V&g EORELERIZ, A —o 7HRICHET
LB T — 5 ARG EBLOoOHS. LrL, —AT, BELRYVE— VYT
FfrhMefit o 2152 £ D SR CHBET 2 20113, M BB OESRKEEETH 5.
EDDUY, A—u7H50IF I BRROFL WIFEZERNZLOMRE 2% 5709
i, RSB B % Bl O ETH R bR LB RO DO TH S 5.

H A FE i B FIB o SHE R . (69°00°S, 39°36°E, 1 30m) 2B L - 8 EEY
HRRO% SERNE, 5 10 KK (FIRRHUSENRIRE SHEEATS, 1968-1970) 23Kl 724 — o
7 MR BB S HEROSRII TH 5. ZOBIRAFGEHEHENZ, 5 12 KK8 L U0H
13 REK (FRHUISRBTAESHEEATE, 1971-1973) IBW T bk s, A > 7 VEEE RIS
OFEHIE»S T L A MY —E2HOTIEREMAT -5 2XF L. OB, A7 v
BN %50 LT 30 km LIRS § 2 B2 O&BEICREI Wiz & S8BT h - 7.
BLRBROFEAE (1973) 1%, KEDKIK L & PR & O BRI O & LT, BHEHlE0
A2 IADS D 2 —202 105 (~300km) ICF TR T 2 EH SBIAIZETL.. 14X
BKDZEE (1976) &, FKEFE V—7ONBERERTER ETE 2L, BREMEE
RBOREEPES & OHIRER — SRR BIHI 21TV, 4 — 07 OB ESRROMEES, 8L %
300 km OB CEEI S 1L 2 EOMIREREBI T38RI T E 5 2 L 2L .. 0, B
BRI BT VE Y « AVARVY RLEETERT 5 L b 5 EENCBIL T,
AT DIREH A O REERC R 2 S OBRIERE 23R et L, #2552 T3
(KuwasHmMA, 1976, 1978).

DB R E S SEHROAREE, S50 58 20 51O EREREBRIETE (IMS: Interna-
tional Magnetospheric Study, 1976-1978) O—B & L THRHEVEEINI-Z L WhHs b H. # L%
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SEREEE, bl BEMERET S 2 LItk o0 BEEORRNLHRTH S
A —u 7 L 2D FEBRRORFEIRIZERIR 2 FoE R 2 S 2 5 2 E R E 2 HHKOD
—DTh-ot. IMSFHEIZ & 2, FBOMABRIMS %S 0% SBRAMEOBGEETEIX, 7 4
DA, Vi (4EF), HAE, AFXVX, AR NIV THEDELBHEELTCERBTL L L
GOy A

FRIELHIAITIC B 1 2 % SB[ | ORTIERIEM & A T2 > 0B AR
By, AFIEHERE RO E U 7CRRRARRKIR B b > OMABIRITER (Al~Ad) 25RiE
T2 2 & CEHE & L7z (NAGATA et al., 1976; i1, 1976). HEMA T IZEREA IO HARBR
BEMiE, B (1971), U (1974), #E2K (1974) 7 E O 0 6, FEFIYREL—30C
B, EXYRESB L Z 10m/s RS A, | EME2EAL TORERIR & RRE®E I,
£ —60C BL U 40m/s EESNI:. £, FE-FE (1975) Lk, ZOImLOED
HERRIZ, EF 10-50cm & RS ShTw:. BEEEABAKSRZ, hos0mLVWER
BECHZ )22 LidbbsADI b, [IREFRBIREIL EOR S Wi 7 — 8 INEREICHA,
oy o 7)) ZRETOE RO 7 — 8 PEFSER S Lz, FHENZRRRCIZEEFHIC X 5
F—IEENE LT L —RIEE N T iamoz 2 e ms, ZOHEASL SBENCIZE”D
HEAGERNICT 2 BUNEFES A 7 ARBEIMHE S AT A ORSFICH L LRIC L 2R ER X
.
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Fig. 1. Location of the ground-based network observations around Syowa Station in
Antarctica.



