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VINTI'S SURFACE DENSITY AS A MEANS OF .
REPRESENTING THE EARTH'S DISTURBANCE POTENTIAL )

*%)
Harijono Djojodihardjo

EINGKASAN

Suatu metoda untuk menyatakan potensial
bumi berdasarkan teori Vinti diuraikan. Menu-
rut metoda ini, potensial bumi dinyatakan se-
bagai jumlah potensial utama, yang diperoleh
sebagai potensial spheroid, dan potensial
gangguan, yang dinyatakan sebagal distribusi
kerapatan masa permukaan pada suatu bola yang
tepat menyelubungi bumi.

Kegunaan metoda ini diuji dengan menghi-
tung distribusi ¢ dengan menggunakan koefisi-
en-koefisien harmonik yang ditentukan dart
analisa data satelit.

ABSTRACT

Vinti's method of representing the poten-
tial of the earth in two parts, with the first
part represented by spheroidal potential and
the second part being the earth disturbance
potential, <is outlined. The earth's dis-
turbance potential is then represented as a
surface distribution ¢ of mass density of va-
riable sign over a sphere S just clearing the
earth. :

The feasibility of the method <& evalu-
ated by calculating the distribution of o from
satellite determination of the harmonic coef-
fietents.
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I. INTRODUCTION

Recent development of altimeters with a capability of
measuring the distance from an artificial satellite to a sta-
tion position within one meter suggests the use of satellite
orbit as a base line for surveying the earth or the oceans.
There then arises the need of accurate orbital prediction with
comparable accuracy and this leads further to an effort of re-
presenting the gravitational potential of the earth by a rap-
idly converging series, so that a satisfactory accuracy can be
obtained through an efficient computation.

As is known, the gravitational potential of the earth can
be expressed by using spherical harmonic expansion as:

M an = =
= — + I ) — —_
U [1 ( ) A__cos m(¢ ¢ )P (COS 6)]

where Apy is the harmonic coefficients. Written in this form,
the spherical harmonic expansion representation of the earth
requires a large number of terms; its normalized coefficients
decrease rapidly in magnitude from (2,2) to about (8,8), and
thereafter they tend to oscillate with very slowly decreasing
amplitude (Kohnlein, 1967). A possible geopotential improve-
ment by the use of satellite altimetry was suggested by Lund-
quist and, Giacaglia (1968). These authors obtain a most
compact representation for the gravitational potential of the
earth by an alternate set of function with the property that
only relatively few terms of this set provide the significant
contribution to the potential in any region.

Another representation of the gravitational potential of
the earth was proposed by Vinti, by considering the potential
of a finite body as being divided into two parts. The first
part, Vp, is represented by a summation of series that can be
efficiently and accurately evaluated. One possible represen-
tation is the summation of a finite number of spherical har-
monics, whose coefficients can be accurately obtained from
satellite measurements by standard techniques. Another alter-—
native is representing V, by the spheroidal potential derived
by Vinti (1959, 1961, 1965). The coefficients of the sphe-
roidal harmonic expansion of the potential are rapidly con-
verging, so that truncation after a few terms would result in
a high degree of accuracy. The second part, 8V, which ac-
counts for the remainder of the potential, is represented as a
surface distribution 0 of mass density of variable sign over a
sphere S just clearing the earth. The intent here is to find
a representation of this surface distribution which reduces
the number of parameters significantly as compared with a
spherical harmonic expansion of the same accuracy.
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Originally, Vinti proposed to obtain ¢ from worldwide
measurements of surface gravity. The quantity ¢ itself is
essentially a measure of the density anomalies near the sur-
face of the earth. It will be quite a while before the neces-
sary gravity data become available since terrestrial gravity
data are required at various unsurveyed areas, although by use
of satellite altimetry, it is possible to obtain the gravity
data over the ocean. It is then proposed to try an interim
approach, namely by trying to’'find ¢ over the sphere just
clearing the earth from satellite determinations of the higher
harmonic coefficients from various published sources (e.g. Ka-
ula, 1966, A P L 1965, S A 0 1967). By comparing contour maps
of 0 obtained from the use of various data, some degree of
confidence on such representation can be established. In the
present report, the results of the procedure just outlined are
presented and discussed. Further discussion on the represen-
tation of the earth's gravitational disturbance potential by
means of surface density distribution can be found in a recent
publication by Vinti (1971).

ITI. REPRESENTATION OF ¢ IN SPHERICAL HARMONICS

The gravitational potential V of the earth can be ex-
pressed in spherical harmonics as:

T

__My . %0 len _ ¢ pm
V= - {1 = (r ) [JnPn(cos 0) m£1 Pp(cos 6) x

(Cnmcos m@ + 5 .sinm 13} (1)

where:
geocentric distance of a field point ly-
. ing outside a sphere

colatitude S just clearing the
longitude earth (see figure 1)

o equatorial radius

Ja zonal harmonic
coefficient

Coms Spm — tesseral harmohic

coefficients
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Figure 1: Coordinate System

It should be remarked that the convergence of (1) at the

surface of the earth is not insured (Morritz, 1962).

Let the

gravitational potential of the earth, following Vinti, be re-

presented in the form:

V= Vp + &V

where:
Vp = some reference potential

and
Go(o',¢') 4 8'
|z-r']

&V = -
Sphere S
of radius a

where:

earth.
E'

earth.

(2)

(3)

r - field point radial distance from the center of the

~ source point radial distance from the center of the

e —
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The choice of a reference potential V, is particularly dic-
tated by the accuracy and effectiveness of the computation,
and is at our disposal. One could, for example, represent V
as the sum of a finite number of spherical harmonics, whose
coefficients can be accurately obtained from satellite meas-
urements. The intent here is that Vp should be represented by
‘a sum of finite terms 1in a series expansion, which is rapidly
converging.

In a recent development, Vinti (1959,.1961, 1965, 1966)
has found the coefficients of a spheroidal potential of the
earth's gravitational field. The gravitational potential Vg
outside of the earth, expanded in spherical harmonics, can
then be represented in oblate spheroidal coordinate as:

Vg = - —H& (ha)
or in spherical harmonics as:
oMol 00 Te.n x
Vs ;1 nEZ () J.P (cos 8)] (4)

If here the earth is regarded as being symmetrical with re-
spect to the equatorial plane, all the odd harmonics drop out,
that is, J1 = J3 = Jg5 ..... = 0. Deriving Vg as a solution of
Laplace equation in oblate spheroidal coordinates, with axial
symmetry and leading to exact separability of the Hamilton Ja-
cobi's equation for the motion of a satellite, the following

relations for Jﬁ were obtained:

n n
2 +1 =
X _ 2 2
Jyp = (1) J2 for n = 2,4 ... (even)
(5)
Iy =0 for n = 1,3,5.. (odd)

In the derivation, the center of mass was used as the origin.
Clearly Jg diminishes rapidly with increasing n, since

Jy z 1.08 x 10_3; consequently Vg is rapidly converging and
suitable for being used as the reference potential Vp. A re-
mark is in order at this point.

