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ABSTRACT

Information Theory Inference, better known as the Maximum Entropy Method, is used to
infer the lateral density distribution inside the earth, The approach assumes that the earth consists
of indistinguishable Maxwell-Boltzmann particles nopulating infinitesimal volume elements, and
follows the standard methods of statistical mechanics (maximizing the entropy function). The
GEM 10B spherical harmonic gravity ficld coefficients, complete to degree and order 36, are used
as constraints on the lateral density distribution. The spherically symmetric part of the density
distribution is assumed to be known. The lateral density variation is assumed to be small compared
to the spherically symmetric part. The resulting information theory density distribution for the
cases of no crust removed, 30 km of compensated crust removed, and 30 km of uncompensated
crust removed all give broad density anomalies extending deep into the mantle, but with the density
contrasts being the greatest towards the surface (typically £0.004 g cm™3 in the first two cases and
+0.04 g cm™ in the third). None of the density distributions resemble classical organized convec-
tion cells. The information theory approach may have use in choosing Standard Earth Models,

but, the inclusion of seismic data into the approach appears difficult.
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INFORMATION THEORY LATERAL DENSITY
! DISTRIBUTION FOR FARTH INFERRED
FROM GLOBAL GRAVITY FIELD

' INTRODUCTION
The problem addressed )are is inferring via information theory the lateral density variation
. fnsicdle the carth from the observed external anomalous gravity fickl, Intformation theory is used
because it is the least subjective way to deal with inverse problems (Baierlein, 1971), The motiva-

tion for this study is the relationship of the lateral density variation to fectonies and convection,

The nature of the problem is the following. The lateral density variation inside the earth
generates the observed gravity anomalies, Hence information about the lateral density varintion
i is provided by examining the anomalies. However, the observed gravity anomalies cannot be
| inverted to recover the actual density variation, The problem is nonunigque:  there are an infinite
aumber of density distributions which can generate the observed gravity field, This is unfortunate,
since it is desirable to know the lateral density variation, especially with regard as to how it relates

to tectonies and convection (Phillips and Lambeck, 1980V,

The nonuniqueness can be dealt with by various approaches in erder to obtain insight into the
physies of the earth, Of these modeling is by far the maost common approach, Here exte assump»
. tions are introduced until the solution to the problem becomes unique. Kaula (1963), for instance,
assumes that the shear strain energy of the mantle is minimized, This key assumption, and other
. minor ones, together with the constraints of the observed gravity field determine a unique lateral
density variation, Phillips and Lambecek (1981) review many papers which use modeling. Another
approach is the Backus-Gilbert methosd (Backus and Gitbert, 1967, 1968; Parker, 1977), which
stuglies all possible solutions consistent with the given data, This study is called the geophysical

inverse problem (Backus and Gilbert, 1967, p, 249), The Backus-Gilbert method has been used
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extensively in seismology (¢.g, Jordan and Franklin, 1971), Burkhard and Jackson (1976) apply
the method to gravity data. There are also other approaches to data inversion; see, e, Parker

(1977), Sabatier (1977), and references contained therein,

The gpproach to the lateral density variation used here is that of information theory (Jaynes,
1957, 1963, 1967). This approach is commonly known as the Maximum Entropy Method, or
MEM forshort, A better name would be Information Theory Inference (ITI for short), since
information theory is its basis and the name avoids confusion with thermodynamic entropy

(Buierlein, 1971, pp. 473-478). It will be called ITI here,

1Tl is » probabilistic approach to nonuniqueness. Each possible answer (labelled i) to a non-
unique problem is assigned a probability P that it is the correct answer. The probabilities P, nre

assigned numerical values so as to maximize Shannon's (1948) information measure
Mi=-2 P InP, ()

subject to the constraints of the known data, MIin (1) stands for “Missing Information,” i.e.,

the amount of information needed to determine which answer is correct (Baierlein, 1971, p. 64),
In practice the expectation value of the desired unknown quantity is taken as the inferred answer
to the problem, The information theory approach thus provides a solution to what will be called
the geophysical inference problem: picking one answer out of a number of possible answers as the
most likely to be true. ITH may hence be regarded as a complementary method to the Backus-
Gilbert method (Gull and Daniell, 1978), which investigates the geophysical inverse problem,

Thae rationule for using ITL is that it picks the “best” answer, dictated by the information at hand,
out of the many possible answers, “Best™ here means *“least subjective,” ie. the number of

unconscious assumptions in choosing an answer is minimized (Tribus and Rossi, 1973), Sce

Baierlein (1971, pp. 11-89) for an excellent introduction to ITI.
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I'TI Cor MEM) has been used with great success in several different ficlds, One is statistical
mechanics (Jaynes, 1957; Tribus, 1961; Katz, 1967; and Baierlein, 1971). In fact, (1) is the
entropy function of statistical mechanics. The only ditference between ITI and statistical mech-
anics lies in IT's powerful information theory foundation, which allows the approach to be
applied to a wide variety ot problems, and not just to statistical mechanics, It has been so applied
to spectral analysis (Burg, 1967, 1968, 1972) and to radio brightness maps of the sky (Gull and
Daniell, 1978). In solid earth geophysics ITI has been applied to the spectral analysis of polar
motion (e.g,, Smylie ¢t ak, 1973; Graber, 1970), and to the radial density distribution of the earth

(Rietsck, 1977; Rubincam, 1978, 1979; Graber, 1977) and of the planets (Koyaina, 1979),

The present work is an extension of Rubincam {1979) to the lateral density variation, 1T is
used to infer the lateral density structure based on the spherical harmonic coefticients of the
gravity field and on an assumed spherically symmetric density distribution (also called the radial
density distribution). The gravity ficld coefficients arc those of GEM 10B (Lerch et al., 1981),
conplete to degree and order 36, The hydrostatic equilibrium bulge is subtracted out of the
R =24, m=0 terms using the hydrostatic coefficients of Nekiboglu (1979). Also subtracted from
the GEM 108 terms when the need arises are the gravity field coefticients of a crustal model,

Two ditferent crustal models are used: one a 30 km-thick isostatically compensated crust and the
other an isostatically uncompensated crust, also 30 km thick, Carl Wagner supplied the spherical
harmonic coefficients tor these models (Wagner, private communication, 1976). Both sets of
coefficients are complete to degree and order 36, The radial density distribution is the average
structure Parametric Earth Model (PEM) of Dziewonski et al,, (1975). Further, the carth is assumed
to be a sphere and that the lateral density variation is small compared to the radial density distribu-

tion,

The principal results are as follows, The information theory density distribution can be

written as a spherical harmonic expansion, The equation for the density variation is similar in form




to that of the equation which gives density contrasts due to laternl temperature differences,
For the cases where no crust or the 30 km thick compensated crust is removed the density con-
trasts are greatest near the earth's surface and have typical magnitudes of £0.004 g em™, The
density contrasts are also greatest near the surface for the case of 30 km of uncompensated crust
removed and are typically a factor of 10 larger than in the two other cases, In all three cases the
density contrasts decrease with depth but significant density anomalies still extend deep into the
mantle. None of the three density distributions look like classical convection patterns, i.c.,
organized cells with columns of low density where material is rising and columns of high density
where material is sinking, No attempt has been made in any of the cases to compute stresses or
stress-differences,
DERIVATION OF THE INFORMATION THEQRY
DENSITY DISTRIBUTIOW

The information theory density distribution is derived from the following considerations,

It is first assumed that the data consist of the known vaiues Fq for Q integrals of the form

- CPRE - ,
Fq-]vp(n)tq(:)dv,(q L2,...,Q) )

where p(T) is the carth’s density distribution, fq () is a function which depends on position T
inside the carth, dv is a volume element, and V is the volume of the earth, Examples of integrals
of this form are the mass and moment of inertia of the earth. The gravity field cocfficients also

have this form, since they can be written (Phillips and Lambeck, 1680, p. 30)

/;, (M) 1 Yo @\ dv
(20+1) My, ¥

Eﬂmi = 3)

where Co, 1= G, and Gy m2 = Sppy are the normalized coefficients of degree € and order m,

- by . ¥ . . >
r=1Irl,and the Youi(0,A) are surface spherical harmonics using Kaula's (1967) 4r normalization,
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with 0 being colatitude and X longitude. M, and a,, are the mass tand radius of the eurth, respec-
tively. Obviously in this case ¥ = Coy; and
Y]
(= L e (4)
(20+1) M;; ap
The next consideration in using ITLis to set up the carth models which constituie the various
possible answers to the problem. The task is then to choose the *best” model based on the data
of the form (2. The carth models arc set up as follaws: the earth is divided up into infinitesimal
cubes, all with equal volume dv = dxdydz. Each cube is labelled with the running subscript j.
The position vectar from the center of the earih to the jth cube is]ﬁ. The cubes are populated with
indistinguishable particies of mass m. Each earth model i has i particles in the jth cube where

-

My is an integer 0. The density of the carth at position r in the i th model is then pg(—f}) = njimid'\%

J
The integrals (2) for each earth model i become the sums

N
e (A} F T dvEin T one (T
Fai }‘(dv ) lq(rj')d\ m .j..nﬁ lq(l,'). (&)
The expectation values

are assumed to constitute the observed values of Fq, where Py is the probability that the ith model

is in fact the correct inodel,

The problem so formulated is analogous to the standard statistical mechanics problem of
determining the population numbers of indistinguishable particles following Bosc-Einstein statistics
using the grand canonical ensemble (Rubincam, 1979). (Indistinguishable particles are chosen
since the interchanging of particles does not affecy the density distribution, which is the topic

under discussion.) The solution can thus be carried out in the usual statistical mechanics fashion

.
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(Morse, 1969, pp. 316-319; Reif, 1965, pp, 346-349), (1) is maximized subject to the constraints
of the data (6) and ? Po=1:

i

whereag, . o, @t are Lagrange multipliers, yielding P, = cxp(%‘ ®q Fqi)jz, where
Z =clha°= Lexp(Ea, F.) )
“ TP T q i

is the grand partition function, Using (5) in (7) gives

=3 ox ) g o} s
Z ‘?LM’ [alTlljifl(rj)+‘“+“Q‘j'"jlfq(rj)] (8)
for Z, where may has been redefined as &y Note that the partial derivative of the logarithm of
(8) with respect to a; f) (?}) gives

alnz o ~ . -
——— = X1y ‘-M’[“l?"ji‘_;“j)*-"'*'“Q "?“jirq(rj)]
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= ¥ nji pi = <"J> (9)

* " » N + ’ ¥a. -‘ *
which is the expectation value of the number of particles in the cube at position Tjo This result

will be used shortly.

