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Abstract: Conversational spectral analysis program (CSAP) system 1s applied 

to the simultaneous magnetic pulsat10n data of November 17, 1976 when vanous 

kmds of ULF phenomena were observed at Syowa and Mizuho Stat10ns. In this 

paper, the analysis procedure, the outlme of the CSAP system with graphic display 

termmal and analysis results are shown and discussed. The results show that the 

CSAP system 1s useful for studymg magnetic pulsation data 

1. Introduction 

111 

Magnetic pulsations were observed simultaneously at Syowa and Mizuho Stations 

m 1976-1977 by induct10n magnetometers. The geomagnetic coordmates of Syowa 

and Mizuho are -70.03°, and 79.39°, and -72.32° and 80.62°, respectively. The 

output signals from the induct10n magnetometers were recorded on magnetic tapes. 

The CSAP system which was developed by IWABUCHI et al. (1978) has been applied to 

analysis of the magnetic pulsat10n data of November 17, 1976 when various kinds of 

DLF phenomena, such as Pi, Pc 1, Pc 3, and Pc 4 pulsations, were observed. 

2. Analysis Procedure 

2. 1. AD conversion 

The original data are recorded in analogue magnetic tapes. HITAC 10-II mini

computer system at the National Institute of Polar Research was used to convert the 

* OO.:s.'l.ffi:l:f!l&f9'Em. Nat10nal Institute of Polar Research, 9-10, Kaga 1-chome, Itabashi-ku, Tokyo 

173. 
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analogue type of data to the d1g1tal magnetic tapes. The sampling time of AD con
vers10n 1s 4 m1hseconds and the reproduct10n speed of analogue data recorder 1s 100 
times the ongmal recordmg speed. The H, D and Z components which were recorded 
m the three channels of the magnetic tapes were converted simultaneously The con
version tnne is 15 mmutes for one day data. 

2. 2. Time mark fitting 
1 Hz sme waves with a duration of 30 �econds are recorded every hour as time 

marks, supenmposed on magnetic pulsation data The number of samplmg pomts 
between successive time marks scatters about ± 1 % around the mean value at each 
stat10n The mean value 1s also different between the two stat10ns, 1. e, the mean value 
at Mizuho 1s generally larger than that at Syowa Such a scattermg and a difference are 
mamly due to the fluctuation of the recordmg speed Therefore, the ongmal samplmg 
pomts were mterpolated to get the constant number of pomts, 9000 points, between 
successive time marks. The readmg of time marks was done by the use of HIT ACM-
160II graphic display terminal and the CSAP system 

2. 3. Spectral analysis 
There are six components of data, 1. e, H, D and Z components of the two stat10ns. 

Cross spectrum, phase, coherency and polarizat10n parameters were computed for each 
two components by using the CSAP system with graphic display termmal. 

3. CSAP System with Graphic Display Terminal 

Fig I shows the transact10n flow of the CSAP system The CSAP system was 
developed by Iw ABUCHr et al (1978) for the spectral analysis of general wave pheno
mena One of the most convement funct10ns of the sy�tem 1s the ability to analyze one 
or two d1mens1onal time senes data over and over agam by the use of graphic display 
termmal Users can easily select a necessary part of data for analysis from the origmal 
data and also can select the type of filters (Chebyshev t:ype high-pass, low-pass, band-pass 
and band-ieJect filteres) and spectral analys1s methods such as Blackman-Tukey, Fast
Founer-Transform and Maximum-Entropy method-; (by Burg's algonthm and by auto
regressive method) The dynamic spectra also can be obtamed by usmg the modified 
CSAP system 

The det::uls oft he system are discussed m the paper by Iw ABUCHl ct al (1978) 

4. Results and Discussions 

Fig 2 shavvs the data of magnetic pulsat10ns at Syowa and Mizuho Stat10ns m the 
time mtervah of 0000-2000 UT on November 17, 1976 The time given 111 UT (urnversal 
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Fig 1. Flow chart of the CSAP (conversational 
spectral analysis program) system by 
HITAC H-160Il compute, and graphic dis
play terminal 

17 NOV 1976 

SYOWA 
H jN � ...... +--�.-...----_...._-

D lE �-,.____, ______ _ 

z lu ,,,. • 

MIZUHO 

H jN + 
D IE � ,_, __ , ______ _ 
z lu 11-v·-

I I I I I I 
00 04 08 12 16 20 

TIME( UT) 