IMS JfE] Hh OBEAIEE R A 22 OO HIRE 5] 2 R BRI 7 — & BT 23

AEHE T, FEMRAREKR EOMABRBKRS O RHNENIRIRE LT, B 2 ¥—F|
FORNIFEBEOERLEYIS TERAT: @IS, 1979). LRFOHE L U ARSI,
A —0 Z 1D HIEES - ULF « VLF « CNA 72 S fE 7 — & A T | FERIc b7z D EiIY
BT AIEAEAREL T BV AT ATH-T:. ZOMABEHY A7 Ak, BHRFICER L
FEHREIRDO 7 7NVEDLE O OBEFILER L EARERL 2. b I 7 AR IZONT
BBCR & SRAITHREBR VR LR, IMS SHEHAMOBSER %40 5 70585 19 RBK (B
WrFERr, 1977-1979) T3 A 7 ADOBEERERA~OXILRIC B ST stz Lo, B
HOBETH 2 EIFHERKS X T LF, BROKMIICHAS SN L84 <V —v 3 VIHREE
EORIRTT, @B BRREATSHOFRCNIGT 2 EEEOE V&M E LT, 4301
LTI Tz A o7, IMSHIFEFOBABKOBABRI > A 7 A TlE, BSEAEOH
BR s & —ERO BRI H OB & R { Sl

IAGA (International Association of Geomagnetism and Aeronomy, [EEHIERERSS » &
BEYHEGS) OFBIEEESN T & o7 IMS 7— Y IUFEIC L i, HRREDLH-
TETULEABENL, ViE (4F) OSBRI ZRTIE, Z0FhsqtE L 7-8HEE
WOWT, Ff@YD O7 = INEEXLTLO TR RLELZIZETVZRWL. ZORBRE,
BRI L W EARERE (EE, SR HKRE, B, #EX ) iz, »o, vy
THEROEWBEBEHRR T — 5 2 BEA L > THEBTE 288y X 7 LADBFSICIIHEIL 2
KNI ERRLTWS,

IMS FHE DA%, HARBRTI3EE 29 REK (1987-1989) »SHESRIRR D% B AICHI 2/ D,
o BIOMRBEE UTTHARES R LBAEZMBL TCORE, T 8bbHREI AT A
(SAKA et al., 1990) %A L TOEABHER DBF A7z, Saka FIZ L 2 A BRI
OBIFIZ, ~TY 3 —YF VM (67°40°S, 45°5'E, 15 36 m), BBFIEMEAIE L UHTh
BIHIMLS (71°32'S, 24°08'E, 155 930 m) M TOMABIHIS % & LREE MO % S gflli@o
W &, ENBHERTERTS 7 A A T ¥ P TR L Tw 2L ROBEAME & &SI L 2
B BBRIOFER 2 bR L T/, BRERKS X7 22 & 2 AR, 531 KK, B
33 KBRS & U 34 Bk (1992-1994) N\ & 5] E kS CRERRABEKIR £ CEM S L7203, A
L[REMEOTENHE D MR R CHELR R EOBERE T, 713 A7 ADTFAED
WENH SN S, 34 RBLEOREBIRIC B 2 BEREEFROM B SEENZAKRIEL T
5.

