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Abstract: Four observatones, Memambetsu, Kakioka, Kanoya and Chich1-
Jima, constitute Japanese mend1an-cham stations for the study of geomagnetic 
pulsations. 

Using mainly the data obtamed at Memambetsu which 1s the northernmost 
one of these observatones, characteristics of the long-term and diurnal variations 
of mean period and occurrence frequency of Pc 3 observed at low latitudes were 
mvestigated statistically. Then, the charactenstics were compared with those at 
higher latitudes (auroral zone and plasmapause). In the analysis, autopower 
spectrum and dynamic spectrum of Pc 3-range pulsations observed at the Syowa 
mendian-chain stations, Syowa Station, SANAE and Hermanus, were used mamly. 

The results are summanzed as follows: 
1) There 1s a solar-cycle variation m the mean penod of Pc 3. The vana-
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t1on can be related closely to the change m size of the plasmasphere 
2) Pc 3 penod shows such a charactensttc annual vanation as to become the 

shortest at the summer solstice. 
3) Solar-cycle and seasonal vanations of occurrence frequency of Pc 3 re

present clearly dependence of the frequency on the geomagnetic activity. 
4) Pc 3 1s a daytime phenomenon which has an occurrence peak Just before 

noon, but the peak shifts to earher hours of day as the geomagnetic activity 
heightens. 

5) Dmrnal vanat10n of the penod of Pc 3 shows "Inverted-U type" only m 
the summer of sunspot maximum years (1957-1961). In the other seasons and in 
the sunspot mmimum years it 1s not so clear or shows rather "U type". How
ever, on highly disturbed days the penod shows a charactenstic dmrnal variation 
and the time when 1t becomes the shortest shifts to the mornmg side. 

6) Pc 3 has a good correlation m its act1V1ty over a wide lat1tudmal range, but 
the spectral components at low latitudes are very different from those at higher 
latitudes. 

1. Introduction 

Smee the IGY, geomagnetic pulsations with period longer than about 10 sec have 

been observed contmuously at our two observatories, Memambetsu and Kanoya. 

Early instruments at these observatories were classical-type induction magnetographs 

which consisted of air-cored loops, galvanometers and rapid-run photographic recorders 

(YoSHIMATSU, 1960). Occurrence time, amplitude and penod of pulsation were hand

scaled on the record Dnvmg speed of the recorder was 12 mm/s. Afterwards, each 

mstrument has been replaced with the present one which consists of three orthogonal 

parmalloy-cored c01ls, de amplifiers and an FM data recorder (KA WA MURA, 1976, 1977) 

Smee 1974, the same type magnetometers have also been installed at Chich1J1ma. In 

the IMS period, similar observation has been started at Kakioka with a compact 

instrument. All of these mstruments have almost the same overall response character. 

The pulsat10ns recorded on the magnetic tape by the data recorder at each observatory 

are reproduced and analyzed at Kakioka. Details of these recordmg and analyzmg 

systems are given in the prev10us papers (KAWAMURA and KuwASHIMA, 1977; KuwA

SHIMA et al., 1979). Moreover, some trouble spectral analyses were earned out with 

the specially designed spectral analysis system of the National Institute of Polar Re

search (IWABUCHI et al., 1978). 

Geomagnetic coordmates of these four observatories are shown m Fig. I. It 

should be noted that the observatories are located along almost the same mendrnn of 

about 208° m longitude. The latitudes range from 34.0° to 17.1 °. We put a stress 

on the Memambetsu data in the present paper because Pc 3 charactenstics were almost 
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F1g. 1. Geomagnetic coordmates of the four observator,es forming a Japanese station
chain. 
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the same at these observatories. And the data of SANAE and Hermanus were presented 

by Dr. BARKER and the Hermanus Observatory, respectively. 