Fzg 2 Records of magnetic pulsations by an 
induction magnetometer at Syowa (upper) 
and Mizuho (lower) on November 17, 
1976. 

time) is nearly equal to MLT (magnetic local time) at Syowa and Mizuho Stations. 
Fig. 3 shows the dynamic spectra of H and D components of magnetic pulsations at 
Syowa (upper) and Mizuho (lower) Stat10ns. The power spectra are displayed in 
loganthmic scale and the dynamic range is about "" 100 dB. The high noise level seen 
at ""0800 UT m the H spectrum of Syowa 1s due to an impulsive n01se which was re
corded on the ongmal tape. The exponentially decaying shape seen at "'0700 UT m 
the Hand D spectra of Mizuho 1s due to a data gap m the original tape. We analyzed in 
detail the three typical phenomena; the Pc 4 waves (0319: 09-0332: 48 UT), the Pc 1 
waves (0447 · 57-0451: 22 UT) and the Pc 3 waves (1501: 15-1508: 05 UT). Several 
spectral methods such as Blackman-Tukey (BT), Fast-Fourier-Transform (FFT) and 
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DYNAMIC DISPLAY OF POWER SPECTRUM 
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Fig. 3. Dynamic display of the power spectra of H and D components of magnetic pulsa
tions at Syowa (upper) and Mizuho (lower) on November 17, 1976. The power spectra 
were by FFT method with hamming data window. 
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Fig. 4. Original (left) and low-pass filtered (right) 
wave forms of magnetic pulsations in the time 
interval of 0319: 09-0332: 48 UT. 
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Fig. 5. Relative power spectra for the filtered 
data computed by BT, FFTJ, FFT2 and 
MEM-AR. 
BT: Hanning spectral window, pre-

whitening coefficient= 0 .65. 
FFTJ: Hamming data window. 
FFT2: Spheroidal prolate data window. 
MEM-AR: No criterion for Syowa (9 

dim.) and FPE criterion for 
Mizuho (12 dim.). 
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Maximum-Entropy Method by Auto-Regressive (MEM-AR) and Chebyshev filters are 
applied and discussed. 

4. 1. Pc 4 waves 
Fig. 4 shows original (left) and filtered (right) wave forms for the H and D com

ponents of magnetic pulsations from 0319: 09 UT to 0319: 48 UT on November 17, 
1976. Chebyshev low-pass filters are applied; the cut-off frequency, the half-power 
point and the ripple are 0.025 Hz, 0. 03 Hz and 0.02 respectively. 

Fig. 5 shows the power spectra computed for the filtered data by the four different 
methods; BT with hanning spectral window, FFT with hamming data window, FFT 
with spheroidal prolate data window (THOMSON et al. , 1976) and MEM-AR with Akaike 
FPE criterion (AKAIKE et al. , 1972). The sinusoidal wave form seen at Syowa cor
responds to the power density peak at the period of ""'70 seconds. It is interesting to 
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b. FFTJ: Hamming data window. 
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c. FFT2: Spheroidal prolate data window. d. MEM-AR: No criterion/or Syowa (9 dim.) 
and FPE criterion for others 
(12 dim. for Mizuho, 14 dim. 
for H component, 14 dim. for 
D component). 

Fig. 6. Coherencies between H and D components at Syowa (upperleft) and Mizuho 
(lowerleft), coherencies between the two stations of H component (upperright) and D 
component (lowerright). 
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d. MEM-AR. 
Fig. 7. Phases between H and D components at Syowa (upperleft) and Mizuho (lowerleft), 

phases between the two stations of H component (upperright) and D component 
(lowerright) computed by BT (a), FFTJ (b), FFT2 (c) and MEM-AR (d). 

note that the distinct Pc 4 waves at Syowa Station are not so obviously seen at Mizuho 
Station which is only "'270 km apart from Syowa. The results suggests that this type 
of wave is localized in a narrow latitude range. The four methods give almost the same 
results. It is seen that the results of BT with hanning window and FFT with spheroidal 
prolate window resemble each other, that the FFT with hamming window tends to show 
a larger peak than others and that the side-lobes of MEM-ARspectra are very small. 