KHLTIE, EEZEO—A @) ML 7 IMS B OB X > TIE s nz,
AR T — 5 &8 1977 FORBIR S SRS E DV T, A —0F EH) & E O
SEE L ORREKKT 5. i, BRI OSSR FAIC K227 4 X5 > F il
EORBHICOWT, THa s T —y OLEEE OMBER LU 2B L 7RI DOV T
w2, KL, Bl FEENEML CORERIIOEER EICH2 b0 Ebns s,
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HEOREWRZRCIE, BABRASOT -7 2HALTW5IETHD. g7, BEOHRK
DOEBIBKOEIXEES PR A BOBEOERY, &2 vi3, REREICET 2 EFEOHIER £
e HlE b b - 12 F COmMBIROBENEE S, 2542 B ABEMORER » N# & 3 5 HHC
HELEL, EABBE I ROBEEEEHAEEHO— DO E L TH X E LLEMEHORE
FOOTWwHETIRATH L LFEZ2 S, basil, BUCKETREREOT LAY ¥« A
3y b EHE UM KR R BE O NERFIIC 381> C AGO &1 (Automatic  Geophysical
Observatory) & U THBRESUERRI BB L T3, BREEESKSE, K- EE S L URIE
Biare LTREMICERT 20T, i< THLLA—0 710D BBHROMITRE
T4 =Y A TR ELTHREBHCHES S 2—Do0 RN E LT, HiBkigith B% S8
BOEFEMHZHFERL TBL L3RRI ETHSD.

2. F—u 7B L IR

A—0 I NEAREBEE, ZOHEEOEEB IR T 2RI, auroral  breakup
(AKAsOFU, 1968) L L THISNTWS. ZOK, B3 WA —0 T DEFTIE~2000nTiCb B
I XK ERWEHLIPBRI NS Z e8P lnwn. I, FLLTH—u 73 unTn
5 S 100-120km fHEDOEMBHICHNZHBHBEHRICEL 2 HOT, ZOEHRBA—0F
Yz v MEF (auroral electrojet) EFEFRE NS, A—o 7V MVERE, #HEOHERE
BECERD A0 HHFFE LRGSR SIS T (B2 1E, NAGATA and KOKUBUN, 1962;
Iuma and NAGATA, 1972; KisABETH and ROSTOKER, 1974). L L, A4 — 0 5 OFNEAEE & Hukg
[EFHD» S TFRINLIA -0 T Vxy PEROME &L OFMLXIE DT L T,
AYUKAWA and MAKITA (1984), AYUKAWA et al. (1986) 7% ¥ DIRE D H 2R IEZLT L b5
THdELIFFE 2BV, Hi ETHAIS W 2 HESROXE)X, EMEOES BXUREE PSS
P & TEREE O % T 2 IR TR 2 EWC B L, A — o TR OERO & % B L
TWwaHDTiREw. LrLl, BadaBilllers, A—u 76 L UEREEROZEMS M L
#h F OISR A L OBIEEZS I TENE, A—u T Yy PERCETIHREED
L1 DOBEMLERICARDTHS S, I T, BEETEAVICHRN2EROZHEICLD,
i EORBESREB DO KRERTTDFHHL 2 5 EDIRED S i, A—0 T DFEAFHR LA —0F
Yz MNEHRNE L OGN EOBEROONEHRANS.

2.1. ERURUEAR & BRATFE

CIZTHRYKD 77— 13, K1 TRUZIEMES, BERABKK EDATIEE B L UM%
DIFIFFEAICAIE T 2 |MABRHS (AD) O3 AFTTHE 18 KRB (1976-1978) 381#I L /2,
IR = 53 D s & BERIEIC B 5 4 — o S 0BRSS TH 5. I BB S OMERRI.
LRl 3BAEE b, ZIFE CHBKFIARCOE L, 4 —o 7 BROFEEFED
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Table 1. Location coordinates of the three antarctic stations.

