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4.1. Introduction

By taking account that general level of SA is not formally defined, the correlation between the Solar radio flux and the Wolf number is astoundingly good on both monthly and yearly basis, the SSN statistics is provided with the largest prehistory and sunspots precede other Solar effects, the SSN index is considered below as the general index of SA. 

As it follows from Fig. 0.1 (Part 0), the first and second cycle maxima deviations from the intermediate cycle minimum (around Jan. 2001) in SSN is almost as pronounced as in the case with Radio flux, but magnitude of the former index greater at the first maximum, whereas the latter one reaches the largest value at the second maximum. This situation puts us before an insoluble problem: though we may formally specify one of these maxima as the cycle maximum, we clearly see that neither one of them does actually represent the essence of concept of "maximum", nor the average of these two epochs gives us the result, as we obtain in this case the epoch of local minimum (around Jan. 2001).

Secondly, a single-modal concept of Solar cycle is not adequate by another reason: it is established by M.N. Gnevishev, that during an 11-year cycle not one, but two SSN maxima are developed which are separated by two-tree years [29]. In the course of the former one the number of sunspots increases at all lati​tudes, whereas over the latter one - mainly near the equator zone. By overlapping, they give gradual decreasing of the average latitude of the sunspot zone. 

Even more difficulties arise in study of Solar cycle extrema, when quite subjective rules (See Part 0) are used for defining cycle maximum, the more so that the smoothed SSN are used in these rules that "distort" the actual values (this leads to lowering of greater values and to growing of smaller ones).

Therefore, for correct quantitative study of Solar cycles we are firstly required to define a quantity that would reflect definite physical property of SA in a value that should be obtained with the use of a sample presenting the actual values of existing Solar index. This problem is considered on the ground of preliminary study of conventional Solar cycle maxima [17, 28] distribution.

In the absence of explanations relative to what governs the development of Solar cycle, these cycles are considered as a sequence of relatively independent processes. Though it is established that the next cycle starts to develop within the last period of the former one, and short sequence of cycles may have something in common (e.g. lowered mean length or magnitude), almost nothing is known about that what makes the cause of development of Solar cycles, except of some hints (e.g. quantum jumps) and statistical considerations (e.g. flat/bimodal distribution of cycle lengths [25]), apart from Sun-Jupiter correlations [3, 11, 25] which, however, does not explain neither the stability, nor the origin of 11-year Solar cycles. For this reasons, we are not required to consider the development of Solar cycles as a relatively independent processes. 

By taking all these considerations in mind, in search of a model describing the integral behaviour of Solar cycles, a concept of regular distribution of Solar cycle centres is put forward. For the purpose of comparison, this concept is firstly tested [17, 28] for the accepted cycle maxima epochs [8]; after then, the obtained results are disseminated onto the Solar cycle energy emission centres. 

4.2. Regular Model of Sunspot Activity Maxima Distribution

Regular Model (RM) and its parameters. In order to find a model describing the integral behaviour of Solar cycles, the accepted cycle maxima epochs since 1605 were considered [17]. The problem was stated as follows: find an approximating model that gives unbiased and consistent point and interval estimates for Solar cycle maxima epochs (peaks, for short) for decades, which is stable and statistically preferable to the known ones. Source data (L-sample) for development of such model are presented by n=36 SSN maxima epochs [7] with absolute error being not less than 0.1 yr, which cover all telescopic observations over 17 to 20 centuries; S-sample covers the Zurich series of observations. At this, the "conventional" and proposed models of SSN peak distribution were considered:
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Regular model. Let a sequence 
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Then, the value 
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Source data (Sample) for estimating the parameters of this model are presented in Table 4.1 by n=36 sunspot maxima epochs specified in bibliography, which cover all existing telescopic observations. 

         Table 4.1. SSN maxima epochs (year, with decimal fraction) for the last 400 years
	1604.0
	1615.5
	1626.0
	1639.5
	1649.0
	1660.0
	1675.0
	1685.0
	1693.0

	175.5
	1718.2
	1727.5
	1738.7
	1750.3
	1761.5
	1769.7
	1778.4
	1788.1

	185.2
	1816.4
	1829.9
	1837.2
	1848.1
	1860.1
	1870.6
	1883.9
	1894.1

	195.9
	1917.9
	1928.0
	1937.0
	1947.0
	1958.0
	1969.0
	1979.0
	1991.5


Notes. The epoch 1604.0 is estimation. For the last epoch, the second maximum 1991.5 (See Fig 1.1) is taken with respect to the behavior of other factors of SA and  general shortening of the last cycles.
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where k=0 corresponds to the first observed maximum, and k =35 – to maximum of cycle 22; e.g. 
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(viz. the last entry of Table 4.1). Negative values provide extrapolation in prehistory of 1600. 

