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On the Geomagnetic Pulsation PC (Part 111) 

-Spectral釘 ldPolarlzation Characteristics 
of Middle-and Low-Latitude PC 3-ー

by 

Masayuki KUWASHIMA， Yukizo SANO and Makoto KAWAMURA 

Abstract 

Continuous observations of geomagnetic pulsations with periods from 1 to 
100 sec have been carried out by induction magnetometers at the middle-and low-
latitude stations in Japan. Some spectral and polarization characteristics of pc 3 
pulsations are mainly investigated by means of both analog-and digital-dynamic 
spectrum methods. In the present paper， solar-cycle variations and seasonal changes 
of occurrence frequency and mean period of pc 3 arc shown with relation to solar 
and geomagnetic activities on a statistical basis. Particular1y， latitudinal dependencies 
of both horizontal powers and polarizations of pc 3 are described in more detail 
鎚 anextensive study in some special intervals. 

1. Introduction 

The geomagnetic pulsation pc 3 is one of the most characteristic pulsations 

observed in middle and low latitudes. Since Stewart (1861) and Terada (1917)， the 
pulsations have been investigated by many research workers (Hatakeyama， 1938; Kato 
and Watanabe， 1927; Yanagihara， 1960; Kurusu and Yanagihara， 1961; Kawamura 

et al.， 1961; Saito， 1964; Hirasawa and Nagata， 1966; Sakurai et al.， 1969; Kawamura 

and Kuwashima， 1977 and others). Pulsation pc 3 is a typical dayside phenomenon 

with a broad occurrence maximum around noon. It usually has an average amplitude 

of the order of 0.1 nT in lower geomagnetic latitudes and its amplitude becomes 

larger with increasing latitude. However， its meridian study which covers from the 

polar regions to the equator is infrequent and pc 3 observed in high latitudes is not 

sufficiently compared with that in low latitudes. Thus， it is not yet known for certain 

whether the low latitude pc 3 has a common source with the high latitude one or not. 

The mean period of pc 3 shows a dominant daily variation. It is longer in the 

daytime than in the nighttime during sunspot maximum years (the inverted U-type)， 
while it shows a reverse tendency during sunspot minimum years (the U-type) (e.g. 

Saito， 1969). The magnetic field fluctuations in the pc 3 period range have also been 

observed in the magnetosphere (Cummings et al.， 1969， 1972). They reported that 

the field fluctuations were usually observed in the daytime with a clear occurrence 

peak between 12h and 15h LT. 
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Several theoretical models of the pc 3 generation mechanism have been proposed. 

One of them is the barrier theory which states that pc 3 are exitedぉ h同ro・

magnetic oscillations in the layer between the maximum A1fven ph前 evelocity region 

and the ionosphere (Watanabe， 1959). Prince and Bostick (1964) calculated the power 

spectra of the earth's magnetic field fiuctuations on the assumption that the lower 

exosphere and the ionosphere play the role of a so此.of filter for hydromagnetic 

waves. They have shown that the waves in the pc 3 frequency range are effectively 

transmitted from the exosphere toward the earth. A recent model of the pc 3 excitation 

is the standing Alfven oscillations of a local field line excited by the Kelvin-Helmholtz 

instabi1ity on the magnetopause (Hasegawa and Chen， 1974; Southwood， 1975). This 

model seems to be favorable at least for the pc 3 observed near the plasmapause 

(Fukunishi and Lanzerotti， 1974a， b). 
Though pc 3 is observed very frequently in middle and low latitudes， no satis-

factory theory about the low-Iatitude pc 3 generation mechanism has been proposed. In 

the present paper， its spectraI and polarization characteristic are investigated. 

2. Observation and instrumentation 

Since the IGY， geomagnetic pulsations with periods from about 10 sec to several 
minutes have been observed continuously at our two magnetic observatories， Memem-
betsu (MMB) and Kanoya (KNY). Early instruments at these observatories were 

classical-type induction magnetographs which consisted of air-cored loops， galva-
nometers， and rapid-run photographic recorders (Y oshimatsu， 1960). In the IQSY 

陶工OCK副瓦CrRAMOF ULF RECORDING 

Fig. 1. Block diagram of pulsation observing systems at four 
observatories， Memambetsu， Kanoya， Chichijima and 
Kakioka. 
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period， specially designed induction magnetometers were added to the above magneto・
graphs at these observatories in order to observe puIsations with shorter periods than 

about 10 sec (Kawamura and Kashiwabara， 1965; Kawamura， 1970). These two 

types of observing systems have recently been replaced with the present induction 

magnetometers (Kawamura， 1976a; Kawamura， 1977a). Since 1974， the same new-
type magnetometers have aIso been installed at Chichijima (CBI) station. Block diagrams 

of these observing systems are iIIustrated in Fig. 1. Main pa目 ofthe system consists of 

three orthogonaI parmalIoy-cored sensors， filters， chopper ampIifiers and an F -M data 

recorder. As shown in this figure， the system at Chichijima station， which is unmanned， 
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Fig. 2. Overall台equencyresponse curves of the sys-
tem at Memambetsu. 

