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Abstract.  There exist various data for the length of the day derived by corals, bivalves, brachiopods and stromatolites. They indicate that the number of days per year in the last 2 Ga differs from nowadays. These data are covered by the third power polynomial equation. On the basis of this equation the following parameters in the geologic past (computed for every 200 Ma) are obtained: geometrical flatten of the Earth ellipsoid, the Moon distance, the period of the Moon rotation, radius of the Earth Equator, acceleration of the Earth gravitational force, relative change of the Earth tides. It follows that: 1.In the last 2 Ga the Moon was about two times closer to the Earth; 2.The tides from the Moon origin were about 6 times higher than now; 3.The Equatorial radius and the Earth gravitational field did not change substantially. These data can be used in further development of the theory of the long-term changes in the Earth history and related problems.
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In 1963 J. Wells (1963) discovered that Paleozoic corals contain more growth bands per yearly band than modern corals. He provided the first direct estimate of the number of days per year in the geologic past. Williams (1989) collected and presented available data for the length of the day derived by corals, bivalves, brachiopods and stromatolites. He offered new data obtained studying of cyclically laminated and thin-bedded rhythmites of a tidal origin. Condie and Sloan (1997) reported additional data. Fig.1 presents the length of the day T for the last 2 Ga. To avoid the negative sign before the time it is presented as “age” t starting from nowadays. A linear trend presents and is forecasted forward the age to the 2.5Ga. This forecasting arises a question: if duration of the day is under 5 hours, the Earth cannot exist. Then the centrifugal force is of the same magnitude as the force of the Earth gravitation. The Earth should be destroyed. On the other hand the length of the day between 5 and 10 hours is under discussion as well. Under such conditions the gravity acceleration is too low to keep the Earth atmosphere and the water in the ocean. It is reported that sediments and fossils exist at least 3 Ga and the traces of life 
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Fig. 1.
were found some 4 Ga ago  (Condie and Sloan, 1997). It follows that the linear trend in Fig.1 is not acceptable. The next acceptable polynomial trend is of the third power. According to it, the length of the day T (in hours) fits the following equation (for the last 2Ga):
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where t is the age in Ma. The nowadays magnitude of T is 24 hours. It does not correspond to the residual part of Eq.1 (24,555 hours). It is because Eq.1 is a statistical relationship with coefficient of correlation Rc 2=0,96. The next equations are obtained using Eq.1.

The angular velocity of the Earth ω(t) can be obtained by Eq.1 and by relationship ω=2π/T as follows (Fig.2):


ω(t) = 1,2857E-15t3 + 5,2062E-12t2 + 2,7021E-08t + 7,0377E-05
(2)
In the present paper the common tendencies in the Earth’s evolution are studied. For this purpose the Earth is considered as an axial symmetric, rotational body. No fine effects are under considerations. 