The model peaks of (4.3) are obtained with the use of the least-squares method (LSM). For short, if the year of the peak is used as an index, instead of its number, it is put into brackets; e.g. 
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  defines the shift for the model peak corresponding to the actual peak of 1604, any peak of (4.1) can be obtained by a simple rule
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where  k = 0 corresponds to the model peak relevant to the actual peak of 
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With this presentation of the Regular model, the problem is reduced to finding of the value of 
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; for this, with use of LSM, we have to find such 
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The solution to this problem is as follows
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where n=36 – is the amount of sampling 
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4.3. Basic properties of the Regular Model

4.3.1. Statistical testing of the Direct and Regular models (confidence probability 
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Direct model. Due to Chi-square criterion the sample distribution of 
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Regular model. With the Regular model (4.1), our interest now focuses on the distribution of the deviation 
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The sampling mean and variance for 
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This unexpectedly accurate equality of means present a surprise by itself, but far from being the last. Due to Chi-square criterion the sample distribution of 
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 can be accepted as double-sided Relay distribution 
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). However, one side of this distribution is more flat and far-extended; this geometric peculiarity will be seen later as well.

Due to F-criterion the variances for L and S samples can be adopted as equal.

Regardless of systematic deviations of average Solar cycle length to lower and upper values over the 17 – 20 centuries, the estimate for 
[image: image50.wmf]47

.

5

S

=

D

 obtained by S-sample differs from 
[image: image51.wmf]27

.

5

=

D

, but not significantly. As t-criterion shows, this difference in 0.2 yr between S and L model peaks can be accepted as insignificant; as well, this difference is insignificant from practical point of view (especially in a long-term forecasting), since peak region is sometimes stretched over several months.

Statistical comparing of the regular and direct models shows that the former can be regarded as the basical one, (parametrically independent over the direct), while the latter – as the dependent one. Besides, high stability of the regular model allow us to forecast SSN maxima epochs over a time period of up to two centuries (at least – according to L/S comparison), which is incomparably exceeds any existing approach being based on a Direct-type model, with less error than it does the direct model for just one 11-year Solar cycle. 

The above results present basic statistical properties of the regular model. However, in spite of relatively rough source data, the Regular model has allowed to reveal the following inexplicable discrete factor of Solar cycles.

4.3.2. Numerical properties of the Regular model
Much more important conclusions, that are obtained without statistical concepts and in spite of rough source data, specify the following peculiar properties of the Regular model.

A. High accuracy in long-term forecasting. The Regular model allows us to forecast SSN maxima over a time period of up to two centuries (which is incomparably exceeds any existing approach based on a Direct-type model) with less error than it does the Direct model for just one Solar cycle.

B. Discreteness in deviations. The Regular model shows clustering of maxima, which reveals an inexplicable discrete factor in Solar cycles. Indeed, consider the error (2.12) of coincidence of deviations 
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Then, 67 % (viz. 24 of 36 actual peaks) of observed SSN maxima epochs form the pairs (clusters) which present the same deviations from model peaks within insignificant error (4.7) of 1-3 %. In other presentation, this means that within the accuracy of 
[image: image55.wmf]3

10

-

 the following ratio


[image: image56.wmf]ij

j

i

e

T

t

t

=

-

                                                                   (4.8)

gives an integer for any cluster, which could be called a supercycle multiple. In other words, the grid (4.3) separates the actual peaks into clusters, the elements of which present the maxima epochs being separated by integer times of 
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This event may be regarded as random, but with a ravishingly small probability [17] of 
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At this, limited number of observations (n = 36) and the above probabilistic estimates allow us to suggest that unclustered observations (viz. epochs of maxima) could have their duplicates either before 17th century, or in the future. 

4.3.3. Regular model and intense surges of Solar activity
With respect to (4.3), the estimate for the SSN model peak for the 23rd cycle makes 
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that is October 2003. We do not know the physical origin of clustering, but with respect to the observed distribution of deviations we may suggest, that the actual peak is to occur either significantly earlier, or later than at this date, since the model properties show, that the model peaks are not intended for forecasting of the epochs of maxima by their dates.

However, this does not relate to the local surges of Solar activity, the more so due to a multimodal behavior of Solar indices. Indeed, the actual trend in SA over the 23rd cycle was, once again, bimodal, with 1.5 – 2 year spacing. Thus, the largest and intense monthly maximum in SSN took place in July 2000; official estimate [8] states that "April 2000 marks the mathematical (viz. in smoothed SSN) maximum of Cycle 23. However, several other solar indices … recorded a higher secondary maximum in late 2001" (viz. the second maxima). Moreover:

Example 4.1. After the "official end" of Solar activity maximum in 2000, an "unexpected" series of Solar storms, being estimated as the largest in three decades, took place at the end of October 2003. One of these Solar flares is estimated as the 3rd largest in history ["Sun shoots monster flare at Earth" http://msnbc.com , ID=984388]. Thus, a severe solar flare that occurred on October 28th and its associated coronal mass ejection (CME) produced an extreme geomagnetic storm starting on October 29th that lasted for twenty-four hours. On October 29th, Solar Active Region 486 produced another major solar flare resulting in a severe radio blackout. Associated with this solar flare was a coronal mass ejection. This CME impacted Earth’s magnetic field on October 30th and produced another extreme geomagnetic storm. The primary source of this activity, NOAA Active Region 486, has become the largest sunspot region observed during this cycle. [Space Weather Advisory Bulletin #03-4, www.sec.noaa.gov]. As a result, a rare effect of Northern Lights was observed at lower altitudes: in Japan, Ukraine and other countries. 
Though this intense surge of Solar activity takes place unusually late in this Solar cycle, it gives us some more evidence for the actuality of the Regular model, because the current model epoch 
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, viz. October 18, 2003, with a high accuracy fits the dates of these Solar storms. 