2. Solar Cycle Variation of Pc 3 Period 

The solar cycle variation of yearly average period of Pc 3 at Memambetsu for 

eleven years from 1957 to 1967 is illustrated m Fig. 2 together with yearly average 
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Fig. 2. Solar cycle variations of period of Pc 3 at Memambetsu, 2Kp and the relative 
sunspot number for eleven years from 1957 to 1967. 
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values of "'E.iKp and relative sunspot number. The average penod is calculated from 

the mean period of the pulsation hand-scaled for each special interval with quality of 

A or B (ROMANA, 1960) reported in successive issues of our annual report "Report of 

the Geomagnetic and Geoelectric Observations (Rapid Vanat10ns)". As shown m 

this figure, the average period corresponds well to the "'E.iKp and/or the sunspot number. 

But there is usually a time lag between solar and geomagnetic act1V1ties. Although the 

sunspot maximum year during these years was the year 1957, the shortest average penod 

was observed m 1960 coinciding with the peak of "'E.iKp rather than with the sunspot 

maximum. The variation in yearly average penod of Pc 3 observed at Onagawa for 

the following ten years was mvest1gated by SAITO et al. (1977) and the results are shown 

m the upper frame of Fig. 3. It 1s clear m these figures that the penod m the sunspot 
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Fzg 3. (Upper) Solar cycle varzatzons of period of Pc 3 at Onagawa, J:Kp and the relaflve 
sunspot number for eleven years from 1966 to 1976 (after SAITO et al , 1977). 
(Lower): Solar cycle varzatzons of solar wmd velocity (A), magnztude of IMF (B), 
southward component of IMF (C), westward component of electric field (D) and the 
relative sunspot number (E) (after SAITO et al, 1977) 
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maximum phase is distinctly shorter than that in the minimum phase. Moreover, the 

period is likely to be related more closely to the geomagnetic activity. For example, 

a minimum of the period in the year 1974 when the relative sunspot number has a fairly 

low value of 34.5 corresponds clearly to the unusual high geomagnetic activity in the 

year. The period which was about 18 sec in the geomagnetically disturbed years 

(1957-1960) became longer as the activity decreased and reached 25 sec or more in the 

quiet years (1962-1965). The approximately negative correlation between the average 

period of Pc 3 and the geomagnetic activity (or the relative sunspot number) still con

tmued to the subsequent years. 

As shown in the lower frame of Fig. 3, the solar cycle variation for years from 

1966 to 1976 was investigated by SAITO et al. (1977) in more detail. They compared 

the variation with those of mterplanetary factors. Those are solar wind velocity (A), 

magnitude of interplanetary magnetic field (B), southward component of mterplanetary 

magnetic field (C), westward component of convection electric field (D) and relative 

sunspot number (E). The convection electric field also shows a solar cycle variation, 

so that the solar cycle variation of the period of Pc 3 may be interpreted as the result 

of the solar cycle vanat10n of the electric field. The magnitude of the convection 

electric field will be closely related to the size of the plasmasphere. This fact means 

that we can monitor the size of the plasmasphere by means of such a ground-based 

continuous observation of the low-latitude Pc 3. 

3. Annual Variation of Pc 3 Period 

In Fig. 4 the annual variation of an averaged penod of Pc 3 is shown. The left 

20 
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F1g. 4. Annual variations of period of Pc 3 and .SKp for each of sunspot maximum and 
minimum phases. 



256 Makoto KAWAMURA, Yuk1zo SANO and Masayuk1 KuWASHIMA 

and nght frames correspond to the sunspot maximum and rnmimum phases, respec

tively. As the maximum and mimmum phases, 48 months mtervals from July 1957 

to June 1961 and from January 1962 to December 1965 were selected. In the figure 

full and broken Imes show the annual variat10ns of the penod and LJKP averaged for 

each two months; January to February, March to April, and so on, for each of the 

phases. The penod shows such a distinct annual variat10n as 1t becomes the shortest 

in the June solstice. Particularly, the variation 1s much clear m the sunspot maximum 

phase. In the maximum phase, the period which was about 17 sec in summer became 

about 19 sec m winter. At the present stage we do not have any model for such an 

annual variation of the penod of Pc 3. On the other hand, LJKp shows the well

known annual vanat10n which has a maximum at each equmox m the analyzed two 

intervals. Therefore, it 1s drfficult to attribute the annual variation of the penod to the 

annual variation of the geomagnetic act1v1ty. 

Recently, using the data obtained at Syowa Station, Antarctica, SAITO et al. 

