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Spectral and Polarization Characteristics of Pc 3-5 Magnetic 
Pulsations Observed at the Syowa Station-Iceland 

Conjugate Pair 

Miyoko IWABUCHP-, H1rosh1 FUKUNISHI"' and Natsuo SATO':' 
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Abstract: From the magnetic pulsat10n data recorded at the Syowa Station

Iceland conJugate paJr, 1t 1s found that there are at least two pulsation bands m 

the Pc 3-5 frequency range m the daytime. One pulsat10n band occurs m the 20-

40 mHz range, while the other band occurs m the 4-8 mHz range, often mde

pendently of the 20-40 mHz band The f-t spectral patterns of these pulsa t1ons are 

qmte snrnlar at the conJugate pomts, with the wave phase charactenst1cs of odd

mode standmg oscillations of local magnetic field Imes It 1s also found that the 

onentat1on angles of the polanzahon ellipses m the H-D plane switch across the 
magnetic local noon. These results suggest that the 20-40 mHz band and the 

4-8 mHz band are standmg oscillations of resonant field Imes excited by external 
dnvmg forces such as the Kelvm-Helmholtz mstab1hty on the magnetopause 

and/or the MHD waves generated near the bow shock 

1. Introduction 
Magnetic pulsat10ns m the Pc 3-5 frequency range (,...., 2-100 mHz) were mter

preted m terms of standmg resonances of the earth's magnetic field Imes (DUNGEY, 

* �-:s'l_�:tt!fiilf:iE?Jf. National Institute of Polar Research, 9-10, Kaga 1-chome, Itabash1-ku, Tokyo 173 



No 68 1980] Pc 3-5 Pulsat10ns Observed at the ConJugate Patr 295 

1954; OBAYASHI and JACOBS, 1958; RADOSKI and CAROVILLANO, 1966; RADOSKI, 1966) 
or resonances of geomagnetic cavity as a whole (OBAYASHI, 1958; McCLAY, 1970). 
These two baste resonance modes correspond to the shear Alfven (amsotropic) and 
magnetosomc (1sotrop1c) waves. However, the cavity or the field lme resonance ideas 
fall to explam the recent expenmental results obtained from the network of magne
tometer stat10ns. For example, they can not explain a switch in the sense of polariza
tion on each side of the latitude where peak amplitude 1s observed (SAMSON et al., 1971; 
LANZEROTTI et al., 1974a) and also a switch of polarization sense across local noon 
(SAMSON et al., 1971; FUKUNISHI et al., 1975; LANZEROTTI et al., 1976; OLSON and 
RosTOKER, 1978). These polarizat10n characteristics of long-penod pulsat10ns have 
been well explamed by a coupling of resonant field lines to Kelvin-Helmholtz generated 
surface waves on the magnetopause (SOUTHWOOD, 1974; CHEN and HASEGAWA, 1974). 

The excitat10n mechanisms of MHD waves in the magnetosphere can be discussed 
in detail 1f the wave number vectors of magnetic pulsat10ns are found. The radial 
and long1tudmal wave numbers were estimated from wave phase differences between 
magnetometer stat10ns arrayed in latitude (SAMSON and RosTOKER, 1972; ORR, 1973; 
LANZEROTTI et al., 1974a; LAM and RoSTOKER, 1978) and m longitude (GREEN 1976; 
BARKER et al., 1977; OLSON and RosTOKER, 1978), and also from the phase measure
ments made between multiple spacecraft in the magnetosphere (HUGHES et al., 1978). 
On the other hand, the wave number along the geomagnetic field lines can be estimated 
by usmg data obtained from observations at magnetic conjugate points (e.g., SuGIURA 
and WILSON, 1964; LANZEROTTI and FUKUNISHI, 1974), and ground/satellite correla
tive measurements (e.g, LANZEROTTI et al., 1974b; KOKUBUN et al., 1976). The 
measurements of magnetic pulsations at conjugate points can also give evidences for 
the global extent of magnetic pulsations from the coherency analysis. The conjugate 
data are useful for the study of the ionospheric effects on MHD waves because the 
electron density profile in the 10nosphere 1s generally different at conjugate reg10ns. 
However, up to the present available conjugate data are greatly limited because of 
coarse network of magnetometer stations in the southern hemisphere, particularly m 
the southern polar region. 