4.4. Eta Carinae – a Master-Clock for the Solar Cycles ?
The Regular model gives us a lucky chance to trace through it a Solar-Stellar interaction.
Massive stars are key astronomical objects: they mark the end of their stellar lives as supernovae whose peak luminosity can equal the entire radiant output of a galaxy of a trillion stars.  

More than 300 explosions of Supernovae were photographically observed in other galaxies, but only three of them (in 1054, 1572, and 1604) were registered in our Galaxy which were seen even by naked eye as objects being brighter than Venus. Some indirect evidences may also give an estimate for the ancient Supernovae. As it was shown in Part 3, they come to an amazing correlation with the separating Auric epochs (given in bold) of the Mayan calendar: flashes of supernovae are attributed to the eras which correspond to the separating epochs 11 449 BC and 6298 BC [6]. A Sumerian recording of a "new star" about 3000 BC being possibly attributable to Eta Carinae [35] refers to 3114 BC. The Supernova registered in 1054 by Chinese and Japanese astronomers was seen even in the day time – it refers to 1034, while the flashes of Supernovae in 1572 (Tycho Brahe) and 1604 (Kepler) – to epoch of 1574.

The last one (1987) took place between the close epochs of 1971 and 1997. Thus [38], in 1987 Shelton had registered the flash of Supernova which was assigned the name SN1987A. Registration of the respective splash of gravitational radiation shows that its magnitude was extremely high. As a result, a vigorous energy flux had struck the Sun and planets, and it was powerful enough to influence even the Solar processes. At the beginning of the 1987 the Sun was calm, whereas even in two days after this flash the sunspots had aroused on the surface of the Sun, and, since then, the number of sunspots had begun to steadily grow until the 11-year Solar activity maximum took place in 1989 – 1991, after the shortest inter-maxima period over the 150 years. At this, a series of fierce natural cataclysms took place in that year: unprecedented drought and forest fires in USA and China in Summer and powerful floods in China in Autumn; the Nile had burst its banks and flooded Khartum. The Spring floods on the Rhine and Danube had exceeded all the levels on the record. The tropical thunderstorms and showers were continuing over the European part of the USSR for a month. In Autumn, ¾ of the Bangladesh territory was flooded, 30 millions of people were left homeless, the epidemic of cholera had flared up. The typhoon “Gilbert” did damage to the Caribbean Region for about $10 milliards. All these are apart from the unprecedented natural calamities in Nicaragua, Indonesia, and other regions.

The extreme members of this class of supernovae might produce “hypernovae” [36], cataclysms hundreds of times more energetic still. The Milky Way contains at least one possible member of this putative class of hypernova progenitors, the massive, luminous, and relatively nearby star; its  properties do really impress [35]: (i)  its radiative power is 50000000 times of the Solar’s power; (ii) its radius makes the distance Earth from the Sun; (iii) 150 years ago, Eta Carinae (or 
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Car, for short) underwent a giant outburst; it released as much energy as a supernova. The star survived the event, though such massive objects are not, generally, the long-livers. 

The Eta Car’s behavior during the 90’s has been unprecedented in its modern photometric record. A more pronounced brightening occurred in 1998; this new phenomenon, more extreme than any brightness change seen in Eta Car during the past 50 years. “The death of Eta Car is likely to be one of the most explosive events ever experienced in the Galaxy”, though astrophysics cannot determine neither the current evolutionary state of this star, nor the length of time until eventual end as a supernova or hypernova [36]. 

Therefore, flashes of supernova are quite actual for this study, all the more that all of them, that have been registered in our Galaxy over the last millennia, are synchronous with the considered Auric epochs of the Mayan Calendar. Even more so for the Hypernova.

In 2003.5 Eta Carinae was expected to undergo an X-ray eclipse, which was believed to occur every 5.52 years and thought to be correlated with the 5.52 fading of high excitation lines or 2020 day radiation cycle. According to previous observations, X-ray cyclic variation, timing of flares, and variations in column density show fairly stable periodicity of physical parameters of Eta Car [36]. For this reason, before this event the following Eta Car vs. Solar cycle correlation was estimated [45].

The Eta Car cycle of 2020 days makes 
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Conclusion EC1. In terms of cycle length being inverse to the frequency of the events, the average period 
[image: image67.wmf]07

.

11

T

o

=

 yr of the 11-year Solar cycle presents the second harmonics of the basic Eta Carinae radiation event cycle period of 
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Further on, by taking the accepted estimation 2003.5 for the reference point, we obtain the following model for the Eta Carinae event distribution
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Comparing the epochs of actual events (4.10)  vs. the model ones (4.4) gave the following result [44]. 