The disturbance potential or the "potential tail", &V, is
- represented as a surface integral of a fictitous surface den-
sity. This idea is suggested from the dependency of the high-
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er harmonic coefficients on the situation near the crust of
the earth, as can be concluded from the following relations:

Jn = - % frr (%;)nPn(cos fpdr (6)
Cym+ i8Sy o = ; §2+$;, ) ( )™ PPcos 0)e™p a0
earth

where:
M ~ mass of the earth
o] - density of the earth
d T - element of volume

We can see that for large values of n the main contributions

to Jy, C and S, p come from the crust since the factor

n,m

(f—)n in the integrand changes slowly there, hence the idea of
e

surface density distribution to represent this '"potential

tail”.
It is customary to write:
n r \
E. e\l _m
vV = [1+ Z Z (=) P (cos 0)(C.,, cosm@ +
n=2 m=o T n nm ?
S psinm 1 3)
so that:
Jo=-Cg 9
Thus:
n
X 2
Jg = 20 for n even (5a)

Letting V, = V

p gs from (4) and (1) we obtain:

00 T
8V = - % [ L (re)n anr P_(cos 6) +

00 re)n i‘l,‘/ m( N e
Z, (r Z P, (cos )(Cnm cos m P + Snm sin m @#)] (10)
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where:
JF = C s for n odd
n no
n
XX _ _ 2
Jn = Cno (C20) , for n even (11

Appendix A describes the inversion of (3), if 6V is given by
(10). The result is given by:

Go =

oo Te.n ,_xx
2 {n£2 (2n + 1{6;—) [Jn, Pn(cos D +

4ma

Z P (cos 6)(C cosmP+S sinm @]} (12)
m=0 nm

This is the relation that we seek in determining the surface
density distribution from satellite determination of the
spherical harmonic coefficients.

It can be added, ‘that if o (8,p) can be determined from
other methods, the higher harmonic coefficients of the poten-
tial can be obtained by inverting equation (8). Using the
orthogonality properties of the spherical harmonics, the fol-
lowing results can be readily derived:

2 2m
xx _a‘ a.n T .
Jn =3 (re) £ Pncos (8) sin 6d6 £ Go(0,9)d¢ (13)
Cop+ 15, = 23 @& )“5(2—;_’?—;—,f 2" (cos 0) sin 840
2 im¢

S Go(6,@)e do (14)
)

III. FARTH PARAMETERS AND POTENTIAL COEFFICIENTS

The data to be used in this study are the harmonic coef-
ficients recently determined by various authors. The semi~
major axis, gravitational constant and flattening consistent
with each set of coefficients were also used. The main pur-
pose of wusing these different sets of earth parameters and
potential coefficients is two fold: to assess the qualitative
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consistency of the resulting contour plot of the surface den-
sity distribution and to investigate the feasibility of the
proposed representation of surface density.

. The data sets used were:
(a) S A 0 data (1967)
(b) Rapp data (1) (1967)
(c) Rapp data (2) (1968)
(d) AL P data (1965)

Data set (a) is based on the satellite determination by Kozai
of the zonal harmonics up to Jgp, and the determination by
Kohnlein of the tesseral harmonics complete to degree 15,
which are further based on Gaposhkin's satellite data and Ka-
ula's gravity data.

Data set (b) is the surface data obtained by Rapp (1967),
which is complete only to the 8th order and degree. Data set
(c) is obtained by Rapp (1967, 1961, 1969) from a combination
of satellite data of the S A O standard earth (1966), terres-
trial data and model anomalies. Data set (d) is obtained by
Guier an Newton. Using orbital determinations and data resid-
uals from the Doppler tracking of five satellites, they then
deduced for the zonal ‘harmonics of the earth's gravity field
of odd degree through the ninth, the nonzonal harmonics of all
degrees from the second through the eighth, and the sectorial
harmonics of the thirteenth degree and order.

It is noted that from comparison with terrestrial gravity
data, Kaula (1966) has chosen Gaposhkin's solution, which is
the basis of Kohnlein's harmonic coefficients, as one that
best agrees with terrestrial gravity data., Kohnlein's tesser-
al harmonic coefficients comprise the most complete set at the
present time. Rapp (14,14) data has smaller and more consis-
tent standard deviation. The earth parameters and potential

coefficients for each set of these data are tabulated in table’

1 below.
Table 1

gravitational constant

w3 /secy Ry (m) f 8e

6

Kohnlein (3.986009 + 0.000007) 6.378142 x 10 1 978.031 +

+ 1014 ‘6 (238.255 £ 0.005) (37 1 gay
Rapp (3.9860056 + 0.000007) 6.378138 x 10° 1 978.0326 +
- 10t +9 298.25 2 m gal

14 6 .
APL 3.986075 x 10 6.378166 x 10 35530
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IV. DISCUSSION OF RESULTS

Figures 1 to 4 show the contour map of § = GO, here be-
ing multiplied by 106, in m/sec2 using four sets of data of
Rapp (8,8), Rapp (14,14), A P L (8,8) and Kohnlein (15,15).
Numerical values are tabulated in tables 2 and 3. By incorpo-
rating nine higher harmonic coefficients, the contour map
displays an increase of the number of extrema. For example,
corresponding to data set of Rapp (8,8), there are 21 extrema
(11 minima and 10 maxima) and to data sets of Rapp (14,14)
there are 45 extrema. In addition, there exist some similari-
ties between the contour map of G, of the gravity anomalies
and of the geoidal wundulation. The relationship between G
and the gravity ancmalies can be observed from the following
relations:

- V.
4meo = 2 g + (D __, (15)
where: 3 ) 9
g, = [5; v - Vp)l ., T wa sin™@ (16)

which was derived by Vinti in an unpublished note. Now

- 9T _ 2
bg = - 5r = T Ty an
where:
T=V=-V,. (18)

Essentially Vegi1 2 Vg, to a very high degree of approximation
(in the order of J3). These equations clearly describe a di-
rect relation between Go and Ag. Note also that the term (§§)
contributes to about 12% of the first term on the right hand
side of equation (15).

Obviously, the surface distribution ¢, which character-
ises the potential tail, reflects the irregularities of the
earth near its crust. 'S A O data yields rms value of GO of

16,8 x 10-6 m/sec2 while Rapp data gives 16,7 x 10"6 m/secz.

The above values are based on:

o
Vp = Vg + 33D P3(cos 0) (19)
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and letting a = r,. J§ was taken to be the average value of
the J2 given by Rapp and S A O, By choosing Vp = Vg, numeri-
cal computation yields contour maps that do not differ marked-
ly from the ones described above, except near the poles.

The contour maps shown in figures 1 to 2 indicate that
all these data sets yleld the presence of main patterns that
exist in the geoid map, such as the New Guinea high, Indian
low, Puerto Rican low, United States West Coast low, Gibraltar
high, etc.

