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Introduction

The events of solar magnetic plasma are driven by the process of the permanent inter-
action between magnetic and velocity f elds. These events are called solar activity. This
process is dtermined by the dynamomechanism, which needs both global, and small-scale
velocity f elds. The differential rotation (of growing angular velocity toward the equator)
and the meridional circulation represent the global velocity f eld. The convective f ow as
well as the Coriolis–effect predominate on small scales. All of these events play some
role in the development of magnetic f elds, these can be study by tracking or mapping of
some types of magnetic conf gurations.

The choice of the subject of my thesis was motivated by the fact that my institute,
the Heliophysical Observatory of Research Centre of Astronomy and Earth Sciences of
HAS is the owner of the most detailed sunspot catalogues, the Debrecen Photoheliogra-
phic Data (DPD) and the SoHO/MDI-Debrecen Data (SDD), which provides the unique
opportunity to make detailed study of some events.

Analytical methods

I needed sunspot data for the investigation of the connections between magnetic and ve-
locity f elds. For this purpose the DPD (Debrecen Photoheliographic Data) (Győri et al.
2011) was used which contained data since the beginning of cycle 22, 1986, at the time
of my work, now it covers the entire time interval since 1977. This is the only classic
(i.e. ground based) sunspot catalogue containing area and position data for both sunspot
groups and all observable sunspots.
This material makes possible to pursue investigations that were impossible to do previo-
usly because of the absence of detailed data.
For the study of processes on longer time scale it was obviously indispensable to use also
the sunspot catalogue named Greenwich Photoheliographic Results (GPR) (Greenwich
Royal Observatory 1976) that contains data of sunspot groups for the years 1874–1976.
The remaining gap of 10 years has been f lled by using the Solnechnye Dannye (hence-
forth: SD) sunspot catalogue (Kislovodsk Observatory 2007).
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I carried out the cross-calibration of these catalogs, because the homogenization of data-
sets is very important to the forecast and also the study of North-South asymmetry. The
homogenization was possible due to the overlaps of the three datasets. This made possib-
le to calibrate the DPD to the GPR. Finally it became possible to examine the mentioned
phenomena on a homogeneous dataset.
The SoHO/MDI–Debrecen Data (henceforth: SDD) gives opportunity to study the mor-
phology and development of sunspot groups, because this is the only detailed sunspot
catalog which also contains magnetic data along with the position and area data of the
sunspots. Thus it opens the possibility to study the morphology of sunspot groups on a
large statistical sample and differentiate the leading–following parts of groups. The life-
time of the space telescope making observations was short 1996-2010), thus the SDD is
not suitable for long term studies.
The use of the data of all observations would distort the results in most cases therefore
the sunspot groups were only considered at the time of their most developed state, at the
area maximum. The topics of the thesis are fairly diverse therefore the specif c methods
are presented at the beginnings of the sections.
I needed some data about the torsional waves to be able to compare the latitudinal dis-
tribution of sunspots to the positions of torsional waves. These data taken from Ulrich
(2009).
I used my own programs developed in Pascal language as well as SQL and Bash Shell
scripts for all studies.
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Theses

Connection between latitudinal distributions of sunspots and torsional
wave

1. I have shown that there is an easily observable connection between the location of
torsional belts and the latitudinal distribution of the number and area at the ma-
ximum phase of the sunspot groups. The majority of the sunspots and the largest
sunspot groups are located along the poleward borderline of the prograde belts (Mu-
raközy and Ludmány, 2006, 2011a,b).

2. The equatorward side of the foreward torsional belt is a well def ned lower border-
line of the sunspot emergence (Muraközy and Ludmány, 2011a,b).

3. No connection has been found between the latitudinal distribution of the complexity
of the groups and the location of torsional belts (Muraközy and Ludmány, 2011a,b).

4. We have put forward a scenario in which the global torsional magnetic f ux extends
from the tachocline to a certain height in the convective zone and it may impose
an obstacle for the outward f ow. This might cause a somewhat more intense out-
ward f ow in the latitudes poleward and equatorward from the toroidal belt and the
it may f ow around the obstacle. Above the torus the resulted converging f ow is
directed eastward and westward by the Coriolis–force and these form the retrograd
and prograde belts of the torsional wave (Muraközy and Ludmány, 2011a,b).

