Vol. 44 No. 8 SCIENCE IN CHINA (Series D) August 2001

Earth’s density flattening and hypothesis of latitudinal
normal density

HAO Xiaoguang (#F8%£)"2, XU Houze (#4 /2 %)' & LIU Dajie (3] X #)?

1. Institute of Geodesy and Geophysics, Chinese Academy of Sciences, Wuhan 430077, China;
2. Geodesy Department of Tongji University, Shanghai 200092, China
Correspondence should be addressed to Hao Xiaoguang (email: hxg @ asch.whigg.ac.cn)

Received August 5, 1999

Abstract in this paper, the definition of latitudinal density and density flattening of the level ellip-
soid is given, and integral formulas of latitudinal density for pole gravity and equator gravity are
derived. According to the pole gravity condition and equator gravity condition for the level ellipsoid,
latitudinal density distribution function of the level ellipsoid is obtained. it is proved mathematically
that latitudinal density of the earth’s equator is larger than that of the pole, the earth’s density flat-
tening calculated preliminarily is 1/322, and hypothesis of the earth’s latitudinal normal density is
further proposed, so that theoretical preparation for studying the forming cause of the earth gravity
in problems such as continent drift, mantle convection, and submarine extension is made well.
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In 1687, Newton firstly raised the viewpoint, the earth being an ellipsoid. It was proved
mathematically that the earth was an oblate ellipsoid with equator’s radius larger than pole’s, the

earth’s geometrical flattening f = (a@ ~ b)/ a estimated was 1/239. But in 1716, Cassini and his son,

in the light of Picard’s and their own not precise arc measurement results, concluded that the earth
was a prolate ellipsoid with pole’s radius larger than equator’s. In this way, in scientific history
occurred an argument about oblate theory and prolate theory. To solve this argument, in 1735,
Paris Academy of Sciences sent two teams, one survey team went to Lappland near the Arctic
Circle, the other got to Kito nearby equator to carry out the precise arc measurements. The results
showed that per arc length of meridian line in equator neighborhood was minimum, middle in
Paris and maximum in Arctic neighborhood. It is fully testified that oblate theory is correct. New-
ton’s oblate theory is correct, but the flattening value 1/239 he calculated was not exact. Following
Newton, Huygens gave another flattening value 1/577, and people attempted to interpret its dif-
ference in theory and observation, but failed. Afterward, many people gave the flattening values,
for instance, in 1789 Legendre’s 1/318, in 1841 Bessel’s 1/299, in 1866 Clarke’s 1/295, in 1909
Hayford’s 1/297, in 1948 Bullard’s 1/297.34. Now, the geometrical flattening of the earth has been
affirmed.

Researches on the earth’s figure and the earth’s density are basic tasks in earth gravity, the

theory and method concerning the earth’s figure have been fully developed, but, in comparison
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with that of the earth’s density, it seems to be rather weak. Traditional Stokes’ theory and Molo-
densky’s theory are based on the prerequisite of mathematics evading density distribution to carry
out the research on the earth’s figure, the earth’s figure theory almost becomes the synonym for
earth gravity. With the rapid development of space geodetic techniques and the continuous perfec-
tion of the earth’s figure theory, the earth figure should not be constant theoretical subject of earth
gravity. For there exist the problems of integral density distribution forms of the earth, such as
continent drift, mantle convection and submarine extension, the focal point of researches on earth
gravity is requested to transfer from earth figure to the earth’s density.

Earth gravity theory for studying the earth’s density was firstly put forward by Clairaut, and
in 1743, he published the equilibrium figure theory. In 1825, Legendre and Laplace, in terms of
this theory, obtained the internal density law of the earth. Afterward, in 1884 Darwin, in 1888
Roche, in 1897 Wiechert, in 1945 Bullard and in 1975 Bullen separately got the similar density

law. But these density laws obtained are radial density distribution & = &(r), latitudinal density
distribution & = §(B) of the earth has not been available, thus leaving a gap in studying the lati-

tudinal density for the earth gravity theory.

Studying the latitudinal density distribution of the earth is significant in recognizing the lati-
tudinal displacements of the earth’s matter, for approaching the forming causes of earth gravity in
question such as continent drift, mantle convection and submarine extension, the relation of latitu-
dinal distribution of earth’s matter and latitudinal displacement is more direct than that of radial
distribution of the earth’s matter and radial displacement.

As corresponding relations of the earth’s density and latitude had not been determined yet in
predecessors’ researches, to find a new start, in terms of research history of the earth’s geometrical
flattening, we wonder whether there exists density flattening in the earth. If yes, then how to ex-
press the earth’s density flattening remains unresolved.

Let the inside of the ellipsoid have a resembling ellipsoid group with equal flattening, this
group is continuously contracted from surface of the ellipsoid to the center of the ellipsoid. A ra-
dial of any point on the ellipsoid surface passes through all resembling ellipsoid surfaces of this
group to the center of the ellipsoid, and latitude on every resembling ellipsoid for all points at the
radial is the same. So we define that mean value of density of all points on the radial is called the
latitudinal density at this point of the ellipsoid.

It can be seen from the definition mentioned above that the concept of latitudinal density
makes density inside the ellipsoid abstract (not compress) to the surface of the ellipsoid, and a

correspondence relationship 6 =6(B) between density and latitude is set up. It is possible for us

to utilize the concise mathematical method to quantitatively study the latitudinal distribution of the
earth’s density.
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