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A Detailed Study of the Geomagnetic Storm of 8-10 March 1970

T. K. BALAKRISHNAN, R. VARADARAJAN, S. BAGHAVATH SINGH
D. KARUNAKARAN & P. S. M. ALEEM
Indlan Institute of Astrophysics, Kodaikanal

Received 2 September 1972

A comprehensive study of the geomagnetic oscillations during the storm of 8-10 March 1970 is made,

using data obtained from equatorial stations.

The oscillation characteristics during the three main phases of

the storm have been computed from detailed spectral analysis of close-spaced horizontal force data. Simul-
taneity or otherwise of the various modes of oscillations has been ascertained by coherence analysis of records

of different pairs of stations.
netospheric models postulated thereon.

1. Introduction

THE existence of long-period fluctuations in
the geomagnetic elements in and outside the
disturbed periods has been investigated by several
workers in recent years'®. Availability of sate-
llite data of high quality has considerably helped
in locating the possible sources of these fluctua-
tions'~®, The characteristics of these fluctuations
in the quiet magnetosphere have been theoreti-

“cally investigated by many workers who have
attributed different oscillation periods to different
modes of interaction in various parts of the

--magnetosphere™*3, The geomagnetic fluctuations

recorded on terrestrial surface are believed to

be further modified by the propagation charac-
teristics of the intervening medium between the
earth and the magnetosphere~>,

The irregular patches in the solar plasma are
bound to have their imprints on the geomagnetic
fluctuations, and so the position becomes more
intriguing during magnetic storms. Sudden large

variations in the density, composition and energy.
of the solar wind might induce several additional

modes of magnetospheric response, besides those
noticeable in the quiet magnetosphere.
attempts to study such responses have been made
earlier®**®, The present communication describes
one such analysis for the storm of 810 March
1970, which is considered to be one of the major
storms of the current solar cycle.. A preliminary
report on the analysis has already been pub-
lished*’; the present paper gives a more detailed

analysis covering several aspects: of the whole
storm.

Severa’

The results are discussed in the light of various observational results and mag-
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Fig. 1—Power spectra for the complete storm

2 Analysxs
_The main alm of the analysis is to detect
characteristic oscillations in one of the magnetic
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Fig. 2—Power spectra for the three phases of the storm for the D-field

Geomagnetic

TABLE 1—RELEVANT GEOGRAPHICAL DATA FOR THE STATIONS SELECTED FOR ANALYSIS

Geographic

Long. (( deg)

Lat.

No. Station Dip angle
i. Hyderabad 20° 327
2. Bangui —14° 379
3. Guam 12°13°
4. Muntinlupa 14° 0’
5. Annamalainagar 5°22'.3
6. Trivandrum 0® 59'.2
7. Kodaikanal ¥ 1I's
8. Huancayo - 222l
9. Lwiro —23° 15

Lat. (deg) Long.
1.6 148.9 17°25' N 78°33'E
4.8 88.5 4°26' N 18°34'E
4.0 212,9 13°35' N 144 52'E
3.0 189.7 14°22' N 12(°01'E
1.5 149.4 11°2¢'N 79°41'E
1.1 146.4 ¥ 29 N 76°57TE

+0.6 147.1 10° 14’ N TP ®'E

~0.6 353.8 12°0% § 75°20'W
~3.8 97.2 2°15'S 28°48'E

elements, viz. the horizontal force during the
three principal phases of the storm. Attempts
have been made to locate, broadly, the sources
of such oscillations by repeating the analysis for
symmetrical and asymmetrical components of
the storm separately. As data from several
-stations have been used in this analysis, coherence

66

between oscillating components recorded #
various stations has been worked out, with 2 vieW

‘to finding further confirmation about the exis
tence of a common origin for these oscillations.

