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the form of special rapidly convergent series for the projections of the 
Intensity of the Earth’s regularized gravltatlonal field at Its surface and 
outside It. 

1. We introduce the right-handed orthogonal coordinate system &ry# , 
placing Its orlgln at the center of the Earth, directing the r-axie a>ong 
the vector u of the Earth’8 angular rotational velocity, and locating its 
x-axis at the Intersection of the equatorial and Greenwich meridian Planes. 

By Fz, F , F, we denote the projections on the axe8 xy8 of the inten- 
sity of the &th’a regularized gravitational field at some point 0 with 
the coordinates J, y, a . The solution of the Stokes problem for an equi- 
potential surface specified in the form of a spheroid .(Clalraut ellipsoid) 
yields the followlng Expressions Cl to 33 for these projections at the point 
0 situated outside the ellipsoid: 

(1-i) 
In these expressions 

P = 2120 

where c and b are the major and minor semlaxes of the Clalraut ellipsoid; 
L’ is the second eccentricity of’the confocal ellipsoid parrsIng through the 
point 0 ; D and C are c&Manta. 

The quantity D is found from the condition Cl7 

UZ 3+r! W-i! 3 
-=---F- 2nD -7 

where L ie the second eccentricity of the Cldlraut 
C? can be obtained by comparing the acceleration due 
from Formula6 (1.1) to (1.3) with its meaeured value 

ellipsoid. The constant 
to gravity aa obtained 
0, at sea level on the 
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equator. For determIning C we have Bxprtssion 

g, = 2nDCa f Pea - u’a 

where PO Is the valua M P on the surract of tht Clairaut tlllpaold. 
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(1.4) 

2, I& u8 spealfy the poaitlon of the point 0 In the coordinate sybttm 
O,xyi ln terms of the geocentric ooordinatcs: the dlstanoe r form the 
Earth’s oenttr, the latitude cp and longitude A . Next, we introduce the 

of the .geocentrlo ooordlnate grid, dLrtctlng 
olntlng the yl-axis northward In the plant 
and (1.2) and from the definition of the 

confocal ellipsoid we have 

Fx, = 0, F,], = 2110 sin cp cos cp (R - CS), F,, = - 2nD (I + R cos’g, f CU) (2.1) 

Zn theet expressions 

a2br 
R = (a$ _ bB)% 3 

I’ 
lW” ’ ’ - - - 21’) , 1 + 1’” T = (es21*b&fs (I’ - tmn-’ 1’) 

ah? S=- (b* + vf” 
r (P + v)4cos1(p + (a*+ v)asinzcp 

[(ba + v) cosa cp + (a* + v)sid tp] (U + vf’* 
(U + v)~ cos2 cp + (a’ f v)* sin* cp 

(2.3) 

where c It the firat acoantricify of the equipottntlal tlllpsold and v 
Is the parameter ol tht confooAl elllpaold (1’ = [(a’ - b”)*, (b* + v) I’/‘). 

!l!ht right side6 of Formulas (2.1) oan be expanded ln series In powers cfs’, 
From the equation of the oonfooal ellipsoid and from the definition of 

its 8tCOAd taotntriclt3 we have 

I’= 
JCT@=F) 

6r’ - a* + ba + Jfr4 + (as - b’)* - 2ra (a’ - ba) cos 2q1 
(2.3) 

Hence, (2.4) 

Now (25) 

R=bes(f)4p5(- -$ -t-+-P+ . ..). T=b(f)‘p[$ - +p+p+...) 

or., substituting in 4' and p from (2.4), 

R=bC + 4 
( )I (2.6) 

T=b (p)‘[$- + (~)"(cos'tp--$--) + (T)‘(-$ +$cos~~-~sin~2~)+...] 

glmllarly, 

mv=rP[i-((t)a- (~)4*inlcp+g(3)4sina2~+ . ..] (2.7) 

80 that 

Substituting (2.6) and (2.8) Into (2.1), we have Formulas 
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F,, = nDbe’ (+)‘sin29{_$-C+ (3.9) 

F,, =- 2atDb ($)" (-& + C.+ [-$- + f C -sWcp (-$ + G C)] (e)’ + 

+ [-& + $C+sWtp($ + CC)+ 

+sid29(- -& - %c)] (g4+. . .} 

uhioh &I% the expanslone we were eeeklng. 
(2.4) oonverge absolutely and unliorndy. 

From (2.3) we conclude that series 

nerlea (2.6),(2.8) and hence of (2.9). 
This implIe the convergence of 

The rapid convergence of series (2.9) 
is guaranteed by the smallness of au/r . 

