Components of the Perihelion Precession of Mercury
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I have read up submitted on Wiki site the table (see Tabl. 1). Its data are well-known to me. The parts of precession, i.e. of rotation, of a perihelion of Mercury on Wiki site, as well as in the contemporary Physics, are given incorrectly. During 100 years the physicists - theorists on ignorance confuse the reader. Therefore, if to represent on Wiki site an explanation of this phenomenon it is necessary to give it in all details.

Table 1. Wiki site table at http://en.wikipedia.org/wiki/Tests_of_general_relativity.

	Sources of the precession of perihelion for Mercury

	Amount (arcsec/Julian century)
	Cause

	5028.83 ±0.04 [4]
	Coordinate (due to the precession of the equinoxes)

	530[5]
	Gravitational tugs of the other planets

	0.0254
	Oblateness of the Sun (quadrupole moment)

	42.98 ±0.04 [6]

 HYPERLINK "http://en.wikipedia.org/wiki/Tests_of_general_relativity" \l "cite_note-6" [7]
	General relativity

	5603.24
	Total

	5599.7
	Observed

	-3.54 (-0.0632%)
	Discrepancy



The rotation of the Mercury perihelion can be determined as a result of the analysis of changes of several parameters of planets orbits. For this purpose we shall consider, what changes of the planets orbits occur and with points from which the readout of angles is carried out.
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On fig. 1 in heliocentric equatorial system of coordinates xyz the orbit plane of planet (Mercury) draws an arch of circle DAB on celestial sphere, and the projection of the orbit perihelion is marked by point B. The motionless planes of equator A0A0' and ecliptics E0E0' are fixed on the certain epoch, for example, 1950.0 or 2000.0. Other of equator planes AA', of ecliptics EE' and of Mercury DAB in epoch Т move in space.

Fig. 1. The basic planes on celestial sphere C: A0A0' - a motionless plane of the Earth equator for 1950.0; E0E0' - a motionless plane of the Earth orbit for 1950.0 (a plane of motionless ecliptic); AA' - a mobile plane of the Earth equator in epoch Т; EE' - a mobile plane of the Earth orbit in epoch Т (the inclination for presentation is increased); (( - vernal equinox point of 1950.0; ( - a point on a line of crossing of mobile equator in epoch Т with a mobile ecliptic (vernal equinox point in epoch Т); DAB - a plane of the Mercury orbit in epoch Т.

The angles between planes are submitted on fig. 2, there corresponds fig. 2a of our work [1] in which the results are given for Mars, but they are fair for any planet, including Mercury. As the planes of Earth equator AA' and of Earth orbits EE' on fig. 2 move in space, therefore the vernal equinox point ( retreats on an arch (2( from motionless equator plane A0A0' with velocity

pc = 5025(.641 + 2(.223 Tt,                                                    (1)
where pc – velocity in arcsec/century, Tt – time in tropical centuries from epoch of 1900.0. It is need noted, that in geocentric system the Sun passes point ( at spring, and in heliocentric system the Earth passes point ( at autumn.


The formula (1) is received by S. Newcomb [2] as a result of approximation of observation data on an interval several hundreds years. It gives velocity of retreating of point ( from a motionless equator plane A0A0', which is equal -5026.75 arcsec/century for 1950.0 and -5027.86 arcsec/century for 2000.0. As the point ( move clockwise therefore the velocity is written down with is sign «-».


In Astronomy the moving perihelion point B is defined a longitude (a, which as result of approximation of observation data S. Newcomb [2] represents as a polynomial of the third power of time:

πa = 334○13(05(.53 + 6626(.73·Tj + 0(.4675·Tj 2 – 0(.0043·Tj 3,                         (2)

where Tj – time counted in Julian centuries for 36525 day from fundamental epoch 1900.0.