Coriolis–effect on sunspot groups

5. I analyzed the azimuthal and meridional shifts of the sunspot groups during four
days around their evolutionary peaks between 1986 and 1998 then I determined
the latitudinal distribution of the obtained correlation coeff cients. This correlation
disappears at the equator and its absolute value grows monotonously toward higher
latitudes and their signs are positive/negative on the southern/northern hemispheres
(Muraközy and Ludmány, 2008a,b).
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6. In order to investigate the time dependence of this correlation I have repeated the
examination for each year separately. I found that this correlation increases to-
ward the maximum and weakens in the declining phase (Muraközy and Ludmány,
2008a,b).

7. In one year at the maximum of cycle 22 (1990), at the time of the Gnevyshev–gap,
the latitude dependence of the correlation practically disappeared. (Muraközy and
Ludmány, 2008a).

8. These investigations were repeated for the years 1946-50 and 1956-60 by using
Greenwich data (GPR). The results corroborated those obtained from Debrecen
data. (Muraközy and Ludmány, 2008a).

9. The cause of the weakening at the cycle maxima remains an open question because
neither the Gnevyshev–gap nor the reversal of the poloidal f eld coincide with it in
all cases (Muraközy and Ludmány, 2008a).

Forecasts of cycle 24

10. I made some estimations for the amplitude of cycle 24 with different methods by
using the DPD, GPR and SD sunspot catalogues. These methods are the following:

(a) The number of spotless days in minimum may be a predictive parameter,
because more spotless days mean rare f ux emergence, i.e. a weak start of the
cycle. This may imply a weak continuation and a low maximum. In fact, a
linear relationship can be pointed out between the maxima of the cycles and
the number of spotless days in one year after the minima. By using the time
of the minimum of cycle 24 and the number of spotless days counted in the
following one year an estimated value of 51.4 ± 11.3 can be obtained for the
maximum of cycle 24.

(b) Starting latitude – Waldmeier–effect Gaussian functions have been f tted to
the cycle prof les and a square root function to the monthly mean latitudes. I
determined the times when the monthly mean number of sunspot groups was
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6 and 14 in each cycle, their time difference was used for this method. Accord-
ing to the Waldmeier–effect there is a relationship between this time differen-
ce and the amplitude of the cycle, this allowed to determine the maximum of
cycle 24 and also the length of the developing phase. Three other standard
moments were also considered in the starting phase resulting amplitudes for
cycle 24 between 34 and 46 monthly mean number of sunspot groups.

11. By using the Waldmeier–effect and the parameters of the f tted Gaussians the est-
imated time of the maximum of cycle 24 is May 2013.

North–South asymmetry

12. The activities of the northern and southern hemispheres are asymmetric both in
intensity and time. I examined the connection between the hemispheric temporal
leading during the cycle and the ratio of hemispheric maxima. I considered the en-
tire hemispheric cycles rather than the temporal hemispheric predominances (Mu-
raközy and Ludmány, 2010).

13. I found that a variation of 2x4 Schwabe-cycles can be observed in which the tem-
porally leading role between the hemispheric cycles alternates by four Schwabe
cycles. The northern hemisphere leads in four cycles and the southern hemisphere
leads in the next four cycles.(Muraközy and Ludmány, 2010).

14. The properties mentioned in previous point can be checked by using other methods
as well: from the difference of asymmetry indices on the rising and declining phase
and from the difference between the averaged latitudes of hemispheric cycles. I have
repeated my study using an independent data, i.e. the hemispheric international
sunspot number and extended it with the results of Waldmeier (1971), who used
Zurich-data. All data and methods gave consistent results (Muraközy and Ludmány,
2012).