Let u6 compute the consonanta D and C . &om (1.3) we have 

us 15 -- 
D= 2sle2 4. ( 

1 i -++&?+.. .) (2.10) 

The constant C appears In (2.9) ae part of the product nD0 . From 
(l.l),(1.2) and (3.4) we have 

(2.11) 

Subrtltutltag (2.10) and (2.11) Into (2.9), multlplglng out the series, 
and earrylng out eome obvious regrouplnge, we arrive at the &preselons 

in whloh Q denotts the ratio of the centrlfupl aCCeleratlOn to the Rc;$- 
leration due to gravity on the equatgm, 9 - u a/v, . The quantity 9 
ot the came order of ssmllneas ae . 

fat w qmaif’y the values of’ the coefficient3 appearing in Formulas (2.12). 
we take (‘1 

80 t g76.649 c.u/ced, u = 7.29212 cex-1, a = 6378250 .M 

Then # = 0.00669342, q = 0.00346775 

l ) The values of a, d , 9 are taken for the parameters of Kraeovskil’s 
ellipsoid f 41. 
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g, / 2 (q - e?) = - 2.575, 1 f eq (i’e* - 30 q) / 14 (q - et) = 1.008 

ez (3Oq - 2i e*) / I4 (q - e2) = 0.005 

eg (7$ - 10 q) / 2 (q - e”) = - 0.013, 1 - 1/Z e’ - 1/ge( + q (s/8 - ‘5/2~ e2) = 1.001837 

l/se2 -ll,e’ + q (- VS + 15/Ia e2) = 0.001627, (3/e e2 - 16!s8 q) e2 = 0.000005 

3/2e2 - 3/,e4 + q (- J/2 + 45!Ia e2) = 0.004879, (lilg 8 - 2a/2e q) e* = 0 000007 

(‘“/x e2 - 25/li q) e* = 0.000013 

To within'0.02 cn/seca , Formula8 (2.12) can be replaced by the simpler 
ones 

Fll1 = -$- (q - e2) (9)’ sin 2cp 

Fz~=-g,(f)2[i-$-++q+$(-~+33in2cp)(~)2] 

(2.13) 

l/zge (q - e2) = - 1.58, 112 (g - e2) = 0.0016, iJ/ze2 $ s/zq = 1.0019 

39 We introduce the geographic coordinates of the point 0 : the latl- 
tude cp’, longitude A and the distance h from the point 0 to the 
Clairaut ellipsoid alo& the normal to the latter. It Is easy to obtain the 
relations 

r2 = a2 + h2 + 2&, r/j _ e2 sin2 $7 _ a2e2 (* - e2) sin2 cp’ 

1 -ezsin2q' 

c 

uea 
tancp= I- a+h(l - e2 s in2 cp’)‘/* I ml cp’ 

(3.1) 

relating the coordinates r cp to h , cp’ . Relations (3.1) make it pos- 
sible to express the projections Fy,, F& in terms of h and q’. Let na 
obtain these expressions, limiting ourselves to the case where the ratio 
h/c la of the same order of smallness as I? . 

From (3.1) we have 

e2 sin2 cp’ + e2 sin2 0’ + e4 1 
sina cp’ - 2 sin2 29’ (3.2) 

sin cp = sin cp’ (1 - e2 cos2 q’) 
We substitute (3.2) Into (2.12). 

that g 
Multlplylng out the series (we note 

and k are of the same order of magnitude) and retaining only the 
terms of the order e4 , we obtain 

Fz = F (q - es) sin2cp’ I- 4 $ 
qe2 e2 (e2 + 2q) _ - - _- __ sin2 cp’ 

q - e2 2(4 - ez) 1 (3.3) 

F,,=--gg, I- II $-SW@+ q 1 ++sirPcp' +e4 
( 1 f \ 

- +sin2cp'- i&sin2 2g’ + 
) 

+ e2q ( - i; 
1 

sin2 q'+ 18 sin" 2Q’ 
h 

+ 7e2(3 sin2 cp'- 1)- 

- $ (1 + 6 sin* cp’)- 

Next, we introduce the associated trihedron 
coordinate grid. Its axle zP 

0~~~~s~ of the geographic 

Clalraut ellipsoid; 
Is directed along the positive normal of the 

the axle I/~ points nothwards and lies In the plane of 
the geographic meridian. The relative position of the trlhedra OxIy,r, 
and UXP~PC~ Is characterized by the angle (cp’- rp), so that 

%I = J’,, cos (Cp’ - cp) - J’,, sin (9 - cp), F 22 = F,, sin (9 - ‘p) + Fz, cos (cp’ - (p) (3 4) \ . 
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From the second formula of (3.1), we have to within e4 that 

sin (cp' -q) = e2 sincp' coscp' (1 + e2 sir?9 - h / a) (3.5) 

cos(cp’ -cp) = 1 - 1/q c4 sinsr+' cos?cp' 

Subatltutlng (3.3) and (3.5) into (3.4), we arrive at the following 
expreaslona for F,,>, I:,, : 

F!,*=gesin2q' 2 
[ ( 
4 I+$-sinzIp')+ $f$-2q)] 

+- sin?rp'+ &-sin* 2q' 
) 
+ 

_1- e2q I- 4 sin2cp'- $-sin? 2@ 
1 
+*"_ e2(3sin2 cp'- I)- 

- $ q(1+ Gsin2q')- $ + 
3h” 
a' 1 

By setting h - 0 in these expreaalona, we obtain the formulae for the 
projectiona F,,#', FZ1' of the lntenslty of the Barth's regularized gravlta- 
tional field at its surface (on $heFzu;face of the equlpotentlal Clalraut 
elllpaold). If we now ada to F,,* , the projections on the axes xPpaza 
of the centrifugal acceleratlon'due t'k the Earth'6 rotation, we Bee that the 
first sum vanishes, while the second leads to the familiar formula for the 
normal gravitational force In the Helreert-Cazslnlz form [l and 53. 
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