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13. THE INTERPRETATION OF THE GRAVIMETRIC SOLUTION.

13.1 Introduction.

The gravimetric solution is expressed in the form
of three components N (the separation of the two surfaces being
mapped), £(the deflection of the vertical in the meridian) and

n( the component of the deflection of the vertical in the
prime vertical), The relation between the deflections of the
vertical obtained astro-geodetically and the gravimetric solution
has already been discussed in section (11). The derivations
and relations given therein presuppose the triangulation spheroid
to be correctly orientated in space.

Further, for any comparison to be made, both
sets of deflections of the vertical should be computed on the same
spheroid. All computations made with the values of gravity
anomalies based on the international gravity formula can be
expected to refer to the international spheroid, the dimensions
and the variations of gravity over which are given in equations
(3.29) and (3.30). The parameters assigned to it (Heiskanen

and Moritz, 1967, 79) are

y =978 049.0 mgal,
© -4 -1
w =0,72921151 x 10 sec
and kM= 3,986 329 x 1020 cm3 sec

The last relation is based on the first, which.in the

case of the internatioral gravity formula, (Heiskanen and
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Vening Meinesz, 1958, 75) was based on several thousand iso-
statically reduced gravity stations. The quantities a, f, w and
kM are related by a relatively simple set of equations once the
spheroidal model has been adopted with the restriction that its
bounding surface is an equipotential, In general these formulae
which occur in many sources, for example on pages 45 et seq

of the source previously quoted may be written as

a3 0.)2 2
c = KM + O{f } s o e s e s s s s e e (13-1):
y = ye(l + ﬁsinsz +o{f2'}'3.......(13.2).
where
5 2}
ﬁ = -Z-C -f + d A (13.3).

Equation (13, 3) is known as Clairaut's theorem. The
imposition of the condition that the bounding surface is an
equipotential, of value U0 gives the latter quantity according to

the relation

v = My te o soud L (13.4).
o a i 3 3 J

The value of equatorial gravity is related to the

constants by the relation

Y, = -1-;—21‘4[ 1+f—%c + 0 {fz}}........(13.5).
Thus the dimensions of the reference spheroid
control the value of Ye and U0 and /or kM, one of which should
also be defined. In putting together the international gravity
formula, the values of a and f adopted were those of the inter-
national spheroid. The rest of the quantities were bound to-

gether by adopting the value of v for the rotation of the earth
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as specified earlier, as well as that for Yo The value of kM
given was the n calculated from these quantities, as was the

value of Uo’ given by (Heiskanen and Moritz, 1567, 80)

6 263 978.7 kgal metres ......... (13,5a).

8]

The anc?malous nature of the earth's interior makes it
impractical, at this stage, to assign a value for equatorial
gravity from direct observations for g at chosen sites on the
equator. In addition, it is not possible to assign a value for
Uo by observation unless the shape of the geoid is defined
and a value is adopted for kM from an independent method. It |
is therefore of interest to investigate the nature of the constants
used in the computation of normal gravity and assess their re-
liability. In addition to possible errors in the values of these
constants which could contribute to errors in the magnitude of
the geoid spheroid separation vector through changes in the
value of normal gravity, it is also of interest to consider purely
geometrical changes due to changes in the dimensions of the
reference spheroid. Thus, the direct gravimetric solution
needs interpretation before any comparison can be made with re-
sults obtained from other methods. Similarly, astro-geodetic
results also require precise definition before attempting compa-
rison with values obtained from gravimetry. These have already

been summarised in section (10, 2) and will now be dealt with

in greater detail.
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13.2 The effect of an error in the orientation of a triangulation

spheroid on astro-geodetic deflections of the vertical.

The definition of a reference spheroid in space
can be subdivided into three distinct operations, involving seven
parameters, as follows :~

(i) Determination of the size of the spheroid, specified by
a and f.

(ii) The assigning of three parameters fixing the origin of
the reference system and a fourth determining the orientation of
one of the axes of a three dimensional rectangular cartesian
system in space.

(iii) The evaluation of one parameter relating the rotation
axis of the spheroid to one of the reference axes.

Conventionally the reference axis system is
centred at the earth's centre of mass. In the case of triangu-
lation spheroids, conditions (ii) and (iii) are imposed by fixing
the location of the local zenith on the celestial sphere, adopting
the celestial pole as fixed in space, Astronomical determina-
tions of latitude give the angular displacement of the pole from the
the local zenith along the relevant great circle arc. This arc
length is assumed to be the co-latitude of the origin of the tria-
ngulation scheme, the longitude being given by the angle, at the
celestial pole, between this great circle arc and the equivalent
arc which constitutes the Greenwich meridian. The relation-
ship between the quantities involved can be seen in figs (13.1)
and (13.2).

In general, three possibilities arise in effecting the
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FIG. 13.1

FIG 13.2
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orientation of a triangulation spheroid. They are :-
(i) An absolute orientation is provided using a gravimet-

ric solution combined with astronomical observations.

(ii) The adoption of the astronomical determinations as
the geodetic coordinates of the origin,

(iii) The solution nt (ii) is adopted as an intermediate.
The triangulation, based on these values for the geodetic co-or-
dinates of the origin, is used, along with further astronomical
position determinations to effect an analysis on the basis that
the correct geodetic coordinates at the origin will give rise to
a set of comparisons of astronomical and geodetic coordirates
which form a normally distributed set. Such an analysis will
provide a set of corrections to the astronomical values of

latitude and longitude at the origin.

All three cases, in essence, reduce to the problem of
assigning values for the deflections of the vertical at the origin
of the triangulation scheme. In the first, these values are de-
termined gravimetrically and are adopted as the deflections of
the vertical at the origin of the scheme. If these values are to
be relevant,

(a) the gravimetric deflections must be corrected for
the fact that they refer to the international spheroid and not
necessarily to the triangulation spheroid ;

(b) the values determined must be those between the
surface vertical and the associated spherop, as described in
section (11.1). These must be corrected using equation (11.8)

to obtain values relevant to the triangulation spheroid.
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The adoption of the second alternative is equiva-
lent to forcing coincidence between the astronomical and geo-
detic zeniths. Such an action can be represented by more than
one mathematical model. A reasonable one (Vening Meinesz,
1950) is to represent the distortion vector by three linear com-
ponents (dxi, i=1, 3) along each of the axes (Xi’ i=1, 3), retaining
the orientation of the polar axis in space. This same inter-
pretation can be applied to any residual error after the applica-
tion of the third method.

This is equivalen to forcing the origin to a new po-
sition , whose coordinates with respect to the initial and true
origin are - dxi(i=1, 3), but without rotation of axes, The resul-
ting changes in the curvilinear coordinates of points on the earth's
surface could be expressed as as change:x A% and An in the com-
ponents of the deflection of the vertical in the meridian and prime
vertical respectively together with a change AN along the verti-
cal,

Thus, at any point P( @, » ) in the triangulation network,
based on the origin at Po( ¢O, ?\O), such that the ) axis ig the
‘intergection of the equatorial plane and the meridian plane
through P, the linear changes ( 8N, & E) in position in the
north and east directions due to changes in the deflections of
the vertical, assumed positive north and east are given by

5N =-p AE(L + % ) e (13.6)

and  om Ly an(1+ Jh) e 130T).

The above equations are related to the changes dxi
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(i=1, 3) by the equations

-0 AE1 + "?) = dx cos{li--dx1 sin¢cos(ko-X) -

3

- . . - }\
dxzsm¢s1n( AO ) ...(13.8),

~vAn(1 +-z—l-) = dxl sin ( )\o-)\) - dx COSQO‘ A) ..(13.9)

2

and
= ; - in{ A=A
AN dx3sm o + dx1 cos P cos() o A )+ dxzcos # sin( o )

chrerer s e e (13.10),

The above equations, on evaluation at the origin,

give, using the suffix o to represent the relevant values, give

h
- poA«E‘O(l +—p—:) = dx,cos ¢O - dx, sin ¢O ...... (13,11),
ho
=V AN 0(1 +;—) = - dx2 ...................... (13,12)
o
and
ANO = dx3s1n (bo + dxl cos ¢0 .............. (13,13)
Thus, ho
dx, = p o Ago(l + —p—o) sin (I)O + AN _cos ﬂo...(13.14),
ho
dxz = \)o Arb( 1+ "'\:'; ) ....... “ s s e s e 0 v s s e (13. 15)
and ho
= = A - i “« 0 e 301 -
dx, oo Eo( 1+ 00) cos ¢O + ANO sin 7)0 (13,16)

h, in equations (13.8) to (13.16) refer to the elevation

of the earth's surface above the spheroid at P. Substitution
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for dxi (i=1, 3) in equations (13.8) to (13,10) from equations
(13.14) to (13.16) gives

h

h, o, I . . ]
-pA£{1+p ) = ~p 0A50(1+DO)LCOS ¢ocos¢+s1n (bosm ¢cosA§
ho
- —) si inAx  +
v An 0(1+v ) sin @ sina
o
-
i - si A):"... 13.17),
+ANO{.sm ¢Ocos¢ cos ¢O n P cos | ( )
h ho
-vAall+ F)= P B8 (1 +—) gin P sintr -
o o o o
o
ho
vohn 0( 1+ —\)—) cos AX +

(o]

+ AN cos § sin 82 |, ............(13.18)
o] o]

and h

AN =0 08 (1+ —2) | - ginfPcos @ + sin ® cos Pcoshh|
o o % . o o) ’i
+vé\no(1+-—;,-2)cos¢sin AN +
O

3

-,

"o . |
+ ANof_ sin § sin f_ + cos 9 cos § COSAA |
ou-lu-o-nv(13019))
wherel) , in equations (13.17) to (13.19) is given by

A)\=>\O-)\.

As AEO, An . and ANO are unlikely to exceed 1 in
5., . . X . .
10" in all but mountainous regions it would suffice to ignore the

L

effect of the elevation terms which are of order 1 part in 103 or

less, for most practical purposes. Equations (13,17) to (13. 19)
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in the physical surface of the earth - spheroid separation veCt-
or.arising from changes in the orientation at the origin of the
triangulation spheroid and can be utilised to give the changes
in the deflections of the vertical at individual triangulation sta-
tions for a specified set of changes in the geodetic coordinates
at the origin. Any attempt at comparison of astro-geodetic
deflections of the vertical with those obtained gravimetrically
will require the introduction of three correction parameters
for orientation errors at the origin before any comparisons can
be made. Conversely, given a triangulation spheroid whose
orientation is arbitrary, observation equations could be set up
for the comparison of astro-geodetic deflections of the vertical
computed on the erroneously orientated reference figure with
those computed gravimetrically, a simple least squares solu-

tion of which should give the orientation corrections at the ori-

gin,

13.3 Changes in the values of the deflections of the vertical due

due to changes in the dimensions of the reference spheroid.

This problem is a purely geometrical one. Given a set
of deflections of the vertical on a reference spheroid which has
been correctly orientated, if necessary by the application of equa-
tions (13.17) to (13.19), it is required to find the relation speci-
fied by the heading of this section. If the values of the deflections
of the vertical obtained from a network of triangulation and/or

geodetic traversing are £ i andn i (i=1, n), the corrected values
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after allowing for any orientation error ( gt » Ny (i=1,n)
i i
are given by
= A i= PRI & - A
Et. £i+u£i.,1.1.,n (13, 20)
i
and

nti n; +Ani ,i=l,n ..., ... (13,21),
. where £ i " (i=1, n) are given by equations (13,17)
and (13.18) respectively. Further corrections AE a’ And.
(i=1, n) have to be computed for correcting astro-geo&etic def-
lections from the triangulation spheroid to the international
spheroid. The final values of the astro-geodetic deflections

of the vertical ( EC , nc (i=1,n) ), given by

i i
€C = E’t +A€d , I=l,n ......... .. (13,22)
i i i
and
neg = U + An 4 i=l,n ........... (13, 23),
i i

can be compared directly with gravimetric values
computed for the physical surface of the earth - telluroid sys-
tem, after the latter have been corrected for the effect defined
in equation (11, 8),

If the equatorial radii and flattenings of the triangu-
lation spheroid and the international spheroid are (at, ft) and

(a, f) respectively, related by the equations

a = a, + da o, veee..(13,24)

and
f=f + d ......... N (13, 25),

the relation between the points on each spheroid which
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vertical

P Earths' .
surface

international
spheroid

M Triangulation

spheroid

’x;

FIG 13.3
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Pi and Pt which represent the point P on the earth's surface

is shown in fig (13, 3). Pi and P_ are defined as those points

on the international spheroid and tthe triangulation spheroid,
respectively, whose normals pass through P. If §, with the
appropriate suffix, refers to the geodetic latitude and the use
of the suffix m with latitude refers to geocentric values, it can
be seen that the changes da and df do not affect the component
of the deflection of the vertical in the prime vertical so long as
the spheroid centres and rotation axes coincide, as changes in
the dimensions of the spheroid, which is a solid of revolution,
do not bring about a differential positional displacement in the

prime vertical as the plane NtNiP lies entirely in the meridian

at P. Thus

And =0 ."‘Q.D.lll.‘....'l'.(13’.26).
The required correction Agd in fig (13,3) is
given by
AE = & - = - -
d c t (¢i ¢t)
= -d¢ -oootaourotc--tco-o-t-qo(13-27)¢

As df is unlikely to exceed 60", the assumption that
the spheroidal arc PiSL is parallel to the arc Ptnm is valid
to 1 part in 3000,

Pm = df h

t t
If hi is the spheroidal elevation of P with respect to the inter-

and is unlikely to exceed 3 metres.

national spheroid,

.= h +N et re e e e eee....(13,28),
i o}
where hO is the orthometric elevation and N the
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geoid - spheroid separation, obtained gravimetrically.

Ptm = dp ht= Ptn+nm = d{b(hi+dN)
= d¢m OP‘t+ (¢i "¢m.)dN 0.v104'.t(13029),
i
where
dN = h ~h. ...t eeneennen Cerv e (13.30),

The geodetic latitude is related to the geocentric value
by the relation (Bomford, 1962, 496)
(1 -ez)tan p = (1- f)z tan 9.

tan p =
m
Thus, 3 tan § - tan ¢m
- {f7.} = - HIE
(0 ¢m)+ ot tan (# ¢m 1+ tan ftan §
m
2 -1
= sin P cos P2 -f)[1-£(2-f) sin“p ]
= f sin 2¢—%fzsin 2P(1 - 4sin2¢)
(13.31).

@ = P, " ¢m.'
t i
The use of equation (13, 31) in this expression
gives
b = 9 -9 -fsin2g +2tsin2p(1- 4sin’P)+
m t 1 t t 27t t t
. 1 22 df .
+(ft+ df)(gin 2¢t + 2df cos 2¢t) -3 ft (1 + ZT)( sin 2¢t +
t

+ 2 dpcos 2¢t) - 4sin2¢t- 4 df sin 2¢t}+ of 10"10 }

Further simplification gives
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dfbm = - df + df sin 2¢t + thd¢ cos 2¢t - ftdf sin 2{0t -

2 . . 2 2 . 2
- ft dpccs 2¢t+ 4 ft df sin 2¢ts1n ¢t+2ft df sin 29)t

+ of 10'10} ... (13.32).

Further,
OP, =v (1-e2 in2¢)
t 7 ¢ S b
= at(l-ftsm ¢t) cesreeianiieiael(13,33)
Thus

: 2 2
= - i { i
d{I)meP,c d¢mxa(1 ftsm ¢t+ o} )......(13,34),

From fig (13.3), it can be seen that

( vt+hi+dN)cos ¢t= (vi+hi)cos ¢i ....... .(13.35).
-1
As v =a(1-e2sin2¢) 2
= a(1+fsin2¢ +o{f2} ),
., 2 2} .

v. - v =da+adfsing +o {af? ........... (13, 36).
i t t t

Thus

. 2

(vt+hi+dN)cos¢t-(\%+da+atdfsm ¢t+hi)(cos {bt-

- dfsin ¢t) , from which
dN = da + a, df sinzibt- 1;d¢‘can ¢t + of afz}

cveeen ...(13.37),

The use of equations (3.37) and (3.31) gives
2. .
dN ( ¢i - ¢mi) = (da + a,df sin ¢t - td¢ tan ¢t) Cftsm Z¢t
: L2 a2 5
+ df sin 2¢t ; £, sin 2¢t (1-4sin ¢t) + 2 ftd¢ cos 26,

-4 ftdf sinszts in 2¢tz + 0 {"_0_9}
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| . . 2
dN(¢i - ¢mi) = da ftsw 2¢t + atftdf sin 2¢tsm (bt -

- , 4
- vtftd¢ tan ¢t sin 2¢t +oqaf 3 ....(13.38).

Dropping.the suffixes and substituting from equations
(13.32), (13, 33); (13.37) and (13 38) in equation (13.29),
df (b + N + dN) = a (1 - £ sin' 29 - ¢+dfsih2¢+2fd¢cos 20 -
—fdfsm2¢+4fdfsm2¢sm ¢)+
+dafsin2¢+afdfsin2¢sin $- vidp ..
L . tan @ sin 29
dg(h +N+dN)— -ad¢+adfsm2¢+afdf(— sin 20 -
- sin 2§ sin ¢ + 4 gin Z(I) sin ¢ + sm 29 sin ¢) +
+afdp (2 cos 26 + sin ¢ - 2 sin ¢) +
+fda sin2p +o {af°} .
Re-grou~ing the terms and simplification gives

dg(1 +_11+E+_c_1_N__ - f(2 cos 29)- s1n¢ = df sin 29 +

+fdfsm 20(4 sin ¢- 1)+f(-i-—s1n 20.

Thus ' . 2
dp = df sin 29 +fdf(4sin2¢ sin ¢+Zcos 20 sin2¢- sin 29 -

-s1n2¢s1n$)- Est{b-ﬁf%—smM%—o f4
=df sin 20 4+ f d? sin 29 - df -; sin 20+ f df sin 29 (3 sin2¢ +
4+ 2 cos 2¢-,1,)+¢,{f4} .......... ... (13,39),
Tp obtain a suitable working rel ationship, consider
likely figures for a,c and { " In Australia, the parameters of the
triangulation spheroid, called the Australian National Spheroid

are (Lambert, 1967, 4)
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a=6378 160
and f=1/298.25 = 0,003353
The combination of equation (13. 40) with equations
(13.29), (13.24) and (13.25) gives
da = 228 metres
df = 1.41 x 107"

Thus dff is of order 10‘.5 radians which is equi-

o--.on-boon-coo-oov¢(13.4l)c

valent to a maximum value of 3" of arc or less. The other
terms are two orders smaller but should be considered for the
sake of completeness. Thus, the complete expression for
BE 4 is, from equations (13.27) and (13, 39)
(rad) . da . h
bE 4 =—dfs1n2¢-f—;—sln2¢ +df;s1n2¢+
2
+ 2fdf sin 20 cos™§ ...... (13.42)
Thus the final expressions for the deflections of
vertical obtained from astro-geodetic methods and compara-

ble with values computed from gravimetry are
(met)

g, T £t AE - 0''100017 h sin 2¢ +A€d

e, (13, 43)

and n C = n+A'n ccn.vonalaa’oco:ol-(13-44)’
where A&, An and AE are given by (13.17), (13,18) and

d
(13.43) respectively,

In the above derivation it has been assumed that the
deflections of the vertical computed from gravity anomalies are
specific for the chosen reference spheroid used in the computa-
tion of normal gravity. This requires a study of the changes

in the values of normal gravity and associated gravitational
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constants due to changes in the basic parameters. Further, it
is necessary to study the effect any inaccuracies in the values

adopted for the physical constants have on the computed figure.

13.4 The effect of changes in the parameters of the reference

spheroid on normal gravity,

The equations which relate the gravitational
properties of a rotating spheroid of given parameters a and f,
in terms of the physical constants of the earth, are set out, to
the order of the square of the flattening, in equations (13.1) to
(13.5). Consider the effect of changes da, df, and d (kM) in
a, f and kM respectively on these formulae. If the resulting
changes in ¢, B, Ye and Uo are dc, dp, dYe and dUO, the quan-
tities defined above are related by the equations

C{ 3da _ dkM) -

= L et ineenens e (13. )
dc A Y, ’,{ (13, 45)
5
dﬁ - ch - df IR RN e e o s s e --a'(13046)’
"d(k M) da 3 :
= ———l, - 2 o=
dy, Vel SM — +df-Sde 1...(13,47),
- ’Y N -
dy= v ;g-—-e+df3 sin2¢ b ....(13.48)
and e ;E(k ) - 'l‘ ) \
dU;= Uo ’{._——k—ﬁ -'Z--i-'gdf +§'dcl ...(13,49).

If d(kM) = 0, the above equations will represent chan-
ges in the dimensions of the reference spheroid, as expressed
in equation (13.41), but with different signs as the new spheroid

will be the smaller one. As the magnitude of c¢ (heiskanen
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and Moritz, 1967, 80) is given by

c= 3.45% 10> N & 1= -1 0

dc =~ -3x 10"7 and can be ignored when considering
the magnitude of terms in the evaduation of the other changes,
The change in Y, is of order 60 mgal. The values of normal
gravity change from approximately 60 mgal on the equator to

70 mgal at the poles. Thus the change in the dimensions of

the reference spheroid produce very definite changes in the
values of the gravity anoma? ies. These changes are syste-
matic in nature and will hence have decided effects on the geoid-
spheroid separation as well as on the deflections of the vertical.
As such changes are due entirely to the change in the dimensions
of the reference spheroid, they can be related directly to chan-
ges in N, £ and n described in section (13.3).

The relevant changes in the gravimetrically
determined deflections of the vertical on changing the spheroid
of reference from the international spheroid to a chosen trian-
gulation spheroid are given by equations (11.21) through(l1, 23),
where A gp is replaced by the value of -d ¥ » computed by the
use of equation (13.48). The resulting values cg and c¢ N
are primarily given by the use of the appropriate value of - d vy

in the Vening Meinesz integrals which form the second summa-~
tion in equation (10, 28).
It can be seen from equation (13.49) that a change in

the parameters of the reference spheroid as set out in equation

(13.41) increases the potential of the bounding equipotential by
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approximately 200 kgal metres. This draws attention to the
fact that the surfacebeing mapped from the reference spheroid
is not necessarily defined without ambiguity. Brun's theorem
set out in equation (3.13) is based on the potential of the re-
ference surface equalling that of the surface being mapped.
As the potential of the geoid is not known, there is no necessity
for thie value ta be egual to that defined for the international
spheroid by the adoption of the value for egdatorial gravity set
out in section (13.1). If, on the other hand, it is not desired
to impose the limitation that the potential of the geoid must
equal that of the adopted spheroid of reference, it will be
necessary to re-examine

(a) the derivation of the expression for N in equation
(5.14) ;

(b) the relation between the height anomaly and the dis-
turbing potential,

for consistency when the potential of the reference

surface is not equal to that of the geoid. This is developed

in the next section.

13.5 Changes in the physical constants of the earth and their

effect on normal gravity.

The two independent physical constants which
influence the value of normal gravity are the angular velocity
of rotation of the earth (w) and the constant k M. The former -

only influences the small order term c¢ and can be considered
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to be free from error. The value of kM adopted for the inter-
national spheroid is given in section (13.1). More recent
determinations of this constant, set out in table (13,1) indicate

that this value is in error in the fifth significant figure,

P Value of k
ree x 1020 ¢m sec™?
1. International Spheroid 3. 986 329
2. International Astronomical 3. 986 03
Union (Fricke et al, 1965, 65)
3, Ranger series lunar probes 3. 986 013
(Rapp, 1967, 591)

TABLE ( 13.1)
Values of the constant k M

The value of kM used in the international gravity
formula is a derived quantity, based on isostasy (Heiskanen
and Vening Meinesz, 1958, 74). The continuance with the
use of the international gravity formula (ibid, 76) is based on
the fact that the present world wide gravity network is based on
the so called "Potsdam" datum which is generally held to be
about 15 mgal too high. The present value of equatorial gra-
vity is also based upon this datum and hence it is accepted that
gravity anomalies computed from the international gravity
formula are adequate for all geodetic purposes. From equation
(13.47) it can be seen that a change in equatorial gravity is

tantamount to a change in the value of kM as the effect of a
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change in dc is about three orders smaller,
It is instructive to study the effect of changes in

(a) the value of kM ;

(b) the dimensions of the reference spheroid and

(c) both the value of kM and the dimensions of the re-
ference spheroid

on normal gravity. Equations (13.45) to {13.49) were

programmed using the following changes in the parameters
of the reference spheroid and kM from those of the international

spheroid, as set out in equation (3.29) and section (13, 1),

da = - 228 metres
df=-1.41x107°  .......... ... (13.50)
dkM) = - 3.14 x 1016 cm3 sec_z.

These figures are equivalent to changing the re~
ference spheroid to that adopted by the International Astrono-
mical Union and hereafter called the I1.A.U. spheroid and
accepting kKM = 3,986 015 x 1020 cm3sec—2. The
results are set out in table (13,2). The first column gives
the change in normal gravity if all the above changes were ta-
ken into account. This would be very nearly, but not quite
offset by the change of nearly - 15 mgal due to all values of
observed gravity being in need of a correction for datum error
in the value at Potsdam. Estimates of what this change should
be are embodied in table (13, 3).

Nevertheless, the acceptance of the international gra-

vity formula for geodetic calculations would undoubtedly give

rise to a systematic effect in the value of N computed using
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Latitude Change in normal gravity (dy )
( deg ) ( mgal )
da; df =0 d(kM):O

0 - 20.9 - 77.0 56.0

5 .~ 20,8 - 77.0 56.2
10 - 20.5 - 77.0 56.6
15 - 20.0 - 77.1 57.1
20 - 19.3 - 77.1 57.8
25 - 18.5 -77.1 58.6
30 - 17.5 -77.2 59.7
35 -16.4 - 77.2 60.8
40 - 15,2 - 77,2 . 62.0
45 - 14,1 - 77.3 63.2
50 - 12.9 - 77.3 64.4
55 - 11.7 - 77.3 65.6
60 - 10,6 - 77.3 66.7
65 - 9.7 -77.4 67.7
70 - 8.8 - 77.4 68.6
75 - 8.1 - 77.4 69.3
80 - 7.6 b - T77.4 69.8

. 85 |- 7.3 ; -77.4 1 70.1

TABLE (13.2)

Changes in normal gravity due to changes in the parameters

and/or the physical constants of the reference spheroid .
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Estimated change in
Source Potsdam datum
ng (mgal),
1. Heiskanen and Vening Meinesz |from - 101to ~ 15
(1658, 152)
2. Bomford - 14
(1962, 337)
3. Mueller and Rockie - 13.7
(1966, 126G)
4. Heiskanen and Moritz - 13
(1967, 152)
5. Rapp - 13,7
(1967b, 21)
6. {Zdy cosp)/(Z cos §)
(col (1), table (13.2)) - 17.1

TABLE (13, 3)

Estimates of the correction necessary to the present

value of the Potsdam datum.

anomalies computed on such a reference figure. Test calcu-
lations carried out for the South Australian region showed that
the magnitude of the effect, in the case of the changes descri-
bed in column (1) of table (13.2) are not negligible. The use

of the correction (¢ Ag), given by

cAg = ng-dy Seeas i seannss (13.51),
where ng ig the correction necessary to the Pots-
dam datum and dy is given by equations (13.45) to (13, 49)
and equation (13,50), will give the correction to the free air
geoid obtained with reference to the model provided by the

international spheroid and the international gravity formula
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when used in the Stokes and Vening Meinesz integrals. The
resultant free air geoid will be related to the I.A.U. spheroid
on the basis that the value of kM adopted by the I,A .U, is
correct. Such a computation should give zero correction.to
n due to the nature of the changes in dy and was used as

a test of the formulae used in the computations to ensure that

(a) the programming was free from error and

(b) the programs meshed without serious errors.

The values of the correction (cn ) to n seldom
exceeded 0002 and hence have not been included in table
(13.4). The contribution of each of the programs to the effect
is shown in the case of three random points in the region, They
can be considered to be typical. {lee table (13.5)

There is little doubt that the international
gravity formula and its associated spheroid cannot be used
for reliable geodetic calculations. It should be noted any
attempts to perform geodetic orientations using gravimetry
must be preceded by a conversion of standard gravity anomalies
into anomalies on an acceptable spheroid. No large scale
revision of gravity data is necessary, however, as the calcu-
lation of dy can be performed simultaneously with the standard
separation vector calculations. It is also necessary to correct
all values of £ wused in the computation of the correction £ .
(i=1,2) as well as the gravity anomaly used in this expressi&n
when evaluating equation (11.22) in determining surface deflec-

tions of the vertical.

In preparing table (13.4) and in all subsequent calculations
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Corrections to the iree air geold
International spheroid to I.A.U
Latitude’ spheroid
( deg N) N c i
(met) (sec)
- 26 12,38 - 2.24
- 27 11.16 - 2,31
- 28 9.91 - 2.36
- 29 8.62 - 2,41
- 30 7.30 - 2.46
- 31 5.98 - 2.52
~ 32 4.60 - 2.56
- 33 3.21 : - 2.60
- 34 1.80 - 2,64
- 35 0.39 - 2.67
- 36 -1,11 - 2,71
- 37 - 2,60 - 2.74
- 38 - 4.06 - 2.76
- 39 - 5,51 - 2.78

TABLE (13, 4)

Corrections to the free air geoid on changing the parameters

of the international spheroid to those of the I.A.U. system

and adopting ng = - 16 mgal,

the value of the correction to the Potsdam datum
( ng) was assumed equal to - 16 mgal. This is probably

a trifle large and due to the uncertainty regarding the exact
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Latitude - 27° 00" - 37° 00

o t O 1

Longtiude 131° 00 138° 00
Contributions! N T c N o]

c c
by program | (met) E(sec) lsec)| (met) Esec) (Sec)

STOKIN 0.43}|- 0,111}~ 0,088} 0,07|~- 0.045 {- 0,014
STOKNE 2,07~ 0,060 0.068! 0.24 - 0.162 0.018
STOKMD 4,33 0.502{ 0.010{ 0.91 |- 0.550 |- 0,001
STOKUT 14,33 |- 1,633 0.009 |- 3.82)~- 1.980 |- 0.002

Total  11.16{- 2,306~ 0,001 |- 2,60|~- 2.737 | 0,001
H : i i 8

TABLE ( 13.5)

Contributions of the various regions to the corrections to N, §

and n on conversion of the free air geoid from the international

spheroid to the I.A,U, system.

correction to be made, it was decided not to investigate the

matter further.

A study of the third column of table (13, 2) shows that
changes in the dimensions of the spheroid of reference only
cause large changes in the values of normal gravity which
are definitely systematic in nature., This implies that the
choice of a spheroid of reference has a precise meaning in
gravimetric geodesy notwithstanding the spherical approxi-
mation used in the evaluation of the boundary value problem.
Thus equation (13, 42) must be equivalent to changes in the

quantities computed using equations (11,10) and (11, 21)
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using the correction c rg’ defined in equation-{13,51) with
d(k M) = 0, The computation of this effect over the South
Australian region in the case of N and £ is set out in
columns (1) and (2) of table (13.6). The value of the same

correction computed from equation (13, 42) is given in the

Effect of change of spheroid
Latitude Gravimetry Geometry
(deg N ) N S itq
(met) - & (sec) (sec)
- 26 14,1 - 2.21 - 2,32
- 27 12,9 - 2,24 - 2,38
- 28 11.6 - 2,28 - 2.44
- 29 10,4 - 2,38 - 2.50
-~ 30 9.1 - 2.42 - 2.55
- 31 7.7 - 2,48 - 2.59
- 32 6.3 - 2.54 - 2.65
- 33 5.0 - 2.59 - 2.69
- 34 3.6 - 2.65 -2.73
- 35 2.2 - 2,66 - 2.77
-~ 36 0.7 - 2.68 - 2.80
- 37 - 0.8 | - 2.70 - 2.84
- 38 -2.3 - 2.76 - 2.86

TABLE (13, 6)

The comparison of changes in the deflections of the vertical

on change of reference spheroid from the international spheroid

to the I,A.U. spheroid as obtained from gravimetry and from

geometry.
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third column of the table. The value of the deflection obtained

from gravimetry is that for the free air geoid only, being

tg

The resulting quantities are systemati-

the result of using the modified value of ¢ , in the Vening
Meinesz integrals.
cally smaller than the equivalent quantity computed from equa-
tion (13.42) due to the fact that the effect of the changes in the
value of the meridian component of the deflection on change of
spl;leroid', on the latter through the term & o’ defined in equa-
tion (11.22) , haS not been considered. Férther the magnitude
of the contribution of each of the terms participating in the
summation, as set out in table (13, 7) also accounts for the
rather irregular comparison error, the spherical approxima-
tion showing in the third significant figure due to the magnitude

of the anomaly corrections involved,

1
Latitude - 28° 00 - 34° 00’
Longitude 131 200 1240° 00'
Contributions N £ n N £ n
by program (met) (sec) (sec) (met)] (sec) (sec)
STOKIN - 13,01.°2,407 2.688 W 12.76.| 2.262 2.797
STOKNE - 65.21 |-1.865 |- 0.748 |- 62.46}|- 0,724 0.560
STOKMD -HK2,67]- 0.341|- 1,001 - 142.79} - 0.762}- 1.814
STOKUT 232.46{- 2.478| - 0,905} 221.61]~ 3,428~ 1.543
Total 11,571~ 2.277 0,034! 3.60]- 2,652 0.000

TABLE (13,7)

Contributions of the various regions to the corrections to the

separation vector on change of spheroid considering the free

air geoid only
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Thus na geometrical consistency is possible from
geodetic gravimetry if the international gravity formula is used
for providing values of normal gravity, If it is desired to
refer the free air geoid to the international spheroid itself, it
will be necessary to correct normal gravity by approximately
- 77 mgal before computing the relevant gravity anomaly.
This is a pointless exercise as all available evidence points
to this not being the spheroid of best fit. /& pointed out earlier,
there is an internal consistency within the international gravity
formula model due to compensating errors but these errors
do produce a very definite systematic error in any geodetic
determinations.

The change in potential of the spheroid of reference due

due to the three combinations of changes considered in table

(13,2), are set out in table (13. 8).

Case . dUO (kgal met)
1. All variations considered -~ 298.9
2. da, df = 0 - 493,5
3. dAkM)=0 194.,5

TABLE (13.38)

Changes in the value of the gravitational potential on the

reference spheroid due to changes in definitive parameters.

While the walue of the potential on the reference
spheroid never appears to come into geodetic calculations, its

exact magnitude is of the utmost importance in the derivation
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of Bruns' theorem, set out in section (3.3), which assumes that
the surface to be mapped has the same potential as the reference
surface, on a point to point basis. This is an assumption that re-
quires very close study in view of the large changes in the value of
the potential of the reference spheroid due to changes in the values
adopted for the parameters of even an internally consistent system

such as that giving rise to the international gravity formula.

13.5 _The zero order term in the separation vector,

Four decisions have to be made in attempting to
choose a reference system for the definition of normal gravity (y)

in the evaluation of gravity anomalies.

(i) _The choice of a reference model.

A model must be chosen for the stratification of
matter within the reference figure. In view of the asymmetry of
the existing topography with respect to the ocean areas and the lack
of any associated precessionary effect on the earth's axis of rota-
tion, it is reasonable to assume that isostasy prevails in a general
sense though there appear to be some systematic departures from
the isostatic model (Jeffreys, 1962a, 174). Seismological evidence
seems to indicate, to a first order, that any stratification of the
earth's crust occurs in accordance with the model postulated by Airy
(Heiskanen and Vening Meinesz, 1958, 135). Thus a reference
spheroid affords an acceptable figure provided it has the same

mass as the existent earth and the same volume as the surface
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being mapped.

(i) Choice of the values of a, f for the reference spheroid.

On accepting the model at (i) as resonable, the second and
third decisions concern the dimensions of the reference figure.
The I.A.U. spheroid was initially postulated by Kaula from
an analysis of a combined solution using astro-geodetic, gra-
vimetric and satellite data (Kaula, 1962, 93). The choice of

this reference spheroid is discussed further in section (15.4).

(iii) A value for k M.

There are no assumptions involved in the techniques.

used for the conventional determination of kM as can be seen
from McCullagh's theorem (Bomford, 1962, 393). It would
appear that any determination of kM on the basis of surface
gravimetry, from the present state of incompleteness in the
field and lack of detailed stratification studies, is unlikely to
be very satisfactory. The extent to which the exact value of
kM influences investigations can be gauged from the extent of
the changes which occur in converting from the international
gravity formula system to the I.A.U. system. While the
change in the gravity anomaly is less than 10 mgal, that in the
potential of the reference spheroid is approximately - 309

kgal metres.

Thus it is necessary to re-examine all derivations to

ascertain the effect of not assuming the potential of the geoid

(Wo), which is not known, equal to that on the reference sphe-
roid (UO). By virtue of the defined parameters of the latter,

U0 is a known quantity which, in the case of the I.A,U. system,
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is given by

U = U + dU

° ®(Int. Sph) °

= 6, 263, 978.7 -~ 298.9 = 6, 263,680 kgal met.
(13.52),

----------

where the value for the international spheroid is taken from
Heiskanen and Moritz (1967, 80) and the correction dU0 from

table (13.8). Re-examination of Bruns' theorem, using
equation (3.12), gives

= ~U . +h. Yo' ... 13,53),
VD WP UQ+hDPYP (13.53)

the points 5 and Q being defined’in fig (3.2), In the earlier
expression , Q was defined as the point in space which, on the

reference system, ' had the same potential as that of the exis-

tent system at the point P'". In reality, this definition is unac-

ceptable in an absolute sense as the potential of the geoid (WO)
is not known. The foundation for the acceptance of the state-
ment quoted is that the potential of the reference spheroid is
known,along with the difference in potential (A W) between sea
level and the point P. This estimates the potential of P (

E{ Wp } ) according to the relation

E{WP}z U +aWw B & = TP
The point Q is assumed to have the same difference in
potential with respect to the spheroid as the point P above the
geoid. For practical purposes, this is interpreted as Q ha-
ving the same elevation above the spheroid as P above the

geoid. This is not strictly true as no matter is located in the
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region considered outside the reference spheroid on this sys-
tem while such matter does exist for the existent earth. There
would, in reality be differences of up to 10 metres in the two
linear distances involved on the basis that the earth is isosta-
tically compensated, for linear elevations upto 2000 metres

above the geoid. By definition,

U = UO+ AW ...l «ee...(13,55),
Q
Conventionally, E WP is used instead of WP in the de-
rivation of Bruns' theorem. In reality,
= A chreeseracianan (13, .
w5 W+ AW (13.56)

Thus, accepting the definition of the telluroid with-

out any change,

\'4 =W -0, +h v o .........
DP o) DPP

irrespective of the location of the point P,

(13.57),

This relation will also hold on the geoid. Thus equation
(13.57) relates a point P on either the earth's surface or the
geoid to a point Q on the reference system such that both points
have the same difference of potential with respect to the re-
lated reference surface.

