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1. Mathematical background of the Auric Time Scale (ATS)

© Smelyakov S.V., 2006

1.1. Introduction

As it is shown in Part 0 and will be described below, a wide spectrum of quite exactly determined time correlations has been established for the diverse phenomena in various spheres of knowledge – from quantum mechanics and chemistry to biology, botany, and economy, and further on – up to geology and cosmology. 

To a significant extent the periods of these phenomena are synchronous with the average length of Solar cycle and its harmonics, as well as with the Sun-Jupiter conjunctions and Jovian perihelion. Besides, many dependencies are now discovered which are expressed not only in naturals and their multiples, but, in contrast to the principle of harmonical resonance, in the Golden section number 
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. Apart from harmonics of basic periods and 
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-multiple periods, an effect of quantization of periods is observed [10, 14, 25, et al].
However, making use of diverse statistical approaches (spectrum analysis, etc.) for obtaining of the bulk of these results hampers search of algebraic structure of the obtained estimates and study of their accuracy for revealing a system of periods within a frame of some algebraic structure. Besides, the trustworthiness of correlations between some of these periods is frequently called in question, since speculations in most cases dominate over a quantitative analysis. As a result, we come to a situation when absence of consolidated criterion for accepting a synchronism between periods on the one hand, and lack of generally accepted structure of periods, on the other hand, put the impediments in study of cycle structures and correlations. For settling this problem, a numerical approach is required for testing the correlations on the ground of error analysis. 

From the other hand, it was discovered that there exists a discrete structure of periods (Auric Time Scale – ATS) being formally defined by the Golden section number and its powers, with the average Solar cycle length for the unity, which specify the bulk of the above mentioned periods being discovered in nature and society [5, 6], including those ones which are more or less definitely detected [4, 25] in Solar cycles. 

In this connection an influence of Jupiter on the development of Solar cycle presents special interests, as it is proved statistically [3, 25] that the Jovian revolution period modulates this cycle. However, a significant difference in basic 11-year SA cycle and Jovian periods gives no grounds for stating that the latter "controls" the former one. On the contrary, we may presume that namely this difference in basic periods provides definite "defence line" from a destructive resonance within the Solar system, since these two periods form a sufficiently precise double-structured system [5] of harmonic- and 
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- resonant periods (Part 2). 

From these considerations a question arises – whether there exists a relation between the ATS and those periods and harmonics being revealed in the development of the Solar cycles, which appear not from a statistical analysis, but in a definite sense explicitly – as the parameters of analytical model of Solar cycles, within the accuracy of source data.

Before answering this question, we have to define the required mathematical tools for carrying out such an analysis.

1.2. AN interdisciplinary Concept of Synchronism and Resonance
1.2.1. Esoteric Approach 
During the preceding centuries, if not millennia, retaining of relative immutability of social relations and production abilities has led to a definite conservation of astrological concepts, within the bounds of which the modern astrology continuous to develop. At the same time, the revolutionary changes that take place in Nature and society over the last century and, especially, the decades due to an explosive informatization of society, growth of power potential, scientific knowledge and technological abilities are unpreceded in the history of this civilization and accompanied by significant intensification of energy emitting processes on the Earth and within the Solar System, or Solarsphere, itself [73].

Example 1.1. The amount of energy issued by humanity approaches the Earth’s energy excretion; melioration and water storage ponds have drastically changed the climate in definite regions. Moreover, the world wide effects are seen in acceleration of the Earth’s magnetic pole shift, in increased frequency and magnitude of significant catastrophic climatic events, etc. [73].

But if the qualitatively new trends have originated both on the Earth and within the Solar System, they must have their sources and possible new consequences. That is why revealing of the cause-and-effect relations which define the existing and new world trends from the point of view of synchronism of heterogeneous phenomena (including physical and archeological ones) may provide us with a powerful research instrument. From physical and mathematical viewpoints, this approach cannot be considered incorrect as far as it is based on the established synchronism between the events in Space and on the Earth, and though the absence of physical explanation for it makes a gap in our knowledge, it does not prohibit us from using such synchronism for predictive or other relevant purposes. The more so, the given below examples emphasize the efficiency and applicability of this approach.

With respect to time and place of birth of a human being, the conventional astrology takes account of static and kinematic parameters of definite space objects in Geocentric coordinate system that are related to the place of birth.  Note, that from a physical point of view, this approach might be called astrology in a narrow sense, as it does not deal with mass or energy. After then, a psychological description and/or prediction for the given birth data are obtained for that human being with the use of empirical rules that define a correlation between the values of these parameters or symbolic qualities being attributed to the planets and their configurations, and possible reflection of these numerals and symbols in traits and events.

Example 1.2. The inconsistency of the statement that astrology has no physical background is illustrated by a number of physical facts. For instance, in a series of experiments being conducted in 50-ies by Prof. G. Piccardi and his colleagues [2, 74] the rate of definite chemical reactions was continuously measured for ten years at different latitudes. On the basis of 250 thousand experiments it has been definitely shown that this rate depends on the level of Solar activity, continuously increases with latitude by 2.5 times as the laboratory position is changed from South to North Pole, and presents the yearly minimum around the Spring equinox when the Earth moves in the direction of the Galactic Center. 

Application of these rules, as of laws in science, is based on the principle of analogy which, in its general astrological form, is given by the Hermetic axiom “as above, so below; as below, so above”. At this, if other object than a human being is considered (e.g. a state, or a company) this principle allows us to use the same rules, but in a natural conceptual adaptation to the essence of this new type of object.

