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Abstract: This article focuses on the process of stability of the Moon in orbit around the Earth from point of view of geometrodynamics. We presented a proposal in which a hypothesis is formulated about the existence of a gravitational curvature created by the gravity fields of the Earth and the Moon. We used the immersion diagram method to quantify the height of the assumed curvature at the intersection point of the curved metrics. So, its height from the Moon’s side is estimated by value hА☾ ≈ 0.112933×105 cm, and from the Earth's side h♁А ≈ 3.478138×105 cm. We estimated the time over which the Moon slips off its orbit due to deceleration caused by the radiation of weak gravitational waves. This value is defined as t ≈ 1.349971×1032 sec.
Key words: immersion diagram, Earth, Moon, Newton
[bookmark: _GoBack]1. Introduction
The problem of the steady motion of the Earth's natural satellite is one of the most complex problems in celestial mechanics. This is due to the following factors: 1) The Moon is the celestial body closest to the Earth, and slightest deviations in the motion of the Moon can be observed from the Earth; 2) changes in the Moon's position relative to the Earth occur: firstly, due to the attraction by the Earth (primary force), and, secondly, due to the fact that the Sun attracts the Moon more weakly or strongly than the Earth. This is due to the fact that the Moon (as it orbits the Earth) moves closer to and farther away from the Sun compared to the Earth. Hence the effect of the difference in the forces of attraction between the Sun, the Earth and the Moon; 3) The Earth is not a perfect sphere – it is shaped as a spheroid. One needs to remember that the disturbing force due to compression does not exceed 10-6 of the force of attraction between the Moon and the Earth [3, p. 34]; 4) The Moon orbits deep inside the Earth's sphere of influence.
Today, the theory of the Moon's motion is based on the ideas of Newtonian mechanics and operates with the laws of classical physics. The use of these laws allows us to quite accurately describe the behavior of the Earth's natural satellite at any point on the orbit. In this article, we will show that using some existing corollaries that derive from geometrodynamics one can take a fresh look at the problem of the steady motion of the Moon around the Earth.
 
2. Theoretical.
Before proceeding to the analysis, let us adopt a number of assumptions: 1) planet Earth and its natural satellite Moon are, by necessity, spherical symmetrical systems. This is due to the fact that one can neglect the smallness of the disturbing force, which arises from the degree of compression of the Earth and the Moon. Consequently, the gravitational fields created by these objects must have a spherically symmetric topology; 2) calculations will be carried out for a certain static position, i.e., for a coordinate point on the Moon's orbit fixed in space and time; 3) we will neglect the quantum fluctuations of the metric, which occur near the above objects.
Based on the assumption that the Earth and the Moon are spherical symmetric systems, we can apply Birkhoff's theorem [5, p. 28] to this kind of systems, which is formulated as follows: any spherically symmetric geometry of some region of space-time (which is a solution of Einstein's vacuum field equation) is necessarily part of the Schwarzschild geometry.
Thus, a spherically symmetric gravitational field in an empty space must be static and described by the Schwarzschild metric [1, p. 97]

             ,                                              (1)

where     is an angular element. This metric has signature     (+ ; ‒;‒;‒). It is also clear that in this case the gravitational fields are created directly by the Earth and the Moon.
It is known that any nonuniformity of space caused by the presence of the reference mass leads to a disturbance in the space-time metric. The question is, how much this or that body "deforms" the geometry of space? It should be noted that the depth of the gravitational well is directly proportional to the mass M under the radical sign. This means that we can calculate the parameters of the potential gravitational well for any current value M.
In order to obtain numerical values of the depths of gravitational wells, one needs to use the conclusions derived from geometrodynamics [1, p. 126]. It is based on the laws that are used to analyze strong gravitational fields, i.e., for objects with sufficiently large masses. This study aims to apply the method used in geometrodynamics directly to the gravitational fields created by the Moon and the Earth. The laws of geometrodynamics do not limit the application of its rules to the analysis of weak gravitational fields.
It is known that the reference double planet system Earth–Moon has a slow motion and a weak gravitational field, this is confirmed by the inequality [7, p. 13]


     	v ≪ c                          (2)
where M is the mass of the system, R is the radius of the system, G is the gravitational constant, v is the velocity inside the system, 2GM/c2 is the Schwarzschild radius, and c is the speed of light. In addition, as we noted in [5, p. 42], low velocity implies a condition that the gravitational field itself must be weak. In this connection, the Earth and its natural satellite create a curvature of space-time around themselves, but the curvature of the metric will be small.
In order to calculate the values Z☾ and Z♁, let us use one of the rules of geometrodynamics, namely, the immersion diagram method. The idea of this method is that for an immersed surface [1, p. 136] with constants t and r we need to find such a function Z (r), for which

         (3)
The solution is given by:

                                                                           (4)
The relation (4) is a paraboloid obtained by rotating a parabola around the r axis. The formula (4) includes: the mass of the object M with dimensions expressed as cm; the position vector r with the unit of measurement also cm. Both these parameters have the dimensions expressed as geometrized units [8, p. 273].
From the physical point of view, we also need to note the following fact: the immersion diagrams for planets (stars) are constructed both for interior and exterior of gravitational bodies. However, it does not matter for moving particles (bodies) what kind of interior geometry a planet (star) has, since the particle (body) will never find its way inside the planet (star); before it happens, the process of collision with the surface of the planet (star) will occur, of course, if the center of attraction is a planet (star).

