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Examination of the Odd Mode Model of Pi 2 Based on an�Analysis 

of ULF Signals Received at Syowa Station 

Takao SAITO* and K1yohumi YUMOTO* 
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Abstract: A correlation analysis of h1ssagram, auroragram, and magneto
gram obtamed from the Syowa Stat10n data 1mphes that magnetic P1 2 pulsation 
1s closely related to the onset mechamsm of magnetosphenc substorm. Even at 
the polar station, Syowa, the P1 2 component 1s clearly detected on h1ssagrams 
which are obtamed by reproducing the original ULF signals by an FM tape re
corder with a speed-up ratio of as much as 2 x 104. Based on summarized mor
phological charactenst1cs of P1 2, we confirmed the odd mode model of P1 2 that 
the fundamental odd mode Alfven wave along a field lme anchored m the m1dmght 
auroral oval is observed on the earth's surface as P1 2 A rapid changmg of the 
tatl field configuration at the time of substorm onset 1s suggested 

1. Introduction 

A magnetosphenc substorm accompames various kmds of substorm signatures. 
Among the signatures, Pi 2-type magnetic pulsat10n is one of the best md1cators of the 
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onset of the substorm as shown in Fig. 1, where a substorm event observed at Syowa 

Station 1s expressed by a hissagram, an auroragram, and a magnetogram, and is com

pared with the event observed at both a low-latitude stat10n and the conjugate station. 
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F,g 1 Hrssagram, auroragram, and magnetogram for Syowa Station are compared with 

tellurrgram at Borok and ordinary magnetogram at Reyk1av1k. See the simul

taneous onset of ULF-, auroral-, and magnetrc-substorms at the polar conJugate 

stations and the mzd-latztude station. 
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The purpose of this paper IS to show how the PI 2-type pulsat10n IS essentially related 

to the onset mechamsm of substorm 

2. Main Morphological Features 

ULF s1gnab registered at Syowa Stat10n on magnetic tapes are reproduced by 

another data recorder with a speed-up rat10 of 104 times of the recording speed (SAITO 

et al., 1980) and displayed by h1ssagrams with a high-speed �pectrum analyzer (HISSA) 
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at Tohoku University (SAITO, 1976). Fig. 2 shows one of the hissagrams, where Pi 
events are expressed by burst-hke vertical lines during every nighttime. A detailed 
survey of the vertical lines reveals that the lines mvolve the P1 2 component even in the 
auroral-zone station, Syowa. We can find that the Pi 2 component 1s concurrently 
observed over the whole dark hemisphere from high latitudes to low latitudes as 
shown in Fig. 3. 

Table 1. Summary of morpholog1cal features of Pz 2 

Item 

.dB z m distant tail 

Onset time of P1 2 

P1 spectrum on oval 

Latitudmal dependence 
of PI 2 amplitude 

ConJugacy of P1 2 

Polanzat10n of P1 2 

Substorm magmtude (M) 

Observed fact 

Southward turnmg-Generat1on of P1 2 

= Substorm onset 
=Sudden bnghtenmg of equator edge of 

auroral arc 

Existence of the PI 2 component 

Pnmary maximum at auroral oval 

Comcidence of onset time, spectral 
pattern, etc 

Fundamental mode 

Small M->large <PP12 and large TP12 
(mm1-substorm) 

Model 

Formation of X-type 
neutral lme m the 
magnetotaII 

Arnval of prec1p1tatmg 
particles onto the 
auroral oval 

Transient tors10nal 
standmg osc11lat1on of 
d1pole-hke field-hne 
anchormg on the auroral 
ovals near the m1dmght 
mend1an 

These important morphological features are summarized in Table 1 together with 
other features that were revealed in other studies (e.g. , SAITO et al., 1976a, b, 1980; 
Kuw ASHIMA and SAITO, 1980). The table implies an appropriateness of the odd mode 
model that the fundamental odd mode Alfven wave along a field lme anchored m the 
midnight auroral oval 1s observed on the earth's surface as the Pi 2-type pulsation. 

3. Pi 2 Model 

A quest10n arises from the model derived m the previous sect10n that the penod 
expected from the model might be too longer than the observed one, because the field 
line anchored in the oval must be connected, at the very moment of the substorm onset, 
to the region of X-type neutral lme formation at as far as X = - I 5RE (SAITO et al., 
1976b). Fig. 4 shows the answer schematically: The energetic plasma generated by 
the sudden format10n of the X-type neutral line starts from the annihilation reg10n with 
the Alfven speed along the field hne No. 0. When both the plasma and the Alfven 
wave arrive simultaneously at the polar ionosphere, both auroral substorm and ULF 
substorm are observed to start by the ground-based observer. Durmg the starting and 
the arnval of the Alfven wave, the field line must be changed from the tail-like one to 
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MODEL FOR Pi2 

Ftg 4 Schematic model /01 P, 2 The field !me configuratwn ,.., considered to change 

from tlze tml-1,ke one at the tune of sudden forma/1011 of the X-type neutral l,ne to 

the d1pole-l1ke one at the a, rival time of the Alfven wave 

the dipole-like one from No O through Nos 1, 2, 3, 4, 5, to No 6. The arnvmg 
Alfven wave IS then reflected back by the conducting ionosphere along the field lme 
No 6 and makes a fundamental odd mode standing osc1llat1on between the northern 
and the southern polar ionospheres The temporal oscillat10n 1s observed to be P1 2 
on the ground (SAITO, 1979). Importance 1s that when the X-type neutral line 1s formed, 
the information on the format10n IS not yet conveyed to the ground-based observer 
and the field lme 1s still ta1l-hke, and that when the informat10n IS conveyed to the 
ground, the field lme becomes d1pole-hke. Hence, m order to confirm this odd mode 
model (which 1s identical to the plasma sheet model , SAITO, 1980), we may compare 
the calculated period expected from this model with the observed penod. 

The compared result is summanzed m Table 2, where the used values of (/)0, Rr , 
n1,, and�, are also tabulated for representative magnitude of substorm 
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4. Discussion and Conclusion 

The striking coincidence between the observat10n (Tobs) and the expectation (Tca 1c) 
as seen in Table 2 means that the odd mode model is appropnate and that the field line 
configuration changes from tail-like to dipole-like is as fast as expected from this model. 
The interval of the change is estimated to be only 0.5-4 minutes (SAITO et al., 1979). 
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