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Anomaly in the Orientation Angle of Morning Side Pc5
Geomagnetic Pulsations Observed at Syowa Station

Ken-ichi Kato*

Abstract : Pc5 geomagnetic pulsations observed in local morning at Syowa
Station (SYOW) often show anomalous polarization characteristics in the horizontal
plane. The sense of polarization of Pc5 pulsations observed at SYOW is the same as
that at the other stations in the southern polar region. The orientation of the main
polarization axis at SYOW points to geomagnetic north, that at other stations to the
geomagnetic northeast. The purpose of this study is to explain the anomaly in the
orientation of the polarization axis of morning side Pc5 pulsations at SYOW and four
stations near SYOW, two of which are located tens of km away from SYOW and hun-
dreds of km from the other two antarctic stations. The results are as follows: 1) The
anomaly in the orientation of polarization axis of Pc5 pulsations is large at SYOW
with no local time dependence. 2) The anomaly is related to the difference in the
phase of the H and the D components. It is especially affected by the phase variations
of the D component. 3) The phase of the H component of Pc5 pulsations at SYOW
shows about 10° lead and that of the D component about 30° lag. It is inferred that the
origin of the anomaly of the orientation of polarization axis of Pc5 pulsations at
SYOW is caused by a local etfect due to inhomogeneous electric currents induced
underground around SYOW.
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AFZECTld, EBIEFAE CBIE S N5 150600 B D JEH % 7D Pe5 HBLRARED (LU F Tl
PcS IRBY & %) DIRIEFEH M DR ZRETT 5.

IwaBUCHI et al. (1980) (3 FRFIEHY & # DO MBI 51D Pc5 BREY DRI AFIED LB 2 1T\,
REANEEH CBUM & 15 FHIH O Pe5 IREIO R L8O SN RN H 2 2 L 25/ L Tw»
B, FORFREIIRO LD RREHERY. RO B ENIEEA R b oo B2 8 T L [E
—TH DD, MOEDEBRSORBEEMDHEAACE ST 2T O L, BRERTIIZNR
5 X ERIHTANIET > TIN5, BMERIIEBRRLCICVET2BUATHY, RiK
E#HEOmE ILRANITHERICEE 2 HME Lo T0E I EREL, KH5IXZOFEMED
g AR AN B (ParkINSON and JoNEs, 1979) 12X A D TH A LH#HRL T b,

MEMRANR 2 EOW T FEERIC L 2 REM MBI KIRE ORBIFIEN DB 2 811,
HucHEs (1974) 12 & > THEREERL SRR OGN TV L. ZHIZL 5 L REFE~NOHT
FHEEBEBROMBIIA RS, EXULEE, L TAERAOHEELR EIZL > TRECENMT 5.
HFEOME L 2 ERUREE OAESE (B AL O TIIE 10 km 2D/ > TEZDH)
RS,

BANEEH DR E 8 M O REDIEH D HEERIRIZL LD E B, ZDEE % B
S5MNTT B 720 IS IRAIEE TR 10 km LLNIZ B4 % PeS IRBY D (R B % BHFE 12§ 5
Fhid 5. IwaBucHI et al. (1980) SH W 7-BEFNZe b 7> 5 £ 100 km BEAL 72 ER) = o AR B S o0
7= 5 T, ISR B MBESRIEEIE (kp) 2 EIC Lo TRECELT B720, 20
FEUEDFEHRZHOLONIITHIOEIAN T THL. L7od> TRIFFRTIE, HMEAMICHENS
FHIE PcS BRE) DR T80 Al OFF R4, BRI, IR S 810 km OH#EICH 5
VLR SR OB 100 km BEN 72 E T BUA M TR ICBIII S N2 T — 4 AT I D EEL <
HET S,

— AR B L S OMBAEEE B VT, PSS IRENDRIERIZF R SEERE AL
SR ERY. HAEMORRFMAMORFEELITRT 5 ETLELZINE THLH,IZ
ENT & 72T PeS BRED D (RIZAFIE & ARIRIFIEDOBERS 2 52 7.

PcS IRENIIKERELNCRD &9 22 b2 >, ) MAHIIBERE L) 3 BEETENS. ) H
BT TIIARIEA R oK & 7% HAERE (L0550 2 A OIS IAHAY 180° AL 2 fiE 2 88>, £huilxt
L, DRUTTIZ 180" 1 EDRE LB L Z FF72 7% . 3) KFHNDRIKEOFE L,
MEA AR & % HEEEH.LIZHEE L, PO TIIEREE L 25 (e.g. WALKER ef al., 1979;
SouTtHwooD, 1974; CHEN and HASEGAwA, 1974) .

