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ABSTRACT. Using PREM model data and the Legander-Roshe hypothesis it was confirmed that the inner core is a homogenous body. Some data were obtained about the inner core density and dilatation at its temperature and pressure. They confirmed there was a steep decrease of Vs and increase of the Vp/Vs ratio near the border of the inner-outer core. No phase transformation was outlined. All these support the proposed idea that the inner core is made of a relatively pure substance. The equations for the gradient of the P and S waves in the inner core are obtained and it is shown that the incompressibility derived by the PREM density model and by the seismic waves data are not equal. This is probably caused by the problems in the velocity determination of P and S waves into the inner core. Because of the lack of experimental data at megabars pressure and temperatures up to 40000C it is not possible to define the chemical composition of the inner core’s substance.
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THEORY
Modern knowledge concerning the inner core physical properties shows the core is a solid-state body. Using seismological and gravity data a lot of density models of the Earth were developed. Legandre and later Roshe (Magnitzkii, 1956) assumed a homogenous Earth. They assumed that the Earth was a fluid like a body with a spherical symmetry in a condition of hydrostatical equilibrium. Its density (  is proportional to the applied pressure P as follows:
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According to the Roshe’s model the density within such a body changes as follows:
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where (0  is the density within the center of the body with radius R. The parameter ( depends on the nature of the body’s substance. The model was developed for the condition of constant temperature. The density model of the Earth was further improved by Bullen (1975) and by the Californian University. It is known as CAL model (Bolt, 1982). There is another model known as PREM model. It was proposed by Dziewonsky and Anderson (1981). The PREM model data about the inner core is presented in Table 1.

Table 1.
	Depth

H

km
	Radius

r

km
	Density

(
kg/m3
	Pressure

P

kBar
	Vp

km/s
	Vs

km/s

	5155
	1216
	12760
	3289
	11.03
	3.49

	5200
	1171
	12790
	3316
	11.05
	3.52

	5400
	971
	12880
	3415
	11.11
	3.56

	5600
	771
	12960
	3497
	11.17
	3.60

	6200
	171
	13080
	3631
	11.26
	3.66

	6371
	0
	13090
	3639
	11.26
	3.67
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Fig.1

The subject of the present paper is to obtain some information on the Earth's inner core’s physical properties using the PREM model and assuming the hypothesis of Legander-Roshe only for the inner core. In Fig.1 the density data that satisfied Eq.1 are presented as follows:
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Fig.2

The PREM model offers the pressure data as well. In Fig.2 the P(r) versus r relationship is presented. It can be approximated by the following equation:
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The coefficient of correlation is RC=0.99. It follows that P0=3638.1 kBar. Using Eq.3 and Eq.4, Eq.5 is obtained: 
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where C is a constant (C=0.935 kg.m-3 kbar-1. ).It follows that the inner core body satisfies the Legandre-Roshe hypothesis that is the above mentioned one and no phase change phenomena exist within the inner core. If this is so the parameter ( would not be a constant and Eq.1 would not be satisfied.

When the pressure within the Legander-Roshe’s body is known, it is possible to obtain some new knowledge about the physical properties of the body. The pressure in such d body changes with the radius r as follows (Petkov, 1971):
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where P0 is the pressure within the center of the body (i.e. when r = 0):
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As was shown (Fig.2), Eq.6 is confirmed up to the power of r equal to 2. The coefficients before r4 and r6 can be neglected. From Eq.2, Eq.7 and Eq.8 it follows that the radius of the Legander-Roshe’s body is R=4498 km, (=0.34 and the density at its surface (where P=0), is ((R) = 8.64 g/cm3.
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Fig. 3
In Fig.3 some temperature models of the core are shown. Two of the models (Bolt, 1982) and (Stacey, 1969) show an increase of temperature that varied within 50° - 100°C. Lubimova’s model (1968) shows a decrease in temperature within 200°C and the second Stacey’s model (1977) shows a constant temperature within the inner core’s body. According to Melchior (1986) the inner core temperature can be conditionally accepted as 4000°C. All the four models show different temperatures but no substantial change within the inner core temperature takes place. 