(1979) have found similar annual changes in the periods of both Pc 4 and Pc 5 as that 

of Pc 3. According to the1r results, the periods of Pc 4 and Pc 5 become also shorter 

m summer than m winter. Such tendencies of the periods agree well with that of the 

period of Pc 3 in the present paper. Moreover, PARK et al. (1978) presented a distmct 

annual variat10n, which has a clear mmimum around the summer solstice, of the elec

tron density in the plasmasphere based on their whistler data Particularly, the vana

tion was seen more distinctly m the sunspot maximum phase (1957-1962), but 1t was 

not so clear thereafter. A similar tendency is also seen m our results for the period 

of Pc 3 

It seems that the annual vanat10ns of the penods of Pc 3, Pc 4 and Pc 5 and the 

vanat10n of the electron density may be related closely with each other Such char

actenstic annual vanations seem to be related to the state of the earth's rotational or 

magnetic axis agamst the sun rather than to the geomagnetic actlVlty. 

4. Diurnal Variation of Pc 3 Period 

In the previous paper (KuwASHIMA et al., 1979), we pomted out that only m 

summer of the sunspot maximum phase the daily vanation of the penod of Pc 3 showed 

clear "Inverted-U type", but m the other seasons of that phase and in each season of 

the mm1mum phase it was rather "U type". In Fig. 5 the daily vanat10n which is 

represented by a contour map, of the period of Pc 3 observed at Memambetsu dunng 

the mterval from January to March, 1976 is illustrated together with schematically 

cross-sectional plans of the plasmasphere on the equatonal plane. Left and nght 

frames of the figure correspond to the geomagnetically quiet (LJKp< 11) and disturbed 
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Fzg 5. (Upper)· Contour maps showing daily varzatzons of perzod of Pc 3 at Memambetsu 
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January to March, 1976 
(Lower) Corresponding schematic pictures of the plasmasphere zn the equatorial 
plane 
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(.6Kp >30) days, respectively. It should be noted in the figure that the average period 

for larger .6KP days is much shorter than that for smaller days. In the quiet condi

tion, occurrence peak of Pc 3 1s seen just before noon and the period does not show 

any remarkable dmrnal variation. While in the disturbed condition, the peak hours 

shift to the morning side and the period shows a distinct dmrnal variation. This 

result coincides well with that by NAGATA and FUKUNISHI (1968). Moreover, the 

hourly averaged period of Pc 3 seems to show a rather "U type" variat10n. This result 

also corresponds to our previous one, because the analyzed interval is in the sunspot 

mimmum phase. Looking at the variation in more detail, the period which was the 

shortest at about 8h increased gradually with the lapse of time and became the longest 

in the evening hours. We think that such a daily variation of the period represents 

one of the important characteristics of Pc 3 at low latitudes. Namely, the variat10n 

may reflect the state of the plasmasphere as shown in the lower frames of the figure. 

In other words, it is deduced that the variation of the penod of Pc 3 may be also related 

to the size of the plasmasphere, because in the disturbed condit10n the plasmasphere 

may be compressed and the dawn-dusk asymmetry may occur. 
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5. Solar Cycle and Annual Variations of Pc 3 Occurrence 

In Fig. 6 the solar cycle variation of the percentage occurrence of Pc 3 is shown 

together with those of both 'E.iKp and the relative sunspot number. The percentage 

occurrence means the rat10 of the days on which Pc 3 occurs to the total days of the 
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year. The occurrence also seems to show a solar cycle variation which corresponds 

well to those of LJKP and the yearly averaged period (see Fig. 2). The annual varia

tion, which was averaged for twenty years from 1958 to 1977, of similar percentage 

occurrence of Pc 3 observed at Memambetsu is illustrated in Fig. 7 together with those 

of LJKP and the relative sunspot number. As shown in the figure, the variation of 

LJKP has a clear maximum in each equinox, while that of Pc 3 occurrence seems to 

have maxima at the summer solstice and in the spring equinox. Namely, the annual 

variation of Pc 3 occurrence seems to depend not only on the geomagnetic activity but 

also on any other factor such as exemplified by SAITO (1 964). Anyhow, it is very 

interesting that Pc 3 shows similar non-seasonal annual variations in both the period 

and the occurrence frequency. 