Geographic Geomagnetic

Stations coordinates coordinates Remarks
(above sea level)

Latitude  Longitude Latitude  Longitude

Syowa Station 69°00'S 39°36'E —66.40° 70.17° 30m
Al Unmanned Station 69°47'S 41°35'E —67.21° 70.21° 1470 m
Mizuho Station 70°42'S 44°20'E —68.26° 70.34° 2230 m

BRM L EENRREORENEHLBRELT20ICEL TWE. 28, 3BEASOMBEK
7e i F (Magnetic Local Time: MLT) (A7 57K (Universal Time: UT) WZIZIZFL
2%

B2k, 3ATHAS N HMRERSORERSO—FIT, LB H K, FESD
5y, TERDS Z O OEETHD. HIRIT H i3, BDBRZEE) (negative bay) %L T
W3, M2 TrEhd HkE, mAtAROEEOZEER %K LILA & ~NOELHNIE TR
ENTw5. @k, DESRIEAAHAOEHEAX*RLEHAEZAOEBIETHY, Z K57
BHEAROEHEYERL, FRIEAOEMBESFFAORER L L TEHFIN TS, &K
SOEFOKRE 31, MPITRENEEHDOWIEEDE S 100nT TEREN T3S, 3
AT OHHSEE DL AN L EBREOBEIR, SRS bIZZFERTHD, 19774 7H 20
Ha» o 21 HiZ»3 T, IBAIERA IO FFHAmP 7% < &b 300 km OEEH = 5 &
EEEEBHSSRE L THRIEETRBLTHWS. LaL, 3HFROBBIEEHOLEEI I3
DR SHEEENED SN, SFILEEDO L S ICRZ 5/ OV ANLZERN IS TLTLY
ERfICBEI S L Twzwn, FlZiE, H RSO 2130688-2200 UTHE (AR UT 24885 2%) @
ZEnd, Al ARG & BB THERLITO 2 34T I3 E M TREHE D LV ARES)
BRoNE EHOEM @) 7z, 23006 3BHESICR SN ED/ IV ANLEE (K
Hl @) i3, BEEHOATIZIEMTRLECHE), Al JARAS, BRSO LEEE
BRI LSIT L BIBRZISBNE S ICRZ2 5. &5, 225EICATIIEM TR S WL
ARREE (RE Q) 1k, Al EABRASI/NSREOEENR SN 5 b O OIFMEMICIE
Bohnzwn, ZOgHWEOMBIREESHERR S 117 3HSRORZIOENE, FHC H RO EE
SRR RS ON, DS TIEHEVEMR . £, ZEHOSTRE3IARTRIL L S
REBOFERICE SN 2K 23108 KE1 @) & diud, 2130H (KE ®) OREIEM
DHACROND LI REE#HODS.

ZD &% 3IMETOMBREB ORI Z XL MANEERL TWwW2 0%, HREHEL
TEVHLSBELTBL LR, BRAOEMMNLBIE2HZ) A TR THS.
F—uZ S BRIC L A EORBEEENZ, EMETAEAAMCTEN A ERERET S
B, FltHAOEE KT H ROV—BRELEHTL I L8 RICRHSN, ZOXH)
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Fig. 2. Temporal variations of the H-, D- and Z-component magnetic field observed simulta-
neously at Mizuho, Al unmanned and Syowa Stations during the period 2000-0100
UT on July 20-21, 1977. Three stations are located along a magnetic meridian with
the mutual distance of about 150 km. (The horizontal dotted lines indicate quiet
day levels of the magnetic field.)
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WEWROEE, ARABLURNTW2EEEHZFLNY 252 5. HEHEORSEEE %
KRI DS OEEN, HBEFOEENIHNRT—BICDPRNSSERTH L. Z ] 380E
HENCEE T 552K, bL Y, BHLOE FOBBEHICHRERSTEAL TONIEZD
RO ZEsoEHE Yo 2R, BEA L VEEERICAR S OREFRBTEETNIEL Z K
SIFECEHL, WCEREAERNTONEAECEH TS, T2, ZESOFSDOE
B3 25 E ARNTEHBT RN 2ERROPLOMNBERHET 2 2 LN TEZRTT
H5. nsOFFE, H3IOERKIRLE. 4, K30 (A) IIRLck S cEREE %
PamE E 12 PiAL 5 B (Auroral electrojet) #{RE L 72, i b P THHEIS h 2 IRIKOZE
L, COBRICL > THESNLEE By DI L TRHRZOEHR L L TRHEINZDT,
JtmE 2EE LTEEIL TWaH D H BB T 528 eis. £, ZOEBERICLS
BEHOSNEHROEEE Z Kr0ES & LT sh, B8RS P EE RO TWAHER
DAEBERRICE > T ZEGCHENAEF RN EDS. Tbb, M3D B) WRT LD
AR X OBEMEERRL A P LD B EEEEIC ST Z B ER & &, #icE
BEACAPNIEITREOXEND L P CHRAIS NS Z LItk 3.