T'able 1. Geographic and geomagnetic coordinates of observatories 

Station 

Memambetsu 
Kakioka 
Kanoya 
Chichijima 

Geographic Geomagnetic 
Latitude Longitude Latitude Longitude 

43 55 N 144 12 E 34.0 208.4 
36 14 N 140 11 E 26.0 206.0 
31 25 N 130 53 E 20.5 198.1 
27 05 N 142 11 E 17.1 208.9 

is somewhat simplified， compared with those at the other two observatories. There 

is no monitoring pen recorder at Chichijima. Data recorder at Chichijima is driven 

at half tape speed of those at Memambetsu and Kanoya. DetaiIs of the systems were 

shown in the previous paper (Kawamura and Kuwashima， 1977). Here only the overall 
response curves of the system at Memambetsu are given as an example in Fig. 2. It 
is cIear that the sensitivities are suffi.ciently flat in period range from 1 to 100 sec. 

Since the IMS， similar observation has been carried out at Kakioka with a more 

compact instrument of almost the same response character. 

Geographical and geomagnetic coordinates of these four observatories， Memam-
betsu， Kakioka (KAK)， Chichijima and Kanoya are shown in Table 1 and Fig. 3. 

These observatories form a meridian station chain in lower latitudes. Above all， it 
should be noticed that Memambetsu and Chichijima are Iocated on almost the same 

geomagnetic meridian (about 208). 
The pulsations recorded on magnetic tape by the data-recorder at each observatory 

訂 ereproduced and analyzed at Kakioka. The block diagram of the analyzing system at 
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Fig. 3. Locations of the four observatories forming 
a Japanese station chain. 

Kakioka is shown in Fig. 4. Details of the tape-reproducer have already been 

described in the previous paper (Kawamura and Kuwashima， 1977). As the spectral 

analyzer， SD・360Digital Signal Processor with a hard-copy recorder manufactured 

by the Spectral Dynamic Corporation has been used. The analyzer execute~ spectr山 n
analysis by the Fast Fourier Transform (FFT) method. A dozen data analysis functions 

which consist of autopower spectrum， crosspower spectrum， transfer function， coherency 
function， correlation function and others can be selected. As the samp1ing ratio is 
in the range from 50 sec to 3.26 microsec， any signal with frequencies from 0.01 Hz 
to 150 kHz can be analyzed effectively. Two step-up ratios of 4，000 and 500 are ordi-
narily used in the present analyses. Direct recording of dynamic spectrum by the hard-

copy recorder is carried out with the former higher reproducing speed. On the other 
hand， the latter， lower speed is applied in cases of analog display on an X-Y recorder of 
power ratio between two observatories and digital display of frequency and amplitude 

of each spectral peak calculated by the analyzer. Details of the functions and practical 
behavior of the analyzer have been described by the present authors (e.g. Kawamura， 
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Fig. 4. Block diagram of pu]sation analyzing system installed at the 
Kakioka Magnetic Observatory. But analysis of the polarization 
characteristics was carried out by a computer system of the 
National Institute of Po]ar Research. 
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1977b). We were fortunately permitted to use the specially designed spectral analysis 

system for our polarization analysis and others by courtesy of the National Institute 

of Polar Research. Description of the system has been given by Iwabuchi et al. (1978). 

3. Solar-cycle variations of occ田町'ence針equencyand mean period of pc 3 

Since the IGY， time of occurrence， maximum amplitude and mean period for 
cach special interval with quality of A or B (Roma百五， 1960) of puIsations recorded 

on rapid-run induction magnetograms at our observatories have been hand-scaled and 

reported in successive issues of our year book “Report of the Geomagnetic and Geo-
electric Observations (Rapid Variations)". Yearly mean period of regular continuous 

pulsation pc with period from about 10 to several tens sec (pc 3 in the present criterion) 

reported in the year books for the period from 1957 to 1967 at Memambetsu is shown 

in Fig. 5， together with yearly means of both l'Kp and Zurich Wolf sunspot number. 

