PAGE  
12
Astrotheos                                                                  Part 0. Current and cyclic Manifestations of Solar Activity

0. Current and cyclic Manifestations of Solar Activity
0.1. Introduction

Solar activity (SA) is understood as origination of active formations in Solar atmosphere. It presents interest from both practical and theoretical points of view. Solar events may disrupt or damage such Earth-Space activities as satellite operations, high-altitude flights, electric power distribution, pipeline operations, climate, biological objects, etc. [sel.noaa.gov
, science.nasa.gov]. That is why forecasting of SA levels presents an important problem not only for astrophysicists, but for a variety of applications. However, though the physical causes of correlations between some manifestations of SA are explained, and their use together with empirical models allow us to obtain more or less reliable short-termed forecasts, the origin and mathematical description of the basic 11-year SA cycles (Solar cycles, for short) remain obscure. 

For these reasons, study of these cycles continues to attract attention of astronomers [1], mathematicians [2, 3] and experts in other applications [4]. The basic aspects of these studies are associated with detection of cycles in nature and society that correlate with the Solar cycles, and revealing of supercycles and subcycles of the basic Solar cycle both within the sequence of these cycles, and in relation with the planetary revolutions. The former aspect of this problem provides us with a lot of well-grounded correlations [3-6], but it is evidently a sphere of applications. On the contrary, the latter one presumes mathematical study in search of those laws which may be used for more exact forecasting and understanding of this phenomenon. 

From mathematical point of view, the principal difficulties in study of Solar cycles consist in small amount of sampling and absence of stable criterion specifying their critical points. Thus, only less than two dozens of Solar cycles were observed on a regular basis relative to sunspots, and only few ones – with regard to other Solar indices, whereas subjective criteria (cycle minimum and maximum [7, 8]) are used for treating these values. Besides, we must allow for noticeable variation in cycle parameters and noise pollution of Solar data which, to some extent, are attributed to planetary influence [3] and, for this reason, called modulation. 

All these factors hamper quantitative study of Solar cycles; first of all – due to a lack of numerical tools for testing of obtained empirical dependencies. Hence, it becomes clear that only a systematic treatment of all these obstacles may allow us to reveal more or less general laws that stand beyond the development of Solar cycles.
General model of Solar cycle presumes description of SA magnitude (basically – the sunspot number) in time. Not only this problem, but even its sub-problem consisting in forecasting of cycle minimum and maximum for the forthcoming cycle is far from its solution. Therefore, specifying an unbiassed and stable criterion for selection of Solar cycle reference points, to be taken instead of empirical maxima and minima [8], as well as studying of their properties on the grounds of error analysis presents an important scientific problem being crucial for many applications. For solving this problem, overview [www.sel.noaa.gov
, http://science.nasa.gov, www.ngdc.noaa.gov], at first, the basic manifestations of SA and how they are described in time.
0.2. Basic manifestations of Solar Activity
0.2.1. Continuous Manifestations of SA
Sunspot is an area seen as a dark spot on the Photosphere of the Sun. Sunspots are concentrations of magnetic flux, typically occurring in bipolar clusters or groups. They appear dark because they are cooler than the surrounding photosphere. They are the most prominent visible features on the Sun which rotate with the solar surface; a moderate-sized sunspot is about as large as Earth. Sunspots form and dissipate over periods of days or weeks. Each isolated cluster of sunspots is termed a sunspot group, and it may consist of one or a large number of distinct spots whose size can range from 10 or more square degrees of the solar surface. Groups of sunspots, especially those with complex magnetic field configurations, are often the sites of flares. 
Sunspots are commonly unseen with a naked eye. With respect to existing historical records, Theophrastus was the first who identified sunspots in 325 BC. The Chinese chronicles mention the first observation of sunspots in 188 A.D. and contain observations for a period of 301 AD to 1205 AD that were published by Chinese encyclopaedist Ma-Tuan Lin. In chronicles of Old Russia (around IX-XII centuries) the dark spots on the Sun's surface were mentioned when people looked on the Sun through the smoke of forest fires [1]. In Europe they were discovered with the invention of telescope in 1610 – independently by G. Galilei, J. Fabricius, C. Scheiner, and T. Harriot .

Daily observations and counts of sunspots were started at the Zurich Observatory in 1749, after Rudolph Wolf had devised in 1848 a daily method of estimating SA by counting the number of individual spots and groups of spots, because neither quantity alone satisfactorily measures sunspot activity. Thus, for the daily index of sunspot activity he had chosen the Sunspot Number (SSN) being defined as R = k (10 g + s) where S is the number of individual spots, g – the number of sunspot groups, and k - an observatory factor. In his name, SSN is also called Wolf' number.

