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Estimation of Geomagnetic Conjugate Points by
Using Pc5 Pulsations

Ken-ichi KaTo!, Yutaka TONEGAWA! and Natsuo SATO?

Abstract: In the present paper, we have attempted to estimate the geo-
magnetic conjugate points by the method of ToONEGAWA and SATO using Pc5
geomagnetic pulsation data obtained simultaneously at three stations in Iceland
and at three stations in Antarctica (including Syowa Station) during the period of
March and May in 1988. It is assumed in the estimation that Pc5 pulsations are
odd mode standing oscillations of the field line and have linear phase variations
among the stations in the horizontal plane. The result shows that conjugate
points of Syowa Station estimated from PcS5 events are concentrated around the
point calculated from the magnetic field model of TsyGANENKO, within the
range of +3° in the longitude, i.e., less than 1/5 wave length, and 4-0.5° in the
latitude.
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fTbhTuigus, 2 THHBIL T, ToNEGAwA and Sato (1987) o jiEx AV T, Hilk
ZWRE) D AT R THAEI 7 A 150~600 MaEEh, HIBAE O S PeS MiiKIRE)
I DHRES B R R DT

SIEOPRIC bhvie PeS MpERIRENE, —#cFaifl TIEERE) = — &, FRAT
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M, IR0 A® — NEEMH TH % (KOKUBUN ef al., 1977; CUMMINGS et al., 1978).
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£1 7A4A7 v FIBAELHEES BERGOME, MBS ESE (IGRF 1985 model
RS T)
Table 1. Geographic and geomagnetic coordinates (calculated by the IGRF 1985
model) of three stations in Iceland and three stations in Antarctica.

_ wooo® % B &
B oW A

& # OB B ’ =
T BT 2 64.67 338.97 66.02 68.88
F oA RR 66.20 342.88 66.97 73.27
£ o7 420K 66.08 336.87 67.78 68.28
REFIEL —69.00 39.58 —66.58 71.85
=54 — v T —67.66 45.85 —66.95 78.09
BB —71.53 24.14 —65.48 58.82

MlicEhTws o, glllEHoBEr e T2 &, MHEFERD HH F ks
5HANGN S, & 2T, KFETOMBELERFLEET S LKL T, TOKHE>
F OB~ 2 b Ak BERD B b (TONEGAWA and SaTto, 1987).

Suy—Pm =Ky (r,—1) ,
Go;— P =Ko+ (r;—1)) ,
TIT, Puy—Pu» Ooy—9m (X 1, ] BHAHO H, D gy OfHHZEXFEL, r, 1 2t hZ
L BBEOMEN2 v (2 2 TIIHBREEREECYS D) 2EZ LT, Ky, K (T
H, D Ao ~7 b, ThbbRALEC 1° Eh 8l AR o H, D fiazhZh
ORFBIEDKEEE X7 P ATELTVS., 0L XHEFEHAEDO K <7 i3 m-num-
ber MM T 5. 4, PcS JRENELEF TH S (KOKUBUN et al., 1977; CUMMINGS et al.,
1978) = L &RET 5 &, HBEHETREKAD LI TL 5.,
Pue—Pm=Ku-(r.—1)+Cy ,
$oe— oy =Ko+ (re—1)+Cp
odd mode Cy=0°, Cp==1180°,

(1)

(2)

even mode Cy==+180°, C,=0°,
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Fig. 1. The H and D components of Pc5 geomagnetic pulsations (T~ 170 s) observed
by induction magnetometer at 0730-0830 UT on May 7, 1988.
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I, BRES DY — 2B ABER SR Cic /% (ELLs, 1960; OBerTZ and Rasporov,
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Fig. 2. Temporal dependence of phase variation of the H (upper panel) and the D
(lower panel) components estimated from Pc5 geomagnetic pulsations ob-
served at the three stations in Iceland at the event in Fig. 1. X and Y plotted
in this figure show phase variations of geomagnetic north-south and east-west
directions as a unit of phase difference (degree) at a spatial separation of one
degree.
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WhH, ZTRERORD X 1%, TORMCET AEEFAEOMBE(ERL, + QAEHE
DML IeD. T 2T, ZOERBEEHEOWE, 7ok m-number ST 5. Y (25
e HFE DB ERL, + M2t FA~NDEREZTL T 5.