Table 4.2.
 Most prominent Eta Carinae events [37] vs. the model peaks of Solar and 
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Carinae cycles
	 Actual Event
	11-Year SA Cycle Model
	Eta Car Cycle Model

	Description
	Year, 
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	1
	2
	3
	4
	5
	6

	The giant eruption begins
	1827.1
	1826.67
	-0.43
	1826.52
	-0.58

	New light peak to 0.2m
	1838.0
	1837.74
	-0.26
	1837.58
	-0.42

	New light peak to -0.2m
	1850
	1848.81
	-1.19
	1848.64
	-1.36

	First ”spectroscopic event”
	1948
	1948.44
	0.44
	1948.19
	0.19

	Events similar to that of 1948
	1981 (1982)
	1981.65
	0.65 (0.35)
	1981.38
	0.38  (0.62)

	The predicted event
	2003.5
	2003.79
	0.29
	2003.5
	


The average absolute errors for the columns 4 and 6 (for the five dated events) make 
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 yr, though the relative errors are 5% and 11%, respectively, as the SA cycle period is twice the Eta Car’s one. If the middle point 
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 is taken for an Eta Carinae event that takes place between the model peaks 
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, for the remaining set of events: 1843.2 (The giant eruption ends), 1887 (Burst), 1987 and 1998 (“spectroscopic events”) take the values 0.19 yr and 0.06 yr, or 1.5% and 1%, respectively. 

Conclusion EC2. Within the existing two-centennial observation data, the 11-year SA cycles and Eta Carinae events present the synchronous, in a narrow sense, processes, cyclic and periodic ones, where the model peaks 
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 of (4.5) present the most prominent Eta Carinae events [37] with not less accuracy than the peaks 
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 being defined by the accepted Eta Carinae event distribution (4.10).

Hypothesis. A relative stability of the Regular model (1.20) – (1.23), (4.4) over the two millennia allows us to assume, that Eta Carinae presents a Master-Clock for the 11-year Solar Activity Cycles; namely, that: 

(i)  the highly exact coincidence of the average duration 
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 of Solar cycles and doubled value 
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 of the basic Eta Carinae’s period TEC, as well as the synchronism between the events they define are not random;

(ii)  the huge emissive power of Eta Carinae, in comparison with the Sun, assumes it to be a master generator for the Sun for this pair of stars;

(iii) if so, this gives grounds to suppose that before  the Eta Carinae’s giant eruption in 1827 the periods  
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 were also equal.

In good agreement with the prediction, the latest X-ray minimum began at 2003 June 29, with the minimum in July and August 2003. It was more accurately estimated that the spectroscopic cycle had period 2023 ± 7 d, based on photometry, spectroscopic variations, and X-ray observations [43]. As far as the new estimate 
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 differs from the old one, but insignificantly (by 0.15 %), these conclusions remain unchanged. 
4.5. Resume to sections 4.1 – 4.4
In (4.8) we firstly meet a stable discrete element in development of Solar cycles which shows that the Solar maxima epochs show a trend to develop at the discrete distances of the model epochs 
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 between the actual maxima and model epochs repeat at integer times of 
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Besides, it turned out that these model epochs (4.10) are synchronous, in a narrow sense, with the hypernova Eta Carinae radiation event cycles.
 However, the provided analysis has not yet allowed us to reveal the internal structure of Solar cycles, which may be attributed to use of source data being distorted by smoothing of sunspot numbers and applying of subjective criteria for defining the Solar maxima. With the aim to reveal this structure, we are required to consider more exact source data than smoothed SSN and revise the criterion.

4.6. Median as a solar CYCLE energy emission center

With the aim to increase the resolving capacity of Regular model, a quantity is defined as a substitute for cycle maximum, which specifies the Solar cycle energy emission centre. This stable characteristic is specified as a function of monthly mean SSN in standard Ri units [7], since no other index of SA, including the smoothed SSN, allows us to increase the accuracy of the results by an order of magnitude.

4.6.1. Definition of Solar cycle median
The average cycle duration 
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 presents a stable and unbiased integral characteristic of Solar cycles. For obtaining a function F(S) that specifies an epoch of cycle energy emitting centre as a consistent characteristic of a cycle, consider a sample 
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of monthly mean SSN, with the first and last values specifying the cycle bounds. 
We demand for this function to satisfy the following requirements:
1. F(S) is stable mathematically: small variations in bounds of S affect the epoch F(S), but insignificantly.

2. F(S) reflects a Solar cycle energy distribution centre.

3. The accuracy of F(S) can be estimated.

For the basic claimants to this characteristic the following concepts may be considered: 

cycle maximum, 
[image: image95.wmf]r
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 [8];

SSN monthly maximum, 
[image: image96.wmf]x
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, – the epoch of maximal value in S;

mode, 
[image: image97.wmf]o
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, –  the epoch of maximum of a least power unimodal smoothing polynomial for sample S, which is used as an estimation for a cycle "maximum" (6th power suffices this goal); 

median, 
[image: image98.wmf]e
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, –  the median for S.