Today, Wolf sunspot counts continue, since no other index of the sun's activity reaches into the past as far and as continuously. For this, a world-wide net of observatories is used. Since the provisional daily Zurich relative sunspot numbers, Rz, were based upon observations made at Zurich, to compensate for the limitations being implied by the Sun's rotation, difference in observatory time zones and other factors, each daily international number is computed as a weighted average of measurements made from a network of cooperating observatories.

Beginning January 1, 1981, the Zurich relative sunspot number program is replaced by the "Sunspot Index Data Center" (Bruxelles, Belgium).  The determination of the provisional International Sunspot Numbers results from a statistical treatment of the data originating from an international network to guarantee continuity with the past Zurich series of Rz. These relative sunspot numbers are now designated Ri (International) instead of Rz (Zurich). The International Sunspot Number is compiled by the World Data Center (WDC) for the Sunspot Index [http://sidc.oma.be/index.php3] in Belgium. 
In parallel with the WDC, the NOAA’s (National Oceanic and Atmospheric Administration) Space Environment Center (SEC) being jointly staffed by NOAA and the U.S. Air Force provides useful solar-terrestrial information, including the SWO Sunspot numbers (SSN), in parallel with Ri (and one must distinguish between them!) [www.sel.noaa.gov/SiteMap.html]; Space Weather Operations (SWO) is a division of the SEC providing the Nation's official source of space weather alerts and warnings. As well, Ri and SWO numbers may be obtained at the National Geophysical Data Centre (NGDC) [www.ngdc.noaa.gov/stp/SOLAR].

If not specified otherwise, these are basically monthly mean sunspot numbers [7] (viz. monthly average of daily Ri values) are considered below. Smoothed monthly sunspot numbers, as well as daily and American numbers may also be obtained at this address, for the respective period.

Sunspot area is another index of SA which, in general, follows the SSN. 

Side by side with SSN, the 10.7cm Radio Flux (Flux, for short) index is supplied which represents the level of radio emissions of the Sun. This index is also closely correlated with SSN, but does not coincide with it. Flux values are recorded just from the year of 1947.
0.2.2. Sporadic Manifestations of SA

Considering of SSN and Flux indices allows us to describe the SA as a continuous function of time and, on this basis, to speak about the SA maxima, minima, and other extremal points of SA level. At the same time, a series of not less significant events take place on the Sun which exert a pronounced influence on the Earth, but develop from time to time. 
Solar flare is a sudden and intense eruption of energy on the solar disk lasting minutes to hours, from which radiation and particles are emitted. In a matter of just a few minutes Solar flares heat material to many millions of degrees. Flares are our solar system's largest explosive events which can be equivalent to approximately 40 billion Hiroshima-size atomic bombs. Flares release energy in many forms: electro-magnetic (Gamma rays and X-rays), energetic particles (protons and electrons), and mass flows. 

Flares occur near sunspots: the key to understanding and predicting solar flares is the structure of the magnetic field around sunspots. If this structure becomes twisted and sheared then magnetic field lines can cross and reconnect with the explosive release of energy. 

Coronal Mass Ejection (CME). The outer solar atmosphere, the corona, is structured by strong magnetic fields. Where these fields are closed, often above sunspot groups, the confined solar atmosphere can suddenly and violently release bubbles or tongues of gas and magnetic fields called coronal mass ejections, which are threaded with magnetic field lines that are ejected from the Sun over the course of several hour. A large CME can contain billion tons of matter that can be accelerated to several million miles per hour in a spectacular explosion. Solar material streaks out through the interplanetary medium, impacting any planets or spacecraft in its path. CMEs are sometimes associated with flares but usually occur independently.
CME disrupt the flow of the solar wind and produce disturbances that strike the Earth with sometimes catastrophic results. The CME of April 7th, 1997 produced a "halo event" in which the entire Sun appeared to be surrounded by it. Halo events are produced by CMEs that are directed toward the Earth. The frequency of CMEs varies with the sunspot cycle. At solar minimum we observe about one CME a week. Near solar maximum we observe an average of 2 to 3 CMEs per day.

Not all solar flares are accompanied by coronal mass ejections, and nobody knows for sure why.

Solar wind is the outward flux of solar particles and magnetic fields from the Sun; it flows at velocities of approximately 250-1000 km/s. Magnetic cloud, in general, is any identifiable parcel of solar wind. Magnetic clouds may be one manifestation of CMEs in the interplanetary medium.