Besides, this approach possesses the basic properties of a scientific theory: it includes axioms (viz. basic assumptions), which set up correspondence between the astronomical and psychological and/or eventual concepts, rules of drawing the conclusions, which use formal logic and calculus for obtaining conclusions from axioms, and allows us to verify the conclusions with taking account of the nature of the considered objects. It is obvious however, that due to their irreproducible nature these conclusions, as in medicine or economy dealing with different reaction of the objects being “the same” just in average, might be true (and, thus, verified) with a definite probability only. Nevertheless, in the sense of mathematical statistics, this verifiability is relevant to physical reproducibility of experiment for the case when the initial conditions could not be reproduced exactly, or the experiment itself cannot be repeated.

At the same time, as far as astrology rests upon the concepts of synchronism and resonance, but for static and kinematic factors, no obstacles exist that prevent us from considering the concept of resonance relative to its essence – exchange of energy. For this, the third, dynamic, factor of influence is proposed to be taken into routine consideration, the more so the electromagnetic waves, high-energy particles and other energy-carrying media may exert explicit influence (Part 0).

For the most powerful and, therefore, important dynamic factor we must take the Solar activity (SA), both the current SA level and the 11-year SA cycle, the influence of which on Nature, human beings and social processes (including wars, revolutions, etc.) is well known [2, 4]. However, though the influence of the SA surges (first of all, in a form of sunspots) is known from the ancient times, it is rarely used in forecasting and it is analyzed, primarily, a posteriori due to a lack of reliable forecasting techniques for the SA level.

As well, a significant, although sporadic, influence over the Earth exert the comets that come from beyond the Pluto’s orbit. Thus, the miraculous synchronism [41, 42] between the comet Hale-Bopp’s (HB) Time Focuses, the SA surges and significant events in Nature and society could not be explained until the recent years except by esoterically; but now it is known from Prof. J. McCanney’s work [40] that a comet coming from the outer part of the Solar System possesses a huge electric charge, and alignment of such comet with two or more Space objects (especially with the Sun) results in discharge of the Solar capacitor with subsequent coercion onto the concerned Heavenly bodies.

 If the Earth is included in this process, in the Geocentric system this corresponds to conjunction or opposition of the comet and Sun (besides, we may suggest the square may also have a sound physical background as the electric and magnetic field strength vectors are perpendicular). But namely these aspects between the Sun, HB and Moon, and first of all – Sun/HB conjunctions, were independently of Prof. J. McCanney’s theory used [41] in astrological considerations when obtaining the comet HB’s Time Focuses of influence!

Therefore, by taking account of that influence the SA, comets and other Space objects may exert over the Earth’s life side by side with the static and kinematic factors, when regarding astrology as science or knowledge that reflects the influence the Space exerts on the Earth’s phenomena, it makes no sense to exclude astrology from considering in a wide sense as well – as the replenishment of the conventional approach (viz. astrology in a narrow sense) with the dynamic factors of influence on the ground of concepts of synchronism and resonance.

1.2.2. Numerical Approach
Until now there exists neither a constructive mathematical model that would allow us to describe the synchronisms that take place between the Solar, planetary and terrestrial phenomena (including non-harmonical ones) within a frame of some algebraic structure, nor a regular approach for testing the consistency of the proposed periods, though some results were obtained as to an existence of Golden section and fractal correlations in various applications [4, 10, 14, 15, 16]. To this end, the aim of this work consists in revealing of presence of a structure being described by the ATS in Solar cycles on the ground of error bound analysis for obtaining quantitative estimation of synchronism [44]. 

While considering this problem, we will distinguish between its mathematical and application aspects. If the former one is basically concerned with revealing of presence of correlation between the periods and constructing of a structure of cross-correlations, the latter one is associated with the conclusions that could be made on the grounds of the obtained mathematical model. From physical point of view, this approach cannot be considered incorrect: even though the absence of physical explanation makes a gap in our knowledge, it does not prohibit us from using of established synchronism for predictive or other relevant purposes, the more so if the conclusions are verifiable, and, in many cases, may be supplied with a vanishingly small estimate of probability of randomness of synchronism. 

Resonance, in a common sense, is understood as a simultaneous action of several factors of influence, which are similar in their action or applied to a definite element. In physics, the resonance is understood as increase in amplitude of mechanical or other quantity, or exciting oscillation of one object when the exciting frequency of another object approaches some natural frequency of the former one. The phenomenon of resonance is the basis of functioning of some systems and undesirable hinder for others. A resonance occurring in an oscillatory circuit being tuned to coincidence of frequency with the radio signal forms the basis for radio communications, whereas a resonance in an engine may cause its destruction. In parallel, a unison being commonly understood as a desirable (or non-destructive) resonance is the necessary thing in music, etc. The phenomenon of unison and its ultimate form – resonance, relates directly to the discussed question, as the dynamic factor may cause both transfer of a desired influence and irreversible or destructive changes. Thus, astronomy presents the following 

Example 1.3. Orbital spreading of asteroids is not uniform: distribution of asteroids in sidereal periods shows minima (Kirkwood’s windows) corresponding to simple ratios (1/2, 2/5, etc.) of asteroid and Jupiter periods; these period ratios lead to strong disturbances and loss in motion stability. In other words, out of the asteroid revolution periods those are “knocked out” which coincide with Jovian harmonics. The same situation takes place with the slots in the Saturnian’s rings.

