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A Model of Magnetic Pi 2 Pulsations Based on a ULF
Observation from High- to Middle-Latitudes

Masayuki KUwASHIMA*

Abstract: Spectral characteristics of magnetic P12 pulsations are studied in
detail by using data obtained simultaneously over a wide latitudinal range from
the auroral region (L=8.9) through low-latitudes (L=1.8). Pi2 1s observed
simultaneously with the onset of a substorm expansion over the wide latitudinal
range with a common predominant period showing a primary amplitude maximum
at the auroral oval and a secondary one near the plasmapause The Pi 2 period
generally becomes shorter (longer) when the associated auroral breakup starts at
lower (higher) latitudes P12 is also observed simultaneously at a pair of con-
jugate stations 1n the auroral region with similar waveforms. These observational
results indicate that the most plausible model of Pi1 2 1s the torsional hydromagnetic
oscillation of the geomagnetic field lines anchored on the auroral oval
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P12 PERIOD BEHAVIOR

CALCULATED FUNDAMENTAL PERIOD
/'_ OF THE TORS|ONAL OSCILLATIONS

|
i B3 Sflxhe P2 oFl (B &, 8
° IR TIFE D torsional oscillation DL
AR (E48)
S s T e oo Fig. 3. The observed P12 periods (solid circles)
LOCATION OF THE AURORAL BREAKUP PQOSITION
(GEOMAGNETIC  LATITUDE) and the fundamental periods of the torsional
ANALYZED DATA oscillation of the field-line (solid line).

90 EVENTS OBSERVED DURING THE INTERVAL
AUG29-SEP29 1973

39 EVENTS  AURORAL BREAKUP POSITION
WAS ESTIMATED

34 EVENTS P12 PERIOD WAS IDENTIFIED

K 2(H) TRINTWS L 51z, Pi2 L auroral breakup region & D #Ee7c BidEA VR X
5. 72T Pi2 oL, auroral breakup DFT X 7ciEfE L DBHEATARS. HEEAX 3
Word., 1973 8 A29ANS9H29 Ho 1l » AT 90 @ substorm 238 H X hic2s,
% D¢ auroral breakup DR = » 7oA 39 events I DWW TCIEREICIRET B = LT
7. =D 39 events D 5 34 events i OWTC Pi2 OREXIRET D A TEL. K3 T
2 Pi2 OF#i% auroral breakup DX ICEEOHELTT =y F LTHS. Auroral
breakup D2 E HfEELF 721 o T P2 DR 82 L WS HGATTWV 2. K
31212, R o torsional oscillation ¢ fundamental mode D R DEEERETE AL ELF TR
ThTuws., RWFEEIZ OV, CHAPPELL (1972) %8B L. BEIS % Pi2 ORL
Dy, BRRETREMEERLS Ho T\ B2 LITHEH Lo,

3. Pi2 Amplitude DAEEXIR
2 () wREh3 X5k, Pi2ix auroral breakup 232 & 7 ik CIRAIRMBEZL L OH
MAH5. COZ &L, BErOWREBZCL - THREIN TS5 (Raspopov et al., 1972;
SAITO et al., 1976). %+ = -¢, Pi2 amplitude »% auroral breakup region “TIRKIZ/cB &5
BED &1z, Mizuho Station, Syowa Station £}3¥FC#2 ¥ 7= 24 {8 substorm events |ZD
T, Mizuho Station, Syowa Station CEHAIZIN 5 P12 © power DEZHRE LI b,
auroral breakup region TR A% L0 2 khiEx R 5. BEINIZIX, Pi2 DIRIEEY »,
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Fig. 4. Normalized Pi2 power intensities as a function of relative position both to the
auroral breakup position for the Mizuho and Syowa Stations data, and to the plasma-