The solar wind flows around obstacles such as planets, but those planets with their own magnetic fields respond in specific ways. Under the influence of the solar wind, the magnetic field lines are compressed in the Sunward direction and stretched out in the downwind direction. This creates the magnetosphere, a complex, teardrop-shaped cavity around Earth. Earth's magnetic field senses the solar wind its speed, density, and magnetic field. Because the solar wind varies over time scales as short as seconds, the interface that separates interplanetary space from the magnetosphere is very dynamic. Normally this interface called the magnetopause lies at a distance equivalent to about 10 Earth radii in the direction of the Sun. However, during episodes of elevated solar wind density or velocity, the magnetopause can be pushed inward to within 6.6 Earth radii (the altitude of geosynchronous satellites). As the magnetosphere extracts energy from the solar wind, internal processes produce geomagnetic storms.

Coronal holes can last for months to years. They are seen as large, dark holes when the Sun is viewed in x-ray wavelengths; they tend to be most numerous in the years following sunspot maximum. 

Solar prominences (seen as dark filaments on the disk) are usually quiescent clouds of solar material held above the solar surface by magnetic fields. Most prominences erupt at some point in their lifetime, releasing large amounts of solar material into space. 

Thus, though the origin of Sunspots is not well understood, it is known that the magnetic field in sunspots stores energy that is released in flares and other events. As a result, they usually occur in a cycle that mimics the 11-year SA cycle. Therefore, for the reasons of its continuity, long prehistory and close correlation with other factors of SA, we can take the SSN for a representational index of Solar activity as a whole.

0.2.3. Explicit Solar-Terrestrial Effects

Geomagnetic Storms. One to four days after a flare or eruptive prominence occurs, a slower cloud of solar material and magnetic fields reaches Earth, buffeting the magnetosphere and resulting in a geomagnetic storm. During a geomagnetic storm, portions of the solar wind's energy is transferred to the magnetosphere, causing Earth's magnetic field to change rapidly and energize the particle populations within it. 

Proton Events. Energetic protons can reach Earth within 30 minutes of a major flare's peak. During such an event, Earth is showered energetic solar particles (primarily protons) which may produce additional ionization and a significant increase in radiation environment.

Aurora. The aurora is a dynamic and visually delicate manifestation of solar-induced geomagnetic storms, which may wreak havoc on technological systems. The solar wind energizes electrons and ions in the magnetosphere, which usually enter Earth's upper atmosphere near the Polar Regions. When the particles strike the molecules and atoms of the thin, high atmosphere, some of them start to glow in different colours. Aurorae begin between 60-80 degrees latitude. As a storm intensifies, the aurorae spread southwards. 

Satellite operations, high-altitude polar flights, navigation. Long-line telephone communication, HF radio communication (e.g. ground-to-air, ship-to-shore, etc.). Geomagnetic storms and increased solar ultraviolet emission heat Earth's upper atmosphere. This results in increased drag on satellites in space, causing them to slow and change orbit slightly. Solar particles can cause physical damage to microchips and can change software commands in satellite- borne computers. 

Electric power distribution. When magnetic fields move about in the vicinity of a conductor such as a wire, an electric current is induced into the conductor. This happens on a grand scale during geomagnetic storms. Power companies transmit alternating current to their customers via long transmission lines. The nearly direct currents induced in these lines from geomagnetic storms are harmful to electrical transmission equipment. On March 13, 1989, in Montreal, 6 million people were without commercial electric power for 9 hours as a result of a huge geomagnetic storm. Some areas in the U.S. and in Sweden also lost power. 
Pipeline operations. Rapidly fluctuating geomagnetic fields can induce currents into pipelines. During these times, several problems can arise for pipeline engineers. Flow meters in the pipeline can transmit erroneous flow information, and the corrosion rate of the pipeline is dramatically increased. If engineers attempt to balance the current during a geomagnetic storm, corrosion rates may increase even more. 
Geophysical exploration. Earth's magnetic field is used by geologists to determine subterranean rock structures. For the most part, the geodetic surveyors can accomplish their explorations only when Earth's field is quiet; other surveyors prefer to work during geomagnetic storms, when the variations to Earth's normal subsurface electric currents help them to see subsurface oil or mineral structures. 
Climate. Although the Sun has long been assumed to be a constant source of energy, recent measurements of this solar constant have shown that the base output of the Sun can vary by up to two tenths of a percent over the 11-year solar cycle. Temporary decreases of up to one-half percent have been observed. Atmospheric scientists say that this variation is significant and that it can modify climate over time. Plant growth has been shown to vary over the 11- and 22-year sunspot cycles, as evidenced in tree-ring records. 

While the Solar cycle has been nearly regular during the last 300 years, there was a period of 70 years during the 17th and 18th centuries when very few sunspots were seen. This drop in sunspot number coincided with the timing of the little ice age in Europe, implying a Sun- to-climate connection. Stratospheric winds near the equator blow in different directions, depending on the time in the solar cycle. 