3. Results
Before proceeding to calculation-based questions, we need to state the following: In geometrodynamics, all values are converted to geometrized units, therefore, in our article we need to first adjust the physical parameters of the Moon and the Earth. In order to geometrize the physical mass of the above objects, we will use the formula as follows [7, p. 39]


                                                   (5)
Where Mgeom is the geometrized mass of the body, Mphys is the physical mass of the body, G is the gravitational constant, and c is the speed of light. The physical mass of the Earth and the Moon is determined as ≈ 5.98×1027 g and ≈ 7.35×1025 g, respectively. Now we will use (5) to estimate the geometrized masses of the Moon and the Earth:   Mgeom ♁ ≈ 4.37×10- 1 cm , Mgeom ☾ ≈ 5.45×10- 3 cm.
 When constructing the immersion diagrams, it should be taken into account that the current value of the position vector r in the formula (4) is chosen depending on the value of 2M, because at r ≥ 2M, there is a real region of the Schwarzschild geometry, and at r < 2M the geometry becomes singular.
To determine the coordinates of the immersion diagrams, we substitute Mgeom ♁ and Mgeom ☾, as well as the varied values of r in (4), and for simplicity of calculations, we will express the current values of the position vector through the current values of the geometrized masses of the Earth and the Moon, respectively, see formula (4). The results obtained are shown in Tables 1 and 2.
		r = n Mgeom ☾
	Z☾ (L)

	cm
	n
	cm

	0.01090
	2
	0

	0.01635
	3
	0.0154142

	0.02180
	4
	0.0217990

	0.02725
	5
	0.0266983

	0.03270
	6
	0.0308285

	0.03815
	7
	0.0344688

	0.04360
	8
	0.0377584

	0.04905
	9
	0.0407835

	0.05450
	10
	0.0435993


Table1 Determining the parameters of the gravitational well created by the Earth
		r = n Mgeom ♁
	Z♁ (L)

	cm
	n
	cm

	0.874
	2
	0

	1.311
	3
	1.2360226

	1.748
	4
	1.6748000

	2.185
	5
	2.1408540

	2.622
	6
	2.4720453

	3.059
	7
	2.7638306

	3.059
	8
	3.0276248

	3.933
	9
	3.2702085

	4.37
	10
	3.4960000


Table 2 Determining the parameters of the gravitational well created by the Moon



In this analysis, it is enough to identify the configuration of the diagrams. Figures 1 and 2 show gravitational profiles of the immersed surfaces.
[image: f24]
     Fig. 1. Gravitational profile of the Moon's immersed surface

[image: f25]r

      Fig. 2. Gravitational profile of the Earth's immersed surface
 
The next step is to identify the invariance between the position vector r and the mean distance L between the Earth and the Moon. Indeed, the position vector r is, essentially, the current distance from the body to an arbitrary coordinate point in space. Thus, it is easy to see that L is identical to some current value r. It is known that the mean distance from the Earth to the Moon is estimated at 384.400 km [4, p. 112]. After we put L in the CGS system, we obtain:  L ≈ 3.844×1010 cm. Substituting L in (4) and taking into account the ratio of the values Mgeom ☾ and Mgeom ♁, we deduce that the depth of the gravitational well equals: 
Z♁(L) ≈ 3.665×105 cm from the Earth's side, 
Z☾ (L) ≈ 0.409×105 cm from the Moon's side.
Next, we must determine the numerical values of the point, which is the intersection of the two immersion diagrams. Let us denote this point by A; let us also assume that A has a unit mass mA. What properties should this point obey:
1) point A will be located between the orbits of the Moon and the Earth at a distance at which the gravitational force F♁А from the Earth to A and the gravitational force FA☾ from the Moon to A are equivalent, i.е. F♁А = F А☾ ; with L♁А  > L А☾  and  L =  L♁А + LА☾.  
2) point A is located on the top of the hump of two crossed metrics, i.e., it will be the apex of the bend the height of which we will denote by h.
Let us dwell on items 1 and 2, for which we will use (Fig. 3).
[image: f34]
            Fig. 3. Schematic drawing of the double planet system Earth–Moon

For item 1, let us write down Newton's law of universal gravitation for point A, Earth and Moon. We have:
from the Earth's side     F♁А = ‒ γ  (M♁m А)  L −2♁А                           (6)
from the Moon’s side       F А☾ = ‒ γ  (m А M☾) L−2А☾
In view of equality of these forces, we obtain
                     ‒ γ  (M♁m А)  L −2♁А = ‒ γ  (m А M☾) L−2А☾                 (7)
where γ = 6.67×10– 8 cm3 /g sec2 – gravitational constant; M♁≈ 5.98×1027 g – physical mass of the Earth,  M☾≈ 7.35×1025 g – physical mass of the Moon;     mA – unit mass of point A; L♁А – distance from the Earth to point А ;  LА☾– distance from point А  to the Moon. Since  LА☾=  L ‒ L♁А , therefore, we rewrite the equation (7) as
             ‒ γ  (M♁m А)  L −2♁А = ‒ γ  (m А M☾) (L ‒ L♁А )−2                                               (8)
This equation is solvable for L♁А, if L♁А ≠ 0;  L ‒ L♁А ≠ 0. 
After transformations, we deduce that

