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Abstract: Statistical features of Pel pulsations are studied on the basis of data 

obtained at low- and high-latitude stations, Memambetsu in Japan and Syowa 

Station in Antarctica, during the period from January 1977 to January 1979. 

The observed features of high-latitude Pel can be divided into three groups, i.e., 

HM chorus, periodic emission and others (IPDP, Morning IPDP, dot, etc.). For 

the periodic emission, the generation mechanism is expected to be common to 

low and high latitudes. 

1. Introduction 

In company with the developments of the magnetic tape recording system and 

the dynamic spectral analyzer, Pel pulsations (0.2-10 s in period) have been analyzed 

experimentally by many research workers since IGY (SAITO, 1960; HEACOCK and 

HESSLER, 1962; KATO and SAITO, 1964; TROITSKAYA, 1967; KAWAMURA, 1970; 

KOKUBUN, 1970; SAKURAI, 1975; FRASER, 1975; TOYA et al., 1979). The theoretical 

works for Pel have been also developed by CORNWALL (1965), JACOBS and WATA

NABE (1966) and GENDRIN (1970) for the Pel generation mechanism, while by TEPLEY 

and LANDSHOF (1966), MANCHESTER (1966) and GREIFINGER and GREIFINGER (1968, 

1973) for the Pel ionospheric duct propagation. In spite of the above-mentioned 

many research works, several problems have still remained on Pel. 

One of the unsolved problems is a diurnal variation of Pel occurrence. Dif

ferent types of the diurnal variation of Pel occurrence have been reported by many 

research workers (BENIOFF, 1960; SCHUCH, 1963; KATO and SAITO, 1964; HEACOCK 

and HESSLER, 1965; TROITSKAY A, 1967; KOKUBUN and OGUTI, 1968; KA w AMURA, 

1970). They are summarized as follows: Pel occurrence maximum time is in the 

daytime at high latitudes, whereas it is mostly observed in the nighttime at low lati

tudes. The maximum times seem to shift from the daytime to the nighttime at about 
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60° in geomagnetic latitude. However, the above-mentioned apparently contradict
ing observational results could have arisen from differences in characteristics of the 
recording system and in analyzing periods. As has been already indicated by 
YANAGIHARA (1960), compatibilities of the recording system should be strictly ex
amined for the comparison of the characteristics on magnetic pulsations. Analyzing 
period should be also common for the comparative study. 

Concurrent ULF observations have been carried out at the low-latitude Japanese 
station, Memambetsu, and at the high-latitude station, Syowa Station, Antarctica 
since January 1976. ULF recording systems installed at the two stations are com
patible with each other. The purpose of the present paper is to study the statistical 
characteristics of Pel on the basis of the data at the low latitude (Memambetsu) and 
at the high latitude (Syowa Station) obtained during the two-year period from Janu
ary 1977 to January 1979. 

Other important problem is a relation of Pel to the other phenomena. At 
present, significant relations between Pel and the other phenomena (geomagnetic 
activity indices, for example) have not been reported sufficiently. In the present 
paper, the relation of Pel occurrence to the development of storm time ring current 
will also be examined. 

90° 

270° 

Fig. J. Geomagnetic locations of Syowa Station in Antarctica and a conjugate point of Memam
betsu in Japan. 



Pel Pulsations 

2. Experimental Method and Data Analysis 
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In the present paper, data obtained during the two-year period from January 
1977 to January 1979 at Memambetsu (MMB) and Syowa Station (SYO) are mainly 
used for the study on Pel magnetic pulsations. The locations of these two stations 

Table 1. Geomagnetic locations. 

Geographic Corrected geomagnetic 
Station 

longitude 

Memambetsu (MMB) 144°12'E 

Syowa Station (SYO) 39°35'E 
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Fig. 2. ULF recording systems installed at Memambetsu and Syowa Station, and ULF analyz
ing system installed at Kakioka. 



104 Kuw ASHIMA, Toy A, KA w AMURA, HIRASA w A, FuKUNISHI and AYUKAW A 

v /w H .--........:10,..:.0._.;;.so
.--

-=,20
;::...-

..;,1 o
;:..-

....;s,__----:;2..--_,1,--0:.:.;.s'---',o._2 __,s 
dB 

0 

� -10 

0 
>
(f) 

Fig. 3. Frequency characteristics of ULF recording system at Memambetsu and Syowa Station. 
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They are compatible with each other at the two stations in period range from 1 to 100 s. 
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Fig. 4a. Dynamic spectra of Pel event observed at Memambetsu. 
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Fig. 4b. Dy.'lami:: spectrum of Pel event observed at Syowa Station. 
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are shown in Fig. I and Table I. Occurrence time is an important factor for the 
study of wave phenomena like Pel . Japanese standard time (JST) is used for the 
data obtained at MMB, while magnetic local time (MLT) is used at SYO. Their 
relations to UT are JST= UT +9 h at MMB and MLT,-.,UT at SYO, respectively. 

