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Physical processes of forming solar activity
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Wave and particle manifestations of
solar activity
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What's the problem?

The basis of presentation about the Sun cycle
activity the monthly mean values of major
indexes and their fluctuation values.

On their basis is formed by an idea of continuity
of monotony and solar cycle.

These views are based on statistical data, and
does not reflect the physical properties of the
manifestations of the solar cycle.



Variants of daily index of solar
activity and solar-terrestrial relations

 W- Wolf Numbers ( calculation)

e SpN — SpS the summary area of groups of spots
(Total, Northern and Southern hemispheres)

* F10.7 cm - flux of radioemission (observation

* Parameters of solar wind (velocity, pressure) —
observations .

* Index of geomagnetic activity — observations
 And many others!



“Correlation” of Solar indexes:W, F10,

Fl, SI
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Sun Spot Area - North [0.2 - 22 FFT filter]
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Solar radio index F10.7 deleted 11yr cycle.

Continuous Wavelet Time-Frequency Spectrum, dB Norm, Lim=35
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Lyman alpha - LA

Observation data

7
_ - i
Layman Alpha idx - O-C. Periods 3.2 - 0.7 yr - X 65
Continuous Wavelet Time-Frequency Spectrum g 8 6
187 0.55556
- 55
1.489 . 0.67161 - N
c < 2
1.2317 - . * : ‘ b - 0.81191 s S 4.5
1.0188 : = 0.98152 =) & ’4
: R : X g
>.0.84277 s : - , 1.1866 E’ o 3,5
r 2 3
g-0.69714 ‘ 14344 = NIV ALTNOMNMWOANIOALINO MO O
o ! { S O O O NDNN OO W NMOW O O OO OO ™ =l = =
- 057667 S ‘ 17341 2223232223222 2232RRRRKRRKR
0.47702 - — . 2.0963 Years

0.39459 — . 2.5343

0.3264 = | : —— = 3.0637

0.27 . ! | 3.7037
1963 2018

Layman Alpha idx - O-C

Continuous Wavelet Time-Frequency Spectrum
90 0.011111

Layman Alpha idx - O-C
Fourier Frequency Spectrum, Win=Hamming, FFT N=65536, PSD=SumSq 50.345- -0.019863

28.162 0.035509

15.754 0.063478

8.8123 0.11348

4.9295 -0.20286

Frequency

2.7575 0.36265

PSD SSA
PSD SSA

1.5425 10.64829

0.86286 == 1.1589

0.48267 : ' 2.0718

0.27 B r— s . ~13.7037
1963

Frequency




«Spotless» cycles

Northern Polar CH

SPOTLESS”

Southern Polar CH

STAR coronal hole and active region map (solen.info)
Image sources: SDO (HMIIF, HMIB, AIA 211) at 23:45 UT on May 23, 2019




SUN S%

Differenced
150 150

100

-100

Index %
Index %

Index %

" | ,
| .|| " ||‘ iy w ||| |‘| | ||“ ‘ll. Ll

=z || || L1 (¥
1 902 1 931 1960
Time, Years

SUN N%.

Differenced

Index %

I | ‘
: |
| || i hl
Hirh | | | ‘ |‘ ‘ I ||‘
0 ) ‘ . P . |\| it '. i ” | | -. h
1873 1902 1 931

Time, Years




SUN N%, FFT filt. (Hi-freq.)
Fourier Frequency Spectrum
60000 60000
50000 - 50000
40000 + 1 40000
< | <
& 30000 i 30000
@ vz 4 w
o % ] o
20000 i j 20000
10000 - *1 ,E}i } | 10000
|2 PNt - Lil
F ! ﬂie‘!-:sl m ﬂl 'l I
0 F“m———_d——m——ﬁu-u‘u@U\FIVvaﬁ 3f¥1 | o
0.01 0.1 1 10
Frequency

Magnitude

SUN S%, FFT filt (Hi-freq.)

Segn. N=128, Overlap=50%, FFT N=1024

Short-Time Fourier Transform Frequency Spectrum

[}
o

=
E=

=

=)
o]

=

Magnitude

SUN N%, FFT filt. (Hi-freq.)
Short-Time Fourier Transform Frequency Spectrum
Segm. N=128, Overlap=50%, FFT N=1024

Magnitude

PSD SSA

SUN S%, FFT filt (Hi-freq.)
Fourier Frequency Spectrum

80000

70000

60000

50000 |

40000

30000

20000

10000 £

Frequency

80000

70000
60000
50000
~40000
~30000
20000

10000

PSD SSA




Solar Flyre Index, N, O-C. Sun - Flyre Index - N. O-C
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N and S solar spotless cycles
SUN N%, Drfferenced. SUN S%, Differenced data.