M43, HETRAREEHOI bA -0V 2y VEROFEELLDEBIRBML TS
EFZod HBIU ZEaE2M2000 L, BHEMTERAIL /24 —o 7 RFEH
F—F L EWR LD THS. M4DA—uFBEHTF—¥ 3, o8 T, M
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Fig. 3. Schematic diagram for the relationship between ground based magnetic variations
and auroral electrojet.
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Fig. 4. Relation between auroral activity and H- and Z-component magnetic variations
observed at Mizuho, Al unmanned and Syowa Stations during period 2120-2220
UT on July 20, 1977. Auroral optical data observed at Syowa Station is shown in
the bottom panel.

RERIEH D & RIS TR ARO 4 — o ZFEEEIRINTE Y, A—u 70/t
FIDOREMZEE LB 2 OBME LM% Z N TE 5. MK FHEEEBHEE LN s
ZDEBEIL, HFERDF ¥ /> 0mm, £ 18DV Yy va—flRasN— g v EflA
Eb¥bOT, EAEICHEEFIRARICE4Smm O ) v b 2ES, ZOXAV Y+
T2AVy MZEAFFANZ 7 4 )V ADBER 120mm OFE TEHHHWTWL LS ICITREATWY
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FOREITHERLI LD, BREMTIZO 021158, AVEABRHASTIZ@ O 21204,
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ZLT, »FIEEMTIE G D 2123HHT, H K53 DOADOEEOFKEIBRIEMH © IHIC
BRIOBHAISENEBITLTWA IS ICRZIS. 202 L, AEOBHEBERO® S it
TV EEED 5V IFZOFLMERERL S SREMABE L T2 tFEZ 2 L HETE 2.
7z, BlOAOEENL, K4 1CHIL: A = — 27 R0 2120 EIZRERIEN & A EEABIHIS T
ZIZREFICEAIS N TEB D, EHOC— 2732125 Ron 3. »FIFHEMTIE, Bw—7
fHED 2140 BEEIC BB BORBHOMENH D, E—27 I 2QINEBHSN T3, &
N LT, M4DTEHCREND A -1 T OFNMEEIL 2120 I BRI O 38 - R ]
WHMICERD SN LRE O X TIEAEL, 2124-2125 EHIC SBUS R R & & b Ic BB Eal
~NOBENEBE L T\ % (auroral breakup BRR EFEIENL ). DA — ZFNEEIZ, 2140
B2 Al EABRIS OB F2EIRL, 2150 @S EICIZATIZE P ERL TS 5 I EEE
BANEBEL T5. O, A—070RNEFEEISEEZHEAL: L Bb 2R 08
B0 ZBADOEEH R EELSBNFEREZ TV I LPHRTES. Thbb, &
LRI T 2B TN 4 DEREITRT @ O 2125, Al EABHSETIZ®
OEREE T 2140 B XEIZ, T2, AT IFEMTIE® OXANTTT 2150 BEEIC Z K5
EEHRENSBENEFELEZTEY, IhoDEENA — 07 DHENEBOBH L B —
BLTWw3. f-7T, ZOBREEIL +—uJ RNFROF %R X 0@ AEERIT
NTW3 EDIRELRIFRFL T3 (H BROVIEEHORRIHENE X EHR).