                       L♁А = L [(M☾/ M♁)½ + 1] ‒½                                             (9)
It follows that L♁А ≈ 3.46036×1010 cm. Then, LА☾≈ 0.638364×1010 cm. Let us verify: in formula (6) we substitute L♁А and  LА☾. Then, we calculate that F♁А ≈ ‒ 0.3331 g cm/sec2 ; FА☾≈ ‒ 0.3331 g cm/sec2 . We can see that the values of the gravitational forces match up to the fourth decimal place.
Now, it remains to substitute L♁A and LА☾, which are identical to r in (4), in order to determine the value of the parameter h specified in point 2). Thus, from the Moon's side, point A is located at a height hA☾ ≈ 0.129331×1010 cm, and from the Earth's side, h♁А ≈ 3.478138×1010 cm. 
Let us now proceed to the question that concerns the problem related to the process of gravitational radiation of the initial double planet system. It is natural to expect that with the parameters that this system has, the total radiation energy E and power P would be determined by very small values. This paper does not provide numerical evaluation of these parameters as it is not the objective of this study. Here, in a general form, we state the above fact.
From the whole complex of characteristics describing the process of gravitational radiation of the double system, only time t, over which the distance between the Earth and the Moon decreases to zero [1, p.178], deserves our attention.

                                                                                        (11)
where L is the distance between the Earth and the Moon; μ is the mass that equals
  (Mgeom♁×Mgeom☾)×(Mgeom♁+Mgeom☾)‒1; Ω is the mass that equals (Mgeom♁+Mgeom☾).  In consideration of their numerical values specified in (5), we deduce   tgeom ≈ 4047.1138×1040cm . Using this calibration [7, p. 67]
          tgeom=tphys  × c ,                                                                   (12)
we determine that the time expressed in physical units, over which the distance between the Moon and the Earth decreases to zero, equals tphys ≈ 1.349971×1032 sec. Therefore, the Earth-Moon double planet system will be stable over a rather long period of time, even if exposed to the radiation of weak gravitational waves.
According to the proposed scenario of the interplanetary space geometry of the Earth-Moon double planet system, we observe the following. 
Suppose a proof mass is moving from the Earth to the Moon. Then, it would be rising along the geodesic from the potential gravity well h♁А of the Earth towards the apex of the metric curvature (point A). As it moves upward, the proof mass experiences a decrease in the effect of the Earth's gravitational field. At the apex of the curved metric, the effect of gravitational forces from the Moon and the Earth is balanced. As it continues to move farther, the proof mass is increasingly captured by the potential gravitational field of the Moon, i.e. the immersion process takes place. As a consequence, it is caught in the gravity well Z☾ (L) created by the Moon.
 
4. Conclusion.
In this paper, we used the immersion diagram method to determine: 1) the depths of potential gravitational wells created by the Earth and the Moon, respectively; 2) specific values of the metric curvature height, both from the side of the Moon hA☾ and the Earth -h♁A. And as we assumed, these numerical characteristics are small in proportion to both the distance L between the Earth and the Moon, and with the very dimensions of these bodies [7, p. 104] (the radius of the Earth is equal to R♁≈6.378×108cm, and the radius of the Moon is R☾≈1.738×108 cm). This fact is in good agreement with Newton's mechanics, which is used to analyze weak sources of gravitational fields.
Perhaps the presence of the metric curvature between the Earth and the Moon additionally contributes to the stability of the reference double planet system in space. Although the height of this curvature is insignificant, the Moon is physically unable to override it without an external inflow of additional energy. Such amount of energy which would be sufficient for the Moon to climb to the top of the curved space and roll down the curved profile of the metric to the center of a potential gravitational well created by the Earth.
The absence of space curvature, in all likelihood, may lead to an unstable state of the Earth–Moon double planet system. It is also noted that the deduced parameters hA☾ and h♁A will be necessary for more refined estimates of the physico-geometric state of the curved space in the above system.
We would also like to note that the study proposed in this paper does not replace strict classical conclusions that explain the stable position of the natural satellite on the Earth's orbit. It allows us to take a deeper look at the mechanism of gravitational coupling between the Moon and the Earth.
And, ultimately, we would like to note two extremely important consequences that follow from the analysis presented in this article: 
1) since the Moon moves around the Earth in an elliptical orbit, i.e. with an apogee (406,700 km) and a perigee (356,400 km), then it is easy to see that the height of the gravitational curvature h will vary from min to max, whereby the minimum height is reached at the apogee, and the maximum at the perigee. 
2) By approximating the immersion diagram method onto the solar system as a whole, we can accurately construct the gravity profile of our planetary system.
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