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Abstract. The correlation between the asymmetry of solar spots in the northern and southern hemispheres of the Sun and solar activity was examined. For this purpose the data on the groups of solar spots and their magnetic fields from 1874 to 1960 according to the Greenwich observatory observations and from 1961 tо 2003 at the Mount Wilson observatory were used. Asymmetry of solar spots has a cycle of 11 years and a longer cycle, equal to three cycles of 11 years. On discovering the reasons for emergence of solar spots, it was supposed that the symmetrical location of spots on the Sun was one of the necessary conditions of the Sun’ equilibrium. Disturbances occur upon violation of inner solar symmetry, entailing movements of the inner solar mass in different directions and generation of magnetic fields in the spots. Perhaps, these disturbances are gravitational fields. Spatio-temporal parameters of solar processes have to be considered as a single whole. There exists a spatio-temporal multilayer continuum, each layer of which reflects not only current but also previous processes.

It was shown, that emergence of solar activity and its changes occur not only as a result of the processes, taking place inside the Sun, but also due to the movement of the Solar system in the interstellar space. At a certain condition of the interstellar space interstellar plasma through heliopause permeates the Sun increasing the number of spots. 

1. Аsymmetry of spots and gravitational waves
The purpose of the present research is to attempt to establish a connection between the violation of symmetry (asymmetry) of the groups of solar spots in the northern and southern solar hemispheres and solar activity. For this purpose the data on groups of solar spots and their magnetic fields were used, from 1874 to 1960 by observations of the Greenwich observatory and from 1961 to 2003  − at the Mount Wilson observatory.

Figure 1 presents the temporal variations: a is average annual values of Wolf numbers [1,2]; b is latitudes of solar spots groups in the northern and southern hemispheres, averaged through 3 months [1,2]; c is differences of latitudes of solar spots groups ∆L, averaged through a year, at that from a latitude value in northern hemisphere a latitude value in southern hemisphere was subtracted (∆L=φ(N)- ‌‌‌φ(S)). Figure shows that the maximal amplitudes of difference of latitudes ∆L were observed at the periods of minimum solar activity, i.e. when a rapid change of the latitude of spots occurs.     

Consequently, these changes have an 11-year cycle. ∆L at minimal periods had both positive and negative values. At the periods of minimal solar activity these parameters during approximately three solar cycles had one sign, then their sign changed to the opposite, and then remained the same approximately at the same time interval. Therefore asymmetry of solar spots has both an 11-year cycle and a cycle equal to three 11-year cycles. It can also be noted that a gradual alternation  of sign ∆L occurs from a period to period through 11-year cycles. Through the first period, i.e. of cycles 11-13, between the minimums of a solar cycle, latitudes differences of groups of solar spots have predominantly negative values, excluding abrupt positive outbursts (emissions) of these parameters at minimums of cycles. Then in the 2rd period ∆L gradually become positive. In the 3rd period, cycles 17-19, sign ∆L – positive, 4th period, 1966-1996, cycles 20-22, are again characterized by sign alternation. Thus a gradual alternation of sign ∆L occurs from period to period.      
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Fig. 1
The work also presents the magnetic field of groups of spots. For this purpose direct observations made at the Mount Wilson observatory were examined starting from 1967, dealing with measurements of maximal strength of fields В in groups [1,2]. The values of fields are recorded by codes. During the period from 1874 to 1966 magnetic fields of groups of spots were determined indirectly by observations made at the Greenwich observatory [1,2].  For this the classification of types of groups of spots obtained at the Greenwich observatory was used. The presented classification of types of groups of spots obtained at the Greenwich observatory existed till 1976. During a decade, from 1967 to 1976, the data on magnetic fields of groups of spots for that period by observations at the Mount Wilson observatory were compared with types of groups of spots classified by the Greenwich observatory. On the basis of the analysis very good correlation of the both data was obtained.
Figure 1d shows the temporal variations of magnetic fields of groups of solar spots in the northern and southern hemispheres, (В), summarized for 3 months, Figure 1e shows the differences of values of magnetic fields of groups of solar spots  in the northern and southern hemispheres, ∆B. At this time from the value of the magnetic field in the northern hemisphere the value of magnetic field in southern hemisphere was subtracted (∆B=B(N)- ‌‌B(S)), summarized for 3 months, and smoothed by five values, and also their maximal and minimal values in the solar cycle. It can be seen from the picture that the maximal values of fields of groups of spots were observed in the solar cycle’s maximum.  During each 11-year cycle a rapid alteration of amplitude of difference of values of magnetic fields in the northern and southern hemispheres of the Sun occurred, their amplitudes being altered approximately as  ∆L (see curve c). In other words, asymmetry of the magnetic field of the spots has both an 11-year cycle and a cycle, approximately equal to three 11-year cycles.