If there are no limits to the number of particles occupying each cube, then (8) can be factored

as (Morse, 1969, p, 326 Reif, 1965, p. 347)

i
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;3

#
(="




where
z= ) exp{[alfl(’ﬁ)%..*‘anQ('r})] llj} (10)

nle

But this has the form 2“0 x", which is equal to 1/(1-x). Hence (10) becomes
n»=

1
z o= cmoea ———
17 mexp [a, £, () +. .+ o ()] an
Therefore
<my> = Ve ! — (12)
: e“al !(rj)‘w;;‘aq Q(l‘j)* {
by (9). If it is now assumed that <nj> << 1, so that the Bose-Einstein statistics pass over to
Maxwell-Boltzmann statistics (Reif, 1965, p. 352; Morse, 1969, p, 329), then the exponential
term in the denominator of (12) is much greater than 1, and (12) simplifies to
-
<"j> ~ eall‘l(r;) +,., +aQi‘Q(rj)
Multiplying this by m/dv and dropping the subscript j gives the expression
SR TGRS DN G
p,(T) ks <nj> v © (13)

as the information theory density distribution, This is a most important result: it gives the form
of the information theory density distribution for particles following Maxwell-Boltzmann statistics

where the constraints on the density distribution have the form (2), The variance of the distribu-

tion is discussed in Appendix A,

The m/dv appearing in (13) is a troublesome factor. No commitment has been made either to
the value of m or dv; and there seems to be no clear guidance on how to choose their values, As it

turns out, this problem may be avoided by absorbing the factor into the sphierically symmetric part

of the density distribution, as shown next,
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The task now is to simplify (13). This involves two assumptions: first, that [, Q) pertains
solely to the spherically symnietric part of the density distribution (explained below); and second,

that
lmgl’z(?)*% ot fQ('F) <<
so that

. { :

where the f, ) t‘Q (t) are the appropriate functions (4) for the gravity field (i.ce. the
anomalous density variation is small compared o the radial density,) With these two assumptions

(13) becomes

p(He 2 UGN » S Yomit?2)
dv Wi 20+ )Mab

which may be written

) ®omi Lol A vﬂmi(o"k)

p, ()= p (1) + 4 "
1 0 Lini (2Q+1)Mna‘¥2
where
a, (7
Po(l‘): (ll,:f e ! 1(T ()

with p,(r) being the spherically symmetric part of p(?) and where subscripts 2mi have been

substituted for subscript ;. Obviously taking f; (7) to be

. (;)""&% In [py(r)dv/m]
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results in (15), This is artificial, 10 be sure; no value ¥, in (2) is known for the earth where I (1)
has the form given above, However, it has two advantages: the troublesome factor m/dv disap-
pears, and any desired p,(r) can be used in (14). The p,(r) for the carth is known to a high degree
of accuracy from other data: it cannot differ greatly from the PEM p,,(r) of Dziewonski et al.,
(1975). Hence it will be assumed here that the integral F, is known for the earth where !'l('?) is

given by the above equation, in order to use Dziewonski et al.’s (1975) radial density distribution,

All that remains to find the information theory density distribution is to evaluate the ag,..,
using the gravity field coefficients. The raw gravity field coefficients given by (2) will not be used,
however, for two reasons. The first reason is that the contribution of the earth’s hydrostatic
equilibrium rotational bulge to the gravity field must be subtracted out. The second reason is that
the gravity field of the crusi irust also be subtracted from the coefficients when a crustal model

is used, In this case the gravity field data become

~ =GEM =CR «~HE
Cpo1 =Cgo1 = Cro1 ~Cgo1

for the =ceven, m=0, 1= 1 terms and

A =GEM  =CR
Comi = Comi = Cg,

for the other coefficients. The superscripts GEM, HE, and CR stand for “Goddard Earth Model,”
“Hydrostatic Equilibrium,” and “Crust” respectively. Actually only the £ =2 and € = 4 hydro-
static equilibrium coefficients computed by Nakiboglu (1979) for Dziewonski et al.’s (1975)

PEM will be used here; the higher degree hydrostatic equilibrium terms are assumed to be zero.
Strictly, these terms should be included, but their computation is difficult and the error in ignoring
them is probably small. All of the crustal terms up to and including degree and order 36 will,

however, be subtracted from the GEM 10B coefficients when a crustal model is used,



i AR e e <

A

Substituting (14) for p('?) and eﬁmi for é}m, into (2) to evaluate the g Yields

pu(R) =g (R) [14 T g &gy RE g0 )] (16)

as the information theory density distribution, where the

@e+) 7,
2 sj‘oﬂupo(k) R2#2 4R

5 (17)
are found by using tiic orthogonality properties of the ?Qm,(o yA), where the earth is assumed to

be a sphere, and where the variable r has been replaced by R = r/a@. for convenience so that
O0<R<1. Also, By, is the average density of the earth and @ = 6371 km is the radius of the earth.
Ry, is the radius of the sphere in which the unknown density distribution to be inferred resides

(the subscript u standing for “Upper.”) For example, Ry = 1 if no crust is stripped off the earth
and Ry = 6341/6371 if a 30 km thick crust is stripped off, The integral in the denominator of
(17) can be evaluated analytically, since Dziewonski et al, (1975) break up the earth into eight
shells, with p ,(R) being given as a polynomial in R in each shell. Table 1 gives the 8 resulting

from this computation for Ry = | and for Ry = 6341/6371,

RESULTS AND COMPARISONS WITH OTHER STUDIES

The fundamental equations of this paper are (16) and (17). What they give is, in a sense, the
broadest possible density anomalies; more localized anomalies are not warranted by the data.
Some gencral features of these equations should be noted before examining specific density distri-

butions.

The information theory density distribution p,(?) (the subscript I standing for “Information

Theory”) given by (16) is obvicusly a spherical harnicuic expansion of the form

oK) = po(R) + 80, = 0o (R) + Lo By (R) ¥y (O.0) (18)

10
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where
ap, = g%i Pami(R) Vg (ON), gy (R) = 8 Copyy RYpo(R). (19)

Note that Ap, changes discontinuously when Po(R) does. Also, (16) has a form similar to that
of the equation giving a density variation due to lateral temperature differences (e.g. Phillips and

Lambeck, 1980, p. 32):
p=py [1-a(T-Ty)] (20)

Here ais the coefficient of thermal expansion, p, and T, are the reference density and reference
teimperature, respectively, while T is the temperature. (The reason (16) has this form is due to
the assimption that Ap, is small compared to p,(R)). So (16) is consistent with the idea that the
density anomalics are due to lateral temperature differences—but does not necessarily imply that

the anomalies are so caused,

It should further be noted that there is no point in computing the power spectrum of the
anomalous potential V% (AU) (e.g. Phillips and Lambeck, 1980, equation 11) generated by the
density distribution (16), since the field coefficients are the given data, which (16) automatically
satisfy, Moreover, the information theory density distribution (16) does not have a white noise
spectrum, which Lambeck (1976) (see also Phillips and Lambeck, 1980) found will reproduce the
observed anomalous potential spectrum (i.e. Kaula's {1967) rule-of-thumb). Instead the informa-
tion theory density distribution pl(f() concentrates the density anomalies towards the earth's
surface, due to the R® behavior of 5, ,(R) and the % behavior of 8¢ in (19). (The £2 behavior
may be seen by substituting 755 for p,(R) in (17) and cvaluating the integral.) Also, it is clear from
(19) that the lower degree anomalies are spread more evenly throughout the earth than the higher
degree anomalies. This concentration of density anomalies towards the surface is in contrast to

the findings of the Monte Carlo studies of Kaula (1977) and the mass-point studies of Lowrey (1978),

11
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who indicate that the anomalies may increase with depth, Dziewonski et al. (1977) and Julian and
Sengupta (1973), among others, also indicate that large anomalies are to be found deep within the
mantle on the basis of seismic travel time studies, The statistical gravity study of Khan (1977),
however, places most of the anomalies in the upper mantle, The seismic studies of Romanowicz
(1979) and Cara (1979) and others show considerable upper mantle lateral structure, while the
analysis of satellite-to-satellite tracking data by Marsh et al, (1981) indicates that most of the

gravity anomalies in the Pacific can be explained by lithospheric sources,

It should be mentioned that the dentity anomalies given by (16) and (17) are not confined
to the crust and mantle, but extend into the core as well. To exclude them from the core the lower
limit of the integral in (17) would have to be replaced by R, (the subscript L standing for “Lower”),
where R = 3485.7/6371.0, the radius of the core being 3485.7 km. In practice excluding the
density anomalies from the core makes little difference in the resulting density distribution for the
crust and mantle, Finally, the boundaries where p (R) changes discontinuously are assumed to be
spherical, so that there is no possibility of density anomalies arising from bumps on these bound-

aries in the manner of Hide and Horai (1968) and McQueen and Stacey (1976), for example.

The above constitute the general remarks on the information theory density distribution,

Specific examples are discussed next,

A computer program was written to produce maps in order to examine specific information
theory density distributions,® All of the maps are based on the GEM 10B gravity field (Lerch et al.,
1981). The GEM 10B field is based on satellite, surface gravity, and GEOS-3 altimetry data. Since
GEM 10B is complete to degree and order 36, the limit of resolution is about 5 degrees of arc, or
about 550 km on the earth’s surface. All of the higher degree terms (2 2 16) are assumed to be

meaningful, although Phillips and Lambeck (1980, p. 44) warn that these terms may largely be noise.

*See Appendix B for a listing of the program.

12



Plate 1 shows the density variation Apy given by (19) overlaid on the global tevtonic and
valeanic activity map of Lowaan (198 1), The density varintion is given on the surface of a sphere
with radius 6308.0 km, itis at this depth, 3 km, that the oceans leave oft and the rock surface
begins in Dziewonski ot al’s (1978) PEM. No crust has been stripped off. The interval between
contour lines is 0,002 g em™, This map looks quite similar to the GEM 10B free-air gravity anomaly
map (S, Klosko, private communication, 1980). 1t shows such typical features as the lows at
Hudson Bay, Fennoscandia and some of the abyssal plains (0.2, Somali, Hatteras); amd highs at
some slow=moving ovean ridges (e.e., Mid-Atlantic, Southwest Indian Qcean), subduction zones
(&8, PerusChile, Tonga-Kermaded), and hot spots (e, Hawaii, Iceland). Henee for qualitatively
relating density and teetonies, similue to relating gravity to tectonies as done by Kaula (1972), &

froc-air gravity anomaly map might just as well be used,

The map shows regions of artifivial densities, due to the assumption that the earth is a sphere;
the topography has been flattened, So at the Mid-Atlantic Ridge south of leeland, for example,
the effoct of topography more than cancels the etfect of the low density material upwelling beneath
the ridge (assuming the basic validity of plate tectonies), producing a positive anomaly (Lambeck,

1972) and hence an artificially high density,

Plate 2 shows the density distribution at 30 km depth (r* 6341 km), where 30 km ot iso-
statically uncowpensaced erust has been stripped off the earth (giving essentially the Bouguer
anomalies), The interval between contour lines is 0,02 & em™, Note that it gives low densities at
some subduction zones. Removing the Andes, for example, completely erases the positive anomaly
of Plate 1, so that low densities prevail, There is no sign of a high density subducting slab (which

is probably too small to be seen inany case with the resolution employed here),

Figures 1, 2, and 3 show Ap; on a plane which slices through the center of the earth in the
cquatorial plane for the cases of ne crust removed, 30 ki of isostatically compensated crust removed,

and 30 km of isostatically uncompensated crust removed, respectively, The equatorial plane was

13
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chosen because it ilustrates typical features of such slices, plus one atypical feature which appears

in Figure 2.