Biology, radiation Hazards. Intense solar flares release very-high-energy particles that can be as injurious to humans as the low-energy radiation from nuclear blasts. Earth's atmosphere and magnetosphere allow adequate protection for us on the ground, but astronauts in space are subject to potentially lethal dosages of radiation. Solar proton events can also produce elevated radiation aboard aircraft flying at high altitudes and cause molecular ionization, creating chemicals that destroy atmospheric ozone and allow increased amounts of harmful solar ultraviolet radiation to reach Earth's surface. A solar proton event in 1982 resulted in a temporary 70% decrease in ozone densities. Studies indicate that physically stressed human biological systems may respond to fluctuations in the geomagnetic field.
0.3. Description of Solar Cycles
0.3.1. Criteria and Source Data

The Sun goes through cycles of high and low activity that repeat approximately every 11 years. Wolf confirmed the existence of this cycle in SSN and more accurately determined the cycle's length to be 11.1 years by using early historical records; this cycle, though, is not symmetrical, for the spot count takes on the average about 4.8 years to rise from a minimum to a maximum and another 6.2 years to fall to a minimum once again. He also discovered independently the coincidence of the sunspot cycle with disturbances in the earth's magnetic field [18]. 

In parallel with it, the magnetic sunspot cycle of 22.1 years (the Hale cycle) is generally accepted. 

Since the start of daily observations and counts of sunspots in 1749, the monthly mean sunspot numbers are available [7], and the cycles in sunspot numbers are numbered (Zurich series) [7]; the first of them starts in 1755. The current, 23rd cycle in this series has started, as accepted, in 1996 and, now, approaches its end.  

While some other aspects of the Sun vary differently over the years (for example, coronal holes tend to be most numerous in the years following sunspot maximum), the sunspot cycle is a useful way to mark the changes in the Sun [19]: Solar Minimum refers to the several Earth years when the sunspot numbers are lowest; Solar Maximum occurs in the years when sunspots are most numerous. During Solar Maximum, activity on the Sun and its effects on our terrestrial environment are high. Dynamic outbreaks of geomagnetic storms and radiation showers at the Earth occur sporadically but with increasing intensity and frequency during the years around maximum.

 Though use of SSN as a generalized index of SA in these cycles shows definite disadvantages, namely this count is basically used in studying of the Solar cycles since the SSN is closely correlated with major factors of Solar activity and presents a statistics which exceeds incommensurably those of other indices. 

In order to overcome the shortcomings of use of SSN for obtaining of general trends of SA, the daily values of SSN are averaged into monthly mean SSN and other periods. In order to decrease the swing of monthly mean SSN, the smoothed monthly mean sunspot number is defined [8] as the arithmetic average of two sequential 12-month running means of monthly mean numbers. After then, the Solar Maximum (or Minimum) is defined as described below. 
However, though use of smoothed values benefits to visual presentation of development of SA, this approximation distorts the monthly counts and one must take account of this when these values are analyzed for taking a decision; e.g. when selecting a month with cardinal features. This is so because the conventional extrema (maxima and minima) epochs of Solar cycle are defined with a high degree of subjectivity, which hampers search of mathematical peculiarities of these cycles.

Apart from use of smoothing, the published definition of sunspot extrema [18, 23] includes 5 criteria: "When observations permit, a date selected as either a cycle minimum or maximum is based in part on an average of the times when extremes are reached (1) in the monthly mean sunspot number, (2) in the smoothed monthly mean sunspot number, and (3) in the monthly mean number of spot groups alone. Two more measures are used at time of sunspot minimum: (4) the number of spotless days and (5) the frequency of occurrence of "old" and "new" cycle spot groups". 

As a result, this subjectivity leads to an unacceptable, for mathematical study, uncertainty in estimation of Solar cycle extrema [18]: "May 1996 marks the mathematical minimum of Cycle 23.  October 1996 marks the consensus minimum determined by an international group of solar physicists. April 2000 marks the mathematical maximum of Cycle 23.  However, several other solar indices (e.g., 10.7 cm solar radio flux) recorded a higher secondary maximum in late 2001", which make half a year for minimum, and a year and a half for maximum.