To illustrate the merit of the results, consider the fol-
lowing figures. Since G = 6.66 x 10~8 cm3/g - sec2, and the
rms value of Go is about 17 x 106 m/secz, then one obtains

- 95 500 o/cnl
orms 25,500 g/cm”.
If one assumes that the density anomalies which contribute to
the higher coefficients of the gravitational potential occur
in the crust of thickness b, then the rms value of density
anomalies is given by:

Ap = o/b

Since the mean value of b = 30 km (Heiskanen and Moritz,
1967), then it follows that:

(o]
Borms = = = 22300 - 4 0085 g/cu’

3 x10

It can be observed, thatIIOG X 10‘6| < 100, hence Ap < 0.05 g/
cm3 for b = 30 km, and Ap| < 0.15 g/cm3 for b = 10 km,

It -is of interest to see the contour map near the poles.
In this purpose, polar maps were drawn, as shown by figures 3
to 6, which were based on Rapp (14,14) data and S A 0 (15,15)
data. Fairly good agreement between these two data are shown
around the North pole, although it is ndt true around the
South pole. 1In general, however, we can conclude that the two
sets of data of Rapp and S A O yield Go distribution with an
agreement better than qualitative, and the idea of employing
Go as a basis for predicting accurate potential tail seems to
be feasible., As a further step, one may be inclined to em~
ploy a finite set of lumped mass rather than continuous sur-
face density distribution, 1leading to the idea of mascons.
Some relationship between the mass density distribution of the
moon of some spherical surface beneath the moon surface to the
location of the mascons was suggested recently by Campbell,
O'Leary and Sagan. Such an idea of representing the surface

e
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density irregularities by mascons and using these to predict
the potential tail is currently studied by Vinti and Price.

Thus if one could predict the surface density distribu-
tion by using satellite altimetry and terrestrial gravity
data, more accurate and efficient prediction of the potential
tail is possible. Future work will be devoted to evaluation
of 0 from satellite altimetry and terrestrial data and ana-
lytical evaluation of 0 to obtain the corrective integral.
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APPENDIX A: RELATION BETWEEN ¢ AND V

The potential tail 8V is given as a corrective integral

of 0 as follows:
1 t
5v=-cf1}i-'—¢-,+ds'
s £~ X

Now let:

00 n m Te.n
o(8',8") = ¢ pX (Anmcos m@' + B pSin m ¢')Pn(cos 8" ()
n=o m=o a

1
Furthermore, =

oy is the generating function of the Leg-

endre polynomisl:

1 1
P e ¥ T 5\
lz-r'] | x| /i - 2%— cos § + (f—)z
1 9o '
=2 X (D" py(cos )

T n=o

|§L| less than the smaller of lfl. i./zgzgi-:-IT

for:
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with r > r', r' being the radius of the sphere ( =a) just
clearing the earth and r is outside of this sphere, Here ¥ is
the angle between the vectors r'(r', 6', ¢') and r(r, 6, 8).
From the addition theorem (see figure A)

Pn(cos P) = Pn(cos 6) Pn(cos e') +

n (n - m)!

An - m)” pm mn '
2 m£1 CETS) P (cos 8) Pn(cos 6") v
{cosm@P cosm@' + sinm @ sinm ¢'}
Furthermore:
ds = azsin 6' d 6' 4 ¢°'
Figure A é
Hence: ﬁ
22T T o0 n
=_85 m '
&V m £ £ nzo m£o Pn(cos 9)(Anmcos m @'+

B _sinm @') O (é)n(P (cos B)P (cos 8') +
nm ' nEO r n ‘08 n o8
n - !
2 ¥ (n - m)

I T mT P::(cos 9) P:(cos 8'))

{cosm@P cosm@' + sinm @ sinm @'} sin 6' 4 6" 4 ¢°
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Using the orthogonality relations:

m . m 2 4m

£ g {Pn(cos 6')}° sin 6' @ 6' d @' = o 1

Eﬂ gﬂ {P:(cos 9')}2 sin 6' 4 68' d @' = 2n21 1 gz t Egi

2 '

I s Pg(cos ") P?(cos 8') sin 8' d 6' d @' = 0 for n#l,

oo hm
or both

we then obtain:

2 00 r
a’G an, emn __ 4T
-2 A5

8v r n=o n+1

{Pn(cos 8) Ano +

n
mio P:(cos 6)(Anmcos me + Bnmsin m @}

Now:

8V = -

R =

00 a.n _xx
[§ (;) T Pn(cos 8) +
a=
00

n
. A" I Pp(cos 8)(C_cosm $ + S__ sin m @)]
n=2 ¥ m=o nm nm

Comparing coefficients of Pz(cos 8), we obtain:

r
A =+ —LE— (2n+ DI
a no 2 n

4ma"G

(r—e)“(Anm +1B_) = (C__ + 1S ) “2 (2n + 1)
a nm nm o 4ma“G

Hence:

o=+

00
M 5 I (n+ 1) {3 (cos 6) +
4ma“ n=2

r
Pg(cos 6)(Cnmcos m@ + S psin m ¢)}(;E)n
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APPENDIX B: GENERATION OF LEGENDRE FUNCTIONS AND ASSOCIATED
LEGENDRE FUNCTIONS

The Legendre function Pn(x) and the associated Legendre
function Pﬁ(x) are defined respectively by:

»

n
P (x) = 1 ; 4= aa - x2)n B.1
2%n° ax"
and
jul
m, . _ 2.2 4" P
Phx) = (1 - x%)" — Py(x)
dx
m
1 - x»)? gvim 2.n
= . (1 - x% B.2
n_ ! n+m
2'n dx :

for |x| <1

These functions are of the first kind. The Legendre function
P, may be generated from the following recursion formula:

1

Pn(x) = — X Pn_l(x) - ——i—— Pn—Z(X) B.3
with:
Pl(x) = x
Po(x) =1

To generate the associated Legendre functions of the first
kind, the following recursion formula may be used:

1
2.2 m1
-1 + (ntm-1) (1-x°) Pn—l B.4

m _ m
Pn(x) = x Pn

for 0 < m<n

le 1

N
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while Pg can be calculated from:

n
\ n

PR = LB (1 - )2

2"n’
n
=1.3. . ... (n-1QA - xH? B.5a
or l

Pat) = (20 - DA - 3D P B.5h

forn > o

The formula A.5a is a speclal case of the hypergeometric ser-
ies representation of sz

m
Pz(x) = ———%E-;tll—— (1 - x2)2 F(m-n, m+nt+l, mtl, l:§) B.6
m ! 2
2 m T (n-mtl)

Several of these recursion formula can be found in Erdelyi et
al.; the recursion formula B.4 has a property of being bounded
everywhere between -1 < x < 1.