—HAREEEAIETI, 1) PRI E FiRTERG ISR L, R TIR A S5 % 7R T (OLson
and ROSTOKER, 1978) . 2) A FEHN DR O Bl 510 R ik F 87 03 5 & Ficifizd 5
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(Samson and RoSTOKER, 1972) . Z DRy, LIE SO &M E 5 2 TRl O8R5 T, K
N ORWE D R A ENI AR AN R TR D %, (RiE 7 013 i KA 1R % 45
7.

AFZECTIE, [RIERIC% GBI X N7 Pes BIREY DRI & MEREEE OB A O i 5, B
A TER S NS PRI Pes IRBI O RIR E# A MO RS L Mt o8BI 5.

2. BT — 5 LT
REFFETIX, RUVIDRTBBSICERESINT7 T v 7 A7 — MR TE S 15 R
ZALD H By R AL AIa) & DB AR A OF— 5 #HV2. H3H BRI
(ASUK) & 7T ¥ a—JF VM (MOLO) (ZIBFIZEH (SYOW) 25 F N F N TR
M4 620, B 300 km FEEEBENTH Y, AH N T X+ X (SKRV) & H-100 (H100) (I Hi 38
BIREH L2 50, BEEATELC 80 km FEEEBEN T\ .

F1 BSOMIE, MBREE B sZa—F

Table 1. Geographical and geomagnetic coordinates, magnetic local time, and code for stations.

HFR I A 5 MLT
i a-—- K B e B R (00 UT)
HRA1 4K b SYOW —69.00 39.58 —66.50 71.67 00:09
w7V a—-JF v MOLO —-67.66 45.83 —-66.95 78.09 00:33
T D ELH ASUK -71.15 24.13 —65.48 58.82 23:19
H-100 H100 —-69.29 41.53 -67.02 72.49 00:12
AHNT A I A SKRV -69.47 39.62 —66.78 70.98 00:06

- Geomagnetic coordinates and magnetic local time is calculated on the basis of IGRF 1985 model.

F—=5H 7))y SIIEFBREBO ASUK & MOLO T3 28 Th 545, EABH S X7
2 (SaKA et al., 1990) % Hv>7: — ey 2 Bl 5. SKRY, .H100 £ SYOW TX3#HT» 5.
SYOW IZIXEFBRHSEE LTIHY 7Y v 77 =54 & 575, RBFFETIE SKRV % H100
EE-OENEBR S AT AL BEEEE T -5 *HWA. £ LT, ASUK & MOLO DRl
Ty L CT—sH 7)) a3 L THERT S,

AREFFECTHG-BRIEARITEABR S A7 20MEB) L T 721988 F 10 AD 1 » AMTH
%, ZOME RS, £ATHREICENAZFRPS REZBOHT. 20%, 2B
LARY FIVERHT (AR E; K$20, 7— % K20%) 297w, 2BRETOAXRY PLE—7
WBUE QEM 2L EE L s BIRIB R BEM LT -y PET 5.

PLEDOFFRIC L BB SN-BBIZ 78 BIH 5. 206 OBBIGIORR & RO
SHERLICRT. KD (a) & ) IRENIE 6-8 UTHIZHEBR L, (b) & ) FDOREHEEIL 3 mHz Fifk
o fTAIENbRE. TNHIE &ML FAIE PcS IRE)O MBFHERL TV 5
(ToNeGawa and FukuNisHi, 1984; SaMmsoN et al., 1971). EUH S 7z 216 O F il PeS IREHD
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Fig. 1. Histograms for occurence UT (a) and frequency (b) of the morning side Pc5 geomagnetic
pulsations events analyzed in this study.
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SYOW, MOLO, ASUK CTHEll & 4L 7= 11l Pc5 IREY D H-D N O PO R SR & 48
A A2 127 F. %1 & ) ASUK, MOLO (£ SYOW [k} L THuRE AU /7 #E (MLT) 1275728
HBHNDT, PIFOREIUKFEZ UT 2 VTR LTV L X2 OB B 21T O Pes AR ED
DD 0-12 UT B BT ARERMRAA 2, XIS GBI S 2 & O FREOHRE 7546 % 718
LTwa, WEEEMEmEL, AR D HksED L Twb, Zoiy, 385k
CHFRMRGEE I X - TRPEREDPED S Ly IR S v, S 56102, 3 13k1280% ML I
DOEFETIFMT b bR DREIZSA L Twb. LAL, ZO5IZER AE CHED D
%. SYOW & ASUK DR 4213 0.26 Fi % 12 3 5 A%, MOLO (X 020 Fif& I L T 5.
IREY ORISR L D RT3 b bHREPS KBS EZ LML L
5, ZHIIFHAYIZE TIBM A OH T MOLO 25 b B ML (IS ET A 2 £ 5% 0o
EEZOLND.

