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1.Precession of the equinoxes and axial tilt

1.1. Ecliptic [1]
The Ecliptic is the apparent path the Sun traces out along the sky – independent of Earth's rotation – in the course of the year. More accurately, it is the intersection of the celestial sphere with the Ecliptic plane, which is the geometric plane containing the mean orbit of the Earth around the Sun. It should be distinguished from the invariable ecliptic plane which is the vector sum of the angular momenta of all planetary orbital planes (See Part 2). 
As the rotation axis of the Earth is not perpendicular to its orbital plane, the equatorial plane is not parallel to the ecliptic plane, but makes an angle of about 23° 27'  which is known as the obliquity of the ecliptic. The intersections of the equatorial and ecliptic plane with the celestial dome are great circles known as the celestial equator and the ecliptic. The intersection line of the two planes results in two diametrically opposite intersection points, known as the equinoxes. The equinox which the Sun passes from south to north is known as the vernal equinox or first point of Aries. 
The position of the vernal equinox is not fixed among the stars but due to the lunisolar precession slowly shifting westwards over the ecliptic with a speed of 1° per 72 years. Said otherwise the stars shift eastwards (increase their longitude) measured with respect to the equinoxes (in ecliptic coordinates). 

The ecliptic serves as the center of a region called the zodiac. Traditionally, the Ecliptic is divided into 12 signs of 30° longitude each; these signs are named after 12 constellations straddling the ecliptic. 
Note. One must distinguish between a Sidereal Zodiac and the Tropical Zodiac (TZ): the origin of the former is fixed to some star, whereas the origin of the latter coincides with the  vernal equinox. That is why the TZ presents special interest from a physical point of view [23, 24]. 
As the Earth revolves in one year around the Sun, it appears that the Sun also needs one year to pass the whole ecliptic. With slightly more than 365 days in the year, the Sun moves almost 1° eastwards every day. This annual motion should not be confused with the daily motion of the Sun (and the stars, the whole celestial sphere for that matter) towards the west in 24 hours and along the equator. In fact where the stars need about 23h 56m for one such rotation to complete, the sidereal day, the Sun, which has shifted 1° eastwards during that time needs 4 minutes extra to complete its circle, making the solar day just 24 hours.

Ecliptic longitude 90°, at right ascension 6 hours and a northern declination equal to the obliquity of the ecliptic (23.44°), is reached around 22 June. This is the summer solstice in the northern hemipshere. The southern most declination of the sun is reached at ecliptic longitude 270° (winter solstice in the northern hemipshere) at the first point of the sign of Capricorn around 22 December.

Note. Pay attention that the cardinal points (viz. Solstices and Equinoxes) of TZ define specific physical and mathematical points for the Earth’s orbit; on the contrary, the cadinal points of a Sidereal Zodiac do not corelate with specific points of the Earth’s orbit [23, 24].
1.2. Precession of the Equinoxes [2]
The precession of the equinoxes refers to the precession of Earth's axis of rotation with respect to inertial space. Hipparchus discovered that the positions of the equinoxes move westward along the ecliptic compared to the fixed stars on the celestial sphere.
Currently, this annual motion is about 50.3 seconds of arc per year or 1 degree every 71.6 years. The process is slow, but cumulative. A complete precession cycle covers a period of approximately 26 000 years, the so called Great or Platonic year, during which time the equinox regresses over a full 360°. 

The Galactic year is the time it takes Earth's solar system to revolve once around the galactic center. It comprises roughly 226 million Earth years.
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Fig. 1.1. Changing pole stars (Credit to [2])
Precession of Earth's axis around the north ecliptical pole 
The rotation axis of the Earth describes, over a period of about 26 000 years, a small circle among the stars, centered around the ecliptic north pole and with an angular radius of about 23.4°, an angle known as the obliquity of the ecliptic.

A consequence of the precession is a changing pole star. Currently Polaris is extremely well-suited to mark the position of the north celestial pole, as Polaris is a moderately bright star, and it is located within a half degree of the pole. When Polaris becomes the north star again around 27800 AD, due to its proper motion it then will be farther away from the pole than it is now, while in 23600 BC it came closer to the pole.

When the polar axis precesses from one direction to another, the equatorial plane of the Earth and the associated celestial equator moves, too. Where the celestial equator intersects the ecliptic there are the equinoxes. 

This is why the equinoctal shift is a consequence of the precession of the rotation axis of the Earth, as well as vice versa. 
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Fig. 1.2. Axial tilt (Credit to [3]) 
Still pictures like these, found in many astronomy books, are only first approximations as they do not take into account the variable speed of the precession, the variable obliquity of the ecliptic, the planetary precession and the proper motions of the stars.
Explanation

The precession of the equinoxes is caused by the differential gravitational forces of the Sun and the Moon on the Earth. The combined action of the Sun and the Moon is called the lunisolar precession 
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. By this value the Vernal point is shifted to the West. In addition to the steady progressive motion (resulting in a full circle in about 26 000 years) the Sun and Moon also cause small periodic variations, due to their changing positions. These oscillations, in both precessional speed and axial tilt, are known as the nutation. The most important term has a period of 18.6 years and an amplitude of less than 20 arcseconds.

In addition to lunisolar precession, the actions of the other planets of the solar system cause the whole ecliptic (viz. the Earth’s orbit) to rotate slowly around an axis which has an ecliptic longitude of about 
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174° measured on the instantaneous ecliptic. This planetary precession 
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 takes place along the instantaneous equator; by this value the Vernal point is shifted to the East.

The sum of the two precessions is known as the general precession 
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Values
1.2.1. The epoch J2000.0  is used as a reference moment of time for specifying the Ecliptic longitudes of various objects. Thus [21], J2000.0 is precisely Julian date 2451545.0 TT (Terrestrial Time), or January 1, 2000, noon TT. This is equivalent to January 1, 2000, 11:59:27.816 TAI or January 1, 2000, 11:58:55.816 UTC. 

So, the number of years Y elapsed since J2000.0 to any other Julian date JD is calculated as follows

Y = (JD − 2 451 545.0) / 365.25 .                                                 (1.2)
It gives negative values for the epochs preceeding J2000.0, and positive – for the epochs after J2000.0. 

Alongside, the Julian epoch J is calculated according to:

J = 2000.0 + (JD − 2 451 545.0) / 365.25 .                                          (1.3)
The value (1.2) is used, in particular, for obtaining the tropical longitude in the precessing Ecliptical coordinate system for the epoch  J  by the longitude at the reference epoch of J2000.0. Thus, if a point:
-  is considered “immovable” relative to stars, its tropical longitude for the epoch J  makes 
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- moves at a rate 
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 relative to stars (
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>0 if it moves Eastwards), its tropical longitude for epoch J makes
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Notice that 
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 and  p specify here the per-year rate of precession.

Meanwhile, if an arcsec accuracy is not required, for the number of years Y  the difference in years can be taken: 
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, where y is the year of interest (e.g. 
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 for 1997, and 
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 for 2008).
Comment. The date J2000.0 is accepted by the IAU to present the standard reference epoch. In new system of astronomical constants the value of the precessional constant is updated (See (1.9)). Therefore, making use of this correction requires us to correct the values in the previously published catalogues. As well, making use of the mean precessional constant 
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 may also contribute to divergence of some estimates due to the variations in the rate of precession. However, these corrections are small enough and do not important to the applications for which this study is provided until we consider the epochs which are several centuries distant from the reference epoch of J2000, although they can be seen in small variations of the respective values.

1.2.2. General precession. Simon Newcomb's calculation at the end of the nineteenth century for general precession (known as p) in longitude gave a value of 5 025.64 arcseconds per tropical century, and was the generally accepted value until artificial satellites delivered more accurate observations and electronic computers allowed more elaborate models to be calculated. The International Astronomical Union (IAU) adopted a new constant value in 2000, and new computation methods and polynomial expressions in 2003 and 2006.

With this constant, the accumulated general precession 
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 over a period of  T  (in Julian centuries, viz. 36525 days) since the epoch of 2000 makes
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( T ) = 5 028.796195×T + 1.1054348×T 2 + higher order terms   (arcsec)                  (1.6)
The rate of general precession for the epoch T is the derivative of that:
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5 028.796 195 + 2.210 869 6×T + higher order terms   (arcsec per Julian century).   (1.7)
By analogy with (1.2), the value T  in these formulae is obtained as follows 

T = (JD − 2 451 545.0) / 36525 .                                                  (1.8)
So, the yearly precession at the reference epoch of J2000  makes
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 50. 288    (arcsec per year).                                        (1.9)
The constant term of this speed corresponds to one full precession circle in  
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 = 25 772  yr.      
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Notice that the constants presented in (1.6) and below are approximation of 
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 sin (2πT / P),                                                   (1.11)
   A = 5 028.796 195
B =  2.210 869 6
where P is the 410-century period.

A synopsis of the Tropical and Galactic Cross parameters are presented in the Summary (Tables S1, S2).
Moreover, it must be stressed that the formulae (1.6), (1.7), (1.11) are valid, but only over a limited time period. In that respect, the IAU chose the best developed available theory. Thus:
* For up to a few centuries in the past and the future, all formulas do not diverge very much;

* For up to a few thousand years in the past and the future, most agree to some accuracy;

* For eras farther out, discrepancies become too large - the exact rate and period of precession may not be computed, even for a single whole precession period.
* Over longer time periods, that is, millions of years, it appears that precession is quasiperiodic at around 25 700 years.

* In reality, more elaborate calculations on the numerical model of solar system show that the precessional constants have a period of about 41 000 years, the same as the obliquity of the ecliptic.
1.2.3. Planetary precession. For the epoch J2000 the (sidereal) planetary precession and the (tropical)  longitude of the instantaneous axis of Ecliptic have the following [20] values
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 = 0.4700 arcseconds per year.                                                  (1.12)
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Comment. In time, the tropical longitude (1.13) is increased by the value of general precession 
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; besides, due to the proper Eastward motion of this axis its longitude is also increased by the planetary precession 
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. In common, for the longitude (1.13) they give the following yearly precession 
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 = 50.288 + 0.47 = 50.758  (arcsec per year) 
[image: image38.wmf]7

96

0.845

¢

»

.                  (1.14)
Notice, that this value presents the Lunisolar precession.
Hence, up to a few thousand years in the past and the future the longitude of instantaneous axis of Ecliptic 
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 for the Julian date JD (or Julian epoch J) with respect to (1.12)  may be approximated as follows
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This longitude defines the critical points of the Rotating Ecliptic Cross (Table S4).
By allowing to(1.12)  and(1.14) the Sidereal and Tropical periods of rotation of the axis of Ecliptic make
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However, since these periods are obtained from the instant values, one must consider them with a caution.

Note.     
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1.3. Axial Tilt [3]
In astronomy, Axial tilt is the inclination angle of a planet's rotational axis in relation to a perpendicular to its orbital plane. It is also called axial inclination or obliquity. The axial tilt is expressed as the angle made by the planet's axis and a line drawn through the planet's center perpendicular to the orbital plane.

The axial tilt may equivalently be expressed in terms of the planet's orbital plane and a plane perpendicular to its axis. In our solar system, the Earth's orbital plane is known as the ecliptic, and so the Earth's axial tilt is officially called the obliquity of the ecliptic. In formulas it is abbreviated with the Greek letter 
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The obliquity of the ecliptic is such a pervasive element in positional astronomy that it must be used in the calculations and observations of all planetary positions, including Sun and Moon. However to quickly grasp an idea of its value one can look at the seasons. It suffices to consider that the extreme northern and southern declination of the Sun are per definition equal to the obliquity. Therefore the difference of the heights of the Sun above the horizon at noon on the longest and shortest day of the year is twice the obliquity. This was the way the Chinese astronomers determined it in 1000 BC.

Example: an observer on 40° latitude (either north or south) will see the Sun 73°5 above the horizon at noon on the longest day of the year, but only 26°5 the shortest day. The difference is 2ε = 47°, and so ε = 23.45°.
Although the precession and the tilt of Earth's axis are calculated from the same theory and thus, are related to each other, the two movements act independently of each other, moving in mutually perpendicular directions.
Values
Simon Newcomb's calculation at the end of the nineteenth century for the obliquity of the ecliptic gave a value of 23° 27’ 8.26” (epoch of 1900), and this was generally accepted until improved telescopes allowed more accurate observations, and electronic computers permitted more elaborate models to be calculated. Lieske came with an updated theory in 1976 with 
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 = 23° 26' 21.45''  (epoch of J2000),                                         (1.18)
 which became the officially approved theory by the International Astronomical Union in 2000:
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 = 84 381.448 − 46.84024T − (59 × 10−5)T 2 + (1 813 × 10−6)T 3,                      (1.19)
 measured in seconds of arc, with T being the time in Julian centuries (that is, 36,525 days) since the ephemeris epoch of 2000 (which occurred on Julian day 2,451,545.0).