It seems in this figure that the mean period corresponds well to the l'Kp and/or 

the sunspot number. However， it is well known that there is generally a time lag be-

tween solar and geomagnetic activities. Although the sunspot maximum year during 

these eleven years was the year 1957， the shortest annual mean period was observed 
in 1960 coinciding with the peak of l'Kp rather than the sunspot maximum. The 

diurnal variation of occurrence frequency of pulsation is given in Fig. 6 for each se凶 on

of the same interval. There is a distinct occurrence peak just before noon but the 

seasonal change of the maximum hours is not so clear. In Fig.7， occurrence frequency 
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Fig. 7. Distribution of occurrence frequency of pc・3by its period 

for each season at Memambetsu. 
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distribution to period of the puIsation observed at Memambetsu is given for each sea-

son in this interva1. Namely， the number of pulsation with periods which are in each 
3 sec range centered at each value scaled on abscissa is shown as the occurrence 

frequency. It will be seen that the mean period of pc 3 shifts to shorter side in summer 

and at equinox than in winter. Dividing these eleven years into two phases of 

maximum (1957・1961)and minimum (1962・1967)bぉedupon those annuaI mean sun-

spot numbers， the above diurnal variation of occurrence frequency and the seasonal shift 
of the mean period were investigated somewhat in detai1. Such diurnal variations of 

occurrence frequency of pc 3 are shown in Figs. 8a and 8b. It seems that the more the 

sunspot number is， the more frequent the occurrence becomes. But there is no clear 

difference of maximum occurrence hours between the maximum and minirnum phas凶.

It will be seen in Figs. 9a and 9b that pc 3 periods observed in the maximum phase 

is in a shorter period range than in the minimum phase. The seasonal shift 

of the mean period is observed only in the maximum phase. Diurnal variations of 

the pulsation period for each season in both sunspot maximum and minimum phases 

are illustrated加 Figs.10a and 10b， resp配 tively.It is a1so clear in these figures that 

the daily mean period in the sunspot maximum phase is shorter than that in the mini-

mum phase. In the maximum phase， the diurnal variation in summer shows clear 
“inve此edU-type". But this is not so clear in the other seasons of that phase. It 

seems that the variation in winter shows rather “U-type". As shown in Fig. 10b 
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Fig. 8. (a) Diurnal variation of pc・3occurrence frequency in sunspot 
maximum phase (1957-1961) for cach season at Memam-
betsu. 

(b) Similar variation in sunspot minimum phase (1962-1967). 

the occurrence of distinct pc 3 in the afternoon hours was infrequent in this sunspot 

minimum phase and the diurnal variation in the morning hours showed rather“U-type" 
characteristics. 

The seasonal changes of occurrence frequency and the mean period of the puIsa-

tions as well as that of mean IKp are summarized in Figs. 11a， 11b and 11c and Table 

2. 1n these figures， fulI， dotted and broken lines show seasonal changes of occurrence 

frequency， mean period and mean IKp， respectively. Figs. 11a， 11b and 11c iIIus-
trate the seasonal changes for the two phases， sunspot maximum (1957-1961) and 
minimum (1962・1967)，and the whole period (1957・1967)，respectively. Mean IKp 

in variably has its clear maximum at equinox. 1n the minimum phase， there is no 
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Fig. 9. (a) Distribution of occurrence世equencyof pc・3by its period for each season 
at Memambetsu in sunspot maximum phase. 

(b) Similar distribution in sunspot minimum phase. 
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Fig. 10. (a) Dai1y variation of pc・3period for each season at Memambetsu 
in sunspot maximum phase. 

(b) Similar variation in sunspot minimum phase. 



Table 2. Seasonal changes of nccurrence frequency， mean period and mean 
l;'Kp for each seasnn 

Phase Seぉon Occurrence Mean period Mean l;'Kp 
frequency 。ec)

Maximum phase Summer 255 16.98 21.56 
(1957・1961) Equinox 223 18.81 22.11 

Winter 115 20.03 20.62 
Minimum phase Summer 117 24.03 15.02 

(1962・1967) Equinox 155 23.54 16.45 
Winter 144 25.19 14.35 

Full interval Summer 372 19.22 17.87 
(1957・1967) Equinox 378 20.75 18.88 

Winter 259 22.90 17.03 
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Fig. 11. (a) Seasonal changes of occurrence frequency and period of 
pc・3泊 well槌 thatof mean l;'Kp at Memambetsu in 
sunspot maximum phase. 

(b) Simi1ar changes in sunspot minimum phase. 
(c) Similar changes in the whole interval (1957-1967). 

seasonal change of the occurrence frequency of distinct pc 3 but the change of rnean 

period corresponds to that of rnean l;'Kp. On the othcr hand， in the rnaximurn phase 
the occu町 encefrequency in summer and at equinox is higher than that in winter. More-

over， the mean period has its minimum in summer so that its seasonal change does not 
co町espondto that of IKp.τ"he mcan period of distinct pc 3 shows a Kp-dependenc~ 

but it wi11 be pointed out that there is a seasonal change due to some other causes. 

4. Geomagnetic ac首vi勿 dependenciesof pc 3 occu町enω

Occurrence frequency of pc 3 observed at Memambetsu in the period from Janu-

紅 y，1976 to May， 1978 was hand-scaled from its continuous d"ynamic spectrum written 
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in each hour of the day針。mJanuary， 1976 to May， 1978 at 
Memambetsu. Right-hand side diagram of the map shows 
l'Kp monthly mean. 