Short-Time Fourier Transform Frequency Spectrum Short-Time Fourier Transform Frequency Spectrum
Window=None, Seg N=256, Overlap=83%, FFT N=2048, dB Norm lim=23 Window=None, Seg N=512, Overlap=85%, FFT N=2048, dB Norm lim=25

8- I-
470963 - 4.17632-
2.17258- 249167 -
163223 - 148657 -

0.9609-
0.569685-
0.333021-

0.196051 - 0.188333 -
0.115416- 0.112374 -

00679459 - =11 00670446 -

0047 | [ | | yr 0047 | \ \ \ |
1876 19042 19324 19606 19888 2017 1876 19042 19324 19606 19888 2017

Time

0307 € iy

05015 = = i
:"1 = A -

0.3157-

Frequency
Frequency

Ve

Time




Solar Irradiance.
Cubic Smooth Spline Interpolation. SE=0.02353, R"2=0.99810, N=26982.
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Sun spots component
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Effect directionally Solar Constant
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sun_Earth connections
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Kp-index. Planetary.
Fourier Frequency Spectrum
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D-st Index magnetic storms

©
=
D
=
(o]
I
©
X
[
*S
=
=
X
S
=~
-
s
Years
Magnetic storm DST index, Poly-MA 60 pts.
Fourier Frequency Spectrum, Win=Hamming, FFT N=65536, PSD=SumSq
2.5e+05 2.5e+05
264051 | 26405
156405 156405
[4)] )]
» \ 10}
[m] \ ]
2 z L. 2
1e+05 | S 1e+05
\ A
7
\ f
50000 \ it 50000
\ o | o it
L ol
|/ SAV- RPN
0k RN dn i b?}"f& . 0
0.01 0.043734 0.19127 0.83651 3.6584 16

Frequency

Frequency

Frequency

357
19.053
10.372
5.6464
3.0738-
1.6733+

0.91092-
0.49589
0.26995

0.14696

0.08.
1963

Magnetic storm DST index, Poly-MA 60 pts.
Continuous Wavelet Time-Frequency Spectrum

1974 1985 1996 2007

Time

Magnetic storm DST index, 1963-2011. 107 and 73 d period.
Continuous Wavelet Time-Frequency Spectrum, dB Norm, dB Lim=37.

1974 1985 196 2007
Time

10.028571

0.052484

0.096411

0.1771

-0.32533

-1.0978

2.0166

3.7044

-6.8048

12.5

2018

1 0.16667

¥ 0.17987

b 0.10411
| 020048
b 022607
b 024308
b 02633
S 028415

o 0.30665

i 0.35714
2018

0.59761




IMF index (Interplanetary magnetic field), MA 60 pts smooth.
Continuous Wavelet Time-Frequency Spectrum
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IMF index, Long-periodic part, 5.3 - 1 yr.
\ Continuous Wavelet Time-Frequency Spectrum
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Results

* Here there are also numerous short-term
variations for a period of less than one year
that change with the phase of the solar cycle.

* Changes in indices of geomagnetic activity
largely reflect trends in the range of periods
of solar indices.

 They demonstrate the existence of a long-
period component with the transition from
one cycle to another.



Results

* Application of wavelet analysis method allows you to
obtain data not only on the availability of key periods
changes of the studied indexes, but also determine
the time of their existence and character of amplitude
change over time.

 The paper presents the results of the calculations of
the spectra for periods of solar activity indices ( Sp,
W, F 10.7, Fl, LA, SI ), solar wind flow ( IMF, density),
disturbance state of the geomagnetic field (Ap, Kp,
DST). For indexes that characterize the solar activity
the presence of long-period component is typical (2-7
years), which move from one cycle to another.



Results

e Short-periodic components exist within certain
cycles of activity. Changes of the periods
spectrum of solar wind indexes show numerous
long-period and short-periodic components of
transition from one cycle to another.

* Changes in solar constant (Sl index) show a
noticeable difference from all other solar indices
showing off the most varied range of periods.
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From the beginning of observations in 1987 year at a radio telescope
"URAN-4" the fluxes monitoring of high-power galactic and
extragalactic radio sources is carried out.

The radio telescope URAN-4 is the rectangular antenna lattice consisting of 128 broadband

vibrators located in the direction the East — the West (220x22m). The size of diagram the
W - E direction is equal 2,82. Fluctuation sensitivity is 150 Jy.
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Exemplar of record of a source 3C405 received in the automatic
Observations of sources for 24h registration mode
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Correlative models for a radiation source 3C461 (the period - November, 2003)

3C461 radiation source flux variations on different hour corners
(polarization — And, frequency — 25 MHz) in November, 2003
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Changes of a stream of a radiation source are shown by small
decrease of a stream on November 3-5 and the most noticeable
decrease of a stream from November 17 to November 27.
During the period from November 2 to November 4 in the Sun 1,60
there were 4 flashes. The most potent flash (X>17.5) happened 1,40
on November 4 that entailed recession in radiation source