With the linear term in T being negative, at present the obliquity is slowly decreasing. This expression only gives an approximate value for 
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 and is only valid for a certain range of values of T. More elaborate calculations on the numerical model of solar system shows that 
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 has a period of about
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the same as the constants of the precession of the equinoxes (although not of the precession itself).

Other theoretical models may come with values for 
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 expressed with higher powers of T, but since no (finite) polynomial can ever represent a periodic function, they all go to either positive or negative infinity for large enough T. In that respect one can understand the decision of the International Astronomical Union to choose the simplest equation which agrees with most models. 

Thus, 
* For up to 5 000 years in the past and the future all formulas agree;

* up to 9 000 years in the past and the future, most agree to reasonable accuracy;

* for eras farther out discrepanies get too large.

Nevertheless extrapolation of the average polynomials gives a fit to a sine curve 
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with a period of
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where:
A =   23.496932° ± 0.001200°, 
B = − 0.860°
      ± 0.005°, 
C =   0.01532       ± 0.0009 radians/Julian century, 
D =   4.40             ± 0.10 Julian centuries, and 
T,  the time in centuries from the epoch of 2000 as above.

This formula should give a reasonable approximation for the previous and next million years or so. 

The accepted model (1.21) gives the following mean value and maximal deviations for the obliquity 
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Notice that the last maximum was reached in 8700 BC, the mean value occurred around 1550 AD and the next minimum will be in 11 800 AD.
In addition to this steady variations, there are also much smaller short term (18.6 years) variations, known as nutation.
Yet it remains an approximation in which the amplitude of the wave remains the same, while – in reality – irregular variations occur. The quoted range for the obliquity is 
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Notice that the maximal deviation of obliquity with respect to model (1.21) makes
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whereas relative to the estimate (1.24) the maximal deviation increases to a larger value 
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A synopsis of the approximations for the Axial Tilt is presented in the Summary (Table S3)
1.4. Irregularities in the Length of Precession Cycle 
Making use of the constant term A (after transforming it from arcsecs per Julian century into degrees per year, 
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However, if the variable rate of precession (1.11) is taken into account we see (Fig. 3) that the duration of the full precession circle 
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depends on the starting point 
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where the values of A , B and P are to be transformed into degrees and years. The solution to this equation, Tpmin = 25766.55 
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25 767 yr, gives the length of the shortest possible precession cycle (Fig. 3). In the same way, by considering the interval  (t´1, t´2) we obtain that the length of the longest possible precession cycle makes  Tpmax = 25 776.61 
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Fig. 1.3. The extreme lengths of the cycle of precession of Equinoxes
The rate of precession p(t) is a periodic function; that is why it repeats its value p(t*) at p(t* + P) for any value of t*, where P – is its period equal to 41 000 yr, or 41 Julian centuries. On the contrary, the precession itself, 
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as the integral (1.28) and can variate from Tpmin=25767 to Tpmax = 25 777 .
Therefore, for the existing estimates (1.11) of the precession rate the length T of a full circle precession cycle with any origin fits the bounds (in tropical years)
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At this, maximal deviation of this length T relative to the duration of the mean length 
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and may be considered as an error of the point estimate 
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= 25 772 for a precession cycle with an arbitrary origin. 
1.5. Time Variation of Precession and Obliquity
Plotting of the relations (1.11) and (1.21) allows us to visualize the peculiarity of the current epoch when the rate of precession and obliquity take their mean values (Fig. 4)
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Fig. 1.4. Rate of precession and obliquity as the functions of time
The obliquity and precession of the equinoxes are calculated from the same theory and are related to each other. A smaller 
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 means a larger p and vice versa [3]. Yet the two movements act independent from each other, going in mutually perpendicular directions. Notice that these functions take their mean values at the adjucent (relative to the 41 000/2-year mean-value period) epochs of 1550 AD and 2000 AD.
2. Earth’s Orbital Elements
Precession and obliquity describe the behaviour of the Earth’s axis of rotaion relative to Ecliptic. As far as the Equinox and Solstice axes, presenting the intersection of planes of Equator and Ecliptic and the projection of the Earth’s Axis of rotation, exert pronounced influence on climate and other aspects of Earth’s life they were called the Terrestrial Cross [23] – when compared with the Galactic Cross, or Tropical Cross – in accordance with its origin (Table S1).
Meanwhile, the Ecliptic itself wobbles at a notable rate and for the current epoch this motion can be described with the use of instantaneous and mean values. However, for describing this motion in a long term perspective we must select an inertial reference plane which remains “immovable” relative to stars. Although this can be done in different ways, it is more preferable, as in the case with the Tropical and Solar Zodiacs [24], which unify in their structure the principal elements describing the planes and axes of rotation and revolution, to associate the reference plane with some Solar System invariant.

And it is important that the latter actually possesses two principal planes which, on the one hand, define its intrinsic physical properties, and, on the other hand, remain their sidereal orientation unchanged during those time spans when the planetary orbits have time to accomplish large enough number of cyclic variations to be traced by existing methods of scientific analysis. These are the Solar Equator and the Invariable plane which are independent of the mutual perturbations of the planets. In a similar way, these two planes define crosses with the current Ecliptic which are specified by their Nodal Lines and Pole axes. 

Besides, within the plane of Ecliptic the ellipse of Earth’s orbit also rotates, and its axes define the cross the cardinal points of which are also associated with climate change etc.
2.1. Elliptic Orbit and its parameters

2.1.1. Osculating orbit [8] of an object in space is the gravitational Keplerian orbit about a central body that it would have if other perturbations were not present.

An osculating orbit and the object's position upon it are fully described by the six standard Keplerian orbital elements. However, perturbations can cause the osculating elements to evolve, sometimes very quickly. In such cases, a more complex set of proper orbital elements may better describe the most important aspects of the orbit.

Possible perturbations that could cause an object's osculating orbit to change include:

* A non-spherical component of the central body (i.e., the central body is not a point mass) 

* A third (or more) body whose gravity perturbs the object's orbit 

* A non-gravitational force acting on the body (e.g. by Solar wind, Radiation pressure, etc.)
2.1.2. In mathematics, an Ellipse [9] is the locus of points on a plane where the sum of the distances from any point on the curve to two fixed points is constant. The two fixed points are called foci – Fig. 2.1. 
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Fig. 2.1. Foci and axes of ellipse

The line segment AB, that passes through the foci and terminates on the ellipse, is called the major axis. The line segment CD, which passes through the center (halfway between the foci), at right angles to the major axis, and terminates on the ellipse, is called the minor axis. A semimajor axis is one half the major axis: the line segment from the center, through a focus, and to the edge of the ellipse (a). Likewise, the semiminor axis is one half the minor axis (b).

If the two foci coincide, then the ellipse is a circle; in other words, a circle is a special case of an ellipse, one where the eccentricity is zero.

2.1.3. Eccentricity. The shape of an ellipse is usually expressed by a number called the eccentricity of the ellipse, conventionally denoted e (not to be confused with the mathematical constant e). The eccentricity is related to a and b by the statement
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The eccentricity is a positive number less than 1 and greater than or equal to 0. An eccentricity of 0 implies that the two foci occupy the same space and that the elipse has collapsed into a circle. The greater the eccentricity is, the larger the ratio of a to b, and therefore the more elongated is the ellipse. 

The linear eccentricity of the ellipse, c, equals the distance from the center to either focus
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Hence, the distance between the foci is 2ae.

2.1.4. The Semi-latus rectum of an ellipse (Fig.2.2), usually denoted l (lowercase L), is the distance from a focus of the ellipse to the ellipse itself, measured along a line perpendicular to the major axis. It is related to a and b (the ellipse's semi-axes) by the formula al = b2 or, if using the eccentricity,
 l = a (1-e2).                                                                      (2.3)

[image: image110]
Fig. 2.2. An ellipse as an orbit. Sun is allocated in one of its foci
Ellipses in physics 
In 499, Indian astronomer Aryabhata discovered that the orbits of the planets around the sun are ellipses, and published his findings in his book, the Aryabhatiya. In the 17th century, Johannes Kepler explained that the orbits along which the planets travel around the Sun are ellipses, which is Kepler's first law. Later, Isaac Newton explained this as a corollary of his law of universal gravitation.

More generally, in the gravitational two-body problem, if the two bodies are bound to each other, their orbits are similar ellipses with the common barycenter being one of the foci of each ellipse. 

2.1.5. Orbital Elements [7] 
The elements of an orbit are the parameters needed to specify it uniquely, given a model of two point masses obeying the Newtonian laws of motion and the inverse-square law of gravitational attraction. 
The traditionally used set of orbital elements is called the set of Keplerian elements (Fig.2.3) after Johannes Kepler and his Kepler's laws. 
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Fig. 2.3. Keplerian elements
In this figure the orbital plane (yellow) intersects a reference plane called the plane of the ecliptic (grey). 
The intersection is called the line of nodes, as it connects the center of mass with the Ascending and descending nodes. 
This plane (instantaneous Ecliptic or invariable plane), together with the Vernal Point (♈) establishes a reference frame.

Each particular Keplerian orbit is fully defined by six elements:
1. The orbital plane is defined by two elements:
Inclination  i – orients the orbital plane with respect to the plane of the ecliptic.

Longitude of the ascending node Ω – specifies the ascending node with respect to the vernal point. 

2. Within this plane, the elliptic orbit of a Celestial body is described by the following elements:

Semi-major axis a fixes the size of the orbit. It connects the geometric center of the orbital ellipse with the periapsis, passing through the focal point where the center of mass resides. 

An apsis, plural apsides is the point of greatest or least distance of the elliptical orbit of a celestial body from its center of attraction, which is generally the center of mass of the system. The point of closest approach is called the periapsis and the point of farthest excursion is the apoapsis. A straight line drawn through the periapsis and apoapsis is the line of apsides. This is the major axis of the ellipse. Related terms are used to identify the body being orbited. The most common are perigee and apogee, referring to orbits around the Earth, and perihelion and aphelion, referring to orbits around the Sun [14].
Eccentricity e fixes the shape of an orbit. 

Argument of periapsis (perihelion) orients the semimajor axis relative to the ascending node. 
3. The orbital position of the Celestial body is described by the true anomaly (T) which specifies the orbital position of the celestial body at a definite moment of time. As far as in this work we are not interested in the specific orbital position of Earth in time, this element is not considered below.

Because the simple Newtonian model of orbital motion of idealised points in free space is not exact, the orbital elements of real objects tend to change over time. Evolution of the orbital elements takes place due to the gravitational pull of bodies other than the primary, due to the nonsphericity of the primary, due to the atmospheric drag, relativistic effects, radiation pressure, electromagnetic forces, and so on. This evolution is described by the so-called planetary equations.

2.2. Time  Variations  of  the  Earth’s  Orbital  plane

2.2.1. The Solar Equator Plane and Sun’s Axis. The Solar Cross
The Vernal and Autumnal points are nodes where the Sun’s apparent path and the Earth’s equator cross. They unite two different motions: the Earth’s rotation on its axis and its revolution around the Sun. This is why the Vernal equinox, the Aries point of the Tropical Zodiac, has a physical, apart from astrological, meaning. Symmetry is one of the fundamental principles in the universe. It points to another node, involving the Sun: the intersection of the plane of the Sun’s Equator and the Ecliptic. T. Landscheidt termed it the Sun’s node [11]. He has shown it to be as important as the Aries point and presented the approximating formula for the ecliptical longitude of the ascending Sun’s node 

Sun’s ascending node = 73.66670 + [(Year - 1850) x 0.01396].                            (2.4)
 For the beginning of the year 2000, it gives the value 75.7607 degrees, or 15º 45' 39" of Gemini. As far as the Sun’s descending node is always opposite the ascending node, the longitude of the descending node makes 15º 45' 39" of Sagittarius.
However, with the use of the present (J2000) equatorial coordinates of the Sun’s North Pole [10]
Right Ascension  286.13°,           Declination
 +63.87°,
we can obtain the longitude 
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As far as this Pole remains its Sidereal orientation, the tropical longitude of the the Sun’s North pole changes at the rate of general precession 
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On the plane of Ecliptic the nodal line of the Solar Equator and the Sun’s axis intersect at the right angle, thus forming what we may call the Solar Cross (SC); as the cardinal axes of TZ and SZ, which form the Terrestrial (TC) and Galactic Crosses (GC) [24], (Tables S1, S2), within the circle of Ecliptic it also forms a perfect equilateral cross: the longitudes of its nodes and poles are 90° distant one from another. From the same physical considerations it becomes evident that the SC can be considered as another resonance structure for the moving Tropical Zodiac, although the Galactic Cross should evidently be considered as more important structure since it correlates the critical poits of the moving Earth with the critical points of the Sun/Galactic-Centre structure which it describes. 