Though the first three quantities definite integral properties of a Solar cycle, none of them satisfies to all the above requirements. Thus, the shortcomings of 
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 were considered above. The value 
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 presents, basically, a local feature of Solar cycle and can lie far from other integral "maxima". 
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 is used in predictive purpose (e.g. [20, 21]), but its basic disadvantage lies in arbitrariness in specifying the "best" smoothing polynomial. For this reasons, they are considered below, but as the subjects for comparison.

Consider now the concept of median in more detail. Let a sample S present the monthly mean SSN for months 
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. Since SSN reflects general level of SA, a value 
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 presents a monthly averaged daily Solar emissive power, or a monthly averaged daily intensity of energy radiation. If z(t) presents a continuous analogue of s, the total Solar cycle energy emission 
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 can be approximated as follows
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where 
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 - is the number of days in month i (in an average month). In a continuous case, the epoch 
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 is called median, if it specifies the integral centre of distribution z(t) as follows
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So, in this context, median presents the centre of total Sun's energy radiation over a Solar cycle.

4.6.2. Stability of median

For a discrete analogue S of z(t), estimate the epoch of median 
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 by the middle of the month 
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then 
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 is taken for the median 
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. Note, that it is stable in a sense of selection of time unity. Indeed, let 
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 present K daily values for the same time interval, and, for simplicity, all months are of equal duration m. For these values the sum, similar to (4.13), after grouping by months makes


[image: image119.wmf][

]

»

å

å

=

=

=

=

K

1

k

n

1

i

k

D

i

month

over

values

daily

ol

sum

E

V

 
[image: image120.wmf]å

×

å

=

=

=

n

1

i

i

n

1

i

i

s

m

]

s

mean

monthly

the

times

m

[

.  (4.14)       

Hence, 
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 differs from 
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 by a scale factor m (average number of days in a month). At this, if the median day 
[image: image123.wmf]*

V

 is close to first (last) days of the month, it may get off the month 
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 due to a difference between 
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 and m, but with an insignificant probability, since the left and right sides of sample S (with respect to 
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) are long enough (up to 5 years) and, in average, compensate for this small error.

As far as the median 
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 can be taken for the true one, we can conclude that, almost for sure, the true median 
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 fits the month 
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 and deviates from its centre by no more than 0.5 (month). Therefore, the error for the median estimate 
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 does not exceed half a month, or 
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Note, that this stability and accuracy cannot be attributed to a median of the smoothed monthly mean SSN.  

Show now, that median is stable with respect to selection of bounds of Solar cycle (the epochs of minima). As in existing approaches [8, 20], in obtaining a median 
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 in (4.13) we also have to define the epochs of minima, but this time the influence of the sample bounds is not significant. 

For concreteness, consider the SSN over the last 50 years. Their values, in a several month vicinities of Solar maxima, were from 100 to 254; say 150 in av. For months of minima, these values were from 0 to 12; say 5 in av. Assume for simplicity, that median 
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Hence, an error of 
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, may push out the median from the original month. 
Of course, cycles with such low SSN do not observed normally, and only at random a median may hit the centre of month. But this qualitative proof allows us to exclude mathematics for the sake of clarity. Hence, a monthly mean SSN median provides us with a stable characteristic of Solar cycle (with respect to variation of cycle bounds, transfer to daily SSN and other Solar indices), which presents the centroid of Solar cycle Energy emission; by order of value, its error is 
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yr. Therefore, as it satisfies to the stated requirements, the median 
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 can be taken for the searched consistent characteristic of Solar cycle. 

4.6.3. Medians for Zurich series

The medians for the Zurich series, together with cycle modes, monthly maxima, and the official cycle maxima [8] are given in Table 4.3. They are obtained as described in (4.13), with the use of monthly mean SSN [7]. Sample bounds correspond to cycle minima [8]; by allowing for its incompleteness, a symmetric time span is taken for the current, 23rd cycle.

Table 4.3. Epochs of basic characteristics of Solar cycles
	Zurich 

No.
	Maximum
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	Median
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	Mode 
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	Monthly max.
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	1
	1761.5
	1761.29
	1761.46
	1761.38

	2
	1769.7
	1770.54
	1770.13
	1769.79

	3
	1778.4
	1779.29
	1778.92
	1778.38

	4
	1788.1
	1789.38
	1788.40
	1787.96

	5
	1805.2
	1803.96
	1803.96
	1804.79

	6
	1816.4
	1817.13
	1817.14
	1817.21

	7
	1829.9
	1829.38
	1829.79
	1830.29

	8
	1837.2
	1837.96
	1837.33
	1836.96

	9
	1848.1
	1849.04
	1848.47
	1847.79

	10
	1860.1
	1861.04
	1860.25
	1860.54

	11
	1870.6
	1871.38
	1871.20
	1870.38

	12
	1883.9
	1883.63
	1883.72
	1882.29

	13
	1894.1
	1894.38
	1893.83
	1893.63

	14
	1907.0
	1906.96
	1906.75
	1907.13

	15
	1917.6
	1918.04
	1917.85
	1917.63

	16
	1928.4
	1928.13
	1927.95
	1929.96

	17
	1937.4
	1938.54
	1938.01
	1938.54

	18
	1947.5
	1948.63
	1948.28
	1947.38

	19
	1957.9
	1958.54
	1958.19
	1957.79

	20
	1968.9
	1969.79
	1969.09
	1969.21

	21
	1979.9
	1980.88
	1980.52
	1979.71

	22
	1989.6
	1990.71
	1990.3
	1990.63

	23
	2000.3
	2001.21
	2001.16
	2000.54


4.7 Regular Model for Solar Cycle Medians (RMM)
Apply the Regular model (4.1) - (4.2) with the same average cycle length
[image: image160.wmf]07

.