Equation (3.18), relating the gravity anomaly to
the disturbing potential, still holds and equation (3. 20a) can,

in the light of equation (13.57), be(re-written as

© BVD 2 {LVDP- (Wo- Uo)}\;
tgp =-_3p * R "{..(13.58),

where errors of up to 3 mgal can be introduced into the
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value of 4g if the anomaly was computed using el evations in-

stead of geopotential in cases where the station elevation could

be as large as 2000 metres.
Bruns' theorem and the expression for the gravity

anomaly enter into the derivation of the Stokesian term in more

ways than one. The chief concern is the existence of a zero

order term in both the gravity anomaly and the disturbing po-

tential . On the other hand, by virtue of the assumption that

the reference spheroid has the same volume as the geoid, the

separation (N) between the geoid and the spheroid must have

zero mean on world wide summation. As these conditions

are essentially zero order conditions, they do not appear to
have any effect on deflections of the vertical and hence, atte-

ntion will be focused on the expressions for the height anomaly

(hD) and the geoid spheroid separation N.
The first occasion on which equation (3.16) is used

is in the evaluation of N. v V_, set out in equations (4, 13)

D
to (4.17). The replacement of BVD/8x3, using equation
(13.58) gives ‘
- ; . oV
- o ag -2y L5 I
.7 Vp=cosp|-dg-2i5n|Vp - Z o, tan B, +

] : ~
v 2 iﬂi(w -U ) | ....(13.59).
vy ! oh o "o}
The combination of this result with the replacement

of VD by the use of equation (13.57) in equation (4. 21) gives



20 A
e W -U D W .U
h - P_ o o __1 ;; cosp;_a__Y_‘ o OdR+
DP Y Y 2ay d'“:R Y i9h; r
1 P o11oy! cos B | 1)
S A v =
+2wy‘;JRz Y13 ’ r FioN r} Yp *

1 }
+ og - y(&tan B + ntan B,) ;C—Ori—ﬁ }dR..(l3.60).

Adopting the spherical approximation utilised previously
in solving the above equation in the case of the geoid - spheroid
system, the use of equation (5.9) and the subsequent discussion,
in the case of the first integral on the right hand side of equation

(13.60) gives

2 P =47
o 1T,
! ¢ H
2 LA o y 0h r
~ATo2m
RZ | W-U
= = L 2 S 00 iy v e
"m o " P m sin 2
WO - Uo
= 4 TTTT—— L N I I N B S R 0-0(13061)’
Y'm

where da is the increment in azimuth. Equation (13.60),

on lines analagous to the derivation of equation (5. 14), reduces

to c=4T

2¢e W -U R i (3v_. +
P o) le) m i D
N = -5 Y + p i
‘“‘Y 0;

+ ZRAgO)% do .....(13.62).

The relation between VD and Ago is derived on lines
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similar to that adopted in section (5. 2) with the exception that
the expression for the disturbing potential has a zero order

term. Equation (5.29) becomes

AO o A

- n

VD = R + n2=2 1 cieeaeenee..(13,63).
R

v, A A

— =z -e— - ¥ (n+l) — verneesea. (13,64).

From equation (13, 58),

AO o (n-1) An W0 - U0
A == + B ——————= 4+ 2- .
2 =
o) R n-z Rn+2 R
The revised expression for F, defined in section
(5.3), is
Ao w An
F :—R— +ri2 (2n + I)R_"‘n+1 +4(WO-UO)
- -Rgs + zrBEL o 5 Law -U)..(13.65).
00 p=2 n-1 nm nm o] o)

In the preceding derivations, the first order terms, by
definition, still remain zero for exactly the same reasons as
those set out in section (5.2), being functions of the reference
coordinate system and permits interpretation as the reference
spheroid being centred at the centre of mass of the existent
earth. Thus, proceeding ‘on the same lines as adopted in the

derivation of equation (5.41),

»\0'24'"
: ¢eP Wo U R : { Rmm
N, = -5 + L =g do+
P Ym Ym 4“Ym o R %o
R . o=4n o p o otl Aw -U) )
N m_ 3 ]52n+1‘ m | ( ) do + o 4o
4 7Y n=2 }* n-11 R ,g Mg Py COS V) do X r
m A (13.66).
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The first integral on the right hand side of the above equa-

tion, on evaluation in the limit, as R+ R_, gives
m

- oMm
T By rrereeeecieniins eee..(13.67),

where B’g"o is the mean value of Ago over the globe.
The new term in the second integral can be treated indepen-

dently of the rest of this integral, and in the case of the spheri-

cal approximation, reduces to

2’\'" I"Z'ﬂ'
R | 4UW_- U )
{
amy | | ZR_singy SV d ¥ de

0v o
WO_UO

= 4 Ceeseeeaiaeea ...(13,68).

Ym

Thus, the fundamental equation for the determination -

of the separation of the geoid and the spheroid becomes

2 ¢eP Wo - U0 Rm Rm {U:‘m
N_ = - - TAE t ——— Fof(w)
P Y m Ym "' m °© 4 ™n o
Ago de ...... (13.69).

The final solution (Np ) can be expressed in the
F

form

N = N + N cetestansnun ... (13.70),
PF PC P

where NP ig the quantity defined by equations (5. 60) and
(5.61). In the case where the calculations are made with res-

pect to the international gravity formula, the corrective term

N is made up of two constituents, one of which is a zero

Pc
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order term (NPO) and has no variation with position. The
second term (NPP) is position dependent, arising from cor-
rection terms to normal gravity as computed on the interna-
tional gravity formula system to obtain the better represen-
tation afforded by the I.A.U. system. NPo is given by

W -U R
O O i

- __m— ) ;
Np = » —— Thgt dgp - dv [ ... {(13.71),
o m m

where ng is the correction to the Potsdam datum,
dy is the mean value of dy , defined by equations (13,47)
and (13, 48) for all possible changes, taken on a world wide
basis -and Z_go has the same definition as before. The

second term Np, is given by

P C
Rm I o=4T
Np = 7T | (dgp-dy ) H(V) do ... (13.72).
P m ov

The value of Uo used in equation (13.71) will be that
for the reference spheroid on the I.A,U. system, given by

equation (13.52).

Thus no determination of the geoid spheroid separation
can be considered absolute till a value has been established
for the potential of the geoid. In the alternative, it would, at
a first glance, appear that the surface mapped is one having
the same potential as that assigned to the reference spheroid.
This, however, is not correct as the interpretation of the gra-
vity anomaly becomes inconsistent with the definition set out

in equation (3,17) when practical reductions, using conventional
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elevations are attempted. Thus, unless a value is assigned
for the potential of the existent geoid, no absolute determina-
tions are possible for the separation of the geoid and the sphe-
roid.

It is also interesting to study the effect of introducing
the concept of a gyeoid potential which is not arbitrarily forced
to be equal to that of the spheroid of reference, on the height
anomaly (hD) at the telluroid. Equation (13.53) is general

and hence the conversion of equation (4. 21) to (4,22), in the

light of equations (13.58) to (13.69), will become

1 7 3,01 || ro1iay! cos
b = «-—|W -U +R Tg +—_— ; ,,;-._!___.I +
DP Ym{. O O m J 2 Ty J J«RL Lyidh{ r
1 { 1
+ Y. N ! VD + . bg Y (5 tan ﬁl + ntan 52)5
cO8 x 1 .(13,70),
r

where &g is the world wide mean of the modified
free air anomaly used in the evaluation of the integral. This
modified free air anomaly is the difference between observed
gravity at the earth's surface and normal gravity on the equi-
potential surface of the reference system which has the same
potential  ‘:hat at the relevant point on the earth's surface.

Also see section (14.6)., The use of equation (11. 10) gives

Iy =
= - o | - A ,
h: ¥ ‘.,"\WO UO + R gj +N: + NC |
where NF is obtained using the modified free air

anomalies in Stokes' integral.



2‘aeP Rm — —
N_hD = — --——-Y (Ago- Ag)+NCO-NC-Nm
P m m

ceeeess.o(13,71),

where Nco is the contribution to N by the effect
of the differential topographical correction on a world wide
basis using Stokes' integral and NC is as defined in section
(11.3), The term Nm is the effect of using the corrections
to the free air anomaly in obtaining the modified free air
anomaly, in Stokes' integral, Nc is a small term and hence
the other terms constitute the major contribution which could
amount to hundreds of metres. This may appear ludicrous

as the natural expectriion is that N = h_ if the point is on the

geoid., But this, in fact, is not so if ‘clie definitions of each of the
two quantities is careftilly considered when it is seen that they
do not represent the same separation., N is the actual sepa-
ration between the geoid and the reference spheroid, where
the potential of the spheroid on the reference system is not
equal to that on the geoid on the existent system. The refe-
rence spheroid, in this context, is the figure which best fits
the geoid, the governing condition being that it has the pro-
perty of equal volume.

hD’ on the other hand, is the separation between the
surface geop and the spherop which has the same potential as
the surface geop. If the term '' defined " refers to a location

which, by virtue of being located on the earth's surface or on

a physical reality like the geoid, is accessible, N is a linear
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displacement between a defined equipotential and the spheroid
of reference, hD is the displacement between a defined point
and a spherop whose position in space is fixed by the postulated
condition that its potential on the reference system is equal in

magnitude to that of the defined point on the existent system.

13.6 Conclusions.

The changes in the reference spheroid used for the
computation of normal gravity, on conversion into effects on
the deflections of the vertical by using equations (11.21) and
(11.22) have exactly the same magnitude as those obtained
in the case where the changes are obtained by direct geometrical
cong. derations, set cut in equations (13,26) and (13,.39)., If
it is assumed that the I.A.U, spheroid is one which best fits
the geoid according to available astro-geodetic, gravimetric
and satellite data, it becomes necessary to abandon the use of
the international gravity formula and the associated international
spheroid for the computation of normal gravity in connection
with geodetic work,

The apparent adequacy of the latter was due to the

approximate internal consistency within the adopted model.
While this does not introduce serious errors in the values of
gravity anomalies in non-geodetic work, due to errors in the
parameters being approximately compensated for by the error
in the Potsdam datum, its effect on the separation vector in

physical geodesy is not negligible, as shown in table (13.4),
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and hence must be considered for any valid determination,

A consistent reference model is that afforded
by the spheroid and value of the constant kM adopted by the
International Astronomical Union. When such a spheroid is
combined with the correction neccssary for the Potsdam datum,
it provides a reference system not markedly different from
that afforded by the international gravity formula, the maximum

discrepancies being of the order of ¥ 7 mgal.

All computations for the separation of a physical
surface, such as the equipotential surface of the earth's gra-

vitational field corresponding to mean sea level, with a definite

but unknown potential, from a reference surface to which a

potential, by implication, has been assigned, must take into

account a zero order term arising from two causes :-

(i) The world wide summation of anomalies on such a
surface arec not zero ;

(ii) Wo is not equal to Uo'

The evaluation of this zero order term is a
pre-requisite for any mapping of the geoid from the spheroid
of reference,

The height anomaly (hD) and its valid first approxima-
tion, the Stokes integral, excluding the zero order term,
are essentially different in character to the geoid - spheroid
separation (N) as the former are defined in terms of the sepa-
ration between two surfaces defined in terms of potential while
the latter is the linear separation between two surfaces, one

of which is known and the other unknown, which are fixed in a
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three dimensional linear sense in space, on an earth bound

coordinate system.
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14. THE RESULTS.

14.1 Introduction,

The results obtained by the use of programs described
in section (12) have been expressed in the form of contour maps
embodied in figs (14.1) to (14.11), compiled by interpolation
from calculations on a grid of points situated at the corners of
1% x1° squares. All computations were carried out on the
University of N.S,W's I.B.M. 360/50 computer. A pre-requi-
site for all computations was the institution of checks on the
accuracy of all routines used. These checks were carried out
in two ways :-

(i) The comparison of the computed values of the Stokes
and Vening Meinesz functions against accepted sets of tables.
The former were compared with that prepared by the U.S.
Coast and Geodetic Survey (Lambert and Darling, 1936, 114 et
seq) while the latter were compared with the set prepared by

Sollins (1947, 293 et seq).

(ii) The general meshing of any given series of programs
to ensure that no areas were excluded in the calculation, was
checked by computing differential corrections which were known
to have definite values on world wide summation. Two such
checks were used. The first was based on the fact that chan-
ges in the values of gravity anomalies consequent to @ change

in the dimensions of the reference spheroid should not produce
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any change in the component of the deflection in the prime ver-
tical. This property was checked for both the conversion from
the international gravity formula to the I.,A.U. system, shown
in tables (13.4) and (13.5) as well as for the purely geometrical
change of the dimensions of the international spheroid to the
I.A.U. spheroid. The latter comparisons are shown in tables
(13.6) and (13.7). In the former case, as can be seen from
table (13.5), the error in the value of the correction to n was
of the order of t 0,002 sec or less, In the second case, the
error in this same correction was £ 0.04 sec or less. This
is due to the fact that the magnitude of the anomalies used to
compute the second effect, as can be seen from table (13.2),
are of the order of - 75 mgal, while those used in the first

case are of the order I 5 mgal,

A further check on the accuracy of the formulae
was afforded by the computation of the effect described in table
(13.6). This had the effect of verifying the accuracy of lati-
tude dependent exclusions. It is therefore estimated that the
effect of exclusion and other programming discrepancies in
the determination of the free air geoid are less than 2 cm. in
height and 0,02 sec in each direction. The effect of these
same errors on the determination of the indirect effect arising
from a consideration of the differential topographical corrections

is expected to be about twice the earlier figures.
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4.2 The free air geoid.

The free air geoid has been calculated on both the
international spheroid, using the international gravity formula
on the Potsdam system as well as using the parameters accep-
ted by the I.,A,U. The first set of results are shown in figs
(14.1) to (14.3) and the latter set in figs (14.4) and (14.5),
There is no map for n on the second system as it is exactly
the same as fig (14.3), changes in the reference figure having
no effect on the component of the deflection in the prime ver-
tical.

The contribution of the various programs to the relevant
quantities on the international spheroid for three randomly
chosen points are given in table (14,1), The inner zone was
computed from a consideration of equations (12.42), (12.47)
and (12, 48), the value of ro being set equal to the value defined
by equation (6.63). It is felt that this procedure is unlikely to
be adequate in most cases, but in view of more complete gra-
vity coverage not being available, at the 148 points at which
computations were carried out, no alternative was available.
The effect of the lack of a closer sampling of the near gravity
field is not expected to materially affect the accuracy of the
value established for NF’ “In the case of deflections, even in
cases where the four nearest tenth degree square positions had
been sampled, errors of up to f% sec could be expected. The

inner zone estimates of deflection components could have errors
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Latitude - 26° 00' - 28° 00’ - 35° 00’
Longitude 131° 00 138° 00’ 142° 00
Program Contributions to N (metres)
Inner Zone - 0.59 - 0.31 - 0.01
Stokin - 5,73 - 2,30 - 0,93
i Stokne -10.38 - 6.05 4.48
Stokmd 5.68 9.40 4,38
Stokut 2.58 6.58 6.91
Totals - 8.44 7.32 14,83
Program Contributions to E (sec)
Inner Zone 0.395 - 0.078 0.237
Stokin 4.420 1.494 1.662
iStokne - 3,433 - 0,265 1.183
Stokmd - 1,170 - 1,331 - 1.288
Stokut 0.075 - 0,062 0.33¢6
" Totals 0.287 - 0.242 2.130
Program Contributions to n (sec)
Inner Zone 0.176 0.508 - 0,285
Stokin 4,974 0.484 - 0,127
Stokne 1,687 - 1,563 - 0,265
Stokmd - 1,353 - 1.871 - 2,042
Stokut - 1,859 - 1,559 - 1,252
Totals 3.625 - 4,001 - 3,971

TABLE (14.1)

Contributions of the various zones to the free air geoid.
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as large as 2 - 3 sec., in cases where the field representation
for the inner zones is afforded after extension. Thus the values
of the deflections of the vertical can be expaocted to be reliable
only in those regions in which adequate gravity data is availa-
ble, as shown in fig (9.4). This matter is further discussed
in section (14.6).

As can be seen from table (14,1), less than one quar-
ter of the total co: ibution to any effect is dependent on the
Kaula set of data, which is the only part of the data used not
based solely on gravimetry. This estimate is not considr ~ed
to be in any way conclusive as regards the contribution of the
outer zone to NF' The figure, in the case of deflections of
the vertical, is expected to be a fair measure of the contri-
bution of the outer zone in view of the nature of the Vening
Meinesz integral,

The estimates of the error in the final values computed
for the free air geoid depend on the location of the computation
point with reference the the gravity data available. In the case
of the determination of N, it is estimated that the error in N
due to errors in the values adopted for the representation of
the gravity field vary from T 35cmto T60cm. The errors
in the deflections are expected to lie in the range 1 0.5 sec
to T 3 sec. , the major contributor to the error being the
uncertainties in the values used to represent the close field.
Also see section (14, 7).

The general characteristics of the free air geoid

agree with those obtained from the dynamic application of
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satellite geodesy. Both free air geoids show a tendency
towards a north-easterly rise with a range of values between
- 10 metres and + 30 metres (e.g., Kaula, 1966a, 30). The
component of the deflection of the vertical in the meridian
tends to be small, while that in the prime vertical is negative
in character. The comparison of the free air geoid with the

Australian geodetic control network is dealt with in section

(14.6).

14.3 The indirect effect for the free air geoid.

The programs used in the computation of the
indirect effect are described in section (12.6). The effect
comprises a Stokesian term, in which the differential topogra-
phical elfect ( Agco) is used in lieu of the gravity anomaly,
and the term which evaluates the potential at the geoid due to
the matter exterior to it. The model postulated for the topo-
graphy exterior to the geoid, is that defined by the modified

Hunter formula

2.77 ~ —— for h< 2.5 km.,

21
ceen..(14.1),
2.67 for h > 2.5 km

©
i

p

where h is the elevation of the topography in km.
This model was used both in the calculation of the differential
topographical effect as well as in computing the contribution
due to the potential of matter exterior to the geoid.

The computations for two points selected at
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Latitude - 26° 00 - 35° 00’
Longitude 131° 00’ 142° 00’
Contribution of the exterior potential term
N N 3 n
Progra n
rogram {met) (sgec) (sec) (met) | (sec) (sec)
Inner Zone 2.03 - - 0.24 - -
Innear 21,91 |- 1.844 |- 4,835 2.33 0.283 -~ 0.206
Inmid 96.55 |~ 3,220 7.135 58.30 13,585 ~|1.661
Inout 487.30 1.466 2,915 493,20 ; 4,179 3,021
. !
Total 607.79 1 ~ 3.598% 5.215 | 554.07 1 0.877 |1.154
Contribution of the Stokesian term
© N 13 n N 3
; n
Program I (met) (sec) (sec) (met) | (sec) (sec)
Inner Zone | - 1,931 -1.230] 0.213 ! -0.22}-0.172 |- 0.316
Stokin - 22.86 1.702 5.510 ~-2.38 0.379 0.4°"
Stokne - 58.13 1.965] -5.757} - 24.62| 0.281 2.749
Stokmd - 54.80 1,870f - 1,811} - 36,98/ 3,930 |- 1.670
Stokut ¢ 330,30 -9,793 3.254 236.86/-17.271 4,422
- Total 192.58 -5,486 1,409 l72.66l -12.853) 5,643
Toral Ind- 1 g00.37| - 9.084 6,624 726.73 - 11.976| 6.797
effect %

TABLE (14. 2)

The contribution of the various zones to the total indirect
effect for the free air geoid.
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random are set out in table (14.2), The most interesting fea-
ture is the magnitude of the contributions of the outer zones to
the separation of the geoid and spheroid in every case, This
is to be expected in the case of the term arising from the poten-
tial of matter exterior to the geoid, as the contribution is always
positive. In the case of the Stokesian contribution, the Stokes
function admits both positive and negative values, while the
sign cf the correction SN is always negative. As the value of
Agco over ocean regions, which constitute approximately 70
per cent of the earth's surface, is zero, it is anticipated that the
magnitude of this term varies through a wide range of values
depending of the location of the computation point.
The effect of the closer zones in the region where
y < ZOO, while individually large in the case of each effect,
is small, on summation as the two effects tend to be of opposite
magnitude in the case of both N and the deflections. In general,
the major term in the indirect effect is due to the distant zones,
the values given in table (14.2) being representative of the re-
gion. Contour maps showing the three components of the in-
direct effect are shown in figs (14.6) to (14. 8). The indirect
effect increases in a north westerly direction, as can be expected
from the location of the Eur arian land mass with respect to
South Australia. The size of the term arises from the fact that
normal gravity is computed with respect to a reference system
which best fits gravity as measured at the earth's surface and
not at the geoid.
It should be noted that the equipotential surface mapped
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on combining the results embodied in figs (14.4) and (14.6)
is one which has the same potential as the reference spheroid,
once the correction term for the zero order effect of the gra-
vity anomaly has been taken into account. This surface lies
consistently outside the reference spheroid, even in the case
where the reference spheroid is the I,A,U. spheroid. This
surface is not the geoid which has been defined as being referred
to the I.A .U, spheroid which has the same volume as the
geoid. If this assumption is accepted, it would imply that
the potential of the geoid itself, being closer to the earth's
centre of mass than the other equipotential, is greater than
that of the reference spheroid, which is-equal to that of the
outer surface mapped. This seems tc be in agreement with
the general principle of an Airy type system of isostatic com-~
pensation.

Any determination of the separation of the geoid and the
spheroid will therefore have to be preceded by a determina-

tion of the potential of the geoid.

14.4 Determination of the potential of the geoid.

If the gecid has the same volume as the spheroid
of reference, which, in the case of the current investigation,
is the I.A,U, Spheroid, the values of N must have a mean
value of zero over the earth. From the discussions in sections
(13.5) and (14.4), it can be assumed in the case of the geoid

spheroid separation, for the I,A,U. spheroid,
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(2) N is distributed over the earth with zero mean ;
(b) the inner zone effects ( ¥ < 200) for both the IN
series of programs and the STOK series of programs using

values of Agco as the anomaly, tend to be of equal magnitude

and of opposite sign ;
(c) the effects computed from INOUT and STOKUT,

in the case of the indirect effect, tend to be large positive

quantities,
Thus, from a consideration of equation (13, 81), the

following relation is valid.

WO-UO Rm
MNG - =S - I, =0...0s.2)
m m

where M {Ni} is the mean value of the sum total
of the outer zone effects computed using the programs INOUT
and STOKUT, with Agco as the anomaly, on a world wide
basis. Computations for the magnitude of this effect at 20°

intervals over the earth's surface indicate that

M{Ni} = + 653 metres ...... cee .. (14.3),

Hence,

W = U + yMIN}-R 73 R P
0 ] m i m o

To obtain the mean values which, for convenience
of computation were at specified intervals of latitude and
longitude, care had to be taken that the world wide means were
reliable, as numerical means would bias *4e means towards

polar values. Hence all means were computed using the
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relation
_ 2 2
4 7 f = “nz T fcos P verriniiinnns evn..(14.5)
180

where -f. is the mean value of the function f

over the earth, the values of f representing n° x n° squares.
The 1r ean value of the free air anomaly obtained from the

Kaula set, which in itself had zerc mean, after correction to
the 1.A.U, spheroid was
KéF = l.1lmgal ........... c..(14.6).
The mean value of the differential topographical cor-

rection over the earth is given by

bg,, = -49.5mgal ......... ... (14,7).
Thus
o = Ag rg = - 4
g Mg+ Ag 48.4 mgal ...... (14.8),

As the value of the potential on the I,A.U. spheroid is
6, 263, 680 kgal metres, the potertial of the geoid is
6, 264, 628 kgal metres. Consequently, the correction

NPO , defined by equation (13.71) is given by

N = - 653 metres ....... Cene e (14,9).

P
o

14,5 The geoid - spheroid separation.

The separation vector of the geoid - spheroid system,:
as represented by the conventional components N, and
after allowing for the zero order effects are shown in figs
(14.9) to (14,11) for the South Australian region. As can

readily be seen, the separation of the non-regularised geoid
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has very little resemblance to the free air geoid, which never-
theless contributes significautly to it, and has a consicerable
gradient in the north-south direction over South Australia.
The indirect effect, and hence the external topography of the
earth, appears to be a dominant feature contributing to the
slope of the geoid and hence the north south direction of slope

is not considered to be of any significance.

There is little doubt that the non-regularised geoid
varies much more rapidly with position in relation to the
reference spheroid than the free air geoid having lows which
are generally associated with ocean regions and highs in the
neighbourhood of continental areas. Preliminary studies
seem to indicate that the non-regularised geoid has varia-
tions which are up to twice as great as those of the free air
geoid, though there is unlikely to be any correlation between
the highs and lows of each system which is solely position
cependent.

It should be borne in mind that all these deductions
are based on the acceptance of the modified Hunter formula,

specified by equation (14.1), as an ad. quate mathematical
model for the topography exterior to the geoid. The geoid,
as determined in figs (14.9) to (14.11) can be expected to have
errors of ¥ 10 metres arising fr--n errors in the assumed model
and hence the results have significance only in relation to
the model assumed for the topography exterior to the geoid.
This figure is based on current estimates of the upper layers

of the ecarth's crust and is dependent on errors in the crustal
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density not exceeding five per cent of the adopted values,
The existence of apparent ambiguities in this model are dis-
cussed in section (15, 4),

The separation N in fig (14.9) has been fur-
ther qualified by the value adopted for the potential of the
geoid. A further critical factor in assessing the absoluteness
of the determination is the correctness of the assumption that
the I,A.U. spheroid has the same volume as the geoid. This

assumption is considered in further detail in section (15.4).

Apart from these sources of uncertainty, the
error in the computed values of the non-regularised geoid,
due to errors in the computed values of the indirect effect
are of the order of ! 1.2 metres in the value of N and ¥ 0.3

sec in the value of each of the components of the deflection.

14.6 The free air geoid and the Australian control network.

The adoption of the proposition that the free air geoid
is a good first approximation to the telluroid requires re-exa-
mination in view of the potential of the reference spheroid
being less than that of the existent geoid. This is developed
in section (15.2)where it is shown that the telluroid, in addition
to having a zero order term when the chosen spheroid is the
I.A.U. spheroid, is also subject to slowly changing syste-
matic effects which are probably slow enough to be considered
as being uniform over continental extents. This should be

borne in mind when considering the significance of the following
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comparisons. Any consistency in the comparisons will there-
fore be a reflection on the accuracy of estimation of the
constancy in the rate of change of the systematic effect over

the area considered.

Approximately 100 Laplace stations have been obser-
ved in South Australia, at which deflections have been deter-
mined astro-geodetically on the Australian National Spheroid
(A.N.S.), which has the same dimensions as the 1.A,U. sphe-
roid, but is arbitrarily orientated in space, using a technique
similar in nature to that set cut in equation (10,17). The re-
sulting values , after adjustment, of the astro-geodetic def-
lections of the vertical ( Ear DA
continental coverage, of - 0.12 sec in the meridian and

) had means, based on a

- 0.33 sec in the prime vertical (Bomford, 1967, 58). It
should be noted that the sign convention adopted by the Divi-
sion of Naticnal Mapping for prime vertical deflections is
opposite in sign to that used in this investigation as , in the
former case, longitude has been considered positive in the
westerly direction.

It can be concluded that the A.N.S. has been orien-
tated in space to fit the average slope, over Australia of planes
perpendicular to local verticals. In the absolute sense it

it could
(a) be either systematically above or below a truly centred
spheroid of the same dimensions ;

(b) be sloping systematically with respect to such a figure.
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This is discussed in greater detail in section (15,3), In the

case of South Australia, a large number of the available Laplace
stations were clustered along two east - west traverses situa-
ted in regions for which the gravity coverage was not very sa -
tisfactory. Tables (14.3) and (14.4) summarise the compa-
risons of the astro-geodetic deflections of the vertical ( & A’

nA) with those obtained from the use of free air anomalies

in the Vening Meinesz integrals, after conversion to the 1.A.U.
Gp’ nGF). There is very little doubt that the
gravimetric values are systematically more negative, in both

system ( &

cases, than the astro-geodetic ones.

Type of data Mefslggn Prlnzge\ésart.
o Mean . St.DeviMean St.Dev{No
. I +
Astro-geodetic -0.6;t3.4+0.55["3.8]94

Gravimetric - Astro-geodetic
(all comparisons)

Gravimetric - Astro-geodetic
(selected areas only)

-2.8/%3.8]-3.4 |T4.6]94

-3.9|Y2:81-4.3|%3.742

TABLE (14, 3)

The comparison of gravimetric values with those obtained

astro-geodetically from the Australian control network in

South Australia

In the case of deflections of the vertical in the meri-
dian, table (14.3) shows that the inclusion of regions where the

close gravity field is inadequately represented 0¢#s not produce
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Range of values Percentage of sample
v ¢ %A ng_~ "a
) E npb—E

(sec) T R T R
v<-10.5 - 2 2 - 6 7

- 10,5<v<- 9.5 2 - - 1 - -
- 9.5<v<- 8.5 -2 1 - - 6 -
- 8,5<v<«~ 7.5 - 5 9 1 2 -
- 7.5<yv<- 6.5 1 2 5 2 7 9
- 6.5<v<~ 5,5 1 11 17 1 | 8 12
- 5.5 ¥<-4.,5 3 11 17 2 19 29
- 4,5<v<- 3.5 4 11 12 3 6 12
- 3.5<v<-2.5 8 5 2 2 7 5
- 2.5<v<-1.5 110 16 17 7 10 10
- 1l.5<v<- 10,5 13 14 7 9 4 2
- 0.5<v<~ 0.5 21 7 10 10 10 7
0.5<v< 1.5 11 4 - 24 4 2
1.5<v< 2.5 13 6 15 2 5
2.5<v< 3,5 7 2 - 5 4 -
3.5<v< 4.5 2 2 - 7 - -
4.5<v< 5.5 - - - 2 2 -
5.5<v< 6.5 - 1 - 3 2 -
6.5<v< 7.5 - - - 2 ~ -
7.5<v< 8.5 - - - 1 1 -
8.5<v< 9,5 1 - - 1 - -
9.5<v< 10,5 - - - 2 - -
v> 10,5 1 - - - - -

TABLE (14.4)

Comparisons of deflections of the vertical.

Astro-geodetic values on the A.N.S. compared with gravi-

metric values for the free air geoid (I.A.U. system) .

T = Total sample R = Restricted sample
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any marked difference in the standard deviation of the sample
( EGF - £ A) from that of the astro-geodetic deflections
themselves. The standard deviation of the first sct of quanti-
ties should be zero if the free air geoid exactly fitted the
surface to which the triangulation spheroid had been adjusted.
Any departures from this would be due to

(a) inaccurate evaluations of the near field ;

(b) slow systematic effects which cause the free
air geoid to deviate from the tellurcid and

(c) the correction termé o defined in e-quation
(11.22), 1

If the standard deviation of the comparison sample

did not exceed that of the sample of astro-geodetic deflections,
it can be assumed that the free air geoid as computed, without
actual gravity survey of the inner zones, gave the general
trend of the free air geoid and the comparisons were a measure
of the contribution of the free air geoid to the correction neces-
sary for the orientation of the A.N.S. to make its centre
coincide with the centre of gravity of the existent earth., Thus
(eg - E A) is an estimate towards the magnitude of
defined in equation (13.17),

The restriction of the comparison to regions where
the gravity field is adequately represented shows a marked
improvement in the standard deviation of the comparisons in
both cases. The prime vertical comparisons appear to be
weaker than those in the meridian. From the lay out of the

42 stations used in the restricted set, shown in figs (14.12)
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and (14.13), it is expected that this is due to the inadequacy of
representation of the disturbed field in the north west of the
state. While it is difficult to reach any definite conclusions,
it would appear that

(a) the free air geoid as mapped does represent all
the changes of the telluroid except those due to the inner zones
and the correction term EC. (i=1, 2) ;

(b) the correction term EC (i=1, 2) is not of the same
order as the contribution by the freei air geoid ;

(c) the estimates made for the errors in the deflections
of the vertical for the free air geoid in section (14. 2) are rea-
sonable;

(d) any slow changing systematic effect over the area
seems to have a constant magnitude. This is to be expected
from the geoid itself as mapped in fig (14.9).

The mean comparison error in the case of £,
which is approximately + 4 sec, agrees with Bomford's estimate
(1967, 57) of the correction necesgsary to the orientation of the
A.N.S., based on the free air geoid obtained from satellite
data. The comparison error in the case of n is + 4", .which
differs from Bomford's estimate by about 1". It is interesting
to note that deflections of the vertical on the old Clarke i858
figure in the South Australian region (Bomford, 1963, 9) are
approximately 4 sec, larger in £ and 7 - 8 sec. smaller in
n than equivalent values on the A.N.S.

The gravimetric solution was also tested against

the Division of National Mapping's Woomera Geoid survey,
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based on astro-geodetic data alone (ibid, 1963). Zero ''geoid"
elevation was adopted at one of the Laplace stations in the
Woomera area and relative astro~-geodetic levelling performed
in the area of the survey. The quantities so established are
approximately differences in the height anomaly if the spheroid
used in computing the astro-geodetic values was properly
orientated in space. The quantities so obtained, if corrected
as detailed in section (11), are directly comparable with

surface deflections of the vertical.

In the present case, the values of th, obtained
by astro-geodesy, without the application of equation (11, 8)
and computed on a sphercid which was not properly orientated,

were compared with the values of N_, computed for the free air

geoid. The survey, which covers fx‘n area approximately
1%0 x 2° around the tracking station complex, on comparison
with the data used in preparing fig (14.4) gave the standard
deviation of individual differences (NF - dNA) for a set of
15 comparisons, shown in table (14.5), as ¥ 1.8 metres.

In assessing the significance of this figure
it is necessary to bear the following points in mind.

(i) Astro-geodetic results are computed on

an arbitrarily orientated spheroid. In this particular case
where the A.N.S. has been orientated so that the values of the
deflections of the vertical will be a minimum, any astro-geo-
detic levelling will only be sensitive to changes with respect

to a plane which is generally normal to all the local surface

verticals and , in no sense do they give geoidal undulations.
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| Longitude | 1343° 1 135%, 1351°) 1367 | 1361°1 137°
Catitude f g
1
0 % 1
- 30 8.5 | 9.4 | 11.7 - -
-304° | 6.6 | 7.6 | 9.1 | 10.6 | 6.9 -
- 31° 5.7 5.7 ¢ 7.0 | 8.9 |10.0 }1l.2
- 311° - e e 9.4

TABLE (14.5)

Comparison of the astro-geodetic Woomera Geoid Survey

with the free air geoid referred to the I.A.U. spheroid.

Tabulated quantities are (N

P dNA) in metres.

(ii) Earlier investigations seem to indicate that the
the contribution of the free air geoid to the correction for the
orientation of the A.N.S. is of the order of - 4 sec in the mer-
idian and - 4.3 sec in the prime vertical. As a rough guide
this means that the astro-geodetic data has to be corrected by
+ 1 metre for every half degree change in position in the north
and east directions. If the astro-geodetic data were corrected
in this manner , the values in the above table would lie in the
range 0.9 < (NF- dNA) < 5,6 with a standard deviation

for the sample of ¥ 1 metre. If the reading at ( - 30%0,
136 %O) was excluded from the comparison set, the range of
values would lie in the range 3.7 < (NF - NA) < 5.6, with a
sample standard deviation of T 40 em.
As can be seen from figure (9.4), this is an

acid test for the field extensions performedin attempting to
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to provide a continuous gravity coverage for South Australia
as the Woomera area is very poorly covered by gravity stations,
If the one exception is excluded, the accuracy obtained after
allowing for the errors in the astro-geodetic data due to the
incorrect orientation of the A.N.S., is as predicted by the
error functions in section (14.2), This would imply that
the contribution i ythe free air geoid to the geoid-spheroid
separation is unlikely to have errors in excess of 1 metre
as a result of errors in the representation of the near field.
The test cannot be considered conclusive for the reliability of
the Kaula set, though there is no reason to doubt the validity
of this data.

An important observation from this simple comparison
both before and after correcting for the orientation error in
the spheroid used in the astro-geodetic calculations isthe
assessment of the real significance of astro-geodetic levelling
in determining the undulations of the geoid.  Astro-geodetic
levelling is carried out presumably for obtaining an estimate
of the change in the geoid-spheroid separation between adjacent
astro-geodetic stations and hence providing a better basis for
reducing measured lengths to the spheroid, instead of to the
geoid, as is done when orthometric elevations are used.

It is obvious that astro~geodetic levelling on an
arbitrarily orientated spheroid hardly determines this quanti-

ty or even changes in it and kence its use in such circumstances

is scarcely warramied. The results of astro-geodetic leve-

lling should be very carefully examined before any significance
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is attached to the ''"geoid" so obtained. Also see section (15.1),

14.7 Assessment of the accuracy of the final results.

(i) The free air geoid.