This concept is grounded theoretically by Kolmogorov, Arnold, and Moser (KAM theorem) who proved that instability catastrophes in planetary systems can be prevented by planetary periods of revolution that form highly irrational quotients, and maximal stability takes place if the Golden section defines their ratios; on the contrary, the commensurable ratios-quotients formed by simple integers like 1 to 1, 1 to 2, 2 to 3 etc., can induce resonance catastrophes by amplifications of disturbances. This theoretical conclusion explains why an “exact” harmonical synchronism or resonance is so seldom in natural phenomena and testifies to validity of the proposed error bound approach in search of synchronism between the phenomena.

Though the concept of resonance pertains to the considered problem, the latter is not reduced to it, as the dynamic, or energy, factor of influence is not the only one which must be considered; the time factor, without causal background, is of great importance as well, especially in those cases when the physical source of interaction is unknown. Thus, the influence the Solar Activity cycles exert to the Earthy processes was known from the ancient times, but this was proved statistically, when studying some processes in biology, botany, etc. [2], only in 19th century, and physically – in the 20th one. To this end, the 11-year SA cycles (in particular, the current SA levels) present special interest since their average length 
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 specifies, as it is shown below, both the basic time unity for the Solar System, and the "frequency" at which the Sun oscillates synchronously with the Hypernova Eta Carinae (Part 4).
In general, the synchronism is understood as a correlation between periods which takes place, but within the specified accuracy: the higher the accuracy, the more chances for a resonance to occur, the lower - the more chances for a unison as non-destructive type of resonance.  To this end a synchronism may reflect a resonance or, inversely, an "escape" from an exact resonance (as we may suggest this for the Jovian period and 
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, Part 2). In either case it establishes a functional dependence that could be used in application or research purposes. 

Define the basic concepts of synchronism and resonance qualitatively, while postponing the account of data accuracy till the next section. 

Let A, B be some recurrent events that take place at definite moments of time. In a narrow sense, these events are synchronous if they occur at the same moments of time. But this definition is too rigid and, therefore, useless for describing the concept of simultaneous appearing of events for the dominant part of phenomena, because the parameters of physical and social phenomena always show definite instability, their values are frequently time-shifted or defined statistically or by rough data. Besides, the events themselves require some time for development, which causes delays.

Let some process a be defined by appearing of a recurrent event A that occurs at the specified time moments 
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This event may specify definite value of some quantity (e.g. maximum, minimum, etc.) or some qualitative state (e.g. passing of the vernal point, culmination of social process, etc.). Call this determined process  the  periodic,  if the difference 
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 (to be called the period) remains its value for any i ;  progressive, if this difference for the subsequent cycle equals to 
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repeats with period 
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Example 1.4. The rotation of the Earth around the Sun presents a periodic process. The Golden Section separation epochs (Part 3) of the Mayan Calendar present a progressive time scale [6], which are synchronous with the process being defined by the distribution of maxima in a series of geophysical phenomena over the time interval of 13 millennia. The sequence of calendar holydays presents an irregular process being defined by the dates.

The periodic processes a, b are called synchronous, if their periods satisfy the equation
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This synchronism is harmonical, if k is natural or simple ratio (1/2, 2/3, etc.), and  Auric (as adjective to Golden Section) if 
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 is small natural. In this case call the value
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, for brief, is also called harmonic, if it relates period 
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Respectively, the progressive processes a, b are synchronous, if their time sequences (1.1) coincide (to within a summand). The processes a, c are partly synchronous (p-synchronous) with respect to event C, if each event A with a definite possibility (e.g. in a probabilistic sense) is accompanied by the event C (viz. the event C may take place without the event A). 
This type of synchronism may be useful in predicting of moments of appearing of cyclic or sporadic events by the moments of determined (periodic, cyclic or irregular) ones. From general consideration it is reasonable to assume that combining of several processes of this type will increase the probability of appearing of event C: this may be considered as a kind of resonance. Taking this in mind, we shall say that the pair-wise p-synchronous processes a, c and  b, c come to resonance at moment t with respect to event C, if both events A, B  take place at t. If a and b are synchronous periodic or progressive processes that come to resonance at some moment 
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where + (–) is taken for the subsequent (preceding) moments. The same holds true for irregular processes, except that (1.4) must be corrected with respect to (1.2). If one or both of them present cyclic processes, the relation (1.4) shows when they may (in average) come to resonance. More exact forecasting of the moments of resonance for cyclic and stochastic processes requires us to know the distribution of (1.1).
1.2.3. Statistical Approach

Apart from more or less determined ones, the stochastic processes exist where the events may occur “at random” in a sense we do not know exactly when they would take place; call it cyclic, if time intervals between the events are close to their average value (e.g. Solar cycles), and sporadic, if these intervals show significant disperse. E.g., though pandemics, surges of social disturbances and other phenomena show a trend to appear around the 11-year SA maxima [2, 4, Part 5], they may occur at other moments; for this reason, they are rather to be considered as sporadic events. 

Example 1.5. (Part 4). (1) In terms of cycle duration being inverse to the frequency of the events, the average period 
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= 11.07 yr of the 11-year SA cycles presents the second harmonics of the basic Eta Carinae radiation event cycle period of  
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 = 5.5306 yr with the accuracy of 
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(2) Within the existing two-centennial observation data, the 11-year SA cycles and Eta Carinae events present the synchronous processes, cyclic and periodic ones, where the model peaks 
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 of the SA Regular Model present the Most prominent Eta Carinae events [35] with not less accuracy than the peaks τi*  being defined by the accepted Eta Carinae event distribution.