As has been already indicated by YANAGIHARA (1960), compatibilities of the 
recording system should be strictly examined for the comparative study on magnetic 
pulsations. ULF recording systems installed at MMB and SYO are shown in Fig. 2. 
As seen in the figure, the systems are similar to each other at the two stations. Mag
netic pulsations are observed by means of the induction magnetometer with the three 
orthogonal core-type sensors at both the stations. Details of the systems should be 
referred to KAWAMURA and KuwASHIMA (1977) concerning the system at MMB, while 
to KuwASHIMA ( 1978) concerning that at SYO. Total frequency (period) char
acteristics of the systems are illustrated in Fig. 3. As shown in the figure, the ob
served phenomena are expected to be compatible with each other at the two stations 
in period range from I to 100 s. Pel events in the period ranging from I to IO s 
are mainly treated in the present study. 

Data recorded on a magnetic tape are reproduced at an u1tra high speed ( x 4000 
for example), and analyzed by a high-speed spectral analyzer (Fig. 2). Examples of 
dynamic spectra for the typical Pel event are shown in Figs. 4a and 4b. Dynamic 
spectra have been made for 58 1 Pel events at MMB and for 3035 Pel events at SYO 
during the two-year period from January 1977 to January 1979. 

3. Classification of the High-Latitude Pel 

In the first place, diurnal variations of any kind of Pel occurrence are counted 
from dynamic spectra by the following method: numbers of 20-min intervals in which 
any Pel event appears are counted. The total counted numbers are 595 at MMB 
and 2509 at SYO during the period from February 12, 1977 to January 3 1, 1978. The 
results are summarized in Fig. 5. At MMB, Pel occurrence concentrates in the night 
hours. This tendency is consistent with the previous results (KAWAMURA, 1970). 
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Fig. 5. Diurnal variations in frequency of 
occurrence of Pel event at Memam
betsu and at Syowa Station during 
the period from February 1977 to 
January 1978. 

50 

Fig. 6. The result of classification of the high-latitude Pel. 

At SYO, Pel occurrence concentrates in the day hours. This tendency also is con
sistent with the previous results (HEACOCK and HESSLER, 1962; KOKUBUN and OGUTI, 

1968). The high-latitude Pel shows marked differences from the low-latitude one. 
However, we treated several kinds of Pel as one group in Fig. 5. As shown in the 
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figure, Pel occurrence at the high latitude is much larger than that at the low latitude. 
Many kinds of Pel event are considered to belong in Fig. 5. Comparison of features 
at the low and high latitudes should be performed after a classification of many kinds 
of Pel events observed at the high latitude. 

The classification of the high-latitude Pel has been tried by TOYA et al. (1980). 
According to their results, the high-latitude Pel should be divided into 12 subtypes 
as shown in Fig. 6. In the present study the high-latitude Pel is considered to be 
divided into three major groups, namely, periodic emission (pearl), hydromagnetic 
(HM) chorus, and others. HM chorus is most frequently observed at the high latitude 
( ,_,52% ). The occurrence probability of periodic emission is about 18%. The 
features of HM chorus and periodic emission will be further examined in the next 
section. 

4. Statistical Features of HM Chorus and Periodic Emission 
at the High Latitude 

Fig. 7 shows diurnal variations in occurrence frequency of HM chorus and 
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Fig. 7. Diurnal variations in frequency of oc
curre1ice of HM chorus and periodic 
emission at Syowa Station during the 
period from January 1977 to January 
1979. 
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Fig. 8. Histograms of occurrence frequency of 
HM chorus and periodic emission at 
Syowa Station as a function of the ob
served mean frequency. 
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periodic emission which were observed at SYO during the period from January 1977 
to January 1979. The occurrence frequency of HM chorus is conspicuously higher 
than that of periodic emission. Most of HM chorus are observed in the day hours 
showing maximum around one or two hours after magnetic local noon (13.-.,14 
ML T). Then, they decrease with the progress of time and reach a minimum around 
magnetic local midnight. They usually show a comparatively low level in the night
time. This characteristic of occurrence is similar to that at the high-latitude Pel 
shown in Fig. 5. On the other hand, the diurnal variation of the periodic emission 
shows a broad occurrence maximum in the morning hours. 

