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Power Spectra of Geomagnetic Pulsations
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3 . ABSTRACT. A spectral study has been made of geomagnetic noise observed in the horizontal force of the
. geomagnetic field during the main phase of great storms of 12 and 13 November 1960 at the equatorial station of
 Trivandeam. The power speetra indicate that geomagnetic fluctuations are confined to frequency range of approxi-
~ mately 0-0004 to 0-008 sycles per sccond and that the periodicitios in minute-range, obtained from seleeted periods

- oftwo storms, are almost same. The frequeney range in which the noise is observed is in agreement with the range
proposed by Cole (1966) in his theory for the energization of the ring current responsible for the main phase of a

. storm.

ntroduction

he fine structure of the magnetic storms has
n investigated by many authors in the last
le. Recent theoretical investigations have
jed the significant importance of storm-time
afion activity or geomagnetic ‘noise’ in the
h's magnetic field. Geomagnetically disturbed
ods are characterised by irregular micro-
ations of characteristic period from 6 to 10
mds, associated with X-ray bursts, variations of
ral intensity and cosmic noise absorption.
mg the main phase of storms irregular pulsa-
g diminishing in periods (IPDP) also are
t6 acenr. Fukushima and Abe (1961) obser-
¢ characteristies of pulsations during the
eas storm of 11 Webruary 1958 and found longer
od pulsations from the time of the sudden
encerent. a1 and Sarabhai (1964) investi-
d fhe nature of storm-time Huctuations in
field, assmming these were due to large scale
nhomogeneities im the imeident Solar Plasma.
m an analysis of records of several stations
deduced an average scale lemgth of these
nogen.ities in the storm plasma to be of
rder.of 0:02 au. More recently, it has been
by Yoshida and Akasofu (1966) that storms,
which mtense SI (Sudden Impulse) activity
are accompanied by significant Forbush
ease. In the course of a compreh nsive review
geomagnetic storm phenomena, Cole (1964,
made the suggestion that a sensible grouping
le magnetic stormd would be in terms of the
litude of the geomagnetic ‘moise’ during the
m anl that power spectrum analysis could
ide a basis for the measurement of the noise.
he present communication a search has been
iade for periodicities in the range 2-100 mfts in
nagnetic noise during the main phase of a
Storm. : &

v

The great storms following the major solar
events of November 1960 were characterised by
intense SI activity and provided sufficient data for
the study of power spectra of the noise. The first
severe sborm of the series started at 1325 hours on
12 November as a consequence of a clags 2+ flare
of 11 November or a class 3 flave of 10 November.
While the storm was still in its main phase, a
second severe storm commenced beginning with a
remarkable sudden commencement at 1023 hours
on 13 November (Bhargava and Natarajan 1967).
The index of magnetic activity dp (daily Equiva-
lent Planetary Amplitude) registered the hichest
ever figure of 280 on 13 November 1960. During
selected int-rvals, preceding the SC of 13 Nove-
mber and following it, quick-run (2 mm/min)
records were obtained at Trivandrum and have
been used for spectral analysis.

2. Data and Analysis

The horizontal force values were sealed every
2 mm (corresponding to a time spacing of one
minute). Low frequency components of ‘trend’ was
removed from the data before carrying out the
computations of power spectra. This was done by
removing estimated trend from the data. The esti-
mated trend was computed from five international
quict dabes of the month. The computational
techniques described by Blackman and Tukey
(1959) were followed. When computations are
carried out by these techniques, a statistical filter
is implied and by a suitable choice of the trunca-
tion length the width of bhe‘fﬂ:l;el' can be varied for
desired resolution depending upon periodicities
being looked for.

The spectra were computed for three separate
sets of data as given in Table 1.

~;
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TABLE 1

Hours(U.T.) No. of
Set Date A . data ANE Max. lag
From To points {min) C (m)
1 13 November 1960 0119 0938 500 i 100, 75, 50 and 25
2 13 November 1960 0119 0758 - 400 1 75,.50 and 25
3 13 November 1960 1023 1702 400 1 75, 50 and 25
3. Resulis and Discussion ¥ o

The intervals under sets 1 and 2 are prior to the
oceurrence of SSC on 13 November and interval
under set 3 is after it. The data spacing being at
1-min interval, the Nyquist frequency was
(-5 ¢/min.