A synopsis of the basic parameters of the Solar Cross is presented in the Summary (Table S5).
2.2.2. Invariable plane [4, 5]
The invariable plane of the Solar System is the plane passing through its center of mass which is perpendicular to its angular momentum vector. This central plane of the Solar System is also called the Laplacian plane. Laplace demonstrated that to whatever mutual actions all the bodies of a system may be subjected, the position of this plane remains invariable. When all the bodies of the Solar system are taken into account, it may be regarded as the weighted average of all planetary orbital planes.
The position of the Orbital plane of the Earth with respect to the Invariable Plane is defined by two parameters – Inclination 
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 and Longitude of the Ascending Node (
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So, all planetary orbital planes wobble around the invariable plane, meaning that they rotate around its axis while their inclinations to it vary. That of Earth rotates with a quasi-period of 
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and an inclination which varies in the range
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If long term calculations are performed relative to the present ecliptic it appears to rotate with a period 
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and an inclination that varies varies in the range
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Specifically, Earth's orbit (viz. ecliptic) is inclined to the invariable plane by
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where T is the number of centuries since 1900; in other words, it is decreasing by 18" per century. 
For the reference epoch of J2000 this (orbital) inclination makes 
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For greater time spans the behaviour of the inclination is illustrated by Fig. 2.4, below. In general, the period of the orbital precession of the Ecliptic on the Invariable Plane is indeterminate, since the minimum inclination of the Ecliptic to that plane is 0° 0' 0" [4].
The Longitude of the Ascending Node on ecliptic (viz. the position of the Nodal line of the Planetary precession in the Moving Tropical Zodiac) amounts [6] to
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If we assume that the current rate of the Nodal line of the Planetary precession with respect to the Invariable plane moves at the rate 
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 (1.14) – this is approximately so since both reference planes are inclined to the Ecliptic at relatively small angles – we obtain that up to a few thousand years in the past and the future the longitude of the node 
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where 
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 = 50.758  arcsec per year (1.14) and longitude of the node for the reference epoch of J2000 is
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 (viz. 18º 15' 41'' of Cancer).                    (2.17)
As in the case with the node of the Solar Equator, it defines the Invariable Plane Cross (IPC) the basic parameters of which are presented in the Summary (Table S6).

2.3. Time  Variations  of  the  Earth’s  Orbit  Elements
2.3.1. Semi-major Axis (a ) 

For an osculating elliptic orbit the length of the major axis remains its value. At this:

- the orbital period of a body traveling along an elliptic orbit is uniquely defined by the the semi-major axis and vice versa; 
- the orbital period is equal to that for a circular orbit with the orbit radius equal to the semi-major axis;

- the orbital period and semi-major axis do not depend on the eccentricity.

At the same time,  while there are  periodic  fluctuations  in the lengths of the major axes  of the actual disturbed orbits there are no secular perturbations – long-term oscillations. 

This means that except for minor short-term fluctuations the major axis (and thus the period) of a planet is constant. 
Table 2.1. The Orbital axes for the epoch of J2000 [12]
	Parameter
	In km
	In AU

	Aphelion distance
	152 097 701
	1.016 710 333 5

	Perihelion distance
	147 098 074
	0.983 289 891 2

	Semi-major axis
	149 597 887.5
	1.000 000 112 4

	Semi-minor axis
	149 576 999.826
	0.999 860 486 9


Originally, the astronomical unit (AU or au or a.u. or sometimes ua) was defined as the length of the semi-major axis of the Earth's elliptical orbit around the Sun. In 1976, the IAU revised the definition of the AU for greater precision: the currently accepted value of the AU [16] is
1 AU = 149 597 870 691 ± 30 metres (nearly 150 million kilometres or 93 million miles).         (2.18)
2.3.2. Eccentricity (e) and Perihelion Distance
2.3.2.1. Eccentricity (e) 
The Orbital Eccentricity of the earth's orbit for the epoch J2000 [12] makes    
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As the remaining Earth’s orbit elements, the eccentricity of the Earth's orbit also changes in time 
from nearly 
[image: image153.wmf]min

e

= 0  to almost 
[image: image154.wmf]max

e

= 0.05 .                                      (2.20)
In the current epoch it is decreasing [13] by
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In more details this dependence is presented in Fig. 2.4.
In particular, these variations of eccentricity are associated with climate changes [19] since this element defines the form of the orbit (Fig. 2.6). 
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Fig. 2.4. Earth's orbital eccentricity and inclination for the previous 240 millennia (Data: credit to [18])

2.3.2.2. Perihelion Distance
Though the major axis varies but insignificantly, the perihelion distance depends on the eccentricity:
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Hence, as far as in the current age the eccentricity is decreasing (2.21), Fig. 2.5, the Perihelion distance increases (Fig. 2.6), and its per-year increment makes
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Fig. 2.5. Eccentricity of Earth’s Orbit Credit:[19])

By taking into account the current trend in diminution of eccentricity (Fig. 2.5) we obtain that over the preceding Platonic year the accumulated increment in perihelion distance amounts to 
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By order of magnitude this exceeds the Sun’s diameter (about 1 392 000 km); this trend would continue during the following Platonic year. As far as the mean Sun-Earth distance makes about 107.5 Sun’s diameters, during these two Platonic years the perihelion distance increases by 2%, or two Sun’s diameters. 
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a)                                                                                        b)

Fig. 2.6. Two elliptical orbits for the same planet with co-ordinated Sun positions in foci

These ellipses present the planet’s orbit for different moments of time; for illustrative purpose, the proportions of their axes are exaggerated (for Earth, the agle L´OB is less than 1º).
a) For the same major axes (2a) they have different eccentricities 
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b) Position of the Earth ( 
[image: image178] ) at Perihelion; at present (
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), Sun is in Capricorn when looking from the Earth (about 283°), but in a Heliocentric system the Earth is in Cancer (about 103°).
The orbital axes (AP and LL´) crossing in the focus S, where the Sun resides, call the Orbital Cross. The distance OS equals (2.2) to  c; for the current epoch it amounts to

c = a – r = a – a(1 – e) = a
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viz. about 1.7 % of semi-major axis. At this, the difference between the semi-minor axis b and semi-latus rectum l, in relation to b, with respect to (2.1) – (2.3) makes
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Therefore, as far as the distance SP makes 98.3 % of the semi-major axis OP, and the semi-latus rectum l makes about 99% of the semi-minor axis we may conclude that the Orbital Cross practically coincides with the axes of the orbital ellipse.
Notice also, that in units of Sun’s diameter  the distance OS  makes
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Note. Together with the almost circular Earth’s orbit, the Orbital Cross presents a well-known symbol 
[image: image187] of the Earth under this ancient name of Astronomical Cross [24].
2.3.2.3. Argument of perihelion (ω)
The longitude of perihelion of the earth's orbit is currently about 283° .This is the angle between the vernal equinox  and perihelion measured in the direction of the object’s motion; it amounts to the sum of the Longitude of the Ascending Node (180°) and Argument of Perihelion (103°), viz.  +  in Fig. 2.3. It locates the major axis of the orbit and the direction from which the true anomaly is measured.
Notice that this value does not specify the Sun’s longitude when the Earth passes the perihelion! This is so because it is not the Earth, but the Earth-Moon barycentre for which the perihelion is actually defined. The intervals between Earth's passages through perihelion vary from 363 to 367 days. Thus, in the forthcoming decade the day of perihelion (aphelion) comes to January 2 – 5 (July 4 – 7) [14]. 
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Fig. 2.7. Apsidal motion (Anomalistic precession). The ellipses present the Earth’s orbit for different moments of time for the same eccentricity; for illustrative purpose, the proportions of their axes are exaggerated.

Within the orbital plane, the Perihelion 
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[image: image191]). This motion is independent of the precession of Equinoxes.
Meanwhile, the apsidal line remains orthogonal to the semi-latus rectum thus forming the Orbital Cross.
Currently, 
[image: image192.wmf]P



 SHAPE  \* MERGEFORMAT 
[image: image193] presents the position of the Perihelion relative to the Tropical axes; precession of Equinoxes moves these axes in the opposite direction (green arrows); they also remain orthogonal and form the Terrestrial Cross of the Tropical Zodiac [23].

Sidereal period of apsidal motion. The position of perihelion slowly cycles around Earth's orbit as the years pass. This is known as the advance of perihelion, or apsidal motion. At the present mean rate [15]
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of advancing heliocentric longitude motion relative to the distant stars (eastward), perihelion takes about
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to revolve once around Sun. 
Tropical period of apsidal motion. At the same time the Equinoxes and Solstices of the Tropical Zodiac are synchronously precessing at a rate of about 50.288 arcsecs of ecliptic longitude per year (retrograde, or westward) or one cycle per 25 772 years (1.10). As a result, the net effect amounts to 
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or 61.888/3600 degrees per year. Hence, it takes for the perihelion about 360/(61.888/3600) = =360
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20 900 years to revolve once relative to any given Equinox (or Solstice). Therefore, in Tropical Zodiac the Sidereal period (2.27) corresponds to the following Tropical period
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Longitude of the Perihelion (viz. the position of point 
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 in Fig. 2.7 of the major axis of the Earth’s orbit in the Moving Tropical Zodiac), by allowing to the mean longitude of Perihelion [22] and Tropical rate (2.28) of precession of perihelion for the reference epoch J2000, amounts to
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and up to a few thousand years in the past and the future the longitude of perihelion 
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Time variation of the rate of apsidal motion. By allowing to the accuracy of value of (2.26) and other estimates (e.g. 11.9828 arcsec per year [13]), the following rounded-off values for the periods (2.27), (2.29) may be accept
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But these are the estimates of the current mean value only, since there are long-term periodic variations in the rate of perihelion advance, which can cause successive Tropical perihelion cycles to differ in duration by several millennia! This is visually obvious on the long-term charts [15] for the period of 100 000 BC to 100 000 AD. They are obtained with the use of numerical integration. In particular, computer simulation shows that the length of the full perihelion cycle varies with the mean Earth orbital eccentricity.

Perihelion advances at a faster rate as the orbital eccentricity decreases. For example, its motion remained more or less stable for the proceeding 70 millennia; now, the Tropical period of apsidal motion makes ~ 21 millennia  (2.33) at eccentricity 0.017, whereas at the epoch of around 30 000 AD the respective values are ~15 millennia at eccentricity 0. 003.

Moreover, since the period of the orbital precession of the Ecliptic on the Invariable Plane is indeterminate (because the minimum inclination of the Ecliptic to that plane is 0° 0' 0") and the minimum Eccentricity is also 0, the general mean period of motion of the line of Apsides is also indeterminate [4].

Relativistic apsidal motion accounts for only about 0.3 % of the heliocentric advance of Earth's perihelion, and is caused by the circumstance that in the gravitational well of Sun the curvature of space-time causes the circumference of a circle to be less than 2πR, and similarly the circumference of the orbital ellipse is reduced, so Earth reaches perihelion a bit early and thus perihelion shifts with respect to an inertial frame of reference. Time runs slightly slower and spacetime [20] is slightly more curved near perihelion [15]. 

This physical phenomenon imparts special significance to the point of the Perihelion and the major axis of the Earth’s orbit of the Orbital Cross. For the same reasons in Table S7 for the average minor-axis/semi-latus-rectum axis LL' (Fig. 2.6) the points AP and VP are taken (as analogues of the “Vernal” and “Autumnal” Points,) which are orthogonal to the major axis.

A synopsis of the basic parameters of the Orbital Cross is presented in the Summary (Table S7). 
 3. Day, Month, Year

3.1. Day [26 – 29]
The word day is used for several different units of time based on the rotation of the Earth around its axis and the revolution of the Earth in its orbit around the Sun. So, the day has several definitions.

3.1.1. International System of Units (SI): a day contains
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 =  86 400  SI seconds.                                                      (3.1)
The second is currently defined as “… the duration of 9 192 631 770 periods of the radiation corresponding to the transition between the two hyperfine levels of the ground state of the caesium-133 atom”. Notice that 
[image: image213.wmf]SI

d

 = 24 (hours) 
[image: image214.wmf]´

 60 (minutes/hour) 
[image: image215.wmf]´
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3.1.2. In astronomy two other types of day are also used: a sidereal and a solar days.
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Fig. 3.1. Sidereal time and solar time

Left: a distant star (the small orange circle) and the Sun are at culmination, on the local meridian. Centre: only the distant star is at culmination; a sidereal day is complete. 

Right: few minutes later the Sun is on the local meridian again; a solar day is complete.

Solar time is measured by the apparent diurnal motion of the sun, and local noon in solar time is defined as the moment when the sun is at its highest point in the sky (exactly due south in the northern hemisphere). The average time taken for the sun to return to its highest point is 24 hours.

Sidereal time is a measure of the position of the Earth in its rotation around its axis, or time measured by the apparent diurnal motion of the vernal equinox; the sidereal day is shorter than the solar day. 