In Fig. 8, the occurrence number of HM chorus and periodic emission is shown 
as a function of the mean frequency. The difference of the mean frequency is clearly 
found between the two subtypes. HM chorus shows an occurrence peak around 
0.3-0.4 Hz. On the other hand, periodic emission shows an occurrence peak around 
0.7-0.8 Hz and this tendency is similar to that of the low-latitude Pel. 

Fig. 9 shows schematic contour diagrams for HM chorus and periodic emission, 
respectively. HM chorus concentrates in the day hours and its mean frequency is 
comparatively low. On the other hand, the periodic emission is frequently observed 
in the early morning hours and its mean frequency is comparatively high. The 
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Fig. 9. Schematic contour diagrams for HM 
chorus and periodic emission at Syowa 
Station. 
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features of the periodic emission  are similar to those of the low-latitude Pel. The 
similarity will be examined in more detail in the next section. 

5. Comparison of Features of Periodic Emission between the High 
and the Low Latitudes 

In the preceding section it becomes clear that the statistical features of the peri
odic emission at SYO are similar to those of the low-latitude Pel . According to the 
previous results by KAWAMURA (1970), most of the low-lat itude Pel are expected to 
belong to the type of periodic emission. Fig . 10 shows diurnal variations in occur
rence frequency of periodic emission which were observed at SYO and MMB during 
the two-year period from January 1977 to January 1979. Fig . 11 shows the occur
rence number of periodic emissions at SYO and at MMB, respectively, as a function 
of the mean frequency. The per iodic emission at SYO shows an occurrence peak 
around 0.7-0.8 Hz, while that at MMB shows an occurrence peak around 0.8-0.9 Hz. 
The mean frequency is nearly equal between the low and the high lat itudes . The 
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absolute numbers of event occurrence are also nearly equal between the low and the 
high latitudes as shown in Figs. 10 and 11. These observational facts suggest that 
the source of the periodic emission at the high latitude is common to that at the low 
latitude. 

According to the results by KAWAMURA (1970), the low-latitude Pel occurs gener
ally for a few successive days in a calm period following a rather large magnetic 
storm. In this section, the relation of the occurrences of periodic emission at SYO 
and MMB to the development of the storm-time ring current (Dst) is studied quanti
tatively. 
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Fig. 12. Pel index for HM chorus at Syowa Station (upper) , Pel indices for periodic emission 
at Syowa Station, Woomera and Memambetsu (middle) , and Dst index (bottom) 
during the period April 1-30, 1977. 

Pel index was defined in order to  study the relationship of Pel activity to  the 
storm-time ring current by the following procedure : each subtype of Pel is counted 
at every 20-min period and the counted numbers are summed at every two-hour 
period so that the index takes values from O to 6. In Fig. 12, Pel indices for the 
periodic emission at SYO and at MMB, and those for the HM chorus at SYO are 
plotted in relation to Dst index for the period from April 1-30, 1977. In the figure, 
we can find the clear relation that the periodic emission at both SYO and MMB is 
frequently observed for a few successive days in the recovery-phase of a geomagnetic 
storm. However, we cannot find any clear relation between the occurrence of the 
HM chorus and the Dst index. The HM chorus is observed always in the daytime 
independent of the development of the ring current. The results shown in Fig. 12 
indicate that the generation mechanism of periodic emission is closely related to the 
storm-time ring current proton. This relation is examined in more detail. Fig. 
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Fig. 13. Daily-sum Pc I indices for the periodic 
emission at Memambetsu and Syowa 
Station, and daily-mean Dst index in 
which the minus sign is changed to plus 
sign. 
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Fig. 14. Cross-correlation functions between the 
Pel indices and the Dst index which are 
shown in Fig. 13. The relations are ap
parent that at the low latitude the periodic 
emission is most frequently observed two 
or three days after the storm main-phase, 
while it is four or five days after at the 
high latitude. 

13 shows daily-sum Pel indices for the periodic emission at SYO and MMB, and 
daily-mean Dst index in which the minus sign is changed to plus sign. A tendency 
that the periodic emission is frequently observed in the recovery-phase of a large 
magnetic storm is clearly seen in Fig. 13. However, the time lags between the time 
of storm main-phase and the time of Pel occurrence peak are not coincident at the 
high latitude and at the low latitude. In order to examine this tendency quantita
tively, the cross-correlation function is calculated with the Dst and Pel indices and 
the results are illustrated in Fig. 14. At MMB the periodic emission is most frequent
ly observed two or three days after the storm main-phase, while at SYO it is most 
frequently observed four or five days after the storm main-phase. These observa
tional facts will be discussed in the next section. 