In the determination of the free air geoid, where
considerable field extension had to be performed prior to compu-
tation, a serious attempt was made to assess .the accuracy of
the final resvlt, allowing for correlation between values pre-
dicted to represent consecutive unobserved stations. On com-
bining the results of all zones, it was found that uncertainties
in inner zone values overshadowed those estimated for the outer
extended field. The statistical assessment of the standard
error of determination of NF varied from ¥ 30 cmto 1 60 cm,
the errors in program meshing being small in comparison to
representation errors. On the other hand, it is not impossible
that distant zone effects due to the 1° x 1° data and the Kaula
set all contribute errors that are larger than these estimates
and test indicate. This is especially so in the Southern ocean

region where a vast area is completely unrepresented by obser-
ved gravity, the entire representation being carried by satellite
data. On reflection, it seems wishful to expect to represent
very large areas in which no observed quantities are available,
There is little doubt that deflections of the
vertical are more critically affected by correlation charac-
teristics in the error of extension, especially if extension is

necessary for near zones, than values of NF' In such complex
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cases, there is a limit to the accuracy of the error estimate
due to the unknowns involved and comparisons of computed

quantities against external conditions appear. to provide better

estimates in the error of the former.

Deflections of the vertical for the free air
geoid, being less dependent on the distant zones, are consi-
dered to have a standard error of £ 0.5 sec. to T 3 sec de-

pending on
(a)
and (b)

the available gravity coverage in the near zones

the nature of the gravity variations in the mid zones.
It is estimated that a more accuracte sampling

of the inner zones, together with the evaluation of & .. (i=1, 2)

given by equation (11, 22) should enable the precisionlof

determination of surface deflections of the vertical to approach

those of extended astronomical observations. The Kaula set

appears to provide adequate representation of the distant zones
for such work.

(ii) Separation of the geoid and reference spheroid.

The accuracy of such determinations can be
discussed at two distinct levels,

(a) The absolute accuracy of the determination depends
on a number of factors. These are
(i) the accuracy of the assumption that the I.A,U,
spheroid has the same volume as the geoid. See section (15.4).
(ii) the accuracy with which the modified Hunter

formula represents the topography exterior to the geoid. As
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discussed in section (6.5), the mere change from one model

to another, involving changes of approximately 5 per cent in
the density, can cause changes of up to 7 metres in the value

of N.  On the other hand, a considerable proportion of this can
be interpreted as being a variation in the estimated value of

the potential of the geoid. This latter value cannot be deter-
mined with a precision much in excess of 1 part in 300, 000 ,

i.e., to about 20 kgal metres,

(b) On adoption of a model for the topography exterior
to the geoid, the errors that occéur in the determination of Ni
and ci arise from weaknesses in the elevations used in the
calculations.  The resulting estimate of the standard error
in the value of N'i so determined was ' 1.2 metres and of ¢ i
was T 0.5 sec. These values do not take into account any
correlation between adjacent elevations in each set in view of
the fact that no significant correlation was detected in comparing
consecutive values of the U.N.S.W, set and the U.C.L.A. 18

set, as discussed in section (12, 4),

The resultant error of determination of the
geoid 1is obtained by the combination of the estimates of errors

in the indirect effect with those arising from the determination

of the free air geoid.
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15. CONCLUSIONS,

15.1 The gravimeiric solution in practical geodesy.

The rigorous application of the gravimetric solution
to practical geodesy has been the subject of much theoretical
discussion without serious attention being paid to the geomet-
rical rigidity of such golutions. This is a deficiency which
has to be put right if the science is not to be relegated to the
status of being merely a field for intellectual exercise. This
entire investigation is a pilot project for verifying the precision
of the theoretical foundations of gravimetric geodesy so that
the complete gravimetric solution can be applied to the Austra-
lian control network in order that the absolute orientation of the

Australian National Spheroid may be effected.

The loose use of the word ''geoid" and the va-
riety of solutions,provided by so-called "independent' techniques,
which are not in very good agreement with one another, unless
they happen to use the same theoretical approach and similar
observational data, has led to a 'credibility gap'' between phy-
sical geodesists and researchers in allied fields. Thus it is
paramount to correct certain concepts which are prevalent to-
day about the science and put all derived quantities into per-
spective.

The complete set of conditions relating the spheroid of

reference in gravimetry with that used in astro-geodesy has
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has been developed in sections (11, 1), (13, 2) and (13, 3),
From discussions in the previous section it can be seen that

the geoid has to be defined, irrespective of the nature of the

solution attempted in gravimetric geodesy, before an absolute
value is determined for the separation of the geoid and the
spheroid. The following quantities, obtained from gravimetric
geodesy, are essential before an absolute orientation can be
provided for a triangulation spheroid.

(i) The potential of the geoid,

This quantity has to be evaluated in determining
any zero order condition for the value of N, This is analagous
to defining a datum for elevations if the latter are to have any
relevance in fixing position on a three dimensional cartesian
system, or on any other such system, for that matter,

(ii) The geoid ~ spheroid separation at every control

station in the network.

Unless the elevation of the geoid above the sphe-
roid has been determined at every control station where scale
checks are performed, which would apply to every station
in a network established by traversing, scale errors as iwrge
as 2 parts in 100, 000 could be introduced into relative posit-

ion determination. In standard theory, it has been accepted
that the gravimetric method alone can give an absolute solution,
but with a rather low absolute accuracy. Thus conceptually,

if gravimetry could afford an absolute value for the separation
at one point in the network, astro-geodesy could determine

differences in N with greater precision,
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Astro-geodetic levelling (Molodenskii, 1962, 24) is

based on the relation linking the change in spheroidal height

(dhs) to changes in the orthometric height (dho) by the equation

= - 2
dh_ dh_ :j t.d e, (15, 1),

where ¢ G is given by equation (10.4). As the
correct value of c used in equation (15.1) must be based on
a properly orientated spheroid, any error in orientation, on the
lines described in section (14. 6) will consgistently ignore a
large and nearly constant correction term in the value used
for CG and hence the results obtained in such instances
would virtually be high order changes in hD about the surface
which is normal to local verticals, in the case of the A.N.S.
Astro-geodetic levelling, on arbitrarily orientated spheroids ,
are subject to corrections for both the error in the geoid
spheroid separation at the origin and also for the corrections
A«EO and Ano, defined in equations (13.17) and (13. 18) at the
origin, It is necessary to adopt the following procedure
if astro-geodetic levelling is to give acceptable values for
estimating the magnitude of the geoid spheroid separation.
(a) Determine the geoid spheroid separation ( A No)
and the corrections A EO and Ano to the deflections of the verti-

cal at the origin of the control network from gravimetry.

(b) Using these values, determine the corrections
(48, 4M) to the deflections and A N to N at each control station,

by the use of equations (13.17) to (13,19).

(c) The complete geoid spheroid separation at the
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n-th station in a chain of %ontrol stations is

= A - T + T L. .. .2),
Nn Nn i:l(c G Ge ) d i (15.2)

m, m,

i i

where CG and c¢ are defined by equations
m
(10,4) to (10, 6) and
tg = A£cos A+ Apnsin A eeeve. (15.3),
c

where A is the azimuth of the line joining the termi-
nal control stations. The suffix m refers to mean values along

the line.
One further assumption is inherent in the above derivation

if the quantity Nr1 is to ke the true geoid spheroid separation at
the point n. The entire derivation supposes that the vertical
at the surface ig parallel to that at the geoid. Thus, in addition
to the consideration of (11, 8), it is also necessary to use equa- - -
tion (11.22), Thus, astro-geodesy by itself, cannot provide

a means for removing the scale errors introduced into control
networks due to that fact that measured distances are reduced
to an irregular geoid, using orthometric heights, instead of

the spheroid of reference used in calculations. As can be sern
from loop closures obtained on the Australian geodetic network
(Bomford, 1967, 61), these scale errors do not have any effect
on closed circuits. This is in agreement with the general na-
ture of the geoid slope which is extremely uniform and the regu-
lar nature of the traverses. Also see section (15, 3).

It is therefore unlikely that the absolute positional

accuracy obtainable from control networks can ever exceed 2

parts per million as this level of uncertainty will always exist



361
due to errors in the model adopted for 1 . topography exterior
to the geoid. If the geoid-spheroid separation is not conside-
red, the accuracy of positional determinations in an absolute
sense can hardly exceed 1 part in 50,000, This has no effect
on loop closures.

This very same limitation will also apply to the tellu-
roid and its related constituent, the free air geoid, which, due
to the potential of the geoid not being equal to that of the sphe-
roidal model, has a considerable zero order term in the height
anomaly. Like the astro-geodetic levelling process, the con-
ventional determination of height anomaly does provide a means
of determining the true difference in height anomaly, which, if
properly reduced, taking into account the factors listed in sec~

tion (14.6), will give the geoid- spheroid separation.

(iii) Corrections to the orientation of the spheroid

normal at the origin.

The deflections of the vertical obtained gravimetri-
cally from equation (11, 21) and associates equations, after the
application of correct’ >ns , if necessary, for

(a) the gravity datum ;
(b) errors in the parameters of the reference

spheroid anfjc) the effect of the term w,_ - U ) on the location

of ass:ciated spherops with respect to the gravitating reference
spheroid, can be compared with astro-gecdetic values, correc-
ted by equation (11.8). The combination of these equations

with equations (13.43) and (13. 44) provide a set of observation
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equations on introduction into equations (13.17) and (13.18),
from which the corrections Ago and Ano to the orientation at
the origin can be determined.

It is essential that the spheroid chosen for the
computation of normal gravity be a relevant model, which is
not merely internally consistent as the changes in normal
gravity, due to changes in the parameters of the reference
system, when used appropriately in the Vening Meinesz inte-
grals, give mathematically exact changes in the deflections of
the vertical which are identical with those obtained geometri-
cally. The I.A.U. system provides such a model (Fricke et
al, 1965), while the use of the international gravity formula
and its associated spheroid can give rise to systematic errors

of significant magnitude, as shown in tables (13, 4) and (13.5).

15.2 The geoid and the reference spheroid.

A problem that has worried geodesists
over the years has been the lack of precision with which the
geoid can be defined mathematically in continental areas.

This has led to the introduction of the concept of geopotential
as a means for defining the third dimension in lieu of eleva-
tions. While the difference in potential is a measurable
quantity, it hardly provides any improvement in evaluating the
third dimension, which , in a linear sense, is still subject

to the same precision limitations as orthometric height. Fur-

ther, as the potential of the geocid is not known with a degree
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of precision in excess of that for determining orthometric
elevations, it cannot be said that the value of the potential at
a point on the earth's surface is known any better, even after
gravimetric determinations, than its distance from the centre
of the reference system. If the geoid-spheroid separation

approximated to the current definition of the height anomaly,

as given by equation (4.22), even to the nearest 10 metres, it

could still be considered justifiable to drop the geoid comp-

letely from serious consideration, as the teiluroid has the

advantage of having a direct relation to the surface vertical,
At a first glance, it would appear that the free

air geoid should approximate to the geoid over ocean areas.

A study of figs (14.4) and (14.9) shows that this is not so.

Two reasons exist for this digcrepancy.

(i) The surfaces of reference are not identical.

The telluroid is mapped from the associated spherop.
As the spheroid does not have the same potential as the geoid,
the reference surface from which the value of hD is determined
in ocean areas is not the spheroid itself but a spherop which
has the same potential as the geoid. As shown in section
(14.4), on assumption of the modified Hunter formula for the
topography exterior to the geoid and the I.A . U. spheroid as
having the same volume as the geoid, the potential of the geoid
is approximately 1000 kgal metres greater than that of the
reference spheroid, which has the same mass as the carth,
Thus, the surface of reference for the geoid and low lying

continental areas is the related associated spherop which |
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lies within the reference spheroid. This poses the second reason
for the discrepancy between the telluroid and the geoid over
ocean areas, on the current understanding of the former,

(ii) Normal gravity for the anomaly is the value at

the associated spherop.

The gravity anomaly is defined in equation (3.17)
as the difference between observed gravity at the surface being
mapped and normal gravity at the associated spherop. If the
latter lies within the reference spheroid, the anomaly to be
used in equation (4. 22) and its revised form set out in equation
(13.70) is no longer the free air anomaly as was previously
held. Tbe gisturbing potential (VD) remains the same as
defined in equation (3.12) and modified by equation (13. 7).

The differential expression for V_ with respect to height is

D
given by
oV oW
D 9 VY 5 )
3 - an (Wp-Up) = 33 snLlUp - &W+
HW_ =T )] ....(15.4).

The first term, as before, is observed gravity at
P, with the reveresed sign and the latter term is a modified
form of equation (13.58). NU other interpretation of the tell-
uroid is possible without requiring a fresh derivation of all
constituent boundary value definitions and relations. If the
surface solutions are to be meaningful, in addition to zero
order terms arising from the nature of the differential topo-
graphical corrections over ocean. areas, which will be cons-

tant in magnitude over all oceans, there are other varying
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effects which must be taken into account before a complete
solution is obtained. As all these corrections are governed
by properties of the model, they should not provide any real

computational difficulties.
Thus the height anomaly itself is not of great

significance in geodetic work. On the other hand, the deflec-
tions of the vertical computed from the surface solution are
of great intrinsic value as they relate the surface vertical to
the associated spherop normal. In the light of equations
(13.75) to (13.79), constant world wide changes in the gravity
anomaly do not produce any change in£ or n as determined
from the solution of the boundary value problem. Thus it is
only the regularly changing constant effects which affect the
computed values of £and n . Such effects tend to be unde-
tected when comparing incomplete gravimetric results with

astro-geodetic data over limited regions.

It is interesting to see how Molodenskii, who
is the prime mover behind the solution at the physical surface
of the earth, deals with the mapping of the non-regularised
geoid and the zero order term in the disturbing potential.
In the former case, he summarises the different methods
for solution. That due to Malkin (Molodenskii, 1962, 65)
approximates very closely to equation (5. 14), the only diffe-
rence being in the definition of the anomaly. Malkin uses
the Prey anomaly (Heiskanen and Moritz, 1967, 64), which
approximates to AgO, as th. " rential tepographicel correc-

tion approximates to the Prey reduction.
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In deriving his expression for the equivalent of the
height anomaly, Molodenskii considers the term XV—Q-;-EE as
a problem in the choice of the reference surface , afte(r the
acceptance of a value for both the flattening and equatorial
gravity. Admitting the term containing (Wo - UO), he gives
the complete solution for the height anomaly th (ibid, 103)

° Wo - Uo
hD= hD+Z--——Y-—-—- errerienes.(15,5),
where 7 is defined as a ' first order spherical
function",

Molodenskii's deductions are in agreement with the con-
tention that determinations of the telluroid give deflections of the
the vertical which difference consistently from astro-geodetic
values on the basis of equations (13.17) to (13.19). N . ther
is there any theoretical inconsistency in the actual geoid ha-
ving no obvious relation to the free air geoid, even though the
latter contributes significantly to its character. Molodenskii's
reasons for ignoring all terms except hD on the right hand side
cf equation (15, 5) for the solution of the boundary value problem
are as follows :-

(i) The zero order term is a function dependent on the
choice of the reference spheroid (ibid, 79). He argues that
as equatorial gravity and the flattening can be determined in-
dependently, a can be altered till WO = Uo.
(ii) The first order term is a function of the separation
of the centre of gravity of the earth and that of the spheroid of

reference( ibid, 104).
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He then concluded that if these two conditions are satig-
fied, the determination of hD is absolute.
The telluroid determination must be considered
from two distinct angles.

(a) The determination of hD itself would have to take
into account the fact that the potential of the geoid is not equal
to that of the spheroid and cannot be made to satisfy this

condition except at the cost of ignoring independent evidence
as to the spheroid which appears to have the same volume
as the geoid and the value of kM., Any attempt to force either
of these conditions invalidates one of two conditions
(i) that of both systems having the same mass and
centre of gravity ;
(ii)  the spheroid being that which best fits the geoid.
As such, h

D
significance, as it does not approximate to the separation of

is a very large value and not of much

the geoid and the spheroid.

(b) Determinations of the deflections will be of impor-
tance as they are directly comparable with astro-geodetic
values. But the anomaly to be used is not the free air ano-
maly but must take into account the location of the associated
spherop in relaticn to the spheroid of reference.

As such, Molodenskii's ¢ “rivation also requires

revision for any zero order term in the gravity anomaly.
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15.3 The gravimetric solution and the orientation of spheroids

used in astro-geodesy.

If the spheroid of reference used for the computation

of gravity anomalies is the same as that used for control net-
work calculations, the quantities AE,r An and ANO, which
appear in equations (13.17) to (13, 19) constitute the required
orientation corrections. These three terms make up a mixed
set as Ag and An, are defined with respect to the surface ver-
tical while the separation ANO refers to a correction for
rectifying the error introduced in assuming the geoid to be
coincident with the sp’ 2roid at the origin. This quantity can
be computed at any point, including the origin, with an accu-
racy approaching ¥ 10 metres on adopting a reasonable model
for the topography, based on current estimates for crustal
density.

As pointed out in section (14,5), the conventional value
adopted by geodesists for the density of the upper crust is
2,67 grn.crn-3 (Heiskanen and Vening Meinesz, 1958, 7).
Hunter's analysis, discussed in section (1.4), gave rise to
the Hunter formula used in the current investigation. Geo-
physicists use much lower values, based on profile investi-
gations using the Nettleton technique, for crustal density.

The density values given by the modified Hunter formula,
set out in equation (12.7) are higher than those used in geo-

physical prospection. As the latter are based on profiles
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which seldom exceed 1 -~ 2 miles, it is felt that these densities
are probably based on surface sedimentary rocks and are pro-
bably too small. In view of the importance of the geoid to all
geodetic calculations, it is of the utmost importance that more
detailed studies are made of the nature of the density distri-
bution in the upper crust.

The free air geoid itself is not identical with the
telluroid, even as a first approximation, and deflections of the
vertical on the former differ from equivalent values on the la-
tter by amounts which can be considered to have two contribu-
tory terms, one of which is constant over large areas and the
other which varies slowly. Thus, unless surface integrals
are calculated using all relevant corrections, the results will
not provide an absolute set of values for AP;O andAnO for use in
equations (13,17) o (13.19),

The solution for the geoid can, of course, be used
to establish absolute values for the deflections of the vertical
at coastal astro-geodetic stations from which values can be
calculated for the corrections to the deflections of the vertical
at the origin of coordinates. This method will be difficult to
apply in Australia due to the weak gravity field available at sea.
The Johnston Origin cf the Australian control
network (Bomford, 1967, 57) has coordinates
0 = -25°56 54 .6 » = 133°12'30.1..(15.6),
which locates it just over the northern border of
South Australia. Its location gives it an estimated N value

from fig (14.9) of approximately 155 metres. The ratio
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AN
—C x 206265

R
m

A study of equations (13,17) to {13.19) shows that the

R

5sec ............(15.7).

effect of this term for a country the size of Australia, situa-
ted in a region of mid-latitude, varies as follows :-

(i) ranges from + 1.4 sec to - 1,1 sec as the
latitude of the computation point varies from - 10° to - 40°
on the meridian through the origin.

(ii) ranges from - 1.5 gec to + 1.5 sec as the
computation point varies from the western seaboard to the
eastern one,

If the estimate quoted is a true representation of the
geoid-spheroid separation at the Johnston Origin, and if the
control network, were evenly distributed about the origin, the
division of the network into four quarters about the origin
should give residuals of the following signs in the deflections
of the vertical on a spheroid which has the geoid-spheroid se-

paration at the origin arbitrarily set to zero.

Meridian Prime Vertical
NE - ve - ve
SE + ve - ve
NwW - ve + ve
SW "+ ve + ve

The prime vertical values being based on the
convention that longitude is positive east. An analysis made
by Bomford (1967, 57) of the astro-geodetic data in flat regions

to determine the mean deflection components in each quarter,
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agrees with the above prediction, with a single exception.
The flat areas sample was used as this would have masking
effects reduced to a minimum. Thus the nature of i:: mean
deflections of the vertical in each quarter seems to confirm the
existence of a considerable elevation of the geoid above the
spheroid at the origin. (Note :~ The signs of the prime vertical
component of the deflection should be reversed when converting
to the sign convention adopted for longitude in this investiga-
tion),

Thus all evidence points to the consistency of the Austra-
lian control network which needs a correction of approximately
+ 155 metres at the Johnston origin for the separation of the
geoid and the spheroid and a set of corrections for the deflec-
tions of the vertical at the origin, the contributions to which
by the free air geoid are approximately - 4 sec in the meridian

and - 4.5 sec in the prime vertical.

15.4 The parameters for a reference model of the earth,

All theoretical inconsistencies, to date, have
arisen from one fact, i.e., the imposition of a value to a phy-
sical reality for which there is no justification. This commen-
ced with the assigning of a value for eguatorial gravity using
a misleading reference model for the earth. This resulted
in the system of reference afforded by the international gravity
formula. Molodenskii, as already discussed, has , in his

derivation, assumed that both f for the best fitting spheroid
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and Y, are known quantities, the value for a being assigned
so that U'O becomes equal to Wo. This is easier said than
done, as, on his system, there is no means available for ass-
igning a value for Wo' As can be seen, the only manner in
which a value can be assigned for the potential of the geoid is
by assuming ase the sphercid of reference , that figure which ,
on the basis of independent determinations, appears to best
fit the geoid. It is critical that the spheroid of reference have
the same volume as the geoid as the value deduced for Wo is
dependent on the assumption that the sum total of all values
of N, taken over the earth's surface, is zero.

If the reference spheroid satisfies this
condition, the potential of the geoid can then be obtained from
equation (14.2), provided the quantity M{Ni} has been ade-
quately determined. In view of the solution being heavily
dependent on the accuracy of the assumption that the geoid and
the reference spheroid have the same volume, it is necessary
to examine the I,A,U. spheroid for accuracy of fit. The
value adopted was first suggested by Kaula (1961, 1807) and
is based on a set of 196 "' observations' , 54 per cent of which
were based on astro-geodetic data, 42 per cent on gravimetric
data and 4 per cent on satellite data. Only about 20 per cent
of the earth was represented in the analysis with a bias to-
wards land based observations.

If there is a tendency for the geoid to lie sys-
tematically above the best fitting spheroid over continental

areas and below it in ocean regions, it can be expected that
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the spheroid obtained by such an analysis is one of best fit

to the geoid over land areas. From the calculations carried
out to determine M {Ni} , as described in section (14, 4),
which certainly cannot be described as being final by any :
means, except for the purpose for which it was made, seems
to indicate a low over the lacific region which passes into a
high as the ocean gives way to the continents on either side.

If the effect described above does exist in

the equatorial radius of the reference spheroid, there is the
possibility that the spheroid of best fit has a radius which is
approximately 100 metres less than that of the I.A.U. sphe-
roid. The resulting changes in UO and vy e’ from equations
(13.47) and (13.49) are + 98.5 kgal metres and + 30 mgal
respectively. As there is no change in either the value of
the flattening or kM, there is no differential variation i; nor-
mal gravity of any consequence over the reference spheroid
and hence there are no changes of significant magnitude in
the values of the deflections. If the magnitude of the zero
order term is to remain zero, the potential of the geoid must
be 6, 264, 542 kgal metres, the value of WO - UO reducing to
764 kgal metres.

Thus the maximum change indicated in the value of
the potential of the geoid due to the I.A.U. srheroid being
approximately 100 metres larger than the geoid, is of the
order of + 100 kgal metres. This value of Wo has no real
relevance in geodesy except in the determination of the se~
paration of the geoid and the spheroid. Its value has no

bearing on the value of kM, and is, in fact, dependent on the
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value of kM adopted for the reference model.

15.5 Conclusion.

The complete solution for the determination of the
separation between the adopted spheroid of reference and the
equipotential surfaces of the earth's gravitational field requires
the determination of the potential of the existent geoid. Such
a value is obtainable if it is possible to detire a spheroid of
reference by an independent method, having exactly the same .
volume as the geoid. If this spheroid is the I.A,U. spheroid
(a=6,378,160 met, f=1/298. 25), the potential of the geoid,
excluding the effect described in appendix (18) , is 6, 264, 628
kgal. met.

The model adopted for the topography exterior to the
geoid in computing this potential is a modified form of the
Hunter formula, set out in equation (12.8). The geoid in
South Australia, based on this value of the geoid potential, is
given in fig (14.9). Any bias which may have occured in the
evaluation of the parameters of the I.A.U. spheroid would be
due to the observational data used in this determination being
continent oriented and lying in areas where the geoid is syste-
matically higher than the spheroid. It is estimated that the
maximum error in the geoid potential due to this cause is
approximately - 100 kgal. metres.

The geoid spheroid separation of the Johnston Origin
of the Australian control network, on the basis of the I.A.U.
spheroid - modified Hunter model is estimated to be nearly

160 metres. This result is not inconsistent with the nature
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of the deflections of the vertical in the Australian control
network.

The free air geoid contributes significantly to the sepa-
ration of the geoid and the spheroid, but neither the magnitude
of the separation nor the deflections of the free air geoid are
any reliable guide to the equivalent components of the geoid-
spheroid separation vector, As the potential of the geoid
is not equal to that of the reference spheroid, the free air
geoid is not a first approximation of the telluroid, as is com-
monly held.

For any attempts to orientate astro-geodetic reference
spheroids with respect to the earth's centre and axis of rota-
tion, it is necessary to consider the geoid spheroid system to
obtain the separation N o &t the origin, The corrections A g
and Ano, defined in equations (13, 17) to (13.19), have to be ob-
tained from a solvtion at the physical surface of the earth,
to which the Stokesian term makes the major contribution, the
anomaly used being a modified form of the free air anomaly,
after allowing for the fact that the potential of the existent geoid
i1s not equal to that of the chosen spheroid of reference.

Astro-geodetic deflections of the vertical,
when used to afford astro-geodetic levelling, contribute toward
the magnitude of the geoid-spheroid separation, but give results
which ignore orientation errors in the triangulation spheroid.
As these quantities are much larger than the quantities deter-
mined by astro-geodetic levelling, the resultsare of limited

relevance in attempting to remove scale errors introduced
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in control networks due to the geoid-spheroid separation being

unknown,
If all these considerations, including the ones listed in

appendix (18), are taken into account, the gravimetric solution

is exactly equivalent to a purely geometrical one.

November 1967.
Sydney,

Australia
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(xx) A ppENDIX (7)

IBM 05/360 BASIC FCRTRAN Iv (E) CUMPILATION

PRCGRANM TOCPNE

CALCULATES DIFFERENTIAL ATTRACTION OF TCPOGRAPHY AT GEUOIL LEVEL
ADCPTING A POSTULATED MODEL CUNSIDERING THE EFFECT OF TUPUGRAPHY
UPTC PSI GREATER THAN 1.5 CEGREESyEXCLUDING THE INNER FUOUR TENTH
DEGREE SQUARES.ELEVATIONS IN FEET.COMPUTATION AT TENTH DEGREE
INTERVALS.OUTPUT FUR 1 X 1 DEGREE AREAS

DIMENSICON KHT{10) 4JHT{81+81)4TOPEFF{12,12},CLAT{101, CLdNG(lO)v
LITOTU11,11)ERFILL,11),IPVAL(10)

IHy=1

I1CAP=81

INT=1

DG 1 I=1l.ICAP

DO 1 J=1,1CAP

IHT(I,44)=-1000

READ LAT,LCNG OF CENTRE (OF NW TENTH OEGREE SQUAREL*VE S,E
REAC(1,2)LAC,+LCC

FCRMAT(2110)

REAL FEIGHTS OF TENTH DEGREE SQeMEARNS IN FT,wlITH LAT,LCONG UF
MCST WESTERLY SQUARE

REAC(1 44} ITESKEYsLALLOH, RINT;(KHT(I),I 1,100
FORMAT(1I2,1242164F4.1,1018)

WRITE(3,1003ITEZLAHLCHy (KHT{I),1=1,10)

FORMATI(Y v,11,2110,41016)

AFCITE-105,1C5,4156

DC 14 I=1,10

IN={LAH~LAG)/710.0+1

JAN={LCH-LCC) /71 0.0+1

IF{IN)12,51246

IFLIN-ICAP T 97412

IF{UNI1Z2,12,8

IF{IN-TCAP)}I4+G,12

IF(KET(1)}10,10,411

THTLIN. UND)=100000

GC TC 14

IHTUINS IN)=KHT( 1)

GC TC 14

WRITE(3,13)INsJN

FCRMAT {441 HEIGRT READING CUTSIDE AREA,PUSITION beING ,2110/7)
CCONTINLE

[F(ITE-1)3,105,15

WRITE(3,16}LAF,LOH

FCRMATIL15H CARD wWITH LAT LI5,17H S AND LUNGITUDE 415429H £ HAS obc
IN PUNCREL IN ERROR )

6C 1C 3

END OF READING HEIGHTS.STORED IN FEET
REAC(Ly10G)ITE+KEYy LARyLOHsRINT 9 {KHAT({)yI=1,10)
FORMATII1,12,2164F5.2,1016)
WRITE(3,10C)ITESLARSLOH(KHT{I) y1=1410)

IF{ITE~-1)107,17y110

DC 115 I=1,1¢C

IN={LAH~-LAC) 710.0+#1}

JA={LCH~LCC) /10,041

IF{IN)11441)4,1C8
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1C8 IF(IN-ICAPIICS,109,11%
1C9 IF(JNI1l4,114,110
110 IF(JIN-ICAP)1L11,111,114
111 IF{KHT(I))112,112,113
112 IHTCIN,JIN)=100000
GC TC 115
113 THTUINy IN)=KHTLT)
GC TC 115
114 WRITEL3,13)1IN,JN
118 CCNTINUE
[FIITE~1)105,17,116
116 WRITE(3,16)LAF,L0OH
GO TC 1065
17 REAC(lobl)ITE,KEY,LAH,LUH,RINTQ(Kﬁf![)ol=1910)
61 FORMAT(I14124216+F4.1,1016)
HRKTE(3;100)lTEcLAHpLCH'(KHTf13vl=19103
IFCITE-1)62,72,171
62 BC 7C I=1,10
IN={LAH-LAG)/10.,0¢}
JA=(LCH~LCC)/10.,0+I]
IF({INYEY,65,563
63 IF(IN~ICAP 64,464,069
€4 IF{IN)EG,6G,65
65 IF(JUN=ICAP )66 466,69
66 IF{KHT(1))67,67,68
67 IHTIIN,JIN)=100000
GC TC 70
68 IhT(IN,IN)=KHT(])
GC T0 70
69 WRITE{3,13)INgydN
7C CONTYINUE
IFCETE~1)17,72,71
71 WRITE(3,16)LAF,LOHK
GG TC 17
72 Lip=2¢
ISPA=2
WRITE{(3,18)
18 FCRMAT (109K COMPUTATIUN OF DIFFERENTIAL TCPOGRAPHICAL EFFECT FUKR U
LUTER ZGNES FOR PSI LLSS THAN LeS5«INNER ZUNE EXCLUUED //7)
IF(IRV=-1)EC, 48,48
48 WRITE(3,49)
49 FORMAT{/86H THE HUNTER FURMULA, RHO=(2,77-+H/21)
1, H IN KMeBEING USED //7)
50 READ‘1947)C0N1RH0191;RACM.CUNZvLUNl
47 FGRMAT(EIC.3,F10.2,F10-5'5i0.4gEIC.2,E10o1)
CCCA=!CCN*RHO*PI*PI*CDNZ)/(4*180*180*RADM)
CCON1=-4%PI+CCN®RHU¥CONL
HRITE(3;?33CON,RHU,PI1RADM:CGN2:CCGN'CCUN1
73 FORMAT(' CON= ',E10.3,* RHU= $2F1Ca2s® PI= 9,F1045,' RADM= P
IEL1C.44* CCN2= *,E10.2,4' CCUN= '1E1D0.5, % CCUNL= *,E10.5/7/77)
NC=1
NCL=1
DC 36 I=16,L1M,INT
IND={1-16.0)/INT+1} _
CLAT(IND,=LAU/IOO.O*(NU‘1)*540*(I—lbl*0o5*1.5
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354 RADF=12.546*1000*SQRT(CCS(CLAT(IND)*O.CI745331)
.55 DC 35 J=16,4L1IM,INT

S¢ IND=(J=-16.0)/INT+1

157 CLCNG(JND)=LGO/100.C+(NOL*l)*S.O*(J*lb)#0.5+1.5
'98 ACC=0

159 KTICT=C

00 ACCER=0

01 G6C 31 1i=1,3¢C

02 [H=(I-16)#5+(NO-1)%50+11

03 QLAT=LAC/100.0+1H/10.0~0.1

C4 CQLAT=CCS{QLAT*0.0174533)

05 BC 30 Jd=1,30

IF(IE~-15)22,2C,19
19 IF(11-16)30,20,22
2C IF(J4u~15322,30,21
21 IF(JJ~16)30,30,22
22 JH=(NCL=1)1%50+(J~16)%5+4y
IFCINT(IkyJH) 330,32,23
23 IF(IHT(IH,JH)“ICOOGO)24'30'28
24 QLCRG=LCO/IOO.C*JE/l0.0—O.1
DLAT=‘QLAT~CLAT(IND))*0-0174533
CLCNG=(CLGAG°CLCNG‘JND),*CCLAT*0.0174533
PSSQ=CLAT*DLAT+DLCNG*DLONG
PSI=SQRT{PSST)
IF{PSI)26,26,25
25 FPS[=*4.0*11'15*?550/24.0’/(PSSQ*PSI)
RHT=C.304799*1HT((H.JH)
VAR=§PSI*CQLAT*(l‘IHV*RHT/(ZlOOO*RHQ))
ACC=ACCH+VAR®RKT
ACCER=ACCER+VAR®VAR
KTCT=KT(UT+1
GC TC 30
26 WRITE(3,27)PS1
27 FGRFAT(élH ERROR IN SINE PS1., VALUE CBTAINED GEING 4yF20.87)
GC IC 30 ’
28 WRITE(3,25)IH,dby IHT(Ihydr}
29 FCRMAT({41H ERRUR IN LOADING HEIGHT FUR ELEMENT NOel 921104281 )}, Thi
1 VALUE CBTAINED BEING 1110771
3C CCATINUE :
31 CONTINUE
GC TIC 34
32 WRITE(3133’CLAT{IND),CLUNG(JND)
33 FORMAT{43H INSUFFICIENT HEIGHTS TC COMPUTE EFFECT FORsFLGeZ 2l 4t OE
1GREES SUUTHyF1042,14H CEGREES EAST 7/
; TCPEFFUINLJNC)=0
' ERFLIND,JND)=0
, ITCYCOINDyIND =0
GC TC 35
34 LA=(NC-1)%50+(]-16)%5+16
LE=(ACL=1)%50+(J~16)%5+16
KF(IHT(LA“lrLC’ll‘ICOOOO)75,74,86
74 111=C
GC TC 78
15 IT1=iHT{LA-1,L0-1)
16 XF‘IHT(LA"I'LO’_IOOOOO’78:77,36.

o T T e (3000
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77 112=C
GO TO 79
18 1T2=IHT(LA-1,L0)}
7S IFLIRT(LA,LC~1)-100000)81,80,86
80 IT3=0
GC TC 82
81 IT3={HT{LA,LC-]1)
82 IF{IHT(LA,LO)~100000)84,83,86
83 IT4=C
GO TU 85
84 IT4=IHT(LA,LC)
85 JHT={IT1+IT2+IT34[T4)%0,304799/4.0
GC TC &8
86 JkT=1
WRITE(3,87)CLATUIND) yCLONGLJIND)
87 FORMATI(* ERROR IN LOADING HEIGHTS FUR LAT= "3F10e29% N;LONG= ¢
1F10.2,* ELMULTIPLY RESULT BY TRUE HI FUR ANS. t)
88 IF{JHTI153,153,154
153 TCRIN=O
TCPLUT=C
GC TC 155
154 RATIG=JHT/RACF

TOPIN=CCUN1*JHT*(1“0.5*RATIU+RATIO*RATIU*RATIO/B.OJ*(1-IHV*JHT/£

121000%RHQ )
TCPUT=CCCN*JHT*ACC

155 TOPEFFLINC,JADI=TCPIN+TOPUT
WRITEL3,89)CLAT(IND} yCLONGU{JND) ydHT o TOPIN, TOPUT

83 FCRMAT(* LAT= *,F10,2," NeLUNG=*3F10429% E.MN ELEVS 9,15, MET.IN.

ICONT=*yF10.2+* MGAL.CUTER= *,F10.2,' MGAL.?)
ITCTUINC,INDI=KTCT
ERFLINCYIND)=CCCN#30*SQRT(ACCER)

35 CONTINUE
36 CCANYINUE
WRITE(3,37)

37 FORMAT(//120H TOP.COR. TGP.COR. TCPL.CORs TOP.CORe TOPCORS

T

1P.CCR. TOP.CURe TCP.LOR. TUP.CUR. TCPLURS LATITULE
2 /)
WRITE(3,38)
38 FORMAT(120H MGAL , MGAL. MGAL MGAL . MGAL . ML
1AL, MGAL. MGAL . MGAL . MUGAL. LEGREES S 4
277}

0C 150 I=1,410
ST=TCPEFF(I,11)
TOPEFFUI+11)=CLAT(I)
WRITE(3,3S)(TCPEFF{IyJd)yd=1,y11)
39 FORMAT{10F10.2,F15.2/7)
TCPEFFLI,11)=ST
15C CCNTINUE
WRITE(3,40)(CLONG (S )yd=1,10]
40 FURMATL{///10F10.,2/)
- WRITE(3,41)
41 FORMAT{72H LUNGI TUULE I N
1E GREE S E /771
WRITE(3,54)

54 FGRMAT(///58H ESTIMATES OUF ERKORS IN COMPUTED Vv
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1ALUES/7)
KRITEL3,37)

WRITE{(3.38)

DC 151 I=1,10
ERF(I,11)=CLAT(I)
WRITE(3yS1MMERFUI4I ) 9d=1,y11)

51 FCRMAT(10F10.5,F15.,2/)

151 CCATINUE
WRITE(34400{CLONG(Jd ) yd=1,10)
WRITE{3,41)

WRITE(3,42)