Figs. 6a-d, 7a-d show the coherency (Fig. 6) and phase (Fig. 7) relations in the time 
interval of 0319: 09-0332: 48 UT computed by the four methods; BT(a), FFT with ham
ming window (b), FFT with spheroidal prolate window (c) and MEM-AR (d). It is 
found in Fig. 6 that the coherencies at the period of "' 70 seconds are very high; i. e., the 
coherencies between Hand D components at Syowa and Mizuho are -1 and -0.9, 
and the coherencies between Syowa and Mizuho are -0.95 (H component) and "'1 
(D component). It is seen in Fig. 7 that the phase differences between Hand D com
ponents at both the stations are almost out of phase, "' 110° and "'70° respectively, 
while the phase differences between the stations are almost in phase, "'0° and --40° 

for H and D components respectively. 
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Fig. 8. Polarization parameters at Syowa (flit) 
and Mizuho (right). The spectral methods 
are BT, FFTJ, FFT2 and MEM-AR from 
upper to lower. 

In Fig. 8, the ellipticity and orientation of major axis are shown for Syowa data 
(left) and Mizuho data (right) computed by the four methods. It is found that the orien
tation is in the northwest direction at Syowa and in the northeast direction at Mizuho, 
whereas the sense of polarization (ellipticity) is right-handed at both the stations. 

From Fig. 6 to Fig. 8, the spectra computed by the four spectral methods show the 
results consistent with each other, whereas i t  is noticeable that the side-lobes of MEM
AR spectra are very small and are most suitable to emphasize the dominant peak. 
But it must be also said that the MEM-AR method is sometimes inadequate for the fil
tered data ; or FPE criterion cannot give the best-fit model. For example, MEM-AR 
model cannot be determined well by FPE criterion for the filtered Hand D components 
at Syowa in the time interval of 0319: 09-0332: 48 UT; FPE criterion suggests the 56-
dimension model but the spectra are not consistent with other methods. We applied 
the MEM-AR model of unfiltered data, 9-dimension model, to filtered data. It may 
be because the MEM-AR method is not so effective for sinusoidal waves, or may be 
because the Chebyshev filteres are made by averaging the data with finite polynomials 
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over time domain and filtering induces the artificial systematic error into the raw time 
series to decrease the merit of MEM-AR that applies also the finite polynomial model 
to time series. 

The effects of filtering on the spectral amplitude, coherency, phase and polarization 
parameters are negligibly small. The figures in Appendix show the spectral results for 
the original data from 0319 : 09 UT to 0332 : 48 UT on November 17, 1976. The dif
ferences between Figs. 4-8 and the figures in Appendix show the effects of fi ltering. 

4. 2. Pc 1 waves 
Fig. 9 shows original and fi ltered wave forms and the power spectra for the Hand 

D components in the time interval of 0447 : 57-0451 : 22 UT. Chebyshev high-pass 
filters are applied; the cut-off frequency, the half-power point and the ripple are 0.35 Hz, 
0.3 Hz and 0.02 respectively. The power spectra were computed by the three methods; 
BT with hanning spectral window, FFT with spheroidal prolate data window and MEM
AR with Akaike FPE criterion. Large spectral peaks are seen at -0.45 Hz at both the 
stations. However, it is noted that the spectral peak by BT and FFT consists of two 
subpeaks at 0.42 Hz and 0.48 Hz at both the stations, while the MEM-AR spectral peak 
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Fig. 9. The upper is original (left) and high-pass filtered (right) wave forms of magnetic 
pulsations in the time interval of 0447: 57-0451 : 22 UT. The lower show the relative 
power spectra for the filtered data computed by BT, FFT and MEM-AR. 
BT: Hanning spectral window, pre-whitening coefficient= 0.65. 
FFT:  Spheroidal prolate data window. 
MEM-AR: FPE criterion (13 dim. for Syowa and 13 dim. for Mizuho). 
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a. BT: Hanning spectral window, pre-whiten
ing coefficient= 0.65. 

b. FFT: Spheroidal prolate data window. 

c. MEM-AR: FPE criterion (13 dim. for Syowa 
and Mizuho, 15 dim. for H com
ponent, 14 dim.for D component). 

Fig. 10. Coherencies between H and D components at Syowa (upperleft) and Mizuho 
(lowerleft), coherencies between the two stations of H component (upperright) and D 
component (lowerright). 

at Mizuho is seen only at 0.44 Hz. The spectral peaks seen at the frequency of 1 . 0  Hz 
are due to time marks. 