The autocorrelation functions B were computed
from— :
g Nk
R’G e R -XJ'. Xj-ﬁ—}c (75:0,1,- .. .m)
N—k j-o
* where, N is the number of data points, X; aze the
data points and & is the lag with a maximum value

of m,

The Fourier cosine transforms Ij of the auto-
correlation function were computed from —

—1 7L,
Ly :i[}gg+2 ﬂé} Rx cosjij 4R, cos wk]
i :

k=1 w
(h—=01,..-.m)

The refined spectral estimates U were computed
by smoothing the raw estimates Lz by a Tunning
application of weights 0-23, 0:54 and, 0-23 with
suitable adjustments for the end values. These
estimates indicate the distribution of variance of

' the time series as s fuhetion of the frequency and
also show whether a series has a tendency to exhibit
periodic behaviour.

For variable resolution, the spectra were compu-

ted with autccorrelation function truncated suc-
cessively at 100, 75, 50 and 25 lags for set 1 (500
data points), and at 75, 50 and 2b lags for sets 2
and 3 (400 data points each). With 100 and 75
lags, periodicities shorter than. about 100 min
should be obvious in the spectra. For reliability of
estimates the truncation lengths were limited to
one fifth or less of the number of data points. The

computations were sarried out on the CDS 8600-

160-A. computer.

_after the SSC of 13 November.

The normalized autocorrelation function
smoothed spectral estimates with frunca
length of 100 lags for the first set of 500 di
points (storm of 12 November) are shown
Fig.1. In order to ascertain whether the
of 500 data points was statistically stationa
it was cut short to 400 mts by removing thel
100 points of set 1 and recomputing the po;
spectra.  These are shown in Fig. 2.
spectra indicate that the significant peaks
the two data samples occur at the same freqm
cies. The periods corresponding to peaks arol
which the power varies comparatively slo
with frequency (indf'ca.ting stability of estimal
are centred at 14-3, 5-0, 3:7, 3+4 and 2-4 m
The test of significance from the number of ¢
rees of freedom and the corresponding y-squ
value shows that the periodicities correspond
to 14-3, 3-7 and 2-4 min are significant to
per cent or better confidence level.

The autocorrelation function and power spedft
of the series formed by 400 data points commen
immediately after the great SC of 13 November
with. truncation length of 75 lags are shownii
Fig. 3. The autocorrelation function of this seri
indicates several periodicities, a feature which
not present prior to the SC. The prineipal
in the power spectra correspond to 25-0,
6-7, 4-3 and 2-9 min. Of these, all periodic
except 2-9 min are significant to better tha
per cent confidence level, For this set, thes
tra indicate no periodicities shorter than
min, zero powers having been reported at
high frequency end of the spectra.

As stated earlier, the spectra have been ¢
puted from observations immediately before
The perio
sidered before the SSC was during the main p
of the great storm which began on 12 Novemh

g

and the period after the SSC was during the
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itial and main phase of the storm of 13 Novem-
ber. 'The source’ flare for this storm was the
eat cosmic ray flare of 12 November. Both the
yms were classed as severe and were
tked by intense SI activity. The three consecu-
e 3-hr K, indices preceding the SSC of 13
' were 9-9-9, and those following
. 8SC were»9, 9- 84 . While short perio-
ities 1in the power spectra have been found to
st. During both the periods some differences
s noticed in the spectral estimates. These

(¢) During the later part of storm of 12
©  November the periodicities (for which
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Fig. 8
results are significant at 90 per cent or
hatter confidence level) were shorter
(143, 3-7 and 2-4 min) than during
the main phasge of the storm, of 13 Novem-
ber (25-0, 10-5, 6-7 and 4-3 min).
The longer periodicities were, therefore,
associated with the storm whose source
flare was an important cosmic ray flare.

(b) Spectra for sets 1 and 2 indicate that po-
wers were present ab frequencies greater
than 0-5 cycles/min before the SSC of
13 November but after SSC powers were
confined to frequencies shorter than 0-35
eycles/min.
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In his theory of the main phase of magnetic
storms, Cole (1964) has observed that oot
fields responsible for the ionospheric currents
during the main phase also cause movement of
.magnetosphemc plasma which is likely to have a
‘noisy’ component. The development of the ring
current, according to the hypothesis, is determi-
ned by the onget, amplitude and duration of the
geomagnetic noise. The starting time of this noise,
rather than the SSC, has been suggested as the
origin of time for any analysis of magnetic storm.
In addition to the onset tlme, the amplitude and
other charac‘terlstlcs of this ‘noise’ are also impor-

A
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. proposed by Cole

tant. The frequency range for the noise
ted by Cole is <0-01 ¢/s. The present anal

0:0004 ¢/s and 0-008 ofs which is
and that the
characteristics  vary, only slightly, betwe
two storms. It is considered that a more ex
spectral analysis of pulsation activity during
phases of sudden commencement and gradual ¢
mencemert storms is likely to reveal a s
characteristic leading to a new type of classifica
of magnetic storms.