Thus, a deviation from symmetrical location of spots in the northern and southern hemispheres of the Sun and their magnetic fields entails gradual alteration of this state towards an equilibrium. In the framework of 11-year cycle it can happen both unevenly and gradually. The amplitude of 11-year fluctuations of the asymmetry of groups of solar spots is modulated by slower fluctuations.

Let us find out the reason of such changes. 
For this purpose we assume that symmetrical locations of spots on the Sun’s surface is one of the necessary requirements of the Sun’s equilibrium. Any disturbance of such equilibrium due to some reason entails formation of spots on the opposite hemisphere of the Sun, thus providing the capability of reestablishing this equilibrium. To make these processes possible, we have to assume that in the Sun’s interior there is a heliophysical medium, where disturbances can spread, emerging as a result of violation of symmetrical location of spots. It could also be possible that such disturbances are gravitational waves and  a propagation of this wave can cause an interfusion of the Sun’s inner mass towards different directions and the generation of magnetic field in spots.   

Let us determine the dynamics of fluctuations ∆L and ∆B in the solar cycle (see Figure 2)
Figure 2 shows L and B,  ∆L and ∆B and also the differences of latitudes of groups of solar spots ∆L(n), averaged through a year, and magnetic fields ∆B(n), summarized for 1 year, with a shift for one year and more. At the same time from the value of a latitude and magnetic fields, observed at value n in the northern hemisphere, value n-1 of  latitude and magnetic field in the southern hemisphere was subtracted, where  n is a number of all values of latitudes and magnetic fields of solar spots, starting from 1874. (∆L (1) = Ln(N) – Ln-1 (S) -  shift for 1 year , ∆L(2) = Ln(N) – Ln-2 (S) – shift for 2 years.  ∆B (1) = Bn(N) –Bn-1 (S) -  shift for 1 year,  ∆B(2) = Bn(N) –Bn-2 (S) – shift for 2 years etc.
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Fig. 2
Values of difference of latitudes of groups of solar spots ∆L(n) and magnetic fields ∆B(n) with a shift for 1 year and more reflect the changes, occurring on the Sun during a year and more. Comparing curves b, c, d, e, one can see that they are becoming more symmetrical and the most symmetrical fluctuations are observed 5 - 6 years from a cycle’s start, i.e. at a maximum of solar activity. Therefore one can come to a conclusion that at a phase of growth of solar activity the conditions are gradually being formed, when spots are located symmetrically and their magnetic fields have approximately equal values in the northern and southern hemispheres of the Sun. Such conditions develop only at a maximum of solar activity, i.e. during one or two years. One year after that the picture has already changed. Figure shows that 7 years after the beginning of a cycle symmetrical location of spots is disturbed, disappearing at a minimum of next cycle (Figure 2f, g). In a maximum of a next cycle it reappears again etc. 

Figure 3 presents the temporal alterations for the period of 1874 to 2003 of difference of latitudes of groups of solar spots ∆L(n), averaged for one year, and values of magnetic fields ∆B(n), summarized for 1 year, with a shift of 2, 13 years (a, c), reflecting the alterations of these parameters two years after a minimum  of solar activity, and with a shift for 8, 19 years (b, d), reflecting the alterations of these parameters two years after a maximum of solar activity.
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Fig. 3
It can be seen that in the first case the groups of spots are located at higher latitudes of the northern hemisphere, than in the southern, at the second case vice versa – higher latitudes in the southern hemisphere than in the northern. In can be assumed that in these cases gravitational waves of different directions are generated. It happens deep in the Sun’s interior under the convection zone, in the zone of radiation transfer of energy and perhaps in the nucleus. At the same time the matter in those zones is being mixed. The arrows in Figure 3 indicate directions of g-modes. It can be seen that at the phase of growth of number of spots after the minimum they have one direction, after achieving the maximum of activity – the opposite direction. The period of fluctuations of such modes is 5-6 years and more. It can also be assumed that gravitational waves stimulate a change of sign of magnetic field in groups of spots. As it is known, gravitational waves haven’t been detected so far. Notwithstanding this fact, there is an indirect confirmation of their existence. At determining gravitational constant G by the torsion balance in the Shternberg State Astronomical Institute, it was found out that values G, obtained by various measurements during not less that 10 years, differ. The analysis of variations of results of measurements of the gravitational constant has shown that they are related to a whole range of space and geophysical phenomena. As it is assumed, these results reflect the impact of these phenomena on the experimental plant [3]. 
2. Solar Spots and Spatio-temporal Multilayered Continuum
Let us examine dependence ∆L(n) and  ∆В(n) on  ∆t(n), where ∆t(n) – time of shift at subtracting values  L and В in the southern hemisphere of the Sun from values L and В in the northern hemisphere. At that n takes on values 0, 1, 2, 3,…… n. 