For each n and m, the recursion formula B.4 may be start-

ed if PJl and PO_  are known from B.5 and B.3, respectively, as
can be seen from the diagram shown in figure B,

n
Pn
This fact is useful in
performing an analysis
to estimate the error in
computing the Legendre
r functions.
.
1
Py
o .0 0 o
Po P1 PZ Pn

Figure B
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For

and

the tesseral we may use:

m

(n—m+1)Pn+1

(x) = (2nf)x PL(x) = (whm)P]_ (x) B.7
1

-

Ph(x) = 2m-Dx(1-x2) 2 PP N(x) - (n-wt2) (otm-1)P% 2(x) B.8
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TABLE 2

6

Distribution of surface demsity 10° Go in w/sec? (540)
Theta 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Phl

~175.0 Deg ~-1.0 -4l.2 -58.3 -44.4 - 8.3 7.5 19.7 36.0 9.5 -10.0 1.6 - 2.4 -10.0 -15.0 =~ 5.2 9.8 -1Z.4 - 8.4 16.5
~170.0 Deg -1.0 -43.8 -60.8 -47.8 =-16.7 5.3 10.6 18.4 9.9 - 9.7 - 1.0 5.1 = 4.1 -16.8 -12.8 6.2 -12.0 - 9.0 36.6
~165.0 Deg -1.0 -45.8 -61.8 =49.0 -24.0 3.1 0.3 0.3 159 0.2 3.1 164 - 0.5 -17.0 -13.8 7.8 - 9.6 - 9.2 16.6
-160.0 Deg -1.0 =-47.1 -61.0 =-67.2 =-29.0 4.2 - 1,1 ~-8.B 22.3 12.3 141 254 0.5 -15.9 - 8.9 13.5 - 5.8 - 8.9 16.6
-155.0 Deg -1.0 -47.8 -58,7 -42.2 -29.0 7.7 7.1 ~ 5.7 26.2 19,2 252 33.9 - 0.7 -143 - 1.8 20.9 - 1.6 - 8.3 16.6
-150.0 Deg ~1.0 -47.8 -55.1 -34.7 -25.1 7.9 13.8 1.2 25.5 17.8 27.2 33.1 - 4.1 -13.9 2.7 26,7 2.7 - 7.4 166
-145.0 Deg -1.0 -47.2 -50.6 -26.0 -21.6 - 0.3 6.0 - 1.7 18.7 10.3 16.6 20.0 -10.0 -16.4 1.0 28.1 5.5 - 6.3 16.6
~140.0 Deg -1.0 -45.9 =45.4 =-17.5 =-18.5 =-15.4 -16.8 ~17.4 7.6 2.1 = 0.6 = 0.6 -17.8 =225 - 7.0 24.2 6.3 - 5.1 16.6
~135.0 Deg -1.0 -44.0 ~39.9 -10.3 -15.7 -29.3 -38,7 -33.8 - 2.2 - 2.8 - 2.2 -18.5 -26.1 -30.5 -18.0 15.7 4.9 - 3.9 16.6
~130.0 Deg -1.0 ~41.7 =34.3 - 5.0 -33.6 =-33.6 -45.8 -34.9 - 4.0 - 4.6 -20.0 =-37.9 -33.3 -36.2 -26.2 4.8 1.5 - 2.7 16.6
-125.0 Deg -1.0 -38.8 -28.7 - 1.6 - 9.2 =-26.8 -32.5 ~-18.9 1.6 - 7.0 =-20.0 =-29.0 -38.6 -35.4 -26.6 - 6.0 - 3.6 - 1.5 16.6
~120.0 Deg -1.0 -35.6 -23.1 0.4 - 6.2 -15.6 =-14.2 - 0.9 7.4 =-12.3 -19.8 =-26.4 =-40.9 -25.8 -17.5 -15.0 - 9.5 - 0.4 16.6
~115.0 Deg -1.0 -32.2 -17.4 1.7 - 4.4 - 8.2 - 7.8 -2.1 7.5 -18.4 -21.5 -23.1 -39.0 - 9.3 - 2.3 -21,9 -15.6 0.6 16.6
-110.0 Deg -1.0 -28.6 =-11.9 3.0 - 3.4 ~- 6.6 -15.8 -10.8 3.2 -21.0 3.2 -21.0 -32.6 8.0 12.2 -27.5 -2L.1 L7 16.6
-105.0 Deg -1.0 -24.9 =~ 6.4 4.5 - 2.1 - 6.5 =-25.3 -23.6 L.l ~-17.9 =-20.5 -10.4 -22.6 19.7 18,7 -33.0 =25.6 2.7 16.6
-100.0 Deg ~1.0 -21.2 = 1.4 6.0 0.1 - 2.7 -22.6 -21.7 5.0 =-11.3 =-13.0 1.9 -11.9 10.0 13.5 -39.1 -28.7 3.8 16.6
- 95.0 Deg -1.0 -17.6 3.1 7.2 2.6 4.6 B.4 ~ 7.3 10.0 - 44 -0.9 155 -4.0 6.8 - 1.7 -45.0 -30.2 5.0 16.6
- 90.0 Deg -1.0 -l4.2 7.0 7.4 3.8 10.0 3.7 3.8 8.8 1.2 13.7 250 - 1.2 - 8.8 -20.5 -49.4 -29.9 6.3 16.6
- 85.0 Deg -1.0 -11.0 10.1 6.6 2.7 8% 2.7 1.6 0.9 7.0 17.2 24.7 - 4.7 -21.4 =-35.3 -50.5 -28.0 7.7 1l6.6
- 80.0 Deg -1.0 - 8.1 12.5 5.2 - 0.1 3.4 = 7.2 ~6.0 - 3.7 1.52 34.9 11.9 -l4.1 -26.8 ~4l.& -~47.6 -24.8 9.1 16.6
- 75.0 Deg -1.0 - 5.5 1.4 4.1 - 2.6 0.0 -11.0 <11 5.6 25.4 33.7 -10.8 -27.6 -25.5 =38.6 -41.0 =-20.7 0.6 16.6
- 70.0 Deg -1.0 - 3.3 16.0 4.3 - 2.3 3.4 0.0 22.0 27.5 33,0 23.5 -36.0 -41.5 -22.1 -30.8 -32.4 -16.4 12.1 16.6
- §5.0Deg -1.0 - 1.4 17.5 6.6 0.1 11.0 18.1 47.9 46.6 3.3 6.2 =-55.2 -51.0 ~-20.2 -22.7 -23.4 -11.2 13.5 16,6
- 60.0 Deg -L.0 0.3 18.8 11.1 3.5 15.8 25.9 53.1 45.9 16.5 -15.2 -63.2 -51.4 -20.2 -16.9 -15.2 =~ 6.4 15.0 16.6
~55.0Deg -1.0 1.6 20.0 16.9 5.9 16.0 14,5 29,9 23.3 7.0 -36.9 -59.7 -40.4 -18.4 -22.4 = 7.9 - 1.6 16.5 16.6
- 50.0 Deg -1.0 2.7 20.7 23.0 4.5 0.0 - 7.7 - 5.7 -4.3 27.6 -52.6 -48.1 -20.5 -10.7 -~ 6.2 - 0.8 3.3 17.9 16.6
~ 45.0 Dag -1.0 3.6 20.9 28,2 5.6 -10.8 -23.1 ~29.4 -20.6 --34.5 -55.8 =-33.1 1.7 4.2 4.4 7.0 8.7 19.2 16.6
- 40.0 Deg -1.0 4.3 20,2 31.7 4.0 -16.0 =-22.6 ~-3L.3 -20.5 -26.2 -44.8 ~19.6 18.3 23.4 19.3 16.0 14.5 20.5 16.6
~ 35.0 Dag -1.0 4.9 18.6 37.8 1.5 -16.1 -22.2 ~-14.8 -11.5 -24.6 ~10.9 24.5 40.9 35.1 35.1 25.7 20.7 21.6 16.6
- 30.0Deg -1.0 5.5 16.3 3.9 1.0 =15.7 - 5.6 -17.1 -14.7 - 0.5 - 3.7 -6.7 21.7 51.6 41.0 34.7 27.1 22.5 16.6
~25.0 Deg -1.0 6.2 13.3 29.4 - 0.2 -18.1 - 9.2 ~21.0 -19.7 4.4 13.1 - 2.7 16.6 54.0 SL.I 4L.6 33.4 23.2 16.6
~ 20.0 Deg -1.0 7.1 10.1 26.4 - 0.4 -21.9 -16.7 -24.0 -21.2 7,2 26.3 5.6 16.3  5.02 46.7 45.5 38.8 23.5 16.6