Data from nine stations (listed in Table)
have been utilized in the present anatysis. The
records have been scaled at a uniform intervd
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of 2min. The three main phases of the storm
are divided somewhat arbitrarily: initial phase
0-6 hr, main phase 6-1% hr and the_ recovery
phase 12-48 hr. Separation of the disturbance
feld components has been effected by standard
methods, then the series subjected to power
spectra and coherence analysis. All computa-
tions have been performed with the CDC 3600
computer at the Tata Institute of Fundamental
Research, Bombay.
3. Results

The sensitivitics and scales of the instruments
used are not intended for study of these fluctua-
tions, and hence it is anticipated that the detec-
tion of these oscillating components will be
marginal. In the spectral curve for the whole
storm, it is difficult to find positive evidence for
the existence of discrete periods of these oscilla-
tions (Fig. 1). The general shape of the curves
corresponds to that of white noise with maximum
concentration around zero frequency. A few
humps are noticeable in the case of a few stations
at periods predicted from some theoretical mag-
netospheric interaction, but they are within low-
confidence intervals and are not consistent. A
close scrutiny of the spectral curves for the
individual phases shows that most of the ‘peaki-
ness’ originates from fluctuations during the
initial phase. During the main phase, the power
densities around sclected periods show much less
deviation from the smooth white noise curve and
the deviation is practically absent during the re-
covery phase (Fig. 2). Since the fluctuations inves-
tigated pertain to the magnetic storm, the distur-
bance field is expected to show clearer indications
of the presence of fluctuations. Both the symmetri-
cal and asymmetrical components of the storm-
time fields are, therefore, subjected to scrutiny.
Fig. 3 shows the spectral curves for the three
phases of the symmetrical fields. It is seen that the
evidence of discrete periods is better in this plot.
A symmetric change is also noticed in the period
of the largest value resolved in the present case.
In the initial phase, the largest resolved peak is
at 20 min period, its occurrence during the main
and recovery phases being at 15 min and 11 min
respectively. Other peaks noticed at 10 min
ﬂ'nd.7 mip during the initial phase appear to have
Similar sl:;jfts in periods during the succeeding
tWo phases. In the asymmetrical case, all the

Stations, ‘although showing general agreement”
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Fig. 3—Power spectra for the Dst-field

among themselves, have individual characteristics.
For stations which are close geographically the
spectral curves show good simultaneity. Fig. 4
shows .the spectral curves for the initial phase
for the three Indian stations, Kodaikanal, Anna-
malaina'gar and Hyderabad. The peaks are more
promixiént in the electrojét location at Kodai-
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thing about the respective phases of the oscilla= -
. tory components. For this investigation, the
) KODAIKANAL cross spectral method described by Balakrishnan
et al*® has been followed. The coherence between
different pairs of stations has been estimated for
the prominent peaks in the spectral curves,
Table 3 shows the coherence of the various oscil-
latory components observed at different stations.
It may be seen that although the oscillatory
power densities are more during the(initial phase,
10°F the oscillations at different periods are more
coherent during the main phase. The recovery
phase, besides showing a much lower power

2 density, is also characterized by incoherent oscil-
N__10 i ANNAMALAINAGAR lations at stations situated around the globe.
e ) The cross spectral analysis also tells us about
E the consistency of phases of the oscillatory -
%10’- components. Fig. 6 shows a plot of the phase
- differences between one of the stations (Trivan-
drum) and the remaining stations arranged in
the order of the dip angle during the higher
- ' coherent main phase of thestorm. The phass
differences have wide scatter around zero with
HYDERABAD no indication of any dependence with the dip
2
10
o'} D) KODAIKANAL
07
0y g aggg g |
OO WM ®CONYQ WV NO 101
8885}'&_9@& © ©WiH G 2
PERIOD, min.