Conjugac1es of Pc 3-5 and P1 2 pulsations near L=4 were studied in detail by 
using pulsation data recorded at Siple in Antarctica and the mendian cham stations 
in the conjugate area of Siple (LANZEROTTI et al., 1972; FUKUNISHI and LANZEROTTI, 
1974; FUKUNISHI, 1975a; FUKUNISHI et al., 1975). They found that the H component 
osc1llates almost in phase, while the D component osc1llates almost out-of-phase at 
the conjugate pomts in the most cases of the observed pulsat10n events. The result 
suggests that Pc 3-5 and Pi 2 pulsat10ns observed near L=4 are in general characterized 
by odd-mode standing oscillations of local resonant field lines (c.f SuGIURA and 
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WILSON, 1964; LANZEROTTI and FUKUNISHI, 1974). The similar wave phase relation 
of Pc 3 pulsations at the Sogra-Kerguelen conjugate pair (L=3.6) were presented in 
the work of VAN-CHI et al., (1968). The conjugacy of Pi 2 pulsat10ns near L=4 was 
also studied by usmg pulsat10n data recorded at the Halley Bay-St. Authony pair of 
conjugate points (STUART, 1975). 

The wave phase relation of Pc 5 and Pg pulsat10ns at the conjugate points m the 
auroral zone latitudes was studied by usmg pulsat10n data recorded at the College
Macquaire Island pair (SUGIURA and WILSON, 1964; WILSON, 1966; ANNEXSTAD and 
WILSON, 1968) and the Syowa Stat10n-Reykjavik pair (NAGATA et al, 1963). However, 
only several typical magnetic pulsation events m the Pc 4-5 frequency range and with 
large amplitudes were analyzed in their works, because rapid-run magnetograms were 
available at that time. Therefore, as is summarized m the paper of LANZEROTTI and 
FuKUNISHI (1974), the conjugate phase relation m the auroral latitudes is not clear at 
present. 

Observat10ns of magnetic pulsat10ns, ELF-VLF emissions, cosmic n01se absorp
t10n, and auroras were carried out at Syowa and Mizuho Stat10ns in Antarctica and 
at Husafell in Iceland which is located near the conjugate pomt of Syowa Stat10n. 

Stat10n 
name 

Husafell 
Syowa 
Mizuho 

Table I Locatwns of Husafell, Syowa and Mizuho Stations m geograpluc 
and geomagnettc coordinates, L values and con1ugate 

pomts of these stat tons 

Geographic Geomagnetic ConJugate geographic 

Latitude Longitude Latitude 

64 7 °N 20 9°W 70 2 ° 

69 0 °s 39 6 °£ -70 0 ° 

10 1 °s 44 3 °W -7 2 3 ° 

Longitude 

74 2 ° 6 14 
79 4 ° 6 0 2  
80 6 ° 7 04 

Latitude 

68 9°s 
64 3 °N 
65 9°N 

Longitude 

40 1 °E 
21 2 °w 
2 2  1 °w 

--- ___ _l___ - -� --- ---�--� --- --·� �-- ---� �-�--J� �-�-

The geographic and geomagnetic coordmates, L values and the conJugate points of 
these stations are given in Table 1. The conjugate points were calculated from the 
1975 international geomagnetic reference field (IGRF) model. The locations of 
Husafell and the conjugate points of Syowa and Mizuho Stations are also shown in 
Fig. 1. It is found that the Syowa Station conjugate point 1s located at a distance of 
"'50 km from Husafell. The magnetic local time of these stations is almost equal to 
umversal time. This conjugate experiment was earned out under the joint research 
program between our institute and the GEOS S-300 expenmenters (GENDRIN et al., 
1978). Magnetic pulsations were observed at Husafell for 52 days from July 29 to 
September 18, 1977. The footprmts of magnetic field lines through GEOS-1 were 
located near the area covered by this station network dunng the observation penod, 
as is shown m Fig. 1. 