For describing the synchronism of sporadic processes numerically, consider the probability of randomness of synchronism 
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 between all events C and A. For this, consider the total number 
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  of events C, A, respectively, over the interval of observation T, and the number of times 
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 the events A, C  coincide within the accuracy 
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, (i=1, 2,…, N),  be time intervals between the most close pairs 
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 of events A, C. As we estimate the randomness of synchronism, assume the events A, C  be not correlated and C  to be uniformly distributed in time. Then, the conditional probability P(C/A) is estimated as

P(C/A)= 
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By considering the width of intervals 
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 with respect to interval of observation T, together with the number N with respect to 
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, we obtain [75] an estimate for 
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 with the use of combinatorics and basic concepts of the theory of probability. The below calculations illustrate that the results are overwhelming.

Note 1.1. 7. The defined types of synchronism specify just the basic models and in the least degree pretend to cover all possible types of correlations. Thus, though coming of the comets presents a sporadic process, those ones that have arrived since 1996 show the coincidence of their cardinal points with the comet HB’s Time Focuses; e.g. the comet Hyakutake (1996) and Ikeya-Zhang (2002) cross the comet HB’s trajectory at a close vicinity of Algol almost at the same dates of April 11, 1996 and April 7, 2002, that is at the comet HB’s Focal belt of April 7-11 being specified by the comet HB’s alignment with New Moon and Algol (Part 9).
Example 1.6. (Part 3). The analysis of correlation between the 21 most destructive (relative to number of victims) earthquakes on Record in the world [32] and the separation epochs of the Auric partition of the Mayan Calendar specified by 7 dates over the period of 1142 years undoubtedly testifies [6] that they are synchronous, since the probability of randomness of this synchronism, QQuakes/MC  is not greater than 
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The Time Focuses of the comet Hale-Bopp [41] were specified in Spring 1997 by the moments of comet’s alignment with the Sun, Earth and Moon. A posteriori, it was discovered, that the local SA maxima took place in close vicinities of these Focuses. The first period of observation (July 1997 – April 1998) includes 9 Focuses and 16 local SA surges being measured in SSN [Sunspot indices  http://sec.noaa.gov]. 
As far as in accordance with the above consideration the time and date for the Focuses are specified for the GMT, the coincidence of the Focus and local ssn maximum dates is accepted within the threshold absolute error 
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 = 1 day (Note, that even 5 day orb corresponding to a natural disperse of natural and social phenomena might be taken; the more so, the HB’s Time Focuses are defined by the Sun/HB conjunctions: in this case a conventional 5˚ orb of Ecliptic for the Sun corresponds to 5 days).

As far as the differences between the Focuses and local SA maxima, in days, are as follows [75] 0, 0, 4, 2, 1, 1, 0, 2, 0, the estimation for the conditional probability P(SA maximum/ Focus) of appearing of local ssn maximum at the comet HB’s Focus for an “exact’ coincidence being defined by the discrepancy of 
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At this, the probability of randomness of synchronism Qssn/HB  between the 9 HB’s Focuses and 16 local ssn maxima is estimated [75] by the value 
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. For comparison, this value is about several dozen times lesser than the ratio of a poppy-seed and the Earth radii; or 1000 times lesser than a chance for a citizen of this Globe to win the only prize being raffled among 10 billion people. 

In other words, the local ssn maxima and comet HB’s Time Focuses are synchronous with a probability 
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 = 0.999 999 999 999; from a physical viewpoint, this means the determined correlation.

Moreover, this synchronism continues until now. Thus, in 2000 there were two more events that might be considered as such that were organized by the Providence for energizing [http://sec.noaa.gov] these Factors of Influence and Focuses [41]: a Solar Storm, the largest and most destructive since 1991 on July 14, 2000 (viz. exactly at the Focus T6) that was accompanied by an explosion of the comet Linear (about July 22) the first comet to be seen in three years (viz. after the comet HB!). 
Further on, the largest SA splashes in 2001 took place in the vicinity of the Focuses T5  and T7. Besides, on April 2, 3 (viz. within an orb of the Focus TB), the Sun produced two X-class flares, one of which had the largest X-ray magnitude seen to date in Cycle 23 and, to some estimations, was the largest in 25 years; the subsequent diverse SA manifestations (X-ray emissions, sunspots, coronary mass ejection) had resulted in massive bombardment of the Earth in the following two weeks, which coincided with the distributed HB Time Focus TB (April 7 – 11).
This coincidence that takes place for the fifth year might be considered random, but just with a fantastically small probability of approximately 
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From materialistic point of view an event with such vanishing probability can be considered as impossible, though from Theosophical point of view this may denote the only thing, that the Sun being the Brain and the Heart of the Solar System [46] has turned its intent look to the Earth by aimingly participating in the Earthy processes [42, Parts 8, 9] on the phase of rise of its activity within the 11-year cycle through directing complementary energy inflow [ 40, 42, 73, et al] in conjunct with the HB's Focuses. 