All three figures illustrate a remark made earliers  that the information theory density anom-
alies extend deep into the earth, but the greatest density variation occurs near the surface. This
is in qualitative agreement with Arkani-Hamed’s (1970) minimum shear strain energy density
distribution, but his density snomalies are much larger than those shown here, The figures also
show regions where Ap; changes sign with depth. This is also in qualitative agreement with
Sanchez's (1980) density distribution which minimizes the sum of the mantle shear strain energy
plus gravitational potential energy. The size of the density variation shown in Figures 1 and 2
is in fhir agreement with Sancliez. (1980). However, the density distribution across Sanchez’s (1980)
slice through the equatorial plane looks nothing like those shown in the figures, 1t should be
mentioned that the minimum encrgy selutions of Kaula (1963), ArkanisHamed (1970), and Sanchez
(1980) give nonhydrostatic stresses which probably exceed the finite strength of the mantle, indi-
cating that the assumed clastic rheology is untealistic (Lambeck, 1976, p. 6333). The alternation
of the sign of Ap; with depth is nlso in qualitative agreement with Lewis and Dorman (1970), who

used o communications theory approach to the relation of density to topography,

The information theory density distributions shown in Figures | to 3 clearly tend to form
“pockets” of high and low density extending downwards from the surface. There is no obvious
convection pattern shown in any of the figures, None of them show what look like classical con-
vection cells: that is, organized columns of low density material moving upwards anc columins of
high density materinl moving downwards, Pockets which slant at an angle to the local normal
(such as the low density region at 305 degrees east longitude shown in Figure 2, for example)
look like they might indicate some sort of horizental as well as vertical motion of material, But
closer examination of the region around such features generally reveals that there are other pockets

of similar density slanting towards them (as is obvious with the two low density pockets between 60

14



and 90 degrees east longitude shown in Figure 1, for example) which are not contoured. Hence

the apparent *motion” is probably an artifact of the contouring process,

The one atypical feature mentioned earlier is the high density “blob” located at 285 degrees
cast longitude shown in Figure 2, Closer examination of this feature shows that it is a “tube” of
high density material connecting the Peru-Chile Trench with the Middle America Trench, This
feature is atypical in that the greatest density contrast occurs beneath the surface, while with the
pockets the greatest density contrast occuns at the surface of the sphere inside which the density

distribution is inferred,

Figurces 1 and 2 arc quite similar to cach other, The reason for this is that the removal of a
30 km-thick isostatically compensated crust affects mostly the high degree spherical harmonic
terms, and not the low degree terms considered here, The density distribution shown in Figure 3
is of course dominated by the removal of the uncompensated topography, and not the GEM 10B

gravity field,

If the density anomalics of Figures | and 2 are assumed to be due to lateral temperature
variation, then typical temperature differences of 100 K are required, assuming « in (20) is about
3x 107 K™ (e.g., Phillips and Lambeck, 1980, p. 53). The temperature differences must be
about a factor of 10 greater to explain the density anomalies of Figure 3, assuming the same value

for o, .

Maps showing the density distribution with the degree of the gravity and crustal fields restricted
to £ < 16 also give pockets similar to those shown in the figures, Hence it appears that the qualita-
tive behavior of the information theory density distribution will not change if terms of higher degree

(2 > 36) than those considered here are included in the fields.

15



DISCUSSION

One question which arises is which of the three density distributions considered here is to be
preferred, Obviously the one in which no crust is removed is over-abstracted: no account is taken
of the topesraphy. So it is not the preferred density distribution, The density distribution in which
30 km of uncompensated crust is removed has intriguing consequences for the deep structure of
continents (e.g., Jordan, 1975; but see Anderson, 1979): very deep indeed, However, the geo-
physical evidence favors the density distribution in which 30 km of compensated crust is removed;
s0 it is preferred. But it is not ideal: it assumes that the topography is isostatically supported
everywhere over the earthy and, moreover, with a depth of compensation of 30 km. This is certainly
not the case. To cite just one example where the assumptions fail, no account is taken of thermal
isostacy at the ocean ridges (Haxby and Turcotte, 1978), where the effective depth of compensation
is greater than 30 km. Hence the density distribution still gives a high density for the Mid-Atlantic
Ridge south of Iceland, for example, after the crust is removed, when it should be low density.
Hence better models of the crust are needed in order to use ITI to infer the density distribution

below it,

Another question which arises is why the information theory density distribution disagrees
with the results of Lambeck (1976), Kaula (1977), and Lowrey (1978) which are also based solely
on the relationship of density to gravity (and not on seismic travel times), and which give large
density anomalies in the lower mantle. The answer appears to be that these studies examine only
a limited number of models which mimic the external gravity field, while the information theory
density distribution is a weighted average over all possible density models and reproduces the

external gravity field exactly,

The reason why the information theory density distribution disagrees with the seismic evidence
of Julian and Sengupta (1973), Dziewonski et al. (1977) and others, which also give large anomalies
in the lower mantle, seems clear enough: the seismic data have not been included in the information

theory approach, Their inclusion presumably would show large anomalies in the lower mantle.

16
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The dominant impression from the foregoing remarks on the problem addressed here is one of
simplicity. More data must be introduced to obtain results which are closer to the actual state of
affairs inside the earth, Taking the earth to be made up of indistinguishable particles following
Maxwell-Boltzmann statistics is an obviously simplifying, if fundamental assumption which must

also be dealt with in order to obtain more realistic results.

Introducing seismic travel times into the approach appears to be an obvious next step to take
in examining the density anomalies. However, including the seismic travel time data into ITI
appears to be difficult, It is not obvious how to put such information into an approach which sums
over all possiblz models. Numerical models are out of the question: dividing up the carth into 10
volume elements each of which may be occupicd by up to 10 particles gives 10'% models to
consider ~ far too many already for a computer, Thus the problem must be done analytically, But
even such a seemingly simple task as using free oscillation periods to obtain a spherically symmetric
earth model has analytical difficulties: the data do not have the simple form (2), and the elastic
parameters vary as weil as the density, These difficultics make the evaluation of the partition func-
tion Z troublesome (Graber, 1977). The variance (sce Appendix A) and choosing m/dv in (13) also

post difficulties in applying ITI.

On the positive side is the heart of the method: ITI (MEM) minimizes subjectivity, To illus-
trate, there is no need in ITI to decide which lower degree harmonics to ignore in examining density
anomalies in the lithosphere (e.g., Marsh et al,, 1981), which is a highly subjective procedure. ITI
weights all the harmonics automatically. And since ITI gives the one “‘best” (i.c., least subjective)
model, it may well have use in choosing a Standard Earth Model, although the mathematical

obstacles mentioned earlier would have to be overcome.
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FIGURE CAPTIONS
Plate 1, Lateral density variation Ap, at 3 km depth (no crust removed). Note that no zero line is

shown, which would make the map too busy.

Plate 2. Lateral density variation A p, at 30 kim depth for 30 km of uncompensated crust removed,

Note that no zero line is shown, which would make the map too busy.

Figure 1. Lateral density variation A p, in the equatorial plane of the earth for the case of no crust
removed. Sca level is displaced from the carth’s surface for clarity, and the rock-equivalent

topography is greatly exaggerated, Anomalies in the core are not shown,

Figure 2. Lateral density variation A p, in the equatorial plane of the earth for the case of 30 km
of compensated crust removed, Sca level is displaced from the carth’s surface for clarity, and the

rock-equivalent topography is greatly exaggerated, Anomalics in the core are not shown,

Figure 3. Lateral density variation A p; in the equatorial planc of the earth for the case of 30 km
of uncompensated crust removed. Sea level is displaced from the carth’s surface for clarity, and the

rock-equivalent topography is greatly exaggerated. Anomalies in the core are not shown,
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Table 1

U gy SRS TSN SUEETRR T Sweer s WS

The Coefficients 8¢ for No Crust Removed (R, = 1) and
30 km of Crust Removed (R = 6341/6371),

Degree R )
Ry =1 Ry = 6341/6371

1 1,096 1.112
2 2.794 2,857
3 5.285 5.445
4 8.580 8,911
5 12,701 13.295
6 17.659 18,635
7 23.467 24,965

8 30,130 32.316
9 37.653 40.715
10 46,036 50.191
11 55,283 60.771
12 65.392 72479
13 76.367 85.344
14 88.207 99.393
15 100.913 114,653
16 114.486 131.152
17 128.929 148.920
18 144.241 167.987
19 160.426 188.382
20 177.485 210.138
21 195.421 233.286
22 214,235 257.858
23 233,931 283.890
24 254,510 311414
25 275974 340,466
26 298.332 371.082
27 321.579 403,298
28 345.722 437.152
29 370.763 472,681
30 396,706 509.925
31 423,552 548.922
32 451.306 589.713
33 479,971 632,339
34 509.548 676.842
35 540.043 723.263
36 571.458 771,647

30
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APPENDIX

Finding the variance 0“2 = (nf) - <".i)2 from (8) closely follows the standard statistical
mechanics treatment (e.g., Reif, 1965, pp. 330-337), It is given by

) %InZ
a(ozl £, (rj))

O _ - 1 % s o=
(llj) (“j> p(?)‘ P "

dv

which gives

for particles following Bose-Einstein statistics (Reif, 1965, p. 346; Morse, 1969, p, 333). Because
it is assumed that (nj) << 1, all that can be said about

% is that d, > p(?), since no commitment
to the value of(nj) has been made. Hence the data do not greatly constrain the density distribution
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APPENDIX B

The computer program used to genirate the plates and figures in listed here. Pliten 1 and 2 use
subroutine VANDER, Figures 1, 2, and 3 use subroutine SLICE,

SINFCRMATION THECRY CENSETY DISTRIBUTIONS Al i

THIS PRCGRAM COMPUTES THE INFORMATION THEORY DENSITY DI SYRIBUTICN MAL 2

¢ BASED ON THE GRAVITY FIELCe 17 ASSUPES MAXWELL-ROLTZPANN STATISTICS  MAl 3
AND THAT THE SPHERJCALLY SYPMETRIC PART OF THE DENSITY DISTRIAUTION  MAl 4

IS KNCWh. PAL 5

THE PROGRAM USES SPHERICAL HARMONICS, THE LATERAL DENSITY FAL [}

: VARTATICA IS ASSLPED TO BE # SMALL PERTURBATION ON TCP OF T¢E MAL 7
% . SPHERICALLY SYMMETRIC DENSITY DISTRIBUTION. PAL L}
THE PROGRAR COMPUYES YHE DENSITY VARIATICN, RELATIVE DEASITY, CR  MAl 9