Value (a represents the sum of two different arches (see fig. 2)

πa = (A + AB,                                                                   (3)

where arch (A = (a refers as longitude of ascending node of Mercury orbit.
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Fig. 2. The parts of the Mercury perihelion rotation on the celestial sphere. The designations of planes it is given on fig. 1; ((G – an arch of the big circle, which is perpendicular to plane of the Mercury orbit GDAB; B – the heliocentric projection of the Mercury perihelion to celestial sphere; А – ascending node of the Mercury orbit on mobile ecliptic; D – ascending node of the Mercury orbit on motionless equator of 1950.0; the parameters of the Mercury orbit in inertial equatorial reference frame: (( = (0D; (р.= DB; i = ((0DG; iE – inclination of the Earth mobile orbit (mobile ecliptic); and in mobile ecliptic system Ωa = (A; ωa = AB; πa = (A + AB = Ωa + ωa; iеа = iе = ((AG; index «e» – the angles relatively to mobile ecliptic; index “a” – by results of approximation of observation data.

From the formula (2) the velocity of perihelion rotation on a way of arches (A + AB is equal 5602.9 arcsec/century for 1950.0 and 5601.9 arcsec/century for 2000.0. From fig. 2 it is seen, that at definition of perihelion point B by value (a, in velocity of perihelion will enter: 1) velocity of movement of point (  on mobile ecliptic EE'; 2) velocity of displacement of point A of mobile ecliptic EE' due to its rotation around point N and 3) velocity of displacement of ascending node A of Mercury orbit GDAB on mobile ecliptic EE', caused by rotation of plane GDAB. So as these velocities did not render influence on velocity of perihelion movement, it is necessary to count it from a motionless point. As such point I have taken the point G, which is on crossing of the circle of plane GDAB with perpendicular circle to it (0G.In work [1] I have deduced the formula (29) for arch GB which depends on parameters of mobile orbit planes of the Earth (EE') and of the Mercury (GDAB) and have the following form:

(p0a = GB = (a - (а + arcsin[siniEa sin((а - ((2)/sin iа] +

+ arccos[cos ((a/(1 - (sin ((a sin iа)2)0.5].                                          (4)
Designations of values are given in the caption signature to fig. 2. For angles ((a and iEa in work [1] are also given formulas, which depend on the ecliptic angles of orbits: Ωa, iеа etc. As a result of approximation of observation data S. Newcomb [2] has presented ecliptic angles as polynomials of the third degree on time which example is the formula (2). J.L. Simon et al. [3] have reduced Newcomb's results to 2000.0 epoch and have given as polynomials of 6-th degree.

The formula (4) gives speed velocity of perihelion rotation of Mercury orbit relatively motionless space is equal 582.05 arcsec/century for 1950.0 and 583.15 for 2000.0 [4]. It is velocity of perihelion rotation according to observation. Due to orbits elements by J.L. Simon et al. [3] it is equal 582.53 arcsec/century for 2000.0.

Interaction of bodies of Solar system under the Newton law of gravitation results in change of their orbits, including the rotation of perihelion. If to consider bodies as material points, the velocity of perihelion movement of Mercury relatively motionless point G on fig. 2 is equal 529.86 arcsec/century [4], i.e. it is less observed value on 52÷53 arcsec/century.

For finding out of the reason of difference calculated on Newton interaction and according to observation of the velocity of Mercury perihelion rotation I have carried out various researches. First, I have established, that such difference of velocity of perihelion rotation is present only for the Mercury, which is the closest planet to the Sun. Second, the calculated on Newton interaction other parameters of Mercury orbit and velocity of their change practically coincided with the data of observation [4].


I investigated influence of gravity propagation velocity on results of interaction of two bodies. The General Theory of Relativity (GTR) was created to take into account final velocity of gravity. The A. Einstein has based it on the equations and results received by Paul Gerber. Paul Gerber has thought up such mechanism of gravity propagation with velocity of light that it is explained rotation of perihelion in value 43 arcsec/century [5]. However, as I have shown in paper [4], this mechanism is proved by nothing and is erroneous. Besides as it is above shown, the difference of calculations on Newton interaction and observation is equal no 43 arcsec/century but is 52÷53 arcsec/century.


In a nature the one mechanism of interaction propagation with speed of light is only known: it is mechanism of propagation of electromagnetic interaction. From experimental laws of electromagnetism I have deduced expressions for force of interaction of two electrified particles [6]:
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where k = ke = q1 q2/ε, 
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, r and v – distance and velocity of one particle relatively another; ε – dielectric permeability of media between particles, and c1 – speed of light in media.


