


Introduction

e This work 1s a continuation of the research of
activity cycles of the northern and southern
hemispheres of the Sun. We showed the basic
properties of the cycles based on the application of
wavelet analysis of daily and monthly average
values of indexes of the North (N) and South (S)
hemispheres: WN, WS (the Wolf number), SpN,
SpS (summary of sunspots groups) and FIN, FIS
(Flare index) for all time of their observation.



Introduction (continue)

 We received the main data cycles: the start
and end time, increase phase, maximum
and decrease phase, global Wavelet spectra,
prevailing processes of cycle formation,
time of their existence, spotless periods. We
showed the difference of these indicators
for the studied indexes. On the basis of the
daily index values we 1dentified features of
alternating predominance of activity of the
northern and southern hemispheres.



Introduction (continue)

e Start and end times of the activity in each of the
hemispheres of the Sun in each cycle are
synchronized 1n a certain way. Application of the

met]

anal

nod of bandpass filtering results of wavelet
ysis allows differentiating between the two

CyC!
to 7

es: "11-year-old" part, interim periods from 2
years 1n the transition from cycle to cycle,

spectra periods forming phase of heightened
activity.
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ISES Salar Cyele F10.7cm Radie Flux Progressicon
Observed doto through Apr 2015
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23-24 cycle

Cycle 24 Sunspot Number Prediction {2015/05)

Hathaway NASA/ARC






International sunspot number R;: last 13 years and forecasts
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International sunspot number R;: hemispheric 13-month smoothed numbers

— Excess North vs South
—— Excess South vs North
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23 cycle —dynamic activity

‘ (!

1996 2006







23-th cycle ( Sp index )
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23 —th N and S cycle ( W index)
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Base data for investigations

 The data for the study is:

e 1. Monthly values of groups of sunspots in
Northern (Sp-N) and Southern hemispheres (Sp-S)
140 years (1874-2014)

e 2. Daily Wolf numbers in the Northern (W-N) and
Southern hemispheres (W-S) — 21 years (1992-
2013),

e 3. Daily values of flare index FI-N and FI-S
e 30 years (1976-2006).












Fluctuation W (N-S) data (1996-20006)
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View solar cycle as a superposition of
periods.

Superposition-curve
hypothesis of the
relative sunspot
number occurs as a
result of the
composition many
periodic components.
R.Wolf (1889 year.)
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Wavelet spectrum for W ( O-C Total , N and S)
(1992 — 2013 years.)
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Wavelet spectrum Flare Index ( Total, Nand S)
(1975 — 2007 years.)
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SUN SP North. FFT smooth. Amplitude level -30 dB.

Continuous Wavelet Time-Frequency Spectrum
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N and S cycles activity

N cycleSp-T min|Long T min|Sp-N min|Long N-min|Sp-S min |Long S-min
12 11878,54| 10,46 |1878,17 10,66 1878,84 10,21
13 /1889,00| 11,50 |1888,83 11,75 1889,04 11,50
14 |1900,50| 12,54 |1900,58 11,67 1900,54 12,54
15 |1913,04| 10,00 |1912,25 10,67 1913,09 10,12
16 [1923,04| 10,17 |1922,92 10,41 1923,21 9,96
17 11933,21| 10,29 |1933,33 10,34 1933,17 10,12
18 11943,50 9,96 1943,67 10,16 1943,29 9,96
19 11953,46| 10,29 |1953,83 10,00 1953,25 10,25
20 11963,75| 11,92 | 1963,83 11,09 1963,50 12,67
21 |1975,67, 10,29 |1974,92 10,75 1976,17 9,92
22 11985,96, 10,00 |1985,67 10,25 1986,08 10,04
23 11995,96| 11,75 |1995,92 10,91 1996,13 11,79
24 2007,71 2006,83 2007,92
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Wavelet Filtration SP-N (3-5 years), SP-S (4-7 years).
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Wavelet filtration Sp-N ( 1.2-2.7 year), Sp-S (1.1-3.4 years).
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1.

Conclusion-1

As a result of the work done was calculated
the wavelet spectra of major indices of solar
activity.

Constructed the Spectra periods indexes
showing their evolution over time.

Based on these calculations, the properties of
the northern and southern hemisphere

The results show significant differences
between periods of activity indexes in different
hemispheres of the Sun.






Results - 1

e Application of Fourier filtering shows that
the length of the 11-year cycle in the
northern hemisphere on the Sp index varies
in the range of 10.2-11.5-year and southern
hemisphere 9.7- 13.2 years. The existence
of the 35-year-old «Northern» and 42-year-
old "Southern" cycles was revealed.



Results - 2

e The formation of each cycle 1s defined as a
result of the combined effect of long-period
(2-5 years) and short-period (less than 2
years).

e Long-period processes in the transition from
cycle to cycle show merger, separation,
modulation and recurrent attenuation.



Results - 3

e Manifestation of abnormal activity in the
increase phase, maximum and decrease
phase of solar cycle 1s formed by
simultaneous intensifying of the short-
period processes.

e The spectra of these periods are markedly
different 1n the northern and southern
hemispheres.






Symmetry and asymmetry in
nature




Many thanks for your attention !