ACTUAL LENSITY INSIDE THE EARTHs WHICH MAY AE DISPLAVED IN VARTOUS MA 10

hAVS ACCCROING TO A CHOSEM SUBROUTINE. THE DISPLAY IS IN ONE OF TWO  MAL 1

MODESt PRINT=QUT PICTURES OR DICOMED PHOTOGRAPHS. PAL 12

7 THE CENSITY IS CEFIMEC AS THE SPHERICALLY SYMMETRIC PARY MAS 13

(RHC SUB=ZERO) PLUS THE DENSITY VARIATION (DELTA RHO). THE RELATIVE  MAl 14

CENSITY 15 CEFINED AS DELTA RHD DIVICED BY RHO SUB=ZERQ, (L1} 15

CRUSTAL MODELS {SUCH AS AN ISOSTATICALLY COMPENSATED CALSY OR FAL 16

AN ISCSTATICALLY UNCOMPENSATED CRUST) MAY BE SURTRACYTED OFF IF MAL 134

CESIRED AND THE INFORMATICN THEDRY ALGORITHM APPLIED TC VHE REMAINING MAL 1@

GRAVITY SIGNAL. MAl 19

ALSCy THE DEGREES USEC €Y THE SPHERICAL HARMONIC FIELDS CAN BE MAL 20
RESTRICTED YO A CERVAIN RANCE (BETWEEN LMIN AND LMAX INCLUSIVE) IF PAL 21
SC CESIREC, MALl 22

NCTATION Al 23
GENERAL DATA MAL 24
Pl * 3,141592€525097900 MAL 25
PIDIVZ = P1/2,000 MAL 26
P12 = 2.0000P1 KAl 217
LLOW = MINIMUFM CECREE OF GRAVITY/TOPOGRAPHY/CRUSTAL FIELD MAL 28
RECORDS READ MAL 29

Lup * MAXIMUM CECREE OF GRAVITY/TOPOGRAPHY/CRUSTAL FIELD AL D0
RECORDS REZD MAL 31

LMIN = MINIMUM CECREE OF GRAVITY/TOPOGRAPHY/CRUSYAL FIELD MAL 32
YO BE USED IN PROGRAY LY} 33

LMAX = MAXIMUM CECREE OF GRAVITY/TOPOGRAPHY/CRUSTAL FIELD MAL 34
YO BE USED IN PROGRAM MAL 35

SUBNME = NAME OF SUPRCUTINE CALLED MAL 36

COMENT = GENERAL COPMENTS ABOUT PARTICULAR RUN {SUCH AS THE NAME MA[ »

) OF THE REGION EEING EXAMINED, EYC) VAL 3
NPRINT = 1 1F GRAVITY/TCPOGRAPHY/CRUSTAL FIELD CCEFFICIENTS ARE  MAJ 39
TO RE LISTED, *0 IF NOT MAL 40

EARTH DATA MAL L1}
RFOAVG = AVERAGE CENSITY OF THE EARTH IN GRAMS/CMee) MFAL 42
RADAVG » AVERAGE RACIUS OF EARTH IN KILOMETERS MAL 43
‘ RCORKM s RADIUS OF CUTER CORE IN KILOMETERS MAL A4
RCORE = RCORKM/RADAVG MAT A5
RLOWKM = LOWER RACIAL LIMIT ALLCWED FOR OENSITY ANCMALIES, IN MAl 46
KILOMETERS HAL A

RLOWER = RLOWKM/RADAVG MAL 40
RUPKM = UPPER RADIAL LIMIT ALLOWED FOR CENSITY ANOMALIES, IN MAL 49
" KILOMETERS AL 50
RUPPER = RUPKM/RADAVG WAL 51
GRAVITY FIELD MAL 52
GRAV = DESCRIPTIOM CF GRAVITY FIELD MAL 53
CRUST MAL 54
CCRUSTY = DESCRIPYIOM CF CRUSTAL MODEL AL 55
NCRUST = 1 IF CRUSTAL MCDEL FIELC 1S SUBTRACTED FROM GRAVITY MAL %6
FIELDy =C JF NCT MAl 57
TCPCGRAPHY MAl S8
TYOPC = DESCRIPYIOM CF TOPOGRAPHY ) MAL 59
TOPC - = ARRAY IN WHICH TOPQGRAPHY COEFFICIENTS ARE STORED MAT 60
LATERAL DENSITY DISTRIBUTION AL 61

nnnnnaﬂnnnnnnnnnnnnnnﬂnnnnnnnnannnnnﬁnnnnnnnanncnnnnnnﬂnnnnnnonnhnnnnnaononnnnnnnnnnann

COMPNT = REMARKS ABCUT THE COEUL) (SUCH AS THE DEPTHS FCR WHICH  MAl 62

o remime i o s b




CCE
CLn
NCEM

REFC

Pl
NPHC
L) 31
ALPK

BETA

SCAL

SusR

lt
2'
3.
‘D
Se
[N

NCTE

fo ALL SPHERICAL HARPONIC FIELDS (GRAVITY, TOPOGRAPHIC, CRUSTALY

H
3.

4
5'

b

SAMP

oW L
36

LMIN LV
36

ACRUST A
1

RADAVG
€371.0

ORIGINAL PACE (3
OF POOR QUALITY

THEY WERE (OFPLTED)
INFORMATION=THEORETIC CCEFFICIENTS GASED DN THE
SPHERICALLY SYPMETRIC DENSITY DISTRISUTIC

VARJATION SPHEFICAL HARPONIC COEFFICIENY

= 0 IF RELATIVE CENSITY DISTRIBUTION {5 L ITED, =1 IF
ACILAL D!N‘IIY 1S PLLTTEDy »2 1€ DENSITY VARFATION IS

PLO
EN » ﬂEFtﬂENCE LENSITY, USED ONLY IF NDEN=]

CTURE DATA

TC = 0 IF PRINT=OLT PICTURE 1S DESIREDs =i IF DICOMED
PHOTOCRAPH 1S CESIRED

YR = NUNRER OF SLPHANUMERIC SYMBOLS LSED FOR PRINT=CLY
PICTUKE CR DICCMED PHOTC

A= ARRAY IN WHICH ALPHANUMERIC SYMBOLS USED FCR PPINT-QUT

PICTURES ARE STORED, IN QROER FROM LOW YO HIGH
RELATIVE DENSITY/QENSITY/DENSITY VARIATION

» ARRAY IN WHICH DICOMED COLOR COOING NUMBERS ARE
STOREDs USED FCR OICOMEC PHOTO, IN ORDER FROM LCW
FO HIGH RELATIVE DENSITY/DENSITY/DENSITY VARIATION

E = RELATIVE DENSITY/DENSITY/DENSITY VARIAVION INTERVAL

BETWEEN ALFHANLMERIC SYPBOLS (OR LOLORS)
(UNTTS2 NOME JF MNDENeOy, GRAMS/CPOOY |F NDENsIOP 2)

CUYINES CALLEC:

curs (1F SUBNPE .EQ. CUT)
PLECE (IF SUENPE .EQ. PIE)
FCLES (IF SUENPE .EQ. POL)
SECINS {IF SUBNPE .EQ. SEC)
SLICE (IF SUENMPE LEQ, SLI)
VANCER {1F SUBNPE . EUe VAN)

H

USE KAULA'S 40P F NORMALIZATICN,.

THE YOPOGRAPHIC FIELD IS NORPALIZED TO YHE RADIUS OF THE

EARTH (1IN RILCMETERE I

THE FOLLOWIKG CLNCIYIONS MUST BE SATISFIED:
LVIN «GE. LLOW

LPAX oLE. LUP &

THE DENSETY VARTATICN OR RELAYIVE DENSITY §S MORE CCNVENIENT

TC CISPLAY THAN THE ACTUAL DENSETY,
IF WE HAVE ALPHR{JINUS WHERE JNUM .GT. MAXSYM, THEN THE

PROGRAM SETS JUNLH=MAXSYM. ALSOy IF JNUM .LT¥e 1, THEN WE SET

JNUFsL. LIKEWISE FOR BETALINLMY,
IN CTHER WORDSy IF THE RELATIVE DENSITY/OENSIVY/DENSITY

VARIATION GCES CFF SCALE AT EITHER ENDy THEN THE LINIT AT

TRAT END IS USEC.

PROGRAM NCRPALIZES ML RACIAL OISTANCES BY DIVIDING RADIAL

CISTANCE (IN KILOPEIERS) BY RADAVG.

LE INPUT DATA  (COLUMN 1| OF INPUT STARTS IN CCLUMN 3 HERE)
up (FORMAT: 415)
36
AX (FORMAT: 415)
36
PRINT (FORMAT: 415)
1

RCORKM  RHCANVG
3485.7 5.517

(COMPNIL )y dmlylb)

(FORMAT: 8F10.5)

(FORMAT 2 L13A69A2)

CENSITY CCEFFICIENYS COE(L) (RANGE: 670 TO 30 KM DEPTH}

ALOWRM
5701.0

L3
1
2 &6
3% 7
3

AUPKM (FORMAT: BF10.5)
6241.¢

COEIX) (FORMAT: 15,F20.5)

3.4505062

«41C0380

23.66557
T1.99419

(GFAVIJ)y J=1s14) {FORMAT: 13A64A2)

34

INFORMAT (ON=THEOREYIC RELATIVE QﬁNSIYVIDiNSIIYIDENSITY
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ORIGINAL PACE 13
OF POOR QUALITY

GEMI0R, USING NAKISOGLUCLG97S) HYDROSYATIC FOR Ls2443 Ms0

Ln [4 H (FORPATS 6X9212,2015.8)
10 G0 0.0
11 0.0 0.0

3635 0.359901570=C8=0.73197024=08
3636 0.249368100-C8=0.086449470-09

(TTI0POI) s Julylb) (FORMATS L13A60A2)
POCK=EQUIVALENY TOPCGRAFMY = NORMALIZED 1O RADIUS OF THE EARTH

LR C H {FORMATE 6Xy20242015.8)
RECCEF 1 O CoV31720180=C4 0.0
RECOEF | ) C.63249042C~C4 0,42240593C-04

RECNEF3LIS 0-14526'950’(5'0.176.5!I1D-0ﬁ
RECOEF3636 CoT72330004C~C6=0,24020090C-06

(CCAUSTIJY, Jelylb) (FORVAT T 13A6yA2)
CRAVIYY COEFFICIENTYS=UNCOPPENSATED CAUST FROM KAULAGLEE.SCR IPPSINAYY

L.’ c H (FORMATS 214,1P2C15.6)
I € 3.4352110-C4 0.0
P ) 2.987085C=C4  2,0724950~C4

36 35 3.5214880=CT =2.2664080-C7
36 36 5.4404990-C8 ~1.1692660-C7

hPNOTB PAXSYM SCALE
20 0.001

(ALPHALJ )y Jde1,y21)
JIHCFEDCEAL 23456789+

(BEVALI),y Julel])
T 8 91031 20 19 1¢ 17 22 1

NCEN REFCEN {FORMAT: [5,F20.6)
[}

0.0

(FORMAT: 2154F10.5)
{FORMATS 21AL)