Fig. 12. 
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by the hard-copy recorder.τ"he number of one hour interval in which the pulsation 

pc 3 with longer duration than 30 min. is observed at least in three 10-minute ranges 

is counted first. A contour map which shows the rate of the number to the total 

number of days for each month is given in Fig. 12 together with monthly mean 
1:Kp values. 

The occurrence frequency of pc 3 has its max.imum at equinox. However， in 1977 
such a maximum occurs rather in summer (J uly to August) than at autumn equinox. 

This corresponds well to the fact that the geomagnetic activity in that year was lower 

at autumn equinox than in summer. It can be understood as a result of the seasonal 

variation of geomagnetic activity that the occurrence frequency of pc 3 in middle 

and low latitudes shows an annual variation. 

For each hourly occurrence shown in Fig. 12， the hourly mean period of the pul-
sation is scaled from the same dynamic spectrum. The hourly distributions of such a 

mean period in the interval from January to March， 1976， are i1lustrated by means 
of contour maps in Figs. 13a and 13b， for geomagnetically rather quiet (1:Kp~ 11) and 
rather disturbed (1:Kp ~ 30) days， respectively. The mean period for larger 1:Kp days is 

shorter than that for smaller days. Moreover， the occurrence maximum for larger Kp 

days shifts to the earlier hours of the day than that for quiet days. 

DIURNAL VARIATIONS OF PC 3・4 OCCURRENCE 
mHz 

r Kp三 11

ro 

06 12JST 18 c6 12 JST 18 

SEC 
10 

20 

100 
24 

Fig. 13. (a) Contour map showing diumal variation of pc・3occurrence frequency 
at Memambetsu for rather quiet days (IKp孟11)from January to 
March， 1976. 

(b) Simi1ar map for rather disturbed days (1: Kp孟30)in the same period. 

s. Latitudinal dependence of horizontal powe路 ofpc3 

In Fig. 14 ULF dynamic spectra observed at Memambetsu， Kanoya and Chichi-
jima on March 16・17，1976 (JST) are illustrated. It should be noted that time passes 

away from right to left in this自gure. As already described， the overall responses 
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lULF DYNAMに SPECTRUM Xα刑門JNI:NTJ
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Fig. 14. Dynamic spectra of ULF X cornponent at 
Chichijima on rv!ar. 16-17， 1976 

J3 

Kanoya and 

or instrumcnts are almost the same among thcse three observatories. So that thc powers 

or Ihc pulsalions at any observatory can be compared directly on thcse spectra with 

those at anothcr obscrvatory. On these two days distinct pc 3 of long duration has 

been observed. Jt. will be seen tl1at thc pc 3 sho、vsa clear latitudinal dcpendcnce 

There was sudden cnhancemcnl of the pulsation at around 06h on恥1arch16 but its 

highest frcqucncy part was obscrved only al Memambetsu which is the highest in lalitude 

of those obscrvatories. I n gcneral it scems Ihat the lower the latitlldc of: the obser-

valory the wcakcr thc power of pc 3 bccoll1cs. Moreover， the enhanced higher fre-

quency pafl of pc 3 is apt 10 bc slIbjectcd to attenuatiol1 in 10、νlatit.lIdcs. ParticularJy 

al Memambetsu a typical “U-Iype" diurnal、lariationo( thc mcan period can bc sccn 011 

March 17， 1976 

In Fig. 15， the dynamic speclra at MelllumbeLSlI and Chichijima On March 16 arc 

illustraled by mcal1s of conlour maps which show residual powcrs for attenuation of 

cach 5 dB. Namcly， the contour of 0 dB is that of the powcr of pc 3 recorded when 

no attenuation is applied 10 it. The halchcd area means intense power obscrvcd ovcr 

altcnuation of 10 dB. 1I will first be pointcd out that there is a distincl latitudinal 

dcpcndence of Qccurrence freqllency of such the continuous pulsation. Altbough at 

Memambelsll Ihe pulsation componcnts with shorter pcriods than about 10 scc. havc 

bcen enhanccd at about 0611 011 March 16， such enhancemcnt has hardly been observed 

at Chichijima. lt seems that thc componcnts are， in general， sllbjccted to morc intensC' 
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Fig. 15. Contour dynamic spectra of ULF X component at 
Memambetsu and Chichijima on Mar. 16， 1976. 

attenuation in lower latitudes. 

In Fig. 16， the ratio of autopower spectra of the X component of pc 3 between 

Memambetsu and Chichijima is plotted for its corresponding frequency for each hourly 

spectral peak. The ordinate is the power ratio and the abscissa the peak frequency. As 

already described， this frequency and power (amplitude) are given direct1y by the digital 
display part of SD・360.This figure means that the pulsation has more intense power 

at Memambetsu than at Chichijima， when the corresponding point is in a lower ratio 

part than 1.0. As shown in this figure， the power at Chichijima is usually less intense 
than that at Memambetsu; and the higher the peak frequency is， the smaller the power 
ratio becomes. Particularly， this ratio shows a smaller value than 0.2 for peak fre-

quency higher than about 100 mHz. 