K, BB O EE T OSEEA M 3 1RY.  Z CRIE T 00 (3R, 90°
R E £T. 20N 5, MOLO & ASUK DR 35t A mIc 9§ 5 — 5T
MOLO & ASUK BIDHE AT T % SYOW (AL 1) 0° % AU ITAHE IZ R L T b, 3
B A R EE SR ORI X B2 0 oECER SN Bv, T 2 TIERL TR v,
ASUK X°> MOLO T3P Rl & & Tl F #2558 ) 2 & A b A~ m & 44 2
T /2As, SYOW TURIE &AL O FHi L FHRTHE AR Z iR L T/,

IS D PS5 IREND (R IE DFEBLL, IwaBuchr et al. (1980) 757K L 72458 &80T 5. 512,
AR BT DRI S B HFEQBRBIBI 22T IZHN 2 O TR 4 T FEHHICR SN S,
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Fig. 2. Universal time dependence (left side panels) and occurrence probability (right side panels) of ellipticity of
morning side Pc5 pulsations in the H-D plane, observed at MOLO (upper panel), SYOW (middie panel),
and ASUK (lower panel). The positive of ellipticity indicates the counter-clockwise polarization (CCW).
t [ indicates circular polarization and 0 linear polarization.
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T 5.
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THIZLIZED, SYOW DR E# M DR RO R AMKIF R SR T 2 B IC L T & 72,
RS OBBISTIZ HIO0 & SKRV D7 — % 22 T, KA TOH-D BNORTE, RKE
B EAHHE L MEAEE IS LT 7Oy NLEOARS THD, 4 OfEIE, SEHES
2B LSO FHELEEREY AVTHOLTWAE, ZOMDEL, RO L) 25



occurrence(%)

orientation

orientation

orientation

Universal Time
B3 PcsNRE)D H-D EIN ORI EEh 5 i OB AMKEE S A #ldX 2 LRI U TH B, (wilk 4
0%, 900, —90° (3 E N FNEAUL, B, WHINERL TV 5,
Fig. 3. Universal time dependence and occurrence probability of the orientation angle of Pc5 pulsations in the H-D
plane in the same format as in Fig. 2. 0°, 90" and —90 *indicate magnetic north, east, and west, respectively.
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Fig. 4. Universal time dependence and occurrence probability of the phase difference of the H and the D components
in the same format as in Fig. 2. A plus sign indicates that the phase of D component lags the H component.
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SYOW O PcS fREND H-D BN DR F 85 M OFRMEIE, H-D G EOMHEN AR
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€61, PcSMREND H & DT ZFNFNOMMEDOEEKREREZRLTA. ZOKT,
KEE A OMEIZ SYOW % £# L L-BRISABOMHETH Y, I I TEOEIIEBREFIOF
Bl (a) L ZOBERELZHCTELTN S,
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Fig.5. Latitudinal profiles of ellipticity (upper panel), orientation angle (middle panel), and
phase difference (lower panel) of morning side Pc5 pulsation. The triangle and the bar
indicate the average value and its standard deviation, respectively. The dashed line
shows the variation between MOLO and ASUK. The solid line is a linear approximate
curve estimated by the least square method for the values at SYOW, SKRV, and HI100.

(7B SYOW & (ZIF[A— MBI T 0 EICH 20T, BREHEOEREEE» 54 U S IHE
fLITERTELLEZONL. FRIIH L, ASUK & MOLO I3 SYOW & 1L ZFALEEFE
—12.4°, 6.2° lILHEN TV B 728, SYOW-ASUK f & SYOW-MOLO B DA A (&) 121 PeS
IRENHS— A I HFORE S M DIEIFFEDSE IND. LA > T, ZDOMAMHE (&) 205 PcS
BREY D WEE HEOMMHEAZ T2 EDT I, PSRBOEHFEICL - THELS
SYOW-ASUK [ & SYOW-MOLO DR H DI AMHEL RET HLENHLH. TOREH
MOMAHZEORIE Fif & LT, I 2 Tld OLson and RosTOKER (1978) 2%/R L 72 1V £ i% B m fH
FEEVEY ) TEIT A MHOKE X)) L EER S (mHz) DBFEA m=014104) f+026 %
Wh ZORNS, BELVEL)OMHEORSISIHPHETE, SHIZZFORE S LEBYS
MOREENPOCEET LHMHEENOREIEBLIENTEL. ZOHENLHEESINT