(FORMATS 11IDY

;;al THE REST OF THE SAPPLE INPUT, WHICH RELATES 10 THE
PARTICULAR SUBROUTINE CaLLEC; SEE YHE SUBRDUTINE,)

IMPLICTITY REALOG(A-H,0~1])

INTEGER®Z RETA(11)

DIMENSICN ALPHALZ3) 4LCWIT(205,2)

DIMENSICN COPENT (14)

OIMENSICN CLP(3€,37,2),COKII6)

DIMERSICN TOPO{3643742)

OIMENSTICN COPMNT (14 1y GRAV(14),CCRUST(14)4TTOPO(14)
COPFCN/ELEB/CLPCCE
COPVCN/BLKC/FoPloPLIyPICIV2ySCALEINPHOTO WMAXSYM
CCMPON/BLKD/ALPHA L CHKIE
COMPCN/ELEG/LNIN,LMIX L LOW,LUP
COPPON/BLEH/RADAVG: FCCREJRLOWER  RUPPER
COPPON/ELKL/COVENT

COPPCN/BLKI/NOEN, REFOEN

CCPYOR/BLKK/TOPD

COMPON/BLKT/BETA

OATA POLPIE/GHPOLES 48FPIECE /

DATA SLUsSECIVAN/EHELICE (6HSECTNS 6HVANDER/
DAVA CUT/Z6HCUTS /

DATA BLANK,DOLLAR/LE 41F8/

SUPPRESS UNDERFLOW ERFOR PESSAGES CN SUBROULYINE LGENDR
CALL ERRSET(208+2564~1s 1}

INITIALIZE BASIC CONSTYANTS
P123,1415926335097900
FsP1/180.000
Pl2e2,0C00P]
PIOIV2=P1/2.000
ALPHA(22)=DOLLAR
ALPFA(22)=BLANK

REAC IN BASIC DATA
REAC (S+17) LLOWsLUF

17 FCRPAT (415)

REAC (54170 LMINJLMEX
REAC (5417) NCRUST)APRIMNT

REAC (5,104) RACAVG JRCOMKMyRHOAVG
RCORESRCORKP/RACAVG

SEY DATA ARRAYS INITLALLY EQUAL YO LERD



B iy e o A aindh . adiandhes. _dhit

FRANSLNAX ¢ |
DG 23 LalyLpax

%
1CPCLL ¥y ) ). 000
TCPCiLy Py 2)20,0C0
CLE{L Ry1)a0.000

3 CLM{L ™, 20#0.000

¢
€ REAC IN CCEILY T

READ (%5,25) lCO’FNTlJl. Jelyls)
2% FCRPAL (13A64A2)

b
REAC (541061 RLCWKM RLPEM
LG4 FORPAT {NF1045)
RLOWER=RLDOWKPZRADAYVC
RUPPERIRUPKP/RACAVS

1CCULAY a0

CC 24 LaLMINLEAX

REAC(9+21) K,COELK)
21 FCRPAT {15,F20,9)

TCCUNT# {COUNT ¢+ 1
24 CONYIAUL

L
% REAL IN CRAVLTY FIELD C'S AND 545

REAL (5:25) (GRAVIJ)y Jxiyid)
WRITE (6414}
WRITE 1£432)
32 FCREAT (20X 'GRAVITY FIELD cQCf?ILIEN‘S':/l
WRITE (€439) LGRAVIG) ) Jlel4)
3)  FCRPAY (20K 33A64M247177)
WRITE (£y34)
34 FCRFPAT LLOXa " L'y 2Xst MO 0X 00 J0R 0844/}
JCOUNTSC
2 REAL (5414ENC)) LoPylot
i FORPAT (6Xe212,2015.8)
1F INPRINT LEQ. O) €U ¥C D))
C  NRITE CRAVIYY FIELD C'S AND 35
WRITE {£935) LoMiCy s
3% FCAMAY ‘lclrlZ;llyl(n?K.ﬂl5c!g2!yﬂl5 [}]
33T JIOUATSJCCUNT ¢ L
IF (L «CGVe LPAX) CU TC 1)
IF (L JLV. LFIN} C n
€ CCMPUTE DENSIYY OIS‘KIHL'ION COEFFICIENTS
CCEFFeRMOAVOR(CCEIL Y
Mi= P ¢ |}
CUR{L MLy L )IsCOCCEFF
CLEIL ML) 5SOCOEFF
IF (L «EQe LUP oAND. ¥ LEQ. LUP) GO YO 3
13 CCN"NU(

Ic ?
L] tCN|INUE
WRITE {&,120) JCOUNY
120 FCRPAT (IolO!n'NUPG!R Qf GRAVIEY FLELD RECORDS READI®,1X,010)

C  REAC IN YCPOGRAPHIC C*S AND §0§
c

REAC 154250 (TTCPCIS)y Julil4)
HRITE (6,140
WRITE (€,321)

321 FCRPAT (20X, *TOPOGRAPKY COEFFICIENTS® /)
WRITE (6933) (TTQPOGI), J=1e)d)
WAITE (6,)4)
LCOUAT=O )

322 REAC {S5+1+ENCad24) LoWFeCyS
1€ (NPRINY LEQ. 00 (D TC 32

C  WRITE TCPCGRAPHIC C'S AND §°S
WRITE (64350 LaMeCe$

332 LCOUNYsLCOUNT ¢ | )
IF (L <CYa LPAKY GO TC 22)
IF (L LY. LPINY CU TC 22)
Nizp o |
TCPCIL MLy 1)l
TCPCIL L 208
1F (L <EQe LUP +AND. M LEQ, . i®) GO 1O 324

323 CCNYINUE
GG TC 322

324 CCNTINUE
WRITE (4,125) LCOUNY

125  FCRPAT (/o 10X, "RUPBER OF YOPOGRAPHY RECORDS READ:? +3X,110)

1F (NCRUST «EQ. O) PCCUNTO
1F (NCRUSY LEQ. 0) €O YC 4)

C
€ REAC IN CRUSTAL C*S AMD S¢S
C

AL AT 5

.

210




A

42
c

n

¢

52
43
12!
4
201
5¢
5

DO

3¢0

348

30

312

3
3i4

ORIGINAL PAGE IS
OF POOR QUALITY

REAC 15425) ICCRUSTL4)y Jn1y14) FAL
WRITE (£014) Al
WRITE (e.zan (CCRLSH{J) y Jn)yp)s) AL
KCOLATeC val
WRITE (6434) [TY]
REAC (5,420 ENDN4D) Lo¥yCoS (1Y
FCRPAT |2|~.1Pznns.¢i [Ty
16 INPRINT oEQ, 0) €O TC 333 MAj
WRITE CUY CRUSTAL C9S AAD 54§ (Y]
WRETE (€435) LoPoCot vAl
KCOLAY2KCOUNY ¢ | Al
1F (L +CTe LPAX) CO TC %2 MAT
IF (L (LY. LPIN} €O TE %2 PAL
CCEFFsRIOAVGO(CCE(L ) Al
piap o | vA|
SUBTRACT CRUSTAL FIELC FRCM nenslrv COEFFICIENTS MAL
CLP{LsMI L)oCLMIL M), )) = COCC #Al
CLP (L ML 2)nCLMIL M}y2) = soc WAl
IF (L +EQe LLP .AND, ¥ .EQ, LUP) co 10 43 PAL
CCNTINUE AL
6C 1C 41 Al
CCNTINUE AL
WRITE {6o320) KCOUNY PAL
FCRMAT (/10X *NUPBER OF CRUSTAL FIELL RECORDS READIY o 1X,110) (7]
REAC IN DISPLAY CATS MAL
REAC (5,201) NPHOTL JMAXSYM)SCALE val
FCRMAT (21597F10,5) “al
REAC 15,50) (ALPHALJ)y J®1y21) YAl
FCRMAT (21A)) wAl
REAL (5,51) (asrAiJv.J-i,lx) (7Y
I FCRMAT{111) MAL
REAL (5.21» nueu.nevneN PAS
WRITE CUT INPUT CATA [T
WHITE (8414) ¥AL
WRITE 164300) PAL
FCRPAT (20X, ¢ INFORMZY IOM THEORY CENSITY DISTRIBUTICN®,//,20X, wAL
s YBASED ON THE GRAVITY FIELD COEFFICIENTS® /420X, vAl
o YANC KAOWN SPHERICALLY SYMMEYRIC DENSITY DISTRIBUTION®,///7) AL
WRITE (64340) LLOW __ MAL
FCRPAT (10K tLLOWS® y74y 30Ky Y ININIFUN DEGREE GF SPHERICAL MARNONIC mail
+FIELLS)® /) MAL
WRITE (€4341) LUP wAl
FORMAT {10X9*LUP =9 ,014, 20X, * (MAXINUM DEGREE OF SPHERICAL HARMONIC MAJ
SFIELES) 4y /70 Al
WRITE (64342) LMIN Al
FCRVAT snox.'Luln--.la-:ox.'lrlulnun DEGCHEE USED IN RUN)*,/) rau
WRITE (€,343) LA Al
FCRMAT clazv'LAAx--.l«.zox"tnaxlnun DEGREE USED IN RUNIY,/7) Al
WRITE (6,303) NCRLS ¥AL
FCRMAT (lOXv’NCRUSY"ol 2209 V(=] IF CRUSTAL MODEL IS SUBYRACTED} MAl
=0 IF NCT)*4//) Al
WRITE (€4330) NPRINT Al
FCRMAT (10X *NPRINT S0 ¢12,29%, % (] }F GRAVITY' TOPOGRAPHIC, AND cauuAl
«STAL COEFFICIENTS AFE PRINTEDS =C IF NOT)®,//) MAL
WRITE (6,304} RADAVC FAS
zﬁarlllgloln'RAOAVG!'.I)'FIO edod Ny tKMY 18X, * {AVERAGE RACIUS OF eanvn:
oTH) 44/
WRITE 164305) RCORKP Al
FCRMAT (10X SRCORKMa® o LXoF10: 391Xy KM, 18X, ¢ (RADIUS OF CORED® 7/} rnl
MRITE (64306) RHOAVC PAL
FCAVAT (10Xy SRHCAVG=? s A X9 F 1045+ JN¢?GRAM/CMO®3 0, 10X o9 (AVERAGE DENSEIMAL
JYY CF EARTH) 94/7) VAL
WRITE (&,307) RLOWKY (4]}
:ga:tt (20Xs RLCWKM=9 o Lo FLO3o LKy *KM* 18X, ¢ (LONER BOUNC ON ANOMALMAL
SIES)O e/ 7} AL
WRITE (£,308) RUPKM MAL
:c:ra} gnox.nnupxr-~.zx.Flo.:.nx.cxn-.15:.-¢upren BOUND. ON nnnnnn::a:
ES)t4//
WRITE (84309) NPHCTC
FCRMAT {10X9 *NPHOTOS ¢, (329X, * (=l IF PHOTO IS TAKENS =0 FOR pnlur-rnl
+OUT PICTURE}?//) u l
WRITE (€4311) SCALE
FCRPAT (10X *SCALE= ) IXoF10,5922%y* {UNITS: NONE IF NDEN=O, snAp/cnvAl
«983 IF NDEN=l OR 2)%//) l
WRITE (6,310) MAXSYP
§on7Ar (10X "MAXSYM=® [ £, 27Xy * (NUNBER OF ALPHANUMERIC SYMBOLS ussnvnt
SN AL
WRITE (60312) (ALPHAIJ), Jxls21) Al
F?RFAY 110Xe ALPHAC D 3¢ 31Xy 21ALy BXy* (FROM LOW TO HIGH censnvva~.:ua:
(Y]
WRITE (643131 (BEVA(J)s J=lyll) (1Y
FCRMAT (10Xy*BETA(J D279 IXe ERUT¢ LX) 4 10Ky *CUSED FCR PHOTC)? 47/} v»:
WRITE (&,314) NCEN Al
FCRPAT (10X *NOEN=? (13421X,*(50 FOR RELATIVE DENSITY, =} FOR AC!UAMAI
oL DENSITY, =2 FOR DENSITY VARIATION)®//) Al
37
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m