No 68. 1980] 

24W 20 

Pc 3-5 Pulsations Observed at the ConJugate Pair 

16 

L=lO 

- 66 8 
1 
6 r------>r-"-,#, 

5 t-----+"'c---:-= 

Fig I Locatwns of Husafell m Iceland and the co111ugate pomts of Syowa and Mizuho 
Statwns m Antarctzca. The con1ugate pomts are determined from the 1975 mterna
twnal geomagnetic reference field ([GRF) model. The footprmt of the field /me 
passmg through GEOS-J on August 16, 1977, labelled m UT, is given m the nght 
pannel 
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Magnetic pulsations measured by induction magnetometers were recorded on 
analogue magnetic tapes. Using these analogue tapes, frequency-time spectra were 
made by means of a real-time FFT spectral analyzer. Then, the analogue tapes were 
converted to digital magnetic tapes with a sampling time of 0.6 sec, and dynamic cross
spectra of 1536 pomts (922 sec) were successively computed with overlapping points 
of 768 (461 sec). The cross-spectra were computed by the FFT method with Hamming 
data wmdow. The calculated spectral elements are 1) power spectra of the Hand D 
components at the three stations, 2) phase differences and coherencies between the H 
and D components at the three stations, 3) polanzatlons, major axis orientations and 
ellipticities m the H-D plane at the three stations, and 4) phase differences and co
herencies of the H and D components between two stations. These spectral elements 
were averaged m the three period range of Pc 5 (600-150 sec), Pc 4 (150-45 sec) and 
Pc 3 ( 45-10 sec) and also m the time interval of one hour for the statistical study of 
wave characteristics of magnetic pulsations. 

2. Frequency-Time Spectra of Magnetic Pulsations 
Observed near L=6 

In general, two spectral bands are seen in the f-t spectra of magnetic pulsat10ns 
observed at Syowa, Mizuho Stations and Husafell. One spectral band is usually seen 
in the Pc 3 frequency range (22-100 mHz) and another in the Pc 4-5 range (1.6-22 
mHz). Fig. 2 shows typical examples of the spectral band m the Pc 3 range. It is 
apparent that the mtens1ty of the Pc 3 band is greatly enhanced in the daytime, par
ticularly in the time interval of 06-12 MLT. The distmct local time dependence is 
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Ftg 2 Examples of spectral bands 111 the Pc 3 
frequency range. Umversal ttme zs 
almost equal to the magnetic local tune at 
Syowa Statwn 
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J 

24 

Fig 3 Examples of spectral bands zn the Pc 4-5 
Ji equency range at Syowa Statwn 

found m the frequency of the Pc 3 band with a maximum frequency of ,.....,40 mHz at 
09-12 MLT and a mmimum frequency of ,.....,20 mHz at 15-18 MLT. 

Examples of the spectral band m the Pc 4-5 frequency range are given 111 Fig. 3. 
This band 1s usually seen throughout the day, although the mtens1ty of the band is 
enhanced dunng the daytime hours. The frequency of the spectral band shows also 
a clear dmrnal vanat10n with a maximum frequency of ,...._, 6-8 mHz at -9 ML T and a 
minimum frequency of ,....., 2-4 mHz m the mghttime It seems that the two pulsation 
bands presented m F1gs 2 and 3 occur mdependently For example, 1t 1s found m 
Fig. 4 that the Pc 3 band appeared 111 the daytime every day, while the Pc 4-5 band 
was d1stmct only on June 20, 21, 23 and 24, 1977. The result suggests that there are 
at least two rndependent sources m the daytime for exc1tat1on of MHD waves at the 
auroral zone latitudes. 
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Fzg 4. Successive frequency-flme spectra zn the two jrequency ranges of 0-20 and 0-
100 m Hz from June 20 to June 27, 1977 