11

T

o

=
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For the purpose of comparison, consider E-series as well; in this case the conventional maxima [8] are taken for the pre-Zurich actual medians; in (4.16) they are corresponded by model medians with numbers 
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. The basic values associated with this model are presented in Table 4.4. The calculated (4.13) medians 
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 are given in col. 2, the model (4.16) ones – in col. 3, and their difference – in col. 4. 

   Table 4.4. Calculated vs. Model Medians for E-series
	Cycle  N.

 i
	Median
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	Model Median
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	Deviation
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	1
	2
	3
	4

	-12
	1615.5 
	1616.487
	- 0.987

	-11
	1626.0 
	1627.557
	- 1.557

	-10
	1639.5
	1638.627
	0.873

	-9
	1649.0
	1649.697
	- 0.697

	-8
	1660.0
	1660.767
	- 0.767

	-7
	1675.0
	1671.837
	3.163

	-6
	1685.0
	1682.907
	2.093

	-5
	1693.0
	1693.977
	- 0.977

	-4
	1705.5
	1705.047
	0.453

	-3
	1718.2
	1716.117
	2.083

	-2
	1727.5
	1727.187
	0.313

	-1
	1738.7
	1738.257
	0.443

	0
	1750.3
	1749.327
	0.973

	1
	1761.29
	1760.397
	0.893

	2
	1770.54
	1771.467
	- 0.927

	3
	1779.29
	1782.537
	- 3.247

	4
	1789.38
	1793.607
	- 4.227

	5
	1803.96
	1804.677
	- 0.717

	6
	1817.13
	1815.747
	1.383

	7
	1829.38
	1826.817
	2.563

	8
	1837.96
	1837.887
	0.073

	9
	1849.04
	1848.957
	0.083

	10
	1861.04
	1860.027
	1.013

	11
	1871.38
	1871.097
	0.283

	12
	1883.63
	1882.167
	1.463

	13
	1894.38
	1893.237
	1.143

	14
	1906.96
	1904.307
	2.653

	15
	1918.04
	1915.377
	2.663

	16
	1928.13
	1926.447
	1.683

	17
	1938.54
	1937.517
	1.023

	18
	1948.63
	1948.587
	0.043

	19
	1958.54
	1959.657
	- 1.117

	20
	1969.79
	1970.727
	- 0.937

	21
	1980.88
	1981.797
	- 0.917

	22
	1990.71
	1992.867
	- 2.157

	23
	2001.21
	2003.937
	- 2.727


4.8. Statistical and error-bound analysis of the Regular Model for medians
4.8.1. Statistical analysis of Regular Model
Analysis of Table 4.3 acknowledges close time correlation for the considered characteristics. Thus, all correlation coefficients exceed make 0.999. With respect to squared and Chebyshev's deviation, the closest of them are cycle medians and modes with rms 0.446 yr and maximal deviation 0.98 yr. Second in turn, is the concordance between the cycle maxima and modes, with rms 0.525 yr and maximal deviation 1.24 yr.

Show now, that RMM is stable to choice of samples. By applying the model (4.1) - (4.2) with 
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yr to other characteristics of Table 5.3, we obtain the model epochs that are given in Table 4.5 Their accuracy is estimated by rms for the actual and model epochs. In parallel, these epochs were calculated for the sample means instead of 
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 (the respective mean and rms values are given in brackets). 

   Table 4.5. Regular model epochs for Z- and E-series
	Regular Model

 for: 
	Zurich series (n=23)
	Extended series (N = 36)

	
	Model epoch
	rms
	Model epoch
	rms

	1
	2
	3
	4
	5

	 Maximum,     
[image: image170.wmf]r
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	1759.87
	2.26

(10.86, 2.6)
	1760.21


	2.02

(10.99,  2.0)

	 Median,         
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	1760.40
	1.87

(10.92, 2.2 )
	1760.55


	1.72

(11.02,  1.7)

	 Mode,            
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	1760.09
	2.03

(10.90, 2.3 )
	– 
	–

	Monthly Max.
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	1759.97
	2.34

(10.87, 2.7)
	–
	–


It is clear from Table 4.5, that use of "own" means instead of 
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 coarsens the results. At the same time, we observe sufficient stability of the model epoch of 1760 for 
[image: image175.wmf]07

.