TR IBHELED HEHDCHSEDEEIED SNDE A XY MOV, ARV Tk
D Z B O¥ afiBORMAEL L 4 — 0 7 DR & OHE 21T . #fTcER LA —
0I5 DT—5 13, BEREFOREIZES BE 557.7 nm O A — 0 7 ORI R 2
LA REFfAE S OBEHE T 0T L WCHEIEAEICRET 2 74 b A—F —i2 & D B T
BL2ZbDTHS. BRFHRELTIE, 7, MK T — 5 »5HEM0E LR RZEREE D
O 3IBASED Z RS OEEE DS AZ=0 DEOEB L KD 7. FEERIL, Htlhr2e
fellh, MEEAAEERTENC & D, STERBICABESTHOSEORIEE &£ ChEEF5ElT 5
BAIEEL COBTEEY 2 5. ZOEEROMEC, —2>08RlE2RAceniE, fib
D2 BRI S OEMKRAIE IR, SRS STHRE 2. RO, Ok T—5
DBERFA B £ K TRFZIDISE & 2 ORZIEOF R EBOIEE TR ES. 3205260
L7 =06, HEHE (ZITRAIZ=0DKRA > ) 25805 HEAZ, 2 KRR y=ax?+
bx+cTh3.

L7085 T, 3BASTHREIINS 7F— 71213, RREZRMEEDh TR 3#37 2 K518
ROBBEBE DD EBLETH 5.

Yo=axy*+bx,+c, (n (FBANEEHD)
n=ax2+ bx,+c, (2) (Al1EEABHL)
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yz:ax22+ bx,+c, (3) (ﬁ“ﬂi%i’@)

T2, Yo 2 BBEOBEET, x, X, X, BETEEROHFOZLOMERRL T

L. nE, x, ZREASCEE R (D) idyp=cTESR, Q) BILURK3) I,
n=ax*+ b-x1+)’o’ (4)
Vo= ax,*+ bx,+ ), (5)

TERENS. R @) BLURK ) OFRE a, b,

a X2 X\ ! — Vo

&}{; &><ﬁép,
TROONE., ZDFRa bERANT, 2XABRK y=ax?+bx+y, BE QI 7% 5 RKHE x
#RDB. Z2Ty=03, IBHEEOMEYE Z ROEEME L OBR O RD I AZ=0D 5
EERLTWS. L7h5>T, KOTKRHA x BEEROFD IZ=0DEDMETH 5.
ZOFMERIEE LU HHMR TR ELATERLE L 4Z=0 0 m 082k, 4Z2=0
DOEDOEMIE, A —u FEEOBEKKORIZ Fuy F L, 4 —0 5 RNAE L OB
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Fig. 5. Temporal variations of the H-, D- and Z-component magnetic feild observed simulta-
neously at Mizuho, Al unmanned and Syowa Stations during the period 2200-0200
UT on June 9-10, 1977. (The horizontal dotted lines indicate quiet day levels of
the magnetic field.)
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Syowa, A1 unmanned and Mizuho Stations are indicated by 1, 2 and 3, respectively.
Scanning photometer data of 557.7 nm aurora observed at Syowa Station is also
shown in the bottom panel
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Fig. 7. The space-time variation of auroral luminous region and all sky camera photographs
in the before midnight hours. In the top panel, the full line curve indicates the trace
of no Z-component disturbance in the geomagnetic field.
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Fig. 8.  Temporal variations of the H- and Z-component magnetic field observed simultane-

ously at Syowa, Al unmanned and Mizuho Stations during 2200-0100 UT on June
18-19, 1977. Scanning photometer data of 557.7 nm aurora observed during 2300~
0020 UT at Syowa Station is also shown in the bottom panel
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Fig. 9. The space-time variation of auroral luminous region obtained by meridian scanning

photometer and all-sky camera photographs at Syowa Station. The thick line in the