Apparently from (5), at not instant interaction the force depends not only on distance r between particles, but also from their relative velocity v. If for gravity to accept the same mechanism of interaction propagation the formula (5) will define the gravity force at k = kG = -G·m1·m2, where m1 and m2 – masses of interacting bodies, and G – gravitational constant. With force 
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 I have calculated a trajectory of movement of one body relatively another at all possible changes of an eccentricity and velocity of body in a perihelion [7] - [9]. In case of an elliptic orbit the perihelion rotates and the more strongly, than there is the more velocity of body in a perihelion. In such orbit the length of the semimajor axis and period change in comparison with the orbit received at interaction of two bodies under the Newton law of gravity. The changes of the semimajor axis and the period have the same order as the change of the perihelion angle.


The calculation of rotation of Mercury perihelion at force 
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 has given velocity 0.23 arcsec/century, i.e. almost in 200 times smaller value, than explained by Paul Gerber velocity 43 arcsec/century [5] and accepted in GTR. The conclusion from here follows that surplus of the perihelion rotation in 52÷53 arcsec/century may not be explained by the mechanism of gravity interaction propagation with speed of light.


The explanation of surplus of perihelion rotation of the Sun oblateness now is complicated with complexities of model of interaction and absence of knowledge of distribution of the Sun density on radius and along an axis of the Sun. Therefore the executed calculations of influence of the Sun oblateness, most likely, are doubtful.

Table 2. Velocity of rotation of the Mercury perihelion on observation and on Newton interaction. To compare in round brackets – accordingly Wiki site.
	Amount (arcsec/century)
	Explanation

	On observation data

	-5027.86 – Ncb

-5028.82– Sim

(5028.83 – Wiki site)
	Velocity of movement of vernal equinox point ( relatively motionless space (according form. (1))


	5601.9 – Ncb
5603.0 – Sim
(5599.7 – Wiki site)
	Velocity of perihelion rotation relatively the mobile vernal equinox point ( with including velocities changes of ecliptic and of Mercury orbit (according form. (2))

	583.15 – Ncb
582.53 – Sim
	Velocity of perihelion rotation relatively motionless space (according form. (4))

	By results of interaction under the Newton law of gravity.

Velocity of rotation of a perihelion relatively motionless space

	530
(530– Wiki site)
	Planets and the Sun interact as material points

	582
	Planets interact as material points, and the oblateness and rotation of the Sun is taken into account as compound model



If inside the Mercury orbit there was a planet of the certain mass it might make necessary rotation of the Mercury perihelion and at the same time to not render appreciable influence on other planets. Such planet is not present. But the Sun rotates about its axis, and the moving masses of its substance may influence Mercury the same as the planet offered above. I have developed compound model of the Sun rotation [4] and have considered various variants of its action under the Newton law of gravity together with interaction of other bodies of Solar system. Appeared, that at the certain mass of peripheral bodies of model the same velocity of rotation of perihelion as observed one, i.e. 582 arcsec/century may be received. Thus the velocity of change of other parameters of the Mercury orbit essentially does not change. The velocity of the Venus perihelion does not change essentially, and parameters of planets more distant from the Sun also change still to a lesser degree. Let's note, that the compound model of the Sun rotation takes into account of the Sun oblateness and rotation of its masses.


As a result of the carried out researches we shall write down the basic characteristics of rotation of Mercury perihelion in such form that they could be compared to the data on Wiki site (see. Tab. 2). The rotation velocities received on observation we give for 2000.0 on orbit elements of S. Newcomb [2] (Ncb) and J.L. Simon et. al. [3] (Sim).


Apparently from above-stated, the problem of perihelion rotation is defined by many circumstances. Here I have not mentioned a problem of reliability of observation data approximation. We have tried to state other problems clearly and with necessary explanatory that everyone might pass on this way and be convinced of our conclusions.


The problem of perihelion rotation of a long time has overstepped the GTR bounds. It underlies a modern cosmology and determines the contemporary scientific outlook. Besides now the problem of perihelion rotation limits accuracy of methods of celestial mechanics and of space dynamics. I hope that the young inquisitive reader will become interested this problem and will put last point in it.
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