Independently of these astrological and numerical considerations, a physical theory has been put forward [40] that explains comet’s influence by electrical interaction between the Sun, comet and Earth, that is caused by an extremely high electric charge of the comet within the Solar sphere capacitor. This theory and a great size of the comet Hale-Bopp approaching the size of Moon [40] explain those large effects this interaction has exerted to the Earth and Sun. 
At the same time, as far as this interaction manifests itself at the Focuses until now, we may assume that the supposed “channels” [75] not only provided the electrical interaction [40] in 1997-1998 (when the comet HB was at perihelion), but had left ionized channels in the Space that continued to support interaction, after the comet flew away, when the Earth recurrently passed the same Ecliptic points of alignment.

Example 1.7. Such events as local maxima of daily SSN (more exactly – a sharp increase in SSN) show a trend to be synchronous with a series of terrestrial phenomena [2, 4]. Thus, in close correspondence with Tchijevsky's theory such well-known events as unsuccessful coup d'etat in the former USSR (August 19 -21, 1991) and September 11 Attack occur after a sharp increase in daily SSN as it is seen in Figs. 1.1, 1.2.
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Fig. 1.1. Growth of SSN (in SWO units) before the coup d'etat in the former USSR (Aug. 19 – 21, 1991)
a) The daily maximum SSN = 300 for August 1991 (and even for the whole year) is marked by a circle.

b) The monthly mean maximum SSN=176.3 (August) for 1991 is marked by a circle
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Fig. 1.2. Development of SSN (in SWO units) before the September 11 Attack
a) Daily SSN local maxima (marked by circles) for September 2001: 182 (Sep.8), 150 (Sep.10), 149 (Sep.12)
b) The monthly mean maximum for 2001 (September, SSN=150.7) is marked by a circle.
In general, a definition of synchronism is to take account of epochs specifying the origins of the considered processes. However, as far as in many cases these are only the periods that are known or present importance when establishing an algebraic relation between two or more processes, in the below consideration we will interpret a synchronism in this context, if not specified otherwise.
1.3. Auric Time Scale (ATS)
Measuring of pyramids and other objects of the ancient Egypt and India allows us to state that the Golden Section is known from the antiquity. Leonardo da Vinci gives it a name Sectio Aurea (that is used below as an adjective for the Golden Section), while much earlier the discovery of Fibonacci series had laid the base for detailed mathematical study of this object. As well, a series of processes in nature develop according to this ratio [3, 4, 5, 14, 16]. Historically, the Golden Section came to us as the law of proportional connection between the whole and the parts composing this whole. To this end, a classical definition of the Golden Section is the division of a segment (or a rectangle) in the mean-proportional ratio, where the whole 
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If we equate a to 1, we come to the square equation 
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The positive root in (1.7) specifies the Golden section 
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, and its negative root – the inverse value (viz. the ratio of a/b) 
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The following two-sided progression with Golden section geometric ratio and unitary initial term is called [5] the Auric seris 
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 (Table 1.1, column 6)
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With the use of 
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 for excluding negative powers, the series 
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may be presented as follows 
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Note, that within a scale factor the series (1.9) presents the only geometric series that also satisfies the Fibonacci's property 
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. If a natural value n is assigned to the initial term of series 
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Among all these series, the greatest interest presents the series 
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The Fibonacci numbers (series) are the terms of infinite series u of natural numbers 
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The Golden section number and Fibonacci numbers are interconnected as follows
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The equation (1.11) means that with the growth of n the ratio 
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This unity of multiplicativity and additivity engenders a close connection between the natural Fibonacci numbers and irrational Golden section power series which is very important for further consideration.
In parallel with the series u consider the series v which is generated as the series u, but with other initial terms 
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[image: image102.wmf]1

n

1

n

n

u

u

v

+

-

+

=

, 
[image: image103.wmf]1

n

>

;            
[image: image104.wmf]n

n

2

n

u

/

u

v

=

;         
[image: image105.wmf]n

n

n

)

(

v

j

F

-

+

=

.                     (1.13)

In parallel with series u and v, consider the United series z  being composed of their terms as follows 

u1, v0, u2, v1, u3, v2, u4, v3, …, where  v0=0.                                          (1.14)

Other properties of these series are given in [5]. 

        Table 1.1. Fibonacci Numbers and Basic Auric Series
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It follows from (1.12), (1.13) that with the growth of n the natural number 
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; the latter equality means that the terms of series 
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 converge to the values being 5%-close to terms of series u. 

In other words, the Golden section series 
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 engenders the series 
[image: image119.wmf]*

G

, whereas the series v, and u give an integer presentation for the former ones. For this reason the system of series 
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, in parallel with  u, v, and z, is further considered as the Auric Time Scale (ATS), the time unity of which (viz. the term 
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 of series 
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) corresponds to the selected period of physical process (e.g. Tropical year, Solar cycle length, or other period). For convenience, the Earth year is taken for this unity.
Namely this algebraic system, the core of which is specified by the series 
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, is used as a structure of discrete set of basic periods which, as benchmarks, synchronize the bulk of considered processes.
1.4. Threshold Error Analysis
The actuality of error analysis for the considered problem corresponds fully to that how frequently it is ignored, when the values being obtained from observations are taken for the “exact” ones. One of the best examples presents assigning the value of mathematical constant (
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 etc.) to an approximant for a value which presents a result of rough measurement or calculation. 
Even the Earth spin parameters, though they are relatively stable, are subject to variations: nutation in longitude and obliquity may reach a dozen of seconds of arc, while difference between the Ephemeris and Universal time makes about 1 minute for a century. Of course, much more significant error yields calculation of periods for social and natural phenomena, including detection of the main period and harmonics of Solar cycles. As a result, none of the actual processes could be synchronous in the sense of mathematical equality, whereas the idea that stands beyond this concept and its ultimate, or dynamic, manifestation – the resonance, presents the essence of actual interactions that take place in Nature and society, and definite discrepancy between the time parameters of such processes does not reject the possibility of interaction, but rather define its magnitude. 