3. Conjugacy of f-t Spectra in the Pc 3-5 Range 
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Examples of f-t spectra of magnetic pulsat10ns recorded at the Syowa Station
Husaf ell conjugate pair are given m Figs. 5-7. It is found that two pulsation bands 
(5 mHz and 30 mHz bands) were excited on August 18 and 19, 1977, while only Pc 3 
band with a center-frequency of -40 mHz was excited on September 3, 1977. A 
narrow spectral band which is seen in Fig. 7 around 10 mHz m the time interval 10-12 
UT corresponds to Pg pulsation. These examples show that the spectral patterns of 
Pc 3, Pc 4-5 and Pg pulsations are quite similar to each other at the conjugate points, 
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Fig 5 Fiequency-t1me jpect,a m the f1equency ,angej of 0-20 and 0-100 mHz recorded 

at Syowa Statton and Hwafe/1 on August 18, 1977 
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Fig 6 F,equency-t1111e 1pect1a m the j,equency ,ange:; of 0-20 and 0-100 mHz recorded 
at Syoi,i,a Statton and Hmafe!l on August 19, 1977 

often even 111 their fine structure.:; It 1s also found 111 Fig.:; 5-7 that P1 pulsations 111 

the rnghtt11ne with burst-like spectral structures occurred simultaneously at the con

jugate pair. 
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HU 

Fig. 7. Fre que ncy -time spe ctr a m the fre que ncy r anges of 0-20 and 0- 100 m Hz re corded 
at Syow a Statio n and Hus afe ll o n  Septem ber 3, 1977. 

4. Diurnal Variation of the Hourly Total Powers 
in the Pc 3, 4 and 5 Bands 

30 1 

As 1s presented in Figs. 2-7, the frequency and the power mtens1ty of the spectral 
bands m the Pc 3-5 range show significant diurnal variat10ns. Plotted in Fig. 8 as 
a funct10n of umversal time on August 5, 1977, are the hourly total powers of the H 
components in the Pc 3, 4 and 5 bands. It is noted that the power in the Pc 5 band 
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Fig 8. Hourly total powers m the Pc 3, 4 and 5 bands re corded at Hus afe ll, Syow a and 
Mizuho Statio ns o n  August 5, 1977. 
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has a large peak m the mormng hours and a small peak in the afternoon hours, while 
the power in the Pc 3 range has a large peak in the morning hours and the power 
intensity decreases greatly towards the evening. The power intensity in the Pc 4 range 
shows an mtermedrnte behavior between those of the power mtensities in the Pc 3 and 
Pc 5 ranges. A large enhancement of the power mtensity near midnight is seen in all 
of the three frequency ranges. This enhancement comes from a contribution of 
burst-like pulsation activ ity associated with substorms 
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Fig 9 Hourly total po wer s m the Pc 3, 4 an d 5 ban ds a verage d o ver se ven days fro m 
August 2 to 8, 1977 

The dmrnal vanat10n m the power intensity similar to that given in Fig. 8 was 
seen almost every day durmg the observation period from July 29 to September 18, 
1977. In order to pick up such a tendency, the hourly total powers of the H com
ponents in the three frequency bands were superimposed over 7 days from August 2 
to 8 (Fig. 9). The result shows clearly the local time dependence of the power mtens1ty 
m the Pc 3, 4 and 5 bands It is important to note that the dmrnal vanat10n of the 
power intensity 1s qmte similar at the conjugate pomts, although the power in the 
Pc 5 band during the afternoon hours 1s higher at Syowa and Mizuho Stations in the 
southern hemisphere than at Husafell in the northern hemisphere 
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5. Diurnal Variations of the Hourly Averaged Major Axis 
Orientation and Ellipticity at the Conjugate Points 
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Plotted in Fig. 10a as a function of universal time on August 19, 1 977, are the 

hourly averaged major axis onentat10ns in the H-D plane. These values are also 

averaged in the three selected frequency bands. It is found that the orientation 

angles, with respect to the H direction, of the major axis of the polanzat10n ellipses 

m the H-D plane switch from the northeast ( +O) direction to the northwest d1rection 