15. I concluded that no connection can be pointed out between precedences and cycle
strenghts, i.e. the phase difference do not correlate with the intensity difference
(Muraközy and Ludmány, 2012).
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Development and morphology of sunspot groups

16. I examined the development of sunspot groups and their leading and following
parts, I used the SDD catalogue containing magnetic data and enabling large samp-
ling. More than 300 active regions have been examined which emerged and reached
their maximum state in the visible hemisphere. I found that the growth rate of the
sunspot groups has linear relationship with the maximum area. The growth rate of
the leading part is larger than that of the following part but the following part rea-
ches its maximum about one day before the leading maximum (Muraközy, Baranyi
and Ludmány, 2012, 2013).

17. The compactness of the sunspot groups is asymmetric. The number of spots is smal-
ler but their area is larger in the leading part than in the following part.

18. The leading-following distance has a logarithmic relationship with the area at the
maximum state(Muraközy, Baranyi and Ludmány, 2013).

19. The majority of the active regions moves forward during the developing phase, the
forward motion of the smallest groups is not signif cant but it increases with the
increase of the sizes of the groups. Most of the leading parts move forward but
the shifts of following parts are not signif cant (Muraközy, Baranyi and Ludmány,
2013).

20. The tilt of the majority of the groups is positive, i.e. equatorward, in the ascending
phase of cycle, the ratio of the cases of positive/negative tilts is between 2 and 3.
This difference decreases after the maximum, the number of positive tilts is almost
equal to that of the negative tilts. (Muraközy, Baranyi and Ludmány, 2012)

21. The tilts measured at constant latitudes do not exhibit cycle dependence, this means
that the tilts are controlled by the Coriolis–force rather than by the wind-up of the
toroidal f eld.
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Conclusions

The phase lags of northern-southern hemispheric cycles do not depend on the ratio of their
relative intensities, the leading role in time does not mean predominance. This means that
some unspecif ed mechanism may play a role in the variation of phase lags by 2x4 cycles.
This long-term variation cannot be explained by the present dynamo mechanisms because
it needs a long memory. However, the modulating impact of the solar inertial motion on
the cyclic activity cannot be completely excluded.
The spatial correlation of the torsional oscillation and the sunspot distribution hints at a
new kind of f ow pattern. The suggested mechanism assumes that the toroidal f ux rope
extends to a signif cant part of the lower convective zone, and the converging f ow above
it becomes possible at a height of about 0.82 R⊙.
The predominance of the positive tilts in the developing phase of the cycle means that the
tilts, along with the Waldmeier–effect and the starting latitude, are characteristic features
of the developing phase.
The connection beween the starting latitude and the cycle amplitude implies that the f ux
tubes from the stronger toroidal f elds of stronger cycle emerge at higher latitudes. The
Coriolis–force deviates the emerging f ux tubes toward higher latitudes and this deviation
is higher for smaller B0.
The time dependence of the growth rate of the sunspot groups is linear. This means that
the growth/area ratio is constant independently from the maximum size of the sunspot
group. This may imply that the velocity of emergence is the same for all sizes.
The most probable schedule of emergence is as follows. The magnetic f eld of the fol-
lowing part arrives at the surface at an angle close to the surface normal, the angle of
the magnetic f eld in the leading part is larger. At the surface the following part remains
close to the location of the emergence while the leading part moves forward, the shift is
proportional to the size of the group. This forward motion is produced by the approach of
the direction of the leading f ux to the surface normal, i.e. by opening apart the directions
of the magnetic f elds in the leading and following parts.
The regression line f tted to the asymmetry indices of sunspot numbers and areas in the
leading and following parts has an offset of AIarea=0.11. This implies that if the numbers
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of sunspots are equal in the leading and following parts then the mean area of the leading
spots is by 25% higher than that of the following spots.
The latitudinal dependence of (∆L, ∆B) correlations is weaker at the maximum than ex-
pected. The cause is still unclear but since this phenomenon coincided with the Gnevyshev–
gap in an examined cycle I have the conjecture that some unspecif ed modif cation may
take place in the global velocity f eld at the time of the maximum, and if so, this may be
related to the meridional circulation. The question is open and needs further investiga-
tions.
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