The variation in the Earth rotation results in a change of the shape of the Earth as well. The ideal form of the Earth is presented by the first range reference ellipsoid as follows (Stacey, 1969):
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where r is the Earth's radius at altitude of (, Re is the Earth's radius at the Equator, and ( is a geometrical flatten of the Earth's ellipsoid. Parameter α is presented as follows (Stacey, 1969):
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where C and A are inertial moments of the Earth with respect to the polar axеs c and equatorial axis a, M is the mass of the Earth, ge is the gravity acceleration at the Equator; J2=(C-A)/MR2e is the second degree term in the Earth's gravity potential or a so known as a dynamical form factor (Melchior, 1986) and m= ω2Re/ge. 
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Fig. 2.
The gravity acceleration on the Earth’s surface g(φ) at altitude φ is as follows (Stacey, 1969)]:
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where 
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The angular velocity of the Earth’s rotation ( is related to the length of the day T (ω=2π/T). It follows that the Earth’s shape depends on (. It appears in the second part of Eq.4. Inertial moments C and A depend on ( as well. An effort to estimate the rate of this dependence is proposed. The Earth’s ellipsoid volume V can be expressed as follows (it is a rotational figure):
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Let label the nowadays magnitudes of Re, (  and α as follows: Re0, (0 and α0. Let assume that the Earth’s volume did not change substantially within the last 2 Ga. From Eq.6 follows:
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Inertial moments C and A can be presented as a sum of an inertial moment of a sphere IS, and the inertial moment of the equatorial bulb part of the Earth ICE (with respect to axis c) and IAE (with respect to axis a) as follows:
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where
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The density of the equatorial bulb part is (c. The inertial moment of the same part IAE regarding the equatorial axis c can be found in the same way as ICE:
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The difference C-A is as follows:
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Nowadays C=8,0365.1037 kg.m2, C-A= 2.64.1035 kg.m2, Re=6.378137.106 m, ge=9.780327 m/s2, ω=7.2921150.10-5 rad/s and α=0.0032845478 (Melchior,1986). It follows that the mean density of the upper part of the Earth is about δc=2,800 kg/m3. It must be taken into account that 2/3 of the Earth’s surface is covered by the ocean with a mean thickness of about 4000m (Condie and Sloan, 1997). The density of water is 1000 kg/m3. The above-obtained δc corresponds to the concept of the Earth’s crust density. It follows that C-A is proportional to flatten of the Earth's ellipsoid α and to the equatorial radius of the Earth Re5. The nowadays value of C is 8,0365.1037 kg.m2 (Melchior, 1986).  From Eqs.8,9 and 11 it follows that A=8,0101.1037 kg.m2, and  IS = 7,97147.1037 kg/m2. 

The Earth flattens α can be presented as follows:
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Combining Eq. 4 and Eq.12 follows:
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Parameters C, A, Re, depend on α. The gravity acceleration depends on α indirectly (ge=kM/Re2). The parameter α can be computed by the numerical solution of Eqs.12 and 13 using Eqs.7, and 11. The procedure is as follows: for the age t (f.ex.200 Ma) ω is computed by Eq.2. For a current value of αi are computed C-A, Re, ge. Parameters α1i and α2i are computed by Eqs.13 as well. Parameters αi, α1i and α2i are replaced in Eq.12. The value of α that produce the best fit in Eq.12 is selected. The obtained value of α for the age t is placed in Fig.3. 

The Earth flattens α increase with the age of the Earth t as follows:


α(t) = 2,2967E-09t2 + 1,1049E-06t + 3,2349E-03 
(14)
Eq.14 allows to calculate Re(t), ge(t), ac(t) and g(φ) for the last 2 Ga. 

The orbital momentum of the Earth Le is as follows:
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where ωe and Ie are angular velocity and the momentum of inertia of the Earth. 
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Fig. 3
In the present paper the Moon influence on the Earth’s gravity field is considered. The orbit of the Moon is taken to be a circular orbit situated in the ecliptic. The gravitational potential of the Earth is restricted to the second order moment. The main tendency in the evolution of the Earth-Moon system is studied. The fine changes are not taken into account.

The distance between the Moon and the Earth Rm and the linear velocity of the Moon v are in the following relationship (Melchior, 1986): 
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where k is the gravitational constant, M is the mass of the Earth, m is the mass of the Moon, ωm is the angular velocity of the Moon. The orbital momentum of the Moon Lm is as follows (Orear,1979):
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Using Eqs.16 and 17 follows:
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The orbital momentum of the Earth nowadays Le0  and of the Moon- Lm0 can be calculated using Eqs.15, 16, 17 and 18. Then the orbital momentum of the Earth-Moon system L nowadays is as follows: 
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It is possible to obtain the Moon orbital momentum Lm(t) at the age t as follows: 
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where Le(t) is computed using Eqs.2,8,10,14 and 15. 
The orbital momentums of the Earth Le and the Moon- Lm for the last 2 Ga are presented in Fig.4.
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Fig. 4
Using Eqs.16, 17, 18 and 19 it is possible to obtain the distance between the Moon and the Earth Rm for the last 2 Ga as follows (Fig.5):
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It follows that 2 Ga ago the Moon was about twice closer to the Earth than nowadays. Jarkov (1983) summarized data, reported by different authors. He supported the hypothesis that the Moon was formed some 4,5 Ga ago at a distance of 130000 km from the Earth (about 20 Re) . He outlined that Rm did not change substantially within the last 1,5 Ga, but a steep increase occurred between 1,5 Ga and 2 Ga (Fig.5). According to the data of the present paper, Rm increases quasi-linearly for the last 2 Ga. Two theoretical models were 
 SHAPE  \* MERGEFORMAT 