Mean solar time is the hour angle of the mean Sun. The mean solar time is computed from an artificial clock time adjusted via observations of the diurnal rotation of the fixed stars to agree with average apparent solar time. The length of a mean solar day does not change on a seasonal basis. 

Apparent solar time or true solar time is the hour angle of the Sun. It is based on the apparent solar day, which is the interval between two successive returns of the Sun to the local meridian. 
The length of a solar day varies throughout the year so that the apparent solar days are shorter in March and September than they are in June or December. An apparent solar day may differ from a mean solar day by as much as nearly 22 seconds shorter to nearly 29 seconds longer. Because many of these long or short days occur in succession, the difference builds up to as much as nearly 17 minutes early or a little over 14 minutes late. Since these periods are cyclical, they do not accumulate from year to year. The difference between apparent solar time and mean solar time is called the equation of time. The mean solar day also starts at noon, with 00:00 meaning noon and 12:00 meaning midnight. As this is inconvenient for civilian use, the civil time is defined as mean solar time minus 12 hours.

3.1.3. Sidereal and Mean Solar days. In fact, the period of the Earth's rotation varies on hourly to interannual timescales together with a secular increase in length of day which mostly results from slowing of Earth's rotation by tidal friction.

So, the Earth's sidereal day differs from its rotation period relative to the background stars by the amount of precession in right ascension during one day (8.4 ms). Its J2000 mean value is
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 =  23h 56m 4.090530833 seconds.                                            (3.2)
Meanwhile, the length of the mean solar day is continuosly increasing itself due to the tidal acceleration of Moon by Earth, and the corresponding deceleration of Earth by Moon. It was exactly

 86 400 SI seconds (in approximately 1820)                                          (3.3)
Currently, the length of a mean solar day is approximately
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 = 86 400.002 SI seconds.                                                 (3.4)
and is increasing by about

1.7 milliseconds per century (an average over the last 2700 yr).                      (3.5)
3.1.4. Leap Second. The additional time accumulates to about 0.7 s per year, necessitating the addition of an extra second to the civil clock occasionally to retard it and keep it more closely synchronized to the apparent movement of the Sun. By the middle of this century the amount of time to be added to the clock will increase to one second every year. This additional second is called a "Leap Second". 

Coordinated Universal Time (UTC) is a high-precision atomic time standard. UTC has uniform seconds defined by International Atomic Time (TAI), with leap seconds announced at irregular intervals to compensate for the earth's slowing rotation and other discrepancies. The leap seconds allow UTC to closely track Universal Time (UT), which is a time standard based on the earth's angular rotation, rather than a uniform passage of seconds.

The length of the SI second was based on the mean solar day, also known simply as "length of day" or "LOD", (3.3). At the end of the twentieth century, with the LOD at 2 ms above the nominal value, UTC ran faster than UT by 2 ms per day, getting a second ahead every 500 days. Thus a leap second was inserted once every 500 days, retarding UTC to keep it synchronised in the long term. As the Earth's rotation continues to slow, positive leap seconds will be required more frequently: in a few tens of thousands of years LOD will exceed 86401 s, causing the current form of UTC to break down due to requiring more than one leap second per day. 

3.1.5. Abrupt variations in the rate of the Earth rotation is another phenomenon that can not be explained by tidal braking [30]. The events of this type were observed several times; for instance, in 1898 and 1920 the ralative variation in agular rate reached 3.9
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The origin of such abrupt variations remains unknown, but it must be very powerful: their magnitudes exceed the centenarian tidal variation of the Earth's rotation rate. The powers which are to be engaged for such an abrupt variation to take place due to some Earth’s surface process can be compared with:

falling on the Earth (tangentially to Equator) of 1000 000 meteorits with a mass of 1000 000 tons each;

descending to a sea level a plateau of 700 by 700 km with a hight of 4 km (like Tibetian one). 

Note 3.1. The acceleration of the Earth's crust in the 2000s has already led to the longest ever period without a leap second, from 1999-01-01 to 2005-12-31.

Note 3.2. Apart from tidal acceleration and tectonic motion, the Earth’s rotational period varies on unpredictable factors and, thus, has to be observed rather than computed.
Note 3.3. In particular, an abrupt variation in rotational period can be caused by Solar flares as it was in 1956 after an extremely powerful Solar flare on February 25.

3.2. Year [32 - 34]
3.2.1. The Julian year, as used in astronomy and other sciences, is a time unit defined as exactly 
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 = 365.25 days of 86,400 SI seconds each, totalling 31 557 600 seconds.                (3.6)
This is the normal meaning of the unit "year" (symbol "a") used in various scientific contexts (e.g. for computation of the distance covered by a light-year). Astronomers and other scientists use it, together with the Julian century of 36 525 days and the Julian millennium of 365 250 days, for convenience to measure lengthy durations, which would be unwieldy to express as a number of days.

Notice that a Julian year measures duration rather than designating a date, although this average length of the year was used the in the Julian calendar in Western societies in previous centuries.

3.2.2. The sidereal year is the time taken for the Sun to return to the same position with respect to the stars of the celestial sphere. It is the orbital period of Earth, equal to
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 =  365.25636042 mean solar days (31,558,149.540 seconds),                      (3.7)
that is


[image: image222.wmf]SidD

Y

 = 366.25636042 earth rotations or sidereal days.                                (3.8)
3.2.3. A tropical year (also known as a solar year) is the length of time the Sun, as seen from the Earth, takes to return to the same position along the ecliptic relative to the equinoxes and solstices.
The length of year depends on the starting point on the ecliptic. Starting from the vernal equinox yields the vernal equinox year; averaging over all starting points on the ecliptic yields the mean tropical year. As the equinox completes a full circle with respect to the perihelion (in about 21 000 years), the length of the tropical year (relative to a specific point on Ecliptic) oscillates around the mean tropical year.
Current values and their annual change of the time of return to the cardinal ecliptic points are as follows:

Table 3.1. Cardinal points of the Tropical Zodiac and respective Tropical years
	vernal equinox
	365.242 374 04 + 0.000 000 103 38×a days

	northern solstice
	365.241 626 03 + 0.000 000 006 50×a days

	autumn equinox
	365.242 017 67 − 0.000 000 231 50×a days

	southern solstice
	365.242 740 49 − 0.000 000 124 46×a days


The latest value of the mean tropical year at J2000.0 (1 January 2000, 12:00 TT) is as follows
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 365.2422  SI days.                                        (3.9)
So, a sidereal year (3.7) is 20 minutes and 24.3 seconds longer than the tropical year (3.9). 

Due to changes in the precession rate and in the orbit of the Earth, there exists a steady change in the length of the tropical year. This can be expressed with a polynomial in time; the linear term is
difference (days) =  − 0.000 000 061 62 × a days.                                      (3.10)
So, the mean tropical year, in SI days, is getting shorter by 5 ms/year (e.g. in AD 200, it was 365.2423 SI days). Days get longer (in seconds), and the number of actual days in a year is decreasing too. 

These formulae use days of exactly 86400 SI seconds; a is measured in Julian years (365.25 days) from the epoch (2000). The time scale is Terrestrial Time (TT) which is based on atomic clocks; this is different from Universal Time, which follows the somewhat unpredictable rotation of the Earth. 
Vernal equinox year is used for most calendars aimed at keep synchronized with seasons; it makes 
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 = 365.2424  mean solar days.                                              (3.11)
The number of mean solar days in 
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 has been oscillating between 365.2424 and 365.2423 for several millennia and will likely remain near 365.2424 for a few more. This long-term stability is pure chance, since in our era the slowdown of the rotation, the acceleration of the mean orbital motion, and the effect at the vernal equinox of rotation and shape changes in the Earth's orbit, happen to almost cancel out.
Notice that the words "tropical year" in astronomical jargon refer only to the mean tropical year of (3.9), not to the vernal equinox year (3.11) presenting the basis of most solar calendars.

3.2.4. The Anomalistic year is the time for the Earth to complete one revolution with respect to its apsides; its average duration is as folows:
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 = 365.259 635 864 days (365 d 6 h 13 min 52 s) for  J2000.0.                       (3.12)
3.2.5. The Draconitic year, Eclipse year or Ecliptic year is the time for the Sun (as seen from the Earth) to complete one revolution with respect to the same lunar node. This period is associated with eclipses (See part 4). The average duration of the eclipse year is as follows
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 = 346.620 075 883 days (346 d 14 h 52 min 54 s) for  J2000.0.                      (3.13)
This term is sometimes erroneously used to designate the Draconic or nodal period of lunar precession (See Sec.3.3).

3.2.6. A Heliacal year is the interval between the heliacal risings of a star. It differs from the sidereal year for stars away from the ecliptic due mainly to the precession of the equinoxes.
3.2.7. The Sothic year is the interval between heliacal risings of the star Sirius. Its duration is very close to the mean Julian year of 365.25 days.
3.2.8. Variation in the length of the year and the day. The exact length of an astronomical year changes over time. The main sources of this change are:

1. The precession of the equinoxes changes the position of astronomical events with respect to the apsides of Earth's orbit. An event moving toward perihelion recurs with a decreasing period from year to year; an event moving toward aphelion recurs with an increasing period from year to year. 

2. The gravitational influence of Moon and planets changes the Earth’s steady orbit around the Sun. 
3. Tidal drag between the Earth and the Moon and Sun increases the length of the day and of the month; since the apparent mean solar day is the unit with which we measure the length of the year in civil life, the length of the year appears to change. 

4. Changes in the effective mass of the sun, caused by solar wind and radiation of energy generated by nuclear fusion, will affect the Earth's orbital period over a long time (by extra 100 picoseconds per year). 

3.2.9. Calendar year is the time between two dates with the same name in a calendar. Solar calendars usually attempt to predict the four seasons, but because the length of individual seasonal years varies significantly, they instead use an astronomical year as a surrogate; at the same time, as far as no astronomical year has an integer number of days or lunar months, any calendar that follows an astronomical year must have a system of intercalation such as leap years.

The Gregorian calendar attempts to keep the vernal equinox on or close to March 21; hence it follows the vernal equinox year. The average length of its year is 365.2425 days.

In the Julian calendar, the average length of a year was 365.25 days. In a non-leap year, there are 365 days, in a leap year there are 366 days. A leap year occurs every 4 years.
3.3. Moon Months (Periods) [35 - 39]
The month is a unit of time, used with calendars, which is approximately as long as some natural period related to the motion of the Moon; month and Moon are cognates. The traditional concept arose with the cycle of moon phases; such months (lunations) are synodic months. From excavated tally sticks, researchers have deduced that people counted days in relation to the Moon's phases as early as the Paleolithic age. Synodic months are still the basis of many calendars today.

The motion of the Moon in its orbit is very complicated and its period is not constant. 

* Sidereal month. The period of the Moon's orbit as defined relative to the celestial sphere is known as a sidereal month since it is the time it takes the Moon to return to a given position among the stars:
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 = 27.321 662 days (27 d 7 h 43 min 11.6 s).                                   (3.14)
This type of month has been observed among cultures in the Middle East, India, and China.

* Tropical month. It is customary to specify positions of celestial bodies with respect to the vernal equinox; as this point precesses back slowly along the ecliptic, it takes the Moon less time to return to an ecliptic longitude of zero than to the same point amidst the fixed stars. By analogy with the tropical year of the Sun this period is known as tropical month 
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 = 27.321 582 days (27 d 7 h 43 min 4.7 s).                                     (3.15)
* Anomalistic month. Like all orbits, the Moon's orbit is an ellipse and its orientation (as well as the shape) is not fixed. It takes the Moon longer to return to the same apsis because it moved ahead during one revolution. This longer period is called the anomalistic month, and has an average length of
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 = 27.554 550 days (27 d 13 h 18 min 33.1 s).                                   (3.16)

The apparent diameter of the Moon varies with this period, and therefore this type has some relevance for the prediction of eclipses (See Saros, below), whose extent, duration, and appearance depend on the exact apparent diameter of the Moon (See the full moon cycle below).

* Draconic (nodical) month. The orbit of the moon lies in a plane that is tilted with respect to the plane of the Ecliptic and Earth's equator at an angles of
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 = 5.145°,                                                             (3.17)   
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 is between 18.29° and 28.58°.                                              (3.18) 

The line of intersection of these planes defines two points on the celestial sphere: the ascending node, when the moon's path crosses the ecliptic as the moon moves into the northern hemisphere, and descending node when the moon's path crosses the ecliptic as the moon moves into the southern hemisphere. The draconic (or nodical) month is the average interval between two successive transits of the moon through its ascending node. Because of the sun's gravitational pull on the Moon, the Moon's orbit gradually rotates westward on its axis, which means the nodes gradually rotate around the Earth. Hence, the time it takes the moon to return to the same node is shorter than a sidereal month and makes 
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 = 27.212 221 days (27 d 5 h 5 min 35.9 s).                                   (3.19) 

Meanwhile, the plane of the moon's orbit precesses so that the orbital nodes of the Moon move westward in ecliptic longitude (See draconic or nodal period of lunar precession, below).
* Synodic month (or lunation) is an average period of the Moon's revolution with respect to the Sun.