( -0) at Mizuho Station across the magnetic local noon. Just the opposite tendency 

is observed at Husafell in the northern hemisphere, although a switch of the major 

axis orientation near local noon is not obvious in the Pc 5 band. This conjugate 

relat10n results from a phase relation that the H component oscillates almost in-phase 

at the conjugate pomts, while the D component oscillates almost out-of-phase. The 

result suggests that the Pc 3, 4 and 5 waves m the daytime are charactenzed by odd

mode standing oscillat10ns of local resonant field lines. A switch of the major axis 

orientation across the local noon is not seen at Syowa Station , and the H-D plane 

ellipses are oriented preferentially in the northwest direction throughout the day. The 
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Fig 10a. Hourly a veraged o nen ta twn angles of ma1or a xes m the H- D  plane m the Pc 3, 
4 and 5 bands 
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mean direction of the major axis is --25° m the geomagnetic coordinate which is 
equal to -70° westward from the geographic north. This fact may be interpreted by 
a coast-lme effect (PARKINSON, 1962), since Syowa Station is located on a small island 
at a distance of -5 km from the coast line of the Antarctic Contment, and the mean 
direction of the major axis 10 the H-D plane is alm ost perpend icular to the coast 
line. 

Durmg the mghttime, a systemat ic behav10r 1s not seen m the orientat10n angles 
of the major axis at Mizuho Stat10n and Husafell. The major axis d irect10ns are also 
different among the Pc 3, 4 and 5 bands. This result may md1cate that magnetic 
pulsations at the night side are excited by several different sources. 

Plotted in Fig. 10b are the hourly averaged elhpticities in  the H-D plane 10 the 
Pc 3, 4 and 5 bands. The H-D plane wave elhpt icity 2 is defined as 

where 
c: =tan /3 

sm 2/3 2 ImPyx 
Pxx+Pyy 

and pos1t1ve /3 represents left-hand polanzat10n m the northern hemisphere and right
hand polanzat10n m the southern hemisphere. There is a tendency that the sense of 
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Fig /Ob Hou rly ave raged e !ILpt1c lf1e ,5  m the H- D plane m the Pc 3, 4 and 5 ban d.5 
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polanzat10n reverses in the Pc 4 and 5 bands from left-hand to nght-hand across the 
magnetic local noon, while such a tendency 1s not obv10us m the Pc 3 range. 

The local t ime dependences of the major axis directions and the ellipticities pre
sented in Figs. I Oa, b is a common feature of magnetic pulsations observed at Syowa, 
Mizuho Stations and Husafell. Such a common feature 1s shown apparently by 
superimposing dmrnal variation curves. Plotted m Figs. I I  a, b as a funct10n of 
universal time are the major axis onentat10ns and the elhptic1ties m the H-D plane 
averaged over 7 days from August 2 to 8, 1977. The switch of the major axis orienta
tion across the magnetic local noon is seen agam at Mizuho Stat10n and Husafell. 
The ellipt1c1ties show the same local t ime dependence as that rn Fig. I Ob. 

6 .  Discussion 
The charactenst1cs of daytime magnetic pulsations observed at the Syowa Station

Iceland conjugate pair for 52 days from July 29 to September 18, 1977 are summanzed 
as follows. 

1) There are at lea�t two pulsat10n bands m the Pc 3-5 frequency range. One 
pulsat10n band appears m the 20-40 mHz range with a maximum frequency at 09-12 
MLT, and the other band appears rn the 4-8 mHz range with a maximum frequency 
at 09-12 MLT. These two bands occur often mdependently. 

2) The power intensities of these bands show significant dmrnal variations. The 
Pc 4-5 band has a large peak m the mornmg hours and a small peak in the afternoon 
hours, while the Pc 3 band has a large peak in the mornmg hours and its mtens1ty 
decreases sharply toward the evening. 

3) The f-t spectral patterns are qmte s1m1lar at the conjugate pomts, often in 
thelf fine structures, with similar diurnal variation behaviors in the power intensities. 

4) In general, the conjugate phase relation of pulsat10n bands m the Pc 3-5 range 
1s that the H components oscillate almost m-phase, while the D components oscillate 
almost out-of-phase. This phase relat10n suggests that the pulsation bands m the 
daytime are characterized by odd-mode standmg oscillations of local resonant field 
lines. 