42 FCRMAT{120H NCO« USED NU. USED  NCe USEDC  NOe
1USED NOU. USED NG. USED NU. USEU  NU. USED
2)

WRITE(3,43)

43 FCRMAT(120H IN CCMP. IN COMP. IN COMP., IN COMP.

1CMP. IN COMP. IN COMP. IN COMP. IN COMP.
277}
DC 152 I=1,1¢C
ITOT(L,11)=CLAT(I)
WRITE(3944)LITCT(Iyd)sd=1,113
44 FCRMAT{10110,115/)

152 CONTINUE
WRITE(3,40){CLCNG{J ) d=1,10)
WRITE{3,41)
0C 117 [=1,80
BC 117 4=1,8¢C

117 IKT(I,44)=0
‘0C 128 1I=1,10
DC 127 4=1,1¢C
0C 126 (I=1,5
BC 125 J4d=1,5
IN=(I-1)%5¢]1
JN={J=-1)%5+44
IF{II-1)123,118,121

118 1F€JJ-10123,116,120

119 THTUIN,IN)=TOPEFF (I 4J)%10

STCRED IN TENTH MILLIGAL
GC TO 125

LATITULL

j.-'

IN COMP.  IN C

DEGKEES §

120 IRTUINSIN)={{5~JJIRTCPEFF (1, 3)+JU3TOPEFF(1,d+1))%10/5.0

GC 1C 125
121 IF{J4J-10123,122,125

122 THTOINy UNY={ (S~ L1)%TUPEFFLL s 3+l 1*TUPEFF(LI+19d)) %10/5.0

GC TC 125
123 WRITE(3,41243 11939l sdsINedN
124 FORMAT{' ERRGR IN INUEX CALCS.II= P alS,t Ju=
19I5, IN= *,[5,% UN= *,]5)
125 CLNTINUE
12¢6 CONTENUE
127 CCNTINUE
128 CONTINUE
0C 135 I=1,410
BC 134 J=1,10
DC 133 1i=1,5
0C 132 J4J=1,5

5

4
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42 INN=(I-1)%5+]

43 JNN=(J-1)%5+]

44 IN={[-1)%5¢]]

45 IN=LJ-1 %5444

46 IF(1I-1)131,132,129%

47 129 [F(J44-1)131,132,130 ]

48 130 lHT(INyJN)=f(5—II)*IHT([NN.JN)#II*IhT(INN+5.JN)*(5-JJ)*IHT(IN.Jﬂm;
14JJI*IRETUINGUNN+50)/10.0 -

45 GC TC 132

50 131 WRITE(34124)10eddylgdyINyJN

51 132 CONTINUE '

A
a8

133 CCNTINUE

134 CCNTINUE

135 CONTINUE
DC 139 I=1,5
DC 138 J=1,5
8C 137 11i=1,10
LAT=LAG+(I-1)*100+{ [I~1)%10+150
LENG=LCC+{J-1)*100+150
INO=(I~1)%10+]1
JAD={J-11%10
BC 145 Ju=1,10
JUND=UND+ I Y
IPVALIJUI=IHTUIND , JUND)

145 CCNTINUE
NRITE(Z.136}LAT,LCNG.(IPVAL(JJ’;JJ=1le)
HRIYE(B:IB&)LAT:LONG.(IPVAL(JJ}oJJ=lv10}

136 FCRMAT(* 0,216,1CI6)

137 CONTINUE

138 CCNTINUE

139 CCNTINUE
WRITE(3,4140)

14C FCRMAT(//¢ PRINT CUT OF INTERPOLATEU VALUES IN TENTH MGAL *//)
DC 144 [=1,5
DC 143 4=1,5
0C 142 11=1,10
INC=(I-1)%10+11{

JAC=(J-1)%10

DC 146 Jdu=1,10
JIND=JIND+ I
IPVALUJI)=IHTUIND yJUND)

146 CONTINUE
NRITE(3:141)IAD:JNO:(IPVAL(JJI,JJ=1r103

141 FCRMAT(12(9)

142 CCATINUE

143 CCNTINUE

l44 CCNTINUE

45 CONTINUE

46 CCNTINUE
STCP
END

Al AR VIR VYRR F]
QR O w

T T e eI OO NV SrWN -G D

SIZE CF COMMUN 0COCCO PROGRAM 041C18

END GF COMPILATION MAIN
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ULEG I8M 0S7360 BASIC FORTRAN IV (E) COMPILATION

PROCARAM TOPMNS )
CALCULATES THE DIFFERENTIAL ATTRACTION OF TOPOGRAPHY AT GEOID LEVEL
ADOPTING A POSTULATED MODEL CONSIDERING EFFECT OF TOPOGRAPHY UP TO
PST EQUALS 1.5 DEGREES «THIS IS VIRTUALLY THE DIFFERENTIAL ATTRACTION
CYLINDER.,

DIMENSION KHT{5)},IHT{80,80),TOPEFF(11l,11),CLAT(10),CLONG(10),
LITOT(10),IER{1D), ITOP(5)

IHV=1

KEY 3

Cr gty

[ I

1 ICAP=HY
JCAP=80
RNT=0.5
G0 70 4
2 [CAP=&4
JCAP=64
RNT=1.0
GO 70 4
3 1CAp= 36
PNT 5. 0
“ D2 8 I=1,ICAP
DO 5 J=1,4CAP
5 Eﬁ?il J1==1000
£ TC e LING OF CENTRE OF Sw SQUARE IN TENTH DEGREES,+VEN,E
RE&D(i:é!LAOpLGD
6 FORMAT(2110}
C READ MEAN HEIGHTS OF SQUARES IN FT. .WITH LAT,LONG OF MOST WESTERLY S$Q
IF{KEY=2)T7:7,7
118 READIS 1193 LA IHN(KHT(I) yI=1,15}
119 FORMAT(13,12,15151}
[F{LA+8)1204121,125
A 'P"““"7=‘,?1g121
121 1IFLIHN=8B) LD idBelce
122 IF{IHN-11)123,123,125
123 D3 124 I=1,15
LAH=({LA-0.5) %10
LOH={ {15%{ [HN~1) +{I-1)+0.5)%10)
IN={LAH-LAQ) /{RNT%10) ¢}
IF{KHT{[)}1264126,127
126 IHT{IN,JN}=100000
60 710 124
177 IHT{INS JNY=KHTLI)
TTA CONTINUE
e . TR 1.214118
7 REAG(!;&:zsL.w. LLOHs (KHT (L) yI=1,5)
8 FORMATIIL1,2110+5110G:
IF{ITE-1}9,21,19
9 DO 18 I=1,5
[H={LAH~LAG)/50+1
JN={LOH=-LO0) 750+
[IF(INIL16,16,10
10 IF(IN-ICAP)IL11s11,y106
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60456 . 11 IF{JUN)16416,12

0047 12 IF{JUN-JCAP)13,13,16

0048 ) 13 IF(KHT{I)) 14,414,415

0049 14 THT(INyJN)=100000

0050 GO TO 18

0051 15 THYUINs UN)=KHT(])

0052 18 CONTINUE

G053 WRITE(3,5132)ITE2LAH LOHs (KHT LI} ,1=1,5),INsJN

0054 132 FORMAT(® *,05,7110,' IN =*,15,% yN =',15)

0055 GO 10 137

0056 16 RRLOH=LOH+{I-1) %1 00%RNT

3057 WRITE(3417)INsIN)LAHJRRLOH

0058 17 FORMAT(/* HEIGHT READING OUTSIDE AREA,POSN =%,2110,* AND LAT i 10,
1' JLONG *,F10.1)

J059 137 IFLITE-1)7,21,19

3060 19 WRITE(3,20)LAH,LOH

Y0561 20 FORMAT(15H CARD WITH LAT ,110515H AND LONGITUDE ,110,27H HAS INDEX
1 PUNCHED I[N ERROR/)

3062 GO0 TO 7

C END OF READING HEIGHTS.STORED IN FT.

3063 21 IF(KEY=2)22423,24

1064 22 [BASE=¢4

1065 CLIM=13

J066 INT=1

W67 I15PA=8

L3 JSPA=7

069 GO 1O 25

70 23 IBASE=3

T LIM=12

W2 INT=1

073 [SPA=6

074 JSPA=6

0TS GO YO 25

076 24 IBASE=2

077 LIM=11

078 INT=1

079 JSPA=8

080 [SPA=4

v 25 WRITE{3,26)RNT,RNT

082 26 FORMAT(S53H COMPUTATION OF DIFFERENTIAL TOPOGRAPHICAL EFFECT FOR,F
10.1410H DEGREE X +F10.1,20H DEGREE SQUARE MEANS//7/)

083 WRITE(3,310)JLA0,L00

084 310 FORMAT(/* GEOGRAPHICAL COORDINATES OF SW CORNER ARE:~- LAT =0,110,
1* N3 LONG =*,]110,% E')

085 IF{IHV-1)130,128,102

D8s 128 WRITE{3,129)

087 129 FORMAT{/86H THE HUNTER FORMULA, RHO=(2.77-H/21}
1, H IN KM.BEING USED /77)

088 130 READ{1427)CON,RHO,PI,CON2

bR 27 FORMAT(ELD0.3,F1042,F10.5,E10.2)

)80 READ(1 462 ) (IER(I),1=1,3)

)9l 62 FORMAYT(3110)

)92 CCON=-4%P [ *CON*RHO*CON2

193 RAD=166700,0

5% WRITEL3,311)ICON,RHO+PI yCON2,CCON,RAD
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1E VALUE OBTAINED BEING 411077}

149 48 CONTINUE

1150 49 CONTINUE

1151 52 [TF{KTOT153,303,55

1152 53 WRITE{3,54)IRNT,CLAT({IND)} CLONG(JUND) _

1153 54 FORMAT(/36H ERROR IN COMP. OF MEAN HEIGHTS FOR 4F10.29224 DEGREE S
1QUARE AT LAT ,4F10.249H AND LONG,Fl0.2)

1154 GO0 10 92

1155 303 MHT=0

1156 KTOT=0

157 GO TO 305

1158 55 MHT=ACC/KTOT :

1159 305 WRITE(3,140)CLATIIND) oCLONGIJIND) 9 MHT o IHT{ INDHH=~3 9 SNDHH-3) ,KTOT

160 140 FORMAT(® AT LAT= *oF10.1s% AND LONG ="',Fl0.1y" E,ELEVATION=',110,
1* MET.WEIGHTED ELEV =%,110,' MET.SUM OF WTS.= *,110)

‘161 GO 1O 93

162 56 ACC=0

‘163 KTOT=0

164 WEL=0.0

165 WE2=0.0

166 WE3=1.0

167 DO 73 (1I=1,5

168 INDHH=INDH+[]1-3

169 D0 72 Ji=1,5

170 JNDHH=JNOH+JIJ-3

171 CIFUI1-2)64458,57

172 ST IF{I1-4160,58,564

173 58 IF{JJ—-2)64965459

174 59 IF(JJ=4)65,65,64

.o 60 IF{JJU=-2)64,465,61

176 61 IF{JJI-41664565464

177 64 IWE=HWEL

178 GO TO 67

179 65 IWE=WE2

180 GO T0 67

181 66 IWE=WE3

182 67 IF(IHT{INDHHy INDHH} I T24744638

183 68 IF{IHT{INDHH,JNDHH)-100000)70,72,71

184 70 ACC=ACC+IHT(INDHH,JNDHH) #IWE

185 KTOT=KTOT+IWE

186 60 70 72

L87 71 WRITE(3,47INDHH, JNDHHy IHT { INDHH, JNDHH)

L88 72 CONTINUE

189 73 CONTINUE

190 GO 70 75

tol T4 WRITE{(3,51ICLATLIND}»CLUNG(JND)

192 51 FORMAT{®* ERROR IN LOADING AT LAT=',F1l0.1,* AND LUNG=*yF10.1}

193 75 ITFIKTOTIT764308,77

Ly 4 76 WRITE(3,54)IRNT,CLATCIND) s CLONG(JIND)

L95 GO 1O 92

l96 308 MHT=0

.97 KTO0T=0

.98 GO 70 309

L2329 77 MHT=ACC/KTOT

00 309 WRITE{(3,140)CLAT(IND)»CLONG{JIND) yMHT, THT{ INDHN~2, JNDHH-2} ,KTOT
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60 TO 93
78 ITF{IHT(INDH)JJNDH))32,92,79
79 IF(IHT{INOH, JNDH)-100000)80,92,81
80 MHT=IHT(INDH, JNDH)
GO TO 93
81 HRITE(B,BZ)CLATtlND!qCLONG(JND)
82 FORMAT{* ERROR IN LOADING HEIGHT AT LAT =',F10.29" LONG =%,F10.2!
92 TOPEFF{IND,JND) =0 i
WRITE(3484)INDH, JNDHyCLAT(IND) yCLONG(JUND) y IHT{ INDH, JNDH)
LTOPEFF LIND,JND)
. B4 FORMAT(®* INDEX =%,215,* LAT =',F10.2,' LONG =',F10.2,* ELEVATION =
1°+110,* TOP COR =%,F10.2)
GO TO 94
93 RATIO=MHT/RAD
RATIOS=RATIO*RATIO
IF{MHT~2500)300,+300,301
300 IHv=]l
COON=CCON
60 TO0 302
301 IHV=0
COON={CCON*2,67)/72.77
302 TOPEFF(IND,JND)=COON*MHT*(1-0.,5%RATIO+RATIO*RATIOS/8.0-RATIOS*
IRATIOS*¥RATIO/16.0)*{1~ IHVE*MHT/{21000%RHO)} )
WRITE(3,84)INDH, JNDHyCLAT{IND) CLONG( IND) o IHTU INDHy INDH) »
LTOPEFF{ INDyJND)
94 CONTINUE
95 CONTINUE

WRITE(3,96)

96 FORMAT(//'1 TCP.COR. TOP.COR. TOP.CORe TOP.COR. TOPL.LOR. TO
1P.COR. TOP.COR. TOP.COR. TOP.COR. TOP.COR. LATITUDE
2 7)
WRITEL(3,97)

97 FORMAT(120H MGAL. MGAL . MGAL » MGAL . MGAL . MG
1AL. MGAL . MGAL . MGAL . MGAL. DEGREES N /
2/77)

00 131 I=1,10

TOPEFF{I,11)=CLAT(I)

WRITE(3,98) (TOPEFFilsJ)yJd=1,411)
98 FORMAT(10F10.24F15.2/)
131 CONTINUE

WRITE(3,99){CLONG(J) ,4=1,10)
99 FORMAT{///10F10.2/}

WRITE(3,100)
100 FORMAT(/72H LONGITUDE I N {3

1 EGREES E 777)

WRITE(3,90)
90 FORMATI(*1 LISTING OF CARDS PUNCHED %///)

DO 136 I=1,10

DC 135 JJ=1,2

JK={JJ=1)%5

LATP=CLAT{1)*100

LONGP=CLONGI{ JK#1)*100

DO 133 K=1,5

JIK=JK+K

[TOP(K)=TOPEFF(IJJK} %10
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133 CONTINUE
WRITE(29134)LATP,LONGP»LITOP{K) +K=145)
WRITE(34134)LATPLONGP, (ITOP(K) ¢K=145)

134 FORMAT(®* 0°',7110)

135 CONTINUE

136 CONTINUE

101 CONTINUE

102 CONTINUE
ERF=CCON*LER{KEY)/RAD
WRITE(3463)ERF

63 FORMAT(//47H ERROR IN FINAL RESULT ESTIMATED AS

116H MGAL. /77)
sTop
END

SIZE OF COMMON 00000C  PROGRAM 036460

END OF COMPILATION MAIN

’FlObl?



(xlii) APPENDIX (9)
1LJUuLGE ibM CS/7360 BASIC FORTRAN IV (E) COMPILATION

PRCGRAM STCKUT
CALCULLATES THE CCMPCNENTS GF STUKESIAN HEIGHT AND DEFLECTICONS UF THE
VERTICAL FCKR AN AREA PSI> 204 THE INTERVAL GF CUMPUTATION SBEING l.Bas]
PRGGRAM CGMPUTES EFFECT QVER 10 X 10 AREA,THE ANCMALIES REPRESENTING
5 SQUARES.THE EFFECT US CONSIUERED FUR FCR WORLD WIDE EFFECT AROUND T
X 10 SQUARE CF CCMPUTATION. SYMMETRIC WITH RESPECT TC THE Sw CORNER
AN INNER AREA OF45 X 45 ARGUND THE CUMPUTATION PUINT,SYMME YRIC WeRoT
TG IT 1S GMITTEGLLAT,LCNG +VE NoE RESPECTIVELY.PRUGRAM HANDLES A
AREA wFOSE SIZE 1S CCNTROLLEL BY l8A ANC ISPALALL UNITS ARE DEGREES
CIMENSICN KAN(5}cIAN(B&v?Z),COMPN(Ilyll)fCUMPDM(lI'Il)’
lCCMPDP(11,11).CLAT{10),CLCNG(IO)'ITUT(ll,IIJ,PRECN(Il,Il),
ZPRECCF(llrlllvPREtUPilloll)aINTtR(3;6);ISIS(3v6)pCURGCN(ll.IIi:
3CCRGCM(11111,1CURCCP(ll911):CORSN(11011)’CCRSM‘11011)
CIMENSICAN CCRSplllyll),CCRTN(IIoll)oCCRTM(ll:ll)9CURTP(11011)1
lSlSN(Ilel)oSISF(lIyll)ySISP(ll:ll)
CIMENSION RAN(S),IAT(36,72)
[Cap=12¢
JCAP=T72
INT=}
CC 1 I=1,1ICApP
8C 1 J=1l,JCap
IHT(L ) =0
1 IANC(L,4u)=C
C REAL LATHLUNG CF LENTRE OF Sw FIVE UEGREE SQUARE IN TENTH DEGREES .
REAC({142)LAC,LCC
2 FCRNMAT(2110)
L READ CRAVITY ANUWMALIES REPRESENTING FIVE CEGREE SQUARE MEANS IN TENT
L MILLIGALyWITH LATLLCNG CF MUST AESTERLY SQ.IN TENTH DEGREES.
REAE(I.300)FLAY,CFLAT,RAU.ERAE,GKCON,DGRCGN,PUTCGR,OMSQ
3CC FLRMAT(BEL1D.4)
WRITE(2,43Z22)}FLAT,RAD
323 FORMAT(Y FLATTENING ='HELDeS5, ! RADIUS =9,FE1G.5)
BETA=S,2684E~2
ECCR=6,78046¢ ¢
SE£=RAU*ICC.Q*CMSC/(&QGR*I.OE'4!
RATRAC=URAC/RAL
RATGRC=CGRECN/GRCUN
CSEECC=~SEE#*KATGRC
LSCES=SEE#*3RRATRAL
CSEET=3EE#(3%RATRAD~RATGRL)
LETAGC=CSLEGC®5/2,0
CETAS=CSEES*5/2,C-DFLAT
LTAT=LSEET¥5/2 ,Q~0FLAT
CECGG£=ECGR*(RATGRC—DSEEGC*S/Z.O)
KEQQS=EQGR*(-Z*RATRAQ+GFLAT*DSEES*5/Z.C)
OECCT=%&bR*(RATGRL*Z*R&TRAC+CFLAT-GSEET*S/Z.O)
3 REAC(I,Q)(RAN(J),J=1,9),RLAH,RLUh
4 FCRVNAT(11F6.1)
CC 12 1=1,s
INS{RLAH+5C) /5.C-1+1
LLCh=RLCH
[FOLLUH=-18C)92,61,91
S1 LLCH=LLCH-260

CCCOCO O e
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$2 JN={LLCH+180}/5¢+1
IFLINYIO,L1C,4
&€ LFUIN-ICAP)Ty 7,410
7 IF({JINIIC,1C,8
& ITF{UN-JCAP}IG,S,10
S TANCIN, IN)=RAN(I)#1C.0
2 CCATINLE
ARITE(Z)70IRLAHIRLUAMy (RANCJ) 9d=19S) 9o INsJN
70 FCRMAT(® 'y 11F1CaLs* IN=', 15,7 UN=',I5])
IF(RLAH+45,0)13,138,3
138 IF(RLCE=355.D03,15,13
10 WRITEA3,L1)INyINyRLARSRLCH
11 FORMAT(Y ANCMALY wITh INDEX VALUES (*,2110,° JOUTSIDE LIMITS.
ILATITUCE CN CARL IS'9yF1041,' AND LONG', F10.1)
GC TC 3
13 WRITEU(3,414)}RLAH,RLUH
la FORMAT(* CARD WITd LAT =*,Fl0.1s' AND LGNG =0,F10.,19* HAS INDEX
1 PUNCHLD IN ERRCR') '
END OF REACINCG ANUMALIES.STGRED IN TENTH MILLIGAL.
FAN 1S STRUCTURED AS FULLOWS:~LOUNTING CIGITS FRUM RIGHT,1-4 GIVE
MEAN ANCMALY IN TENTH MILLIGAL,y5-6 GIVE NO. OF READINGS IN SQUARE
7 TC 8 GIVES KEY TU THE PRUCESS:- 0O UDIRECT 3 1 = INTERPOLATION
2 = [NTERPCLATICN/EXTRAPCLATICN ; 3 EXTRAPCLATION
15 REACULySIITE LA LOH{KANII) 3I=1,45)
5 FORMATA{ILLTILIC)
[FUITE~-L)S341174115
G3 0L ST [=1,5
IN=(LAR+8ET75)/50.0+1
JA={LCH+1775)/5C.C+]
IF(IN)YSS,656,94
S4 IF(IN-TCAP )8 ,455,69
S5 1F(UN)S9,56,56
56 IF(UN-JCAL)ST 457,99
ST THT{IN, NI =KANET)
WRITE(3s98ILAL LTy IKANTJ) 9J=145) 9 INgJN
G8 FLRMATH{Y *,7110,% IN =¥,15,' UJN =%,15)
GL 1T 114
S9 WRITE(3,133) INyJNyLAR,LCH
139 FORMAT(Y ANCMALY WITH INUEX VALUES(*,2110,% ) OUTSIDE LIMITS. LATI
ITUCL CN CARD IS *,I10,% LCNG =%,1101)
114 IFCITE-1)15,117,11%
118 WRITE(3,411&)iAH,LCH
ThA OFCRMAT(Y CARD WITH LAT =9,110,% AND LCNG =, 1104* HAS INDEX PUNCHED
10 IN ERRCR
GC TC 15
117 18A=40
[SPA=5
LIM=]gA+S
REACLYLe LEILUNIRPG P I IARCy TGRAV yCUNL ¢RAL
16 FURMATHELC W3 ,F1Ca29F10e541104F1042,E10.29E10.4)
CCONN={RAD*CCONL#PI) /{4*TURAV%180%180)
CCCNC={PLI*IARC*(CNL )}/ (4%*TGRAV*180%180)
WRITE{3,17)ICCONN,CCCAL
17 FURMAT(/4TH CCSFFICIENTS FGR CGMPUTATICN OF SEPARATIUN IS 1£20.5,
L'  ANC OF CEFLECTIONS IS  ',E20.5)

o
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REACLL,110)SER,NUM
110 FURMATI{F10.1,4110)
hkC=1
: hNCL=1
/ DC 46 [=1,10
3 IND=]
A CLATUIND) =LAD/10.0~2.54{N0-1)%10.,0+1~1
X COL=CLAT(INC)*0.0174533
: SCLAT=SIN{CCL)
CCLAT=COSHICCL)
: CLATS=CLATIIND) /5.0
Y LATS=CLATS
o GECS={CLATS~LATS ) %5
[F{DECS)T75,76,76
75 DECS5=DEC5+5.00
16 ALCS=A8S(DECS)
LFEAECS)1SG,21,18
18 IFLAECS5~5)21,419,19
19 WRITE(3,20)CLAT(IND}
20 FORMAT(41lH ERROR IN CALCULATION OF OEC AT LATITUDE ,Fe0.27)
GU TC 46
21 JBA=100
LIMJI=JBA+9
DC 45 y=1,10
JNC=J
CLONGUUNDI=LEC/10.0-2.5¢INGL=1)%10¢4~1
TN R=LLONGLINE )Y /5.0
LUNGE=CLONGS
DECLS={LLGNGS~LENGS ) *5
AECLS=ABSIOECLS)
IFCAECLS)23,25,22
22 IF{AECL5~5)25,23,23
23 WRITE(3,241CLAT(IND) yCLONG{JIND]
24 FCRMAT(/45H ERRGR IN THE CALCULATION UF DECL AT LATITUDE,F20.2
1 AND LONGTTUDE ,F20.2/7)
GC 70 45
25 AC(=0Q
KTCT=0
ACLCM=0
ACCP=C
ACCER=0
ACCPER=D
ACCMER=D

& A=, 0

M i e U
AGLP=C.0
ASN=C.0
ASM=0,.D
ASP=C.0
ATN=0,0
ATM=0.0
ATP=C,0
SISTON=0.0
SISTUM=0,0
SISTCP=0.0




137
0133

13
Liac
0141l
Cl42
D143
0l44
Dlac
0146
0147
0148
Cla9
£1s¢
0151
cl52
Cl153
0154
0155
€156
0157
Q158
g15¢
014aC
Clél
Qle2
Cle3
Cl64%
Clss
Claeé
Cle1
Clceg
Clas
g17C
171
0172
€173
CL74
Cl7%
Cl7¢
cLi1
QL&
Cl7s
niucn
181
O0ls2
¢183
nlga
018%
£lag
nlg?
cLas
crLgs
€1sC

71

35

26
21
2
26G

118

116
12¢C

121
122

123
124

128
12¢

127

128
L2s

13¢
131

{xlv)

FCRMAT{Y LAT=*,F1N.2,* N LONG
13=',F10.3)

DC 41 [l=1,3¢

Ih=11

PLAT=S({LF-1)%54¢2,5-50)
GLAT=PLAT*(.0174533
SGLAT=SIN{QLAT)
CulAT=CUS{QLAT)
SSCLA=SQLAT*SLAT
TER=1.0+uETAXSILLA
TERI=EQGR*SSGLA

ANGC == (UEGGGUXTER+OBTACURTERL)
ANS=={LEQUS*¥TER+UBTAS*TER]L) +PC
ANT==(LEGGT®TER+LBTAT*TERL)+FC
BC 4C ud=1ls172

Jh=4d

WLOCNG={Jdn=1)%5+2.5~-18C
«LCN=LLENG
IF(CLATLINCY=20-LECS5-PLAT)Z642
IF(CLATOINCY #25-CEC5-PLATIZ2G 42
IF(CLUANGLUND ) -20-CECLE~QLEUN) 23
[F{CLUAGUUND ) #25-CECLS-QLEN) 29
JAN={AN(Ih,d5)
IFLIRT{lrydr))i159118,128
$1s=C.C

nbk=l4.0%14.0

GC TC 137

IFCIHT(INsJH)+1C0C) 1219120,120
SIsS=1.¢

we=16.C¥%16.0

GC TC 137

IF(IRT (IR, Jn) 420003 12341220122
SI§5=4.C

WE=Z214C%21,.G

GC 7C 137

[F(InTllnydn}+30CC)Y 125,124,124
S15=5.¢

WE=24.0%24.0

GC v 137
IF(InT{Ir,dH)}+400CI127+12€,126
SIS=¢.C

nE=2/.C%2¢,0

CC TC 137

SIs=7.C

ﬂE:ZE.('*ze.C

GC TC 137

[F(IRT(IR, dHI-1C3CI 12691264130
S[3=-1.4

hWeE=16,0%16.0

GL TC 137
IF(IRT(IR,dH)=2000)131,131,132
Sis=-2.C

wE=21.0%21.0

GL TC 137

Appendix (9) ctd.
WRITE(3,7TLICLATCIND ) yCLUNGULUNC) 4 CECSyDECLS

=%, F1D.24¢

+PCTCCR
TCOR
TCCR

1+26
1,27
1712429
172,72

E DECS"'F1003,.

DEGeu
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Sl 132 IFCIHT{IR,dH)1~-3000)133,133,134
92 133 SIS=-¢.C
53 WE=24,0%24,0
94 GC Y€ 137
55 134 IF{IHT{IH,JH)=4000) 135,135,136
Gé 135 518==7.C )
S1 wE=¢b.0¥26.C
S8 GL TC 137
S5 136 SIS=-8.0
2 WE=28.G*%22.0
C1 127 CCANTINLE
02 UDLCNG= L L CNG=CLCNGEJINC) 12040174533
G3 CPSI=SCLAT*SCLAT+CCLATACQLAT*CUS{CLONG)
04 SESI=S6RT{1-CFSI#CPSI)
ns SPSI2=SQRTIALS{C.5%{1-LPSTI}))
CE [F(SPS12)386438,36
D7 36 CPSIZ2=SUKTLABS{C5%(1+CPSI}))
Ny REPSI=ALOCISPSIZ2»{1+#SPS121)
cS SINAZ=CCLATESINICLONGY/SPSI
17 IF(CCLATIZT.4C,37
1l 37 CUSAZ=t{SULAT=CPSI*SCLAT)I/ZISPSI*CCLAT)
12 STCF=CCLATH(141/SPS12-6%5PS12-5%(PSI-3#CPSI*RFPSI)
13 ALL= ALL&STCF*JAN
'1a FUEF=CQLAT#(—=0,52(PSI2/(5PSI2%*SPS12)~- ~3%(PS12+5%SPSI+3XSPSI*RFPSI~
11l 57(1+2*SPS!2)*CPSIZ*LPSI/((1+SPSIZ)*SPSIZ))
'1 & CFRERM=FLDEF®CCSAL
'1é FOEFP=FDEFRESINALZ
17 ACCHM=ACLM+FDEFMRJAN
' a ACCP=ACCP+FOEFPRJAN
‘19 KTCT=KTCT+1
20 ACCER=ACCER®WEXRSTCHASTCF
21 ACCPER=ACCNER+WEXFOEFM¥FDEFM
'22 ACCPER=ALCPER+ACXFLEFFRFDEFP
22 AGCN=AGCN+STLF*ANGC
'2’ ASA=ASAN+STOF*ANS
2 ATN=ATN+STCFXANT
126 AGCM=AGLLM+FDEFM¥ANGC
27 ASV=ASNMOFOEFM¥ANS
28 ATM=ATM+FDEFMEANT
‘29 AGCP=ACCP+FDLFP*ANGC
0 ASF=ASE«FCEFP¥ANS
131 ATP=ATP+FOLFPXANT
rapg SISTOCN=SISTUN+SISASTLF
‘33 SISTOM=SISTCM+SIS¥FDETNM
r34 SISTCP=SISTOP+SIS2FLEFP
'35 IF(I~1)4C, 77,40
'3g 77 1F{J-1140,18,40
'37 78 1F(II-11aC,8748C
3 BC IF({LI=-S514C,87,81
'35 Bl [F(LI-1ClaCybTe82
'40 82 IF(1§-15)4C,87,83
41 83 IF{I1-2C)4C,87484
42 84 [F{I1=2%5)4C,t7,85
43 85 IF{II-3C)4Ce87,E86

‘44 86 IF{11=-35140,87,44C
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87 PSI=ATAN(SPSI/CPSI)/N.0174533
AZ=ATANISINAL/CGSALY/Z0.0174533
STO=STOF/CRLAT
FOE=FOEF/CQLAT
WRITE{(3,88)PLAT,QLUN, IRy JH,PSI»STCyFub AL

B8 FORMATI® LAT =',F6.1+" LUNG =0,F6als? Ir="y13,* JH =4, 13,* P5I=7,

1E10.39% FPSI =1,E10.3,% OFPSI =7,E10.,3,* AL =%,Fb6.2]
WRITE(34204)S5PS{+CPSI,SPSI24LPS12,REPSIH

204 FORMATLY SIN PSI =*',El10.3,% COS PSI =*,E10.3,* SIn 0.5 PSI =Y,

L1E1O0.3,% COS Ne5 PSI =%,E10.3 4% LFPST =%,E10.3)
WRITE( 3489 FDEF(FDEFMFDEFP

89 FORMATI{®' FEDEF =t,F13.3,' FUEFM =1,E10.3,* +DCFP =',E10.3)
GG TG 40

28 WRITE(3,33)SPSI2

39 FCRMAT{/42H ERROR IN SINE PS1/2.VALUE UoTAINED BLING +F2C.3)
GC 70 4¢

72 IF{I-2)YT73,473440

73 WRITEI3,7T4)YIHeJdHy IAN(IH, dH}

74 FORMATI®Y ELEMENT OMITTED HAS InH=v,15,' Jh=',15,"' VALUEL =¢,110}

4C CCNTINUE

41 CONTINUE

it {34433 CLATCIND )y CLOCNGUIND)
LT MAT(/55H INSUFFICIENT GRAVITY VALUES TC COMPUTE EFFECT FCR
1:510.2,141 DEGREES NORTH F10.2,14H DEGREES EAST )
LCOMPNIIND »INLY =0
COMPLM{ IND, JNDI=0
CCMPCPULINCy JNCI=D
[TOTLIND, JNDY=D
PRECN{INGCYyJINDI=O
PRECOMIING, JND)=N
PRECOP{INDyINDI=D
GC TC 4%
44 COMPN{IND,JNDI=CCONN®ALC
CCMPDM{INU s INDY=CCUONDFACCH
COMPDP{INGy JND)=CCUND*ACCP
ITOT{ING, INCY=KTCT
COECNEIND e INDI=SQRT LACCER ) *CCONN/10.0
CLUNDIESSRTOACCMER Y ®CCOND/I0C
ey i ITSORTIACCPER) %CCOND/L0.0
LORGONUING y IND) =CCOANRAGON
CORSNIINCy JNDI=CCONNRASN
CORTNUINC s JNDI=CCONARATN
CURGCMUIND,y JNDI=CCOND®AGEHM
CORSMLINLC,JNDY=CCOND*ASM
CCRTIMUIND yJADI=CCOND*ATM
CCRGUPL{INL, UND)=CCOND®AGCP
CCRSP(INCyJND)=CCCND*ASP
CORTP{IND, JND)=CCOND®RATP
SISNCIND, JNDI=CCCANXSISTON/10.0O
SISM{IND,JNDO)=CCOND*SISTOM/10.0
SISP{INDJNCI=CCCNDESISTOP/104D
45 CONTINUE
46 CONTINUE
WRITE(3,47)
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47 FURMAT(] CablubaTICN OF GELID SPHERCID SEPARATIUN N e ANUM
11ES USLL ARE*Y//)
WRITE(3,48)
48 FLRMAT{ 34K FREE AfR ANCMALIES /7%
WRITE(3,46)
&S FURMAT({//120F N N N N N
1 M N [\ N N LATITY
2 /)
WRITEC(23,50)
SC FURMAT (1294 (M. CM., M. Che CMa
1M, M, CM, CM, CM, UEGREES N
el
DC 151 I=1,10
CUFPNLTZ1L)=CLATLL)
hRITE(3:51)(CCNFN(I;J);J=1.11)
51 FORMAT{/10F10.24+F15.2)
151 CONTINUE
wRiTt(3152)(CLCNG!J);J=1:10)
E2 FORMAT(//7/710F 10,273
WRITE{(S,53)
53 FCRMAT( 72 LENGL TUU & { N i
le ¢ R £ E § £ 777)
WRITE(%4113)
113 FCRMAT() ESTIMATES CF ERRUR IN THE FINAL RESULT Y777
ARITE(3,45)
WRITE (3,50
"0C 1v2 1=1,10
PRECN(UI 01 3=CLATLL)
hRiTt(3751)(PR&CN([,J),J=1,11)
wRITF(S.321)(SISN‘I;J)uJ=1910)
321 FORMAT(LCFLO.2)
152 CCNTINLE
NRlTE(Bbe)(ELLNE(J)oJ=17103
WRITE(3,53)
wREITE(3,54)
54 FCRMAT('L CALLCULATIUN UF DEFLECTEuUNS CF THE VERTICAL,ANUMAL I E
1 USEL ARE /7))
WRITE(2,44)
WwRITE(3,55)
55 FCRMAT{//Y20H MERIUIANM MERICIAN  MERIDIAN MERIULAN MERIUILIAN ¥

IRICEAN  MERIUIAN MERICIAN MERIUIAN MERIDIAN LATITUDE
2/}
WRITE(3,5¢)
56 FCRMAT(120H StC. SEC. SEC. SEL. SEC. S
1C. SEC. SEL. SEC. SEC. CEGREES N
/7

EC 152 I=1,1c
COMBUMET, L1¥=CLATL(L )
WRITE(3+s57){CLMPLMILyd)yd=1,11)
57 FURMAT{/LIOFL1N et yF15.2)
153 CONTENLE
WRITEL2y52) (LLUNGLY) yu=1410)
WRITE{(3,53)
WRITE(2,113)
WRITE(3,55%)
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WRITE(2,45¢)

BC 154 [=1410
PRECOM(TI1LI=CLATILE)
WRITEL3,S5TIIPRECDOMI L d)ed=1411)
WRITEL3,3221{SISMIL,d),Jd=1,101

322 FCRMATHILOFL10 .4}

154 CONTINUE
WRITE(39523(CLCANG U d=141D)
WRITE{(2,53)

WRITE(32,58)
S8 FORMATI//120H PRIWLWERT. PRILVERT. PRISVERT, PRILVERT. PRI.VERT. FH
11 .VERT. PRISLVERTW. PRICVEKT. PRISLVERT. PRILVERT, LATITUDE
Z /)
WRITE(3456)
£C 155 1=141C
CUMPOPLL 411 )=CLAT(I)
WRITE{ 24873 CCMPDP{Trulsd=l,11)

155 CONTINUE
WRITEL{3,52)(CLENGIT ) 9d=1,10)
nRITE(3,53)

WHRITE(3,113)

WRITE(3,5E)

WRITE(3,:586)

DC 15¢ 1=1410

PRECLP{IZ11)=CLATILIL

WRITE(3,571(PRECOPLLsJ)ed=1s11)

WRITE(3,322)(51SP{led)yd=lel0
18¢ CEMNTINUE

WRITE(3,52 3 {CLUNG U ) s d=1410)

WRITE(3,531)

WRITE(3,5G)