pause position for the SANAE and Hermanus data (upper). Schematic relation

between the Pi 2 amplitude and the L-value derived from the analyzed result (bottom).
auroral breakup region 1Z¥3 2 BRASDOHEMNHILALESR x L L, Fi auroral breakup
region 12 31F % Pi2 OEKIEIEES b & LT, 2 ki y=—ax’+b ¥k 5. Mizuho
Station . Syowa Station IZDOWTDfEx ¥y & X ITHEZTRHZ LI bARESL. K
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Syowa Station, SANAE %5 X ¢ Hermanus @ Pi2 @ power intensity % normalize 3 5%,
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ﬁﬁ%?&ﬁﬁ@@éﬁ& LT, %7 SANAE, Hermanus =->\ T plasmapause iZx3 % 4H
WY ALE (BINSACK, 1967) DB LT7w » FEh 5. HEREX¥N4 (L) RT. K4T
b X 5z Pi2 o amplitude |3, auroral breakup region (auroral oval) s 5 X2 B
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DTN 78 %%, plasmapause IZE5< & SO K&E < 7e%. £ LT plasmapause %>
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(% Pi2 D325z Piburst ¥ X OF negative bay DN EET 5D, T bwRFzET B0,
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BiodhoterwFET 5. Auroral electrojet DOfZEF, Syowa Station ¢ auroral diagram
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5. Tiebhd H K ClimE R 5T in-phase o oscillation 2354 5%, D ATt
out-of phase DEIRAL B D, 2D Z Ex X DFELLFANLT-DIC, 4D Pi2event i
O\, Syowa Station iz %13 % Pi 2 % reference wave & LT, Reykjavik ® Pi2 253 %
HBBE A IR LT, MEDCHOMMEDOThERDI. FERY, K6 THicRT. HEML
KEsrns —30° 2 +90° DEFHPNICH D FEHThiE +25° Lig> T, in-phase DEIFRIC
HHIEDPMBD, D AT OWTIE +120° 25 +300° 12 H - THEHEIL +201° L
h out-of phase DBIRICH D = EAbh B, = DFERIE, SAKURAI (1970) DE i & b —F
T5.

3L L, P12 23Ei s o standing oscillation 12 X » Ca[ - ST 5% & T, con-
jugate relation |3 SUGIURA and WILSON (1964) iz X % elastic string model iZ X - CTEiB83-3 %
ZEMNTEDL. ROWRINAHERIT, Pi2 2 odd-mode DREFifE D standing oscillation
Lo TEERIEATVDHZ LHERBTHLDOTH B,

6. % L LB
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1) Pi2 OF#AIL auroral breakup D2z HHEE L BEICHE LT, B AHRE EL K
% &Iz Pi2 oHRR AR5,

2) BRI h3 P12 oFENE, %WHRID auroral oval 1R % & ORI D torsional oscilla-
tion DILAKRFII LT 5.

3) Pi2 amplitude (%, auroral oval iZ& 1 O k% H %, plasmapause 24 2 D k%
3 0.

4) BHAE D Pi2 » polarization D.% % F %, auroral oval I2i2% & ORE S5 D
INBIREYC X » CHBTE 5.

5) Pi2yx, BXHOEBRAT similar ie¥EIBA L - CHET 5. ALEBIRN D PL213,
odd-mode DR f1% o standing oscillation Tk % & HEE I N 5.

D-5) DRERPOR T IREIh5 X 57, Pi2 Dmodel &2 H6h 5. X<{HmbhTu\5
X 51z, substorm expansion |} magnetotail |z 35T AR S#R D reconnection & ZFEEIZBIHE L
CT\+%. Reconnection region TG D energy A3 hiF D energy CEBRIN TS5 A=
TENG|ERZ Sh b LI, RIROT L EMIC tail-like 2 5 dipole-like 128 h L3> T
{ %. MALTSEV et al. (1974) < NisaIDA (1979) 1%, tail -C® reconnection iZ X » T E %5 7
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Fig. 7. Schematic diagrams showing the generation mechanism of Pi 2.
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