Another example is given in Figs. 17 and 18. Fig. 17 gives the dynamic spec甘aof 

geomagnetic pulsations observed at Memambetsu， Kanoya and Chichijima on Feb. 17・
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Fig. 18. Auto-power spectrum ratio of pc・3X components between 
Memambetsu and Chichijima台om06h to 18hσST) on 
Feb. 18， 1976. 

18， 1976. Also in this example， clear enhancement with distinct latitudinal dependence 
of higher frequency components of the continuous pulsation is observed in the daytime 

of Feb. 17. It wil1 be seen in Fig. 18 that there are quite simi1ar relations of power 
ratio between Memambetsu and Chichijima to the pulsation period shown in Fig. 16. 

1n the present paper， the latitudinal dependence has been investigated only on the 
X component of the pulsation. As will be described later， however， it should be taken 

into consideration that the direction of the principal axis of horizontal vector of the 

pulsation will be greatly a1fected by the locality of electric conductivity structure in the 
earth's crust and upper mantle. 50 that in future investigation， the horizontal power 
spectrum should be in place of the autopower spectrum of the X component. 

6. Polarization characteristics of pc 3 

1n Fig. 19 the dynamic spectra of the ULF X component on April 11-12， 1976， at 
our two observatories， Memambetsu and Chichijima， are illustrated together wi血 the

corresponding geomagnetic H traces at three auroral-zone observatories， College， Tixie 
Bay and Dixon Is1and， as well as at Kakioka. The arrow on the auroral-zone magneto-
gram shows the midnight time at each observatory. Continuous pulsations with long 

duration were observed in the daytime on these two days at Memambetsu and Chichi-

jima. But identification of pc 3 on such a dynamic spectrum is generally not so easy. On 
the other hand， it is wel1 known that pi 1， 2 is an excellent indicator of a substorm onset 

(e.g. Sakurai and Saito， 1976). so that for the identification some auroral-zone mag-

netograms are usually compared with this dynamic spectrum. Corresponding to sharp 

negative bays at these auroral-zone observatories， clear pi 2 events have been observed 

around 23h on April 11 at both Memambetsu and Chichijima. These bays were 

most distinct at Tixie Bay where the time was just midnight. Pi 2 events occurring in 

the interval from about 19h to 20h correspond weIl to three successive sharp negative 
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bays at College. It seems that continuous pulsations in the daytime (06h・18h)on 

April 11 are no doubt pc 3. A similar contour spectrum錨 inFig. 15 is also given in 

Fig. 20. It will be seen in this figure that continuous pc 3 and three successive pi 2 pul-

sations have been observed throughout the daytime and in the evening hours， respective-
ly. In the present work， we will investigate polarization characteristics of the puIsations 
on that day. 

Firstly we have to describe the procedure of our polarization analysis. As already 

shown in Fig. 4， reproduced signals converted into digital values with sampling ratio 
0.5 sec by an A/ D converter are recorded on a digital magnetic tape.ηlese digital 

data were analyzed by the computer system of the National Institute of Polar Research. 

As the sampling ratio is 0.5 sec， analyses of the pulsations with longer periods than 
1 sec can be carried out theoretically. But in the present work we treat of only pc 3 
range (5・100sec) pulsations， so that signals with a period outside of the range are 

rejected by means of a filtering technique. Each 2040 digital data corresponding to 

about 17 min interval is sliced into three equal partially-over1apping units which 

consist of 1024 samplings (about 8.5 min). Auto-and cross-power spectra are com-

puted by means of FFT method for each unit data and then these data are averaged 

for each 17 min interva1. Spectral smoothing as continuous dynamic spectra is 
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Fig， 20. Conlour dynamic sp巴ctrao( ULF X componcnt al Memam-
belsu and Chichijima nn Apr. 11， 1976. 

performed by averaging such spectra slIccessively for 17 min intervals， overlapping 

thcm by half. Final1y polarization paramctcrs which consIst of ellipticity and 

dircction angle of the major axis of Ihc horizonlal polarization ellipse arc computed 

from tbcse power spectra for such a slIccessIve intcrval. Thesc computcd results are 

given 011 a magnctic tapc and/or a line printer. The simplificd How chaft of OUf calcu-

lation proccdurc is shown in Fig. 21 

10 thc present paper， the sign of ellipticity E is defined as positivc (or negative) 

when the polarization vcctor rotates clockwise (or countcr-clockwise) along rnagnetic 

lincs of force. And ε=0 and E =:::t I Il1can lincar and circular polarizations， r田:pec-

tivcly. Direction angle 0 of tbe major axis is mcasurcd in right-banded sense from 

thc north. 50 that the direction anglc is positive whCJl the major axis is in the north-east 

sector. And whcn the axis coincides with the norllHo-south dircction， 0 bccomes zero 