56 FOrMATL//4%) NUMBER NUMEBER NUMBEK NUMBER NUMBLER
INUMELK NUMBER NuMb ER NUMBER NUMS ER LATETUO:
s /)

WRITE(3,60)
6C FORMAT(1I20H 1IN CUMP.  IN COMP. IN COMP. IN CUMP. IN COMP, in €
1CMP, IN COMP.  IN CUGMP. IN COMP. IN CUMP, DEGREES N
/)
BC 157 1=1,410
ITCT{L i1 1=CLaT {1}
WRITELZ 61 PLTCTUI dYed=1y11)
61 FCRMAT{IOI10,115 /)
187 CONTINULE
WRITE(Z4523{(CLUNGIJ ) »d=1410)
WRITE{Z2,53)
62 CONTIANLE
€2 CCNTINUE
WRITE(3,301)
301 FCRMATEYY  CHANGES IN M DUE Tu TrHE FCLLUWING CHANGES IN THE PARG
YMETERS COF ThE INTERNATIUNAL SPRERCICY)
WRITE(3,302)0CRCEN, RATGRC
302 FORMAT(/Z/7Y CHANGE IN K%M =8 yE1C4y* (MEx%3 SEC*%-235 RATIO WITH
IREFERENCE TO K¥M =0 ,£10441)
W ITE(3,3C3)PLTLLR
303 FCRMATI(Y  CHAMNGE IN PUTSDAM DATUM =',F10.2,% TENTH MOAL'Y)
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WRITE(3,4%)
WRITE(3450) ‘
pC 304 1=1,10 |
;§§3§C311!11)=CLAT(1, ?
"3C4 WRITE(3,5L)I(CORGCN{T+d}ed=1s11)
WRITE{3452)(CLUENG(J)yd=1,10)
- WRITE{3,53)
h;ﬁRITE(B,BOS)
305 FORMAT('1 CHANGES IN X1 DUE TO THE FULLOWING CHANGES IN THE PAR
IAMETERS OF THE INTERNATICNAL SPHERQICY)
- HWRITE(34302)0DGRCON, RATGRC
gﬂRITE(3a303’PCTCCR
HWRITEL(3,55)
WRITE(3,456)
. DL 306 I=1,410
2 CORGCM{T,11)=CLAT(I)
306 WRITEL3,5T)(CCRGCNMIT J)0d=1,y11)
WRITE(3+52)(CLONG(J )9 Jd=1410)
WRITEL3,53)
L MRITEL3,3G7)
307 FORMATI('1 CHANGES IN ETA DUE TO THE FGLLOWING CHANGES IN THE P
1ARAMETERS OF THE INTERNATIONAL SPHEROIL'I
WRITE{39302)DCRCCN, RATGRC
CHWRITE(3,303)PCTCCR
WRITE(3,58)
WRITE(3,56)
DO 308 I=1,10
g CORGCP{L,11)=CLAT(L)
308 WRITE(3,57}{CCRGCP(Id}ad=1411)
WRITE{(3,52)(CLCNGIJ) 4 J=1,10)
WRITE(3,53)
WRITEL3.,301)
WRITE{3,306)DRADYRATRAC,DFLAT
309 FORMAT(' CHANGE IN EG. RADIUS =',F1041s* METRES, DRAD/RADIUS="Y,
151004” DFLATTENING =',E10.41)
HRITE(3,303)PCTCOR
WRITE(3,45)
WRITE(3,50)
OC 310 I=1,10
S CORSNIIS11)0=CLATLD)
310 WRITE(3,51)M(CCRSNI{TJ)d=1,11)
WRITE (3521 {CLUNG(U Dy d=1410)
WRITE(3,53})
HRITE(3,305)
WRITE{3,43C9)0RAL,RATRAG,DFLAT
WRITE(3,303}PCTCCR
WRITE{(3,55)
T WRITE(3456)
00 311 I=1,10
CORSM{I,11)=CLAT(])
KRITE(3,5TMICCRSMIT I sd=1,y11)
WRITE{3,52)}(CLCNG(J)Jd=1,10)
WRITE(3,53)
WRITE(3,307)
CMRITE(3,30G)DRACsRATRAD,DFLATY
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0440 WRITE(3,3C3)PCTCCR

L0441 WRITE(3,58)

0442 WRITE(3,56)

10442 OC 312 I=1,10

G444 CORSPUISL1I=CLAT(L)

.C445 312 WRITE(3,5T)(CCRSPIId)yJ=1,11)
0446 WRITE (3,523 (CLCNG(J }5J=1,10)
L0447 WRITE(3,53)

0448 WRITE(3,3C1)

,0449 WRITE(3,302)DGRCCNy RATGRE
€450 WRITE{3,309)DRAD,RATRAC, DFLAT
0451 WRITE(3,203)PCTCCR

,0452 WRITE(3449)

L0453 WRITE{3,50)

0454 OC 313 [=1,10

.0455 CCRTN(1,11}=CLAT(I)

,0456 313 WRITE(3,51)(CCRTNIT »J) 44=1,11)
0457 WRITE(3,52) (CLONG(J)od=1,10)
0458 WRITE{3,53)

0456 WRITE (3,305)

0460 WRITE(3,302)DCRCCNy RATGRE
461 WRITE(3,306)CRAL,RATRAL,DFLAT
0462 WRITE(3,303)PCTCCR

0463 "WRITE(3,55)

0464 WRITE(3,56)

0465 00 314 I=1,10

0466 CORTM(I,11i=CLAT(I)

0467 314 WRITE(3,57)(CCRTMUE 4] yd=1,11)
0458 WRITE(3452) (CLONG(J )yd=1,10)
0465 WRITE (3,53)

L047C WRITE{3,327)

0471 WRITE(3,302)DGRCTN, RATGRL
0472 WRITE(3,306)0RAL,RATRAC \DFLAT
,0473 WRITE(3,303)PCTCCR

D414 WRITE(3,58)

04175 WRITE(3,56)

0476 DC 315 1=1,10

0477 CCRTPU1,11)=CLATLI)

0478 315 WRITE(3,57)4CCRTFIId)pd=1,s11)
0479 WRITE (3,521 (CLENGLI ) 9J=1,10)
.048C WRITE(3,53)

481 sTCP

€482 ENC

SIZE CF CUMMUN  OCOCCO PRUGRAM 051174

END CF COMPILATICN MAIN




APPENDIX (10)
SJduLes [BM 057361 BASIC FORTRAN IV (E) COMPILATION

PRUGRANM STCKML ‘
CALCULATES THE COMPUNENTS 0OF STUKES}AN HEIGHT AND DEFLECTIONS OF THE
VERTICAL FOR AN ARFA 5<PSIC15, INTERVAL OF COMPUTATION BEING 1.BASIC
PROGRAM COMPUTES EFFECT QVER 10 X 10 AREA, THE ANOMALIES REPRESENTING
L SQUARES.THE CEFFECT US CUNSIDFRED FOR A 45 X 45 AREA ARDUND THE
19 X 10 SGUARE CF COMPUTATION. SYMMETRIC WITH RESPECY TO THE SW CORNE
AN INNER AREA UF 15 X 15 ROUND THE COMPUTATION POINT,SYMMETRICAL
WwITH RESPECT TO IT IS CMITTZ0.LATLONG +VE NyE RESPECTIVELY.PROGRAM
HANDLES A 177 X 10N AREALALL UNITS ARE DEGREES :
CIMENSICN KﬂN(1P§y[AN16G'503yCOMPN(llvll)'CDMPUM(11111’!
1CUMPDP(11v11)1CLAT(lﬂ’yCLUNG(lﬂ’yITGT(llﬁllioPRECN(llvll’v
?"’:\’i:(;!}«v'(ilvll’vPRFCUP(ileI)y[NTER(?‘!()’,ISIS(316'0C(]RGCN(11111’!
3CGRGCM(11'113,CCRGKP(1loll)vCﬁRSN(lloll)vCCRSM(llolli
SIMENSION CGRSP(11711)qCﬂRTN(llpll)pCDRTM(llyll"CURTP(lloll)o
LSISNCILo11 3 ,SISMELL ,11),SISP(11,11)
LOCCR=1N
[ AP=50
JCAP=/0
INT=1
BE 1 I=t,1CAP
DO 1 J=1l,JCAP
I TANLId1=0
C ©OREAD LATLLONG OF CENTRE OF SwW (ONE  DEGREL SQUARE IN TENTH DEGREES.
RUADUL,Z2YLAC, LD
2 FURMATI(2110
NPITE(3985)LA€7LQC
b FORKMAT (¢} COMPUTATIONS USING ONE DEGREE SQUARE MEANS.S.We(CRNER
L LAT=4,117,* DEG N: LUONG = *Ll1N,t DEG EY/77)
QE&U(I,Bﬁ”)FLAT;J?LAT.RAC;DRAD,GRCGN,CGRCDN,POTCOR,JMSQ
300 FOURMAT{BF(7,.4)
WRITE(3,223)FLAY,RAD
322 FORMAT(' rLATTENING =2V L,EINL5,4% RADIUS =2,£10,5)
BETA=S.28841-1
EQGR=%.TRI45F &
SEE=RAD®IUD M CMSL/ LEGGR %L, NE~4)
RATRAL=CRAD/RAD
RATGRC=DCRCON/GRCON
USELCC=-SEFE*RATURE
CDSEES=SEEX34RATRAD
COEET=SEE#(34RATRAD-RATGRC)
CRTACC=CSECECL*5/2..0
UBTAS=0USEES#S/72.0-DFLAT
CoTART=0SEETH572,0-0FLAT
UIQGCL=EQOR* I RATGRC~DSEEGLC%:5/2.7)
UFQGS“EQGE*(*2*RATRAﬂ*GFLAT“DSEES*E/Z-O,
Dﬁﬂbyzﬁﬂﬁk*{RATGRC“Z*RATR&U*UFLAT-OSEFT*S/Z-Q)
WRITE(3,64)
Lo FORMAT(® COMAPENCE READING OF FREF AIR ANUMALIESY//)
KEAL GRAVITY ANCMALIFS REPRESENTING ONE DclGREE SQUARE MEANS, IN TENT
MILLIGALywITH LATZLUONG OF MusST WESTERLY SGeIN TENTH DEGREES,
3 READ(I,lf)ITEQLAH'L”“'(KLN(I)QI:].QS)
4 FURMAT(12,2117,5117)
FE{ITE~115,15,13

sks!
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A%

LG 12 I=1+45
INSULAR-LATH/ 100 (41
IN= (L IH=LUS)Y 1IN o)
TIN5
IF{IN=-ICAP)I T 7,10
{P(J?\)l:}yi:};’)
[FEUA=JCad)9,5,10
FAN{IN NI =KANE D)
CHNTINUE
WRITE(D 87V ITE W LA LOH s (KANMITI Ny 121450, INy N
8T FURMAT(® *4[2,7110,*% IN =%,16,% JN =4,15)
G TL &8
in WRITE(Z 3LV INeINyLAR,LCH
11 FURMAT(/28H ANGMALY wITH INDEX VALUES (y2117,38H ) QUTSIDE LIMITS.
TLATITUDE ON CARD IS rL10,15H AND LONGITUDF ,11¢)
B ITF(ITE-1)3,16,13
13 WeITELZ1aY0AF, LU
14 FUORMAT(/15m CaRD wITH LAT P LIC,17H N AND LONGITUDE 110,294 E HAS
LINOEX PUNCHED IN [RHOR}
Go TC 3
END OF READING ANCMALIES.STORED IN TENTH MILLIGAL.
[anN IS STRUCTURED AS FOLLOWS:=CGUNTING DIGITS FROM RIGHTy1=4 GIvE
MUAR ANOMALY TN O TENTH MILLIGALyy5=6 (IVE NOo OF READINGS IN SQUARE
T-y ThE STAD DEVIATION OF SAMPLE 9 GIVES KEY TO PROCESS+O=DIRECT:; 1=
INTERPOLATIONGZ = INTERPOLATION/EXTRAPCLATION; 3 = EXTRAPOLATIUN, S
[INMTRERVAL FZR CASUS 1 = 3 GIVEN IN CCLUMNS 5 ~ 6.
15 Lim=3r
[SPpa=]
ILSszl
READ(I,I&)CCN,QHU¢PI,{ARQyTGRAV1CUNIQRﬂO
16 PJR"‘AT‘fI‘-39*‘i.ﬁc‘.:."}'lfQS"lva}.r}'.Z'L}.O-ZvElO‘l")
COONN={RAUXCONIAP I ) /{axTGRAVXLIBO%]1 87}
COUND={PI*1ARCHLONL )/ L4%TGRAVRIBOSLIRD)
wRITEC3, Y7 CCONNSTCOND
L7 FURMATL/4T COCFFICIENTS FOR COMPUTATICN OF SEPARATICN IS 4E20.5,
1 AND OF DEFLECTIONS IS $yE20.5)
REBD{T,110)5ER,NUH
110 FORMAT(FIN 1,111
DO 112 I=1,12
READLL L1 Y BUINTERI Ly dd 4d=1eb1)
111 FORMATI(6ILN)
112 CONTINUE
O 63 NI=1415PA
20 317 1=1,43
317 REACLILZLITICESISII ) 4d=1,0)
0 €2 NGL=1,15PA
S0 46 1=1HA,3N,INT
IND={1-21 .7 )/ INT+L
CLATCUIND)=LAG/L00.~0.5+(NO=1 )% (L IM~IBA+INT)/INT ¢
COL=CLAT(INDI*N,N1T745313
SCLAT=SIN{CCL }
CCLAT=CCSICCL)
CLATS=CLAT(INLI/S.D
LATE=CLATS
DECS={CLATS~ ATK )45

[SCENsTRs AN o

1
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TRIDECSIES 70,70

¢G LELS=Le(5+5

70 LE{GECS LS, 20418

18 JTFLLECS-5121419,183

19 wRITEALRZMCLATIING)

20 FORMATIALH ER&OK IN CALCULATION OF DEC AT LATITUDE +F20.27)

LU TL &6
21 LL=é&5
DD a8 JsTUAe30, INT
SND={J-21 .0/ INT 41 ‘
CLONG (IND Y=L CD*LOCURIZLIO0LO-C e S+ INIL-1 1% {LIM=IBA+INTI/INT+J+2
CLORGS=CLOANGLURDI/S D
LORGS=CLUNGS
DELLS={CLUNGS~LUNGS5 1 %5
[FLLECLS 23978022
27 iF{DFLLE=5325,23,23
23 WHRITE{(34243CLATLIND) yCLONGLUND)
26 FOEMATI/45H CRROR TA THE CALCULATION GF DECL AT LATITUDE,F20.2,15H
1 AND LONGaTUDE oF20e27)
GO TG 45
all=0
KILT=0
ACCIH="
ACLP=C
ALLEFR=L
ACCPER=D
ALOMNER=ED
AGIN=OLD
AGCN=0,0
AGL P = O
ASH=O L0
A= 0
ASP=( .0
ATh=N,n"
ATWH=0,10
AavYp=nn
STSTOA=T N
STETIV=0,0
SISYCP=0,7
ARITE(3 460 LAY (IND s CLUNGIJIND) yUECH, DECLS
5 FLORMAT At 8T O LAT =t .slln:o:%y! AND L CNG ='y§:10¢21. UECSz.QFI.OQZQ
11 LECLE =% ,FY10.2)
06 &6) fl=1eLL
v CH=0LCH
s NC~1 1AL IM=18n+ INTI/INT+I-I8A+11-1ECH+1
WAT=LIR+LAT/IND =1 120,71 74533
SwbLAT=SINLGUAT)
CuLrT=CnStGLAT]
SSLLA=SQLATHSLGLAT
TER=]O+LETARSSQLA
TERI=EGGR®SSQLA
ANGCs={DELCGCHTLR eDoTAGCRTERL J+POTLUR
ANS=—(LrJGsxTER+GuTASHTER L} #POTLOR
ANT=—{0ELSTTRR+ DT ATHTERL ) +POTCOK
SO 60 dd=tabu

8
n

(’.




26
27
23
25
30

31

71

36

37
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SHE(MCL=L I {L IM=T A+ INT Y/ INT€J~-1HBA+JJ~LECLS+1+3
IF{1I=-16129427,25

IF{T1i=-3N327,27,29

TFlJJd=-1612G,466424

TF(J3-30015& 406,29

TELTANT Iy B 331,42 ,30

ID1=1AN{ K JH} 710020

fLe=101/71450

PINT=1D2/71C0

[SOEV=10Z2-T1INT=1NC

NSEIOLI~{TINT=YION4 [SDEV)RLION

JAR=TANCI g JHI=(CTINTHLGO+ISDEVI#100+NSI®10000
vl T 90

IN1==TAN(IFsan} /000N

102=101/71°0

TINT=IL27100

1S50LV=102~1INT*1D

NS= IDl‘(xiﬁT*lﬂf+l§DFV)*l 0

JARN=EANCI Ry JHI UL LINT 2100+ [SBEVIRINGENSI 210000
FRFETINTIIO24101,1000

[F{TINT=-2)220,316,316

IINT=3
NS=6
IF{NS=6)3228,325,71
WE=SERRSERCINTERETINT oNSIXINTERIIINT ,NS)
CSISEISISCIINT Z 050
R ST
IFINSIIOP 71,33
EVHISUEVH{NIM=NSI X NUM=NS) % SER®XSER/ ({NUM~1 )X {NUM=1} 1) /NS

ERITEL2, 102 CLATUING Y yCLONGUIND) y T 9 dd g Iy JH
FORFMATLY CMPLERKRGATE 9 FL0429% SHP,F10,2,% £ JJARRAY REFLIS *,211

LPMATHIX H"F.ES',ZIEO/)

’ L-a' \'“)(

18=7,
wLUhC=JH+{LQQ*LGCGA)/IC¥.3~1
SUEV=ISOEY
DLONG=LLLCAG=CLUNG I INU 10 ,0174533
CPSE=SCLAT#HSHLAT+CULATHCGQLATHCOSIOLONG )
SPSI=SURT(I-CPST*CrST)
SPSTZ=SuP TLASSICLB%{1~CPST ) )
1F{SPSI2)136,38,36

CPSI2=SQRT (ARSI 5 {1+CPSTH))

REPSTI=ALUGISPSIZ2ZH{1+5P812))

SINAZ=CQUATHSIN(DLUNG ) /SPSI

LE{CLLATIRT 440,37

COSAL=1SQLAT-CPST=SCLATI/(SPSIHCCLATY

STOR=CGLATH {11 /SP512-6%SPSI2-5%CPSI-3%CPSI%RFPST)
ACC=ACC+STLF®:JAN

FOEF=CQUATH[~Cof%(P ST2/{SPSI2*SPSI21~-3%(PSI2+5%SPSI+3%SPSI*RFPSI~

11, 8%(1+2%5PS12)%CPSTI2%CPSTI/L(1+SPSI2i%SPSI2))

FOEFM=FLE~%CSAZ
FOEFP=FDEF*SINALZ
ACCHM=ALIM+FORFEMEIAN
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ACCF=ALCP+FLERPRJAN
KTOT=K7{T+1
ACCER=ACUCER4WERSTOF %S TOF
ACUNFR=ACIMES s WP R FREFMAFDEFS
LCCPERTALLPRE 4 wE wFLEFPXEBEFD
mGON=ALCe STORFRANGC
AShEASNSSTOFHANS
FINSATANFS TOFsANT
ALOMTAQON«FUVFMSANG D
ASHZASM+F O FMEANS
AIM=ATHREEGEFMEANT
ALTP=AGCF +FDET PRANGL
ASP=aSP+FOLFPHANS
ATP=ATP+F OEFD%HANT
STISTUN=SISTUR+SISAESTOF
SISTOM=ESISHTOMeSISRENDEFRY
SISTHP=SISTOP+SIS*FNFFP
GU YU 114
3B wRITE{3,35)SPSI2
3% FORMAT(/420 ER&UR IN SINE PSI/2.VALUE CBTAINED SEING 2F20.8)
GLOTC 40
Tla CONTINUE
COOT0 40
6 CUNTINUE
42 CONTINUE
40 (GNTINLE
41 CUNTINUE
Ga LUMEN{TINGIND P=CLCRNRACC
COMPOM{IT MO INCI=CCONDZALCCH
COMPOPLINGyINTY=CCGNURACC?
PTCTOINGy UNCY=RTOY
PrECNCENLDyIND I =SERT (ABSTACCER Y =CCONN/ IO LT
PRECUPLINGy JNOY=SQRTLABS{ACCPER I IFCCLUNSZ L0,
RRECDMUINLy IND) =S T LS TACCHAFRIIXCCONG/ IC
CUORGONCING y INDI=CCNNEAGTN
CORSNUINL o MO =CCLNNEASN
CERTNCINGWIND I =CCONNEATN
CORGUMAIINML NG =C0ONURAGEHM
CURSMUIND s ND J=C0UND®ASH
COPTMIING s JRD) =COURU%ATM
CORCCPUINCy INL Y =CLNDXAGCE
CORSPUINIDINET=C00LNO®ASP
COURTPUINC« UMD =CCCNDEATP
SISANEING  UNDY=CCONNESISTONZLN.D
SISMLUIND, JADI=CCUND RS ISTOM/ L0,
STSPUIND, UNDY=CCUNDRSTSTUP/LOLD
WRITE(2y G JOUMPRUTINDyIND) 9 PRECNUIAD y UND Yy COMPOMUINDy JND )
IPRECUNMUING SN CONPUPLINDy INCI 4 PRECOPTIND ¢ JNDI)
S FORNMATLSY N =0,F1002,% #/-4,F10e24? XI 20 ,F104t,y" #/=t 4 F10 4% |7
T =tk 104, o/-0,F10,4)
WH ITE L3 SOV SLANUINGy JNEY ST {ING IND) 3 STSPLIND,,IND)
G5 SORFATLY SYSTEAATIC ERROR P F17 231 TXFI0L.4,18%X,F10.4)
WRITLAS 350 YCURGUNTINDy INDY yCORGUMUTIND s NG wCORGEPCINDS UND)
6 FORMATEY WHEN OFAV COUN IS CHANGEDy U N =0 ,F10.29% U XI =%3F1044%,
1 D £TA =1,F10.4)
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WRITEA2,ST)CORSNIINDy IND ) yCORSMUINDyIND) CORSP{INGy JND)
97 FURNMATLY wHEN IONLY SPHERGOID IS CHANGFD, D N =4, F10.26% D XI =1,
1?‘1004'. 5 oeT4 ='9F1004’
NRITEL(3, Q%)QCRTV(lVEoJNO),CﬂRT“([NDvJNO’vCURTP(IND JND)
S8 rURFMAT{Y wHEN BGTH GR CUN AND SPHEROUID ARE CHANbED. O N =*',F10,2
1T 0 XE =7, Fina,t 3 ETA =¢,£10,4)
45 \,f)'\”'INUE:
46 CONTINUE
WR!YE(3.47?
47 rORMAT{///%Y  CALCULATION OF GRGID SPRHERJLID SEPARATION N + ANGM
11ES USEL AREY S/
ARITE(3,48)
48 FORMAT{ FREF ATIR ANCMALIEESYZ /)
WRITE(3,4G)
4% FORMAT(//127H W N N N N
1 IS IN N N N LATITU
2 /)
WRITE(2,57
50 FCORMAT{LZ N CM., LM, CM, CMo - CM,
14, oM, L Che M, DEGREES N
277}
ﬂp 151 I=1,1"
CiMPNULs1Li=CL \T(I)
NRITE(3 310 {CUMPNIT d)yd=1,1 1)
51 %HRN&T(/l“vi”.RyFla.z)
151 CONTINUE
ARTTELZ,32 )V {LLONGTd I ad=1,410)
52 z"CR!‘",’\T(//"/1:".Fi").?/?
ARITE(3,5
€3 “LkNAT‘!cH LENGITI TUDE I N
18 G R £ E % E A7)
ARITEL(3,113%)
113 SORMATEY ESTIMATES GF ERRUR IN THE FINAL RESULTY//7/7)
WRITFEL2,8G)S5ER
8S FORMAT( CESTIMATED ERROR  OF REPRLSENTATIUN =V 3 F10e29' MGALW Y/
WRITF{3,46)
WRITE(3,50)
D157 I=1,10
PRECNLT Y1) =CLATT
MR!TF(3o“l!lP”ffV(I'J)7J 1.111
WRETEA3 3211 0SISNET,d),d=1,10)
321 TORMAT(LIOF LT, 2%
152 CONTENUE
ARTTEAS 4523 {0 LINGEd Yy d=1 41
ARITE{3,%13)
AaRITEL3,5%)
S& FURMAT(// /Y CALCULATION GF DEFLECTIUNS OF THE VERTICAL, ANGMALIY
1 UStu ArRFEL./)
wRITE{3,48)
ARITE (31. 7
55 FURFAT(//127H MERKIUDIAN MERIDIAN MERIDIAN MERIDIAN MERIDIAN !
IR {DTAN MERTOTAN  MERIDIAN  MERIDIAN  MERIDIAN LATITUD!
2 /) :
wsRTTE(3,54)
56 FORMAT{Y2 ¢ SFEC. SFC, SEC. SEC. SEC. )
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1C. SeC. SEC, SEC . SEC, DEGREES N
2771
a0 153 [=1,15
CUMPOMUT+113=CLATI(T)
ARITE(3,57){CUMPOMITd)yd=1,11)
FF«#ATﬁllﬁF‘“.Q,F 542)
CONTINUE
WRITEL3 3520 ICLUNGLd ) 9d=1,4101}
RITE{353)
ARETE{3,112)
ARITLLI3,89)15ER
WRITE(2455)
ARITEL34561)
00 184 I=1,10
PReCUMIT 1L I=CLATLL)
ANTTE (3,87 UPRECON Tyddad=1,11)
ARITEL3,32211SISMITd),d=1,+10)
322 FURNMATLLIOFLITO4A)
154 CUNTINUE

W~

-
LN

aRTTEA 572 Y I0LINGId 4 d=1,10)

Aﬂle(‘_(zy")ii

HRITE{Z2,58)

58 runhA?(//lzqﬂ PRILERT., PRILVERT. PKRILVERT. PRILVERTs PRI.VERT,

1ioVERT. PRILVEXZT. PRILVERT. PRILVERT. PRIGVERT, LATITUL
2 /i

WRITE (3 a06)
'Jﬂ 158 I:I,l

CHPNP{l, L1 I=CLATLEL
1k(TL(39 f)(CLVFQP(I Jled=1l,11)

186 ConNTINUE
ARITEL3,32 1 (CLONGId I 9d=1,10)
ARITE(Z453)

ARITELZ,113)

ARITE(2,589)SFH

wRITE(Z,5%)

aRITELZ50)

DL 156 1=1,13
PRECLPLL LT I=CLATIL
WRITELZ4STHIPRECDPI L) ed=1411)
WRITELZ2,3221{SISPLIyd)9d=1410)

156 CONTINUE
WRITE( 2402V ICLONG D by d=1y 10}
WRITE( 3,53
ARITE{ 3,59

593 FORNMATL//7/701 NUMBER MNUMBER NUMBER NUMBER NUMBER
LNUMBER NJAMRER NUMBER NUMB R NUME ER LATITH
2 /)

SRITELS,
60 FORMAT(L2Y4 TN COMPL. [N COMP. IN (LOMP, IN COMP. IN CCMP. I

10MP,  IN CCMP.  IN COMP.  In COMP. IN COMP, DEGREES
2/

00 18T I=1,1°7

LTutél, 1l y=CLarl.

WRITEL 2,11 {1T0TEL, )y d=he1l)

157 CONTINUE
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€l FORMAT(INILIC, {15/
W LTEL3, 920 (CLUNG(Ud ) ed=1,10)
WRITE(3,53)
WRITE(Z2,271}

301 FORMAT{Y ] CHANGES IN N DUE T0O THE FCLLOWING CHANGES IN THE PA
IMETERS UF THE INTORNATICNAL SPHERCICY)
WRITE(3,332)0CRCON,RATGRE

302 FORBAT(Z/Y (HANGE IN K*M =ty E10,4,%  (MxEx3  SELZFR~2 RATIO wWiT!
TREFERENCE TL KeM =t ,E10,4)

WREITE(3,2933P0TC0R

303 FORRAT (Y CHANGE IN PUTSDAM DATUM =',F10.2,' TENTH MGAL ')
WRITEA(D 24
WRITE(3,8N)

BE AC6 [=1,1n
CORGENIT 11 )=CLAT(L)

304 WRITE(Z, STHICOROGCN{ g d)ed=1,11)
WRITC(3yS21(CLIONG{d) sd=1lell)
ARITE(3,5%)

WRITE{3,315)

3TH FORMAT{ Y CHANGES IN X1 DUE TG THE FOLLOWING CHANGES IN THFE &

AMETERS CF Titf INTERNATIONAL SPHERDIDY)

WrRITE{3,3C2)1D0 RUCNg RATCRC

WRITE(3,373PCTLUR

WRITE(2,55])

WRITEL3,58)

DU 206 I=ieln
CORGOMUTL, 1L I=CLATLT)

3C6 wRITE(3,57T)ICORGEMIT o d ) pd=1,11)

FRETELZ,92) LCLONGIU Yy d=14101)
WRITE{2,53)
WRITELZ,27)

307 FORMAT{®] CRANGES IN  ETA  DUF T0 ThE FOLLOWING CHANGES IN THE

LARAMETERS GF THF INTERNATIONAL SPHEROID?)
r P TE (34 372 00RCONy RATGRO
WEETELZ2,203)P0TC00K
WRITF{(2,58)

*"I{T"(%'.v)‘

ooy

WA T (2, }
h(IY{{ﬁy.} lr.’*ﬁJQ‘A?PAD'LJ‘FL;\T

320G FORMAT (O CadhGe 14 F6e RADIUS =8, F10, 19" METRES, URAD/RADIUS=*,

1EIMeay Y DFLATTENING =" El1N.4])
WRITEL3,373)PLTCOR

ARITE( 3,4

RRITE (3 4503)

00 2ic =1,1"
CORSNET I LISCLATED)

1) V}‘ITE”BQF;!}L‘(‘:{;RS?\'(I’J)’J:IVIl’
CRITEAZ2 4592 (CLUNGUd ) s d=1,101)
aRITE(3,53)

WRITH{3,2nE8)

SO I=1,.10
CORGEP LT, VL )=CLATHEY
308 WRITELI3,87)¢C0LR Ufﬂ(l Jlsd=1,11)
ARTTE 2,52 LCLLNG(d )9 d=1,10)
W THRLE 55
301




311

313

(1x)

WRITE(3,50G ) URAD Y RATRAG OFLAT
WRITE(2,2173)PCTCOK
WRITE(R,64)

WRITE{3,54)

09 311 I=1,10
CORSMUL,1I1)=CLATL )

WRITEA2 4,5 TH{LORSMITI v J 9 d=1411)
ARITE(L2, 825 {CLONGLU )¢ d=1,1D)
WRITE{3,53)

WRITE(3,327)

ARTTEL3 430G ) IRADyRATRADSUFLAT
AR ITE{Z,3A02)0LTC0E
WRETE(3,56R)

WRITE(3,54%)

S0 312 1=1,1D
CarRsSPLUILIL)=CLAT(L)
WRITE(Z,ST7THLIORSP{LI,d),Jd=10W1l])
WRITULZ2,523(CLONG{J ) 9d=1,410))
wRITL(2,53)

ARITE(3,29]1)
WRITEL3 702 1006RCCN, RATGRC
WRITE(2,2CG)ORAD,RATRADZDFLAT
WRITE(2,303)pLTLLR
WRITE(3469)

WRITE{Z,450)

DE 213 [=1.10
CORTNOL LY 1=CLAT(I}
WRITEL34m Y {CCATNUT yJ ) ed=1011)
WRI?£(3,£2)ICLCNGSJ),J=1.10)
wRITE(2,53)

WRITELE{3,225)
WRITEL3,372)0GRCU L RATGRC
WRITLI3, 202G ) 0kAD s ATRAD,OFLAT
WRITE(3,2N3)pCTCL)
PRITE(2,%5)

WRITE(2,06)

DT 3lg 1=1,1%

CORTM{ I 1l =L LATLY
PRITE(2, 5T (CTRTMIT gd ) ed=1411)
WRITEL3,52 LCLUNGLS ) 9 d=1,1 ™)
wRITE{3,23)

wRITE(2,2307)
WRITLUZ342021D0URCENs RATGRC
WRITOU 3y 2 TCIORAD (LATHAD,,DFLAT
WRITEL3,203))PLTCUR
WRITE(Z,54)

WRITE(2,55)

DG 315 I=1,1"
CORTP{L,,i1)=CLATLD)
WRITELZ,57I(CORTR(TI ) 4=1,11)
WRITE(3,5Z2V(CLUONGLI 9 d=1,10)
WRITE(2,57)

CONTINUE

CUNTINUE

STOP

Appendix (10) concluded,
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APPENDIX (11)
[BM 0S/36C BASIC FORTRAN IV {E) COMPILATION

PRCGGRAM WEIGHTED LEAST SQUARES
DIMONSION KHT(IC01IFA{G0,401,IHT{40,401,8A142}),10P({20)
CCMMUN Af(41,42)
READ GEOUGRAPHICAL COORDINATES OF SE CORNER [N 10%%-2 DEG, ¢VE N,E
READ {142V LAC,LCC
2 FORMAT{Z2ILIO)
ARITE(3,16)
16 FORMAT(///7¢% INTERPOLATION OF FREF AIR ANCMALY MEANS ~ HALF DEGREE
1 ANDMALIESY//)
EREP=3,.0
1CAP=40
LCCCR=0
JCAP=4D
NO=1
IFAC=10
WRETE(3,)17)YICAP,JCAP,LAG,LOQ
17 FCRMAT(//' AREA COVERED IS4,I54% X *,15," AREA NW OF LAT =%,[8,* N
1. LUNG:"IB" E'///’
WRITE(3,18)EREP
18 FORMATL* CRROR (OF REPRESENTATION CHOSEN ASY;F10.1," MGAL.'/7/)
DG 3 I=141CAP
DC 3 J=1,4CApP
IFA{I,Jd1=D
IHT(I,4d0=)
3 CONTINUL
WRITE(3,415)
15 FORMAT(//'1 READING OF HEIGHT MEANS COMMENCES'///)
[F{IFAC~1D)4,4212,112
4 KEZADLI25)KEY LAT yLUNG, (KHT(L},1=1,5)
5 FORMATIY *,11,71172)
IF(KEY=1)6421,16
6 DC 11 [=1,5
INSULAT-LAQI*IFAC/ZLINN.D+]
JN={LONG-LCC+LUCURI *1FAC/I00 0 4]
IFLINILILL3,7
T IF(IN-ICAPIB,yB413
8 [F{JNI13413,9
S TF{IN-JCAPIIDs1M,13
17 IRTUIN, N =KATHL )
11 CONTINUE
ARITELZ L2V KEY S LATyLONGo(RHTUL) o121 4+5) 4 IN, IN
12 FURMATUY Y2 11,7110 IN=t,15,0 UN=t,15)
GC TC 4 ‘
L3 WRITE(3+14)LAT,LONGyINsJIN
14 FORMAT(® CARD Wi1Th LAT =2,110,% N AND LUNG =%,110,' E QUY OF AREA.
TIN =¢,18,% 4N =t , 15}
GC TC 4
19 WRITE(3,20)LAT,LONG
20 FORMAT(Y CARD wiITH LAT =¢ ,110,* NyLUNG =9,110,* F HAS INDEX PUNCHED
10 IN FRRUR®)
GO TO 4 _
112 READ(Yy L3 ITE o KEY S LAY JLUNG ¢RINT y{KHT{ 1) I=1,10)
112 FORMAT(21242164F441,1016)

[




(1xii)
Appendix (11) ctd.
IF(ITE-131144125,123 .
114 DO 12 i=1,419
INT=ULAT=5~L A0/ 10.3+])
JN={ LCNG+5~-LCL) /7104041
IFCINIL2L 21214115
115 IFCIN-ICAPILILS,116,121
116 IFLUNYLI21,12Y,117
117 IF(JN~JCAPILLG,118,4121
118 IF{KHT(I}ILLS,118,120
119 IHT{INyIN)=KHT(L)
GC TG 121
120 IHTCOINgINY=KHT{T])
121 CONTINUE
WRITE(3 41223 ITEZLAT yLUNGo{KHTLI ) 2I=151CHy INyJN
122 FORMATIY $,11,2110,10169* IN=2',15,% UN=',15)
GO TG 112
123 WrRITE(35124)1LAT,LONG
124 FORMAT(Y CARD WITH LAT %4,i5,% S AND LONG. '.I5,* E HAS BEEN PUNCKF
12 IN ERROR?)
GC TC 112
125 READ{L 1263 T TEZKEYy LATSLONGyRINT o (KRT (L)} yI=1,10)
126 FUORMATIIL1v124216:F5.291016)
[IF(ITE-111274135,125
127 00O 134 (=1,10
INZ{LAY=-5-LAUI/1D2.0+1
IN={LOAG+S~LECI /10, 0¢1
TF(IN}134,134,128
128 IF{IN-TICAP)I129,129,134
129 [F(JINIL34,124,13D
130 [F(UnN=-JCAP}I131,131,134
131 IF{(KRHTII4)132,132,133
122 IRTUINyINI=KHTLUL)
6L TO 134
133 IATCIN,y SNB=KHTITY
134 CONTINUE
WRITE(3,4122) I TE LATsLONGs (KHTLTI o E=1 o100y IN2JN
GU 7O 125
135 WRITE{3,124)LAT,LUNw
GG TC 125 .
136 REACE L gL AT ITE s KEY s LAT L UNGyRINT g {KHT{ 1) oi=1410i
137 FURMAT(I141242164F4.1,1016)
IF(ITE~-1)138,214140
126 DO 145 I=1,10
IN={LAT-5-LAUI/10.0¢1]
JN={LONG+5-LCC)I /1D, 0+
IF{IN}145,145,139
139 IFCIN-ICAPI140,1404145
140 IF{UNI145,145,141
14l TFOUN-JCAP 142,142,145
142 IF{KHT{I)}1l43,143,14%
143 IHTLINSJINI=KHTL{I)
GC TC 145
144 ITHTOINGINI=KHT(L)
145 CONTINUE
ARITEL3 122V ITE yLAT JLUNGo IKHTCI )y 121,100y INyJN