11

T

o

=

yr for all characteristics, as well as for the reference epoch 1760.25 of (4.3) that allows for estimate maximum of 1604. At this, the RMM, even though the conventional maxima substitute the pre-Zurich values in E-series of medians, shows the least variance, which probably can be attributed to exclusion of subjective factors. For these reasons, and with taking account that growth of amount of sample increases the accuracy, we may choose the average of these most significant dates for a common reference epoch, at least – for cycle maxima and medians
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4.8.2. Error-bound analysis of RMM.
For the RMM of (4.16), correlate Z-series median deviations 
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 (Table 4.4, col.4) with respective terms of series 
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 as shown in Table 4.6, and for E-series –  in Table 4.7, where error 
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 gives absolute deflection of 
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 from respective ATS term 
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. All values in these Tables, except of col. 3, are given in years.

Tables 4.6, 4.7 present the distribution of Z- and E-series median absolute deviations
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 of the series 
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 (median distribution, for short); if the terms of series  
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 are not included, denote this series S*.  The largest value of series S corresponds to the greatest deviation, whereas the smallest one – to the source data error (4.15) since in this direction the terms of ATS series converge to zero. 

It is clearly seen from these Tables that modulus of each deviation fits some term of series S, whereas absence of deviations for the remaining terms of these series can be attributed to a small amount of observations. Indeed, we see that increase in number of observations (Table 4.7 vs. Table 4.6) leads to eliminating of these gaps. Evaluate now the closeness of this correspondence.

     Table 4.6. Z-median distribution over the series 
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	Value
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Firstly, estimate an error of discrepancy between the deviations and S-series terms. Thus the average errors for col. 5 of both Tables make 0.063 and 0.058, resp., or 
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= 0.06 yr for Z- and E-series. However, for the series S* these errors are 0.11 and 0.13, or 
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= 0.12 yr for both ones. This twice as much reduction in error caused by allowing for both series, 
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, supports the suggestion that the latter series is as actual as 
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As well, in continuation of the analysis of closeness of Solar cycle characteristics we obtain that the similar average errors for cycle mode (
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), monthly (
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) and official (
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) maxima deviations from the Regular model medians, for the same S series, are small enough and show almost the same values (Table 4.8).
Table 4.7. E-median distribution over the series 
[image: image214.wmf]G

, 
[image: image215.wmf]*

G


	Term 
[image: image216.wmf]k

g

 of ATS
	Deviation 
[image: image217.wmf]i

d


	Error


[image: image218.wmf]i

d



	Sign
	Value
	i
	Value
	

	1
	2
	3
	4
	5

	
[image: image219.wmf]6

j


	0.056
	18
	0.043
	0.013

	
	
	8
	0.073
	0.017

	
[image: image220.wmf]5

j


	0.090
	9
	0.083
	0.007

	
[image: image221.wmf]4

2

j

×


	0.292
	11
	0.283
	0.009

	
	
	-2
	0.313
	0.021

	
[image: image222.wmf]3

2

j

×


	0.472
	-1
	0.443
	0.029

	
	
	-4
	0.453
	0.019

	
[image: image223.wmf]2

2

j

×


	0.764
	-9
	-0.697
	0.067

	
	
	5
	-0.717
	0.047

	
	
	-8
	-0.767
	0.003

	
	
	-10
	0.873
	0.109

	
[image: image224.wmf]0

0

F

j

=


	1.000

	1
	0.893
	0.107

	
	
	21
	- 0.917
	0.083

	
	
	2
	- 0.927
	0.073

	
	
	20
	- 0.937
	0.063

	
	
	0
	0.973
	0.027

	
	
	-5
	-0.977
	0.023

	
	
	-12
	-0.987
	0.013

	
	
	10
	1.013
	0.013

	
	
	17
	1.023
	0.023

	
	
	19
	- 1.117
	0.117

	
[image: image225.wmf]1

2

j

×


	1.236
	13
	1.143
	0.093

	
	
	6
	1.383
	0.147

	
[image: image226.wmf]1

F


	1.618
	12
	1.463
	0.155

	
	
	-11
	-1.557
	0.061

	
	
	16
	1.683
	0.065

	
[image: image227.wmf]0

2

F

×


	2.000
	-3
	2.083
	0.083

	
	
	-6
	2.093
	0.093

	
	
	22
	-2.157
	0.157

	
[image: image228.wmf]2

F


	2.618
	7
	2.563
	0.055

	
	
	14
	2.653
	0.035

	
	
	15
	2.663
	0.045

	
	
	23
	-2.727
	0.109

	
[image: image229.wmf]1

2

F

×


	3.236
	-7
	3.163
	0.073

	
	
	3
	-3.247
	0.011

	
[image: image230.wmf]3

F


	4.236
	4
	-4.227
	0.009


Table 4.8. Error for
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Therefore, as far as the average error 
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 of discrepancy between the deviations of medians (against the Regular model values) and respective terms S of series 
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 corresponds to the source data error (4.15), and this error is stable with respect to increase in amount of observations, we can conclude, that this distribution of Solar cycle median deviations over the ATS series reflects some objective, or functional dependence. With taking account of Table 4.8 we may resume that cycle modes, monthly and official cycle maxima also follow this dependence.