- 15,0 Deg -1.0 7.9 6.1 23.7 1.2 -23.0 -16.7 -16.5 -15.4 11.1 36.7 17.2 22.4 443 36.6 46.4 43.1 235 16.6
10.0 Deg -1.0 9.0 4.6 21.9 5.0 -19.1 - 7.9 -0.7 -8.2 13.9 42.5 25.8 31.2 40.6 25.9 45.1 45.6 231 16.6
~ 5.0 Deg -1.0 10.4 2.8 20.9 10.2 -1l.64 6.8 13.2 - 6.7 13.5 4l.2 25.8 37.5 41.1 19.0 42.7 46.2 11.3 16.6
0.0 Deg -1.0 12,0 1.8 20.4 15.3 - 3.6 18.1 18.1 - 9.7 12.5 35.4 19.1 39.1 45.0 18.1 39.8 446 21.0  16.6
.0 Deg -i.0 13.8 1.7 19.9 19.2 2.2 22.6 16.5 - 9.1 15.2 3l.1 14.3 37.0 48.9 21.8 36.7 4l.6 19.4 16.6
10.0 Deg =1.0 15.9 2.3 19.1 2.7 6.7 23.1 147 = 2.1 19.3 30.6 17.1 317 48.2 26.7 33.1 36,9 17.6 16.6
15.0 Deg -1.0 18.1 3.8 17.9 23.1 1l.4 23.8 4.6 3.9 16,0 29.0 26.2 ZL.9 40.6 29.6 28.7 3.3 15.2 16.6
20.0 Deg -1.0 ' 20.4 5.8 16.8 26.3 16.5 24.8 12.7 1.2 1.3 21.3 27.2 7.7 7.7 28.7 23.7 25.1 12.8 16.6
25.0 Dag -1.0 22.7 8.5 16.3 25.7 19.7 23.0 7.8 - 7.7 -16.1 9.9 22.2 - 5.6 17.2 25,7 18,6 19.3 10.4 16.6
30.0 Deg -1.0 25.0 1.7 16.8 27.5 18.9 15.8 2.0 -12.5 =217 3.4 14.0 =-9.6 15.9 22.6 14.5 14.4 8,1 16.6
35.0 Deg -1.0 27.2 15.3 18,7 30.1 143 4.6 -1.0 -8.7 -12,2 6.0 9,1 0.2 24.7 201 12.1 10.7 5.9 16.6
40.0 Deg -1.0 29.1 19.0 21.9 33.8 9.4 -5.6 -1.1 =-4.4 -1.0 11.4 7.8 17.6 36.9 16.9 11.4 8.2 3.9 16.6
45.0 Deg -1.0 30.8 22.8 25.7 38.8 8.5 -9.7 ~0.B -10.6 - 4.5 8.5 3.8 30.1 4l.4 10.7 12.0 6.5 2.1 16.6
50.0 Deg -1.0 32,2 26.2 29.3 44.2 12.7 - 5.8 - }.3 =-27.0 -23.7 - 5.6 - 6.4 28.6 31.7 0.3 12.8 5.3 0.5 16.6
55.0 Deg -1.0 33,1 29,1 32,0 48.5 23.0 2.8 ~- 1.0 ~-40.8 =44.1 -22.4 -18.3 16.1 10.7 -13.0 12.7 3.7 - 0.7 16.6
60.0 Deg -1.0 33.6 31.2 3.1 50.1 32.0 10.8 1.2 -40.6 =52.8 -33.6 -23.5 3.9 -11.5 -25.6 10.6 1.3 - 1.7 16.6
65.0 Deg -1.0 33.7 32,4 32,5 48.3 37.2 13.9 3.3 ~29.6 -51.8 -39.2 -20.2 - 0.4 -25.4 -34.3 5.8 - 2.4 -~ 2.5 16.6
70.0 Deg -1.0 33.3  32.7 30.5 43.8 37.8 11.9 1.7 -21.8 -54.4 -45.8 -15.7 0.6 -2B.7 -38.0 - 1.8 - 7.4 - 2.9 16.6
75.0 Deg -1.0 32.4 32.0 27.6 37.6 35.4 7.9 =- 5.1 -27.6 -67.5 -56.5 -19.0 ~ 2.6 -26.1 -38.2 -12.0 -13.5 - 3.1 16.6
80.0 Deg -1.0 3.1 30.5 24.1 30.9 30.6 2.8 -15.1 -4b.6 -83.9 -65.1 -30.1 -14.8 <-23.9 -37.4 -23.7 -20.0 - 3.1 16.6
85.0 Deg -1.0 29.5 28.3 20.2 23,2 22.5 - 2.1 -25.7 -60.5 =-90.2 -64.0 <-42.0 -30.9 -24.6 <36.7 -35.6 -26.3 - 2.7 16.6
90.0 Deg -1.0 27.5 25.6 15.9 13.9 9.0 -13.4 -35.2 -64.0 -78.8 -52.8 -45.3 -40.4 -26.8 -39.3 =-46.0 -31.3 - 2.1 16.6
95.0 Deg -1.0 25.1 22.6 11.2 2.9 - 9.8 -30,5 ~42.6 -51.1 -52.4 -38.9 -40.0 -38.0 -28.4 -41.4 -53.3 -34.6 - 1.3 16.6
100.0 Deg -1.0 22.6 19.5 6.4 - 8.9 -30.0 -48.3 -45.8 -25.9 -17.9 -27.8 ~-31.7 -28,5 -29.8 ~42.8 -56.3 -35.6 - 0.2 16.6
105.0 Deg -1.0 19.8 16.4 2.1 -19.3 -45.8 -58.7 -43.4 1,6 17.3 -17.1 -24.8 -20.7 -32.5 -42.3 =-55.0 -34,3 0.9 16.6
110.0 Deg -1.0 16.8 13,5 - 1.3 =26.1 =-53.3 =-57.4 -35.7 20.1 45.7 - 0.6 ~-17.1 ~-18.7 -38.9 -38.9 -49.9 =-31.1 2.2 16.6
115.0 Deg -1.0 13.6 10.8 - 3.4 -28.5 -53.1 =-47.5 -25.8 23.8 60.8 23.0 - 3.9 -17.5 -36.5 -31.7 -42.1 -26.3 3.3 16.6
120.0 Deg =1.0 10.3 8.2 =- 4.1 =-27.0 ~49.7 -37.2 -15.8 18.0 6l.7 46.6 15.0 -~ 9.8 =-24.5 -20.8 -32.8 -20.7 4.4 16.6
125.0 Deg -1.0 6.8 5.6 - 4.0 -22.8 ~46.8 -33.0 - 5.8 15.3 S5.4 60.8 32.6 6.1 - 5.2 - 7.5 -23.1 -14.9 5.1 16.6
130.0 Deg -1.0 3.1 2.6 - 3.8 -17.2 ~44.6 =-34.5 4.6 23,7 513 617 40.5 24,0 17.3 5.5 -13.6 - 8.4 5.5 16.6
135.0 Deg =1.0 - 0.7 = 0.0 = 4.1 =-31.0 -39.7 -25.3 13,9 38.0 S1.8 53.3 36.9 35.2 33.B 15.6 - 4,4 - 4.5 5.5 16.6
160.0 deg ~-1.0 - 4.8 - 5.2 - 5.4 =-4.5 -28.9 -28.4 -20.2 45.7 51,7 43.4 28,5 36.0 38.1 21.7 4.9 -0.7 5.1 16.6
145.0 ey -1L.0 - 9.0 -10.2 - 7.9 1.4 -13.3 -12,5 45.5 4l.6 46.0 37.2 24,0 29.5 30.7 24,8 141 1.9 4.2 16.6
150.0 Deg -1.0 -13.3 -16.0 -11.5 5.7 1.9 6.6 30.4 33.6 37.8 34.8 25.5 20.8 17.1 26.9 23.2 32 2.9 16.6
155.0 Deg -1.0 -17.7 -22.5 -15.8 8.0 10.7 20.0 40,0 34.9 4.6 32.8 27.2 12,5 4.2 29.5 31,0 3.0 1.3 16.6
160.0 Deg -1.0 -22.1 ~-29.3 -20.4 8.3 11.2 23.1 50.6 47.0 38.6 28.7 22.3 3.8 - 4.5 32.2 36.2 1.4 - 0.5 16.6
165.0 Deg -1.0 -26.4 -36.2 -25.1 7.5 6.9 19.0 57.4 59.0 42,8 22.5 10.0 - 5.9 - 8.8 32.8 37.2 - 1.3 -2.4 16.6
170.0 deg -1.0 -30.6 -42.9 -29.8 5.9 3.7 15.6 8.2 55.4 17.8 16.4 - 2.9 -14.3 -10.8 28.8 33,5 - 4.7 =-.4.3 16.6
175.0 Deg =-1.0 =34.5 =49.0 =-34.7 3.4 4.2 17,5 S4.6 38.9 21,6 11.3 - 9.5 -18.1 -12.2 18.6 26.2 - B.2 - 6.0 16.6
180.0 Deg -1.0 -38.1 -54.3 =-39.6 - 1.2 6.8 21.2 47.8 19.9 2.1 6.6 - 8.2 15.9 -13.9 7.0 17.2 -11.0 - 7.4 16.6