Figs. lOa-c show the coherency relations computed by the three methods; BT (a), 
FFT (b) and MEM-AR (c). The coherencies of BT and FFT spectra are almost the 
same, although those of FFT spectra tend to give higher coherencies; the coherencies 
between the Hand D components are "' 1  (Syowa) and "' 0.9  (Mizuho) at the peak of 
-0.42 Hz, -0.95 (both the stations) at the peak of -0.44 Hz, _whereas the coherencies, 
between Syowa and Mizuho are "' 0.95 (H component) and "' 0.85 (D component) at 
the peak of -0.42 Hz and "' 0.9 (both components) at the peak of .-v 0.44 Hz. Al·0 

though the MEM-AR spectral form differs from BT or FFT spectra, the coherencies of 
MEM-AR spectra are consistent with those of BT or FFT spectra in general. Becaust 
of the one peak MEM-AR spectrum at Mizuho, the coherency form is also one peak at 
the frequency of "' 0.45 Hz at Mizuho. 
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4. 3. Pc 3 waves 
Fig. 11 shows original and filtered wave forms and power spectra for the Hand D 

components in the time interval of 1501: 15-1508: 05 UT. Chebyshev low-pass 
filters are applied; the cut-off frequency, the half-power point and the ripple are 0. 25 Hz, 
0. 3 Hz and 0.02 respectively. The power spectra were computed by the three methods; 
BT with banning spectral window, FFT with spheroidal prolate data window and MEM
AR with Akaike FPE criterion. On the whole, the spectral peaks computed by the three 
methods are "'33 and "'20 seconds at both the stations, although H spectral peaks com
puted by BT and FFT are not "'33 seconds but "'40 seconds and "'20 seconds peak are 
not seen in FFT D spectrum of Mizuho and not in all MEM-AR spectra. 

Figs. 12a-c, I 3a-c show the coherency (Fig. 12) and phase (Fig. 13) relations. 
Fig. 12 shows that the coherencies of the spectra computed by the three methods at "'33 
seconds are high but the coherencies at "'20 seconds are not consistent among the three 
methods because of the different spectral forms. The coherencies between H and D 
components at "'33 seconds are -0.8 (Syowa) and -0.9 (Mizuho) in BT spectra, 
"' 1  (Syowa) and -0.9 (Mizuho) in FFT spectra, -0.85 (Syowa) and -0.9 (Mizuho) in 
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Fig. 11. The upper is original (left) and low-pass filtered (right) wave forms of magnetic 
pulsations in the time interval of 1501: 15-1508: 05. The lower is the relative power 
spectra for the filtered data computed by BT, FFT and MEM-AR. 
BT: Hanning spectral window, pre-whitening coefficient=0.65. 
FFT: Spheroidal prolate data window. 
MEM-AR: FPE criterion (16 dim. for Syowa, 23 dim. for Mizuho). 
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Fig. 12. Coherencies between H and D components at Syowa (upperleft) and Mizuho 
(lowerleft), coherencies between the two stations of H component (upperright) and 
D component (lowerright). 
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MEM-AR spectra, whereas the H-D coherencies at "' 20 seconds are "' 0.9 (Syowa) 
and "'0. 85 (Mizuho) in BT spectra, "'0.9 (Syowa) and "'0.6 (Mizuho) in FFT spectra, 
"' 0.65 (both the stations) in MEM-AR spectra. The coherencies between Syowa and 
Mizuho at "'33 seconds are "' 0. 8  (H component) and "' 0.95 (D component) in BT 
spectra, "' 0.85 (H component) and "'1 (D component) in FFT spectra, ,..., 0.9 (H com
ponent) and "' 0.95 (D component) in MEM-AR spectra, whereas the Syowa-Mizuho 
coherencies at ,..., 20 seconds are "' 0.9 (H component) and "' 0.8 (D component) in BT 
spectra, "'0.95 (H component) and "' 0.8 (D component) in FFT spectra, "' 0.6 (H 
component) and "' 0.8  (D component) in MEM-AR spectra. FFT spectra seems to 
give higher coherencies than those of the other methods. Figs. 1 3a-c show that the 
phase results are very consistent among the three methods; the phase differences between 
H and D components are almost out of phase, - - 1 30° (Syowa) and - - 1 20° (Mizuho), 
while the phase differences between the two stations are almost in phase, 20° -30°, for 
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Fig. 13. Phases between H and D components at Syowa (upperleft) and Mizuho (lowerleft), 

phases between the two stations of H component (upperright) and D component 
(lowerright) computed by BT (a), FFT (b) and MEM-AR (c). 