While the Moon is orbiting the Earth, the latter is progressing in its orbit around the Sun. This means that after completing a sidereal month the Moon must move a little farther to reach the new position of the Earth with respect to the Sun.

In other words, this is the cycle of moon's phases; among them, conjunction (New Moon) and opposition (Full Moon) together have a special name: syzygy (from Greek for "junction"). The age is the number of days since a new moon.

Because of perturbations in the orbits of the Earth and Moon, the actual time between lunations varies

from about 29.272 to about 29.833 days.                                           (3.20)
The long-term average duration is 
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 = 29.530 589 days (29 d 12 h 44 min 2.9 s).                                   (3.21)
3.4. Longer Moon Cycles
3.4.1. Full moon cycle  is the period after which the apsides point to the Sun again. It is a cycle over which full moons vary in apparent size and age (time since new moon); the sequence is

· Full moon big 
- 
perigee at full moon; 

· Full moon young 
- 
perigee at first quarter; 

· Full moon small 
- 
perigee at new moon;

· Full moon old 
- 
perigee at last quarter. 

The full moon cycle is slightly less than 14 synodic months and slightly less than 15 anomalistic months. Its significance is that when you start with a large full moon at the perigee, then subsequent full moons will occur ever later after the passage of the perigee; after 1 full moon cycle, the accumulated difference between the number of completed anomalistic months and the number of completed synodic months is exactly 1.

Thus the average duration of full moon cycle, as beat period of anomalistic and synodic months, makes
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 411.784 652 d                                            (3.22)
Formulated in another way: the full moon cycle is the period that it takes the Sun to return to the perigee of the Moon's orbit (as seen from the Earth). So it is a kind of "perigee year", similar to the eclipse year which is the time for Sun to return to the ascending node of the Moon's orbit on Ecliptic.

Matching synodic and anomalistic months
* When tracking by counting cycles of 14 synodic months, a correction of 1 synodic month should take place after 18 cycles
18 × 
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[image: image239.wmf]An

M

 (viz. not 18×14 = 252 × 
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This much better approximation of 269 anomalistic months by 251 synodic months was already known to Chaldean astronomers (the Babylonian ratio of 269/251).

* A good longer period spans 55 cycles or rather 767 synodic months, which is not only very close to an integer number of synodic and anomalistic months, but also when reckoned in synodic months is close to an integer number of days and an integer number of years:

767 × 
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 = 22650 days = 55 × 
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 + 2 days = 62 years + 4 days.       (3.24)
3.4.2. The Metonic cycle 
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 in astronomy and calendar studies is a particular approximate common multiple of the (seasonal) tropical year and the synodic month. 19 tropical years differ from 235 synodic months by about 2 hours. The Metonic cycle's error is 1 full day every 219 years:

19 tropical years = 6939.602 days                                                  (3.25)

235 synodic months = 6939.688 days                                                (3.26)

This cycle is an approximation of reality. The period of the Moon's orbit around the Earth and the Earth's orbit around the Sun are independent and have no known physical resonance. 

A year of 12 synodic (or lunar) months is about 354 days on average, 11 days short of the 365 day solar year. Therefore in a lunisolar calendar every 3 years or so there is a difference of more than a full month between the lunar and solar years, and an extra (embolismic) month should be inserted (intercalation). 

The Greek astronomer Meton of Athens introduced a formula for intercalation in 432 BC. It was his observation that a period of 19 solar years is almost exactly 235 lunar months, and rounded to full days counts 6940 days. The error is only 2 hours between 19 years and 235 months. Seven of the 19 years would have an intercalated month. This cycle can be used to predict eclipses, forms the basis of the Greek and Hebrew calendars, and is used in the computation of the date of Easter each year. In Antiquity the Metonic cycle was sometimes called the Great year. It was also useful since returned the Moon phases to the same (month) dates.

The Chaldean astronomer Kidinnu (4th century BC) knew of the 19-year cycle, but the Babylonians may have learned of it earlier. They measured the Moon's motion against the stars, so the 235:19 relation may originally have referred to sidereal years, instead of tropical years as it has been used in various calendars; however, ancient astronomers did not make a clear distinction between sidereal and tropical years before Hipparchus discovered precession of the equinoxes c. 130 BC. It is possible that Homer knew about the cycle some centuries before Meton. In the Odyssey, after Odysseus leaves Ithaca, he returns to secretly meet Penelope at the exact moment when one Metonic cycle has passed. 

The Metonic cycle incorporates two less accurate subcycles, for which 

8 years = 99 lunations (an Octaeteris) to within 1.5 days, i.e. an error of one day in 5 years;      (3.27)

and

11 years = 136 lunations within 1.5 days, i.e. an error of one day in 7.3 years.              (3.28)

The Metonic cycle itself is a subcycle of the next more correct approximation: 

334 years = 4131 lunations to within 41 minutes, i.e. an error of one day in 11598 years,       (3.29)

if the length of the lunation and the year would not change over such a long period (which they do). 

An even more accurate approximation is

353-year cycle with 4366 lunations.                                               (3.30)
Meton of Athens approximated the cycle to a whole number (6940) of days, obtained by 125 long months of 30 days and 110 short months of 29 days. In the following century Callippus developed the Callippic cycle. This was a more accurate approximation, obtained by taking one day away from every fourth of Meton's cycles, so creating a 76-year cycle with a mean year of exactly 365.25 days. Later the solar Julian calendar was designed to have a year of this length by using leap days.

The 19-year cycle is also close (to somewhat more than half a day) to 255 draconic months, so it is also an eclipse cycle, which lasts only for about 4 or 5 recurrences of eclipses.

3.4.3. Lunar precession. There are two important precessional motions in the Orbit of the Moon [41].

* Apsidal precession. The long axis (line of the apsides: perigee and apogee) of the moon's elliptical orbit precesses about 3233 days, or 
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 = 8.851 years                                                         (3.31)
* Draconic (or nodal) period of lunar precession – is the time it takes for a complete revolution of the Moon's ascending node around the ecliptic:
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 = 18.612 815 932 Julian years (6798.331 019 days) for J2000.0.                     (3.32)

This is the period of the main nutation term in the orientation of the polar axis of the Earth. In an inertial reference frame,  the  Earth's  axis  undergoes  a  slow  precessional  motion with a period (1.10) of 
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= = 25 772  years, as well as a nutation with a main period of 18.6 years. 
3.5. The Eclipse cycles [38]
For an eclipse to occur, either the Moon must be located between the Earth and Sun, or the Earth must be located between the Sun and Moon. This can happen only when the Moon is new or full, and repeat occurrences of these lunar phases are controlled by the Moon's synodic period (3.20), (3.21). 

Most of the times during a full and new moon, however, the shadow of the Earth or Moon falls to the north or south of the other body. Thus, if an eclipse is to occur, the three bodies must also be nearly in a straight line. This condition occurs only when the Moon passes close to the ecliptic plane and is at one of its two nodes. The period of time for two successive passes of the ecliptic plane at the same node is given by the draconic month (3.19) (the name "draconic" refers to a mythical dragon, said to live in the nodes and eat the sun or moon during an eclipse).

Finally, if two eclipses are to have the same appearance and duration, then the distance between the Earth and Moon must be the same for both events. Moon moves faster when it is closer to Earth and slower when it is near apogee, thus periodically changing the timing of syzygies by up to ± 14 hours (as to their mean timing), and changing the apparent lunar angular diameter by about ±6%. The time it takes the Moon to orbit the Earth and return to the same distance is given by the anomalistic month (3.16).

These are still rather vague predictions. However we know that if an eclipse occurred at some moment, then there will occur an eclipse again S synodic months later, if  that interval is also D draconic months, where D is an integer number (return to same node), or an integer number + ½ (return to opposite node). So an eclipse cycle is any period P for which approximately holds:

P = S × (Synodic month length) = D × (Draconic month length)                          (3.33)
Given an eclipse, then there is likely to be another eclipse after every period P. This remains true for a limited time, because the relation is only approximate.

* The Saros cycle is an eclipse cycle with a period of about 
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 = 18 years 11 days 8 hours (approximately 6585⅓ days, or 18.031 years)             (3.34)

The origin of the Saros cycle comes from the recognition that 

223 synodic months 
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 242 draconic months 
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 239 anomalistic months.                 (3.35)

This means that after one Saros cycle, the Moon will have completed an integer number of synodic, draconic, and anomalistic months, and the Earth-Sun-Moon geometry will be nearly identical: the Moon will have the same phase, be at the same node, and have the same distance from the Earth. 

Therefore, if one knew the date of an eclipse, then one Saros later, a nearly identical eclipse should occur; this approximation is good to within about 2 hours.

The Saros cycle was discovered by the Chaldeans several centuries BC, and was later known to Hipparchus, Pliny and Ptolemy, but under different names. The Sumerian/Babylonian word "SAR" was a unit of measure, and as a number appears to have had a value of 3600. The name "saros" was first given to the eclipse cycle by Edmond Halley in 1691. Although Halley's naming error was pointed out by Guillaume Le Gentil in 1756, the name continues to be used.

At the same time, the Saros cycle (18.03 yr) is not equal to the precessional period of the lunar orbit (3.32) of 18.60 yr. Therefore, even though the relative geometry of the Earth-Sun-Moon system will be nearly identical, the Moon will be in a different position with respect to the fixed stars.

A complication with the Saros cycle is that its period is not an integer number of days, but contains a fraction of ⅓ days. Thus, as a result of the Earth's rotation, for each successive Saros cycle, an eclipse will occur about 8 hours later in the day. In the case of an eclipse of the Sun, this means that the region of visibility will shift westward one third of the way around the globe by 120°, and the two eclipses will thus not be visible from the same place on Earth. 

In the case of an eclipse of the Moon, the next eclipse might still be visible from the same location as long as the Moon is above the horizon.

* Three Saros cycles.  However, if one waits three Saros cycles, the local time of day of an eclipse will be nearly the same. This period of three Saros cycles 
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is known as a Triple Saros or exeligmos (Greek: "turn of the wheel").

* Saros Series. So, as the relationship (3.35) is not perfect, the geometry of two eclipses separated by one Saros cycle will differ slightly. In particular, the place where the Sun and Moon come in conjunction shifts westward by about 0.5° with respect to the Moon's nodes every Saros cycle, and this gives rise to a series of eclipses, called a Saros series, that slowly change in appearance.

Each Saros series starts with a partial eclipse, and each successive Saros cycle the path of the Moon is shifted either northward (when near the descending node) or southward (when near the ascending node). At some point, eclipses will no longer be possible and the series terminates. For solar eclipses the statistics for the complete Saros series within the era between 2000 BCE and 3000 CE are known. The series last between about 1226 to 1550 years, which corresponds to 69 to 87 eclipses; most series have 71 or 72 eclipses. At any given time, approximately 40 different Saros series will be in progress.

3.6. Calendrical consequences [35]
At the simplest level, all lunar calendars are based on the approximation that 2 lunations last 59 days: a 30 day full month followed by a 29 day hollow month — but this is only marginally accurate and quickly needs correction by using larger cycles, or the equivalent of leap days.

Second, the synodic month does not fit easily into the year, which makes constructing accurate, rule-based lunisolar calendars difficult. The most common solution to this problem is the Metonic cycle, which takes advantage of the fact that 235 lunations are approximately 19 tropical years (which add up to not quite 6940 days). However, a Metonic calendar (such as the Hebrew calendar) will drift against the seasons by about 1 day every 200 years.

The problems of creating reliable lunar calendars may explain why solar calendars, having months which no longer relate to the phase of the moon, and being based only on the motion of the sun against the sky, have generally replaced lunar calendars for civil use in most societies. Note to this end that the calendar month length corresponds to an average period required for the Sun to pass a sign of the Tropical Zodiac.
4. Orbital Forcing in Climate Change:
Celestial Crosses and Basic Periods
Climate change refers to the variation in the Earth's global climate or in regional climates over time. It describes changes in the variability or average state of the atmosphere – or average weather – over time scales ranging from decades to millions of years [42].