R Z D PeS ARBY ORI 4 /7 In o e 8t 9

AJNNNL S A A B S S B A R B B B B M S S M S B e S

H comp. |

Yo}
o

Relative Phase(deg.)
o
N —
< é
<

- T
I MOLO
Adi SYOW sxkvlmoo
-90 | VX, A 2
9o T R e e e e
- Dcomp.l
& |
[}}
A
O [ l W
(%]
P A 1
4 ]
> b .
2 R
(3
@
o

‘90 YR VWU SR S T ST S0 S N SN NS S S S
-65 -65.5 -66 -66.5 -67 -67.5
Invariant Latitude
X6 PcSIREND H B & D ISP E M ENOAAA OB L. BRI DI SYOW (12

A BT HCTEASIN TS, WGBS OIREIOMAHA SYOW & 0 &
HERTWDLIEERLTWE, SN — 3P EEEREL LTS
MOLO & ASUK D (2D THREBEH IR DL AIE (L5 & #ll L 72 AHATY £ T & &
T 0B, #lE i L il 3 5. 58 d MOLO & ASUK Mo fi A k%,
FHR1L SYOW, SKRV & H100 DHAHAALD | KR 2 23 LT b,
Fig. 6. Latitudinal phase variations of the H component (upper panel) and the D component
(lower panel) of Pc5 pulsations. The value is the phase difference between SYOW and

each station. A plus sign means phase lag. The triangle and the bar show the average
value and its standard deviation, respectively. The square indicates the calculated
phase of MOLO and ASUK as a function of the latitude in the same meridian as SYOW.
The dashed line shows the phase variations between MOLO and ASUK. The solid line
shows a linear approximate curve calculated by the least square method from the values
at SYOW, SKRV, and H100.
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2RICDEFRRINEZ x (), y@© &L, ZNSORACARY MVEEY P, P, ¥ L THE
ARG FPIVEEE Py (=Ko —iQy) , Py £T A8, (RFE (tan 18) LREFE AN () IEXRK
TFEb EN 5D (RankiN and Kurtz, 1970) .

1 20,

B=—sin! (———-———-———y ), M
2 Pu+ Py
1 2K,

Y=— tant |—M |, (2)
2 Py~ Py,
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NFETOHRD SR TSYOW TEIM S5 Pes IRBIDRIE LS A TOFFEMIZIE, DRSO
VHELYFG L TVALELLDONEYLTH 5.

SYOW T BB SO RIEAF O BN B VT, DG OMHZEILIE H100, SKRY, SYOW
ERBIIERECRD. ZOL) LRAMNBMAELEEZTERE L TIE, EEBERE
BEOFE-HME, FIZITHEBHRRA -0 IRTFRYVAAL L, 2LoThbENEHR
(GLASSMEIER, 1984; Saka and ALPEROVICH, 1993), F 7213 SYOW X° SKRV I #EFMR IV &9



12 DNEETE
SH T ORI A BFIZEEOAETEE I L AN ELFEERONRIEZI LN S,

HEBR)RIBHE R AR A 35D, RFRTIPEOBGICEONE Z &%, L
ALE3RNA L VSN L 912, SYOW THNA Pes kB H-D HNO &% F 8 H1a 0
PR IR F2 9, SO ZORFREIFEOBMBII P b L THA TV,
T 7% b H SYOW TER S L5 Pes AREY ORI L8l M O REDEK & LT, RRMREER
HEOBRMAIIRKEKFELLWVWE SNDLSYOW B TOMTOFEERTHL L EZD
DHBRUTH 5.

SKRV X SYOW L [F U DT DO HHAEN 2 F# 2 152 (Kl6) Z &5, SKRV T
SYOW LRI U8B A ZITCnwbeEZoNDL., LrL, ZOBEBIEISYOW IS LS
bOTHAH. S5HIZHI0ITHEFERD S 80 km BEANL/-HIETIZH V), Huches (1974) DFEFR%
Hosb i THERROMBIZILALERTELZOWVIINSVEEZLNRS, FD L)
R 6 THHHS 2 TH 1), SKRV (2T HIO0 TORAREILIZIER 1T/ &,

