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Abstract

Yearly averages of geomagnetic activity indices Kp and Ap for the years 1984 to 2018 be
compared to the relevant averages of VxBs, where V is the solar wind velocity and Bs is the
southward interplanetary magnetic field (IMF) component. The correlation of both quantities is
known to be rather good. Comparing the averages of Ap and Kp with V and Bs separately. We
found that, during the declining phase of solar cycle, V and during the ascending phase Bs have
more influence on Ap and Kp indices. According to this observation the 27 days and semiannual,
Ap and Kp variations be analysed discretely for years after and before sunspot minima. The time
intervals prior to sunspot minima with a significant 27-day recurrent period of the IMF structure
and those intervals after sunspot minima with a significant 28 t028.5 day recurrent phase of the
structure be used. The averaged spectra of the two Ap and Kp data sets obviously show a period
of 27 days before and a period of 28 to 29 days after sunspot minimum.
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1 Introduction

The interaction of the solar wind is the source of geomagnetic activity. While the first in situ

interpretation of solar wind, frequent studies have been carried out to find quantitative
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associations among the solar parameters and its variability with geomagnetic activity. Solar wind
speed V and the southward-component Bs of the interplanetary magnetic field IMF be realized to
the essential quantity causes geomagnetic activity (Arnoldy 1971; Berthelier 1976). Sources of
soaring solar wind velocity connected with southward IMF which produce increased
geomagnetic activity at the earth, originate in speedy coronal mass ejections (CMES), interaction
regions and coronal holes among slow and speedy solar wind (Boller and Stolov 1970; Cortie
1912; Crooker and Cliver 1994). Studies relating to solar wind uniqueness with the geomagnetic
activity can expose the physics of the interaction of solar wind plasma and magnetospheric.

Most observations propose with the intention of the solar wind plasma be transfer to the
magnetosphere by reconnection progression at the dayside magnetopause and oppositely directed
northward magnetospheric and southward IMF magnetic field lines merge (Dungey 1961).
Theoretical models of the merging process have been described (Singh and Mishra 2019)
however, not all details of the physics are yet understood (Dungey 1994) and still other energy
transfer mechanisms such as viscous interaction and Kelvin-Helmholtz wave instabilities at the

flanks the magnetosphere be discussed (Fraser-Smith 1972).

The problem of the physics prevailing the relation to the solar wind speed with the geomagnetic
activity can be investigated by using synoptic observations of single events or by statistical
analysis of time-series of the crucial quantities. Here, we pursue the latter method as the study of
the periodic variation in the sun-earth-system, the 11-years sunspot cycle period, 27-day period,
the semiannual and in addition to the diurnal variation. We show that in all these predictions and
not just the field line merger or reconnection development is visible and also especially at

exacting phases of the solar cycle that other mechanisms may be effective.
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2 Results and discussion

The periodic variations of the solar cycle and Ap index to study the long period variations, we
have to use the Ap indices as every day averages of ap. The 11-year periodic of the geomagnetic
activity runs about parallel toward the cycle of the sunspot number R; though, it is recognized
that here are significant differences during the two cycles as geomagnetic activity has two peaks,
one near the sunspot maximum and other in the declining phase of the sunspots. These two peaks
have been seen to be mostly significant in the distribution of geomagnetic storms (Singh et al

2012). In commonly, the activity minimum appears 2 or 3 years behind the sunspot minimum.

Spectral examination of R and Ap expose a prominent peak within the spectral influence of R at
the periods of 10.2-10.4 years, whereas, the Ap refusal analogous maximum (Gonzalez 1987;
Gonzalez et al 1990). The Fourier spectral study of the time-intervals of Ap index and R 1933 -
1993 give no latest results during the 11-year spectral series and therefore, not shown in Fig. 1
yearly average of some quantities, regarding the following considerations, are shown on behalf
of the years 1968 to 1984/1986. In the upper part, Ap and v2.Bs=105 have comparable scales,
where v2 and Bs are, respectively, the yearly average of the squares of hourly values of solar
wind velocity V in km/s, and southward component Bs of IMF in nT and in solar

magnetospheric coordinates.

The hourly average values for the solar and interplanetary data be taken from the "OMNI data
base compiled by (Gonzalez et al 1993, Green1984) and are available on CD-ROM of the
national geophysical data Center, (NOAA/NESDIS/NGDC) Boulder, USA”. The yearly Bs
values are computed from the hourly IMF-Bz values by setting positive (northward directed)
hourly Bz averages equal to zero. In the lower part of Fig. 1 the respective yearly averages of m2

and Bs are shown separately. In the upper part there is a good correlation of the two curves
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(correlation coefficient r = 0.92). This is expected, since most correlative studies resulted in best
correlation between geomagnetic activity and m2Bs (Crooker and Sicoe 1986). The lower part of

Fig. 1, however, shows a variable influence of v* and Bs on the activity.