4.1. Climate change factors and Global warming [43]
The detailed causes of the recent warming remain an active field of research. In contrast to the mainstream concept that recent warming is mainly attributable to elevated levels of greenhouse gases, other theories have been suggested to explain the observed increase in mean global temperature by the external factors (they are often called climate forcings); the most important of them include such processes as variations in Solar radiation (solar forcing) and in the Earth's orbit (orbital forcing).
The Solar forcing is described in [SS1]; in this review we consider the main aspects of orbital forcing.
In their impact on climate, orbital variations are in some sense an extension of solar variability, because slight variations in the Earth's orbit lead to changes in the distribution and abundance of sunlight reaching the Earth's surface. Such orbital variations, known as Milankovitch cycles, are a highly predictable consequence of basic physics due to the mutual interactions of the Earth, its moon, and the other planets. 
These variations are considered the driving factors underlying the glacial and interglacial cycles of the present ice age. Subtler variations are also present, such as the repeated advance and retreat of the Sahara desert in response to orbital precession.
Earth has experienced warming and cooling many times in the past. The recent Antarctic EPICA ice core spans 800 000 years, including eight glacial cycles timed by orbital variations with interglacial warm periods comparable to present temperatures. 
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Fig. 4.1. Pre-human climate variations. Curves of reconstructed temperature at two locations in Antarctica and a global record of variations in glacial ice volume (Today's date is on the left side of the graph)

4.2. Milankovitch cycles [44]
Milankovitch cycles are the collective effect of changes in the Earth's movements upon its climate (Orbital forcing), named after Serbian civil engineer and mathematician Milutin Milanković. 
The eccentricity,  axial tilt (obliquity), and  precession  of the Earth's orbit vary in several patterns, resulting in 100 000  year ice age cycles of the Quaternary glaciation over the last few million years. The Earth's axis completes one full cycle of precession approximately every 26 000 years. At the same time, the elliptical orbit rotates, more slowly, leading to a 21 000 year cycle in the equinoxes. In addition, the angle between Earth's rotational axis and the normal to the plane of its orbit changes from 21.5 degrees to 24.5 degrees and back again on a 41 000 year cycle. 

The Milankovitch theory of climate change is not perfectly worked out; in particular, the largest response is at the 100 000 year timescale, but the forcing is apparently small at this scale, in regards to the ice ages, Various feedbacks (from carbon dioxide, or from ice sheet dynamics) are invoked to explain this discrepancy. 
                   

Fig. 4.2. Earth’s movements
As the Earth spins around its axis and orbits around the Sun, several quasi-periodic variations occur. Although the curves have a large number of sinusoidal components, a few components are dominant. Milankovitch studied changes in the eccentricity, obliquity, and precession of Earth's movements. Such changes in movement and orientation change the amount and location of solar radiation reaching the Earth. This is known as solar forcing. 

4.2.1. Eccentricity
The shape of the elliptic Earth's orbit varies from being nearly circular (low eccentricity of 0.005) to being mildly elliptical (high eccentricity of 0.058) and has a mean eccentricity of 0.028. The major component of these variations occurs on a period of 
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A number of other terms vary between
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and loosely combine into a 
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4.2.2. Semi-major axis and sidereal year
As the eccentricity of the orbit evolves, the semi-major axis of the orbital ellipse remains unchanged. Since the period of the orbit is determined by the semi-major axis, the Earth's orbital period, the length of a sidereal year, also remains unchanged as the orbit evolves.

Currently the difference between closest approach to the Sun (perihelion) and furthest distance (aphelion) is only 3.4%. This difference amounts to about a 6.8 % increase in incoming solar radiation. Perihelion presently occurs around January 3, while aphelion is around July 4. When the orbit is at its most highly elliptical, the amount of solar radiation at perihelion is about 23% greater than at aphelion. This difference is roughly 4 times the value of the eccentricity.
4.2.3. Obliquity
The Earth's rotation axis wobbles, causing a slow 2.4° change in the tilt of the axis (obliquity) with respect to the plane of the Earth's orbit (viz. Ecliptic). The obliquity variations (from 22.1° to 24.5°) are roughly periodic, with a period of approximately
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When the obliquity increases, the amplitude of the seasonal cycle in insolation increases, with summers in both hemispheres receiving more radiative flux from the Sun, and the winters less radiative flux. As a result, it is assumed that the winters become colder and summers warmer.

But these changes of opposite sign in the summer and winter are not of the same magnitude. The annual mean insolation increases in high latitudes with increasing obliquity, while lower latitudes experience a reduction in insolation. Cooler summers are suspected of encouraging the start of an ice age by melting less of the previous winter's ice and snow. So it can be argued that lower obliquity favors ice ages both because of the mean insolation reduction in high latitudes as well as the additional reduction in summer insolation.

4.2.4. Precession of the equinoxes and Apsidal Motion

Precession of the equinoxes relative to the line of apsides is the change in the direction of the Earth's axis of rotation relative to the Sun at the time of perihelion and aphelion. The Earth goes through one complete precession cycle of this type in a tropical period of apsidal motion of approximately 21 000 years. Two effects contribute to the determination of this time scale. The axis of rotation itself rotates like a top around a line perpendicular to the orbital plane, with a period of roughly 26 000 years. In addition, the orbital ellipse itself precesses in space (with the sidereal period of apsidal motion, about 112 000 years); this orbital precession shortens the period of the precession of the equinoxes with respect to the perihelion from 26 000 to 21 000 years.

The interplay of these cycles results in a series of climatic consequences which are clearly seen [2] from Fig. 4.3 which illustrates the effects of axial precession on the northern hemisphere seasons, relative to perihelion and aphelion. To this end the precession of the equinoxes contributes to periodic climate change (Milankovitch cycles).

Notice in Fig. 4.3 that the areas swept during a specific season changes through time. Orbital mechanics require that the length of the seasons be proportional to the swept areas of the seasonal quadrants, so when the orbital eccentricity is extreme, the seasons on the far side of the orbit may be substantially longer in duration. 

Today, in the northern hemisphere, when fall and winter occur at closest approach, the earth is moving at its maximum velocity and therefore, fall and winter are slightly shorter than spring and summer. Today, the northern hemisphere summer is 4.66 days longer than its associated winter and spring is 2.9 days longer than fall. 
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Fig. 4.3. Effects of axial precession on the seasons

(Credit to: http://members.aol.com/gregbenson/iceage.htm)
Axial precession slowly changes the place in the Earth's orbit where the solstices and equinoxes occur. Over the next 10,000 years, northern hemisphere winters will become gradually longer and northern hemisphere summers will become shorter, eventually creating conditions believed to be favorable for triggering the next ice age.

As well, when the axis is aligned so it points toward the Sun during perihelion,

one polar hemisphere will have a greater difference between the seasons, while 

the other hemisphere will have milder seasons. 

The hemisphere which is in summer at perihelion will receive much of the corresponding increase in solar radiation, but that same hemisphere will be in winter at aphelion and have a colder winter. 

The other hemisphere will have a relatively warmer winter and cooler summer. 

At present perihelion occurs during the Southern Hemisphere's summer, and aphelion is reached during the southern winter. Thus the Southern Hemisphere seasons should tend to be somewhat more extreme than the Northern Hemisphere seasons.

When the Earth's axis is aligned such that aphelion and perihelion occur during spring and autumn, the Northern and Southern Hemispheres will have similar contrasts in the seasons.

4.2.5. Orbital inclination
The inclination of Earth's orbit drifts up and down relative to its present orbit with a cycle having a period of about
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Milankovitch did not study this three-dimensional movement.

More recent researchers noted this drift and that the orbit also moves relative to the orbits of the other planets. The inclination of the Earth's orbit has a 
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relative to the invariable plane that represents the angular momentum of the solar system.

This 100 000 year cycle closely matches the 100 000  year pattern of ice ages.                 (8)
It has been proposed that a disk of dust and other debris is in the invariable plane, and this affects the Earth's climate through several possible means. The Earth presently moves through this plane around 

January 9 and July 9, (viz. 16° - 18°  Cancer-Capricorn)                                (9)

when there is an increase in radar-detected meteors and meteor-related mesospheric clouds.
4.3. Problems [44]
There are several difficulties in reconciling theory with observations.

4.3.1. 100 ky problem [45]
Observations and spectral analysis show  that  during  the  last  1  million years,  the  strongest  climate  signal is the 100 000  year cycle. 

At the same time there is a discrepancy between the climate response (in temperature and extent of glaciations) and the forcing from insolation; it is called the100 000-year problem.
Due to variations in the Earth's orbit, the amount of insolation varies with periods of around 21 000, 40000, 100 000 and 400 000 years. Variations in the amount of solar heating drive changes in the climate of Earth, and are recognised as a key factor in timing of initiation and termination of ice ages. 

The 100 000-year component of ice volume variation was found to match sea level records based on coral age determinations, and to lag orbital eccentricity by several thousand years, as would be expected if orbital eccentricity were the pacing mechanism {Notice that an increase in eccentricity results in growth of difference between the aphelion and perihelion; in particular, this leads to a greater contrast in seasons in the Southern and Northern Hemispheres}.

However, there is still no absolute consensus on the mechanism responsible for the 100 ka periodicity – but there are several popular contenders; thus, there is still the possibility that the 100 ka eccentricity cycle acts as a "pacemaker" to the system, amplifying the effect of precession and obliquity cycles at key moments, pushing a system usually in an accumulatory state "over the brink" into a rapid melting phase, by providing the smallest of taps. A similar suggestion holds the 21 000-year Precession cycles solely responsible. Ice ages are characterised by the slow build up of ice volume, followed by relatively rapid melting phases. It is possible that ice built up over several precession cycles, only melting after four or five such cycles. A mechanism that may account for periodic fluctuations in solar luminosity has also been proposed as an explanation. In addition, some have argued that the length of the climate record is insufficient to establish a statistically significant relationship between climate and eccentricity variations. Some models can however reproduce the 100 000 year cycles as a result of non-linear interactions between small changes in the Earth's orbit and internal oscillations of the climate system.
4.3.2. 400 ky problem

The 400 000 year problem is that the eccentricity variations have a strong
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That cycle is only clearly present in climate records older than the last million years. 

4.3.3. Effect exceeds cause

The effects of these variations are primarily believed to be due to variations in the intensity of solar radiation upon various parts of the globe. Observations show climate behaviour is much more intense than the calculated variations. Various internal characteristics of climate systems are believed to be sensitive to the insolation changes, causing amplification and damping responses.

4.3.4. The unsplit peak problem

The unsplit peak problem refers to the fact that eccentricity has cleanly resolved variations at both 95 and 125 ky frequencies. A sufficiently long, well-dated record of climate change should be able to resolve both frequencies, but some researchers interpret climate records of the last million years as showing only a single spectral peak at 100 kyr periodicity. It is debatable whether the quality of existing data ought to be sufficient to resolve both frequencies over the last million years.

4.3.5. The transition problem and Present conditions

The transition problem refers to the change in the frequency of climate variations 1 million years ago:

- from 1-3 million years, climate had a dominant mode matching the 41 ky cycle in obliquity;

- after 1 million years ago, this changed to a 100 ky variation matching eccentricity. 

No reason for this change has been established.



Fig. 4.4. Eccentricity, Obliquity and Climatic Precession

The amount of solar radiation (insolation) in the Northern Hemisphere at 65°N seems to be related to occurrence of an ice age. Astronomical calculations show that 65°N summer insolation should increase gradually over the next 25 000 years, and that no declines in 65°N summer insolation sufficient to cause an ice age are expected in the next 50 000 – 100 000 years.

As mentioned above, at present perihelion occurs during the Southern Hemisphere's summer, and aphelion during the southern winter. Thus the Southern Hemisphere seasons should tend to be somewhat more extreme than the Northern Hemisphere seasons. The relatively low eccentricity of the present orbit results in a 6.8% difference in the amount of solar radiation during summer in the two hemispheres.
5. House Division in Astrology [46 – 48]
5.1. Astrological Houses. Most horoscopic traditions of astrology systems divide the Ecliptic (or Zodiac) into a number (usually twelve) of houses whose positions depend on time and location. The houses are considered with respect to the allocation of planets in the signs of Zodiac: they define how a planet allocation over the Zodiac (viz. ecliptic) being specific for the given time would manifest itself in definite spheres of life for the given time and  place. This way, a chart as a unity of Houses and Zodiacal planet allocation gives the unique correlation in Time and Space.

5.2. Systems of house division. There are many such systems. In most the Ecliptic is divided into houses and the Ascendant marks the cusp, or beginning, of the first house, and the Descendant marks the cusp of the seventh house. The most commonly used house systems in modern astrology also use the Midheaven as the cusp of the tenth house and the Iimum coeli, Ic (which sometimes is improperly called Nadir) as the cusp of the fourth house. 

Here the Ascendant (Asc) is the point where the Ecliptic intersects the Eastern horizon; the Descendant (Dsc) – is the opposite point in the Ecliptic (where it intersects the Western horizon). 

The Midheaven (or Medium Coeli, Mc) is the point where the Ecliptic crosses the Meridian (line of longitude) in the south on northern hemisphere. The Imum Coeli (Latin for "bottom of the sky", Ic), is the point in space where the Ecliptic crosses the meridian exactly opposite the Midheaven.