150

183
184

185

186

17
196

41
42
.43

L4
45

46
47

(Ixiii)
GC 16 136 Appendix (11) ctd,
WRITE(A, 1243 LAT LONG
GOOT0D 13¢
wRITEL2,22])
FORMATL Y READING OF FREE ALK ANUMALIES CUMMENCES'//7)
KT{T=4
READLL ¢ SIKEY JLAT f LURGs {KHTL 1Y, I=1,45)
PE{REY=-1)26,34,%3
OC 31 =145
IN=(LAT~LACI*IFACZICN N+
IN=LLING=LOOI [ FAC/LIGO e
ITF{IN}32y32,25%
IFLIN~TCARIZE 26,432
IFEONIR2432427
[F{UN-JCARIZ2B,2R,32
IFCKHT{IY)20,2%,30
[FALINGIN}=BR0N
GC TO 31
FTFACIN G ONY=KHTHLT)
KY{T=KTOT + 1
CCNTINUE
WRITE(3 31 2)REY 2 LATy LUNGy{RMTII) yI=1,5) 9 IN,JdN
GC T 23
WRITE{3, 16V LAT+LONG s INy IN
GO TG 23
ARITE(R,200LAT, LONG
GC YC 223
WRITE(3,35)
FORMAT (] COMMENCEMENT OF CALCULATIUNS?®*/7/)
WRITE(3,160)KTOT
FORMAT(/ /Y TOTAL NUMDER OF GRAVITY READINGS IN SAMPLE =, 110//1)
K=1
FF(RTOT-13231183,185,165
IF{KTCT=-17)186,184,184
ICAL=KTUT/LN
END=41-{10-[CAL I %4
JND=42-(10-TLAL) %4
GC TC 187
INI=4]
JAO=42
S5C TO 147
IND=5
JND =6
WRITE (3,156 1IN0, IND
FORMAT( YALUES OF LND =0, [10,¢% AND JNQ =¢,110C}
IF{Kk~2)42,464;4]
ITF{K~3}44,64¢6,48
WRITE(3,43)
FORMAT{/ /¢ UNTFORM wEIGHTS ASSUMED. W = 1,0 ‘//,’,
GC TG 506
WRITE(3,45)
FCRMAT(//? wTS PROPURTIUNAL TU SAMPLE NOo W = NSZ(OJ5%2N) $72/7)
G 1O 50 -
WRITE(3447)
FORMAT( /7 wTS PROPORTIONAL TU I/7{(S5TD.0BEVI%%2, W ={EREP/SIGMA):
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1%2 Y/ /7)
GG TG 50
48 WRITE(3,49) ‘
4G FURMATL(//Y WwTS. PRCP. YO NS/((STC.DEV!**2*((N—NSIEREP/(N-I))**2
1 e W = (NS/NIS{EREP*X2/({STD DEV) 2%24{ {N-NS*EREP/{N-L)*%2)%//])
50 G 36 i=1,IMND
0 36 J=1,JND
36 All.di=0
1G=(IND-11/4
Je={JND~2)/%
INCAC=1G+]
INCASL=1L+2
INCAS=1Q%2+]
INCUCL=T Q™22
INCOGC=1Q%3+1
INCOSL=z %342
INCOS=1U%4+1
o0 70 MM=1, ICAP
0o T NN=1,JCAP
TELIFALMM NNI-SD00N3T7,147,37
37 IF{IFA(MM NN} 39,147,438
38 IDI=IFA(MM,NN)}/L1ONDD
1C2=101/71G0
TINT=]D2/7100
1SOEV=I02-1 INT#100
NS=IDI-(IINT®I00+[SDEVI®LOD
JA&=EFA(MM'NN!~((IINT*IOG+ISDEV}*IHG+NS)*10306
GO TC 40
3G [Dl=-1FA{MMNN]I/ZLIGO00
IC2=101/7100
IINT=ID2/71G0
ISOLV=102~1 INT*100
NS=IDI-{IINTHI0O+ISVUEVI*1ION
JﬁN=i%AiMM,NN)+((I{NT*IDO*ISDEV)*105*NS)*10000
H0 TFIR=2})52:5%,51
51 TF{K~31)53,54,57
B2 WE=1.0 '
GG TG 6D
53 WE=NS/ZINO®D.5)
GC TO &0
54 [F{ISLUEVIHG 455256
55 WE=1.0D
GO TL &0
Sg WE={EREPEEREPI/Z(ISDEV*ISVEV]
GO TL 60
S7 IFLIINTIE8489,58
g% VAL=(ISDEV*fSDhV+(NU~NSi*(NO~NS)*EREP*EREPI(!NO"I’*{NG*X)3)
IF{VAL)ISE 58,59
58 WE=1/{EREPFEREP]
GO TU 60
s% wbE=NS/VAL
60 OC &1 li=1l.dn0
£l sAtLIT)=D
REC=NN*6,282185/7/J4CAP
REP=MMES, 283185/ ICAP
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Do 62 1l=1,INCAC
62 Ba{1I)=CUS{REC*(I1I~-1))
DO &3 TI=INCASL,INCAS
63 BA(II)=SIn{RECH{II-INCAC))
D0 64 1I=INCGCL,INCUL
64 SALL11=COSIREPE{I~-INCAS))
DC ¢5 [1=INCUSL,yINCOS
£5 BACLII)=SINIREP={TI-INCLCH)
IF{IHTIMM, NN 166,104,104
1N4 I5AN=JAN-1 o L1 B IHT{ MMy NN
63 TC 67
£5 [BAN=JAN-0O.e852% 1T (MM NN)
67 dATJINUGI=1DAN
JC &8 I=141IKD
DG €8 J=l.4dAD
A{T J)=A(],yJ}+B8A(1) %BALJ)*WE
68 CONTINUE
GO TO 14t
147 wi=C.0
JAN=0
I3AN=D
FINT=C
{s0tkv=0
5=0
148 CUONTINUE
[FA{ MMy NN)=JAN
7¢ CONTINULE
CALL SIMLEQUINDsJINUylRR)
ARITE(3,71)
71 FORMATI//% COEFFS (OF SCLUTION ARE '/7)
WRITE(3,72)(ACLsdND),yI=1,IND}
72 FORMATISISXFIN1Y/ )
SRITE{3,81L)
851 FORMAT{*] CUMPARISON UF TRUE VS INTERPOLATEOD'//)
WRITE(3,821
E2 FORMATE/ZY LATITUDE LONGITULE OBSDe FoelAeAs INTERP.F.ALA. IN
10“:350-‘}
WRITE(3,83)
83 FORMAT(Y DEG. N DEGe . TENTH MGAL. TENTH MGAL. TE
IMGALWY// /)
KYCT=C
ACC=D
OC 86 Mr=l, (AP
00 &5 NN=1,JLAP
REC=NN*6,283185/73CAP
REP=mMxs,283185/71CAP
NG 73 11=1, INCAC
73 BACIII=CUSERECH.(TII-11})
D0 74 T1=INCASL,INCAS
74 BALITI=SINIRECR{1I-INCAC))
0 75 TIsINCCOL, INCGC
75 sA{LII)=sCOSIREPH{ [[~INCAS))
DO 76 1I=INCOSLyINCOS
76 BALTII=SINC(REP®{II-INLCLCY)
[BAN=Q
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BG 77 ti=1,1AND
[gAalN=[8aN+ATL L, UNDY®BALIT )
77 CoNTINULE
IFOIHTIMM G NNIY 7R, 79,75
78 JTFARN=IBANDN 6852 % 4 T{ MM, NN}
GL TC 80
S IFAN=TpAN+T LIS IHT (MY, aN)
BG InMT{MMyNNI= [FanN
LAT=LAL+{ MM~ 112100/ 1EAL
LONG=LUG+LOCUR/ 4+ {NN-1 %100/ IFAC
FPOTEF=THT (MM NNY~TF A UMM, NN
ﬂRIT&(B;EQ)EAT,LGNG:KFA(MM,NN).IHT(MM,NN),IDIFF
P4 FORMAT(® ', 2110,3116)
FFLIRACHM,NNTILGS 485,85
195 KICT=KTUT+}
ACC=ACC+IDIFF=IDIFF
85 CUNTINUF
86 CIONTINUF
EPRED=SQRTIACC/KTLT )
shITEL3, 105 KTOT ,EPRES
105 FORMAT(///Y FUR  v,108,¢ COMPARLISONS, THE EKROR OF PREDICTION is ¢,
1131, TENTH MGALL ')
JUND=JCAr /20
U0 161 J=1,4d30N0
WRITE(3,1563) .
153 FURMATI///4%) PRINT OUT OF AVAILASLE FREE AIR ANO
1AL IESY/ /7))
[IF{J=-2)15%4,15%6,158
184 WRITE(3,155%)

155 FURMAT(Y IN  JN 1 2 3 4 5 & 7 8 9
1 10 11 12 13 14 15 l6 17 18 19 200
2777 '

GC TC 1gn

186 ®RITE{3,157)

157 FURMAT(Y IN  JUN 21 22 23 24 25 26 27 23 29
1 30 31 32 33 34 35 36 37 38 3G 40
20 /17)

GL Tu 160
158 WRITE{3,159}
186 FURMATEY IN  UN 41 42 43 44 45 46 4«7 48 49

1 50 51 52 53 54 55 56 57 58 59 60
ANFFE :
16C Dy 152 I=1.1C4B
DG 151 JJ=1,20
JING={J=11%20+4y
[F{JIND~JCAP) 145,149,157
149 TR{IMTOI,JINDI 193,194,194
1S3 TOPIJI=IFALT 3 JINDIZ1ID . 0=-9,5
GU TO 181
194 T0PCJIUI=IFALL,JINDI/LIN 40,5
6L TO 151
150 1CP(yd)=n
151 CUNTInYUE A
ARITEC2,10031,(10PLJd)ydd=l,20)
10O FCRMAT(® ', 04,2018/ ‘
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152 CONTINUE
161 CONTINULE
JINL=JCAP /2D
DO 171 J4=14JJND
WRITE(3,162)
162 FORMATL///7'1 PRINT OUT GF INTERPOLATED FREE AIR
1 ANCMALI{ESY///)
IF(J=2)163,16449165
163 KRITE(3,155])
GO TGO 166
164 ARITE(34157)
G0 TG 1l6é
165 WRITE(3,1591)
166 DG 17C I=1,1CAP
DC 165 Jd=1,2C
JIND=lJ=-11%20¢J4
IFIJIND=JCAPILAT,16T,168
167 IFCIHT{IJIND)ILIO1,192,192
191 I0P(JJI=IHT(IJINDI/1C.0-D5
GO TG 169
192 1GP(JJI=IHT{I,JING)/IN04#0.5
GO TG 169
168 10P{J4d)=0
169 CONTINUE
WRITE(3,100)1,010P(JJ1,44=1,20)
170 CONTINUE
171 CONTIANUE
JIND=JCAP/2D
OC 182 J=1,pJJdiD
T WRITE(3,172)
172 FUORMAT(//7/701 PRINT OUT OF ERROR OF PREDICTIGN®/
171
IFLJ=2)1T734174,4175
173 WRITE(3,155)
GU Tu 176
174 WRITE(3,1571
6C 1o 176
175 WRITE{3,159)
176 DC 181 1=1,1CAP
oG 180 J4d=14290
JIND=(J=-13220+4J
AL L JINDY=CIHTUT JIND)“IFA([;JIND)!/IO 0
IF(IFA(T, JUIND))1B9,179,189
189 IFLA{L,JIND}ILIBB,1T7,177
176 10p{J3d)1=0
GO TG 180
188 1CP{JJI=A11JINDI~05
GO TG 180
177 1CPLJ3I=all,JIND)I+0 .5
180 CONTINUE
WARITE(3,170)1,(10P{ Jo)dd= l 2“)
181 CUNTINUE
182 CONTINUE
STUP
END
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L&b I8M 0S/360 BASIC FORTRAN IV (E) COMPILATION

SUBROUTINE SIMLEQINM,IRR)
COMMON A{41442)
A IS AN XN EQUATION MATRIX, PLUS M~-N RHS VELTURS.
THE X SOLUTIGONS REPLACE THE RHS'S.
METHCD OF GAUSSTIAN ELIMINATION WITH ROwW PlVOTINb AND BACK
SUBSTITUTION
EPS=1.0E-6C
NN=N-1
IFINN)  80,130,10
C FOR EACH COLUMN FIND LARGEST ELEMENT IN LOWER TRIANGLE FCOR PIVQOT
10 DD 120 L=1,AA
KK=L
00 &f K=L,A
IFCALS (ALK LI} ~ABS [AIKKL))Y}) 4&Co40,30
30 KK=K
40 CONTINUE
C MAKE PIVCT A& CLAGUNAL ELEMENT ©Y RUW INTERCHANGE
TF(KK=L)  TC,77y50
50 DL 60 J=L4M
B=A{LJ)
A(L,J)=A(KK,J,
60 A{KK,d1=B
C TEST FOR MATRIX SINGULAR {PIVCT TOO sMALL)
70 IF( AeStALL,L)I-EPS } 89,800,460
RO IRR=1
RETURN
C ELIMINATE COLUMN 8ELUW DIAGCNAL 8Y ROW SUBTRACTION
G0 KK=L+1
DO 120 w=KKsN\N
[FCA(K L)) 100,120,100
1CC DO 110 J=KK M
110 A{KyJISAIRKsJI-A(K LI/ L LI%AIL, )
120 CUNTINUE
C SOLVE FUR X BY BACK SUBSTITUTION
130 IF { AGSUAINyN))- EPS )} 80,80,140
Lan NNsh+1
DO 17C  11=14N
P=N=-11+1
KK=1+1
DO 17C J=NhoM
8=0.0
LFUI-N) 150,170,150
150 00 160 K=KKyN
160 B=8+A(1,KIXA{K,J)
176 ATy J)={ALLJ)~B)/ALLI,1)
IRR=0
RETURN
END

OO

S1ZE OF COMMON CD68B8-  PRUGRAM 001462

END OF COMPILATION  SIMLEQ




s o

&6
C
C
C
C
C
C
C
C
C
1
C
2
C
C
3¢C
323
3
4
5
&
7
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[BM 057360 BASIC FORTRAN Iv (E) COMPILATION

PROGRAM STCKNE

CALCULATES THE COMPONENTS OF STOKESIAN HEIGHT AND DEFLECTIONS OF Tht
VERTICAL FOR AN AREA 1<PSICS,THE INTERVAL OF COMPUTATION BEING 1.BASI
PRIGRAM COMPUTES EFFECT OVER 5 X 5 AREA,THE ANGMALIES REPRESENTING
0.5 SQUARES.THE EFFECT IS CONSIDERED FOR A 15 X 15 AREA ARQUND THE

5 X 5 SQUARE OF CUMPUTATION.SYMMETRIC WITH RESPECT TO THE SW CORNER
AN INNEK AREA OF 3 X 3 ROUND COMPUTATION POINT,SYMMETRICAL WITH RESPE
TO IT 1S CMITTED.LAT,LONG #VE NeE RESPECTIVELY.PROGRAM HANDLES A

50 X 50 AREAJALL UNITS ARE DEGREES.

DIMENSION KAN(IC), [AN{60,60 ) COMPN(11411),COMPOM(11,110,

1COMPDP (11,411, CLAT{L1N),CLONGILO ), ETAT{11,11) s PRECN(1L,111),
2PRECOMI11,11) ,PRECDP( 11,110, INTER{3,6),ISIS{3+6)sCORGCN{LL113,
ICORGCMIL1 9110y CORGCP{11,21 )y CORSN(LL,11)+CORSM(1L,11])

DIMENSION CORSP{11,11),CORTN(11,11),CORTM(11,11),CORTP(11s111},
1SISN{ILy11)9SISM{IL411),SESPLI1,11)

ICAP=6C

JCAP=6C

INT=1

DO 1 I=1,I1CAP

on 1 J=1,JCAP

TAN(T,J)=0

READ LAT,LCNG OF CENTRE OF SW HALF DEGREE SQUARE IN HUNDREDTH DEGREE
READ(1,2)LAC,LOD

FCRMAT{2110)

READ GRAVITY ANUMALIES REPRESENTING HALF DEGREE SQUARE MEANS, IN TEN
MILLIGAL y#W1TH LAT,LONG OF MOST WESTERLY SQ.IN HUNDREDTH DEGREES
READ{1,300) FLATyDFLAT,RAD,DRAD GRCUN, DGRCCN, POTCOR, OMSQ
FORMAT(8F10.4)

WRITE(3,323)FLAT,RAD

FCRMAT(' FLATTENING =',E10.5,% RADIUS =',E10.5)

BETA=5,2884E-3

EQGR=9,78N49E6

SEZ=RAD¥ 10N, I%0MSG/ (EQGR¥1.0E=4)

RATRAD=DRAD/RAD

RATGRC=DGRCLCN/GRCON

DSEEGC=~SEE*RATGRE

DSFES=SEEX*3#RATRAL

DSEET=SEF* (3%*RATRAD-RATGRC}

DBTAGC=DSEEGC#5/2.0

DATAS=DSEES#5/2 4 0-DFLAT

DBTAT=DSEET*5/2.0-DFLAY

DEQGGC =EQGR¥( RATGRC-DSEEGC*5/2.01)

DEGGS=EQGR* (~2%RATRAD+DFLAT-DSEES*5/2.0)
DEQGT=EQGR*{RATGRC-2#RATRAD+DFLAT-DSEET*5/2.0)

REAC(1,4) ITESLAH,LOH, (KANCT) 9 1=1,5)

FURMAT(12,2110,5110) :

IFCITE-115,15,13

DO 12 I=1,5

IN=(LAH-LAG)/50.0+1

IN={LLH-LCO) /50 .0+1

[FUINILC. 10,6

IF(IN-ICAP}7,7,10

IF{INILO,10,8
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3 IFLUN-JCAP}S,3,10
9 JTAN({IN JUN)=xKAN({I}
12 CONTINUE
GC TC 8s
11 FORMAT{/28H ANOMALY WlTH INDEX VALUES (521104384 ) CQUTSIDE LIMITS,
LLATITULE ON CARD IS 4112,15H AND LONGITUDE y 110}
B& WRITE(2)921ITE s LAHyLOH o {KAN{I) 9y I=1,5), 1IN, JN
92 FORMAT{® ¥ 12,7117, IN =0,185,° N =t,{5)
[FLITE~133,16,13
13 WRITE(3,14)LAr, LOH ,
14 FORMAT(/15H CARD WITH LAT 2110, 17TH N AND LONGITUDE ,I10429H E HAS
LINDEX PUNCHED IN ERROR)
GC TC 3
15 READ({Ly 701 ITEZLAHILOH, (KAN(I ) pI=1,5)
70 FORMATI(IZ,2110,5110) .
NRITE(394)ITEyLAHfLUHu(KAN(1)t1=1'5)
FF(ITE~L)ITY 79,78
71 DO 7T 1=1,5
IN={LAH-LAQI/5% ,0+1
IN={LOH-LOD /50041
IS{INITEs THe T2
T2 TF{IN-ICAPYT3,73,75
T2 IF(UNITE, 76,74
T4 IF{UN=-JCAPITR,, 75,76
75 TANUINy INY=KAN(T)
77 CONTINUE
GC TC &5
76 CONTINUE
85 1F{ITE-1115,79,78
78 WRITE(3,14)LAbLOH
O T0 15
END DF READING AN?MALIFS STURED IN TENTH MILLIGAL.
UATA HAS BEEN LOADED WITH THE NUMBER OF READINGS IN SAMPLE IN THE
5TH AND 6TH PLACES FROM THE RIGHT.7-8TH PLACES REPRESENT STO.DEV. ¢
KEY USED IN COL 9 :~ 0 = DIRECT REPRESENTATION » 1 = INTERPOLATION
2 = INTERPOLATION/EXTRAPUOLATION 3 3 = EXTRAPOLATION. SIGN IN 10TH
PLACE. '
T8 LIM=20
[SPA=1
Isa=11 ,
REAC(lglé}CCNyRﬂﬁgplyIARQ,TGRAVvCUNloRAﬁ
16 FCRMAT(&19.3,F1Q02'FlpﬁﬁyileF10.29510.2yE10.43
COUNN={RAC*CCNL %P}/ {4%TGRAVX18I%180)
CCOND=(PI*IARC*CONI I/ {4*TGRAVXIBN®180)
WRITE(3,1T)ICCONN,CCOND
17 F"R”Afilbfﬁ COEFFICIENTS FOR CUMPUTATION OF SEPARATION IS ;E20.5,
1'H AND OF DEFLECTIONS IS *,E20.5)
READ{L, llq)SEQvNUM
110 FUORMATIFIC.1,110)
0C 112 I=1.,3
Q“AD(I»ZIl)(INTFR{!:J);J 14561}
111 FORMATIGILIO)
112 CONTINUE
D0 317 1=14+3
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317 READ(Ly1110CISIS(I4d),d=1,6)
DU 63 ND=1,1SPA
DC 62 NOL=1,1SPA
DO 46 I=18A,20,INT
IND={I~-11,0)/INT+1
CLAT(IND)=(NU-1)*5.0*(!-18A)*1.0-34.00
COL=CLATI{INDI*),0174533
SCLAT=SIN(COL}
CCLAT=CLS(CCL)
LAT=CLAT{IND)
CLATS=CLAT{IND)/S5.0
LATS=CLATS
DEC={CLAT{INDI-LATI*2.0
UECS=(CLATS~LATS) %1 N
[F(DEC5)89,50,50
89 DECE=10,.0+DFCS
[ECS=DECS
[EC=BEC
90 AEC=ABS{DEC)
[F(AEC)19,21,18
18 [F(AEC-2)21,19,19
16 WRITE(3,20)CLAT(IND)
20 FORMAT{41H ERROR IN CALCULATION OF DEC AT LATITUDE 1F20.2/7)
GG 70O 46
21 Li=30
DU 45 J=1BA,20,INT
JND={J=11.01/INT+1
CLONG(JND)=(NUL“1)*5.0*(J-IBA)*1.0*138.CO
LONG=CLONG L JND)
CLONGS=CLONGUIND) /5 .1
LONGS=CLONGS
DECL=(CLAONGUIND ) =LONGY %2, 19
DECLS=(CLUNGS-LUNGS*Q.OI1311.0
AECL=ABS({CECL)
IECL=LECL
IFLAECL)23,25,22
22 IF(AECL~2125,23,23
23 WRITE{3'24)CLAT(IND),CLUNG(JNU)
24 FUORMAT(/45H ERRUR IN THE CALCULATION OF DECL AT LATITUDE F2C.2, 15H
1 AND LONGITUDE 4F20.27)
GC TC 45
25 AC(C=0
TECLS=DECLS
HRITE(3.83)CLAT(IND),CLGNG(JND)vIEC:iECSoIECL:IECLS
80 FORMAT ({1 LAT;",FIC-].,‘LC}NG”-'aFln-Iy' [EC:.’I].O" XECS ='111C'¢' IEC
L=, 110,* IECLS =v,[10) '
KICT=0
ACCM=0
ACCP=n
ACCEF=0
ACCPLR=0
ACCMER=N
AGON=0,0
AGCM=n,.n
AGLP=0,0
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ASN=0,0

ASM=C,.0

ASP=C.0

ATN=0,.0

ATM=0C.D

ATp=( oﬁ

SISTCN=0L.0

SISTCM=N,.0

SISTGP=0.9

DO 4 Ql=1,LL

[H={NO=11%{LIM=IBA+ INTY/INT+(I~1B8A) %2+ 1[~1EC5+2
QLAT={IH/2.04¢LA0/1I20,0-0,5)%0.0174533
SOLAT=SIN{QLAT)

CQLAT=COS{QLAT)

SSGLA=SQLAT#S5QLATY

TER=1.,D4BETA*SSQLA

TERI=FQGR*S5SQLA
ANGC=~(DFQGGCRTER+DBTACC*TERY }+PUTCOR
ANS=~({CEQGSATER+DBYASHTERL ) #POTCUR
ANT=-(DEGGTRTER+DBTATHTERL)+POTCOR

D} &0 Jd=1l.LL

JH=INCL=-1 )% {LIM-{BA+INT) /INTH{J-IBA)%2-TECLS+6+JIJ
QLONG=JH/20+L0C/100,C-0.5
IF{II-TECS~IEC~51294+27426
[F{TE-TECS5-1EC~-14)27427429
IFCJI~-TECLS+IEFCL-9)29,87,28
IF{JJ-TECLS+1LCL~14)8T,87,29

TFLTANTIHyJR) 132,542,330

Fo1=1ANCIHs JH}/1O00D

iDz=1D1/7100

FINT=ID2/710D

ISOEV=1D2-TINT%100

NS=ID1-{TINT#10C+ISDEVI*1CO

JAN= IAN(Iﬂ:JH)*((IlhT*lﬂn*ISDEV)*10u+NS)*10030
GO TU 93

[D1l==TAN{iH,JH) /710000

102=1D01/170

FINT=ID27100

ISOEV= D2~ TINT®10N

NS=1D1-{IINT*1QC+ISDEVI*100

JAN=FTAN{ I, JH)+((IINT*‘QQ+ISDEV)*lOO#NS)*IOOWG
IFCTINTILC2,101,100

[FUIINT=412320,319,319

TINT=73

NS=6

WE=SER®SERINTER(IINT oNSI*INTER{LINT,NS)
SIS=ISIS{LIINT,NS)

GC TC 35

[FINS)I1I02,491,33

WE={ISDEVRISDEV+(NUM~ NS’*(NJM”NS)*SER*SER/((VUM 11%{NUM=1)))}/NS
S1S=0.0

GC 1O 25
WRITE(3,103)CLATCIND)Y yCLONGUIND Y 911y dJdslHyIH
FORMAT(Y COMP ERROR AT (' F10.2,% S*3F10.2,* E).ARRAY REF 1I3%,
12110, MATRIX REF IS8',2110)
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WE=SER%XSER

SIS=C.N

CONTINUE

DLONC={QLUONG-CLONG{JUND) 1#0.3174533
CPSI=SCLATHSQUAT+CCLAT#*CQULAT#CLS (DLONG )
SPSI=SQRT{1-CPSI*CPSIT)
SPSI2=SQRTLABS (O, 5x{1-CPSI )
IF(SPS12038,38,36
CPSI2=SQRT(ABS(C.S5¢{1+(P5S1}i})
REPSI=ALOG{SPSIZ®*{1+SPSI2))
SINAZ=CQLAT®SIN{DLUNG)/SPSI

TF(CCLAT)IZT,40,37
COSAZ=(SuLAT-CPSTIASCLAT)/LSPSI®CLLAT)
STUF=CQLAT*{1+1/SPSI2-6%SPSI2-5%CPSI-3*CPSI*®RFPSI)
ACC=ACC+STOF*JAN

FOEF=CQLAT® (-0, 5%CPSI2/(SPSI2%SPSTI21-3%CPSI2+5%SPSI+3%5PSI*RFPSI~
1105 (1#2%SPSI21%CPSI2%CPSI/((1+SPSI2)%SPSI2))
FOEFM=FDEF*C0OSAL

FDEFP=FDEF*SINAZ

ACCHM=ACUMeFOEFM*EJAN

ACCP=ACCP+FDETPEJAN

KTCT=KTCT+1

ACCER=ACCER+WERSTOF «STOF
ACCMER=ALUMER+WESFUEFMEFDEFM

- ACCPER=ACCPER+WEXFLEFPXFDEFP

AGUN=AGON+STOFXANGC

ASN=ASN+STOF¥®AN

ATN=ATN+STOFRANT

AGCM=AGCM+ FDEFMEANGC

ASM=ASM+FDEFMEANS

ATM=ATM+FOEFMEANT

AGCP=AGCP+FREFPRANGC

ASP=ASP+FDEFPEANS

ATP=ATP+FDEFP%ANT

STSTOUN=SISTON+SISHSTOF

SISTUM=SISTOM+S IS2FDEFM

SISTOP=SISTOP+SIS*FDEFP

IFLI-1BAY46,4,106,40

[IF{Jd-1BAI4S,1CT a0

[F{II-1}14a0,108,40

PSI=ATANISPSI/CPSII/N.01T74533

STR=STOF/CQLAT

Sukv=1S0EV

WRITEFU(3,109 ¥ IH  SHs L INTySOEVINSyJANsPSILSTO

FORMAT{Y LOC = (*,215,¢ } INT KEY =*,]15,¢% STU ERR =*,F10.,2,"' NO=?',
115,% ANOM =0,17,% PSI =%,F10.34% DEG.FPSI =t,E10.4) .
GG TC 40

ARITE(3,393)5PS]2

FORMAT(/42H ERRCOR IN SINE PSI/72.VALUE OCBTAINED BEING ,F20.8)
GU TO 40

GULAT=GLAT/0.0174533
WRITE(3,88)QQLATQLUONG 11y IHeJddoJdHy TAN{IH,JH)

FORMAT(® ELEMENT EXCLUDED LAT =9,F10.2+* LONG =*,F10.2,* [I =%*,15.
17 I =‘|i51‘ Jd =4, I8,0 JH =1 .15, ANCM =t,110)

GO T0O 40
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42 CONTINUE
40 CONTINUE
41 CONTINUE
44 CUMPNIIND, JNDI=CCONN®ACC
COMPOM{IND, JND)=CCOND®ACCM
COMPDP{INL, JNCI=CCOND*ACCP
ITOT{IND, JND)=KTOT
PRECNCING, JND J=SQRT (ACCER ) #CCONN/1N.0D
PRECOMIUIND s JND)=SQRT{ACCMER) *CCUOND/ 10,0
PRECOP(IND, JND)=SQRT{ACCPER}*CCUND/1D.0
CORGCNLIND, JNDI=CCONN®AGCN
CORSNUIND s JNO)Y=CCCNNRASN
CCRTN(IND, JND)Y=CCONN®ATN
CORGCM(IND y JNE) =CCOND®AGCM
CORSMUIND s JNIY=CCOND*ASM
CORTM{IND,JAD) =CCOND®ATH
CORGCPUINC, JNDY=CCOND*AGLP
CORSP{ING, JND)=CCOND*ASP
CORTP{IND, JND)=CCOND*ATP
STSNIINDJNO) =CCONNZSISTON/1C.O
SISMIINDs JNDY =CCONDRSISTOM/10.0
SISPLINDyJNDI=CCONDXSISTUP/10.0
CWRITE (3,94 )COMPNLIND, JND) yPRECN(INDIJND)»COMPOMUINDy JND)
LPRECEMUIND ¢ JNCI o COMPOPUIND s JND )y PRECDP L INC, IND)
G4 FORMAT(/® N =0,F10.2,0 /=% 4F1C,2," X1 =',FLl0.6y* +/~',F10.4,' ETA
1 =t4F 1044y +/-1,FL0.4)
WRITE(3,95)SISNUIND ¢ JND),STSMOINDyJIND) ¢SISPUIND,IND)
G5 FORMAT(? SYSTEMATIC EKROR *9F1042,17X,F10.4418X,F10.4)
WRITE(3996) CURGCNCINDy JND) yCORGCMUIND s JND)sCORGCP LIND JND)
56 FORMAT(! WHEN GRAV CON IS CHANGEL, O N =*,Fl0.2,* D XI =',F1C.4,
1' U ETA =1,F17.4)
WRITE(3,97)CORSNLINDy JND)yCORSMUIND y INU) o CORSPCIND, JNDI
G7 FORMATL! WHEN ONLY SPHERJIO IS CHANGED, D N ='3F10.2,* D XI =%,
1F10.45% D ETA =t,F10.4)
WRITEL3,93) CORTNEINCs JNDJ 9 CORTM (IND, JND} o CORTPUIND, IND)
68 FORMAT(® WHEN B0TH GR CON AND SPHMEROLD ARE CHANGEDs D N ='+F10.2s
1¢ 0 XTI =%,F10.4,* D ETA =',F10.4)
45 CUONTINUE
46 CONTINUE
WRITE(3,447)
47 FORMAT(1 CALCULATION OF GEOJLD SPHEROID SEPARATION N yANOMAL
11ES USFO ARE'/7)
WRITE(3,43)
48 FCRMAT(? TOPOGRAPHICAL CORRECTIONS USING HUNTER FORMULA FOR H <
1 2500 . FOR H > 2500, RHO = 2.67%///)
WRITE(3,49) .

49 FORMAT{//120H N N N N N
1 N N N N N LATITUD
2 /) ‘
WRITE(3,50)

50 FORMAT{125H M. CM, CH. CH. CM.
M. M. CM. M. (I DEGREES N
2/ /)

DO 151 1=1,10
COMPN{T,111=CLATL])
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WRITE(3,51) (COMPNIL,J),d=1,411)
51 FORMAT{/1IF10.2,F15.2)
151 CONTINUE
WRETE (3,521 (CLONG(J ) »d=1,10)
52 FORMAT(//7' *,1NF10.2/)
WRITE(3,53)
53 FORMAT(72H LONGITUDE 1IN D
1E GR EES E ///)
WRITE(3,113)
113 FORMAT{t] ESTIMATES OF ERROR IN THE FINAL RESU
1T4/77)
WRITE(2,49)
WRITE(3,59)
0C 152 I=1,10
PRECNUI»11)=CLAT(T)
WRITF (3451 (PRECN(L,d),d=1,11)
WRITE(3,321 ) (SISN(14d)0d=1,10)
321 FURMAT(10F1N.2)
152 CONTINUE
WRITE(2,52) (CLUNGIJ ) d=1,10)
WRITE(2,53)
CWRITE(3,54)
54 FCRMAT(///%1 CALCULATION OF DEFLECTIUNS OF THE VERTICAL,ANGMALIE
1 USED ARE*//)
WRITE(3,48)
WRITE(3,55) ,
55 FORMAT(//120H MERIOIAN MERIDIAN MERIDIAN MERIDIAN MERICIAN M

IRIOTAN  MERIDIAN MERIDIAN MERIDIAN MERIOIAN LATITUDE
2 7)
ARITE(3,56])

56 FORMAT(120H StEC. SEC. SEC. SEC. SEC. S
1C. SEC. SEC. SEC. SeC. : DEGREES N
2/77)

DG 153 I=1,10

COMPDM{I,1Y)=CLAT(I)

WRITE(3,5T7T)(CCMPDM{Td)d=1,11)
5T FORMAT(/1INFLN . 44F15.2)

153 CONTINUE
WRITE(3,52) (CLONG{J)yd=1,10)
WRITE(3,53)

WRITE(3,113)

WRITFE(3,55)

WRITE{(3,56}

D5 154 I=1,1n
PRECOM{II 11 ¥=CLAT(I]}
ARTITELS3,57)(PRECDM( T 9d s 9d=l,11)
ARTTEL342322)(SISM(I4d)5.d=1,10)

322 FCRMAT(INF1N0.4)

154 CONTINUE
WRITE(3,52)(CLONG(I)yd=1,10)
WRITE(3,53)

WRITE(3,54)
WRITE(3,58)

56 FORMAT(//120H PRILVERT. PRILVERY. PRI.VERT. PRILVERT., PRIJVERT. P
IT.VERT. PRILVERT. PRILVERT, PRILVERT. PRIVERT. LATITUDE
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2 /)
WRITE(3,56)
DO 155 1=1,10
CCMPOP(T,11)=CLAT(I)
WRITE(3457) ({CCMPDP{Isd)pd=1,11)
155 CONTINUE
WRITE (3,52) {CLONG{J}sJ=1410)
WRITE(3,53)
WRITE(3,113)
WRITE(3,58)
WRITE{3,56)
DO 156 I=1,10
PRECOP(I,11)=CLAT(I)
WRITE(3,57) (PRECDP(IyJ)yd=lyll)
WRITE(3,322)(SISP(14J),J=1,10)
156 CONTINUE
WRITE(3,52 1 {CLONG(Jd) yJ=1,10)
WRITE(3,53)

WRITE(3459) ‘ ’
59 FORMATL///7%) NUMBER NUMBER NUMBER NUMBER NUMBER
INUMBER NUMBER NUMBER NUMBER - ~ NUMBER LATITUD
2 /) '

WRITE(3,60) :

60 FORMAT(120H IN COMP. IN COMP., IN COMP. IN COMP. IN COMP. IN ¢
10MP. IN COMP, IN COMP. 1IN COMP. IN COMP, DEGREES N
2/)

D0 157 I=1,10
ITOT(I,1L)=CLAT(])
WRITE(3,61)¢1TOT(Iyd)yd=1411)
61 FURMAT(® *,10]110,115/)
157 CONTINUE
WRITE(2,521{CLONG{J)¢d=1,10)
WRITE{3,53)
WRITE(3,301)
301 FORMAT(®*1 CHANGES IN N  DUE TU THE FULLOWING CHANGES IN THE PAR
IMETERS UF THE INTERNATIONAL SPHEROID?')
WRITE(3,322)DGRCONyRATGRC
3N?2 FORMAT(//% CHANGE IN K%M =% ,510,4, (Mk%%3 SEC*%~2; RATIO WITH
LREFERENCE .TC K%M =*,E10.4)
ARITE(3,303)P0OTCOR
303 FORMATI(Y  CHANGE In PUTSDAM DATUM =*,F10.2,' TENTH MGAL?Y)
WRITE(3,49)
WRITE(3,50)
NO 3n4 [=1,10
CORGCNET 11 )=CLAT(I)
304 WRITE(3,51)1ICORGENTLI4d)9d=1,11)
WRITE(3,52){CLONGI{J I, d=1,410))
wRITE(3,53)
WRITE(3,305)
305 FORMAT{*] CHANGES IN XI OUE TO THE FOLLOWING CHANGES IN THE PA
1AMETERS OF THE INTERNATIONAL SPHERDIDY)
WRITE(3,372)DGRCON, FATGRC ‘
WRITE(3,333)PCTCOR
WRITE(3,55)
WRITE(3,54)
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DO 306 I=1,1n

CORGCM{TI, 11 )=CLAT(I)

WRITE(3,57){CCROGCM{I4d),od=1,11)

WRITF(2452)(CLONG(J )9y Jd=1y10)

WRITE(3,53)

WRITE(32,327)

FURMATI'] CHANGES IN ETA DUE TO THE FOLLOWING CHANGES IN THE

LARAMETERS 0OF THE INTERNATIONAL SPHEROIOC')

WRITE(34302)DGRCON, RATGRC
WRITE(3,303)POTCOR

WRITE(3,58)

WRITE(3,56)

DO 308 [=1,10
CORGCPEI,4111=CLAT(I)
WRITE(3,57){CORGCP(TI d)pd=1y11)
WRITE(3,52) (CLONG(J ) yd=1,10)
WRITE {3,53)

WRITF (3,371)
WRITE(3,205)DRADyRATRADDFLAT
FORMAT{' CHANGE IN FQ. RADIUS =?,F10.1,' METRES., DRAD/RADIUS=?