0= :!:900 corrcsponds to the major axis Iying cast to wcst. The rclations arc 

illustratcd川 Fig.22. X and Y axcs arc takcn northwards and castwards， rcspcctively 

Ncxt， our calculation program was checkcd by thc following test signal: 

X=IO.0sin(2π/77・t)+ 7.0 sin (2，，/36・t)+ 10.0引 n(2π/22・t)

y= -5.0sin(2π/77・t+600
)十20.0sin (2π/36・t+100) +6.0 sin (2π/22・rー 100)

This test signal is superposition of thrcc sinusoidal wavcs whosc pcriods are 77， 36 
and 22 scc， rcspcctivcly. And th田 eW~IVCS showl1 by thc f1rsl， second and third terms 
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Fig. 21. Flow chart showing calculation procedure 
of polarization p釘 amete悶.

19 

in right-hand sides of the above equations co汀espondto the upper， middle and lower 
polarization ellipses in Fig. 23. 

Crosspower spectrum， ellipticity and direction angle obtained by calculating this 
signal with our program are given in the upper， m.iddle and lower diagrams of Fig. 24， 
respectively. Each sharp peak in the cross-power spectrum coincides with the very 

period of each elementary wave of the test signa1. Ellipticity of the first and third 

waves having clockwise rotational sense is certainly positive and that of the second 

wave shows undoubtedly negative sense. The direction angle of the second wave whose 

horizontal vector points almost east-to-west in near 900 and that of the first wave 
which has a small angle from the north in the northwest sector shows a smal1 negative 
value. On the other hand the direction angles of the second and third waves whoes 

major ax邸訂ein the northeast sector give no doubt positive values. It was confirmed 
by this test signal that our calculation program can be applied to the present analysis. 

Fig. 25 shows an example of polarization analysis caπ'Ied out for a pi 2 event 

observed 1930.4・1947.5JST on April 11， 1976.τl1e left and right halves of this 
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Fig.25. 

自guregive polarization characteristics of the pulsation at Memambetsu and Chichi-

jima， respectively. The characteristics were computed only for the longer period 

side which corresponds to the blacked part having of higher values than 0.8 in 

the coherency diagram. It can be seen that both el1ipticity and direction angle take 

some positive values at each observatory. ln other words， this pi 2 observed in an 

evening hour has clockwise polarization and northeastward main direction. This result 

agrees well with those by many previous researchers (Kato et al.， 1956; Saito and 

Matsushita， 1968; Sutcliffe， 1975 and others) who have pointed out that polarization 
vector of pi 2 in middle and low latitudes has clockwise rotational sense and north-

eastward main direction in premidnight hours and then changes into counter-clockwise 

and northwestward direction in postmidnight hours. 

As already described， we investigated the dynamic polarization characteristics of 
continuous pc 3 in the daytime (60h・18h)on April 11， 1976. The characteristics were 

obtained successively for each 17 min interval. In the pr回 entpaper， we i1lustrate the 

characteristics of each example in both morning and afternoon intervals. In 

Fig. 26 auto-power spectra of X and Y components in a morning interval (0824.8・

0841.9 Jsn at Memambetsu and Chichijima are given. A well-corresponding spectral 
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peak with a period of about 18 sec can be seen. Fig. 27 shows the cross-power spectrum， 
coherency， ellipticity and principal direction of the pc 3 in that interva1. The el1ipticity 

takes negative values throughout the range of 10・70sec， so that it is deduced that 

the polarization of pc 3 range pulsation in morning hours is usually counter-clockwise 

in such the lower latitudes. The direction angle at Memambetsu has negative values 

in such lower latitudes. The direction ang1e at Memambetsu has negative values 
near -900 throughout the period range but that at. Chichijima is fairly dispersive 

around 00 and rather positive， particularly， in the shorter period range.τ五isfact means 

betsu points east-to-west in the morning hours. Figs. 28 and 29 show the polarization 

characteristics in an afternoon interval (1756.5・1813.6JST). These consist of quite 

similar figures as in Figs. 26 and 27， respectively. But a wel1-corresponding peak of this 

spectrum has a somewhat shorter period (about 16 sec)， compared with that in the 
morning hours. At Memambetsu the ellipticity which was negative in the morning 

changed undoubtedly into positive in this afternoon interval but at Chichijima such 

a clear change in ellipticity was not observed. This fact means the polarization 
change from counter-clockwise in the morning hours into cIockwise sense in the after-

noon. The principal direction at Memambetsu was still east-to-west in this interval but 

that at Chichijima changed from northwest in the morning into northeast in the after-

noon. 
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The above observational facts are sum.marized in Figs. 30 and 31. Fig. 30 shows 

the diurnal variation of the ellipticity of the horizontal polarization el1ipse. Beginning 

with the top diagram， the variations in full， less than 20 sec， 20 to 40 sec and more than 
40 sec ranges of the pulsation period are shown. In Fig. 31， similar diurnal variations 
of direction of the principal axis are shown in the same manner as in Fig. 30. 