An example is the Placidus system based on a division of time rather than space. The times taken for each degree of the ecliptic to rise from the Ic to the Asc, and from the Asc to the Mc, are trisected to determine the cusps of houses 2, 3, 11, and 12. The cusps of houses 8, 9, 5 and 6 are opposite these; houses one through six, are below the horizon, the remaining six houses are above the horizon.

The Koch system uses the same cardinal points (Asc, Dsc, Mc, and Ic), but the cusps of houses are built on equal increments of Right Ascension.

These four cardinal points on the Ecliptic (or two cardinal axes, Asc/Dsc and Mc/Ic) are considered as the most powerful, or critical points in a chart (remind that for any moment of time these four points are specific for any point on the Earth’s surface).

Some house systems divide the Celestial Equator and the prime vertical instead of the Ecliptic. An example is the Campanus system where the prime vertical (the great circle taking in the zenith and east point on the horizon) is divided into twelve, and these divisions are projected on to the ecliptic along great circles that take in the north and south points on the horizon. 

5.3. The cardinal axes as the correlation between the Ecliptic, True North and Horizon.  Although the North-South axes in Placidus and Campanus systems are the same, they may have different ‘East/West’ axes. However, in both cases these systems relate the Ecliptic with the North-South and East-West axes for the geographical point in question. But the Placidus system seemingly does this in a way most appropriate for the current analysis since it correlates the plane of Ecliptic with the Earth’s axis (through the plane of meridian) and the Ascending and Descending points of Ecliptic which present the basic geomertical elements in describing the diurnal and sidereal CR anisotropy. 

This correlation of the cardinal points with the Ecliptic is very important since we are interested in the close vicinity of Ecliptic plane from where the Solar radiation and CR come. Note, that if an object deviate from the plane of Ecliptic significantly (as Moon or Pluto), comparing of its Ecliptic longitude with the Asc (or Dsc) might be insufficient for determining whether it is above or below the horizon.
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7. Summary

Table S1. The Longitudes of the Tropical Cross for the Reference epoch of J2000

	Node/Pole
	   Ecliptical longitude
	  Zodiacal longitude

	Ascending Node
	0º
	  0º of Aries

	Descending Node
	180°
	  0° of Libra

	North Pole
	90°
	  0° of Cancer

	South  Pole
	270°
	  0° of Capricorn

	Tropical rate of precession                  0  (exactly, by definition)

	Sidereal rate of precession for the epoch T:
T = (JD − 2 451 545.0) / 36525 

is approximated as follows
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where T is given in Julian centuries, viz. 36525 days, and 

A = 5 028.796 195

B = 2.210 869 6
P = 410-century period
The value for J2000 equals to the mean value and makes 
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 50. 288 arcsec per year.
It defines that one full precession circle, the (Great) Plato’s year, in average makes
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The actual length of this period depends on its commencement epoch and lies within the range 
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The symbolic (viz. numerological) value for the Plato’s year makes 
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Note. The sides of the Tropical Cross in the plane of Ecliptic present the Equinox and Solstice axes of the Tropical Zodiac; the Ascending Node (0º of Aries) determines the origin of the Ecliptical longitude. This longitude is used below as the reference coordinate system for the respective epoch, if not specified otherwise.

Table S2. The Longitudes of the Galactic Cross for the Reference epoch of J2000

	Node/Pole
	   Ecliptical longitude
	  Zodiacal longitude

	Ascending Node
	0º 1' 23.1''
	 0º 1' 23.1''  of Cancer

	Descending Node
	0º 1' 23.1''
	0º 1' 23.1''  of Capricorn

	North Pole
	0º 1' 23.1''
	0º 1' 23.1''  of Libra

	South  Pole
	0º 1' 23.1''
	0º 1' 23.1'' of Aries  

	Sidereal rate of precession      0    (exactly, by definition)
Tropical rate of precession    
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Note. At the epoch of J1998.3475, during the Great Celestial Conjunction (GCC) [23, 24], the Galactic and Tropical Crosses have coincided.  
Table S3. Axial Tilt (Obliquity of the ecliptic, Inclination of the Earth’s Axis to Ecliptic) 
	For the epoch of J2000 the Obliquity makes
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A reasonable approximation for the previous and next million years or so is as follows
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with 
A =   23.496932° ± 0.001200°, 

B = − 0.860°
      ± 0.005°, 

C =   0.01532       ± 0.0009 radians/Julian century, 
D =   4.40             ± 0.10 Julian centuries, and 
T,  the time in Julian centuries (that is, 36,525 days) from the epoch of 2000;

It specifies cyclic variation of obliquity with the following mean,   period and  maximal deviations 
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	An approximate value of 
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  for shorter values of T  (in Julian centuries since J2000) makes
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	By allowing to the irregular variations in the axial tilt the range for the obliquity amounts to 
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Table S4. The Longitudes of the Rotating Ecliptic Cross for the Reference epoch of J2000.0
	Node/Pole of the Rotating Ecliptic
	Ecliptic longitude
	Zodiacal longitude

	Ascending Node
	84. 8885°
	  24º 45' 57" of Gemini

	Descending Node
	264.8885°
	  24º 45' 57" of Sagittarius

	North Pole
	174. 8885°
	  24º 45' 57"  of Pisces

	South  Pole
	354. 8885°
	  24º 45' 57"  of Virgo

	Current Tropical rate of precession: 
[image: image285.wmf]s
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 = 
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+
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 = 50.758   arcsec per year
Current Sidereal rate of precession: 
[image: image288.wmf]p

p

 = 0.4700 arcsec per year




Table S5. The Longitudes of the Solar Cross for the Reference epoch of J2000

	Sun’s Node/Pole
	Ecliptical longitude
	Zodiacal longitude

	Ascending Node
	75.76574º
	  15º 45' 57" of Gemini

	Descending Node
	255.76574°
	  15º 45' 57" of Sagittarius

	North Pole
	345.76574°
	  15º 45' 57" of Pisces

	South  Pole
	165.76574°
	  15º 45' 57" of Virgo

	Sidereal rate of precession      0    (exactly, by definition)
Tropical rate of precession    
[image: image289.wmf]g

p

   (exactly, by definition) 
Mean Tropical period: 
 
[image: image290.wmf]pc
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 = 25 772  yr – the (Great) Plato’s year 



Note. Since the last conjunction of the TZ and SC, the longitude of the Sun’s node has precessed by (2). Hence, it was about  5424 yr before J2000 (about 300 years before the origin of the Mayan Long Count), and the next conjunction will take place in 1019 years (around 3019 AD), after a precessional displacement of this node by (90º-75.76574º) = 14.23426º.
Table S6. The Longitudes of the Invariable Plane Cross for the epoch of J2000

	Inv. Plane’s Node/Pole
	Ecliptical longitude
	Zodiacal longitude

	Ascending Node
	108.261 304 º
	  18º 15' 41" of Cancer

	Descending Node
	188.261 304 º
	   18º 15' 41" of Capricorn

	North Pole
	198.261 304 º
	   18º 15' 41" of Libra 

	South  Pole
	18.261 304 º
	   18º 15' 41" of Aries

	Tropical rate of precession (1.14): 
[image: image291.wmf]s
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 = 50.758  arcsec per year (for the current epoch)

Sidereal period of precession:   
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Table S7. The Geocentric Longitudes of the Orbital Cross for the epoch of J2000

	Sun’s Node/Pole
	Ecliptical longitude
	Zodiacal longitude

	Perihelion
	282. 938 284°
	     12° 56' 17.8" of Capricorn  

	Aphelion
	102. 938 284°
	     12° 56' 17.8" of Cancer

	AP
	192. 938 284°
	     12° 56' 17.8" of Libra 

	VP
	12. 938 284°
	     12° 56' 17.8" of Aries

	 Tropical rate of apsidal motion(2.28): 
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 = 61.888 arcsec per year (for the current epoch)

 Tropical period of apsidal motion:   
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 = 20 900 yr (rounded value: 
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 21 000 yr)

 Sidereal rate of apsidal motion(2.26):  
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   =   11.6  arcsec  per  year   (for the current epoch)

 Sidereal period of apsidal motion:    
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  =  111 700 yr  (rounded value:  
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Table S8. Duration of various kinds of years
346.62 days - 



a draconitic year in some septenary calendars 

353, 354 or 355 days -

the lengths of common years in some lunisolar calendars 

354.37 days/12 lunar months - 
the average length of a year in lunar calendars 

365 days -



a common year in many solar calendars 

365.24219 days - 


a mean tropical year near the year 2000 
365.2424 days -


a vernal equinox year. 

365.2425 days -


the average length of a year in the Gregorian calendar 

365.25 days -



the average length of a year in the Julian calendar 

365.2564 days -


a sidereal year 

366 days -



a leap year in many solar calendars 

383, 384 or 385 days -

the lengths of leap years in some lunisolar calendars 

383.9 days/13 lunar months - 
a leap year in some lunisolar calendars 

Table S9. Moon’s Orbital and Physical characteristics [40]
Orbital Characteristics
The average centre-to-centre distance from the Earth to the Moon is 384 403 km, which is about thirty times the diameter of the Earth.

	Perigee:
	363 104 km       0.0024 AU

	Apogee
	405 696 km       0.0027 AU

	Semi-major axis:
	384 399 km       0.00257 AU

	Eccentricity:
	0.0549


Physical Characteristics

The Moon has a diameter of 3 474 km - slightly more than a quarter that of the Earth

	Axial tilt:
	1.5424° (to ecliptic)     6.687°  (to orbit plane)

	Equatorial radius:
	1 738.14 km                0.273   Earths

	Polar radius:
	1 735.97 km                0.273   Earths

	Surface area:
	3.793 × 107 km²        0.074  Earths

	Volume:
	2.1958 × 1010 km³      0.020   Earths


Tidal effects result in an increase of the mean Earth-Moon distance of about 3.8 m per century. As a result of the conservation of angular momentum, the increasing semimajor axis of the Moon is accompanied by a gradual slowing of the Earth's rotation by about 0.002 seconds per day per century. 

The Earth–Moon system is sometimes considered to be a double planet rather than a planet–moon system. This is due to the exceptionally large size of the Moon relative to its host planet; the Moon is a quarter the diameter of Earth and 1/81 its mass. However, this definition is criticised by some, since the common centre of mass of the system (the barycentre) is located about 1700 km beneath the surface of the Earth, or about a quarter of the Earth's radius. 

Table S10. Basic Moon’s Periods

	Period
	Value
	Error

	   Moon months*) 

	Sidereal month 
[image: image301.wmf]Sid

M


	27.321 661 547 + 0.000000001857 × y days
 (27 d 7 h 43 min 11.6 s)  
	

	Tropical month 
[image: image302.wmf]Tr

M


	27.321 582 241 + 0.000000001506 × y days
(27 d 7 h 43 min 4.7 s)
	

	Anomalistic month 
[image: image303.wmf]An

M


	27.554 549 878 − 0.000000010390 × y days
(27 d 13 h 18 min 33.1 s)
	

	Draconic month 
[image: image304.wmf]Dr

M


	27.212 220 817 + 0.000000003833 × y days
(27 d 5 h 5 min 35.9 s)
	

	Synodic month
[image: image305.wmf]Syn
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	29.530 588 853 + 0.000000002162 × y days
(29 d 12 h 44 min 2.9 s)
	from 29.272 d

to      29.833 d

	*) y is years since the epoch (2000), expressed in Julian years of 365.25 days; days of 86,400 SI sec. 

	Full Moon Cycle (FMC)

	Basic value
	411.784 652 d 
[image: image306.wmf]»

1.127405 yr
	

	18 cycles of FMC

(Babylonian ratio of 269/251)
	18 × 
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 = 20.293 289 yr
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251 × 
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[image: image310.wmf]»

 269 × 
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	 0.05 d

	55 cycles of FMC
	55 × 
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 = 62.012 365 yr (62 yr 4.516 d)
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 767 × 
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 822 × 
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	1.806 d; 1.684 d

	Metonic cycle 

	Basic value 
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	19 tropical years = 6939.602 days 
[image: image318.wmf]»

 

235 synodic months
[image: image319.wmf]»

6940 days
	

	         Octaeteris
	8 years 
[image: image320.wmf]»

 99 lunations
	1.5 d (1 d in 5 yr)

	        11-year cycle
	11 years 
[image: image321.wmf]»

136 lunations
	1.5 d (1 d in 7.3 yr)

	334-yr Cycle
	334 years = 4131 lunations
	41 min (1 d in 11598 yr)

	353-yr Cycle
	353-year cycle with 4366 lunations.
	