0.3.2. Prediction of Solar Cycles
With the aim to work out a forecast for the amplitude and phasing of the most common indicators of solar and geomagnetic activity for Solar Cycle 23 and to recommend it for operational use, the NOAA and NASA recruited a scientific panel of 12 scientists from 10 agencies, that issued the report [20] in which it summarized the findings of the panel. The Conclusions pertaining to this work are as follows:

i) The dramatic variability from one cycle to the next in sunspot and geomagnetic records shows the difficulty in making empirical predictions of both types of activity. The issue is further complicated by the lack of a successful quantitative, theoretical model of the Sun's magnetic cycle. 

ii) In advance of the panel meeting, forecasts of solar activity were requested from the scientific community; replies were considered by the panel along with forecasts published in the open literature. 
iii) The analysis of the obtained 28 forecasts has shown that determination of the precise "Shape" of Solar Cycle 23 in 10.7 solar flux and/or sunspot number is not currently possible. That is why to provide a general shape for Cycle 23, profiles based on  (unimodal – S.S.) smooth "functional" forms derived from solar cycles 1-22, and other data were used. The representative predictions were combined to obtain a consensus prediction for the panel: for Smoothed Monthly SSN, it makes 160, with interval estimate of 130 to 190, whereas the range in the date of the smoothed cycle maximum is March 2000 with an interval estimation of January 1999 to June 2001.
It is also noted that criticisms of long-term solar cycle prediction focus on the thin physical foundation beneath such predictions and the limitations of the data used to define and extend solar and geophysical variability. The panel largely agrees with these criticisms, and recommends, apart from continuing of various measurements, that the Prediction research should be supported and the scientific community encouraged to develop a fundamental understanding of the solar cycle that would provide the basis for physical rather than the present empirical prediction methods.
In the summary [21] of the Second Meeting, the panel notes that the epoch tables specifying cycle maxima and minima included in the first report are not consistent with a strict determination based on smoothed SSN. On these grounds, the Panel reviewed the published definition of sunspot extrema: because the smallest monthly mean SSN were achieved in September (1.6) and October (0.9), 1996, and the most spotless days occurred in October, the Panel agreed that October, 1996, was the effective onset of Cycle 23.

Thus, the existing level of physical knowledge and the empirical techniques allow us to predict the magnitude and the phase (extrema epochs) of the forthcoming SA cycle, but with a significant error:
1. Magnitude. The highest smoothed monthly SSN marks April 2000 as the mathematical maximum of Cycle 23, at a level of approximately 120, whereas the predicted maximum level is about 160. Hence, the relative error of the forecasted magnitude of maximum makes about 
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2. Phase. In contrast to the suggestion that the Solar cycle has a single maximum, the monthly mean SSN was growing in cycle 23 until it reached the cycle maximum of 170.1 (July 2000). Then, after a decline up to 80.6 (February, 2001), it starts to grow and reaches the second pronounced peak of 150.7 (Sept. 2001).
If the smoothed monthly mean SSN are considered, these maxima take place in March 2000 (120.8) and November 2001 (115.5).  In fact, these are at least two SSN maxima [13, 24], and they are also seen in the chart for the 10.7 cm solar radio flux; moreover, the 10.7 cm solar radio flux has its cycle maximum at the second comb of SSN – at September and December of 2001. Both these indices show a pronounced inter-maxima minimum around January 2001.

Therefore, if the first actual maximum (in smoothed values) practically coincides with the forecast (error is 1 month), the error for the second maximum makes 20 months, which makes a relative error of 40% with respect to the period of forecasting (4 years); the second maximum even does not fit the interval estimation (Jan. 1999 to June 2001). Moreover, this inter-maxima interval of 20 months, with respect to the SA cycle duration of 11 yr, makes a relative error of about 
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. As well, such split maximum in mean SSN and Solar flux also took place in Cycle 22. Fig. 0.1 illustrates this situation, where use of smoothing polynomial instead of smoothed SSN clearly shows a bimodal nature in development of SA.
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a)                                                                                                           b) 

Fig. 0.1. Monthly values of Mean SSN and 10.7 cm Radio Flux (divided by 10) for:

a) August 1988 to April 1992 period of cycle 22;

b) January 2000 to June 2002 period of cycle 23.
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Therefore, the concepts of Solar cycle maximum and minimum epochs, which are based on the smoothed SSN and existing subjective criteria, are not adequate in the sense that they do not reflect the actual extrema in development of SA (though it is expected to await that a characteristics with such names must reflect their meaning) and show a 40% error just for one cycle.
To this end, a problem arises: how to define a stable characteristic, viz. a function (criterion) of definite source data, which specifies a critical point of Solar cycle.
Besides, from the above analysis it is clearly seen that neither a unimodal concept of Solar cycle, nor the existing "single-step" Solar cycle models, where the moment of cycle minimum is searched for proper phasing of the next cycle, are effective:  since they imply that the Solar cycles are developing in succession, this basic assumption makes it almost impossible to forecast extrema of the subsequent cycles, the more so because the accuracy of maximum of even the oncoming cycle is predicted with such a great error. 
Therefore, obtaining a well grounded model describing the distribution of phases for the oncoming series of Solar cycles presents an important problem for solving of both application and theoretical problems.
0.4. Implicit  Solar-Terrestrial  Cyclic  Effects  

( Numerical  Interaction  models )

Apart from predictive models, which forecast the development of Solar indices (first of all – the SSN), a significant importance present those ones which study the correlations between the Solar cycle extrema and harmonics (fractions and multiples of average 11-year Solar cycle length) from the one hand, and   planetary and terrestrial phenomena periods, from the other hand.