Meanwhile, the considered processes do not, in general, satisfy those conditions that are required for application of extensive mathematical techniques provided for studying of random processes, nor the results these techniques may provide us with are appropriate for the subject. This is so, because (i) it makes a special problem how to estimate the probabilistic parameters for the considered events with a limited prehistory, (ii) a relatively large uncertainty in values of source data results in obtaining of relatively wide confidence intervals for the solutions to have practical sense, (iii) application of those techniques requires use of special software and high skill in mathematics.
Besides, as far as the co-existence of harmonical and 
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-harmonical correlations makes the essence of physical world within the range from the terrestrial to Solar system phenomena, not only natural and rational harmonics 
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  are to be considered as well, where 
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are small natural numbers. As far as these correlations are not "exact" by their essence, it is proposed to seize the opportunity of an error bound approach for disseminating the concepts of synchronism and resonance onto harmonic and Auric periods so that an equality between two quantities being estimated by different numerical values is accepted if these values are equal to within the given accuracy.

That is why, with the due regard of the essence of the considered problem it makes sense to take advantage of obvious and practicable numerical approach being based on the error analysis. For this, show how the defined above qualitative concepts may be treated quantitatively [17], with the use of threshold criterion being defined with respect to the time parameter errors, as it is obvious, that, in general, we cannot obtain a result to be more exact than the accuracy of source data allows us. To this end, for the threshold error 
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 it is natural to take a relative error presenting an average accuracy of the least exact, but most important quantity among the considered system of processes, as this will allow us to explicitly adjust the decision making to the source data accuracy and, further on, to supply the result with its error for subsequent use.
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In this case we accept the periods X, Y equal to within the error 
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Together with considering of relative error being appropriate for periods, in analysis of proximity of absolute time moments we must take account of the origin of time coordinate, as the denominator of (1.15) depends on this origin, whereas the numerator – does not. In this case we consider an absolute error 
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and compare it against the threshold error
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 to be defined in compliance with 
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, though in some cases the value 
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, if the latter one defines the degree of a source data uncertainty.

 Example 1.8. The basic Solar indices are collected on a daily basis since the world-wide Solar data are averaged over a day. If we attribute this value to the mid-day, the "actual" daily maximum of SSN (as time-continuous quantity) does not, in general, comes to the next or preceding day; in this sense its deviation 
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 from a mid-day does not exceed half a day.

Meanwhile, since the daily variations in SSN are not very significant in study of general trend of Solar cycle, but the plentiful of these values embarrasses this study, the daily numbers are averaged over months. When considering a monthly mean SSN index, it is naturally, once again, to specify the epoch for each mean as the middle of the respective month.

However, though an epoch of "actual" monthly maximum is not defined formally, whatever reasonable concept we accept for it (maximal daily SSN, or maximum of smoothing polynomial for daily SSN, etc.), the deviation of the obtained epoch from the mid-month date, would not exceed half a month. Therefore, for the error of identification of monthly maximum we may take 
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 (month) and use it on when checking the proximity of monthly mean epoch to a definite date, whereas 
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= 1 (month) is to be used for this error when a time distance between two means is considered. 

Comparing of errors (1.15), (1.16) against the threshold value 
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) specifies a binary relation 
[image: image159.wmf]Y

X

@

 of synchronism for elements of system 
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 with respect to the specified accuracy 
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). Though transitivity for this relation might not be guaranteed for all possible chains of periods for a continuous scale, this does not impede from revealing of classes of equivalences of periods (in a sense of equality, or synchronicity) in case of ATS due to its discrete structure if we specify these classes by 
[image: image163.wmf]*

d

-deviations from the exact values of ATS.

When considering a system of Solar and planetary revolution periods, the Solar parameters are evidently to be taken for estimating the value of 
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(or 
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) as the least exact, but most important ones. The more so the 11-year Solar cycle period and its harmonics correlate not only with the majority of both planetary and terrestrial phenomena periods, but also with a probable "master generator" of the Solar System – the nearby and the most powerful hypernova Eta Carinae (Part 4).

This, once again, emphasizes the actuality of accurate estimating of the average Solar cycle length.

The effectiveness of error analysis consists in relative simplicity of setting the correspondence between the accuracy of source data and the result. This allows us to explicitly adjust the decision making to the accuracy of source data and, further on, to use the result supplied with its error estimate for subsequent usage. 
Besides, effectiveness of this approach, in contrast to implicit ones, is stipulated by a relative simplicity of estimation of probabilities for concurrent events by a direct consideration of the number of coincidences of events and their absolute time discrepancies, which provides us with a direct probabilistic (i) confirmation of presence of synchronism and (ii) estimate of synchronism for the purpose of forecasting.