B 226, H D BpEbicliRAoGERERLTVS, F0OEE (m) 2 5-10 (FE
36°~72°) DREITHAB. ZOPHDOKE XL Orson and RosTOKER (1978) 7355 L 7=
BB & DBIRK D HRD IR & A i3 % &, OLsoN and ROSTOKER DPEAER TIL m~
6-11 (JAu¥ 59m Hz (170s)) fREEIZ/ D 2 Emb, S B ENAD JL—FAT LT
S %7, H, DRy & b icdbimicu U EZMEER 2 Bb AR LTV 505, F0 1° %4
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DE b BEEL AR, HUGHES and SouTHWoOD (1976) <> WOLKER e7 al. (1979)
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Fig. 3. Geomagnetic conjugate points of Syowa (SYOW), Asuka (ASUK), Molode-
zhnaya (MOLO) estimated by using phase variation per degree in Fig. 2.
The elipse is the daily variation of geomagnetic conjugate point of three stations
which is derived from TSYGANENKO (1987) global geomagnetic field model
on May 7 for Kp=1.
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DR LI D, B S DERE~D H, D R4 OMAELOBERE—H LTV 5. oh
SOMHELDK X X, SAKA er al. (1982) 12 X » TRI M, HIRESHEE 65° fRick
3% H, D @othzho 1° 4 offEfboRkE X 25 & 7T BENEL S Ivw—K
RLTWA, BEo X sz, & (1) ks PeS REDOMEE(LDO K XS (F 2R 12,
ChETOMDEEICL > TROONIMELRBRETH - 7.
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B, =7 v 2 —vr v, H3BERHmZBE LT Pes jREN 5K S & s,
FhEhMEdo O, 0, a D7 r, PTELTVS. /2, TOET v, FOTRENINTL
LEF R, K2 OKIOECEI R TOLHFORICET 2 #_ELTHL LKL T
5. HEITH AR, 924513 IGRF 1985 model 7 &3t o> - MR R ERE & R FE F71a) S°, #&
FHH 2° ZEeFELLDTHhE, BHDO X ST Ty A i#lL, TSYGANENKO (1987)
DB = 5 v (long version) 253 HE I S H 7 Ho Kp-index 73 1 (1988 4 S
A 7 B 0600-0900 UT » Kp-index (3 1 THh-1) DL 0B HEOABE(LEEL, £
S THEBII, B, <5 Y s —vryEicEhZhAIEL TV 2.

X 3 s PeS MRESIRE 2 S8 H LRIt & A (LI, PeS IREh2 53z 5 L
%) & TSYGANENKO (1987) OHiERRGE = 5° A2 R D - HIRE S 6% & (LIf%, Tsyganenko
EF L ARESREES) OB D, PcS JRE) b OIKZ AT H T BRELE T
Tsyganenko 7 M X 2#{MEA & 0 QMBI ETM, <72 — v F vEMTITHBESI
RAE, LT, Mt cilmKREhim e miabaicss o EaHBLE. 20X
WCEEDE & Lz PeS REND o ST Tsyganenko £ 5 Ll X A3 S L TAHLE
h. Fio, HEBEECEE S PcS REOZEEH RO 1 FRIL 36°~72° THHZ L
b (X2), ey b XNEFTIZTNT Tsyganenko &5 Wz X A& E15 12 BE
N (FEALE VA WBEREA) CMEL TS,

32. 2 hRAF—% (1988 £ 3 A& 5 B) MO OBIFAHER

BB Lic HEgEa AT, 1988 £ 3 A L 5 ARl T S hie Pes RE)7 — 2
LT, EEA 3 SAORBELEOE AT -1 b DX 4~6 THSH. X 4 (ZFEFIZEMICE
LT, 5 @3S T2l LT K6 k<52 —or AL TREAYE
HLdboThs, EROBRNIIN 3 LE U TH S, &8IS0 Tsyganenko £ 5 /il X
LI EDO BB ST DRENT 5, Tsyganenko & 7 /L2 L 5 %S0 BZELITZE
2 Kp DEC X - TR E LTS (ONO, 1987) & Lizibh T 523, KPFFETik Pcs
JREND A4 = v b 2V S ek O BAF/BE% & Kp-index OB HAELOR L /NS5
e RESIBREDOLDORFEATVS., 2D, BB OA Ny D Kp-index THE
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Fig. 4. Geomagnetic conjugate points of SYOW estimated from Pc5 pulsations ob-

served during March and May in 1988. The daily variation of geomagnetic
conjugate point derived from TSYGANENKO (1987) global geomagnetic fleld
is also shown in this figure. The small elipse is the daily variation on March
27 for Kp=3 and the large one is that on May 10 for Kp=3.