A i »

WRIVE (€4317) REFCEM

PA)
FORPAT (LOXgSREFOEN®® o LX)F 10470 INo GHAN/CHOON® , [ON,* (AEFERENCE Ofﬁzll

«SITYe USED WHEN NCEM=L) /7)) Al

NRITE (&y326) PAL

326 FCRPAT (77410X) MAY

WRITE (40315) (GRAVEJ) ) Ju)y14) "a)

315 FORPAY (RORyPGRAVITY FLELDS 091X,y LIAGA2) pAl

WRITE 1491201 JCOUNY FAS

WRITE (6,325) (TTICPCE) s dolodd) (Y]

325 FORKAY III.IQX.'lCP(OIAFMV'n)!o'l'.l!'lllbohkl Al

WRITE 16,125) LCO Al

IF (NCRUST .£Q, 0) cu 1¢C 318 paAl

WRITE (6y308) (CCRULT (I, JslylA) (L]

L6 FCRPAT (770400 SCRUST A, 8X) P30 X4 1DAG2AZ) Al

WRITE (69121) KCQUNT PA}

¢C 1C 319 a1

3in WRITE (6,320) ral

320 ?cartl (770 10Ks *CRUST €, EXy 030y IX,9ND CRUSTAL MODEL SUBTRACTED nu10::=

c’l’ CONTINUE AL

€ MWRIYE CUT COEIL) (1]

WAIYE (&)14) (1]}

14 FCrPaAT (INK1D (23]

WRETE (6426) (COMPNI(J) ) Julyld) WAL

2&6  FCRPAT {L1OXy13AE,A2,/7) [1Y]
c

WRITE (6429) MAY

29 FCANAT (24X, 'Ly 2CX2COEILIY, /) MAY

NC 3C LeLMIN,LMAX val

3¢ WRITE (&431) LoCOELL) HAl

31 FORPAT (20Xy (50 00Rp#2CeS) ral

WRITE {&4122) 1COUNY (L]

clzz FORVAT (//7:9Xs*NUPBER OF COELL) RECORDS READS®,1X, 1100 rAl
¢

C REAC IN SUBROUTINE NAPE vA)

REAC (5+47) SUBNME Al

49  FORFAT {A8) ral

C  REAT IN SUBROUTINE COPMENTS vaAl

REAC (5925) (COPENTUJ)y Julglé) PAJ

C DECIDE WHICH SURRCUTIME 1§ CALLED #Al

IF {SUBNME .EQ, SLIY €O TD 10C FAl

IF (SUBNME .EC. SEC) GO Y0 10} ¥AL

IF (SUBAME +EQ¢ VAN} GO TO 102 MAj

1F {SURNME .EQ. PCL) CO TD 103 PAL

IF (SUBNME .EQ. PIE) CO YO 106 (1Y

IF (SUBNME +EQ. CUT) GO TO 107 WAl

GC TC 99 PAL

1C0 CONVINUE vAL

REAC (594001} PHILyXLMCALoPHEZ)XLPDAZ ) TOLERD ¢ NAAD WAL

4CO  FCAFAT {5F10.9,1%5) MAj

CALL SLICE (PHIL XLPDALPHI2¢XLMDA2)TOLERD NRAD) PAL

G YC 99 MA]

100 CCNTINUE MAL

REAC (S417) NSEC,MR4D ¥Al

CALL SECTNSINSEC,ARID) MA]

e TC 99 (1]

102 CONTVINUE YAl

REAC (5,202) NRAD REFHPAP,WNAP rAl

CALL VANDER (RKF HMIPWFAP NRAD) HA}

GO 1C 99 ¥Al

1) CONTINUE ) vl

REAC (59202) NRADAMGPANAKY Al

202 FCRPAT (1543F10.5) val

NPOLE=L Al

CALL POLES (RKM,ANGPANS ARADGNPOLE) val

NPCLE=2 (1Y

CALL POLES (RKMJANGPAKoARAD,NPOLEY PAL

GC 1C 99 ral

106  CCNTINUE [T}

REAC (59440 RLGR2,THEVA S THETA2 ) XLMDAT o XLMDAZ  NSPACE ) NSLRF MAL

A4 FCRPAY (6F10.5,215) o ¥Al

CALL PLECE (RLyR2,THETAL THETAZ ¢ XLMOAL ) XLMDAZ ¢NSPACE JNSLRF ) Mal

6C 1C 9% MAL

107 CCNTINUE VAl

REAC ls.tz:)rul1,thuAt.vntz.lchAz,nevtna.oepvuz rAl

123 FORPAT {BFIC MAL

REAC (5-l!&lucuv,hNCIl'hmAGNI’AICLNG,YnLEID WAl

124  FCRPAT (21547F10.%) ) VAl

CALL CUTS (PHILoXLMLALyPHIZoXLMDAZ JDEPTHLDEPTH2 9 ARCLNG 4TOLERD,  MA])

o NCLT¢NKORZ,XVAGNI) MAL

9 CCNTINVE wA|

svap wal

END val

SUBRCUT INE CUTS (PHELoXLMOAY PHI 2y NLMOAZDEPTHYyDEPTH2 4 SRCLNG, cut

s TCLERD NCUT NHCRZ) DFAGAL} cur

38
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FING THE RELATIVE D DENSITY s DENSITY, OR OENSITY VARIATION CX ehcH  Cul p
CCNPUTE TEE RELATIVE CEASITY, DENSITY, OR DENSITY VARIATICN AT POINTCUT &
Tii5 SUPROUTINE CCNFUTES THE RELATIVE OENSITYs OENSITY GR Qr
CENSLTY VARIATION CN VEBTICIL RECTANGLES ICUTS) WHICH ARE cr s
PERPENDICLLAR TO A GREAY CIACLE CCANECTING TWO POINTS CN THE EARTH'S CUT  §
SURFACE AT INTERVALS EQLACLY SPACED ALONG YHE GREAT CIRGLE SEGMENT, Cul 10
FENCE MFEA LCOKING DOWN OM 1HE SUNFACE DF THE EARTK IT LOOKS LIKE  CUT 11
THE LACIAGS OF A FOCTBALL (WITH THE CUFS EXTENDING VERTICALLY cur 12
COWNWARES ) cur n
. o c 0 0 cur 14
0 ¢ o 0 cur 1S

DXXNOXCKI XK XORNKNNND cur  1e

0 ¢ 0 0 cur 17

o ] 0 2 cur e

i WIS 1 ¢ cur 19
Ko GREAT CIRCLED X cur 20
EACH CUT IS CISPLAYED ALONG WITH THE TOPOGRAPHY ALCNG THE TRACK  CUT 21

CF THE CUT, cur 22
ALL CLTS MAVE THE SINE LENGTH ANC DEPTH. ALL POINTS ON # VERTICAL CUT 23
PRINT=OUT (PHOTO) LINE PAVE THE SAPE LATLTUDE AND LONGITUDE. CUT 24
THE CUTS ARE OISPLAMEC J5 RECTANGLES, SO THAT THERE IS # CEATAIN cur 23
AMOUNY CF DISTORTICN. WE ARE LOOKING AT THE CUTS IN THE FCLLONING 26
A e TS RTOUNERE THE  CHEAT CIRCLE INTERSLETS THE EQUATCR ANE CO NORTH CUT 23
BLONG THE GREAT CIRCLE LNTIL THE CLTS ARE REACMED. cur 28
THE TWO POINTS COMNECTEL BY THE GREAT CIRCLE SEGMENT MAY #€ cur 29
CHOSEN AT WILL. THE NUNEER CF CUTS, THEIR LENGTH, AND TKEIR DEPTH MAY CUY 30
LSC BE CHOSEN AT WiLL. THERE 15 ALWAYS A CUT AT EACH ENDPOINT OF  CUT 31
THE GREAT CIRCLE SECHENI, cur 32
ACTATION wr 3

PHI] = LATITUEE 0F FIRST CREAT SIRCLE ENDPUINT IN DEGWEES cut 34
XUMCAL » LONGITUDE CF £ IKSF GREAT CIACLE ENDPOINT IN DEGREES cur s
PEI2 = LATITUCE OF SECOND GREAT CIRCLE ENDPOINT IN DEGREES cur 36
XLMEAZ s LONCITUDE CF SECOND GREAT CIRCLE ENOPOINT IN DEGREES  CUT 37
OEPTHL = DEPTH T LCWER CUT BCUNGARY IN KILOMETERS cur 3¢
DEPTF2 o DEPTH TC UFPER CUT BCUNCARY IN KILOMEYERS cur 39
ARCLAG » LENGTH OF CUT IN DEGNEES CUT 40
TCLERC & FOLERANCE LIMIT IN DEGREES: BELON WHICH A SMALL cur 4l

OFFFERENCE IN LAYITUCE CR LONGITUDE OF YHE GREAY CIRCLE CUT 42
ENDPOINTS IS SET ECUAL TO ZERD 10 AVOID SINGUL'IlilES [47) SRR

NCUT  « NUMBER OF CUYS ALONG THE GREAT CIRCLE secne CUT 44

NFORZ = LENGTH OF CUT [N SPACES ACROSS PAGE (OR PHCY CUT 45

XPACAT = MAGNIFICATION CF DEPTH COMPARED TO LENGTH CF c&t (u1,0 CUY 46

FOR TRUE DEPTH TO LENGTH RATIO) cur 47

SUBRCUT INES CALLECS CUT 48

1. ANGLE cUT 49

2. CENSTY cur se

3. TCPCCR cur sl

4 VLG cur  s2

: NCTES cur 53
; lo NLMCAL JLE. XLMCAZ. cur 54
5 2. CEPYH) oGT. DEPTHZ. cur 8%
i 3¢ NKORL 1S 00D ONC oLE. 121. Cur 56
i 4. CEPTHL IS USUMLLY CHANGED SLIGHTLY BY YHE SUBROUTINE TO MAKE CUY 57
: THE VERTICAL LEMGTH OF THE CUTS AN INTEGER NUMBER OF SPACES CUT  S2
s LONG ON THE PRIAT=OLT PICTURE {OR DICOMED PHCTCGRAPH), cur 59
* 5. NCUT oGTe 1o curT 40