It was shown that ((R) = 8.64 g/cm3 at P=0. It must be underlined, that such a result is a fiction as it is at the temperature of the inner core (probably T=4000°C). In such a condition the inner core's substance will evaporate at P=0. Nevertheless the parameters ( and ((R) at the inner core's temperature are specific for the investigated body. These data help undertaking another attempt to throw light upon the nature of the inner core substance. In Fig.4 the relative change of the volume was plotted (presented by the ratio X=( /(0 and known as dilatation) with the pressure P(r) for Fe, Ni and Co (Jarkov and Kalinin, 1968). The reference data are obtained by the shock wave method (Jarkov and Kalinin, 1968) but nothing was said about the temperature during the experiment. The new data obtained by Eq.2 and represented in Fig.4 are under inner core conditions (pressure and temperature). They differ from the reference data. Now it is not possible to identify the chemical composition of the inner core.
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Fig. 4
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Fig. 5
The density model’s hypotheses are not associated with the velocity of seismic waves. The PREM model offers data about the compression – P and shear –S seismic waves with velocities Vp and Vs.

Using the regression analysis the following are obtained:
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Eqs.8, 9 and 10 follow from the regression analyses of the PREM data. 
In Fig.6 a steep decrease of Vs and increase of the ratio Vp/Vs near the border of the inner and the outer core (r=1216 km) are outlined. This is the result of melting of the inner core substance. The steep change of the Vs and Vp/Vs near 
 SHAPE  \* MERGEFORMAT 



Fig. 6
the border between the Earth’s inner and the outer core shows that the inner core substance is transformed from a solid state to liquid condition within a very small radius difference ((r= 40 km). This relatively small interval of phase changing is the result of the pressure decreases, but not of the temperature changes. The temperature models of the Earth support this conclusion. The temperature within the Earth’s inner core is supposed to be practically constant (Fig.3). Such a result may be obtained in a pure substance as a mechanism of zone melting takes place. The problem of the chemical composition of the inner core cannot be entirely solved. There are hypotheses that the inner core is made by the Fe-Ni composition or by Fe-FeO composition (Melchior, 1986). Okuchi (1997) and Wood (1997) assumed the presence of hydrogen within the inner core. According to the above said in the present paper the idea that the inner core is made by a pure substance (probably iron ?) is supported.

It is possible to obtain some information about the incompressibility k of the inner core’s body. It can be defined by the following equation (Melchior, 1986):
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and by Eq.3 and Eq.4.

There is another possibility to obtain k using seismic data and the following equation (Melchior, 1986):
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Fig. 7
In Fig.7 both data are presented. There is a difference between them. In the author’s opinion it is due to the problems associated with the velocity of seismic waves determination within the inner core.
Following Eqs.8, and 9 it is possible to obtain the gradient of both seismically waves into the inner core:
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It can be used in the development of seismic models of the Earth. 

CONCLUSIONS. 
Using PREM model data and the hypothesis of the Legander-Roshe for the density of a homogenous spherical body it was shown that the inner core is a solid-state body where a phase transformation does not take place. Some data were obtained about the dilatation of the inner core at its temperature and pressure conditions. The steep decrease of Vs and increase of the Vp/Vs ratio near the border of the inner-outer core support the proposed idea that the inner core is made by a relatively pure substance. The equations about the gradient of the P and S waves in the inner core are derived. It was shown that the incompressibility derived by the PREM density model and by the seismic waves data is not equal. It is probably due to the problems of velocity determination of P and S waves in the inner core. Because of the lack of experimental data under the inner core’s conditions at present it is not possible to define the chemical composition of the inner core’s substance.
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Физически свойства на вътрешното ядро.

Г.Г.Тенчов

Резюме.  Физически свойства на вътрешното ядро. Въз основа на данните на от модела PREM се потвърждава хипотезата на Лежандър-Роше за плътността на хомогенна сфера. Получени са данни за дилатацията на вътрешното ядро на Земята при неговите температура и налягане, както и бързото изменение на VS и отношението VP/VS близо до границата между външното и вътрешно ядро. Тези резултати подкрепят идеята, че вътрешното ядро на Земята се състои от относително чисто вещество. Не се наблюдават фазови изменения в него. Получени са уравнения за градиента на P и S вълните във вътрешното ядро. Показано е, че коефициентът на несвиваемост на ядрото, получен по данните на модела PREM, не съвпадат с тези, получени по данните от плътностния модел. Вероятна причина за това са проблемите, свързани с определяне на скоростта на P и S вълните във вътрешното ядро. Поради отсъствие на експериментални данни при налягания от порядъка на мегабари и температури около 40000C не е възможно засега да се идентифицира еднозначно химическия състав на вътрешното ядро на Земята.
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