Fig. 5
reported by Touma and Wisdom (1994). According to these models (DKG and DM in fig.5) the Moon was close to the Earth surface some 1,2-1,5 Ga ago. Such models do not correspond to the above mentioned consideration that life on the Earth existed at least some 3Ga (Condie and Sloan, 1997), even to 4 Ga. According to Drozdova and Kisselev (1995) the Moon has not changed its position substantially within the last 2 Ga.

The period of the Moon rotation around the Earth Tm can be obtained using the Third Kepler’s Law:
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Using the above obtained data for the Moon distance Rm it follows that 2 Ga ago the Moon rotated around the Earth for about 11-12 days, i.e. about 2,5 times faster.

From Eqs.3 and 12 it is possible to obtain the Equatorial radius of the Earth Re(t). The change of Re for the last 2 Ga is presented in Fig.6. It follows that 2 Ga ago the Equatorial radius of the Earth was larger than now with about 25 km.

The gravity acceleration at the Equator ge is: 
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The gravity acceleration at the altitude φ can be computed using Eqs.5 and 6. The change of g at the Equator ge(t) and at the Pole gp(t) for the last 2 Ga are presented in Fig.7. 
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Fig. 6
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Fig. 7
The centrifugal acceleration is ac=ω2Re. In Fig.7 the difference ge-ac is presented as well. Therefore for the last 2Ga the gravitational force does not change substantially – it increases with about 2-3 %.

The tidal force changes within these 2 Ga as well. The relative change of tide acceleration δgt is as follows (Stacey, 1969):
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Using the above obtained data for Rm it is possible to calculate δgt (Fig.8). It follows that 2Ga ago the magnitude of the tide wave was about 6 times higher than now.
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Fig. 8

Conclusions
Different authors obtained data for coral bands per year. These data were approximated by the third power polynomial equation with a high coefficient of correlation (R2=0, 96). Using this equation it is stated that 2 Ga ago the Earth–Moon parameters were as follows (computed for every 200 Ma): 1)The geometrical flatten of the Earth ellipsoid α was about three times higher; 2)The Moon was about two times closer to the Earth; 3)The Moon rotated about the Earth for about 12 days; 4)The Earth gravitational field did not substantially change (about 3 %); 5)The radius of the Earth Equator reduced with about 25 km, and 5)The magnitude of the tides induced by the Earth-Moon interaction was about 6 times higher than now. These data can be used in further development of the theory of the long-term changes in the Earth history and in related problems.
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Еволюция на гравитационното поле на Земята и на системата Земя-Луна през последните 2 Ga.
Г. Тенчов

Резюме.  При изследване на фосили от корали, брахиоподи, строматолити и др. е установено, че дължината на деня през последните 2Ga се е изменяла чувствително. Чрез полиномиален регресионен анализ (от трета степен) е получено уравнение за изменение на дължината на деня през този период. Възоснова на това уравнение се показва, че: 1. Преди 2 Ga Луната е била  около 2 пъти по-близо до Земята от днес; 2. Гравитационните приливни вълни, предизвикани от взаимодействието Земя-Луна са били около 6 пъти по-голями от тези днес и 3. Екваториалният радиус и гравитационното поле на Земята не са се изменяли съществено през този период.
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