Figure 4 presents dependence ∆L on ∆t during 19th cycle. 
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Fig. 4
It is clear from the picture that at the phase of the growing cycle of solar activity approximately two years after the minimum the maximal positive asymmetry of solar spots was observed, at the same time spots in the northern hemisphere occupied higher latitudes, than in the southern. In this case it was observed in 1955. The curve in the picture, reflecting the alterations of 1955, reached its maximum at  ∆t = 2. Gradually approaching the maximum the spots in the northern and southern hemisphere were situated more and more symmetrically.

In this case, as it can be seen in the picture, the maximal symmetry was observed in 1958 – 1959, i.e. at the time of maximal activity, at that ∆t = 5. Then after the maximum the picture has changed, the groups of spots in the southern hemisphere occupied more and more high latitudes and directly before the minimum the maximally negative spots asymmetry was observed. It happened 7 – 8 years after the beginning of a cycle, in 1962-1963. 

Thus, determining the location of extrema at the curves in Figure 4A, it can be noted that maximal positive values ∆L were observed in  1955 at ∆t = 2, maximal negative values – in 1962, 1963, at that ∆t = 7, 8 years.  

The same picture shows dependence of ∆B on ∆t for the same period. 

In 1954 the magnetic field of spots in the southern hemisphere had the maximal value, ∆t=7.  But already in 1956 the maximal value of spots began to be observed in the northern hemisphere. Thus after dynamic (mechanical) spots alterations (transfer of maximal location of latitudes of spots from the southern hemisphere to the northern) entail a change of magnetic phenomena of spots. As  is known, approximately during two years after a minimum of solar activity inversion of a field’s sign in spots occurs. In 1956 the value of the field in the spots in the northern hemisphere exceeds the value of the field in the southern hemisphere, at that ∆t =2, and during the maximum of activity, in 1959, this value is maximal. Thus, in the maximum of solar activity at a symmetrical location of spots in the northern and southern hemispheres a magnetic field of spots in the northern hemisphere has its maximal value. Figure 4b shows, that the maximal value of the curves’ extremum was observed in 1959, at that ∆t =5. As is known, at this time the change of polarity of the general magnetic field of the Sun occurs. Then in 1961 the picture changed rapidly, the maximal value of the spots’ field was observed in the southern hemisphere and at the minimum of activity this difference becomes maximal. It can be seen from the picture that the minimal value of the curves’ extremum was observed in 1963, and ∆t=7. 

The analogical picture is observed for dependence ∆L(n) and  ∆В(n)  on ∆t(n) for any of the cycles, examined in the work. 

Thus, the following processes and characteristic time can be detected in an 11-year cycle.
1. Minimal solar activity, ∆t =0.
2. Dynamic (mechanical) alteration of location of spots: spots in the northern hemisphere occupy higher latitudes than those in the southern hemisphere, change of the sign of magnetic field in the spots, the lager value of the field of spots is observed in the northern hemisphere,  ∆t =2-3 years.

3. Maximum of solar activity, symmetrical location of spots in the northern and southern hemispheres, magnetic field of spots in the northern hemisphere have a larger value, alteration of polarity of the general magnetic field of the Sun, ∆t=5-6 years.

4. Dynamic change of location of spots after a maximum: groups of spots in the southern hemisphere occupy higher latitudes and directly before a minimum a maximal negative spots asymmetry  is observed. It happens at ∆t =7-8 years after a cycle begins.