6. Discussion 

Though Pel pulsations have been analyzed by many research workers, their 
global features have not yet been clarified. According to the results by SAITO (1969). 
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the diurnal variation of Pel occurrence at the high latitude is greatly different from 
that at the low latitude. One of the purposes of the present paper is to clarify this 
unsolved problem. In Sections 3-5, this problem is statistically studied on the basis 
of data obtained at Syowa Station, Antarctica and at Memambetsu, Japan, during the 
two-year period from January 1 977 to January 1 979. ULF recording systems are 
compatible with each other at the two stations. The analyzed results are summarized 
as follows. 

( 1 )  Diurnal variation: At the low latitude, Pel occurrence concentrates in the 
night hours and shows a maximum at one or two hours before sunrise ("-'04 LT). 
On the other hand, at the high latitude, Pel occurrence concentrates in the day 
hours and has a maximum about one hour after magnetic local noon (""' 13 ML T). 
The result ( 1 )  is consistent with that reported by SAITO ( 1 969). 

(2) Seasonal variation: At the low latitude, Pel events were most frequently 
observed in the winter months and were rarely observed in the summer months, while 
at the high latitude, Pel events were most frequently observed in the equinox months. 

(3) Mean frequency: There is a distinct difference in Pel mean frequency be
tween the high latitude and the low latitude. At MMB, Pel event occurrence has 
a peak around 0.8-0.9 Hz, while at SYO its peak is around 0.3-0.4 Hz. 

(4) Pel occurrence number : During the two-year period from January 1 977 
to January 1 979, 58 1 events were observed at MMB, while 3035 events at SYO, 
respectively. 

The Pel occurrence number at SYO is more than 5 times larger than that at 
MMB. 

The result (4) indicates that the high-latitude Pel consists of various subtypes. 
(5) Classification of the high-latitude Pel: The high-latitude Pel is divided 

into the following three groups: 
(a) Periodic emission-Periodic emission corresponds to the phenomena which 

have usually been called pearls. Occurrence is frequent in the early morning hours 
and its mean frequency is comparatively high (0.7-0.8 Hz). This group is expected to 
correspond to the low-latitude Pel . The occurrence probability is about 18%.  

(b) HM chorus-This is most frequently observed at  the high latitude. The 
occurrence probability is more than 50%. Most of HM chorus are observed in the 
daytime showing a distinct maximum one or two hours after the magnetic local noon 
( 13,-....,1 4 MLT). The mean frequency is comparatively low (0.3,-....,Q.4 Hz). 

(c) Others-Several other subtypes are found. They are IPDP, morning 
IPDP, dot, etc. Although they are very interesting phenomena, detailed discussion 
would be reserved for other papers. 

In the analysis of the high-latitude Pel , it is expected that the features of HM 
chorus are more effective than those of any other subtypes like periodic emission. 
Therefore, the statistical features of HM chorus (Result 5-6) are very similar to those 
at the total high-latitude Pel . Because of the large effect of HM chorus which is the 



Pel Pulsations 113 

characteristic phenomenon only at the high latitude, the statistical features at the 
high-latitude Pel seem to be different from those at the low-latitude one.  On the 
other hand, the statistical features of the periodic emission at the high latitude are 
very similar to those at the low latitude . This fact means that the generation mecha
nism is common both at the high and low latitudes . 

Next problem is to examine the generation mechanism of the periodic emission. 
The relation of Pel activity to the development of the ring current was studied in 
order to examine that problem. 

(6) Relation of periodic emission to the storm-time ring current : The periodic 
emission shows a close relation to the development of the ring current . The periodic 
emission at both SYO and MMB is frequently observed over a few successive days in 
the recovery-phase of a large geomagnetic storm. 

For the mechanism of excitation of Pel waves, the following proton-cyclotron 
instability model was proposed by CORNWALL (1965) and JACOS and WATANABE 
(1966) . In  the case where a beam velocity of trapped protons is supersonic wi th 
respect to the local Alfven velocity, hydromagnetic waves are emitted at a frequency 
corresponding to the occurrence of the cyclotron instability. These hydromagnetic 
waves bounce along the field lines between the conjugate ionospheres . When a wave 
packet passes through the proton beam, within each sequence it gains energy from 
the particles owing to the instability. The results (6) shows that the particle energy 
of the ring current proton is transferred to the hydromagnetic wave which causes the 
periodic emission. 