4.8.3. Probability of randomness of median distribution
For each term 
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consider a segment 
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 that contains both this value and those deviations which are referred to it. Let K  be the number of such segments and N – the number of observations (23 for Z-series, and 36 – for E-series). 

Assume that the deviations are uniformly distributed over the time interval 
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, whereas all N observation fit these intervals accidentally with a probability of 
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For series S consider three types of intervals which reflect average, actual and maximal dispersion of deviations around the terms 
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. Define the former one as 
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. The actual interval 
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 presents the maximal difference between the lowest and largest deviations, including 
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 itself. The maximal interval 
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 makes twice the maximal difference between the term 
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 and deviations being referred to this term. The similar intervals for the series S* are marked by asterisk.

For the considered samples the probabilities of randomness of median distribution are given in Table 4.9. The last line contains the geometrical mean probability for the above values (arithmetical mean is not indicative as it retains the maximum of these values).

Table 4.9. Probability of randomness of median distribution
	Interval
	Z-series
	E-series
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Here, as well, we see that transfer from series S to S* decreases the probability by 4 orders for Z-series and by 9 orders for sample E-series, which gives an additional argument in support of use of both basic Auric series, 
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4.9. RMM Clusters, or Mystic Recurrence of Solar Cycle Centres
Distribute the medians of Tables 4.6, 4.7 over the corresponding terms of series 
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 with respect to the signs of the deviations. The result is presented in Table 4.10
Table 4.10. Clusters of medians for Z- and E-series, and how they merge into united clusters
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In this Table 
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In order to show the stability of clustering, the median 1958.54  is firstly (for Z-series) put in cluster 
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. But this situation does not make difficulty, since these clusters are united into the cluster 
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With the aim to estimate the accuracy of clusters being presented in Table 4.10, for each pair of epochs 
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which specifies a discrepancy between the multiple 
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 of (4.8) and the closest integer 
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. The average of these errors, for Z- and E- series separately, is given in col. 2 of Table 4.11. After then, calculate the same average error, but for those medians which comprise the united clusters 
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; they are presented in col. 3 of Table 4.11. The same error for the resulting clusters (col.6 of Table 4.10), which include the clusters of all three types, are given in col. 4 of Table 4.11.
Table 4.11. Average Error 
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 between the elements of clusters of  Z- and E-series medians
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(to col. 4 of Table 5.8)
	United clusters 
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(col. 5 of Table 5.8)
	Resulting clusters
(col. 6 of Table 5.8)

	Z-series
	0.27 %
	0.5 %
	0.35 %

	E-series
	0.11 %
	0.33 %
	0.19 %


4.10. Conclusions

1. The monthly mean SSN median provides us with a (i) stable characteristic of Solar cycle with respect to variation of cycle bounds, transfer to daily SSN and other Solar indices, which presents (ii) a formal analogue of maximum – the centroid of Solar cycle Energy emission, that (iii) can be calculated with an accuracy which, by order of value, correspond to the source data error; for the monthly mean SSN, the error in median does not exceed 
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These properties of Solar cycle monthly mean SSN median allow us to take it for the searched consistent characteristic of 11-year Solar cycle extremum. 

2. Regular Model for Medians. The distribution of Solar cycle median deviations over the ATS series 
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 reflects some objective, or functional dependence:
(a) the average error of discrepancy between the deviations of medians (against the Regular model values) and terms of series 
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 makes 
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= 0.06 year and corresponds to the median and source data error; this error is stable with respect to increase in amount of observations and transfer from series 
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 to a single series 
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= 0.12 yr). This also supports the suggestion that series 
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 is as actual as 
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;

(b) apart from statistical closeness of such Solar cycle characteristics as mode (
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), monthly (
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) and official (
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) maxima, we obtain the similar average error of 0.1 yr for their deviations from the RMM peaks. For this reason we may resume that these characteristics also follow the model epochs of the RMM;

(c) the probability of randomness of median distribution over the terms of series 
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 make a vanishingly small values of 
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3. Median Clusters. Tables 4.10, 4.11 give one more evidence to the truthfulness of the RMM, including the estimate for the average Solar cycle length, as such high accuracy of correlations cannot be neglected. 

In particular, it shows practically "exact" distribution of medians over the clusters being defined by the series 
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 and 
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, in which the medians repeat epochs in integer times of 
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 years with an insignificant error (0.27 % for Z- and 0.11 % for E-series), and even after transfer to the united clusters defined by the series 
[image: image393.wmf]G

only, this error grows, but not significantly (up to the values of 0.35 % and 0.19 %, resp.).

There are some more interesting properties of these clusters that can be presented. But this is another problem that should be studied in this connection: according to what law the medians are assigned to this or that cluster; or, in other words, what is the nature of the law that chooses the ATS term and sign for the deviation of the next median?
You may freely reprint and host this material by referring as 

	ATS-based Regular Distribution of Solar Cycle Energy Emission Centres 

http://www.ASTROTHEOS.narod.ru
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