6. Daily Variation of Pc 3 Occurrence 

The averaged daily variation for years from 1957 to 1967 of occurrence frequency 

of Pc 3 1s illustrated in Fig. 8 for each season. It should be noted that, as already 

described, Pc 3 is a typical daytime phenomenon which 1s observed very frequently at 

low latitudes and the occurrence peak is usually seen just before noon. Almost the 

same result for the interval from January 1976 to May 1978 is also given in Fig. 9 by 

a contour map. The contour is drawn every 0.2 step of monthly-hourly occurrence 

probability. The probabihty is calculated as follows : Firstly, each one-hour interval 

is divided into six IO-minutes ranges and the number of the intervals in which Pc 3 

with longer duration than 30 minutes is observed at least over three IO-minutes ranges 
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Fig. 8 .  A veraged dally vanatwn of  occurrence frequency of  Pc 3 at  Memambetsu for each 
season of eleven years from 1957 to 1967. 
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1s counted for each hour of each month by hand-scalmg from the contmuous dynamic 

spectrum. The rate of the number to the total number of days of the month 1s defined 

as the monthly hourly occurrence probability. In the right side of the figure, monthly 

average 'E.iKp 1s shown. As shown in the figure, Pc 3 1s usually active in the equmoct1al 

months, but 1t seems to be related more closely to the geomagnetic activity. 

7. Comparison of Pc 3 Characteristics 

between High and Low Latitudes 

So far we described some characteristics of Pc 3 observed at low latitudes. How

ever, for the purpose of more essential understandmg of the pulsat10n, 1t will be neces

sary to compare the charactenstlcs at low latitude with those observed at higher lati

tudes. The dynamic spectra of Pc 3-range pulsat10ns observed at Memambetsu on 8 

successive days from June 20th to 27th, 1977 are illustrated m the nght frame of Fig. 

10. This month was fairly quiet (monthly average 'E.iKp was 14.2), but the 8 days were 

more or less geomagnetically disturbed. Although Pc 3 events are observed very dis

tinctly in the daytime of all the days, daily variations of the spectrum are not always 

identical with each other. It should be noted that on the first and fourth days which 

were rather magnetically disturbed, Pc 3 with a shorter period was enhanced. In the 
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and at Syowa Station (left frame) on successive eight days from June 20th to 27th, 
1977, in LT. The spectra at Syowa were presented by Dr. H. FUKUNISHI of the 
National Institute of Polar Research. 
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left frame of the figure, similar successive dynamic spectra of the pulsations observed 

at an auroral-zone station, Syowa, on almost the same days are given. The spectra 

were presented by Dr. FuKUNISHI of the National Institute of Polar Research. At the 

auroral station, not only active Pc 3 is seen clearly throughout the daytime of all the 

days, but also the daily variations of the spectra on the days are very similar with each 

other. Such a tendency at the high latitude station is apparently different from that 

at a low latitude station, Memambetsu. Namely, Pc 3 at low latitudes seems to be 

more complicated than that observed at high latitudes. 

Next, dynamic spectra of Pc 3 observed simultaneously at Syowa Station and 

SANAE, Antarctica, on successive two days (Nov. 8th-9th, 1973) are shown in Fig. 1 1 .  

The geographic and geomagnetic coordinates of these stations and the Hermanus Ob

servatory are shown in Table 1 .  Syowa Station and Hermanus are located along 

almost the same geomagnetic meridian of about 80° in longitude. The longitude of 
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Frg 11 Dynamic spectra of Pc 3 observed sunultaneously at Syowa Station (Upper) and at 
SANAE (Lower) on November 8th and 9th, 1973. The data from SANA £  H ere 
presented by Dr M. D BA RKER of the Natal Umverslfy of South Africa 

SANAE 1s somewhat different from those of the above two stat10ns, but in the present 

study we include SANAE in the Syowa chain, because near the Syowa Station-Herma

nus meridian the stat10n is the most appropriate one to examine the effect of the plasma

pause in relation to the occurrence of Pc 3. Namely, L-values are 6.1 at Syowa Sta

tion and 4.0 at SANAE, respectively. At these two stations a very similar daily varia

tion of the spectrum was observed on each of the days. Magnetic local time at Syowa 

Table 1 .  