TABLE 3

2

Distribution of surface density 19° 6o in m/s? (RaPP)
Theta 180 170 60 150 140 130 120 110 100 90 80 70 60 50 40 30 0 10 0
PRI,
-175.0 Deg ~-8.3 =-38.1 -28.8 -14.8 -14.9 1.5 10.1 16.1 21.5 17.5 23.6 11.7 - 5.7 -9.5 ~-15.1 =~ 1.5 - 0.5 -15.4 =~ 6.0
-170.0 Deg -8.3 -38.3 -31.7 -20.9 -19.1 - 4.9 - 0.0 9.5 12.0 4.2 22.1 23.7 - 3.7 -27.7 -28.9 - 1.4 0.7 -le.1 - 6.0
-165.0 beg -8.3 -38.1 -35.1 -28.6 -25.3 -12.5 - 6.9 10.2 12.0 - 0.0 24.1 33.9 - 1.0 -39.1 -36.2 33 3.4 -12.5 - 6.0
-160.0 Deg -8.3 -37.6 =-38.2 -35.7 -30.6 -26.5 - 8.5 15.4 17.8 3.3 25.2 37.4 3.5 -38.9 -29.5 11.3 6.7 -10.6 - 6.0
-155.0 Deg -8.3 -36.6 -40.4 -39.9 -32.0 -17.4 - 5.6 18.9 ‘2.2 7.1 20,3 316 8.5 -29.3 -18.0 19.9 9.8 - 8.4 =~ 6.0
-130.0 Deg -8.3 -35.2 -40.9 -39.7 -28.0 -12.9 - 1.6 16.0 17.1 6.4 8.9 18.4 10.9 -17.6 - 6.2 257 11.%3 - 6.1 ~ 6.0
145.0 Deg -8.3 -33.3 -39.6 -35.0 -19.6 - 7.2 -0.2 7.1 7.1 2.4 ~41 2.6 7.4 -11.8 - 0.2 26,0 12.3 - 3.7 - 6.0
-160.0 Deg -8.3 -30.9 -36.5 -27.0 - 9.5 - 4.1 - 31 -3.8 -2.8 -1.0 ~13.8 -12.2 - 33 -15.4 - 2.6 19.9 10.9 - 1.3 - 6.0
-135.0 eg -8.3 -28.1 -32.2 -17.9 - 1.1 - 5.6 - 9.2 -12.0 - 9.1 - 1.5 -18.8 -25.3 -19.7 -25.5 -11,0 &4 7.9 1.1 ~ 6.0
130.0 Deg -8.3 -24.9 -27.2 -10.2 3.3 -10.5 -15.0 -15.64 - 9.1 - 0,1 ~20,7 -37.0 -36.6 =-34.2 -19.B -56 3.9 3.4 ~ 6.0
-125.0 Geg -8.3 -21.5 -22.1 - 5.6 3.1 -15.9 -17.4 -l4.6 ~- 8.6 0.8 =-20.8 -45.6 =-47.5 -33.8 -23.2 -19.0 - 0.3 5.7 ~ 6.0
-120.0 Deg -8.3 -17.9 -17.4 - 5.1 - 0.8 -18.7 -15.2 -11.6 - 9.2 - 0.6 -19.3 ~-47.4 -47.9 -22.3 -19.3 -29.0 - 3.8 7,6 =~ 6.0
~115.0 Deg -8.3 ~14.1 -13.4 - 8.3 - 6.8 -17.9 - 9.8 - 7.5 -10.6 - 5.2 ~16.2 -70.0 -38.5 - 4.8 -10.1 -34.4 - 6.1 9.8 ~ 6.0
-110.0 beg -B8.3 -10.4 - 9.8 -13.7 -12.7 -14.5 - 4.1 - 2.1 -10.3 -12.5 ~12.6 -24.3 =24.4 9.8 - 1.1 -356 -6.8 11.6 - 6.0
-105.0 Deg -8.3 - 6.7 =~ 6.6 -19.4 -16.8 -10.4 ~- 0.9 4,2 -6.0 -19.9 - 8.0 - 4.4 -11.8 13.9 3.2 -33.7 -6.1 13.1 - 6.0
~100.0 Deg -8.3 - 3.2 - 3.3 -23.1 -17.9 - 6.9 - 1.8 9.5 1.2 -23.4 ~ 4.0 15.3 - 3.9 6.7 0.9 -30.1 - 4.5 14.4 ~ 6.0
-95.0 eg -8.3 0.0 0.5 -23.5 -15.2 - 4.5 -6.1 9.5 6.3 -20.0 5.0 3I0.9 0.2 ~5.7 -5,6 -26.1 - 2.6 15.6 ~ 6.0
- 90.0 Deg -8.3 3.0 4.8 -19.9 -9.3 - 2.2 -11.6 2.0 4,0 -9.13 17.7 38.0 2.5 -14.9 =-12.1 =-22.5 -~ 1.0 16.0 - 6.0
- 85.0 beg -8.3 5.6 9.6 -12.9 -1.1 0.5 -14.5 -10.3 - 5.1 6.5 29.7 32.1 2.6 -15.9 -15.3 -19.8 - 0.3 16.3 =~ 6.0
- 80.0 Deg -8.3 7.8 14.5 - 3.8 7.2 3.9 -11.7 -18.9 -13.2 25.0 35.1 10,5 - 2.6 ~-10.4 -14.7 -18.7 - 1.0 16.3 ~ 6.0
- 75.0 beg -8.3 %4 19.0 5.4 137 7.0 - 2.5 -15.4 -10.4  463.5  30.7 -23.1 - 4.8 - 4.8 -12.9 -19.5 - 2.9 16.1 - 6.0
- 70.0Deg -8.3 10.6 22.6 12.9 16.9 8.7 10.0 0.4 4.9 56,9 17.5 -57.4 <341 - 5.5 -12.8 -22.2 - 5.8 15.7 - 6.0
- 65.0 Deg -8.3 1.4 264.7 17.1 15.9 8.0 19.8 19.2 23.} S7.7 ~- 0.7 -7B.6 -49.8 -13.5 -15.8 -26.1 - 9.1 15.2 - 6.0
- 60.0 Deg -8.3 11.6 25.2 17.4 11.1 5.1 22.1 28.5 30.2 40.4 ~19.9 -78.3 -53,8 -22.9 -19.6 =29.7 -11.8 14.8 - 6.0