1E1D.4,% DFLATTENING =%*4E10.4)

- WRITE{3,303)PCTCOR

)
P
O

31

312

WRITE(2,49)

WRITE(3,5N)

0 210 I=1,10

CORSNET 11 )=CLAT(T)
WRITEL2,51L{CCRSN{I ¢d)9d=1,11)
WRITE(2,52 )} (CLONG(J ) sd=1410)
leT£(3.53)

WRITE(3,305)
WRITE(3,30990RADYRATRADOFLAT
WRITE{3,393)PCTCOR
WRITEI3,55)

WRITE(3,556)

DC 311 I=1,19
CORSM{TI,L11¥1=CLAT(I)
WRITE(3,37TH(CORSM(IyJd)sd=1s11)
WRITEA(3,82)V{CLONGLI)»J=1,10)
WRITE(2,53)

WRITE(3,327)
WRITEL{3,30G)DRAD+RATRAD,DFLAT
WRITE{(3,4323)PCTCOR
WRITE(3,58)

WRITE(3,56)

DO 312 I=1,10
CORSP(I,11)=CLAT(])
WRITE(34S57TY{CORSP{Iyd)ed=1411)
WRITE(3,52)(CLONG(U ) Jd=1,410)
WRITE(3,53)

WRITE(3,2301)
WRITE(3,302310GRCON,y RATGRC
WRITEF{3,309)1DRADRATRADDFLAT
WARITEL3y373)PCLTCOR
WRITE(3,49)

WRITE(3,50)
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0C 312 I=1,19
CORTNLILILI=CLAT(D)
WRITE(Z,SL)(CORTNIL 4y J)9d=1,11)
WRETE(3,52){CLONG {d ) »d=1,10}
HRITE(3,453)

WRITEL3,308)
WRITEL3,3021D(RCON, RATGRC
WRITEL3 4309 )0RADs RATRADSDFLAT
WRITE(3,3723)PCTCOR

WRITE{3,55)

WRITE(2,55)

D0 314 I=1,1n
CORTMEGIIL)=CLATLT)
KR[TE(B,E?’(CQRYM(itJ?,leplli
WRITE (3,52 {CLONG(I )y d=1,10}
ARITE(3,53)

WRITE (3,377
WRITE(3,302306RCUN, RATGRE
WRITE{3,3N9)DRANDRATRADWOFLAT
WRITE(3,3N3)PCTLOR

CwWRITE(3,58)

WRITE{3,56)

D0 3185 I=1,15
CORTPL{I,11)=CLATL ]

WRITE(3 4573 (CCRTP{I yJ)gd=1,y11)
ARITE(3,52)(CLONG(I ) 2d=1,10)
WRITE{3,53)

CONTINUE

CONTINUE

STOP

END

SIZE COF CCMMON  00DN0D PROGRAM 045062

END OF COMPILATION MAIN

Appendix {12) concluded.
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Lab.. IR I18M 0S/360 BASIC FORTRAN IV (E) COMPILATION

C PROGRAM STCKIN

c CALCULATES THE COMPONENTS OF STOKESIAN HEIGHT AND DEFLECTIONS OF THE

c VERTICAL FOR AN AREA 0.1< PSIC 1,THE INTERVAL OF COMPUTATION BEING 0.1

{ BASIC PROGRAM COMPUTES EFFECTS OVER 1 X 1 AREA,THE ANOMALIES REPRESENT
€ _INGO.l SOQUARES.THE EFFECT IS CONSIDERED FUR A 3 X 3 AREA AROUND THE

c 1 X 1 SQUARE OF COMPUTATION,SYMMETRIC WITH RESPECT TO THE SW CORNER.
€ AN_INNER AREA OF 4 0.1 X Oe.l SQUARES ROUND COMPUTATION POINT IS OMITTE

C LAT,LONG +VE NoE RESPECTIVELY.PROGRAM HANDLES A 10 X 10 AREA.ALL UNITS
L ____ARE CEGREES.

DIMENSION KAN(10},IAN(80,80) COMPN{11,11),COMPOM{1l1,411),
o 1COMPDP{1l411),CLAT(10),CLONGL10),ITOT(11,11)4PRECN(11,11),
ZPRECDH(llqll),PRECDP(llvll)nINTER(316)UISIS(3'6,'CORGCN(11!1131
,1QQRGCH‘11i11’tCORGCP(lltll)oCORSN(lltll’QCGRSH(IIOII)
DIMENSION CORSP{11,11),CORTN(L11,11)+CORTM(1),12),CORTP(1L,s11),
C1SISNC11,11),SISM{11,11),SISP{11,11}
ICAP=80
JCAP=80
INT=1
DO 1 I=1,ICAP
D0 1 J=1,JCAP
1 TAN{I,43)=0
READ LAT,LONG OF CENTRE OF SW TENTH DEGREE SQUARE IN HUNDREDTH DEGREE!
. READ(142) LAL,LOC
2 FORMATL2110)
o MRITE(3,70)1LAC,LO0
T0 FORMAT(*'1 CALCULATICN OF NyX1 & ETAL.INDEX LAT =*,18,° N.INDEX L
_10NG =%,18,* E*//)

LCCO=0
— LACG=0
c READ GRAVITY ANCMAL IES REPRESENTING TENTH DEGREE SQUARE MEANS,IN TENTI
C MILLIGAL,WwITH LAT,LONG OF MOST WESTERLY SQ.IN HUNDREDTH DEGREES

3 REAC(144)ITEZLAHLOH, {KANIT},»I=1,10)
4 FORMAT(I2,1216)
IFLITE~1)5,73,13
.5 DG 12 I=1,10
IN={(LAH-LAQ)/10.0+1
~_ JN=(LOH-LO0)}/10.0+1
IFCINILOL10486
- 6 IFUIN-ICAP)IT+7410
7 IFLIN)10,10,8
8 IF(IN~JCAP)9+9,10
S TANCINeJN)=KAN(I)
12 CONTINUE
GG TO 71
.10 60 70 3 :
71 WRITEU(3,72) ITESLAHLOH (KAN( I} »I=1,10)4IN,JN
72 FORMATIL® *,11,1218," IN="»15,* JN =9,15)
IFLITE~1)3,73,13
13 WRITE(3,14)LAFLOH '
- 14 FORMAT({/15H CARD WITH LAT ,110,17H N AND LONGITUDE »I110,29H E HAS
o 1INDEX PUNCHED IN ERROR) ‘

GO T0 3
72 CONTINUF
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END OF REACZNC ANOMAL IES<STORED IN TENTH MILLIGAL,
VALUES IN IAN CONSTRUCTED AS FOLLOWS :~NUMBERING COLUMNS FROM Tt
RIGHT, COL MOS 1 - 4 HAVE GRAVITY ANOMALY IN TENTH MILLIGALS

IN COL 651 = INTERPOLATED ANUOMALY2 = INTERP/EXTRAPOLATED ANO?
3 REPRESENTS EXTRAPOLATED ANOMALY.

Lir=20

IBA=11

[SPA=}

READ{1,16)CCN,RHO,PI,»1ARC, TGRAV,CUN1,RAD
FORMATIEIOW3)F10424Fl04541104F10.2+E1042,E1044)
CCONN=(RADRCON1I%*P [)/{4%TGRAV*180%180)
CCOND={PI*TARCHCONL }/(4*TGRAV%180%180)
WRITE{(3,1TICCONN,CCOND

FORMAT(/4TH COEFFICIENTS FOR COMPUTATION OF SEPARATION IS +E20.!
1* AND QF DEFLECTIONS IS *,E20.5)

READ{1y110)SERNUM

FORMAT(F10.1,110)

DO 112 I=1,3

READ(LLIIIIUINTER{Ld) 4d=1,46)

FORMAT(6110} ‘

CONTINUE

DC 317 I=1,3

READCL,111ICISIS{I,Jd}ed=146)

00 63 ND=1.,1S5PA

DO &2 NOL=1,15PA

DO 46 I=18A,20,INT

IND=(1-11.0)/INT+]
CLATCIND)={LAC+LACO) /100, 0+ (NO-1)%5,0+([~IBA)%0.,5+0.,95
COL=CLAT{INDI*0.0174533

SCLAT=SIN(CCL)

CCLAT=COS{CCL)

LAT=CLAT{IND)

DEC={CLAT{IND)I~LAT) *10+0,499

AEC=ABS{DEC)

IF{AEC}19,21,18

IFLAEC-10121,19,19

HWRITE(3,20)CLAT(IND)

FCRMAT(41H ERROR IN CALCULATION OF OEC AT LATITUDE +F20.2/}
GO TQ 46

LL=30

IEC=DEC

OC 45 J=1BA»20,INT

JND={J~11.0)/7INT+]1
CLONG{IND)I={L00+LOC O} /100.0+{NOL~1)%5,0+(J-1BA)%X0,540.,95
LONG=CLONG{ IND)

DECL={CLONG{JUNDI}I-LUNG)*10+0.5001

ACC=Q

KTCT=0

ACCH=D

ACCP=0

ACCER=0

ACCPER=D

ACCMER=]

WRITE(3,8T7)CLAT{IND) CLONG{JUND) +DEC,DECL

FORMAT{® COMP PT. LAT =%,F10.2+!' LONG =*,Fl042," DEC =',F10.2,
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1'DECL =',F10.,2)

OC 41'I1=1,LL
IH=(N0'1)*‘L{H*IBA*INT)/INTO(I‘IBA)*S*II*IEC
QLAT=(IH/10.0¢{ LAQ+LACO)/100.,0~0.1)%0,0174533
SQUAT=SINI(QLAT)

CQLAT=COS(QLAT)

DO 40 JJ=1,tLL

TECL=DECL

IF(IECL=-10)93,92,92

IECL=0

CONTINUE
JH—(NQL‘I)*(LIM“IBA’INT’/INT*(J‘IBA,*S*JJ‘IECL
IFCII+IEC~10129,27,26
EFLII+IEC-11)27,27,29
IF(JJ-TECL~10)26G,88,28
IF(JJ-1ECL-11)88,88,29
IFCIAN(IMaJH)}332,42,30

IDL=1AN{IH,JH) /10000

LINT=ID1710

NS=IDI~-TINT%1Q

JAN=TAN{ IHy JH}=-( NS *l(NY*IO’*IOOOO

GC TG 33

ID1==JAN(IH,JH) /10000

LINT=1D1/10

NS=IDY-1INT%10

JAN=TAN{IH, JH)+{NS ¢IINT*10)%10000
IFCIINT11024101,100
IF(IINT~-4})320,319,319

IINT=3

NS=6

WE= SER*SER*INTER(I[NT,NS)*INTER(ilNT'NS.
SIS=ISIS(IINT,NS)

Ga TQ 35

WE=SER%SER

$15=0.0

GC TC 135
WRITE(3,103)CLATUIND),CLONGLJIND) [IsddsiHeJdH
FORMAT{*COMP.ERRLATL *,Fl0.2,' S*,F10. 2¢' E )JARRAY REF.IS ®,211
L1*MATRIX REF.IS*,2110/7)

WE=SER*SER

SIS=0,0

QLONG=JH/10.0¢{(L00+L0OCO)/100.0-0.1
DLONG=(QLUONG~CLONG(JIND})}*0.0174533
CPSTI=SCLAT*SQLAT+CCLAT*CQLAT*COS{DLONG)
SPSI=SQRT(1-CPSI*CPSI)

SPSI2=SQRT(ABS{0.5%(1~CPSI)))

IF(SPSI2)38438,36 -

CPSI2=SQRT(ABSI{C.5%(1+CPSI)))

REPSI=ALOG{SPSIZ%(145PS12))

SINAZ=CQLAT*SIN{DLONG) /SPSI

IF(CCLATI3T,40,37 _
COSAZ=(SQLAT-CPSI#SCLATI/(SPSI®CCLAT)
STGF=CQLAT*(l*I/SPSIZ‘b*SPS[2‘5*CPSI°3*CPSI*RFPSl’
ACC=ACC+STCFXxJAN

- FDEF=CQLAT#(-0.5%CPSI2/(SPSI2%SPSI2)-3#CPSI2+5%SPSI+3%SPSI*RFPSI-
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11.5*(1*2*SP$IZ)*CPSIZ*CPSI/((1+SPSIZ)*SPSIZ))
FDEFM=FDEF2C0SAZ
FOEFP=FDEFESINAZ
ACCM=ACCM+FDEFM*% JAN
ACCP=ACCP+FDEFPXJAN
KTCT=KTQOT+1
ACCER=ACCER+WE*STOF*STGF
ACCMER=ACCMER +WEXFDEFMEEDEFM
ACCPER=ACCPER+*WEXFDEFP*FDEFP

105 [F(I-1BA146,106,40

106 I1F{J~-1BA)45,107,40

107 IF(II~1)40,108,40

168 STO=STUF/CQLAT
PSI=ATAN(SPSI/CPSI}/0.0174533
NRITE(3?109)IHyJHvI[NT:NSyJANsSTOyPSI

109 FORMATL® LOC =(*,21I5,% ) INT KEY =415+ NO =%,15,0 ANOM =',17,
1* FPSI =%,E10.4,* PSI =V 4F1l0.2,4*'DEG)

WRITE(3,324)WE
324 FCRMAT(' WEIGHT =*,F12.4)
GO TO 40

38 WRITE(3,39)5PS12
39 FORMAT(/42H ERROR IN SINE PS1/2.VALUE UBTAINED BEING ,F20.8)
GO TO 40
88 QLA=QLAT/0.,0174533
HRITE‘3989)QLADQLGNG!IH#JH!I!:JJ
89 FORMAT(' COMP. ELEM,. EXCLUDED LAT =*,F10.2,' LONG =V yFl0ae2,% [H =¢
lvng' JH ='|ISQ' il =')‘5’. JJ ="lSl
42 CONTINUE
“0 CONTINUE
41 CONTINUE
44 COHPN(IND’JNO’=CCCNN*ACC
CC”PDM([ND!JND,=CCOND*ACCM
CCMPDP(!NB’JNG,=CCOKD*ACCP
ITOT{IND, JND)=KTOT
PRECN(IND'JND)=SQRT(ABS‘ACCER))*CCDNN/I0.0
PRECDM(IND'JND’=SQRT(ABS(ACCMER,’*CCDND/I0.0
PRECOP(IND;JNDb=SQRT(ABS(ACCPER})*CCGNDII0.0
NRITE(3’90)IND:JND,CLAT(IND)'CLGNG(JNO"CCMPN([ND’JND’)
LPRECNUIND, JND) ‘
90 FCRMAT (s *9213,% LAT =9 9F10.25* LONG =1 ,F10e2,% N =0y F10424" #/-0
1¢F10.2)
HRlTE(3091’COHPDﬁ(IND:JND’!PRECD”(INB:JND)’COMPDP‘IND’JND)t
1PRECDPIUIND, JND)
91 FORMAT(* CEFLECTICNS QF THE VERTICAL: XI =f ,E10.5," +/-",E10.5,
1 ETA ='3F10.49* #/=9,F10.4)
45 CONTINUE
486 CONTINUE
WRITE(3,47) .
47 FORMAT{///'1 CALCULATION OF GEOID SPHEROID SEPARATIGN N » ANOMAL
11ES USED ARE*/77)

WRITE(3,48)

48 FORMAT(34H TOPOGRAPHICAL CORRECTIGNS///)
WRITE(3,49)

49 FORMAT(//120H N N N N N

1 N N N N N LATITUDE
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A 2 /)

1184 WRITE(3,50)

1185 50 FORMAT(120H CM. CHM, CMe CM. CM. c

f 1M, CM, CM. CM. CM. , DEGREES N /

e 27/

1186 DO 151 1=1,10

1187 COMPN{I,11)=CLAT(D)

1188 WRITE(3,51 ) {COMPN(I,J)sJd=1,11)

1189 51 FORMAT(/10F10.2,F15.2}

1190 151 CONTINUE

1191 WRITE(3,52) (CLONGUJ )9 J=1,10)

1192 52 FORMAT(///10F10.2/)

1193 WRITE(3,53)

1194 53 FORMATI{72H LONGITUDE 1IN DO

. l1E GREES E //7}

1195 WRITE(3,113)

196 113 FORMAT(!] ESTIMATES OF ERROR IN THE FINAL RESULT'///)

197 WRITE(3,49)

3198 WRITE(3,50)

1199 DC 152 I=1,10

1200 PRECN(I,11)=CLAT(I)

)201 WRITE(3,51) (PRECN(IJ),d=1,11)

1202 152 CONTINUE

1203 WRITE(3,52) (CLONG(J),J=1,10)

1204 WRITE(3,53)

)205 WRITE(3,54) -

)206 54 FORMAT(///'1 CALCULATION OF DEFLECTIONS OF THE VERTICAL,ANOMALIES
1 USED ARE*//)

Y207 WRITE(3,48)

3208 WRITE(3,55)

3209 55 FORMAT(//120H MERIDIAN MERIDIAN MERIDIAN MERIDIAN MERIDIAN ME
IRIDIAN MERIDIAN MERIDIAN MERIDIAN MERIDIAN LATITUDE
2 /)

3210 WRITE(3,56)

1211 56 FCRMAT{120H  SEC. SEC. SEC. SEC, SEC. SE

' 1Ce SEC. SEC. SEC. SEC. DEGREES N /

. 2/7) -

212 DC 153 [(=1,10

213 COMPDM{1,11)=CLATI(I)

1214 WRITE(3,57) (COMPOM(I4Jd)yd=1y11)

215 57 FCRMAT(/10F1044,F15.2)

1216 153 CONTINUE

3217 WRITE(3,523(CLONG(J)d=1,10)

3218 WRITE(3,53)

3219 WRITE(3,113)

y229 WRITE(3,55)

1221 WRITE(3,56)

3222 0C 154 1=1,10

2223 PRECOM(I,11)=CLAT(I)

1224 WRITE(3,57) (PRECOM(144),d=1,11)

3225 154 CONTINUE

1226 WRITE(3,4521 (CLONG(J),J=1,10)

3227 WRITE(3,53)

0228 WRITE(3,58)

g22s 58 FORMAT(//120H PRI.VERT, PRI VERTe PRIVERTe PRILVERT. PRI.VERT. PF
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1I1.VERT. PRI.VERT. PRI.VERT. PRI.VERTs PRILVERT, LATITUDE
2 /)

WRITE(3,56)

DG 155 1=1,10
CCMPDP(I,11)=CLAT(])
WRITE(3+457) (COMPDP{1,d)4d=1,11)

155 CONTINUE

156

59

60

61
157

62
63

WRITE(3,52) ({CLONG(J)yJ=1,10)
RRITE(3,53)

WRITE(3,113)

WRITE{(3,58)

WRITE(3,56)

DO 156 1=1,10
PRECOP(I,11)=CLAT(I)
WRITE(3,57) (PRECOP(1,4),d=1,11)
CONTINUE

WRITE(3,52) (CLONGUJ),J=1,10)
WRITE(3,53)

WRITE(3,59)

FCRRAT(///701 NUMBER NUMBER NUMBER NUMBER NUMBER
1NUMBER NUMBER NUMBER NUMBER NUMBER LATITUDE
2 /)

WRITE(3,60) :

FORMAT({120H IN COMP, IN COMP. IN COMP. IN COMP. IN COMP. 1IN C

10MP.  IN COMP. IN COMP. IN COMP. IN COMP, DEGREES N 7/
27)

DG 157 I=1,10
ETOTUI, 11 )=CLAT( )
WRITE(3,61)(ITOTII,d),d=1,11)
FORMAT(10110,115/77)

CONTINUE
WRITE(3,52)(CLONG(J)yJ=1,10)
WRITE(3,53)

CONTINUE

CONTINUE

sTee

END

SIZE OF CCMMON 00GCO0O PROGRAM 047858

END OF COMPILATION MAIN
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luM 0S/360 BASIC FORTRAN IV (E) CGHPI;AT!OR

PROGRANM INCUTY

CALCLLATLS Tre INCIRECY eFFECT AND THE RESULTING CORRECTION TO THE

DEFLECTIUNS UF THE VERTICAL IN THE RANGE GREATER THAN PSI= 20 DEGREES

CCMPUTATICN IS MACE COVER A TEN DEGREE SQUAREZCOMPUTATICN PUOINYS BEING

AT UNE UECKEE INTERVALS..NU LIMIT OVER THE AREA IN wHICH THIS EFFECY

CAN BE (CLUNMPUTEL. IN A SINGLE RUN

CEN BE CUMPUTED IN A SINGLE RUN.THE CCMPUTATION INTERVAL IS ONE

DEGREE,THE PRINT UUT BEING BY 10 X 10 ARRAYS,LUNGITUDE BEING INCREMEN

IN THE FIRST IASTANCELLATLLONG GCF Sw CCRNER REQUIRE DEFINITICN IN

TENTH CEGREES;+VE NyE RESPECTIVELY.

DIMENSICON KHT{LC) s IHT{B80,80}RINEFF(LLs11)+CLAT{10)CLONG{10),
JITOTUL L s11) o DEFMILYL 911 ) 4OEFPILYL s 11) JERN(LIL,11)4ERM(11,11),
ZERP(11,11)

0 1 I=1,3¢

CC 1 J=1,72

IKT(I,J1=0

REAC LAT LUNG OF CENTRE OF Sw DEGREE SQ.IN TENTH CEGREES

REACU(L21LAC,LCC

FCRMAT(2IL1C

REAL RIS OF 5 DEGe SWe MEANS IN MET. LATLLONG.OF W SQe IN TENTH DEG

REACCLya) ITE S LAF LOHy (KHT {1 ) 4I=1,5)

FORNMAT(11,2110,5110)

IF(ITE~1)5,1CCs18

DC 14 [=1,5

INs=SLAH~LAG) /50 .0+1

JA(LCH=-LCCYI/50 .0+

IFCINYLgsl246

IF{IN-3€1T747412

IF(JN}LI241298

TFEIN=T21G4G9,412

FF{KET(L)}I104+10,11

IRETOINSINY=1000CC

GC T1C 14

IFTUINSINE=KBTLUT)

CCNTINLE .

WRITE(3,y28)ITEyLARy LOHy (KHT {1l ¢l=Ly5) 91Ny JN

FCRMAT(® v, TLy7110,% IN =',05,% JdN =%,15)

Ge TC 17

LLCr=LLiH+([~1)%50

WRITEL3413)INyJINyLAHLLLEH

FCRMATU/44H HEIGHT REACING UUTSIDE AREASPUSITION BEING 22110,9H AN
10 LAT 4I1C,6H LONG 110} '

[F{ITE-1)2,1CCy15

WRITE{3,1€)}LAN,LCH.

FOCRMAT (151 CARD WITr LAT ,I10,15H AND LONGITUDE ,110,27H HAS INDEX
1 PUNCREL IN ERRCR/)

GC 1C 3 .

END OF READING REIGHTS.STORED IN METRES.

REAC(L,y1I01)LAT LUNG

FCRMATI2110)

LI¥=3Q0

INT=)

COMMENCE CCMPUTATIUN OVER 10 DEGREE X 10 DEGREE AREAS.
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36 RE2D(1150)1CCNyRRGy Py TARC,TGRAV,CONLy RAD

37 150 FORMAT(EL0.3sFL0.2yF10e591104F10.2/E1042,EL044)

38 WRITE (3,18) -

35 18 FCRMAT('1 COMPUTATICN GF INDIRECT EFFECT.DENSITY USED (S
177}

4C DIG=RFC~CL10

41 WRITE{3,1G)RHL ‘ .

42 16 FCRMAT(//? RFO =%,F5.2¢% - H /7 21 » H IN KM FOR H < 2.5 KM,')

43 WRITE (34201016

44 2C ECRMAT{/' AND RHO = "4F5.2,' FOR H > 2.5 KM

45 CCCA= ( CON$RHUP 1 #P 1 $RAD*CON1 )/ ( TGRAV#180%180)

4¢& CCCND‘(‘CCN*RHO*PK*PI*IARC*CCNI)/(Z*TCRAV*lso*lso)

4T WRLTE (351511 CCONyCCOND

48 151 FCRMAT (530 COEFFICIENTS FOR COMPUTATION GF INDIRECT EFFECT IS ,E2
10.5925H AND COF LEFLECTIONS IS 2£20.577)

45 [spa=1

G DC 139 NC=1l,1S5PA

51 CC 138 NCL=1,1SPA

52 CC 129 I=1,1C

53 INC=1

54 CLAT{INGISLAT/ZLC O+ {NC-L)%104([~11)%S

55 VAL=CLAT (IND)#0.0174533

56 SCLAT=SIN{VAL])

517 CCLATY=CAS (VAL

58 CONP={0+¢33333~-SCLATXSCLAT)/257.D

5¢ CLATS=LLATCLIND) /5.0

&C LATS=CLATS

61 DEC={CLATS=LATS %5

&2 IF(CEC)31,30,31

&2 30 LATS=LATS+1

&4 31 AceC=AESLLEC)

&8 [F{AECYL2T410341C2

66 102 1F(AEC-5)103,127,127

61 1C3 DC 12¢ J=1.10

¢ce JAC=J .

6S CLCKG(JNU}‘LCNG/!O.Q*(NUL‘l)*10*(J‘1)*9

7C CLONGE=CLONG ( IND) /540

71 LOCNCS=CLLNGS

12 DECL=(CLLNGS-LENGS) #5

13 AECL=ABS{CECL)

T4 hRITE‘3127)CLAT(IND”CLGNG(JND’!UEC'DECL

75 27 FCRMAT(+  COMPS AT LAT =% ,F10.2¢¢ LCNG =9F1042,* DEC =*,F10.2,
1 CECL=*,F10,.,2)

16 TFUAECL)L12451C5,1C4

17 104 IF(AECL~5)106,124,124

78 1€5 ACC=C

15 ACCM=0

¢ ACCP=C

831 KTLT=C

82 ACCER=C

83 ACCERM=0

B4 ACCERP=C
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SQLAT=SINIGLAT)
CeLAT=COS{gLAT)
CONC=(0+33333-SQLAT*35QLAT)/297.0
OC 119.4d=1,72
Rk=LCC/1C.0+(JJ~1)%5
IF(LATS%5-25-RIH)1064117,108
106 IFLLATS#S+20-RIH)109,117,107
LO7 [F{LCNGS*5-20-RJIH)IL1CB,117,109
108 IF(LONGS*5425-RJH)I10Q9,117424
106 IF(IHT(ITI,d0))115+121,4110
116 1F(INTLIIT,4J)-1CO000) 111,116,115
111 DLUNG=(RJH-CLCNG(JIND}}I*0,0174533
CPSI=SCLAT*SCLAT+CCLAT#CQLAT*COS(LLONG)
SPSI=SQRT(1~-CPSI*(CPSI)
SPSI2=SCRT(ABS({C.5%{1-CPS1)))
CPSIZ=SQRT(ABS(C.5%(1+LPS1)})
CCON3=1hT(LTIsJJ)1/RAD
IF(SPSIZ2)113,113,112
112 SINAZ=SIN{CLONG)I*CQLAT/SPSI
CCSAZ={SQLAT-SCLAT*CPSIY/USPSI*CCLAT)
IFLIET(IT,440-250C)21,21,22
21 ELv=1
SF=1
GC YC 23
22 ELV=C
SF=2.67/RHC ,
23 TV=COQLAT#(1=05%(CONP=3%CONQI+0 . 75*%CON3 I {1-ELV*IHTII144J)7{21000%RH
1RHC))2SF/SPSI2
ACC=sACC+TVYVEINTILIT »dJ)
ACCER=ACCER+TVRTYV
VALM=TVxCPSI2%CLSAL/SPSI2
ACCM=ACCN+IRT(IT ¢ JIJIRVALM
VALP=TVv*(CPSI2*SINALZ/SPSI2
ACCr=ACCP+IHT(I L, JJ)EVALP
ACCERM=ACCERM+VALMEVALM
ACCERP=ACCERP+VALPXVALP
KTCT=KTCT+1
GC TC 116
113 WRITE{3,114)5PS512
114 FCRMAT (420 ERRUR I SINE PSI/2.VALUE CBTAINED BEING ,F20.87)
GC TG 119
115 WRITE{(2,116011,4d1RT(I1,4J)
116 FCRMATL4LH ERROR IN LOACING HEIGHY FOR ELEMENT NU.(,ZIIO,ZBH ), THE
1 VALUE CQTAINED BElING '110//)
GC TC 119
117 WRITE(3,118IRIHIRIHJCLATUINDY CLONGLIND)
118 FCRMAT{/'ERROR CETECTED IN CCMP.CF LAT,LONG AT?*,2F10.19' FOR EFFEC
1T AT *,2F1C.2/) .
GC 10 1i¢
24 1F({I-2)11G425,119
28 IF(J-2)2G+25,119
26 WRITE(392¢)119JJsRIF4RIHYIHTLIT »d4)
26 FORMAT{' ELEMENT OMITTED HAS II=%,1055" JJ =%,15," LAT=*,F10.2s
1 LCNGz"FIOcZ" HT ="f10,
116 CCNTINUE ’
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120

121

122 FCRMAT(43H INSUFFICIENT HEIGHTS TC CCOMPUTE EFFECT FOR:FIO 2314H DEG
LGREES SOUTH,Fl0e2,14H CEGREES EAST //)

123

(lxxxviii)

CCATINUE
GC TC 123
WRITE(3,122)CLATUIND) yCLONG ( INC)

CEFPLINCyIND)=0

CEFMUINCLJND)=0

RINEFFUINCyIND) =0

ERN(INC»JAD) =0

ERMUINCsJND)=0

ERPUINCJINC)=0

GC TG 1l2¢

RINEFFUINC,JND)=CCONXACC
"TTCTLIND» NG =KTCT
DEFM{INDyJND)=CCCND#ACCM
DEFPUINC,,INDI=CCOND*ALCP
ERNCINCoJINC)=CCON&SQRT(ACCER)I*50
ERM{INCIJNG)=CCCND*SQRT{ACCERM) %50
ERPUINDyIND)=CCTUND*SQRT{ACCERP)*%50

Appendix (14) ctd.

GC TG 126

124 WRITE(3,125)

125 FCRMAT(/59H ERRCR IN EVALUATION
1LCNG/)

126 CCATINLE
GE TC 129

127 WRITE(3,128)

CF FRACTICN OF FIVE DEGREE SQUARE.

128 FCRMAT{58H ERRUR IN EVALUATION OF FRACTION OF FIVE DEGREE SQUARE.L

1AT/7)
125 CCONTINUE
WRITE(3,157)

157 FCRMAT(//%1 COMPUTATICNS CF INDIRECT EFFECT///)

WRITE(3,130)

130 FCORMAT(//120h IND.EFF. IND.EFFe INDJEFF. INC.EFFe INDJEFF. IN
10.EFFe IND.EFFe INDJEFF. INDJEFF. INDJEFF. LATITUDE
2 /) :
WRITE(3,131)

131 FCRMAT(120H CM. CM. CM. M. CM. C
1M. CM.. M, CM. CM. DEGREES N /
2/77)

DC 20C I=1,10
RINEFF{I,11)=CLATLI)
WRITE(3,132}{RINEFFLi,J)sd=1yl1)
132 FCRMATUILOF10.24F15.27)
2CC CCOATINUE
WRITE(34133)(CLUNG({J)9Jd=1,410)
133 FCRMAT(///10F10.27)
WRITE(3,134)
134 FCRMAT(72h
l1E G R E E S £ /777)
WRITE(3,156)
156 FCRMATL(//*]
1 IN CCMFUTED RESULTS'//)
WRITE(3,13C) '
WRITE(3,131)
0C zCl1 I=1,1€

LCNGI TUDE I N )

COMPUTATION OF ESTIMATES CF ERRORS

S
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(Lxxxix) Appendix (14) ctd.

ERN(E411)=CLATII)

WRITE(34132) CERN(Iy )9 d=1sll)
201 CCATINUE

WRITE (34133 ICLCNGLID $d=1410)

wWRITE{(3,134)

WRITE(34152)

152 FCRMAT(//'1 COMPUTATION OF CORRECTIONS TC DEFLECTIONS OF THE VERT

1ICAL Cut TO INDIRECT EFFELT///)
WRITE(3,153)

153 FURMAT(//120H MERIDIAN MERICIAN MERIULAN MEKIDIAN MERIDIAN ME

IRIDIAN MERIDIAN MERIDIAN MERIULAN MERIGIAN
2 /)
WRITE(3,154)
154 FCRMAT(120H  SEC. SEC. ~  SECe SECe
1C. SEC. SEC. SEC . SEC.
21/
CC 202 1=1,10
DEFM( 1421 )=CLAT(I)
WRITEL3,156) (CEFM(L,J) 951,100
155 FCRMAT(LOF10.49F15.2/)
202 CCATINUE
WREITE{34133) (CLOCNG(J)9d=1,410)
WRITE(3,134)
WRITE(3,159)
WRITE(3,153)
WRITE(3,1541
DC 203 1=1,10
WRITE(3,155) (ERM(T14d)ed=1y11)
ERM(I,11)=CLATLI)

2C3 CCNTINUE
WRITE(3,1331(CLONGIJ) 2d=1,10)
WRITE(3,134) -
WRITE(3,152)
WRITE(3,156)

156 FORMAT(//120H PRI VERT PRI VERT PRI VERT PRI VERT
11 VEKT PRI VERT PRI VERT PRI VERT PRI VERT
2 /)

WRITE(3,4154)
DC 204 I=1410
DEFP{1+11)=CLATLI)
WRITE{3,155) LLEFP(L4d)9J=1y1il)
204 CCATINUE
WRITE(3,133) (CLENG{ J)9Jd=1+10)
WRITE(3,134)
WRITE (3,156)
WRITE(2,15€)
WRITE(2,154)
DC 2C5 I=1,1C | | .
ERPL1,11)=CLATLI)
WRITE(3,155) (ERP{Ls dled=1y1l)
205 CCNTINLE
WRITE(3,133) LCLENGL J) 9d=1,10)
WRITE(3,134)
WRITE(3,135)
135 FORMAT(//11 NUMB ER NUMBER NUMBER NUMB ER

LATITUDE

SEC. -

SE

DEGREES N /

PRL VERT

PR

LATITUDE

NUMBER

N




33
Y4

35
3é
37
ie
i
()

*3
v4
+8
16

Y.
+S
5C
3l
32
53
34
55
3¢
57
5€

(xc) Appendix (14) concluded.