1.5. Stable estimate of the average Solar cycle length and its accuracy
1.5.1. Stable Estimate for the Average  Solar  Cycle  Length

The average length of the 11-year Solar cycle 
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= 11.1 yr, but the principal question remains as to estimation of two decimal digits of mantissa. 
Though a cycle is considered now as a time interval between the epochs of two sequential minima, in estimating this value the epochs of maxima are more useful, because the historical observations are basically associated with phenomena being originated at the latter ones. Thus, by making use of aurorae and other manifestations of SA we can go back to the depths of centuries, as the aurorae closely follow the frequency of sunspots. At the same time, the epochs of minima may only roughly be estimated for non-telescopic periods, and only approximately for the telescopic ones, since absence of exact definition of Solar minimum leads to a mess in defining of actual beginning of cycle, as it was shown above, for cycles 22, 23. 
As long as the estimates for 
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that presents a stable and unbiased estimate of 
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It depends on the errors 
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where an average deviation in defining an epoch of maximum may take a value of up to 2 years, if they present a bimodal distribution of SSN, and up to 3 years for the ancient cycles being estimated by Aurorae which indicate maxima with such a delay [25]. As the duration of Solar cycle may have a length of 7 to 17 yr, an error 
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At the same time, if for the first and last cycles of the series 
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At present, there exists three principal series of SSN. For brevity, call them the short, medium and long samples. The first one presents the Zurich series; in this system, the current Solar cycle is 23rd. The medium sample contains more or less systematic, but telescopic observations since 1610, where all SSN maxima are officially specified [8] and the recently passed one is 36th. The long sample presents the epochs of about two hundred Solar maxima being restored by observations of Aurorae and 
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The estimate 
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 (1.20) makes about 0.75 yr for the short sample, 0.5 yr for the medium one, and about 0.085 yr for the long sample, whereas the estimate 
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 (1.21) makes 0.23, 0.14 and 0.025 yr, respectively. However, the accuracy of estimate (1.17) might actually be even higher, since the deviations in 
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 may compensate each other. For this reason we may presume that the average error 
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 for the long sample can be estimated as a mean of the latter two values 
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 yr, but hardly less than 0.01 yr. 
Meanwhile, even if the epochs 
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= 0), the deviations 
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 may compensate by chance only. In this case the estimate  (1.20) makes an order of 0.06 yr for a long sample, or 
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0.07 as a mean for this and the above value of 0.085, while for the short and medium samples this effect is seen in a significant variation of reported estimates for 
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 that range from 11.06 to 11.13 yr. 
Thus, though (1.17) presents a stable and unbiased estimation for the average length 
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 of Solar cycles, making use of long sample allows us to significantly increase its accuracy and evaluate the mean error in estimate (1.17) as lying between the values of 
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0.07 corresponding to Niroma's [25] intervals. By rounding the latter value to the tenth we obtain the absolute and relative threshold errors
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To this end, as far as choice of the epoch of the last maximum within a series 
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 exerts the greatest influence on the accuracy of estimate (1.17), we should choose it by taking account of the integral level of SA, as the first maximum in this series could not be found otherwise but through the general increase in SA. 

1.5.2. Selection of source data for estimating the average length of Solar cycle
The following estimate for 
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 was put forward in [17, 28] with the use of data of [1, 8, 29]
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A new catalogue [26] of sunspot observations estimates the period 
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 and provides an approximation for maxima epochs: Year = 4.0 + 11.116N, where N is a cycle number (N = 178 for maximum of 1980/81). However, this value exceeds significantly other estimates which are in good correspondence with a series of cross-correlations, and, even for the specified N, gives the value 1982.648 against the official year of 1979.9 [8].

J. Schove [27] has made a mainly auroral analysis back to 649 BC, whereas a more reliable analysis begins in 215 BC [25]. He has calculated that between 215BC and AD 1947 there were 195 sunspot cycles thus giving 
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= 11.08 yr as the average length. But he has also showed, that there is so much vacillation even in periods of 500 to 1000 years (at least from 11.04 to 11.09 years), that the question is not definitively settled. In development of his work, T. W. Cole [34] obtained an estimate 11.06 yr. Note, that averaging this and Schove's values gives us, once again, the estimate (1.20).

With the use of statistical analysis, T. Niroma [25] has evidently shown a close correlation between the extrema in SA, Jovian perihelion, and a wide spectrum of periods of basic cycles and supercycles in nature, which is based on the  point estimate 
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=11.07  yr [25]. He also obtained a series of confident interval estimates being symmetrical with respect to 
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, (11.05; 11.09), (11.067; 11.073) to be among them. In order to increase the length of the series 
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, he has used the Schove estimates based on aurorae. On these grounds he states that still older records favour the mean of 11.07 years. So, T. Niroma [25] also supports an estimate of 
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=11.07 yr with an interval of 11.05 to 11.09 years.

Therefore, as far as the basic cross-validated estimates for 
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 oscillate around the estimate (1.23), this value 
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 is considered below as the most grounded point estimate for the average Solar cycle length with the errors (1.22).