Thus, a wide spectrum of quite exactly determined synchronistic correlations (synchronism, for short) has been established between the peculiar harmonics and/or epochs of Solar cycle and the diverse phenomena – from quantum mechanics and chemistry to biology, botany, and economy, and further on – up to geology and cosmology [1-6, 10-12]. 
They allow us to use the obtained synchronistic dependencies in forecasting (e.g. for predicting geomagnetic storms by the surges of SA) and disclosing of new causal correlations in biology and other sciences, as, for example, the Celestial mechanics laws were firstly empirically described by Kepler, on the ground of existing observations, and, then, mathematically formulated by Newton, with the use of the concept of gravity, though some empirical correlations are intriguing scientists until now. 

0.4.1. A.L. Tchijevsky. By taking account of the established correlations between the 11-year SA cycle maxima and surges in processes describing various phenomena in physical nature, A.L. Tchijevsky, on the grounds of principles of modern natural science, has performed a number of researches being devoted to investigation of correlation between the periodical sunspot activity and the universal historical process. His results are specially considered in Part 5.

0.4.2. T. Landscheidt. H. Haken, the founder of synergetics [9], a discipline dealing with nonequilibrium phase transitions and self-organization in physics and biology, explicitly states that the equations of celestial mechanics follow the rules of synergetics and stresses that centres of mass of systems of astronomical bodies play an important part in nonequilibrium phase transitions. As well, it was shown that the Sun's surface may represent a boundary in terms of the morphology of nonlinear dynamic systems. These ideas were further developed by T. Landscheidt [3] who suggested that the major instability events (both on Sun and on Earth) took place when the Centre of masses (CM) of the Solar system remained in or near the Sun's surface [3]. For obtaining a quantitative model of this phenomenon he suggests to consider the torque T acting on the Sun, which is the first derivative of the angular momentum L of the Sun's orbital motion, and shows that strong impulses of the torque (IOT) are initiated when Jupiter, CM and Sun's centre CS (JU-CM-CS) are in line.
On these grounds, with respect to the statistical tests he had evidently shown that the major instability events being caused by consecutive JU-CM-CS conjunctions, as well as their harmonics nearly always are accompanied (synchronous) by very energetic eruptional activity, as well as extrema in time development of some indices of wild life abundance and stock prices, some other factors [3]. This approach was also very efficient in predicting weather and geomagnetic storms: his forecasts of energetic solar eruptions and geomagnetic storms, checked by astronomers and the Space Environment Services Center, Boulder, achieved a hit rate of 90% [3].

This synchronism was searched by establishing a correlation between the time series of torque cycle versus the Solar flares, X-ray bursts and other natural cycles. For this, spectral analysis and other techniques were used that allowed both to acknowledge such synchronism, and to detect a wide spectrum of resonant periods (viz. harmonics) pertaining to these processes. 
For example, in an analysis of correlation between the IOT and the sunspot cycle a harmonic of 83 years was found to represent the mean interval between consecutive extrema, which, by some estimates, varies within 47 to 118 years. Though this cycle length corresponds to the results obtained by another approaches and researches, making use of estimates with such a low accuracy hampers obtaining a systematic model of Solar cycle structure. Nevertheless, the obtained harmonics pertaining to the peaks of IOT and natural phenomena are quite close to each other and to harmonics that were obtained by other researches.

After then, he has discovered [10] that the plot of the 3- and 9-year running variance of the Sun's orbital angular momentum presents a fractal structure in a form of five-fold sub-cycles ("big fingers") within the five-fold cycles ("Big hands"); these cycles cover cycles of SA with mean lengths of 178.8, 35.8, and 7.2 years, which are reflected in terrestrial cycles. He notes, that especially half-cycles play an important role: 89.4, 17.9  years and 42 months, and especially emphasizes the cycles of 36 years in SA and climate [12], as the cycles of "big fingers" having a mean length of 35.8 (35.76) years (these values are considered in Part 2).
Though the Golden Section is not detected in the Torque-Fractal Model (TFM), Landscheidt implies that "it could be that the pentadactyl pattern created by the Sun and the outer planets hints to a special function of the Golden section in the Solar system. … If we want to understand cycles in depth, we must consider these root elements and their connections. This is valid, too, for planetary cycles."[10]. However, the TFM does not engender neither an accurate estimate for the average Solar cycle length 
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, nor a TFM-correlation with Solar cycles. In this sense the TFM can be taken as an analytical model that describes how the JU-CM-CS modulates, but not governs, the development of a Solar cycles. 