1UMBER NUMB ER NUMBER = NUMBER NUMBER LATITUDE
2/}
WRITE(3,136€)

136 FORMAT(//120H IN CumpP IN CTMP IN COMP IN COMP IN COmMP IN
1 Cuvp IN CUMP IN CUMP In COMP IN COMP DEGREES S
2 17) “

DC 2C6 [=1410
[TCTCI»11)=CLAT(I)
WRITE(3,137)(ITCT(Llyd)sJd=1,11)

137 FCRMAT{1CI1O0+115777)

2C€ CONTINUE
WRITE(34133) (CLONGUU) 2d=1,10)

WRITE(3,134)
BC 2C9 1=1,10
CC 21z J=1,10

212 RINEFF(L+J)=RINEFFLLI,J)I/10D.0
WRITE(Z9)207)CLATUI} yCLONG(L1) o (RINEFFLI 93)9d=1,10)

207 FCRMATIL® O*,2F7.2410F6.1) '

205 WRITE(3,207)CLATIL) yCLOENG (L) otRINEFF{L19Jd)sd=1,10)
0C 210 [=1,10
WRITE(2,208)CLATCI)CLOENGL]1) ¢ (DEFMITI,3),0=1410)

208 FCRNMAT(' Q'42F7.2y10F6,2)

210 WRITE(3,2C8)CLAT(I} CLONG(1) y(DEFMII4d)sd=1,10)
BC 211 I=1,10
WRITE(24208)CLAT(I)CLONG(L) (DEFPII4J}ed=1,10)

211 WRITE(3,2C8)CLATUL) ¢CLONGEL) o (DEFP(I9J)ed=1+10)

138 CCATINUE

136 CCNTINLE
sTOP
END

SIZE CF CCMMUN 0COOO0C PROGRAM 041158

END CF COMPILATICN MAIN
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(xci) APPENDIX (15)

IBM 0S/7360 BASIC FORTRAN LV (E} COMPILATION

PRCGRAM LINMIL

CALLULATES TRE INUIRECT E€FFECT AND THE RESULTING CURRECTIUN YO THE
LEFLECTICAS CF THt VERTICAL IN THE RANGE PSI=2 TO PSI = 20 DEGREES.
COMFLTATICN IS MACE OVER A TEN DEGREE SQUARE,COMPUTATION POINTS BEING
AT CNE UEGREE INTERVALS.64 SUCH BASIC AREAS CAN BE CONSIDERED IN A
SINGLE RUNSIF LESSeAMENO UIMENSIUN STATEMENT.THE INTERVAL GF CUMPUTATIO
1S UEFINEGC 8Y IAT IN TENTH DEGREES ANV REQUIRES DEFINITICN.PRINT-OUY
BY 10 X 10 ARKAYS,LUNGITUCE BEING INCKENENTED IN THE FIRST INSTANCE
LAToLUNG CF SW CORNER REQUIRE DEFINITION IN TENTH DEGREES+¢VE Nok
DIMENSIUN KHT{10)IHT(80,800 yRINEFF(LL 11 )4CLATC(LU)yCLUNG(LC),
LITOT(1l L1 ) )OEFM(11 311 )9DEFPULLg11) oERNELL 1LY oERMULLY11 4,
2ERPI11,411)

{CAp=8C

INT=1

LC 1 I=l.1CA¥F

LE 1 J=1,1CAP

IFT(i,4d2=-100C

REACEL2ILAC,LCC

FCRMATL21I10)

REAC FELIGHTS UF UEGREE SUCMEANS IN METRES.LATLLONG OF W SQ. IN TENTH DEt
READILs4) ITEs LAR LI (KHT{1)s1=1,5)

FCRMATLIZ,211C,5110)

IF(ITE~L)5,1CCy15

CC 14 I=1,5

IN=(LAH=-LAC)/71CC.+1

JA{LCF=LCC) /100 . ¢l

IF(INILZ124¢€

IFCIN-ICAP ) T4 7,12

IFGUNIL2,128

IFCIN~ICAP)G 5412

1F(RRT(1)310,410,11

IHTUIN:JN)=1CCC00

GC TL 14

IRTLIN INISKRT(LTD

GC 1C 14

LLCh=LCH+L[=1) %100

WRITEL{3,13)INeJdNoLAHLLCH

FURMAT(/44H HEIGHT READING OLTSIUE AREAL,PUSITION BEING ,2110,9H AN
IC LAT 4i1Ce06H LONG L110)

VCOATINLE

WRITE(3326)ITEy LA LUH(KHT (L) ok=145) s INsJN

FCRMATL® 511971100 IN=0,15,% UN=?,15)

[FLLTE=13341CCy15

WRITE(2,1¢) LA, LUA

FCRMAT(LS5R CARC WwiITh LAT 2110415H AND LONGITUDE 110,270 HAS INDEX
1 PULACHED IN ERRCR/)

GL T1C 3

FFCINT-1C)10201C19101

LiM=3ce

6C TC 103

LIM=21C+INT*S
CALCULLATES AT DEGREE INTERVALS
SPA={[CAP-4C,C)/1C
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IsFA=2
WRITE(3,17)
L7 FOR#ATL(7/71) CUMPUTATION OF INDIRECT EFFECT FOR 2 < PSI <
12C t77)
REAﬁ(lvl5C)CCAvKFU:Pl;IAKLQTCRAVvCOKlvRAD
150 Fﬁﬂ?ﬁT(ElQ-ivFlP.ZyFlC.S:ilOtF10.20E10.21EIOo4,
IF{ELV-1)2C,18,18
18 WRITE(2,19)RFC )
L7 FORMATHLY OENSITY CALCULATED USING HUNTER FURMULAS RHO= ", Ff5,2,¢ -
Y H/Z1 4 B IN KMV /7 /7)
WRITE(3,35) _
3% FURMAT{? Ir ELEVATION > 2.5 &KMoy REO PUT EQUAL TU 2.671%)
20 wRITE{3,30)ILAC,LCG '
31 FURMAT(//' GELGRAFHICAL CCORDS OF SE CORNER OF DATA BLOCK:= LAT=1,
1I1C,% LONG=',1107/7)
CUMMENCE COMPUTATIOUN OF 10 DEGREE X 10 DEGREE dLOCK.
CCLK=‘CCN*KHC*FI*PI*RAD*CCNl)/(TGRAV*160*180)
CCCN3=(;ﬁCN*RhQ*Pi*PI*IARC*CCNI)/(Z*TGRAV*IBO*ISO)
WRITE(3,151)CCONLLOND
151 FCR¥AT(S53h CUEFFICIENTS FCR CUMPUTATIUN CF INDIRECY EFFECT IS v E2
1De 39250 AND UFP UEBEFLECTIONS IS 1£2C.577)
00 13% NC=1,18P8
PDC 134 NCL=1,15PA
EU 125 1=210422CyINT
IAC={]=-2101})+1
CLATUIND)=LAO/1CC.0-0.504{NU~1)%10+1-21C+20.0
VALZCLAT{IND IS0 0174533
SCLAT=SIN(VAL)
CCLAT=LCS (VAL
COAP={0.33333-SCLAT®SLLATI/Z297.0
CLATS=CLATUIND)/S5.0
LATS=(LATS
DEC={LLATS~-LATS ) %50
TH(CEC) 36,437,337
36 LEC=CEC+51
37 PEC=2ES{LED)
FTF{AECYLIREY1CS,1C4
104 IFCAEC-501105,21,4125
21 WRITE(3,22)ICLAT(IND)
22 FCRMATI(Y FCR LAT = *,F10.1,' DEC = 50,N0W PUT EQUAL TC 0%)
CeEC=C
1C5 LL=45
0C 124 J=210,22CINT
JAD=(Jd-210)+1
CLONGUINCI=LULC/10C O+ {NCL-1)#10¢J-210+20.C
CLONGS=CLUNG{JINL /S .0+0.01
LONGS=CLENGS
LECL=LLLUNGS~LENGS) 25C
AECL=AES{LECL)
[FLAECLILZ24,1CT,1C6
106 IF{AECL-5C)1107,23,124
23 WRITE(2,24)CLAY(IND) »CLONGIJND)
24 FCRNMATH{® FLR LAT= *,F10.14" AND LCNG = *yFl0ele* DECL= 50,NCW PUT
LEQUAL TO €%
CeCL=C
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38 107 MM=4S

8% ACC=C

S0 ACCM=0

£l ACCP=0

§2 KTLT=C

$3 ACCER=0

S4 ACCER¥=0

$5 ACCERF=0

Sé JCCECL=CECL/10.0

57 ICCEC=DEC/10.C+0,01

58 WRITE(3425)CLATCIND)»CLONG{JIND) 4 IDDEC s JDDECL
96 25 FCRMAT(® LAT= *,Fl0,1s* LONG="4F1l0.1ls* IDDEC=*,110s* JDDECL=?,110)
cC DC 120 1I=1,tLL

cl [H=(NC-1)%10+{1-210)+11-1DDEC /

02 QLAT={IH+LAC/100.0~1.01%0.0174533

02 SQLAT=SIN(CLAT)

C4 CLLAT=COS(QLATY

0% CONC=(0.33333-SQLAT#*SCLAT)/297.0

ceé DC 115 JJd=1l,MM

07 JH=(NCL=1)*1C+(J-210)+JJ-JDDECL

c8 IFL2C+1CBEC-T11)1C8,y1064111

s 1C8 [F(22+IC0EC~-1T)111,105,106

10 1CS IF{2C+J0DECL~JJ 11102294111

1 L1C [F(22+JCOECL-JJ)I111 425,26

12 LD IFLIRT(IR,JHD 311741214112

13 112 IF{IRT(lFsJH)=1C0000)113,119,1A7

14 113 QLCNG=JH+{LCC+5C)/1C0.C-1.0

15 DLCAG=({QLCNG=CLCNGLUND) }%0.0174533

1¢ CPSI=SCLATHSCLAT+LCLAT#CQLATCOS{LCLONG)
17 SPSI=SCRTU{L1-CPSI*CPSI)

18 SPSI2=SQRT(ABS{C.5%(1-CPSL)))

16 CPSIZ=SCRTUAES(IC.S%{1+LPSI)))

2¢ CCN3=InT{IH, JE) *1CO/RAC

21 IF{SPSIZ)115,115,114

22 114 SINAZ=SIN{OLCNGI*CGLAT/SPSI

23 CCSAL={SQLAT-SCLAT#CPSL) /LSPSI*CCLAT)
24 LFLLFTUIR, JHI=2500) 324 32,33

25 32 Etv=1

26 CF=1

21 GC TL 34

28 33 ELV=C

25 CF22,6T/RHU

30 34 TV=(QLAT*(1-0,5% (CONP=3#CCONQI+C. TS*CON3)*(1-ELVEIHTL{ [Hy JH) /(21000%
} LRHC) V#CF/SPSI2 : .
31 ACC=ACCHTVH*IRT(IRyJR)

32 ACCER=ACLER+TVATY

83 VALF=TVECPSI 2#CCSAZ/SPSI2

34 ACCM=ALCM¥IRT {1k JH) *VALM

35 VALFP=TV®CPSI2%SENAL/SPSI2

36 ACCP=ACCP+IRT(IR ) JH) *VALP

37 KTCT=KTOT+1

38 ACCERM=ACCERM+VALMRVALM

39 ACCERP=ACCERP+VALPRVALP

4c GC TC 119

41 115 “RITE(341163SPSI2
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FCRMAT(42H ERRUR [N SINE PSI/2.VALUE CBTAINED BEING 1 F20.87)
6C TC 116

CCNTINLE

GC JC 118

IFCINC=1)119,274119

[F{JND=-1)119,428,119

CONTINLE

GC TC 115

WRITE(3;300) 1y dh

FCRMAT(' THE ELEMENT IH = ",15,% 4, JH = %,15,¢ HAS BEEN EXCLUDED':
CCATINUE :
CONTINCE

RINEFFUINCJANEI=CCON*ALC

ITCTLINDG yINDI=KTLT

UEFM{IND»JND)=CCCAMO*ACCM

OEFPLINC, JAD)=CCCND*ACCP

ERN{IND g JALI=CCONSSRT(ACCER) ¥250

ERM{INL o JINCY=CCCND*SQRTUACLCERM) ¥250
ERP{INCyuNL)I=CCOND*SURT{ACCERPI*250

CONTINLE

CONTINLUE

WRITE(3,157)

FCRMAT(//'1 COMPLTATIGNS OF INDIRECT EFFECT*2//)
WRITE(2,12€)

FCRNAT(//7120F INDSEFF. INDLEFFe INDLEFF, INDJEFFe INDJEFF. 1IN

1DtFFe IND.EFF. INDJ.EFF. [IND.EFF. INDJEFF, LATITUDE
-2 /1)

WRITE(3,127)

FCRMAT(120H {M. (e CMe CM. M, C

1M, CM. LM CMe CM. DEGREES N 7

2/771)

128
2CC

126

13C

166

2C1

CC 200 [=1,1C

RINEFFC(ILL11)=CLATLL)

wRITE‘Ble&)(RINEFF(I:J).J=1:11)

FCRMAT(10F10.2:F15.27)

COUNTINUE

ARTITELZ29126) (CLUNGEJ) 9d=1,10])

FCRMAT(///710F10.27)

WRITE(3,13C) :

FCRMATUTZH L ONGI TUDE 1 N G

16 6 R EES & /171
WRITE(3,156G) ‘ ;
FCRMAT{Z/'1 CUMPUTATIUN OF ESTIMATES OF ERROR!

1 IN TRE CUMPUTED RESULLT'//)

WRITE(2y12¢€) :
WRITE(3,12T)

CC 2C1 I=1,1C

ERN(I,11)=CLAT(L)

WRITE(2,128){ERN{Isudsd=1yll}

CCNTIANUE

WRITE(3,12%9)(CLCNGL U} 9d=1,10)

WRITEL3,13C)

WRITE(3,152)

152 FCRMAT(//'1 COMPLTATICN OF CURKECTIUNS TO DEFLECTIONS OF THE Viw

1ICAL OLE TC INCIRECT EFFECTY///)
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(xcv)

nRITE(3,153)
1“3 FCRMAT{//120H MERIDIAN MERICIAN MERICIAN MERIDIAN
- IRIDIAN MERIDIAN MERIDIAN MERIDIAN MERIDIAN
2 /)
WRITE(3,154])

154 FCREAT(120H SEC. SEC. SEC. SEC. .
1C. SEC. SEC. SEC. SEC.
2/7)

CC 2C2 1=1,1C
DEFM{I411)=LLATLL)
WRITE{3,1585){DEFMIT +d)sd=1s11)

155 FCRMATILIOF10.49F1542/7)

202 CCNTINLE
WRITE(3,129)3(CLENGIJ)vd=1,101
WRITE(3,1301)

WRITE(3,156)

wRITE(3,153)

RRITEL3,154)

CC 2C2 I=1,1¢C
ERNMUIL11)=CLAT(1)

WRITE(3, IDSS(ERN(IvJ)vu—l’ll)

203 CCNTINUE
WRITE(3,4125 1 {CLONGL U} »d= 1,101
WRITE(3,13C)

WRITE(3,152)
WRITELZ2,15€)
156 FORMATI//1204 PRI VERT PRI VERT PRI VERT PRI VERT
11 VEKT PRI VERT PRI veRT PRI VERT PRI VERT
2 /N
WRITELZ2,154)
CC 204 [=1,10
DEFP{1,11)=CLAT(I])
WRITE(3,1551(DEFPLLsd)sd= 1,11}

204 CONTINLE
hRITL(39129)(CLbe(J).J L+10)
WRITE(Z,13C)

WRITE(3,4199)

nRITeEl2415€)

WRITE(3,1541

DC 2€5 1=1,1C

ERP{1411)=CLAT(L)

WRITE(3 4138 (ERPLIyJ)ed=1,11)
2C5 CONTINLE

ARITEL3,129)(CLONGE I yu=1410]

WRITE(3,130C)

WRITE(3,131)

131 FCRFAT(//'] NUMB ER NUMBER NUMBER NUMBER
LUMBER NUMBER ~ NUMBER NUMBER NUMBER
2 /)

WRITE(3,132)
132 FCRMATLZ/120Fk IN COMP IN CCMP IN COMP IN COMP
1 CCuP IN CCMP in CCMP iN COMp IN COMP
2 17
CC 2C¢ I=1,1C
ITOT(T,13=CLATLLI*]1O

Appendix (15) ctd.

MERIDIAN ME
LATLTUDE

SEC. SE
OEGREES N /

PRI VERT PR
LATITUDE

NUMBER N
LATITUDE

IN COMP I
DEGREES 35




F—— 1

023%
C23e6

237

J23¢
52369
r24cC
n24l

0242
241

133
20¢

134

12¢

{xcvi) Appendix (15) concluded.

WRITE(3,133)Y(ITCTILL yJdded=1,11)
FCRMAT(® v,11110/7)

CUNTINGE

WRITEL(34126)(CLUNGIJ) sd=1410)
WRITE(32,13C)

CCNTIAUE

CONTINLE

STuP

ENC

SIZE CF CCOMMON QCOGCO PRUGRAM 0399574

END CF CUMPILATICON MAIN
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[BM 0S/360 BASIC FORTRAN 1V (E) COMPILATION

PROGRAM . INNEAR

CALCULATES INDIRECT EFFECT FOR AREAS IN RANGE OF PST 0.1 TO ONE DEGREE
BASIC AREA CONSIDERED IS 10 DEGREES SQUARE.LESSER AREAS CAN BE CONSIOE
DIMENSION STATEMENT NEEDS AMENDMENT . INTERVAL OF COMPUTATION IS DEFINED
INT IN TENTH DEGREES AND REQUIRES DEFINITION.PRINT OUT IS BY 10 X 10 A
S,LONGITUDE INCREMENTED IN FIRST INSTANCE.LATITUDE,LONGITUDE OF NW COR

REQUIRE DEFINITION-POSITIVE S»E RESPECTIVELY ‘
DIMENSION KHT(lO’vIHT(BO’BQ)pRlNEFF(ll:ll,QCLAT(lO),CLQNG(IO]Q
IITOT(llvll)'OEFM(IIvll)oDEFP‘llcll'9ERN(11011’1ERM(11!11’!
2ERPL11,11)
ELV=1.0
{CAP=8C
INT=1
207 DO 1 I=1,I[CAP
DO 1 J=1,I1CAP
1 IHT(1,4)=~-1000
READ LAT,LONG OF CENTRE OF NW TENTH DEGREE SQUARE.+VE S.E
READ{(1,2)LAC,LO0
2 FORMAT{(2110)
READ KEIGHTS OF TENTH DEGREE SQ.MEANS IN FT,WITH LAT,LONG OF
MOST WESTERLY SQUARE
3 READ(1'4)ITE;KEV;LAH!LDHQRINT’(KHT(["I=l|10’
4 FORMAT(12,1242164F4,1,1016)
IFUITE~-1)54+105,15
5 DG 14 I=1,10
IN=(LAH~-LAQ}/10,0+1
JAS{LCH~L00)/10.0+1
IFIIN)L12+1246
IFLIN-ICAP ) T47012
IF(JIN)12+412,8
IF(JIN-ICAP)IG,9,12
IF{KHT(1)}10,10,11
10 IHT(IN, JN)=100000
GC TC 14
11 IHTUINe IN)=KHTLL)
GC TO 14
14 CONTINUE : '
WRITE(3|50)ITE’LAHiLOHt(KHT(I’,121!10’tIN'JN
50 FORMAT(' ¢,{1,217,1018," IN =8, [5,% UN =¢415)
12 CONTINUE
IF{ITE-1)3,105,15
15 WRITE(3,16)LAH,LOH
16 FORMAT(15H CARD WITH LAT y15,17H S AND LONGITUDE +15,29H E HAS BEE
IN PUNCHED IN ERROR )
60 TC 3
END OF READING HEIGHTS.STORED IN FEET
105 READ(I:IGb,ITE!KEYQLAH:LUH'RXNTv(KHT(I’91=1010)
106 FORMAT(I1,12,216,F5.2,1016}
IF{ITE-131107,17,116
107 DC 115 I=1,10
. IN=(LAH-LAO)/10.0+¢1
JN=(LCH-L00)/10.0¢!
IF{INY114,114,108

OO~
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108 IF(IN-ICAP)109,109,114
109 IF(UNIL14,114,110
110 IF(JN-ICAPI111,111,114
111 IF(KHT(I))112,112,113
112 THT(IN,JIN)=100000
GC TO 115
L13 IHTC(INs IN)=KHT(T)
GO YO 11s
114 CONTINUE
115 CONTINUE
WRITE(3, 50)ITE!LAH1LOH'(KHT(I)'[zleO”[NvJN
IFCITE-1)105,17,116
116 WRITE(3,16)LAH,LOH
GG YO 105
17 READ(I,bl)ITE,KEY'LAH’LOHyRINTp(KHT([lpI=1'10|
61 FORMAT(I1,12,216,F4.1,1016)
IF(ITE~1162,72,71
62 DO 70 I=1,10
IN=(LAH-LAGQ)/10.0+1
JN={LCH=-LCC}/10.0+]
IFEINY69,69,563
63 IFUIN-ICAP 64464469
64 [FLUN)6S,69,65
65 IF(JIN-ICAP)66,66469
66 IF{KHT(1))67,67,68
67 IHT(IN,JIN)=100000
G0 T 7¢C
68 ITHTUIN IN)=KHT(I}
60 T0 70
69 CONTINUE
7C CONTINUE
WRITE(3, SO’ITE,LAHoLOHv(KHT(I)9l=1110)91N’JN
IF(ITE~-1)17,72,71
Tl WRITE(3,16)LAK,LOH
GC T0 17
72 IF(INT-10)19,18,18
18 LIM=19
ISPA=1
GO TO 20
19 LIM=INT%9+10
SPA={ICAP-~20.,0)/LINT%10)
ISPA=)
20 READ(IyISO)CﬂNoRHOoPInIARC’TGRAVrCDNl'RAD
NRITE(3:73)C0N'RH09PI,IARC'TGRAV,CONl.RAD
73 FORMAT(® CON= 9,E10.4,° RHO= *,Fl0.2,* Pl= *+Fl0.5,' [ARC= *,]10,
1* TGRAV= ',F10.2,' CONl= "+E10.2," RAD= *,E10.4) ' .
150 FORMAT(EIO-31F10-2vF10.51110¢F10.2v510029510.4’
CCON=(CUN*RHO*P[*PI*RAD*CONI)/(TGRAV*IBO*IBO‘
CCOND=(-CGN*RHG*PI*PI*IARC*CGNK’/(2*TGRAV*130*180)
WRITE(3,1513CCON,CCOND
151 FORMAT(53H COEFFICIENTS FOR COMPUTATIGN OF INDIRECT EFFECT IS 2E20.5,
1059254 AND OF DEFLECTIONS IS 1E20.577)
DO 4% NO=1,ISPA
DO 44 NOL=1,ISPA
DO 38 I=10,19,INT
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0094
0095
0096
0097
0098
€999
0100
0101
0102
0103
0104
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109

110
D111
1112
D113
D114
D11S
116
N17
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119
3120
21
1122
123
1124
1125
1126
1127
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1130
1131
1132
1133
1134
1135
1136
1137
1138
1139
1140
141
142
1143

144

145

146

100
51
52

101

103
53

54

104
49

21
22
23
24
25
26
55
56
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INDS{I-10.0)/INT+1

CLATUIND)=LAQ/100.0+0.50+(ND~ 1)*(LIH-10 O+INT)/2.00+{[-10)%0,5+]
VAL=CLAT(IND)*0,0174533

SCLAT=SIN{VAL)

CCLAT=COS{VAL)

CONP={0.33333-SCLAT*SCLAT)/297.0

LAT=CLAT(IND)

DEC=(CLAT(IND)-LAT)*10

AEC=ABS(DEC)

IFLAEC)Y38,1014100

TF{AEC-101101,52,51

IFCAEC-10.,5)52,52,38

DEC=0

LL=30

IEC=DEC

DO 37 J=10,419,INT

JND=(J-10.0)/7INT+}
CLONG(JND)=L0G/100e0+0+504(NOL=13%(LIM=10.0+¢INTI/2.0+(J~10)%0.5¢1
LONG=CLCNG{JIND)

DECL=(CLONG{JIND)~LONG}I *10

[F(CECL)37,104,103

IF{DECL=~10)104,54,53

IF(DECL-10,5)54,54,37

OECL=0

WRITE(3449)CLATUIND) sCLONG{JND) 4 DEC+DECL

FORMAT(* VALUES OF DEC,DECL AT®,F10¢l,* S AND®*,F10.1,' E ARE?,
1F1042+"AND"yF1042+* RESPECTIVELY?)

TECL=DECL

" ACCM=0

ACCP=0

ACC=0

ACCER=0

ACCERM=0

ACCERP=0

KTCT=0

DO 33 [I=1,LL
[H=(NO-1) % (LIM-10.0+INT)*5¢{ [~10)*5+[EC+II+6
DLAT=(1H/10.0#LA0/100.,0-0.15)
QLAT=DLAT*0.0174533
SQLAT=SINI(QLAT)

CQLAT=COS(QLAT)

CCONC=(0,33333~ SQLAT*SQLAT)/Z97 0
DO 32 Ju=1,LL

JH={NCL~ 1)*!LIM~10.0+INT)*S+(J‘lO)*5+JJ~IECL+5
QLONG=(JH/10.0+L00/100.0~0.05)
IFUI1+1EC~-10)24,22,21
IF(IT+1EC-11)32,22,24
IF({JJ~TECL-10024,117,23
IF(JI~TECL-11)32,117,24
IFUIHT(IHyJRH) 132,34,25
IF(THT{IH, JH)-100000)26,32,30
IF(I-1C)32,55,58
IF{J4-10132,56,58
RQLAT=QLAT/0.,0174533
WRITE(3:57TIRQLAT,QLONG, IH JH
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é? 57 FORMAT(® COMP. ELEMENT AT LAT.? .FlD.Z.' AND LONG *,F10,2y"' MATRIX

: 1POSNe BEING *9110+%¢',110)

8 58 DLONG={QLONG~- CLONG(JND)!*O 0174533

9 SPSI=SQRT{DLONG*DLONG*CQLAT*CQLAT+{QLAT=VAL)*(QLAT=VAL})

0 CPSI=1-SPSI*SPSI%0.5

1 SPS12=SPS1/2:

] CPSI2=SQRT(ABS(O.5%(1+CPSI)})

i3 HTM=THT{IH,JH)%*0.304799

T CON3=HTM%100/RAD

5 IFISPS12)28,28427

6 27 SINAZ=SIN{DLONG)*CQLAT/SPSI

T COSAZ={SQLAT-SCLAT*CPSI)/(SPSI*CCLAT) ‘

i8 TV=CQLAT#*(1-0.5%{CONP-3%CONQ)+0.7S*CON3 ) *(1-ELV*HTM/(21000%RHU} )}/
1SPSI2

i9 ACC=ACC+TVXHTM

1] ACCER=ACCER+TV*TY

1 VALM=TVXCPSI2%C0OSAZ/SPSI2

42 ACCM=ACCM+VALMEHTM

)3 VALP=TV*CPS 12*SINAZ/SPSI2

v ACCP=ACCP+VALP®HTM

5 ACCERM=ACCERM+VALMXVALM

'6 ACCERP=ACCERP+VALP*VALP

V7 KTOT=KTOT+1

'8 G0 TO 32

49 28 WRITE(3,29)5PSI2

1o 29 FORMAT{42H ERROR IN SINE PSI/2.VALUE OBTAINED BEING ,F20.8)

1 GO TO 32

r2 30 WRITE(3,31)IHyJHy IHTUIH,JH)

'3 31 FORMAT(41H ERROR IN LOADING HEIGHT FOR ELEMENT NOJ(+2110928H ),THE
1 VALUE OBTAINED BEING ,I110//7)

14 GQ TO 32

15 117 WRITE(3,118)DLAT,QLONG IHe JHy IHT{EHyJH)

16 118 FORMAT(' ELEMENT OMITTED HAS LAT =%,F10.2+' LONG =0 ,Fl0es2y* IH =8,
115,% JH=%,15," ELEVATION =%,18)

17 32 CONTINUE

18 33 CCNTINUE

g 60 TO 36 -

30 34 HRITE(3.3S)CLAT(IND)'CLDNG(JND}

31 365 FORMAT(43H INSUFFICIENT HEIGHTS TO COMPUTE EFFECT FOR,Fl0. 2.14H DE

. 1GREES SOUTH,F10.2+14H DEGREES EAST //)

82 RINEFF (INDy JND) =0

33 DEFM{IND,JND)=0

34 DEFP{INDeJND) =0

35 ERN{INDyJINDI=0

36 ERMUIND 4 IND =0

87 ERP{IND,JIND)=0

B8 6C YO 37

B9 36 RINEFF{INDy JND)=CCON*ACC

90 DEFM{ INDy JND)=CCOND*ACCM

91 DEFP(IND,JNCI=CCCND*ACCP

32 ITOTCIND, SND) =KTCT

33 ERN({INDsJND)=CCCN*SQRT(ACCER)*30

94 ERM(IND+JNDI=CCOND®SQRT(ACCERM) %30

35 ERP(IND¢JND ) =CCOND*SQRT(ACCERP) *30

96 37 CONTINUE
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38 CONTINUE

WRITE(3,439)

39 FORMAT(//'1 IND.EFF. IND.EFF. INDJ.EFF, IND.EFF. [IND.EFF. IN
10.EFF. IND.EFF. IND.EFF. IND.EFF. 1IND.EFF, LATITUDE
2*/) '

WRITE{(3,40)

40 FUORMAT(120H o CMe. CM. CM. CM. C
1M, CM. CH. CM. CM. DEGREES S /
277}

DC 200 I=1,10
RINEFF{I,11)=CLAT(L)
WRITE(3,41{RINEFF(I,d)ed=1,11)
41 FORMAT(10F1C.2,F15.2/7)
200 CONTINUE
WRITE(3442)(CLONGL(J )sJ=1,10)
42 FORMAT(///10F10.2/)
WRITE(3,43)
43 FORMAT(T2H LONGI TUDE I N D
l1E GREES E 777}
WRITE(3,157)
157 FORMAT(//*1 COMPUTATION OF ESTIMATES OF ERRURS
1 IN THE COMPUTED RESULT'//)
WRITE(3,39)
WRITE(3,490)
DO 201 I=1,10
ERN(I 11)=CLAT(I)
WRITE(3,41)(ERN(Iyd)yd=1y11)
201 CONTINUE
WRITE(3,42) (CLONG{J )} +J=1+410)
WRITE(3443)
WRITE(3,152]) :
152 FORMAT{//'1 COMPUTATION OF CORRECTIONS TO DEFLECTIONS OF THE VERT
1ICAL DUE TQO INDIRECT EFFECT'///)

WRITE(3,153)
153 FORMAT(//120H MERIDIAN MERIDIAN MERIDIAN MERIDIAN MERIDIAN ME
IRIDIAN MERIDIAN MERIDIAN MERIDIAN MERIDIAN LATITUDE
2 /)
WRITE(3,154)
154 FORMAT(120H SEC. SEC. SEC. SEC. SEC. SE
1C. SEC. SEC. SEC. SEC. DEGREES § /
277) '

D0 202 1=1,10
DEFM(1,11)=CLAT(I)
WRITE(3+4155)(DEFM{I+d)ed=1,11)

155 FORMAT(10F10.4,F15.2/)

202 CONTINUE :
WRITE(3,42)(CLONG(J),J=1,410)
WRITE(3,43)

WRITE(3,157)

WRITE(3,153}

WRITE(3,154)

D0 203 I=1,10
ERM{I 11 )=CLATL{I)
WRITE(3,155)(ERMII,J)ed=1411)

- 203 CONTINUE
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WRITE(3,42) ICLONG(JI»J=1,10)
WRITE(3,43)
WRITE(3,156)

_Appendix (16) concluded.

156 FORMAT(//1204 PRI.VERT. PRI.VERT. PRLI«VERT. PRILVERT. PRI.VERT. PR

11.VERT. PRI.VERT., PRI.VERT, PRI.VERT. PRI.VERT,

2 /)

WRITE(3,154)

DG 204 I=1,10

DEFPLIS11)=CLAT(I) .

WRITE(3,155)(DEFP(IsJ)ed=1y11)
204 CONTINUE

WRITE(3,42)(CLONG(J}yJ=1,10)

WRITE(3,43)

WRITE(34157)

WRITE(3,156)

WRITE(3,154)

DO 205 I=1,10

ERP{I 11)=CLAT(I)}

WRITE(39155)M{ERP(I,J)yJ=1,l1)
205 CONTINUE

WRITE(3,42)(CLONG(J })9J=1,10)

"WRITE(3,43)

WRITE{(3,46)

46 FOGRMAT(120H NO. USED NO. USED NO. USED NO. USED
LUSED NO. USED NO. USED NO. USED NO. USED
2)

WRITE(3447)

47 FORMAT(L120H IN COMP., 1IN COMP., IN COMP. IN COMP.
10MP. IN COMP. IN COMP. IN COMP. IN COMP.
2/7)

DO 206 1=1,10
[ITOT(I,11)=CLAT(])
WRITE(3,48)Y(ITOT(LeJ)ed=1,11)

48 FORMAT(10110,115/7//7)

206 CONTINUE
WRITE(3,42)(CLONG(J)yJ=1,10)
WRITE(3,43)

44 CONTINUE

45 CONYINUE

READL1,208)LKEY

208 FORMAT{13)
IFILKEY-1)207,209,209

2C9 CONTINUE
sTOP
END

SIZE OF COMMON 000000 PROGRAM 042454

END OF COMPILATION MAIN

LATITUDE

NO. USED NO.
LATITUDE

IN COMP. IN
DEGREES S

o Y
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- APPENDIX (17)
035/360 FORTRAN IV (E LEVEL SUMSET) CCMPILATION

PROGRAM INLIN .
CCMPUTES THE INDIRECT EFFECT FOR POSTULATED MODEL OF THE GEOID,DUE 10
INNER ZONE CCMPOSED OF FOUR TENTH OEGREE SQUARES,ADJACENT TO THE COMPi
GN PLINT,FOR 10 METRE INCREMENTS IN ELEVATIONS FROM 10 TO 1C00C METRE
AT LATITUDES FRCM S5 TC 85 CEGREES
GIMENSIUN ENINT(LODO) 4DIFFL1000)EINT(10)-EDIFF(5)
ELv=1
READ(Lo 1) LAT,LIM,INM
1 FCRMAT{3110)
REAUCL o 2IMINEL ¢y MAXEL ¢ MHINC
2 FCRMAT(3110)
REAL{1,y3)CONPI,RHC,RADF4CONL1,TGRAV
3 FORMAT(ELO.3,F10.5,F10.2,F10.3,E10.2,F10.2)
CCON=4%PI *CUN®RHC*RACF®CGNL/TGRAY
WRLITE(3,4)RHC,RADF
4 FCRMAT(//77Th CCMPUTATION OF INDIRECT EFFECT TO CC~GEQID ON POSTULA
1TED MODEL 4DENSITY BEING,FL0.2,31H FOR INNER ZONE ONLY OF RADIUS ,F
210.504H KM/ //)
IF(ELV=1)25,23,425

23 WRITE(3,24)

24 FORMAT(/86H THE HUNTER FORMULA, RHO={2.77-H/21)
1y H IN KM.BEING USED 7/7)

25 DC 22 1=LAT LIM,INM

SCI=SQRT(COS{I*0.0174533))
RAC=SCI*RADF*1000
WRITE(3,5)1
5 FCRMAT(///2TH CGMPUTATIUNS FOR LATITUDE ,110,9H DEGREES //7)
DO 12 J=MINEL,MAXEL s MHINC
RATIC=J/RAD
INC=L.O%{ J=MINEL ) /MHINC +1
IF(J-50001647,7
6 ENINTUINCI=CCON®JISSCI*(1-0.5%RATIO)*( I~ELV*J/ (21 000%RHD) )
GG TC 8
7 SRATIC=RATIC®RATIC
ENINTLINC)=COON®J*SCI#{1-0.5%RATIO+SRATIO/6.0-SRATIO%SRATION4N  0)#*
LUL-ELVEXJ/(21000%RHC))
8 IFLINC~1)10412,6
9 DIFFUINC~LI=ENINTLINCI-ENINT(INC~1)
GC TC 12

1O WRITE(3,11)1,4 .

11 FORMAT(39r ERROR IN COMPUTING INDEX FOR LATITUDE ,I10,16H AND ELE
IVATION ,110/7) '

12 CUNTiINUE

PDC 21 Jd=1,20
WRITEL3,13) : '

13 FCRMAT(//127H  HEIGhT IND. EFF. DIFF. HEIGHT IND. EFF. DIFF.
LHEIGHT IND. EFF.  DIFF. HEIGHT IND. EFF. DIFF. HELGHT IND. EFF
2. ODIFF.)

WRITE(3,14) '
14 FCRMAT(12TH MET. CM. CM. MET. CM. cM.,

1 MeT,. M. M. MET. CM. LM, MET, CM.
2 CNM. 117}

0C 20 K=1,10
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IND={J-1)%50+K
OC 17 L=1,5 )
LING=IND+{L-112%10 . , . . . .
EINT{2%L-1)=IND*MHINC+(L-1}%100.0
EINT(2%L)=ENINTLLIND)
[EFCIND#{L-1)%10-98G) 1641615
15 eDIFFLL)I=0
GC TC 17
16 ECIFF(LY=DIFF{LINDI
17 CONTINUE
WRITE(3+18){EINT{M),M=1,10)
18 FCRMATIS{FB8.CyFlD.2+7X))
WRITE{3,19){EDIFF(M),,M=145)
19 FGRMATI{S{18X,F7.3)}
20 CONTINUE
21 CONTINUE
ERF=3CI*CCON*RADF
WRITEL3,26)ERF
26 FURMAT(//* CBTAIN ESTIMATES ERROR IN N BY MULTIPLYING ESTe HT,
LRIK BY *,E20.3¢ *RESULT IN (M. FCR HY. IN METRES.¥//)
22 CUONTIEINUE
Steep
END

SiZt CF CUMMUN  CGOGO PRCGRAM 11luBé

END OF COMPILATICON MAIN

ER
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APPENDIX (18)

The interpretation of ‘5ﬁ i in the fundarhental theorem.

In compiling the final expression for the separation N of

the geoid and the spheroid, given on equation (13,69), the gradient

of normal gravity was evaluated, on page 64, as 2 y /R, which
ig the free air reduction. This expression is correct if the
geoid is above the spheroid, but is inconsistent when it lies
below the surface of the latter. In such a case, re-investi-
gation shows that the source of the term '-%}J is the evalua-
tion of the expression V. N VD’ Which,: in the case of the
geoid spheroid system, can be expressed as

v ow ou

D P P
\ T m—— = —— - ———
L-NVh = 33 h oh
=-go+ YP
- - - Niox Al
= go + 'y Niahl +CN h!
_ o |2 aY'
= ag, Nl +c N!ah ... (A18.1),

where ¢ is a constant suchthat ¢ =0 when N>0
and ¢ = 1 when N <0. %J has exactly the same interpreta-

tion as before, being equal to the free air reduction term.

8y
ioh
is the constituent term of the differential topographical correc-°

tion, which, by equation (6.43), is approximately 4 7k p.

The extra term introduced into equation (13, 69) is

1 “ 9 i 1
N, = -5 j CN,EEI = dR ...l ...(A18.2)
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(cvi)
The magnitude of this effect can be estimated by assuming

negative values of N to have a mean value of approximately
- 75 metres and noting the two following points,

(i) Negative N values occur over approximately
half the earth, if the spheroid of reference has the same volume
as the geoid. |

(ii) Such values are likely to occur only in the dis-
tant zones for continental regions.

The use of the spherical approximation and

. . . o o
evaluation on summation by quadratures using n x n squares,

2
kpr R
Nci: ——-2*& 'Zniz
180° v 1
m

jz apij CijNij cos ¢ijcosec—;— wij
Ce e esi e (A18.3)

where p, 0 p have the same definition as in
equation (12.7)., As N values are not available for an actual
evaluation of Nci’ its effect has not been included in sections
(14.4) and (14.5). As its structure is similar to that for
Ng , given in equation (12.52), the magnitude of the term
Nci’ estimated at being approximately 130 metres, is expected
to be reasonable constant over the entire earth, with variations
from the mean value of the order of 10 metres or less.

For the same reasons as set out in section

(14.4), assuming the 1.A .U, spheroid to have the same volume
as the geoid, the potential of the geoid is more likely to be
approximately 130 kgal metres greater than the value given in

the section quoted. This will also give rise to a small but

slowly changing effect on the deflection of the vertical.
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