(7) Time lag of Pel occurrence to the storm main-phase : The time lag of Pel 
occurrence at the low latitude against the time of the storm main-phase is different 
from that at the high latitude . At MMB, the periodic emission is most frequently 
observed two or three days after the storm main-phase, while at SYO it is most fre
quently observed 4,.....,5 days after that . 
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Fig. 15. The simultaneous measuremellfs of the variations of the ring-current proton ( 31-49 
ke V) and of the thermal protons in the plasmasphere during the main-phase and the re
covery-phase of magnetic storm of 9-13 July 1966 ( after TA YLOR et al. , 1968; 
FRANK, 1970; CORNWALL et al. , 1970) . 
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The result (7) is a statistical tendency. This result is supported by the following 
direct observations which are illustrated in Fig. 15. The figure shows the simul
taneous measurements of the variations of the ring-current proton (3 1-49 ke V) and 
of the thermal protons in the plasmasphere during the main-phase and the recovery
phase of magnetic storm of 9-13 July 1966 (after TAYLOR et al. ,  1968; FRANK, 1970 ; 
CORNWALL et al., 1970). During the main-phase (9 July), the ring current was most 
developed around 4,_.5 earth radius in the magnetospheric equatorial plane. 

However, because of the rapid-inward movement of the plasmasphere, the inter
action between the ring-current proton and the thermal proton of the plasmasphere 
is rare. Two days after ( 1 1  July) , the plasmasphere was recovered around 4,_.5 
earth radius, where the particle energy would be transferred to the hydromagnetic 
wave through the cyclotron instability. Two days after, the cyclotron instability 
region would shift to around 5,_.6 earth radius with the recovery of the plasmasphere. 
The above-mentioned relations are schematically summarized in Fig. 16. The wave 
frequency (f) emitted through the proton-cyclotron ins tability is as follows, 

1�-1-Qi. 
VA 

21r V 

where Qi is the cyclotron-frequency, VA is the Alfven velocity and v is the beam 
velocity of the ring current proton. According to the observational results in Fig. 
15, the Pel frequency may be estimated theoretically. On two days after the main
phase ( 1 1  July) when the interaction region is expected to be around 4,_.5 earth radius, 
Qi is ,_.3g Hz, VA is ,_.277 km/s , v is ,_.1700 km/s and f is expected to be ""0.98 Hz 
which is similar to the mean frequency of the periodic emission observed at MMB 
(Fig. 14). Four days after (13 July) when the interaction region is expected to be 
around 5,_.6 earth-radius, Qi is ,_.14 Hz, VA is ,_.534 km/s, v is ,_.1700 km/s and /is 
expected to be ""0.69 Hz which is similar to the mean frequency of the periodic 
emission observed at SYO (Fig. 4). The generation mechanism of the periodic emis
sion is interpreted by the cyclotron instability at the plasmapause as illustrated 
in Fig. 16. 

The close relationship of the periodic emission to the storm-time ring current 
also is supported by the particle observation by WILLIAMS and LYONS (1974 a, b). 
According to their result, a pitch angle distribution of the ring-current proton varies 
from isotropic to anisotropic peaked around a =  1r/2 near the plasma pause in the 
recovery phase of magnetic storm. This fact is interpreted by an occurrence of pitch 
angle scattering by ion cyclotron waves, which is generated by the interaction of the 
hot ring current plasma with the cold plasmaspheric plasma. 

At both the low and the high latitudes, the periodic emission is observed mostly 
in the nighttime and rarely in the daytime. Such a distinct diurnal variation shows 
a close correlation with that of the JoF2 as is shown in Fig. 17. The emitted Pel 

waves at the plasmapause are converted to the isotropic-mode in the ionosphere and 
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Diurnal variation of Pel occurrence at 
Memambetsu and foF2 at Wakkanai during 
the period from June 1967 to May 1969. 

then propagate through a duct near the ionospheric F2 layer to both the lower and 
the higher lat itudes (TEPLEY and LANDSHOFF, 1966 ; MANCHESTER, 1966). In the 
duct propagation, Pel hydromagnetic waves should have suffered some attenuation 
by absorptions. The attenuation would increase with the increase of the electron 
density in the ionosphere. Therefore, the periodic emission is frequently observed in 
the nighttime and in the winter months, when the attenuation effect is less due to the 
smallf0F2 (the small electron density) as is shown in Fig. 17. 

One of the unsolved problems for Pel is the generation mechanism of HM chorus 
at the high latitude, which is constantly observed in the daytime. We cannot find 
any clear correlation between the occurrence of HM chorus and the geomagnetic 
activity (Dst, AE). This problem will be discussed in our current paper. 
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