It can be pointed out from these figures that the polarization sense at Memambetsu 

changes gradually from counter-c1ockwise in thc ear1y morning into c10ckwise in the 

evening but that at Chichijima is rather counter-c1ockwise or linear throughout the 

daytime and shows 00 such diurnal variations. At Memambetsu the principal axis 

of the polarization vector usually points northwest. Pescribing in more detail， the 
axis showing east-to-west direction in ear1y moming or evening hours is likely to tum 

to north-to-south direction in only a few hours around noon. On the other hand， 
the direction at Chichijima changes from northeastward in morning hours into north-

westward in evening hours and such a tendency is more remarkable in the longer period 

side of the pulsation. Although such a continuous pc 3 range pulsation was observed 

simultaneously at our four observatories in middle and low latitudes， there were some 
differenc白 inthe daily behavior of its polarization characteristi白 betweenMemambetsu 

and Chichijima. The locality of the direction angle of the major axis may be related 

partially to a difference of electric conductivity structure in the earth's interior. As 

the above results are based on only one example， we cannot make further discussion 
of the cause of such behavior. 
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Fig. 31. Similar variations of direction angle of the same pulsation in the 
same four period ranges as in Fig. 30. 
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7. Concluding remarks 

In the present paper， we investigated the characteristics of pc 3 range pulsations 

sirnultaneouslyobserved in a Japanese station chain and obtained some interesting 
results. Those are summarized as follows: 

1) There is a solar-cycle variation in the mean period of the pulsation. The varia-

tion can be connected closely with geomagnetic activity (Kp) rather than solar activity 
(e.g. Zurich sunspot number). This will be mainly due to changes in the geometry 

of the magnetospheric resonator， size of the plasmasphere， atIected by geomagnetic 
activity (Saito， 1949; Fukunishi and Lanzerotti， 1974a). This result coincides with 
those by many previous researchers. 

2) Diurnal variation of the pulsation period shows “Inverted U-type" only in 
summer in sunspot maximum years (1957・1961)， but in the other seasons and in sun-

spot minimum years (1962-1967) the variation is not so clear or shows rather “U-type". 
3) Occurrence frequency of the pulsation shows an apparent seasonal variation 

which has its maximum at equinox. However， it can be rather pointed out that 

this observational fact reflects the above-described Kp-dependence of pc 3 occurrence. 

4) Maximum of occuπence frequency of the pu1sation shifts to earlier hours of 

day as the geomagnetic activity becomes higher.百lisresult coincides well with that 

by Nagata and Fukunishi (1969). 

5) Power of the pulsation at Chichijima is usually less intense than that at Me-

mambetsu; and the higher the frequency is， the smaller the ratio of the power at Chichi-
jima to that at Memambetsu becomes. In other words， the power， particularly of 
the enhanced higher frequency part， of the pulsation is subjected to such an intense 

latitudinal etIect. 
6) Polarization of the pulsation shows some different daily behavior between 

Memambetsu and Chichijima. The polarization at Chichijima is counter-clockwise or 

linear throughout the daytime but that at Memambetsu changes from counter-clockwise 

in the morning hours to clockwise in the evening hours. Direction of the major 
axis at Chichijima changes from northeastward in the morning hours to northwest-

ward in the evening hours but that at Memambetsu is usually east-to-west. The locality 

of the principal direction may be partially due to ditIerence of conductivity structure 
in the earth's crust. Using more examples which contain those in various seasons， 
various geomagnetic activities and various phases of the sunspo 

Acknowledgement 

The authors thank Professor T. Saito of Tohoku University and Dr. H. Fukunishi 
of the National Institute of Polar Research for their kind advice and valuable dis-

cusslons. 



Middle-and Low-Latitude PC 3 27 

References 

Cummings， W.D.， F. Masoo and P. J. Colemao， Jr. (1972): Some characteristics of low-
frequeocy oscil1ations observed at ATS 1， J. Geophys. Res.， 77， 748. 

Cummiogs， W.D.， R. J. O'Sullivan aod P. J. Coleman， Jr. (1969): Standing Alfven waves in 
the magnetosphere， J. Geophys. Res.， 74 778. 

Fukunishi， H. and L. J. Lanzerotti (1974): ULF pulsation evidence of the plasmapause， 1. 
Spectral studies of pc 3 and pc 4 pulsatioo near L=4， J. Geophys. R回.， 79， 142. 

Fukunishi， H. and L. J. Lanzerotti (1974): ULF pulsation evideoce of the plasmapause， 2. 
Polarizatioo studies of pc 3 and pc 4 pulsatioos near L=4 and at a latitude network in 
the coojugate region， J. Geophys. Res.， 79， 4632. 