1,80

. . 1,20

stream level. Recession of a stream of a radiation source was

not too larger as the flash happened on the edge of a solar disk 1,00 ‘ :
and its radiation poorly affected Earth. The next period of a 0,30 ‘ ‘ ‘ -

superactivity began since November 17. It was followed by
sharp recession of level of a flux of a radiation source which
continued till November 27. For three days in this fissile area 0,40
eight flashes of point of M from which two were larger were 0,20
made. The flash of point 2N during which there were two
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/ Magnetic observatory "Odessa”

The magnetic observatory "Odessa" was founded by the
Novorossiysk Imperial University, in the territory of a
botanical garden, at the beginning of the XX century. In
1936 it was transferred to the village of Stepanovka (near
Odessa) by the Odessa State University. After world war
2th the station became to belong to the Institute of
geophysics.

Since 1948 measurements of a magnetic field of Earth,
with a time frame — are conducted 1 hour. At the same
time measurements of three elements of a magnetic field
are registered: horizontal component (H), vertical
component (Z) and inducement (D).




The magnetic observatory ""Odessa' Is situated near the
Intensive magnetic anomaly

The identification of the magnetic anomaly influence on geomagnetic activity comparison of characteristics of
magnetic storms in Odessa and Moscow was carried out
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The comparison duration of the magnetic storms in Odessa and Moscow
(total for the year)
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Equipment used to observation the Crab nebula radio flux
rapid variability.

The observations were
carried out in two circular
(left and right)
polarizations using an
uncooled 1.6 GHz reciever
and SDR (Software-
defined radio) total power
detector with 25 MHz
bandwidth as a backend.

32-m radio telescope VIRAC, Latvia



The central object is the pulsar
PSR B0531 + 21 (one turn per 33 milliseconds).
Distance to nebula 6500 light years,
nebula size 11 light years, mass 4.6 solar.
Extension speed 1500 kilometers per second.

Copyright:
NASA, ESA, G. Dubner et al.; A. Lol et al;
T. Temim et al.; F. Seward et al. | ‘.




3C 144 1.6 GHz RCP 6-May 2019. x3 FFT Upsampling.

3C 1441.6 GHz RCP 10-May 2019. x3 FFT Upsampling.
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In May, increased geomagnetic activity was in the
following days: 1-2, 7, 10-11, 13-14, 29. Next, we consider

flux density variations of radio sources in disturbances
days
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Parameters of the solar wind according to data from satellite SOHO,

from Proton Monitor sensor (MAY 2019)




Data of observed objects

Two satellites with circle and elliptic orbit were taken for analysis.
Serial numbers and orbital parameters (inclination and eccentricity) are
shown in the tables.

satellite with circular orbit

Number of satellite i 5 rmin |rmax

00397 (2005-2017 vy) |58.3°(0.0016|613 km|621 km
satellite with elliptical orbit

00746 (2005-2017 yy) |60.8°[0.31 [399 km [6409 km

Observation data includes 13 years (2005 — 2017 yy) of observations which cover end of 23-
rd and 24-th solar cycles and minimum phase between them.

In current work (to show the effects of atmospheric drag on the satellite's motion) the
Bstar Drag Term is used. Observation data includes time period from March 2005 y. to
September 2017 y. Values of Bstar Drag Term were obtained from NORAD data.




Example of Bstar change for satellite 00397; i=58,3°

B-star
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This Drag Term includes ballistic coefficient R

which is a physical property of the orbiting
object.[1]
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About the causes of the satellite drag for the solar and geomagnetic activity
period in April 2011

Solar [rridiance [AP |E>0.6 MeV |E>2 MV |RadioFlux10.7em {Sp Total |W-T {Proton density |Flow speed |Flow pressure | IMF | DST| LA
00397 0,61{0.30 049 044 0,16]  -0.66|-0,14 0,10 033 0,03 0,11)-0.48{0,58
00746 032006 019 020 0 570,12 0060 02 0.08(-0,15-0.28] 0.3
1,0E+00 This period of satellites drag can be associated
9,0E-01 s —— —| with geomagnetic disturbances caused by a
\/\ // it i
8 0E-01 4 — / coronal hole, flare activity and solar wind
7.0E-01 _*/\/ streams. During this period there were Earth
om0l directed flares of B and C class. They were
< oron e~ assomategl with CMEs which could be
V \&\/\f‘\, geoeffective. CME directed to the south from
HOBOL T~ N——_ the ecliptic plane, which could reach the Earth
3.0E-01 T was detected on April 3.
2.0E-01 6,0E-01

07.04.2011 17.04.2011
Date; Day.Month.Year

28.03.2011 27.0

——00397 —00746 ——SolarIrridiance LA

For the AES 00746, the second event is
clearly visible with the beginning on April
18 and the maximum on April 21. The
reason may be related to the CME, which
occurred on April 15 and had a speed of
390 km / s. He reached Earth on April 18,
and caused a sudden geomagnetic storm.
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Thank you for your attention |