SAMPLE INPUYT CATA (CCLLMN 1 OF INPUT STARTS IN COLUMN ? WERE) A1) S }

OGO O N OO OO OO OO OO NN OAOGAOOANCAOOOANOOONOODOaGOOOOOOOOOOOAOaDONGODOOaNaOOnDnOON

SUBNNE {FORMAT: A6) cur 62
curs (A7) B 3 |
i (COPERT (J))y Julylé) {FORMATS 13A6,A2) (7] B 1)
H YCNGA TRENCH [47) S 1]
: PHIL XLMDAL PHI2  XLMDA2 DEPTHI DEPTHZ (FORMATIBFIO0.5) CUT 68




e

g =23.44 185.11 “16,9E 18840 £10.8 30.0 cyr

6 NCLY KRCRZ  XMACNT  BRULAG  TCLERD (FORMATE 5 '8, 7F1Ca8) cur

% 4 1C1 1€ 36 0.0C01 cur
¢

IMPLICIT REALOBLIA=H,0«2) cuy

INTECERO2 THARLI2]), BETALLY) cut

CIPEASICN ALPHALRD) 4LCWHI{205,2) vy

CIFEASICN XPAR[1211 cur

CIPERSICN XLPI2)9PHIZ) o FSIL2) cuy

CIPEASICN XLATCI21) o XLOMGTL 210 o XCRIDEA21D,YGRIDL 2D cur

CIPEASICN COPENT(14 ) cur

CIFENSIEN IHITE(12)) cur

COPYON/ELKA/RMAP cur

CCPPON/BLRC/FPLy PRI, FlClVZn‘CAL‘oNPHDVO;HAISVM cut

CCPPOR/BLKD/ALPHASL (W cur

CCF’EhI!LKG/LﬂIquH'X'LL cut

CCFPCBI!LKN/F!DAVCvFCCR(.RLOHER'RU?PER cuy

CCMPCN/BLKS/COMENT Loy

COMPFLN/BLEJI/NDENREFDEN cuy

COVPCA/BLKT/RETA cuY

¢ OATA COT+ERS/IHay INY/ cut
4

p P132=3.C00%71/2,0C0 cur

€ FINC FlCDLE OF SYPBCL/CCLCR RANGE cur

SYFFAXRPAKSYY cuy

c SYPRLSSYMMAK/2,0CC ¢ Cu %D cur

RI»1,0DC = (DEPTHI/FACAVG) cuy

R2w1,00C = (CEPTH2/FACANG) cuy

HCREsAHCRL = ] cuy

XPICCL={HORZ/2,00C) ¢ 1.000 cuY

PICCLE= (NHDAZ =~ 1)/: cuy

STRECHRS,000/ 14000 9 XFACNT) cuy

IF {APHCYO LEQ. 1) STRECH=L.0C0/KMAGNI cuyY

FACTCR®FORL/ (R2OARCLNGO STRECHOF ) cuy

NRY={R2 = R1)eFACTOF ¢ 1,000 cuy

RYsARY cuY

RisR2 = RY/FACTOR cuy

DEPYH1#RADAVO®{1,CDC = RI} cuy

ARCHPRANCLNGORADAVO IRZOF curt

C  PRINT INPUT DATA cuy

WRIVE (6,78} cur

T8 FCRVMAT (1H1) cur

WRITE (64300) cuy

3CO  FCRPAY 1///7410X,*SUBRCUTINE CALLEDS CUTSY¢///) cur

WRITE (64311) |C0’E$“Jlo JIelold) cur

3L FCRMAT (10Xe13A64A24//7) cut

WRITE (6447) PHILXLMCAL cuy

47  FCRPAT (3Ky*FIRSYT GREAY CIRCLE PCINT 3% 93Xy *LAVETUDE=®y IX)F10.5¢ CUY

o LK tCEGREES® o 10XKs Y LONG [TUDEw ¢4 EXyF1050 1Ny *DEGREES ¢ //) cur

WRITE (£446) PHI2XLMCAZ cuy

b6 FCRMAT (IXSECONE CREAT CINCLE POINTS®, 5K, 'LATITUDE=®, IXyF10.5, CUY

. lX"CECIEGS‘tlOlo'thGlVUOE-‘yllQF10.5ollv’DEGRﬁES',Ii) cuy

WRITE (€445) DEPYHLDEPTH2 cuy

4% FCRPAT (5K, 'DEPTHS FELOM SURFACE RETWEEN'y IXeFL0.5¢ 1K K¥ lND’olXoCUY

o« FlCeSelXe'KN?y//) cuy

WRITE (£448) NCUTI)NFORZ JXMAGN T ARCLNG g ARCKM cuy

40 FCRFAT (5Kc‘NCUTl'|I5ol(ln'NNGRZ"ol5clOl"lHACNl".llp?lOn’ylﬁXo cuy

o SARCLNG®® o IXoF10e5 98Ny 'DEGREES » *yFL0 501Xy "KMy //7) cuy

NCEG=1 cuY

RADKAP=26.000 cuy

WRIVE (64312) RAOPAF cuy

312 FCRPAT (///9 BXe*Xy Y GRID COORDINATES ON VAN DER GRINTEM MAP WITH CUY

oRADIUS? ¢ IXoFL0.Se Xy CM*y//) cuy

CALL VDG |PﬁlIQNLFUIInlﬁD"AFvNDEGoX.Vl cut

WRITE vé4313) X, cut

313 FCRPAY (lOK.'FIISY CREAY CIRCLE PDIM'!'OJK-‘iGIIOI'yli'ID.D'IIq cuy

s SCMY LOXG*YGRIDE 410y FBLIy Ny MYy //) cuy

CALL VOC lPHl?plLPO‘ZollDNAPpNDEGvaV) cur

WEITE (€9314) X,¥ cuy

314 FCRPAT (10X¢'SECOND GREPY CIRCLE POINT:® 2X, YXGRID=¢, LN yFB.3,1X,y CUT

s YOI IONe CYGRICS ) IXoFEL30 1Ko *CP? 9/ /) cur

C  CUNVERYT ANGLES FROM DEGREES TO RACIANS cut

PHIL=PHILOF cuy

PHI2oPHI20F cur

XLRCALeXLNDA LT cuy

XLMCA2=NLMDA2SF cuy

ARCLNG™ARCLNGOF cuy

TCLER=TCLERDSF cuy

FINC XXI, CHEGA, COSKRI, SINIXIO CCSONG, ZINGHMG cuy

TCLPHI=CSQRV{PHIL OGS o $HI2002) [41)]

1S YHE GREAY CIRCLE THE EGUAYQI' cuy

1¢ (TCLPHI = TOLER) 79,£0,00 cuy

79 KXisc.o0CO cur

490



82

52
33

85
sS4

L
57

anon

i g

17
’ c

41

CCSuX1=i,000 cuy
SINXX1=C,000 cuY
QPEGA#0.,000 cuy
CCSCHC=1,000 cuy
SINCMGeC40D0 cuy
PSELL)=XLMDAL oY
PSI12)=XLMDA2 cuy
GC TC 8} cuy
TCLLAMSCARS(XLMDA2 = XLPDAL) cuy
IS THE GREAY CIRCLE A MERIOIAN? cut
IF ITOLLAM = TOLER) 92,83,8) cur
XX1=P1D1IV2 cur
CCSIXi=C.0N0 (1]
SINK|=1,000 cuY
OFEGASNLMOAL cur
CCSCPGLCOS{CREGA) cuy
SINCPCuCSINIOMEGA) cuy
PSI(LI=PHIIL cuY
PS1{2)=PHI2 cuy
GC 7C o) cut
CONTINUE cut
VANOPG ( (OSIN{XLMCA L) )0 (DYAN(PHI2)) = (DSIN(XLMOA2)IS{DYAN(IPHIL)Y)ICUY
«/LICCCSUNLMCAL) IS CDTANIFHIR)) = (DCOSIXLYDA2) )S(OTANEPHILI )Y cuy
OPECASDATAN{ TANCIG) cuy
TANXXE® (OTANIPHIZ)) /(CSINIXLPCAL = OMEGA)) cuy
JF LYARXXLD 52482482 cuy
OPECASCPEGA ¢ PI cuy
TANNNIs=TANXXI cuy
CONTINUE cuy
KX1aCATANCTANXKYE) cuy
IF (CHVEGA) 959544 %4 cuy
ORECA=OMEGA ¢ P12 cuy
CCNTINUE cuy
CCSCPGCCOSIOMEGA ) cuy
SINCPMG=DSINIOPFEGA) cuy
CCSAXI®ECOSIXXT ) cuy
SINXXI=CSINIXXT) cuy
PH{1)aPRIY cut
XLK{1)=XLMDAL Y
PRIZ)=PHI2 cuy
XAM(2) =Xl HDA2 cuy
oC 60 11,2 cuT
BaXLPil} ~ OVEGA cur
IF (8) 56457457 cur
fs8 ¢ P2 cuy
CCNT INUE cur
CCSPS=(CCOSIBSINICCLSIPHIIND) cul
CCSPSsDARS(COSPS) cuY
SINPS=DSQRT(1.0C0 ~ CCSFSee2) cuy
CALL ANGLE (COSPSSINPS,PS) cuy
IF (B = P1} 58,%8,5S cuy
CONTINUE ey
IF (B = PIOIV2) 64084901 cuy
PSIL1}aPS cur
GC 1C 60 cuy
PSI(1)=PI - PS cuy
GO 7C 60 cut
CCNYINUE Y
IF (B = P132) 624£2462 cuy
PSIt1i=PL ¢ PS cuy
GC 1C 60 cuy
PSI(L)=PI2 = PS cut
CCNY INVE cuy
CONTINUE cut
OPEGAC=CMEGA/F cut
AXICSXXT/F cuY
PRINT XXI AND OMEGA IN CEGREES cuy
XXI = ANGLE OF GREAT CIRCLE WITH €CUATOR , cuy
QPEGA = LCNGIYUDE OF #SCEPDING NODE OF GREAT CIRCLE, MEASLRED cuy
EASTWARD FROM GREENWICH cuy
WRITE (6,315) cyy
315 FCRPAT (////+8%Xo*GREAT CIRCLE LONGITUDE, ENCLINATION TO EQUAYOR, CUY
«AND TCLERANCE :%,/) curt
WRITE (&,77) CMEGAD X41C,YOLERD cut
FORMAT (9o *OMEGA=® o 1'%y F10e %9 1 Xy *DEGREES* ¢ 10Xy *XNI®y LXsF1065,1Xe CUT
o *DEGREES®y 10Xy *TCLERC *y IXsF15.1001X ¢ *DEGREES®y///) cuY
OPSI=PSI(2) ~ PSELL) cut
XNCUTaNCUTY cuy
CLAMP=DPSI/EXNCUT = 1.,000) cur
CCSPS1«CCOS(PSTI(L) cuy
SINPSI=CSINI(PSI(L)) cut
Al1eCCSPSTOCOSCMG = CCSIXI®SINOMGOSINPST cuy
Al2s=SINPSTOCOSCMG - COSNXTIOSINOMGOCOSPST cuy
AL3=SINXXT®SINOMG ‘ cuy
A21=CCSPSIOSINOPG ¢ CCSHXISCOSOPGOSINPST cur
A22=-SINPSIOSINOMG ¢ COSXX[SCCSOPGECOSPSI cuY
A23==SINXX]OCOSCHMG cuy
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L}