Hasegawa， A. and L. Chen (1974): Theory of magnetic pulsations， Space Sci. Rev.， 16， 347. 
Hatakeyama， H. (1938): On the pulsation of the terrestrial magnetic fieJd， Geophys. Mag.， 

12， 173. 
Hirasawa， T. and T. Nagata (1966): Spectral analysis of geomagnetic pulsations from 0.5 

to 100 sec io period for the quiet sun condition， Pure Appl. Geophys.， 65， 102. 
Kato， Y. and T. Watanabe (1957): Studies 00 geomagnetic pulsation， pc， Sci. Rep. Tohoku 

Univ.， Ser. 5， Geophys.， 8， 1. 
Kato， Y.， J. Ossaka， T. Watanabe， M. Okuda and T. Tamao (1956): Investigation on the 

magnetic disturbance by the induction magnetograph， Part 5， On the rapid pulsatioo， 
p. s. c.， Sci. Rep. Tohoku Univ.， Ser. 5， Geophys.， 7， 136. 

Kawamura， M.， K. Kurusu， H. Oshima and K. Yanagihara (1961): On the geomagnetic 
pulsatioo pc， (1) World-wide distribution of the horizontal disturbing vector， Mem. 
Kakioka Mag. Obs.， 10， No.l， 7. 

Kawamura， M. and S. Kashiwabara (1965): Observations of geomagnetic aod earth-current 
micropuIsatioos with period of about 1 cps， 00  the observing apparatus of geomagnetic 
micropulsations， Mem. Kakioka Mag. Obs.， 12， No.l， 1. 

Kawamura， M. (1970): Short-period geomagnetic micropuIsations with period of about 1 
second io the middIe and Iow latitudes， Geophys. Mag.， 35， No. 1，1. 

Kawamura， M. (1976): Report of the geomagnetic and geoelectric observations， 1975 (Rapid 
variations)， published by Kakioka Mag. Obs. 

Kawamura， M. (1977a): Report of the geomagnetic and geoeIectric observations， 1976 (Rapid 
variations)， published by Kakioka Mg. Obs. 

Kawamura， M. (1977b): Preliminary report of magnetic pulsations duriog January-June 
1976， published by Kakioka Mag. Obs. 

Kawamura， M. aod M. Kuwashima (1977): On the geomagnetic puIsation pc (Part 11)， 
Midd 



28 M. Kuwashima， Y. Sano and M. Kawamura 

Saito， T. and S. Matsushita (1968.: Solar cycle effects on geomagnetic pi 2 pulsations， J. 
Geophys. Res.， 73， 267. 

Saito， T. (1969): Geomagnetic pulsations， Space Sci. Rev.， 10， 319. 
Sakurai， T.， A. Morioka and T. Saito (1969): On the period structure of the geomagnetic 

pc 2・3pulsations， Proceedings of the second IASY Symposium， 76. 
Stewart， B. (1861): On the great magnetic disturbance which extended from August 28 to 

September 7， 1859，硝 recordedby photography at the Kew Observatory， Phil. Trans. 
Roy. Soc. London， 425. 

Southwood， D. J. (1975): Some comments on field line resonance， Geophys. J. Roy. Astr. 
Soc.， 41， 425. 

Sutcliffe， P. R. (1975): The association of harmonics in pi 2 power spectra with the plasma-
pause， Planet. Space Sci.. 23， 1581. 

Terada， T. (1917): On rapid periodic variations of terrestrial magnetism， Journal of the 
College of Science， Imperial University of Tokyo， XXXVII， Art. 9， 113. 

Watanabe， T. (1959): Hydromagnetic oscillations of the outer ionosphere and geomagnetic 
pulsations， J. Geomagn. Geoelectr.， 10， 195. 

Yanagihara， K. (1960): Geomagnetic pulsations in middle latitude， morphology and its inter-
pretation， Mem. Kakioka Mag. Obs.， 9， No.2， 15. 

Yoshimatsu， T. (1960): Report of the geomagnetic and geoelectric observations during the 
International Geophysical Year， published by Kakioka Mag. Obs. 

PC型地磁気脈動(第三報〉

一一中低緯度 PC3のスベクトル・偏波の特性一一

桑島正幸・佐野幸三・河村 鑓

概要

日本の中緯度観測点において誘導磁力計による地磁気脈動(周期 1秒-100秒)の連続観

測が実施されている。その資料からスベクトル解法により PC3脈動のスベクトノレ・偏波な

どの諸特性が解析される。本文ではまず太陽・地磁気活動に関連する PC3脈動の出現頻度

と平均周期の11年周期変化，季節変化などが調べられた。また特にこの脈動の水平成分のパ

ワーや偏波の中低総度における緯度依存性がある一期間であるが詳しく調べられた。これら

の結果について報告する。