- 55.0 Deg -8.3 1l.&4 26.0 14.3 3.6 0.8 16.3 22,5 20.5 8.9 -37.1 -58.9 -41.8 ~26.5 -21.4 -3L.1 -13.1 14.5 - 6.0
- 50.0 Deg -B.3 10.9 21.3 9.0 -5.0 - 4.0 6.1 6.2 1.8 -23.0 -49.1 -32.1 -18.3 -19.0 -16.8 -28.5 -12.0 14.4 - 6.0
- 45.0 Deg -8.3 10.2 17.8 3.2 -13.0 - 8.6 - 3.5 - 9.8 -12.7 -40.1 -53.1 -11.7 6.4 - 1.4 - 5.4 -21.2 - 8.3 146 =~ 6.0
-~ 40.0 Deg -8.3 9.3 13.9 - 1.2 -18.1 -12.8 -~ 9.8 -18.6 -16.7 -36.8 -47.8 - 5.3 22.4 20.1 10,0 - 8.5 - 1.6 15.1 - 6.0
-~ 35.00eg -8.3 8.5 10.2 - 2.6 -18.3 -16.0 -13.0 -20.8 =-15.1 ~-20.9 -34.7 -10.3 26.4 3.7 24,7 5.0 7.4 15.8 - 6.0
~ 30.0 Deg -8.3 7.9 7.2 - 0.5 -12.2 -16.7 -l4.4 -20.7 -16.5 =~ 4.3 ~-17.0 -17.6 22.3 46.7 4.4 20.4 18.2 16.7 - 6.0
- 25.0 Deg -8.3 7.5 5.2 4.8 -9.1 -13.1 -19.4 -19.9 -22.0 5.1 1.8 -18.7 13.3 47.7 37.2 36.7 29.4 17.5 - 6.0
~20.0 Deg -8.3 7.4 4.3 11.8 15.2 - 4.7 ~-12.4 -16.9 -24.4 11.9 18.8 -11.0 20.5 44.2 34.4 46.3 39.8 18.3 - 6.0
- 15.0 Deg -8.3 7.8 4.5 12.3 31.6 6.5 - 9.0 -10.6 -17.1 2.0 3.7 1.6 30.1 4L.9 28,0 54.0 48,1 18.9 - 6.0
~10.0 Deg -8.3 8.7 5.6 22.4 42.0 16.2 - 6.5 - 4.2 -2.7 32.8 38.8 13.8 43.3 43.5 24,3 57.3 534 19.1 - 6.0
- 5.0Deg -8.3 10.1 7.7 22.9 43.7 20.6 -6.9 -2.5 8.2 4L.1 4.3 23.0 54.0 «B.0 21.8 55.9 55.1 18.8 - 6.0
0.0 Deg -8.3 12.0 10.6 20.0 36.6 18.5 -8.7 -6.0 7.1 38.7 47.0 29.8 57.2 52,1 21.5 49,9 52,9 18.1 - 6.0
5.0 Deg -8.3 14.3 14.6 15.1 22.7 12.6 - 7.9 - 9.0 -5.1 23,5 8.0 34.4 50.8 52.8 21.8 39.8 47.3 17.0 - 6.0
10.0 Deg -8.3 16.9 19.1 10.7 8.4 7.3 - 1.0 - 4.7 -19.1 - 0.1 448 350 35.5 49.8 21.7 26.8 39.2 15.4 - 6.0
15.0 Deg -8.3 19.7 24.7 8.7 -1.3 S§.6 1.1 7.9 -25.7 -23.5 35.8 28.4 25.8 42.2 218 12.8 29.8 3.5 - 6.0
20.0 peg -B.3 22.7 30.7 10.4 - 3.1 1l.1 23.0 22.1 -22.0 -37.4 23.6 19.1 - 2.0 3.7 20,7 8.1 20.3 11.4 -6.0
25.0 Deg -8.3 25.6 36.86 15.6 3.1 19.3 29.¢ 29.0 -11.§ -36.1 16.0 10.1 -11.9 353 2017 -9.1 1z2.2 9.2 - 6.0
30.0 Deg -8.3 28.3 42.5 23.0 14.4 28.0 27.0 24.6 -'1.9 ~21.1 18.3 7.4 -11.7 39.0 24,4 -13.3 6.3 7.0 -6.0
35.0 Deg -8.3 30.8 7.0 30.4 26.6 34.1 13.8 12.2 1.5 - 2.6 26.5 10.3 - 46 4L7 27.5 -12.2 3.2 4.9 - 6.0
40.0 Deg -8.3 32.8 S8.1 35.8 35.9 35.6 11.8 - 1.2 - 4.1 5.7 29.2 1L.7 2.8 419 29.3 - 6.8 2.6 2.9 -6.0
45.0 Deg -8.3 34.4 S1.3 36.1 40.4 32.2 5.4 - 9.9 -16.0 -2.4 17.3 5.4 5.5 353 27.2 1.0 3.9 1.9 -6.0
50.0 Deg -8.3 35.4 50.8 36.9 40.4 25.0 0.3 -11.5 -26.6 -20.8 - 6.8 - 8.1 2.8 21.3 20,0 8.4 6.2 -0.8 -6.0
$5.0 Deg -8.3 35.8 48.7 33,06 37.6 16.4 - 3.9 - 6.8 -29.1 ~36.4 -31.0 -21.9 -9.2 3.7 7.5 13.2 83 -2.5 -6.0
60.0 Deg -8.3 35.7 45.4 27.6 34.1 9.5 - 6.2 2,0 -23.3 ~42.8 ~45.2 -29.0 - 6.4 -15.8 - 9.1 13.5 9.2 - 4.2 - 6.0
65.0 Deg -8.3 34.5 41.7 21.§ 31.3 6.4 - 4.7 12.0 -1B.1 ~46.L -49.6 -28.8 - 9.2 -33.4 -27.0 - B.&8 B.1 -5.9 - 6.0
70.0 Deg -8.3 33.6 37.8 17.0 29.1 6.7 1.2 19.3 -23.9 ~-58.6 -52.6 -25.7 -il.9 -46.3 -42.1 -9.2 4.8 -7.7 -6.0