Stations 

Syowa Station 
SANAE 
Hermanus 

Geographic and geomagnetic coordmates of Syowa cham-statwns 

Geographic \ Geomagnetic 

Latitude Longitude
_ 

\ _ __ !atltud
:___ j� - �ongitud.=__ _ __ _ 

-69 0° 

-70 3 
-34 4 

39 6° 

353 8 
19 2 

-70 0° 

-63 4 
-33 6 

79 2° 

42 6 
8 1  6 

Station is almost equal to UT. On Nov. 8th, Pc 3 with shorter period components 

was activated suddenly at about 08h UT and continued until about 16h UT at both 

two stations. At each station, the period of Pc 3 was the shortest at about 08h and 

increased in course of time. The longest period was observed at about 14h. On the 

next day, Pc 3 was enhanced at about 06h. And the daily course of the averaged period 
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Fig. 12. (Left ) Wave forms of Pc 3-range pulsations observed simultaneously at Syowa 
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latter two stations were presented by Dr. M. D. BARKER and the Hermanus Magnetic 
Observatory, respectively. (Right)  Autopower spectra of horizontal components of 
the pulsations. 
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was very similar at the stations. These characteristics are just consistent with those 

observed at low latitudes as shown in Fig. 5. Namely, the period of Pc 3 is the shortest 

in the morning hours at the auroral and plasmapause stations. Wave trains of the 

pulsations observed simultaneously at Syowa meridian-chain stations, Syowa Station 

(L=6. l), SANAE (L=4.0) and Hermanus (L= l .8), are compared with each other in 

the left frame of Fig. 12. Firstly, 1t should be noted that Pc 3 is observed almost simul

taneously at the chain stations with a wide latitudinal range. In the figure, Pc 3 is no 

doubt activated simultaneously at the stations during the mterval from 1357 to 1416 

UT. Nevertheless, the waveforms are not so similar. 

Moreover, in order to clarify in more detail the difference between the waveforms 

of the pulsations observed simultaneously at these stations, power spectra of the 

horizontal component of the pulsations in a marked interval from 1357.0 to 1414.1 UT 

are calculated and are compared with each other. The results are shown in the right 

frame of the figure. It is very remarkable in the figure that the period of Pc 3 observed 

in the auroral region (Syowa Station) is distinctly shorter than that observed near the 

plasmapause (SANAE), though the appearances of the spectral characteristics of the 
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pulsat10n are fairly similar. While at the low latitude stat10n, Hermanus, the spectral 

characteristics are very complicated and different from those at higher latitudes. 

Namely, at Hermanus various kinds of spectral component are contamed m the wave 

tram. In future mvestigation of this problem, 1t will be necessary to gather and 

analyze much simultaneous data from stat10ns over a wide range, lat1tud111aI1y and 

longitudmally. Anyhow, we are very mterested m the clear latitudinal dependence of 

the period components of Pc 3, because the fact seems to give an important mformation 

connected with the character of the resonator of the pulsation 111 the magnetosphere. 

8. Concluding Remarks 

In the present paper, we mvestigated firstly the solar cycle, annual and daily varia

tions of the averaged penod and the occurrence frequency of Pc 3 observed at the 

most representative station, Memambetsu, of our Japanese stat10n-cham, mamly 

statistically. Data obtamed for the long mterval from the IGY to the present IMS 

were analyzed, and some interestmg results have been obtamed. Namely, the varia

tions of both occurrence frequency and penod of Pc 3 may be related closely to those 

of solar and geomagnetic act1V1ties Particularly, 1t should be emphasized that the 

vanat10ns of penod are well interpreted as the change in the size of the plasmasphere. 

Next, we compared the variations with those at higher latitudes on the dynamic 

spectrum. And we showed that Pc 3 occurs usually m a  wide latitudinal range but its 

period components contamed in the wave are clearly different by the latitude In the 

near future, we will mvestigate the problem more statistically and quantitatively. 
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