EZRLIS5D, A NE2 o7k (3 B 27 Ho Kp-index 73 3 o) » HZ{LA /X
FEFAT, MbKRED» -7k (5 A 10 Ho Kp-index 2 3 D) 03 D%k & WEFTRL
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HIE RO HECORICFRIR O EEIE LT\ %, %1 T Tsyganenko & 5 L1z I % 3t
BREMLTTRD b OR, MREEHA» SHEIAH AT THEECEShS, [ 5 05
FTOBIMLR T, Tsyganenko % 5 L2 X % 36 S O BRI MIA SALMl % TR HET 2
&, PEREHNT NS RN B Th b, Tsyganenko = 5 iz & 2 & SO EL 7 =
y PERTVREDH DI, 6 D=5 5 — 5 vEHTIL, Tsyganenko = 5 L1z k
2 IBEROMBRITER L DM TR TS &, BT BERMLAICE~% & Tsyganenko
D OORERDEFH . Lo L, BANEHIZETIRA . 2LT, ST0Es s~
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X 4 CTHEEBEEEICT R, IR Pes IREA 503 E S5 %, IGRF 1985 model 725
ROLHBETEERCE Lb02, KT THs, M4 LR Tsyganenko £ F L X 5%
HEEDO BN 2 ORI T WD, MOFICITFEEICK T 5 E A%, Ko ki i g
CRTARENMEEH LD, BESME, RETR1° J8, BETIR 2° JEeh
FTdh L. BEIOREIR 40° 1k, R m=9 ORFOHEROR JCHYT 5.
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Fig. 7. Histograms of conjugate points of SYOW as a function of invariant latitude
and that of geomagnetic longitude rearranged from Fig. 4.

M4 LEU L5, PcS JRE)D b OB AL Tsyganenko =5 iz X 2B HEDOE v I
B ML T b, £OFEEH LTk, #REJRE Tsyganenko €5 iz L 5234 H & &
7% 66°~68° 12 Fh, BREAFBIL m=9 OWENLBEZ L L, BIF 12 FEMICT
NTHLET %, 1T Tsyganenko € 7 2 X % Do FHifhciE e 5 1/5 £, HE
DELDOMNEL HHbhA., LT, Tsyganenko =5 i X 5B E X b Fho Dl
A BAHEFEICHF THEECER TV 5. ToFThEtAmzThs o, b
M GEEEGFMAEKRLC) Tk Tsyganenko €5 /112 L 48 d L b 1° BREEH ORI 5
THDOICK L, MARTIE 5° BENOREICES AL TW5H L 57k, nHoE-HER
T 5.
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0 %#Fbh 3. B s I EHELZHLTHOREFHILL, B 8 EaRLTW5. #H
BLRRREE 2°, MR 1° ORS00 bh Lo,

ZeEf T HEE A A2 D R T %, Tsyganenko €5 /ic X 23 E S OF RO Y7 %
FEEE T0°~76°, #&EE 67° 1 8 LIEDHFHENE{Fbh, TLTRICEZDADILEIEIRT
Wh. ZopfioBantak, dEFETIIEENS < 1° DIPeo#L, BEHR TREER
Yic IRBRCOB LTV A,

4. % £
Pc5 JREh A HHEE L 7o E RS OALE L, BRI AR $ 208Ut/ X < Tsyganenko & 5 /b
CEARBASEY, #ITHTHrBILEPL~Y T Y s —OF v BB KRE L Tsy-
ganenko 5 M X BH_EEOHENR TS, TORKEOF RN & LTIk, HucHEs and
SoutHwooD (1976) & PouLTer (1982) 7/x L7 H, D o 0fEE H R OMEEILIC RS
T, MHLETETEA/EIIFRL, BEELTROLMEELEOREINRL-TLES
redh, TOXSIEHBOKRNIFRCEESROMEE LTHEAEEZ bRD. KGRI T,
FOMMEIDOKRE INHHERETEHEEE, 714 27 v F IS0 L Bbhb.
Lichi->T, 20 3 SV EMHEELoRE 3k, EBEOEE—HT2L8Bbhsz &
2, 0 3 B OEERC B S B HIERER, REASEGH TS T

Ca—=TFVEMEIDIDESINILS D EEZDNRD.
DX O, F0 2 B L TS RO PeS REH DHEE L o3k Ay, X
h Tsyganenko &5 A t AL AT, LAvL, = ORI HHEE L 2o L& AT,
Tsyganenko x5 T X 5 4E% 4 L » LHREGE A2 SAAHRARCHAT TThTw5. £
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OFTHLIAFEFECTIELDOIEETHS. ZOBEFROTHIETIEROELEL L
T, Tsyganenko = F A DIEMMEORI I MNETH HA, T Z CIXBMEM O T AL Ui
FEBH EREHREELOLRD) HOOMBERELIC L > T, AU 2REKRH L THL.
ZORHEC OV TR ERNC EDRA VR, ENTHDD0bhbica, H-D [
(THZEN S H o0 EDLD, L1k D kanghns (Kato et al., 191). = 2T, =
DIEARMOThERT O, H, D o OMHEELY dou, dép 22 &, K (2) LD,
d¢py=Ky-dr, ,
App=Ky- 4dr, , )
TEIhB., Ky, Ky 12 R (2) TOfE, dr. IAAEEIC L » Th UeE RO EBEEED
ThEeFRFRET7 P ATH D, XBIC, dr IXEEFHA 4X EREHR 4Y Ly,
Ky, Ky 3R THIEESA Kaxs, Kox EREETE Kuy, Koy WEEBRZ DL, R (3) 2K
DESEHINSD.
AX=(Kypdoy—Kyudgo)/D
AY=(Kyudpo— Kypdéy)/D ,

(4)

D:KXHKYD“‘KYHKXD .