	Lunar precession

	Apsidal precession 
[image: image322.wmf]MAps
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	8.851 yr
	

	Draconic (nodal) period  
[image: image323.wmf]Dr

T


	18.612 815 932 yr   (6798.33 d)
	

	The Eclipse cycles

	Saros cycle 
[image: image324.wmf]Sar
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	18.031 yr   (6585⅓ d, or 18 yr 11 d 8 hr) 
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	2 hr

	Triple Saros 
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	54 years 1 month  (19756 d)
	almost exactly an integer 


The Celestial Crosses as the Cosmic Timers of the Earth’s Ages 

and their Reflections in Periods, Symbols and Artefacts 

Sergey Smelyakov © 

Annotations
Under this general title a series of studies is presented which further develop the concepts that where considered in the previous articles hosted at the site ASTROTHEOS.com (ASTROTHEOS.narod.ru), but on the ground of more detailed and systematic analysis of gravitational and electromagnetic interactions of the Earth with the surrounding space objects and interstellar medium. From the other hand they show how these interactions are reflected in artefacts and esoterical concepts.

Thus, the main objects of this study are the system of kinematical cycles specifying the Earth’s motions and the system of cycles of Electromagnetic and Corpuscular (EMC) nature, Solar activity among them, which are considered within the same spatial and temporal reference frame. In this regard the aim of this study lies in further refinement and revealing new aspects of timing of Space factors of influence, as well as in brining the physical, geometrical and temporal elements of these systems into correlation with the Ancient concepts, symbols and numerical models.

As far as this study deals with a number of heterogeneous concepts, three reviews are provided (on celestial mechanics, astrophysics, and esotery) where the basic ideas are explained qualitatively and described quantitatively. At present, these reviews and the first article are hosted. In the subsequent work on this theme it is supposed to consider the cycles being peculiar to the Celestial Crosses in more detail.

Key words: celestial mechanics, astrophysics, Solar activity, Solar wind, cosmic rays, orbit, precession, cycle, period, resonance, Golden Section, artefact, esotery, symbol, Cross, Sacred Hoop (Medical Wheel)
The Celestial Crosses in Earth’s Motions: Geometry and Periods of Paramount Astronomical Cycles

This is a synopsis of several categories of celestial mechanics where the geometry and timing of the basic Earth’s motions are described. On this ground the Celestial Crosses are defined as the geometrical structures that comprise the main elements specifying the basic types of Circular Motions of the Earth and thus describe, spatially and temporally, the cycles in which the Earth participate. Although these cycles are engendered by the gravitational interactions between the Sun and planets, in these considerations we do not go beyond the kinematical aspects of Earth motions. 
The Celestial Crosses in Earth’s Exposure to the Growing Solar Activity and Galactic Influence 
This is a synopsis of several categories of astrophysics pertaining to geometry and timing of the Earth’s Exposure to Sun’s and Galactic magnetic fields and particles. It is shown that these Crosses define a bulk of the axes and planes within which the EMC phenomena synchronously exert their influence to the Earth. This makes them as important for describing how the Interplanetary Magnetic Field (IMF) and Cosmic Rays (CR) affect the Earth, as it was for describing the kinematics of Earth’s motions. Special attention is paid to 11-year Solar activity cycles since they modulate the IMF and CR influence. 
The Celestial Crosses and the “Solar Pump” in Esoterical Concepts, Symbols and Artefacts
This is a synopsis of the multilateral Crosses, geometric and astronomical aspects of the Sacred Hoops (Medical Wheels) presenting the artefacts that probably could be neither younger nor less pithy than many other prehistoric petroforms, and the Hunbatz Men’s considerations relative to count of time and comets which support the importance of the current epoch as that of the Great Celestial Conjunction. 
The Celestial Crosses and Paramount Earth’s Cycles in Astrophysics, Artefacts and Esoterical Concepts
In this article it is shown that the Celestial Crosses describe how the Earth’s exposure to the EMC interaction between the Galaxy and Sun is modulated in Time and Space. It is also shown that these Crosses and the effects they describe were evidently known millennia ago and reflected in a series of esoterical concepts, symbols and artefacts, both in the Old and in the New Worlds. 

t´1





t´2





A-B





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





t





The rate of precession   p(t)





P = 41 000 yr





A+B





A





� EMBED Equation.3  ���





� EMBED Equation.3  ���





Tpmin = 25 767 yr





t1





t2





Tpmax = 25 777 yr





P =41 000 yr





A = 50.28796 arc sec / yr





B =  0.02211 arc sec / yr





� EMBED Equation.3  ��� – the reference epoch J2000





� EMBED Equation.3  ��� 





� EMBED Equation.3  ��� 





� EMBED Equation.3  ��� - the epoch J1550 of mean  obliquity





� EMBED Equation.3  ��� – the epoch J2000 of mean rate of  precession





B =  0.02211 arc sec / yr





A = 50.28796 arc sec / yr





t





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





Obliquity � EMBED Equation.3  ��� � EMBED Equation.3  ���  � EMBED Equation.3  ���(� EMBED Equation.3  ���t)





A





A+B





Rate of precession � EMBED Equation.3  ���





t





A-B





� EMBED Equation.3  ���





� EMBED Equation.3  ���





Perihelion





Aphelion





L





P





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





O





S





A





L´





B





e2





e1





Cancer





Capricorn





� EMBED Equation.3  ���





� EMBED Equation.3  ���





Winter 


Solstice





Summer 


Solstice





Autumn 


Equinox





Spring


Equinox








[image: image338.wmf]A

t

[image: image339.wmf]4

/

P

t

t

A

B

A

+

=

+

[image: image340.wmf]4

/

P

t

t

A

B

A

-

=

-

[image: image341.wmf]e

t

[image: image342.wmf]A

t

[image: image343.wmf]8

3

22

¢

°

[image: image344.wmf]8

29

23

¢

°

.

[image: image345.wmf]1

2

24

¢

°

[image: image346.wmf])

(

t

e

[image: image347.wmf][image: image348.wmf][image: image349.wmf][image: image350.wmf])

(

t

p

[image: image351.wmf]A

t

[image: image352.wmf]e

t

[image: image353.wmf]2

r

[image: image354.wmf]1

r

[image: image355.wmf]a

2

[image: image356.wmf]a

2

[image: image357.wmf]r

D

[image: image358.wmf]r

D

[image: image359.wmf]1

b

[image: image360.wmf]2

b

[image: image361.wmf]1

l

[image: image362.wmf]2

l

[image: image363.wmf]P

¢

[image: image364.wmf]P

[image: image365.png]


[image: image366.png]Celestial body

i
T
True anomaly

@
” Argument of ghrinetion Y’
9}

Longitude of the ascengding node Vernal point

Inclination
!

Ascending node



[image: image367.png]‘eccentricty

-282RR%

o0

£

CR—r)
Time (thousands of years)



_1262358954.unknown

_1263320467.unknown

_1265971318.unknown

_1266310805.unknown

_1266474454.unknown

_1269002564.unknown

_1269003151.unknown

_1269102688.unknown

_1269003292.unknown

_1269002844.unknown

_1269002497.unknown

_1269002509.unknown

_1266477784.unknown

_1266480683.unknown

_1266477795.unknown

_1266477413.unknown

_1266470270.unknown

_1266473468.unknown

_1266470282.unknown

_1266132757.unknown

_1266309451.unknown

_1266310704.unknown

_1266309268.unknown

_1266139228.unknown

_1266139842.unknown

_1266309034.unknown

_1266309236.unknown

_1266139852.unknown

_1266137715.unknown

_1266132791.unknown

_1266132068.unknown

_1266132092.unknown

_1266132081.unknown

_1266132061.unknown

_1266132038.unknown

_1265540411.unknown

_1265963655.unknown

_1265969049.unknown

_1265971271.unknown

_1265968682.unknown

_1265963296.unknown

_1265963646.unknown

_1265699860.unknown

_1265962848.unknown

_1265540456.unknown

_1265105274.unknown

_1265534643.unknown

_1265534656.unknown

_1265534615.unknown

_1265103864.unknown

_1265105250.unknown

_1263574208.unknown

_1262411306.unknown

_1263109295.unknown

_1263317264.unknown

_1263317499.unknown

_1263317912.unknown

_1263317476.unknown

_1263232508.unknown

_1263297902.unknown

_1263298150.unknown

_1263298240.unknown

_1263310490.unknown

_1263297992.unknown

_1263297841.unknown

_1263297889.unknown

_1263296287.unknown

_1263134724.unknown

_1263134740.unknown

_1263136824.unknown

_1263134695.unknown

_1263134718.unknown

_1263110123.unknown

_1262798860.unknown

_1262801339.unknown

_1262803247.bin

_1262799303.unknown

_1262799354.unknown

_1262798986.unknown

_1262797040.unknown

_1262797049.unknown

_1262798672.unknown

_1262498655.unknown

_1262797031.unknown

_1262498339.unknown

_1262363060.unknown

_1262365979.unknown

_1262410112.unknown

_1262410125.unknown

_1262409085.unknown

_1262409680.unknown

_1262366067.unknown

_1262363713.unknown

_1262365778.unknown

_1262365768.unknown

_1262363340.unknown

_1262361997.unknown

_1262363024.unknown

_1262363050.unknown

_1262363003.unknown

_1262360796.unknown

_1262360854.unknown

_1262361072.unknown

_1262360807.unknown

_1262359268.unknown

_1262359284.unknown

_1262359046.unknown

_1261909900.unknown

_1261927317.unknown

_1262339064.unknown

_1262339287.unknown

_1262350041.unknown

_1262350415.unknown

_1262351489.unknown

_1262358942.unknown

_1262350506.unknown

_1262350055.unknown

_1262339710.unknown

_1262339761.unknown

_1262350021.unknown

_1262339616.unknown

_1262339268.unknown

_1262339277.unknown

_1262339245.unknown

_1261934714.unknown

_1261935081.unknown

_1262338999.unknown

_1262024656.unknown

_1262024637.unknown

_1261934898.unknown

_1261934945.unknown

_1261934832.unknown

_1261927887.unknown

_1261934615.unknown

_1261934692.unknown

_1261928156.unknown

_1261928304.unknown

_1261928126.unknown

_1261927398.unknown

_1261927425.unknown

_1261927666.unknown

_1261927338.unknown

_1261927346.unknown

_1261927318.unknown

_1261921015.unknown

_1261921137.unknown

_1261926609.unknown

_1261927280.unknown

_1261927298.unknown

_1261926775.unknown

_1261926814.unknown

_1261926625.unknown

_1261926518.unknown

_1261926535.unknown

_1261925345.unknown

_1261921046.unknown

_1261921064.unknown

_1261921029.unknown

_1261910857.unknown

_1261911693.unknown

_1261920781.unknown

_1261911557.unknown

_1261911567.unknown

_1261910906.unknown

_1261910403.unknown

_1261910562.unknown

_1261910312.unknown

_1261901708.unknown

_1261904404.unknown

_1261905153.unknown

_1261907907.unknown

_1261909124.unknown

_1261907483.unknown

_1261905119.unknown

_1261903077.unknown

_1261903116.unknown

_1261901807.unknown

_1261902012.unknown

_1261901951.unknown

_1261901771.unknown

_1260953254.unknown

_1260955664.unknown

_1260971820.unknown

_1261226870.unknown

_1261241680.unknown

_1261241715.unknown

_1261231694.unknown

_1261227028.unknown

_1261051222.unknown

_1261222756.unknown

_1261222782.unknown

_1261051282.unknown

_1261220294.unknown

_1261051010.unknown

_1261051105.unknown

_1260992631.unknown

_1260971661.unknown

_1260971128.unknown

_1260971536.unknown

_1260971564.unknown

_1260955665.unknown

_1260956237.unknown

_1260955078.unknown

_1260955249.unknown

_1260955539.unknown

_1260955094.unknown

_1260954546.unknown

_1260887992.unknown

_1260890276.unknown

_1260902313.unknown

_1260951566.unknown

_1260952537.unknown

_1260952941.unknown

_1260951579.unknown

_1260951207.unknown

_1260892462.unknown

_1260892606.unknown

_1260901522.unknown

_1260901483.unknown

_1260892523.unknown

_1260892067.unknown

_1260892137.unknown

_1260892040.unknown

_1260892048.unknown

_1260890297.unknown

_1260889038.unknown

_1260889246.unknown

_1260890228.unknown

_1260890254.unknown

_1260890203.unknown

_1260890214.unknown

_1260889891.unknown

_1260889204.unknown

_1260889077.unknown

_1260888166.unknown

_1260888460.unknown

_1260888279.unknown

_1260888089.unknown

_1260885855.unknown

_1260887267.unknown

_1260887782.unknown

_1260887880.unknown

_1260887474.unknown

_1260886571.unknown

_1260887157.unknown

_1260886088.unknown

_1260811506.unknown

_1260814264.unknown

_1260814308.unknown

_1260885799.unknown

_1260814294.unknown

_1260813390.unknown

_1260813415.unknown

_1260813161.unknown

_1260811381.unknown

_1260811482.unknown

_1260811334.unknown

_1260811278.unknown