H and D components at the period of - 33 and - 20 seconds. 

Fig. 14 shows the polarization parameters of Syowa (left) and Mizuho (right) com

puted by BT (upper), FFT (middle) and MEM-AR (lower) . It is seen in Fig. 14 that the 

polarization parameters of Syowa and Mizuho resembles each other ; the ellipticity and 

orientation at the period of 33-40 seconds are linear polarization and northwest direc

tion respectively, and those at the period of -20 seconds are left-handed polarization 

and northwest direction respectively. Because of the lack of dominant spectral peak, 

the polarization parameters at - 20 seconds are not computed in MEM-AR 'spectra. 

4. 4. Discussions 
Characteristics of Pc 1 ,  3 and 4 pulsations observed on November 17, 1976 at Syowa 

and Mizuho Stations are summarized as follows. 

1) Pc 4 waves with a period of - 70 seconds were localized in latitude. That is, 

a large spectral peak was seen at Syowa while only a small spectral peak was seen at 

Mizuho. However, it is interesting to note that the coherency between Syowa and 

Mizuho was high, especially remarkable in D component. 
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Fig. 14. Polarization parameters at Syowa (left) and Mizuho (right). The spectral 
methods are BT, FFT and MEM-AR from upper to lower. 
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2) Pc 1 waves showed a high coherency between Syowa and Mizuho, more re-· 
markable in H component. The spectral forms varied with the methods. MEM-AR 
method does not show the detail spectral structure. 

3) Pc 3 waves were observed in the time interval of _, 0600- - 1 800 UT. The periods 
changed with the magnetic local time, i. e. , the periods of dominant peaks become longer 
from _, 1 5  seconds at 0600 UT to -40 seconds at 1 800 UT. The coherencies between 
Hand D components were sometimes high and sometimes low, the latter case is due to 
the difference in the periods of the spectral peaks. The D component coherency 
between Syowa and Mizuho was much higher than the H component coherency. 

Although the analysis was done for only one day data, the results show that the 
spectral analysis system given in this paper is useful for studying magnetic pulsation 
data. We are going to continue these analyses to get the statistical results. 
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Appendix 

Figs. A-1-4 show the spectral results for the original (unfiltered) data in the time 
interval of 0319: 09-0332: 48 UT. Figs. A-1-4 correspond with Figs. 5-8 respec-

ca � 
a:: w 
0 �--------'------'-----'----'----'------' 

w > 

Fig. A-1. Un.filtered relative power 1l! 
spectra computed by BT, FFTJ, 

FFT2 and MEM-AR. 

BT: Hanning spectral win-

FFTJ : 
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MEM-AR: FPE criterion (9dim. 

for Syowa, 12 dim. for 

Mizuho). 80 40 80 40 
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tively ; Fig. A-1 shows the unfiltered relative power spectra, Figs. A-2a-d show the un

filtered coherencies, Figs. A-3a-d show the unfiltered phases and Fig. A-4 shows the 

unfiltered polarization parameters. 

a. BT: Hanning spectral window. 

c. FFT2: Spheroidal prolate data window. 

PERJOO(SEC) 

b. FFTJ Hamming data window. 

·· ·· · ·
1
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0(5-M) I_L_! -�J __ , _ 16 80 40 16 6 4 1 3 

PERIOD(SEC) 

d. MEM-AR: FPE criterion (9 dim. for Syowa, 
12 dim. for Mizuho, 22 dim. for H 
component, 14 dim. for D com
ponent). 

Fig. A-2. Unfiltered coherencies between H and D components at Syowa (upperleft) and 
Mizuho (lowerleft), coherencies between the two stations of H component (upperright) 
and D component (lowerright). 
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c. FFT2. d. MEM-AR. 
Fig. A-3. Unfiltered phases between H and D components at Syowa (upperleft) and Mizuho 

(lowerleft), phases between the two stations of H component (upperright) by BT (a), 
FFTJ (b), FFT2 (c) and MEM-AR (d). 
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Fig. A-4. Unfiltered polarization parameters at 
Syowa (left) and Mizuho (right). The 
spectral methods are BT, FFTJ, FFT2 
and MEM-AR from upper to lower. 
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