140 &
w
[—
<35 ©
o~
£
413.0 =
w
=
125 *
o
‘12.0(\5
+ + + ' + + + ‘
69 71 73 75 77 79 81183 85 ’
- .1 T \
s MIN L\‘/Iax / :
q‘m 2.5 4 \Bs 7 1.4
NE ’
= 112
3 =
o )
= 11.0@
~N
>
10.8
67 69 71 73 75 77 79 81 83 85 87

Year

Fig. 1. Yearly averages of Ap for the years 1967-1984 (to 1986 for Ap) upper part, and yearly averages of the
southward IMF component Bs and v%; maximum and minimum years of sunspot cycle 21 are indicated

The course of the sunspot cycle; for the period of declining phase in the years 1974-1976
increasing v2 averages result in increased activity, whereas in the ascending phase (1976-1979)
the increase in Bs causes the activity increase. It seems that the variables of solar sources be
responsible intended for the varying influence of V and Bs on the geomagnetic activity. The
semiannual variation observation discussed in (Fig.1) aggravated us to examine (in addition to

the 11-year solar cycle period) the most prominent periodic variation of the semiannual wave in
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the geomagnetic activity for the time-intervals through high solar wind plasma or with a strong

IMF-southwards component.

Although the semiannual activity variation with the maxima about the equinoxes and minima
near the solstices, have been recognized for a long time the analysis be still controversial. There
are three mechanisms to clarify the semiannual variation. Firstly, there be axial assumption,
which connects the maxima of solar activity with the maximal heliographic latitude of the earth
(+7.25° on 6 September) 7.25° on 5 March). This occurs when the position of the earth is
favorable for the active solar regions, while it is recognized that near the solar equator the
activity is minimal (Hirshberg and Colburn 1969) The second mechanism based lying on the
equinoctial guess (Hoeksema et al 1983; King 1977) suggesting that the interaction among the
solar wind speed and magnetosphere is maximum when the direction between solar wind and the
Earth's dipole is greatest on the equinoxes (21 March & 23 September). The third mechanism be
based lying on the reconnection model of the interplanetary and the geomagnetic field lines and
take into account the southward components of the IMF with respect to the Earth's magnetic field
direction (King 1986). This model predicts, on average, maximal southward Bs fields and
corresponding maximal geomagnetic activity on 5 April and 5 October. There have been several
investigations in current time to choose which models really cause the semiannual wave and if
some mechanisms are effective, which of them be predominant (Lindsay et al 1995;

Mclntosh1959; Murayamal974; Petschek1964; Russell 1989).

Generally, during these studies the phases of activity maxima be analyzed, since the maxima
predicted with the different models be not very secluded from each-other and because here are
statistical variation during the activity time series. However, it was not clear which of the

mechanisms are the mainly appropriate. The maxima are found to become visible a few days
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behind the equinoxes (25-28 March and 27-30 Sept., depending lying on the activity time series
type of analysis) therefore the equinoctial mechanism be often favored. However, the studies
cited show that at least a crucial part of the semiannual deviation may be explicated by the
Russell-McPherron model. Whereas the Russell-McPherron model is the foundation on the
southward component of IMF, the two other mechanisms be more dependent lying on the solar
wind speed, which increases through the solar latitude or when increased, may perhaps generate

the Kelvin-Helm- holtz instability at the of magnetosphere (Schreiber 1998).

Systematic phase shift depending on the classes of VV or Bz. The 27-day variation investigating
the geomagnetic activity variations within the region around the solar revolving period of
approximately 27 days, one obtains spectral amplitudes with varying peaks depending lying on
the length of the time-cycle and the method of analysis (Sargent 1986; Singh and Mishra 2015)

. Our fourier spectral amplitude analysis for periods 30-23 days of Ap indices 1933-1993 is
shown in the Fig. 2 together with that of the same but shorter time-series 1933-1983. The
moderately complex spectrum shows numerous different peaks depending lying on the length of
time- cycles. The four major distinct peaks at the period of 29.4, 28.9, 27.6 and 27.2 days for the
Ap time-interval 1933-1983 only the 27.2 days period is found the four greatest amplitudes at the
periods of 27.2, 26.7, 25.8 and 24.0 days for the 1933-1993 interval. The respective amplitudes,
and several more, exceed the rms error of 0.2 Ap units; the mean spectral amplitude in that

period range is 0.35 Ap units.
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Table 1. Amplitudes and phases of the semiannual wave of a, for different solar wind speed v and IMF Bz intervals

v interval B interval Amplitude Date of Remarks
Km/s nT ap-units Max.