In this connection, he notes [12] the following. The mean of the ratios of the perihelion distances of neighbouring planets from Mercury to Pluto, including the mean radius vector of the planetoids, turns out to be very close to the Golden number 
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 is as small as 0.002. The Golden section has left its mark, too, upon the 11-year sunspot cycle. Reliable data are available since 1750. They show that the ascending part of the cycle has a mean length of 4.3 years. The mean cycle length amounts to 11.05 years (this value is discussed below). The minor of the mean length falls at 4.2 years (
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Thus, the maximum of the 11-year cycle falls at the minor of the Golden section. The descending wing of the cycle has the length of the major. This contributes to the stabilization of Solar activity which is characterized by phenomena generated by instability. The magnetic sunspot cycle of 22.1 years, also called the Hale cycle, is the true cycle of SA. When the position of the major of the Golden section within a "big finger" cycle is calculated, it falls just at the length of the Hale cycle (
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). This helps to limit the instability which is inherent in SA. In climate, the Hale cycle is a dominant feature in the global record of marine air temperature, in the drought severity index etc.

Therefore, the synchronism between the critical points of TFM, which may be obtained with a high accuracy on the basis of solar and planetary parameters, and moments of some physical events (maxima and minima in indices of terrestrial processes), which sometimes are presented with an unknown accuracy, is very efficient in predicting these discrete events by the critical points. However, the Torque/Fractal Model:

 (i) gives no direct correlation with the basic periods of SA cycles of 11 and 22 years; e.g. the 22-year magnetic cycle shows no synchronism with the epochs of fractal elements [2, 10]; 

(ii) does not estimate time error for a synchronism between the SSN extrema and the critical points of TFM. Only general conclusion is provided and its graphical illustrations. It is an important question, because until now these maxima are quite conventional;
(iii) does not reveal any Golden section structure in the TFM, though a resembling structure of planetary periods [4] and indirect evidences in TFM allow us to presume existence of such an object;
(iv) though the TFM "forecasts", at least in a sense of synchronism, the moments of highly probable appearance of sporadic events (Solar eruptions, etc.), it cannot be used, by the discrete essence of the model elements (major instability events), for describing the development of SA cycles and, therefore, their cardinal points (e.g. SSN maxima) with the required time precision;
(v) an insufficient substantiation is given for the value of the average 11-year cycle duration 
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, that does not allow us to estimate the accuracy of this principal parameter of all SA cycles.
0.4.3. N.E. Kurochkin. The synchronism between the SA cycle harmonics and planetary periods was also studied in [11], where the Fourier spectrum (periodogram) of solar activity based on the sunspot numbers observed from 1749 to 1983 is considered. It turned out that several dozens of peaks (viz. periods) on the periodogram (more than 80%) have been identified with the periods of paired planetary configurations according to the formula 
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 are the orbital periods of planets.  At this, the main cycle of SA 
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 (the highest peak on the periodogram) has the period of P0 = 11.11
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0.07 years and corresponds to the Jupiter + Neptune configuration with the period of PJ,N = 11.07 years. Though the obtained synchronistic table for the SA harmonics and planetary paired periods presents an outstanding result by itself, it provides just quite low accuracy of the basic period P0 (this question is specially considered below) and does not provide us neither with the basic 22-year period, nor with a structure of harmonics, nor with the Golden section.
0.4.4. T. Niroma, in his statistical study [25] of cyclicity in the Sun, has found that the sunspot minima prefer an area around the Jovian perihelion, though the SSN minima and the Jovian perihelion never exactly meet and the distance between minimum and perihelion is quantified. It is interesting that this situation resembles the distributions of Solar cycle maxima and median deviations around the model peaks of the Regular Model (Part 4). In more detail, his results are considered in Part 2.