5. The relationship between dynamic (mechanical) phenomena and magnetic phenomena.

Hence, the following characteristic periods can be detected in a solar cycle: 0,2-0,3 of a cycle, 0,5 of a cycle, 0,7-0,8 of a cycle, 1 cycle. 

The following fact has to be noted. Figure 4 shows that mechanical (i.e. location of spots in the northern and southern hemispheres) and magnetic parameters of spots at every moment are determined not only by current processes, but by previous processes as well. For example, in 1962 the maximal negative asymmetry of spots was observed at ∆t =8 years. Thus this minimum began to be formed 8 years before it. Thus what has followed in 1962 was an outcome of all processes, which were observed a long time ago. This is related to processes, occurring at any moment.   

All the facts mentioned above allow us to come to a conclusion that spatio-temporal parameters of processes have to be considered as a single whole. Time and space don’t exist like separate entities, in isolation from matter, but аs a result of their close interrelation they lose their identity and become parts of a unified and manifold entity. Thus a spatio-temporal multilayered  continuum does exist, each layer reflecting not only current time processes, but processes of the previous time. In our case the following parameters of such continuum are: L(n), В(n), ∆L(n), ∆В(n),  t(n), ∆t(n). 

3. Processes in Interplanetary Space and their Correlation with Interstellar Environment 

For revealing the reasons of asymmetry of solar spots and alterations of solar activity let us examine the processes, taking place in the interplanetary space and their correlation with the interstellar environment [4-5].

Figure 5 shows density of solar wind energy E, averaged through a year (Е) from 1963 to 2003 (see 5b) [6].
 It can be seen that the density of energy of the solar wind has cycles of 11 years. From  1963 to 2003 3,5 cycles of solar activity were observed. At the same time growth Е occurs during a maximum of solar activity (see 5a and 5b) achieving its maximal value either during a minimum of solar activity or close to a minimum. From Figure 5b it is clear that minimal values of density of energy of solar wind are observed in 1969, 1980, 1988-1990, i.e. in the periods of maximal solar activity. Figure 5 also presents the temporal changes:

c- Bz components of the interplanetary magnetic field in a solar-ecliptic system of coordinates (separate positive and negative components of this field, i.e. positive values to the North of the ecliptic’s plane and  negative to the South), averaged through 0,5 of a year (left scale); differences of these values ∆Bz, at that from a positive field value in the northern direction an absolute field value in the southern direction was subtracted ∆Bz = Bz (+) - |Bz (-)|, averaged through 0,5 of a year and through one year (right scale).

d – latitudinal direction (perpendicular to the ecliptic’s plane) of interplanetary magnetic field vector, Вθ, (separate positive and negative directions of this field, i.e. positive sign of the field to the North of  the ecliptic’s plane and negative – to the South), averaged through 0,5 of a year, and; differences of these values ∆Bθ, at that from a positive value of an angle in  northern direction the absolute value of an angle in southern direction was subtracted ∆Вθ = Вθ (+) - | Вθ (-)|, averaged through one year (right scale).

e is the differences of positive and negative values of field Bz  and latitudinal direction of field Вθ with a 5-year shift, averaged through one year, at the same time from the  value of the field, observed at n value in the northern direction,  n-5  field value in southern direction was subtracted, where  n is number of all field values, averaged through a year, beginning from 1964  (∆Bzn(5) = Bzn (+) - |Bzn-5 (-)|, ∆Вθ(5) = Вθn (+) - | Вθn-5 (-)|). 
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Figure 5 shows that the temporal variations of positive and negative  components of  Bz and latitudinal direction Вθ, of the interplanetary magnetic field are symmetrical. They reach their minimal values at the beginning of an 11-year cycle. Than they grow and after a maximum of a solar cycle they go down again. Different components of this field reach their minimal values at the beginning of a next cycle, therefore, these changes have an 11-year cycle. Difference of positive and negative values ∆Bz(5) of component Bz  and ∆Вθ(5) of latitudinal direction Вθ  of the interplanetary magnetic field  also have an 11-year cycle (see 5e).

At the beginning of a cycle the negative field has a predominant direction. Then values ∆Bz(5) and ∆Вθ(5)  are gradually increasing, and in the maximum of a solar cycle the predominant direction of the field becomes positive. As it was already mentioned, at this time the conditions are formed, when a symmetrical location of spots appears and the density of solar wing energy reaches its minimal values. At this time in the interplanetary medium the positive and negative components of magnetic field Bz and latitudinal direction Вθ take on maximal absolute values and the direction of the field becomes maximally positive.