380 430 3.0 -20 1.7 1 April Expected
380 430 2.0 3.0 0.7 5 April Unexpected
430 450 -15 -1.0 0.7 1 April Expected
430 450 10 15 0.7 14 March Expected
450 500 -15 -1.0 1.7 6 April Expected
450 500 1.0 15 15 1 April Unexpected
500 600 -15 -1.0 1.8 22 March Unexpected
500 600 10 14 14 12 April Unexpected

The rather spacious nature of Ap index, Fourier spectrum around the 27-day period is due to non-
persistent periodicities of the geomagnetic activity to generating solar sources, for instance the
development of coronal holes and their disappearance, whereas new holes appear at other solar
longitudes. Therefore Fourier spectral study is not the appropriate method to analyze the 27-day
period of the longer Ap time-series. However, the power spectral analysis as applied by
(Schreiber 1981) also resulted in rather complex spectra with several significant peaks, of which

the greatest near 27.2 days and that near 29.4 days are also seen in our Fourier spectra.

In contrast, the rotation period of solar sources is known to vary between 26 and 29 days
depending of the phase of a solar cycle. Therefore, to investigate the 27 days variation in detail,
one should split up the data into shorter time-intervals where perseverance may be expected.
First attempts to separate longer (28-29 days) and shorter (26-27 days) solar rotation periods
during, the solar cycles, investigating Ap in the 26-29 day period interval for different phases of
the solar cycle or for different ranges of sunspot numbers, gave the same unclear results, as seen

in spectra of Fig. 2.
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Finally, a discriminating feature that splits the data was found in the varying recurrence period of
the sector structure of the interplanetary magnetic field with IMF directions towards and away
from the sun, which in reality the wavy structure of the heliospheric current-sheet (Svalgaard
1972; Svalgaard and Wilcox 1975). The recurrence period of this sector structure is known to
react on the global scale the average solar rotation period. It also has been shown that a basic
variability of the sector structure becomes apparent with characteristic times on the order of the
minority " (Tsurutani et al 1995) and the fundamental period changes from 28 to 27 days
according the phase of solar cycle. For our analysis we used the IMF polarity inferred from the

daily variation of ap, which was found to give reason- able results for statistical purposes

Vasilyunas 1997).
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Fig. 2. Fourier spectral amplitudes for the period interval 30-23 days of the Ap time-series 1933 to 1993 (S-Ap+1-
93) and 1933 to 1983 (S-Ap- 83), showing maximal peaks for different periodicities, depending on the length of the
time-series. In the upper curve one Ap unit was added to the Fourier amplitudes S-Ap+1-93 to separate the two

spectra
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No other statistically significant periods were found. The sector structure (not the activity itself)
generally shows significant recurrence periods of 27 days before and during the sunspot minima,
28 to 28.5 days behind the sunspot minima, and during some 2-year intervals after the maxima.
A similar solar-cycle-dependent variation of the recurrence period of the IMF region was found
by (Mishra 2016) using his classification of IMF towards and away polarity based on diurnal

magnetic variations at near-pole magnetic observatories.

3 Conclusion

In the current study our analysis of the yearly averages of Ap index and solar wind parameters v?

and Bs with the ethereal analysis of the semiannual and 28 to 28.5- day periodicities and the
diurnal UT variations of ap, give a consistent picture as the solar sources of the practical activity
variations. A rough and over simplified sketch would be the following: before the solar cycle
minimum, long-lived coronal holes with higher solar wind velocities extend to low solar latitudes
and to the solar equator, the interplanetary magnetic field shows only slight north-south

fluctuations, and the at heliospheric current sheet is near the solar equatorial plane (Mishra 2018)
Therefore, geomagnetic activity is generated more by the magnitude of the solar wind velocity,
and less by the southward IMF field Bs. After a solar cycle minimum, less coronal holes exist
reaching the solar equator, whereas the heliospheric current-sheet and accordingly the IMF
exhibit strong north-south fluctuations (Obridko 2013, Singh and Mishra (2019). This simplified
view is consistent with the comprehensive description in the geomagnetic activity and its relation

toward the solar sources throughout the declining phase of solar (Schreiber (1998).
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