0.4.5. ATS. Many other empirical dependencies are now discovered between the Solar cycle harmonics and a wide spectrum of periods in nature and society [4, 14], but with the exception of Auric Time Scale (ATS) [5, 6] being grounded on the Golden section number power series, no other system specifies even a much less number of these periods (in detail, they are considered in Part 2). 
To this end, it is important to note here, that in contrast to the conventional consideration of natural harmonics, which present k-fold, or k/m –fold value of the basic period T, where k and m are naturals (k, m = 1, 2, …; for instance 2T, 3/2T), non-natural correlative and resonant periods were discovered [5, 6] which synchronize the planetary and 11-year SA cycle periods, as well as a wide series of periods in nature and society so that within the adequate accuracy they hit a discrete series of values being originated by the ATS presenting the product of average 11-year Solar cycle length 
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 and 22-year heliomagnetic cycle by the Golden Section powers 
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An important example of this situation gives Bobova [4]:  
“From the viewpoint of geophysics and astrophysics, the radiocarbon spectrum is the most interesting geophysical global parameter. The most important problem of radiocarbon researches consists in understanding of 
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content variability spectrum for the samples of the known age …. As the results of study of 4500-year series of radiocarbon accumulation over 10-year cuts of rings of trees it is obtained the discrete frequency spectrum for the range from 40 to 4000 years; n-fold harmonics of more powerful period of approximately 3600 years (or 7000 years) are detected, up to the 7th harmonic. An energetic spectrum violation is detected near 500 years, whereas another peculiar point of the spectrum is the period about 200 years and its harmonics. Should the frequency in these points be not an overtone of some other peculiar point, the periods corresponding to these frequencies could be fundamental, e.g. the values about 500 (yr) and 200 (yr). In this case, the periodical spectral peculiarities of the radiocarbon spectrum testify to presence of natural oscillators in the Sun-Earth system”.
All the basic periods of this chapter, which are given in bold, are specially considered in Part 2.
0.5. conclusions and Statement of the Problem
It has been realized and appreciated only in the last few decades that various SA effects and their terrestrial consequences affect people and their activities. The list of consequences grows in proportion to our dependence on technological systems.
Though the origin of Sunspots is not well understood, it is known that they are associated with a strong magnetic/electromagnetic activity. The magnetic field in sunspots stores energy that is released in solar flares, the most violent events in the solar system. As a result, flares occur in a cycle that mimics the eleven-year sunspot cycle. Other forms of space weather such as geomagnetic storms and proton radiation showers follow a similar cycle. 
However, until now there exists neither explanation, nor numerical description of trends in development of 11-year Solar cycles, even if we may suggest, that planetary motions "modulate" their development. From this view point, the average length of Solar cycle 
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 is of fundamental importance.

Inasmuch as these cycles have several order larger prehistory being described by the SSN statistics, by studying them we may await to get much more accurate results; the more so since the SSN may be considered as an index that integrally describes the SA in a continuous time. For these reasons, the monthly mean SSN is taken for the basic index in studying of Solar cycles. 

However, although there exists a great number of separate correlations within the set of Solar cycle harmonics, planetary and terrestrial phenomena periods, no structure has been revealed until now, except of ATS, which somehow explains these synchronisms from a viewpoint of a single system. 
Besides, a great mess in these correlations can be attributed to statistical origin of the considered periods, relatively short time span of observations, use of expert judgment in defining the critical points of SA cycle extrema, and poor use of numerical methods in estimating the obtained results. In order to obtain reliable conclusions from these "polluted" data, we must analyze them on the grounds of error analysis.
But even these confirmed correlations will be vain, unless we put forward a structural model for them.
Nevertheless, it is clear now, that the variations in SA present a complicated system of correlations of discrete and continuous nature, where the Golden section is frequently met. For this reason, in order to obtain the reliable results for such a heterogeneous system of concepts, we must be provided with a special tool of comparison of approximate values, as some mathematically incompatible (in a sense of "exact" mathematics) events may actually take place concurrently; in particular, this tool must allow us to estimate these correlations with a maximal accuracy that may be obtained with respect to source data error.
Therefore, with the due regard of these requirements, we come to a general problem of structural and parametric identification of Solar cycles. In treating this problem, (1) an effectual characteristic, as a substitute for the subjective cycle maximum, must be formally defined to present a critical epoch of Solar cycle, and (2) a model of distribution of these epochs is to be proposed. For this, the concept of Regular model of Solar cycle maxima distribution is disseminated onto the Solar cycle medians with the use of ATS and threshold error analysis for adequate testing of synchronism between epochs and periods.

For solving this problem, it is reduced to the following sub-problems. 

1. Development of numerical method for adequate testing of correlation between epochs (periods);

2. Defining a Golden section structure of periods (ATS);
3. Obtaining a sound estimate for the average duration To of the 11-year Solar cycle;

4. Revealing the internal structure of the Solar cycles, which presumes defining a stable Solar cycle characteristic (critical point epoch) and revealing its distribution.

5. Detection of resonance periods (harmonics) of the proposed structure among the Solar cycle harmonics and terrestrial phenomena periods.
The suggested solution to these problems is given in Parts 1 – 4; a reflection of the proposed concepts in the Egyptian Artefacts is considered in Part 7. 
You may freely reprint and host this material by referring as 
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