5) The onentat10n angles of the major axis switch from the northeast directwn 
to the northwest direction across the magnetic local noon at Mizuho Station, while 
they switch from the northwest direction to the northeast direction at Husafell. Such 
a tendency is more apparent in the Pc 4-5 range than in the Pc 3 range. 

6) The sense of polarization is preferentially left-hand in the morning hours m 
the Pc 3, 4 and 5 bands, while it is close to lmear m the afternoon hours. 

The existence of pulsation bands in the Pc 3-5 range with the high coherency and 
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the clear phase relation at the conjugate points suggest that the greater part of the 
power in the Pc 3-5 range in the daytime originates from odd-mode standmg oscilla
tions of local magnetic field Imes. The pulsation bands with the center frequencies 
in the 4-8 mHz range correspond to magnetic pulsations observed at the magnetome
ter chain stations, extending from 58° to 78° geomagnetic latitude, by SAMSON and 
RosTOKER ( 1972). They found that the penods of magnetic pulsations occurring m 
the daytime (0730-1730 LT) are related to the L values, at which the maximum am
plitudes are observed, by the equation 

T= -58+(37 4±3.7)L ( 1 ) 
This equat10n gives the period range of 144-188 sec and the corresponding frequency 
range of 5.3-6.9 mHz for magnetic pulsations with their intensity peaks at L=6. The 
equation ( 1) has been interpreted as the L dependence of the periods of fundamental 
(odd-mode) standing oscillations in the detached plasma regions (ORR, 1979). There
fore, it is likely that the pulsation bands with the frequencies in the 4-8 mHz range are 
fundamental odd-mode standmg oscillations of magnetic field Imes in the detached 
plasma regions near L=6. 

The Pc 3 pulsation bands observed at Husafell, Syowa and Mizuho Stat10ns had 
center-frequencies in the 20-40 mHz range. These frequencies are much higher than 
the frequencies of fundamental mode oscillat10ns near L= 6 even if the plasma trough 
region is considered as their oscillation region (ORR, 1979). Therefore, the Pc 3 
waves observed near L= 6 are probably higher harmonics of odd mode osc1llat10ns of 
local resonant field lines. The clear switches of the orientation angles of the major 
axes in the H-D plane across the magnetic local noon indicate strongly that these 
waves are excited by external dnvmg forces. At least, two different driving forces 
are needed, since the Pc 3 waves and the Pc 4-5 waves often occurred independently. 
At present two possible sources are considered as the external driving forces for 
Pc 3-5 waves, i.e., Kelvin-Helmholtz instability on the magnetopause (SOUTHWOOD, 
1974; CHEN and HASEGAWA, 1974) and waves generated by upstream protons from 
the bow shock (KovNER et al., 1976). 

The switch of the sense of polarizations in the H-D plane across the magnetic 
local noon is not so obvious as the switch of the major axis direction. This fact is 
interpreted by the experimental result that the orientat10n of the major axis does not 
change across the latitude where the peak amplitude 1s observed, although the sense 
of polarization reverses on each side of the latitude with the peak intensity (LANZEROTTI 
et al., 1974a; LAM and RoSTOKER, 1978). 

The significant diurnal variat10ns of the frequencies and the power intensities of 
the pulsation bands in the Pc 3-5 range strongly suggest that the excitation of MHD 

waves in the magnetosphere is controled not only by external dnvmg sources but also 
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plasma condit10ns m the magnetosphere. It 1s found that the power mtensities of the 
pulsation bands are much higher in the mornmg hours than m the evenmg hours, 
particularly in the Pc 3 range. In contrast , the diurnal variations of power intensities 
in the Pc 3-5 range near L=4 are characterized by a symmetrical mtens1ty increase 
around the magnetic local noon (FUKUNISHI, 1975b; RASPOPOV and LANZEROTTI, 1 976). 
Therefore, it is suggested that the coupling region of the external dnving force to the 
local resonant field lines is located near L= 6 m the morning hours, while 1t shifts toward 
the low latitudes m the afternoon hours, due to an mcrease m cold plasma density m 
the outer magnetosphere 
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