Then let us assume that the alteration of solar activity is determined by the interaction of processes, occurring in the interplanetary space, with the interstellar medium.

Let us examine the movement of the Solar system in the interplanetary space [4,5]. At the movement of the Solar system in the interstellar medium the heliosphere is formed, a space, filled with the solar wind. The location of the border of heliosphere is determined by the equilibrium of dynamic pressures of the solar wind and interstellar medium. It is supposed that the distance from the border of heliosphere towards the Solar system’s movement is 50-100 a. u. The interstellar medium by 90% consists of hydrogen. It has the magnetic field and permanently interacts with stars. 

It can be assumed that at the beginning of a solar cycle, after the minimum, the number of spots increases with the penetration of interstellar plasma into the Sun through a heliopause. Such penetration can occur along the reconnected magnetic field lines of an incoming flow of interstellar plasma with the Sun’s magnetic field. 

Such conditions appear at a certain orientation of northern-southern component Bz  and latitude Bθ of the interplanetary magnetic filed. As it was already mentioned, at the beginning of a cycle up to its maximum the absolute values of these parameters increase. However, the primary direction at the beginning of a cycle has a negative filed. Then with a growth of a number of spots primary direction ∆Bz and ∆Bθ of a field changes from negative to positive, in a cycle’s maximum these parameters reach maximal positive values. During this period, from a cycle’s beginning to its maximum, the outcome of solar wind into the interplanetary space is hampered, at the same time the density of energy of solar wind decreases from maximal to minimal values.

Therefore, the growth of solar activity appears at the certain parameters of the interplanetary magnetic field, with interstellar plasma penetrating the Sun’s interior.
4.Discussion
Under the force of gravitation the Sun tends to compress. This compression is counteracted by a change of pressure, emerging from nuclear reactions of helium synthesis from hydrogen. The thermonuclear source is capable of supporting the Sun’s equilibrium for a long time. At revealing the reasons of emergence of solar activity and its changes it is necessary not only take into consideration the processes, occurring inside the Sun, but the movement of the Solar system in the interstellar space. The interstellar medium is a dynamic system with complicated structure. It constantly interacts with stars and intergalactic space, exchanging matter with them. It can be assumed that the formation of spots is a result of dynamic pressure of the interstellar medium on the Solar system, i.e. symmetrical locations of spots on the Sun’s surface is one of the necessary requirements of the Sun’s equilibrium.

Any violation of this equilibrium entails the formation of spots on the opposite hemisphere of the Sun, capable of reestablishing this equilibrium. In order to make these processes possible, it is necessary to assume that in the Sun’s interior there is a heliophysical medium, in which disturbances can spread, emerging as a result of symmetrical location of spots. It is also possible that these disturbances are gravitational waves and a propagation of this wave causes the movement of the Sun’s interior substance in different directions and the generation of magnetic fields in spots.

It should be noted that the parameters of spots at every moment are determined not only by the present time processes, but by all processes, which were observed a long time ago, i.e. a temporal-spatial multilayer continuum exists, each layer of which reflects not only the present time processes, but those of the past.
5. Conclusions
1. Solar spots asymmetry signs constantly changes from period to period.
2. Solar spots asymmetry has both an 11-year cycle and a cycle, approximately equal to three 11-year cycles.

3. The deviation of location of solar spots from a symmetrical on the northern and southern hemispheres of the Sun and its magnetic fields entails a gradual change of this state towards the achievement of equilibrium.
4. The symmetrical location of solar spots is one of necessary prerequisites of the Sun’s equilibrium.
5. At violations of symmetry in the interior of the Sun gravitational waves might be generated and spots with strong magnetic fields.
6. On revealing the reasons of emergence of solar activity and its changes it is necessary not only to take into consideration the processes, occurring inside the Sun, but the movement of the Solar system in the interstellar space. At a certain state of the interplanetary medium the interstellar plasma penetrates the Sun through a heliopause increasing a number of spots. 

7. Spatio-temporal parameters of processes have to be considered as an integral whole, a temporal-spatial multilayer continuum exists, each layer of which reflects not only the present time processes, but those of the past.
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