75.0 Deg -8.3 1.8 34.2 13.4 26,8 7.8 7.B 20.4 -42.6 ~Bl.6 -57.1 -26.6 ~-15.2 -54,1 ~-54.1 -11.9 - 9.4 - 9.4 - 6.0
80.0 Deg -8.3 29.4 31,0 1.6 23.7 6.3 8.9 12.8 -64.9 -102.4 -6l.4 -24.2 -17.3 -49.1 ~-57.8 -24,7 - 6.8 -11.2 - 6.0
85.0 peg -8.2 26,6 29.2 21.0 19.8 0.6 - 0,6 - 3.7 -76.5-103.4 -58.3 -26.9 -16.4 -37.6 -53.8 -34.9 -13.7 -12.8 - 6.0
90.0 Deg -8.3 23.3 25.6 12.0 16.2 - 8.1 -12.6 ~-26.3 -69.9 -78.1 -47.1 -26.3 -13.0 -20.7 -~44.2 -4b.6 ~-19.9 -l4.3 - 6.0
95.0 Deg -8.3 19.6 22.8 13.7 13,6 -16.5 -42.0 -49.0 -48.8 -36.3 -33.4 -30.1 -10.3 - 5.0 -32.4 -46.7 -246.6 -15.6 - 6.0
100.0 peg ~B.3 15.6 19.5 15.2 12.1 -21.8 -56.8 ~-63.9 -23.3 4.9 -22.1 -34.9 -11.6 3.6 -22.5 ~-47.9 -27.1 -16.7 - 6.0
105.0 peg -8.3 11.2 15.3 15.5 10.5 -24.2 -61.6 -64.8 - 1.8 34,0 -~10.5 ~35.2 -16.5 2.6 -~16.8 -44.1 -27.1 -17.4 - 6.0
110.0 Deg ~8.3 6.7 10.0 13,7 6.9 -26.8 -54.0 -50.8 12.2 49.8 7.3 -24.7 -21.1 - 5.2 ~-15.6 -38,5 -25.5 -17.9 - 6.0
115.0 peg -8.3 1.9 3.7 9.5 0.5 -33.0 -42.6 -28.7 13.6 55.6 32.0 - 3.6 -20.2 -13,2 -16.3 -31.9 -19.8 -1B.1 - 6.0
120.0 Deg -8.3 - 2.8 - 3.3 3.0 - 8.0 -43.3 -35.1 - 8.1 13.5 53.8 54,9 19.8 -11.0 -l4.6 -16.8 -22.0 -13.6 -18.1 - 6.0
125.0 Deg -B.3 ~ 7.5 -10.7 - 4.8 -15.9 -53.4 -33.9 4.7 15.0 47.1 65.5 35.6 5.2 - 5.7 ~15.1 -12.4 - 6.5 -17.8 - 6.0
130.0 Deg -8.3 -12.1 -17.9 -12.8 -20.5 -56.9 ~-34.7 10.6 1l4.6 40.7 61,5 39.2 26.0 7.7 -11,8 -2.0 9.4 -17.7 - 6.0
135.0 Deg ~8.3 -~16.4 -24.1 -19.8 -20.5 -48,5 -30.6 15.4 21.9 40.6 S50.3 4.4 39.3 21.7 -6.7 6.0 6.6 -17.4 -6.0
140.0 Deg -8.3 -~20.4 -28.9 -25.0 -16.8 -32.1 -18.1 23.1 35.9 46.5 40.6 26.7 45.3 23,6 - 2.7 13.5 1l.4 -17.3 - 6.0
145.0 Deg ~8.3 -23.9 -32.0 -28.1 -12.3 -10.9 0.1 - 32.6 48.2 50,7 34,9 21.7 39.2 25.7 0.5 19.3 143 -17.2 - 6.0
150.0 Deg -8.3 ~27.1 -33.2 -28.8 - 9.9 6.1 17.6 40.0 S1.1 45.4 29.4 15.5 22.3 15.9 3.8 23.3 15.2 -17.2 - 6.0
155.0 Deg ~8.3 -29.8 -32.9 -27.4 -10.7 14.2 29.0 43.1 45.0 32.0 28.2 7.4 1.1 6.3 8.8 25.1 143 -17.3 - 6.0
160.0 Deg <-8.3 ~32.0 -31.3 -24.1 -13.6 14.0 33.5 43.5 38.1 20,9 18.1 - l.4 -16.4 2.8 15.2 2.5 119 -17.4 - 6.0
165.0 Deg -8.3 -33.9 -29.3 -19.8 -16.3 10,0 33.4 43.4 37.5 21.1 18.5 - 7.5 -26.3 5.8 20.7 2.3 8.5 -17.4 - 6.0
170.0 Deg -8.3 =~35.5 -27.5 ~-15.3 -16.9 6.7 3l.1 42.2 4l.9 30.3 23.6 - 8.9 -22.7 13.4 21.6 159 4.9 -17.1 - 6.0
175.0 Deg -8.3 -36.6 -26.6 -12.2 -15.5 5.5 27.0 37.1 42.6 3.9 27.8 - 5.5 -15.9 15,2 152 9.1 1.8 -17.0 - 6.0
160.0 Deg -8.3 =37.5 -27.0 -11.8 -14.0 4.7 13.9 27.2 348 3.8 27.1 1.5 -9.4 7.1 1.6 2.6 - 0.2 -l6.4 - 6.0
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Figure 3. Distribution of surface density as viewed from

the North Pole (SAQ)
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the South Pole (SAO)

Distribution of surface density as viewed from
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Figure 5. Distribution of surface density as viewed from

the North Pole (RAPP)
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