RIZ, HuchEs (1974; Fig. 1) OMEFHEHKELXSEIIL T, HTTFEEROHEIZOVTE
HY 2, FOXTH FHEEEROMBITAO LD LA Fo. # FOBELXUZERE DA E
HA(ESICHERES L) EBRREEEOBE»OBNS I3, | BRORM A RV IRENO (7]
BRECEIT S, 2 LT IRIBOKRE ST EAEELL v, fAHIEZ DA E oL
THbENR, BENPSEBNLIIEMMHITEATH L, TRSIETARIFFED H100, SKRY, SYOW
OHIEA 2% ZALZH DN IREIO D K5 OFFRUCIER I L KT w5,

HucHEs @ Fig. | TIZ#EIZdH7: 5 BESIEE OMEIL 0.1 (S/m) & 7% > TV 5705, ERDEK
DEFZEBEIA3IS/mM BETH L. ZOREITUZEEDEDE NI L > TE DMLk
FALMRE > TL B, HOETIETED S 3 (S/m) DEEOMAHEALD LB A Bt ZHEBI 3 5 12
i, EREEEZ 0.1 55 3 (S/m) 124 2 7-8%, [ L skin depth % $5D A O Rr AR LEEAR L2 i
H3 4L, 2HU30REIC % 5. B2 130.1 (S/m) TR 10 () DB L £ L T LM% 5
(X, 3 (S/m) DEFIZZDHIFRIL 300 (s) DED L DIZH72bEEz 6D, LicnoT,
Huches D Fig. | DEEAIREEIIH /A A K EN CERCEEICEEBRZ TER A
&, ANEHTETO PeS DIEH (150-600 5) 2B AHOKE 3R 15 ICREL SN D,
ZORESIISYOW DD TRONIZAAHENDKNE S30° D45 THY, SKRV TD D
WAOMAHERLL DA LS, LaLl, ) ERZBERGEEOEEsHO IS D
EIZEHIZEDOCEEZON, W TORMN L BEXGEEONEREEIC L AARYE LT
FEERDOMRP DT DAL IKECHEEL G2 Thb EHEHSIND,

ZD L) BIREIORIGALARZALD D KB b B 72d121E, T REAUSERE OAER )
AR AN 2 IR S 2w, £ LT, DT OMIEZE(L2 HI00, SKRY, SYOW & 7% %
FEREL LM LELEFF > T2 2 L5, SYOW LI F DA BRI ES TS
HETFEING.
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Pc5 IRBY DR IX EE A HOREUEDOFERIIBFM 2 THEERICL 230 THEA, #
TERJUZEEDOED L) LEESHTWLOPIEIHETLE V. SH%OFEE LT, #itk
VBB T — & R T O E T IRE L 2B EIC X 28T 2TV, EBIICENS 28
5L TV ZENEETH 5.

6. ¥ & ®
ABFZETIE, HfIEME SO, AL S 10 km BN/ A SV T X 4 A & H-100, L
THI00 km BN =S THABBIME E <5 P a— U F Y EMICBT AL HREBENF— 4 %
H T, BRATEE s TR S AL 2 TR PeS HuBE SR BY O i £ 5 1) O FF R A AT L /2.
ZOFER, RO X ) LHRMBEMORRE T AR OFFREASH S L 2o 7.
(1) Pc5 BRB O FHE ORI 8l 77 10 DR RS RDATRYICE N, BEEIETF L v,
(2) ZDRERERMII H-D BT ONVAMHEDEAL, FIZDHGOMHEEIZLA2bnLERS N
5.
(3) HBRANEH THNA L AHELIE, FHERHEEME L Y DT T 30° DN, HKGTI10° DR
*FED.
@) REFEAMOFFEEL B 726 TR, BAEEEEICBIT 2B TFEERD
METHDH ETFHINS.
BRI TRATIZHN S PSS IRBIDMIAHZILE BET 5 Z L2 L > T, IRAEH & thE
B O ZED SHEB S N D IRBYDIEHAFED L V) IERELBEL A5 Z L ATTREIC 42 5.

i 53

AUFZElL, 28 REWMENAIIRIC L > THEON/-HmEMER, <5 a -V FYEHM &
THOBAR S OBEREFBRNT -4, BMERBEL T TR ENBE T — 5 % 5
L7z, Zho0BELT— 5 2L THE F LR ZEFEITESBYETMO 54 &
FUINKEF BRI CE KB L ET. 2L C, REEKIIHYVRETIHEHEZ T LAE
ST FERT AR, HlEREECE LR, R EEE, FIRRIBIEEZ 0 & 0 3 RSB L
T4, F7, ARFRICHBIT A 7 — & BITIE T CE AR R ERA v v v — DM EE
FRIHALTITWELZ £y —BRED THIICERSE L 5.
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