WTOBETHIC L » TH UrMHEEE L, 46s (XIE, dfp BETHS. FLTHIRL W
Bl oML, Ky & Kyp (3 —10~—5, Kyy (3 20~30, Ky, 13 5~10 BETHS. =
bk R (@) 25, D, 4X, AY 3IE L%, 0% b, B O TICA U BEERI,
PcS JREhA SOk BEEEAHEAMCTAEYEL I TV 2D LHREI S,

MR B THH ERETEHEHA, 207127 vV 3 BHEAEEC, B
DEZEEDHHDOT, FHOBAE LD PeS JRE)2 L ORBRI DB TR 72 h, EEE
DRBEEID—FKTHEEZDONS. T LT, & 2 EBAEOREHEOM T OFEENR
DHEUREEZLDRLMARESAMEECE Th T35 &, Pes JjkBh b 0B HITSE
BITew2y, ThaBZECENRS. 2O X S IfliBELxE 2 5 &, BMEMO Pcs k)
2B o A, Tsyganenko €7 MZ X BHBERCHILDAWEZARTHTHEEZLD
5. iz, A4 TIE TSYGANENKO (1987) DOMiEREEE: & F Ahs bR D F- LB S L O HEk
AT o teny, 0= T E—EIC BA/RZIZ LT Kp-index £ ZiCK L TOFH R
LOThBHID, EEREIRLLLEbLRD. 20 L, PcS REi» b oSy Tsyga-
nenko 7 M X HEBACK LT, ARFEMEEFDENLDOHRANDTh &> TERAT
WHEEZDLRD.

ThbnZ Epbh, PesfRE)A HHEE L Aok st Tsyganenko £ 7 i & 2 36 & #
AT X w—FERL, £ U TEEORRZACHIRD IO TR LRI NS,
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5. ¥ & B

TONEGAWA and SAto (1987) o FEX AT, PcsS IREVOELEIREIEM & K RH T k1T
LB ERE LT HRE,LD, 7425 v ML RD, £ U CHEEH 3 S0%kE
ROBEEXTote. £ LT, PeS fREYD HHETE L7-3k1% 5 & TsYGANENKO (1987) =5 1
D HRDOIFBE AL LBR, KO X5z &t ldbhs,

) 7427V o 3EHSTHRH S TR PeS [REDMEZEHALhFh 1° 4
o) OMHEEOKRE S (FLBER) 13, 2hETORIDELEOERELARETH 5.

2) MEBHARORKLN, TAAF YV 3IBREOEEE, FIBRBELERETE HHHA
CH Bk, PeS PRE)DORDAFBERODMHOSBUT/NEL 1 5.

3) BEFnZEEHh PcS PREND HHEE U o34 & TSYGANENKO (1987) OHERREE = 5 A
DRDICEBAIIV—FETFTLT05. B IVC—HERLAENEL L5013, BEH
FOEH TIX 70°~76° (ZAut VS BRUTHTHS.), REHATIX 66°~67° Th 5.

4) BRFEHID PcS JREpD: bR DA-FEZE A, Tsyganenko € 7 A HRDIAFKEH I D
WREKACRFE~Th Dok, BMEOM TcE UxFEERC L 2MEEORELE
Zbhb.

it 2

ENLEMBI AT OZat¥A L L THRED ZHBaY 52 TSR3V LEKRBREOFL
Be# %, Tsyganenko DMIEBBEF A7 v 75 A% {FH I T X W E LB
o NEFEEB#EEE, 71 2 5 v FORMBRKBERIC ZZ8ECCT A A7 v FR¥0 Th,
SAEMUNDSSON #1#%, FEMRREFIAEMIC o\ THIRER B & 1T - 75 28 R BRDH 4,
AP LB CIRERS L O CIEBEY 5 2 TT & » Byt sefio P8RS, LR
BT L CEERBHM o 4, ROBHBL 3. i, APREE BT
B@plEe v 2 -0 EEEL B VT, BITETVWE L, TOBEERLIREY 52T
T X E BT EREIY v % — OREBERE L, FRBRL T
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