)

Fig. 4—Power spectra of the DS-field for the initial phase for ~ 0

the three stations, viz. Kodaikanal, Annamalainagar and E 10}
Hyderabad g
£
. ' TRIVANDRUM
kanal and somewhat subdued in the other s

stations. The unusual characteristic is the dis-
similarity of Trivandrum—another electrojet
station—from the above stations in its spectral
curve. Fig. 5 shows the spectral curves of Kodai- 10
kanal and Trivandrum illustrating this point.
Similarity of spectral curves is also noticed bet-
ween Bangui and Lwiro towards the high fre- = 0L

quency end of the spectrum. Table2 gives a- RS é 3 8‘ E;‘é S ¥

summary of the preferential periods noticed . and 283 2 & ; prOd0HI TS

the corresponding amplitudes in gammas com- © oo PERIOD, min

puted from the spectral curves. " Fig. 5—Power spectra of the DS-figld for the initial phase
The power spectral curves do-not tell us .any- for the two stations, viz. Kodaikanal and Trivandrum
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TABLE 3—COHERENCE OF VARIOUS OSCILLATORY COMPONENTS AT DIFFERENT STATIONS
(BASE: DS OF TRIVANDRUM)

Initial phase (min)

Main phase {min) Recovery phase (min)

3 \
Station % 15 10 6 4 2 15 10 6 4 220 15 10 6 g
Hyderabad 0.53 034 040 058 025 059 031 056 071 0.08 053 032 016 039 02
Bangui 058 0.5 032 062 033 094 067 054 073 052 0.63 070 026 018 005
Guam 0.13 035 034 0.2 0.03 043 064 042 060 030 034 060 025 030 o037
Muntinlupa 066 031 055 040 013 093 081 065 059 0.08 017 047 031 042 03
Annamalainzgar 020 030 049 029 037 048 062 078 069 055 027 055 044 025 02
Kodaikanal 063 051 030 053 042 086 072 063 0.51 0.56 050 063 038 039 055
Huancayo 043 031 041 051 o611 022 076 080 081 0.16 071 050 045 039 01
Lwiro 025 040 0.62 003 033 072 079 095 091 0.J5 071 083 049 056 0%
angle. Other arrangements with respect to geo-
20 Min magnetic and geographic coordinates also failed
oo} . to show any systematic phase differences between
ol T L different pairs of stations.
. 4. Discussion
-100 - .
The broad features of the characteristics of
15 Min the geomagnetic fluctuations, as observed from
- loof v . r the present analysis, can now be briefly stated.
) ok . < C . e The oscillatory parts are present mainly during
o I ° the initial and main phases of the storm;the
oo recovery phase is characterized by a significant
o 10 Min drop in the spectral densities of these oscillation
o 0O} . e, periods. The oscillations all over the equatorial
0 ol X A belt are noticed to be coherent for several dis-
f{t’ « ¢ crete periods in the range 6-20 min duringthe
L -foot ot main phase of the storm and somewhat less co-
6 Min herent during the initial phase. During the re-
0o | - covery phase, the oscillutions are completely
ol T random showing no coherence between geo-
. . graphically separated stations and are probably
-l00 L* merged with the background noise of the record-
5 Min ing. The coherent oscillatory components noticed
100 } during the main phase indicate no phase diffe-
ool Lt { ' b 4 rences b_etween stations suggesting common origin
, ' l. . - of the disturbances.
-15o F The systematic change in the selective periods
| of low frequency component is perhaps signifi-
‘ e PRI cant. The earlier and the later phases of the
; - 20 o 20 magnetic storm are characterized by the incident
N Dip,deg particle density variations in the magnetosphere.
Fig '6-+Plot og‘vghawverg%uip for ‘selected periods for the  The changes of the period of P4 and PS5 micro
i phase’ . : o
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pulsations with the levels of Solar activity have
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been noticed earlier®. It has been inferred as
due to the expansion of the magnetospheric
boundary and it is logical to expect similar
changes of oscillations of longer periods also
with magnetospheric particle density. Whether
the drift of characteristic periods noticed during
the present analysis pertains to such an effect
can be judged from similar analyses for more
number of storms. An attempt in this direction
is being made and the results will be reported
later,
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