You may freely reprint and host this material by referring as 

	Sergey Smelyakov. Mathematical Background of the Auric Time Scale (ATS)
http://www.ASTROTHEOS.COM


� EMBED Mathcad  ���





� EMBED Mathcad  ���





� EMBED Mathcad  ���





� EMBED Mathcad  ���








PAGE  

[image: image227.wmf]0

3

6

9

12

15

18

100

150

200

Day of September 2001

SSN

[image: image228.wmf]0

1

2

3

4

5

6

7

8

9

10

11

12

13

100

150

200

Month number

SSN

[image: image229.wmf]1

11

21

31

0

100

200

300

Day of August, 1991

SSN

[image: image230.wmf]0

3

6

9

12

100

200

Month of 2001

SSN

DAILY  SSN  FOR  SEPTEMBER 2001

_1201869037.unknown

_1201872069.unknown

_1201872897.unknown

_1201876914.unknown

_1212825736.unknown

_1212826055.unknown

_1212826681.unknown

_1212826788.unknown

_1212826852.unknown

_1212826872.unknown

_1212827000.unknown

_1212826832.unknown

_1212826704.unknown

_1212826755.unknown

_1212826695.unknown

_1212826592.unknown

_1212826662.unknown

_1212826477.unknown

_1212825890.unknown

_1212825949.unknown

_1212825850.unknown

_1212825815.unknown

_1212825830.unknown

_1212825764.unknown

_1207037267.unknown

_1212825687.unknown

_1212825714.unknown

_1207037280.unknown

_1207037405.unknown

_1201876978.unknown

_1201877113.unknown

_1202104089.unknown

_1207030489.unknown

_1207030490.unknown

_1202105603.unknown

_1202104559.unknown

_1201878280.unknown

_1201878459.unknown

_1201878472.unknown

_1201878453.unknown

_1201877114.unknown

_1201877010.unknown

_1201877111.unknown

_1201877112.unknown

_1201877019.unknown

_1201877110.unknown

_1201876998.unknown

_1201877003.unknown

_1201876987.unknown

_1201876991.unknown

_1201876945.unknown

_1201876950.unknown

_1201876922.unknown

_1201876785.unknown

_1201876862.unknown

_1201876883.unknown

_1201876900.unknown

_1201876905.unknown

_1201876890.unknown

_1201876896.unknown

_1201876871.unknown

_1201876874.unknown

_1201876878.unknown

_1201876865.unknown

_1201876847.unknown

_1201876855.unknown

_1201876859.unknown

_1201876851.unknown

_1201876837.unknown

_1201876841.unknown

_1201876790.unknown

_1201872928.unknown

_1201872958.unknown

_1201876666.unknown

_1201876675.unknown

_1201876774.unknown

_1201876769.unknown

_1201876672.unknown

_1201873967.unknown

_1201876657.unknown

_1201872943.unknown

_1201872947.unknown

_1201872914.unknown

_1201872919.unknown

_1201872927.unknown

_1201872905.unknown

_1201872848.unknown

_1201872871.unknown

_1201872887.unknown

_1201872893.unknown

_1201872880.unknown

_1201872859.unknown

_1201872863.unknown

_1201872852.unknown

_1201872817.unknown

_1201872828.unknown

_1201872841.unknown

_1201872822.unknown

_1201872800.unknown

_1201872813.unknown

_1201872070.unknown

_1201869210.unknown

_1201869749.unknown

_1201872000.unknown

_1201872067.unknown

_1201872068.unknown

_1201872066.unknown

_1201872065.unknown

_1201871581.unknown

_1201871644.unknown

_1201871860.unknown

_1201871605.unknown

_1201871609.unknown

_1201871592.unknown

_1201870447.unknown

_1201871577.unknown

_1201870283.unknown

_1201869263.unknown

_1201869277.unknown

_1201869367.unknown

_1201869387.unknown

_1201869430.unknown

_1201869455.unknown

_1201869480.unknown

_1201869393.unknown

_1201869371.unknown

_1201869311.unknown

_1201869356.unknown

_1201869306.unknown

_1201869270.unknown

_1201869274.unknown

_1201869267.unknown

_1201869238.unknown

_1201869248.unknown

_1201869252.unknown

_1201869244.unknown

_1201869227.unknown

_1201869233.unknown

_1201869213.unknown

_1201869091.unknown

_1201869168.unknown

_1201869192.unknown

_1201869201.unknown

_1201869205.unknown

_1201869197.unknown

_1201869183.unknown

_1201869187.unknown

_1201869178.unknown

_1201869108.unknown

_1201869139.unknown

_1201869160.unknown

_1201869121.unknown

_1201869128.unknown

_1201869096.unknown

_1201869065.unknown

_1201869080.unknown

_1201869085.unknown

_1201869071.unknown

_1201869056.unknown

_1201869061.unknown

_1201869040.unknown

_1201854059.unknown

_1201854704.unknown

_1201854720.unknown

_1201869027.unknown

_1201869032.unknown

_1201854723.unknown

_1201854713.unknown

_1201854716.unknown

_1201854708.unknown

_1201854077.unknown

_1201854088.unknown

_1201854698.unknown

_1201854081.unknown

_1201854068.unknown

_1201854073.unknown

_1201854064.unknown

_1201853862.unknown

_1201853883.unknown

_1201854048.unknown

_1201854053.unknown

_1201854028.unknown

_1201853874.unknown

_1201853878.unknown

_1201853866.unknown

_1197186192.unknown

_1201853822.unknown

_1201853848.unknown

_1201853857.unknown

_1201853834.unknown

_1201853760.unknown

_1201853766.unknown

_1198169295.unknown

_1201853755.unknown

_1197555801.unknown

_1197051743.unknown

_1197129135.bin

_1197130205.bin

_1197130242.bin

_1197129420.bin

_1197051751.unknown

_1197034501.unknown

_1197036181.unknown

_1197036397.unknown

_1196924263.unknown

_1197034358.unknown

_1196923790.unknown