top panel shows the trace of no Z component disturbance of the geomagnetic field.
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Fig. 10. The H-component magnetogram data at Leirvogur (Iceland) and Antarctic three

stations (Mizuho, Al unmanned and Syowa) on June [-2, 1977. The occurrence
of magnetic negative bay seemed to appear nearly at the same time in both
hemispheres.
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Fig. 11. Relationship between the H-component magnetograms at Leiruvogur and three

antarctic stations during the magnetic substorm on July 10-11, 1977. The observed
H-value at Leirvogur Station is superimposed (with dotted lines) on the data of three
antarctic stations.
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Fig. 13. Same as Fig. 11 for the data observed on July 6-7, 1977.
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Fig. 14.  Same as Fig. 12 for the data observed on July 6-7, 1977.
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Al #E

Occurrence frequency of the correlation coeffieients between AH-values observed at

Leirvogur and three antarctic stations conjugate point pair period polar magnetic
substorm. A mark in the figure is expressed as follows:

B, 0.05r<02,
LA o s<r<0s,

=2

DN 6 0 <r<0.4,
[T

[H]IIIU]]; 0.4=r<0.6

YT AN —LERZVA VRV EERO 3 8IS TEH & 2 BRR oG HE

Table 2. Statistics of correlations between each Antarctic station and Leirvogur
station during polar magnetic substorm.

. Standard
Number Station* Mean value Variance _ deviation
—_ — —_— _ 2

of data X=1/n3X, | V=1/(n—DZ(X,—X) S=JV
E-1h LRV : MIZ 0.51 0.0719 0.27
( ;)hars)e n=22 | LRV: UMN 0.49 0.0964 0.31
LRV: SYO 0.49 0.0645 0.25
E . LRV : MIZ 0.77 0.0531 0.23
ngg:é"“ n=22 | LRV: UMN 0.82 0.0237 0.15
LRV: SYO 0.80 0.0485 0.22
R LRV: MIZ 0.66 0.0954 0.31
e;g;:;y n=22 | LRV: UMN 0.74 0.0577 0.24
LRV: SYO 0.72 0.0954 0.31

*LRV : Leirvogur Station, MIZ: Mizuho Station, UMN : Unmanned Station, SYO:

Syowa Station.
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Fig. 16. Estimated conjugate points between Antarctica area and Leirvogur Station for
different phases of magnetic substorms.
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Fig. 17.  The summary of northern-southern conjugacy depending on the phase of polar
magnetic substorm

DT =5 #2FER L. 7y 7 2 VEROAE L 64°40N, 21°02W (HEREEE) T, HpiSHE
BEOREREIL 66.09°, 7027 TH 5. EHTNRICLI- 7T -SRI, 1977 F58K0»5 8H
ZHETO S HETHS. fATICYz - TiE, IR Z 5D 4Z=0 OS50S [ EhE
[BRE2 BN 2ERROFIAABETH 255 & [BHEBICERLTN TWRWES ] L 5@
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SOOI EF 2 v 7 LTW3. 4 —0 7HHEOMBKSEB ORI, BREEITIdt
BHZALICZ L BRI TR EREFBRON S 2 EX—RTH 5720, BEEIOT—¥
DEEAENTIZ, BED/NS VI L ICHEBESN TERBANCEERTHRETH S, ZZTHRET S
AL S OGS A RE (MLT) RIFRHEICBEL T o, BRIEID 7 — & iz b~ 718
BIDRFH OB EAERIC S W Z L 2587 2. BIFOBEKNZHIE 44 X2 RMizow
TUURIZRT.

41. A~ p-1 (July 28-29, 1977)
197747 H 28 Hb> o 29 Hic o3¢, BEFIEM & v 4 VR 7V CRIBR BN X 1u7- #h
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BESH B OB OB # X 18 FENTR LT, 2 OMIRES H R OEEOREMIZ, FEito
BHHSOE LA CHOERBERSTEN TW A Z EE2RLTWS. 20 HOMBISELI,
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Fig. 18,  Magnetic H-component variations observed simultaneously at Syowa and Leirvogur

(upper and lower curves in the top panel) Stations during period 2300-0900 UT on
July 28-29, 1977. The space-time variation in the bottom panel shows the trace of
zero point of AZ-variation in Antarctic and Iceland.
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HEEEPROL—KEH y=ax+b BHI I ETKRDS. $hbb,
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SWEHLTWEEIICRZS. T4hbb, ZDOA X2 b TiE, 2300-0600 8 % TIXREAIE
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19 MR Z K5 D AZ=0 O S OBMBFORILHEE.  BHR TR 9 R RZE R TRt
DOHBEHBROE I ICRZ B,
Fig. 19.  Comparison between northern and southern hemispheres of the zero AZ-value
positions observed from nightside to late morning hours on July 28-29, 1977. In the
figure, the dotted rectrangular area seems to indicate a good conjugacy.
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v ANVRIVEROBERSBOLILEMICH D, 0600-0900 FF £ TORITIX, Al BEAZH
HEVANLNRINVERMOBRRBBOHEM L > TWA LI TR LS. EREIZETEL CF
25k, 00EMNEITTY A A7 ¥ NMAlOXRESERERAZHFH L LS5 ICBZ 5.

42. A~ p-2 (August 9, 1977)
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Fig. 20. Same as Fig. 18 and Fig. 19 for the data observed during 1300-2100 UT (from

post noon to late evening) on August 9, 1977. In the figure, the dotted rectrangular
area seems to indicate a good conjugacy.
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43. A~ ;-3 (August 4, 1977)
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Fig. 21.  Same as Fig. 20 for the data observed during 1600-2300 UT (from evening to late
evening) on August 4, 1977.
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BERLIFEN TS Z EBHETE 3. IBAIEHMAITIE 1840 AXED 5 ED HANDLE)
DB SN THZDIXL, VAIVKRIVEMTIZZA L DH | KR 30 2870 1700 G 5
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44. A~ -4 (August 4-5, 1977)
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Fig. 22, Same as Fig. 20 for the data observed during 2200-0400 UT (from late evening
to early morning) on August 4-5, 1977,
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Fig. 23.  Magnetic local time dependence of the North-South conjugate point of geomagnetic
disturbance. A mark in the figure shows a good conjugacy between of Northern
and Southern Hemisphere; and Q marks are Leirvogur, Il and ® marks are
Husafell.
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Fig. 24.  Daily variation in the conjugate point location of Husafell (A-panel) and Leirvogur
(B-panel) Stations, calculated by using Tsyganenko and Usmanov’s model.
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Fig. 25.  Magnetic local time dependence of the conjugate point of Leirvogur, with the
hatched circles indicating the conjugate point calculated by using Tsyganenko and
Usmanov’s model.
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£ 3 TsyGANENKO model (1987) 125D & #IESHEELE & v A VRV ORBEEOZEL
Table 3. The conjugate point of Leirvogur Station for geomagnetic activity conditions of Kp=20,
Kp=3 and Kp=6 in summer and winter solstice seasons in 1975 and 1995.

. Geographic coordinate
Date Kp-index - Remarks
Latitude Longtude
0 — 69721’ 3810 Conjugate point of Leirvogur
June 20, 1975 3 —69°53 38°59 toward highlatitude direction
6 —70°06 39°54/ shift with magnetic disturbance
0 —69°22 3334
June 20, 1995 3 —69°48’ 34°30 ditto
6 —-70°11" 35200
0 — 6852 36743 Conjugate point of Leirvogur
December 20, 1975 3 —68°51” 3539 toward lowlatitude direction shift
6 —68°35" 35728’ with magnetic disturbance
0 —68°58" 3201
December 20, 1995 3 —68°58 31°04 ditto
6 —68°54 30015
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