[

L1
L]
L1

LY

o~
S

LK)
L1

L1}

L2}

LH

ANLSSINMKIASINDSE Curt

AXISSININIOLLSPSI cut

AddeCesaxy cuy

INUN TONTY Y ] eut

XLATHI)=0.000 cur

XLEAC 1 )e0, 000 cuy

CENT INUE cun

B0 % JalyNELY cuy

Xilal = | cut

NRLEE &y 00) (A1}

WRUTE (6700 4 ) v

FORPAT 122, 1K PEUT MOPBRR = 8, 15,7420 cuy

ALWEARWRE L oPLANR [34]

LOSLPRSLLOS LML PRARY cul

SINLFPSESINTXLMCAR) GuY

(‘( u K¥LyNHDRE gg:

‘

ne\w-t‘mwr 8OLEK o ARIRDL) CARCANG /NORE cut

:csnmrusnncu } (413 |

SINTEPCSINLINETAR) ut

XPaS INTEROCOSL MR cul

YPaSINTEROSINLMR (30|

LIRS cut

KoATLONE ¢ ALZOVR o ALDNZP cuy

YaARLOKR & AZ2eYD 0 A2DOIP cut

ExAXIONR 3 ADZOVE ¢ ADRaRp cut

KSRYSCREAQRT (Xo0l ¢ Yoo }) cut

LE INSQYSQ) £bid04bE CuY

PELCRRICIVEZP cut

THEYAS0.000 (44

1P LEY BaeRS, 0y cut

PuiCaep (0IVIE cur

THEVAD L i

CONTINGE cuy

6C 10 4k it

U] XSS cuy

PRIEATANLY Gt

wruwlmw = M| cur

m'i‘\‘-i"itifr (141}

CONY I (AN

(1NN ANN.&* u.v.xuﬂn ot

XLNCACH XLNQAZE cut

IF umram LITRITL Lt

XURCAL®NLRODAD ¢ 300080 cut

CCNY INUE oy

CALL 1PPIGN unm.mm.m Gt

Welreik i 20000k & €300 o 23000 (AU}

XLAHNH‘ND LUt

KLOAGIR JuXLMOAD wan

CALL viig wum.xm‘m.mmmorw.n cuy

NCRICIK K cut

YORIUIN Joy [X4]

GENYINIE Uy

WRITE (deB0) , ) cut

FORMAT LLRy POIRT Oy I VLAY EYUDE S, 8%y VLONGETUDE o 3K o VRGRIDY 48X, Uy

o YYGRIDOVLIXPPOEAT Oy 3K LATLYUDE o 9N 1L ONGE TUDE® ¢ DX+ *XCRIDY o 8Ky CUT

« WYERIDNY cut

WRIVE L&y 49) o , Gy

FEANAY ANy S LDROREES) 4y Xy Y LOCOREES) ARV IGRI ¢ 48X ¢ LENYO 410K, tuy

o VLDEGRERS DY ANy VEDEGREES ) o)A VICMI iR M IERI v 2 ) cur

e 80 R-huu:m.!: Gt

KRek ¢ PIGOLE Yy

WRITE (60910 KoNLAY m.mmam.mnmn.vnnum.mmmu. cut

« KLENGURR) o XCRIDTRK 1o YORIDUKNY cut

FOUPAT 12X b1 INeFACe S0 ¥ P L0y 240 PR D 2N BB Do 10X I Do D FLDL %y CUT

o AEI0S ARG PRAN V2D FE D) €Uy

GONYINUE cur

:;g!t L&092) NHORE, DAY munnu,lmﬁmunuuldu&lmMmt\l).vaalmmmgm

*

PURPAY \Qll!‘3!)‘;“'@!3!3‘1?\0-! HILI ST YA IS 1 Guy
INTVLALTZE LINE VALUES Ul
XBAR {5 FCR PRIN V-(mr PG WRE cul
PAR LS FCR DICOMED PRUTH ur

06 & Kwlyd2) €y

TRARIK) = BETAQIL) cuy

XPARIK]SALPUAL2Y) cuy

WRITE (&eT0) cuy

NOLTE Ldy204) ) (0]

FOURAT (AK IKMY 40K, (DCTS INDICATE SEA LEVEL) 42} cyY

00 201 Leadyd) cuY

uul - L :ﬂ

)

NHGMNN.I - ?S‘CNHI-QDO cutr

O 302 K=lyNVORT Uy
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s 230 XPARLK)ARUY
K) 2BQa L) XPAREINDIERS

2031 PEVCHY, IXPAREKDY Radyi21)
Xy Fa A 121D

TV ¥
L“NAlQl)
200 Lot
NHYIoNRY @ |

1E AL of
1F tIkle
202 EONYI
Wk te
20y FLARA

>
—— —c
-
>

FING 1hE R!LA!!VB DENSIAY, DENSEYY, OR DENSLYY VARIAYION TN EAGH
NERELENTAL LENE

PC 3 LivslyNAvL

FLRLRLN » )

NaRd = FLRM)2RAGTOR

BE 3 Ku ] yNHORY
€ Fl?E :lﬁ Xe¥ol GUOQREIMATES OF CACH ROINY ON YHE LINE

‘Na

THEUARePIDtY2 ¢ (FK « XP1ODL)SARCLNGZNORE
COSTPPSCLOS(TRETAR)

SININPsCSINTINEYAR)
XPuReSINTHP OCUSL NP
YReHoSEAYHPOSINLP
TRsReCSINR
XRALLONR ¢ A)2eyp
YoARIONR + AQReyp

¢ ALdeRp
* AR
PaARIOXP o AYPeYR 0 A)
C RE?
thi

3}
e
aazp
% \S INE PDINY TN TME
I (RS TRGOREY 3
TR ST T
. b 1S USED BOR LORE
se it g
2t CONYINY
t ls e F“lNl RELOW RLEWERY
(R = RLOWERDY JC) 02,302

111} hiN!e-QP
es
e kCNll
t  PING ltt Sﬂn1u|can PumAﬂ COORDINATEY QOF POINY
lSuYSK*CSQN!!!"? v ¥ve )
T8 111 3429424
2% VREVARIDIVY
GC T e
24 UeX

sOvsCaL
YRR A»RATANILY
TELE) AR 20420

A4 TRETASPL ¢ THETA
26 CONYTINUE
ALL ANGLE LN Yo XLEDI ] ,
G FING THE RELATIVE DENSIIYy OENSIFY. DR DENSITY VARIATION AT POINY
GALL CERSTY IRy THET Sy XLADALNDENKEFDER DEN)
103 CONTINUE
G PUT TKE REGUY SYNAOLZAURRER IN XMAR(N)ZTNARIN)
NS« LUENZSCALED ¢ Cotit

JNUReSYRRL ¢ X§

1€ TINUF WLEs 1) JINLE

LE CINUM o GR0 RARSYR) Jhuﬁ!ﬂARSVP
N XFAPIRY s AL R ALINUN)

YVAVlK\ * BETALINCN)

ARLM Y Re L1200
MR ARy Kuledl2))

1% GENYINE

2 CENTINUE

4% CONYINUR
hC\hﬁ\

iuR“ﬁUY\NL PIECE lRloRQ‘ThilAlo‘Nﬁ'ilvRLPDAloXk!Dl%nNSPOC?;NSUh?l

PLECEe
TELS SUBROUTINE GOMFUTES THE NELATIVE DENSITY, DENSTYV. OR
CENSLIY VARTATION N A BURKER OF SPRERICAL WECTANDLES. ALL M ITH THRE
SANE ANCULAR GUORDINATES BUY POSLYRCNED AT OIETERENY DEPIRS.

A SPEERIGAL RECTANGLE 13 THE AREA ON THE SURFATE QF A SPHERE
ROUNDED BY THD FIXED VATITUCES AND TaO BIXTD LONGLTUDES.

. SPHERICAL RECTANGLES aRE ALWAYS CONPUTED €0R RADIAL DISTANCES X3

-~

Lh]

mne

i Y i
o P S e ek o
A g e (D

o e e e nndind
N St T A i Yl Ml W
ol TB DD A e O L

Jad

i WS )



¢ AND R2y WITH THE OTHERS §IF ANY) SANCNICHED LN BEVNEXN VHESE TWO, PLE
¢ VHE SPHERICAL RECTANGLES ARE DISPLAYED AS RECTANCLES WiTH THE rE
C EAST=WEST DIRECTION MUNMING MORFZONTALLY ACROSS THE PAGE (PPOTO). SO PUE
g THENE IS A CERTAIN ANCUMT OF OISYORTION, rLe
c
g NCTATION Pt
c a1 » RADJAL DISIANCE OF LOWESY HECTANGAE IN uchnetcns 313
¢ "2 » RADIAL DISTANCE OF HIOHEST MECTANGLE IN KILOMEY PIE
¢ THETAL » gg==vllunr OF MIRTHERN 8OUNDARY OF THE nﬁcvauc;es IN ne
2 THETA2 » gg::v:vuce OF SOUTHERN BOUNHDARY OF THE RECTANGLES IN ::g
g XLMEAY = Louoléuoc CF THE NESVERN BUUNDARY OF THE RECTANGLES N ::g
g XLNCA2 » Lo:cgéuuc CF THE EASTERN BIUNDARY UF THE RECTAMGLES IN ::g
¢ NSPACE = LENGTH OF YHE AORTHERN AND SOUTHERAN BOUNDARIES IN PIE
C HORLZONTAL SPACES ACRUSS THE PAGE [PHOTC), rLE
¢ NSUNF v NUBRER OF PCCTANGLES OESIRIID PIE
¢
¢ SUBRCUY INES CALLEC: *LE
¢
g e CENSTY PlE
¢
g NCTES rlE
¢ 1o M2 oGT, R1, ; rIE
c 2. THETA2 oGV, YRETAL. rIE
¢ 3o NLMEAZ oGTo NLMCAD, PLE
¢ 4. KSPACE JLE. 1204 *IE
¢ 5. ASURF GT. 14 PLE
¢
g SAMPLE INPUT DATA  (COLUNN } OF INI'UT STARTS IN CCLUNN. 3 HERE)  PIE
T SUBNNE {FORMAT? AQ) PIE
¢ PIECE PIE
€ GCOPERT(I)y Julyld) (FORNATT 13A84A2) 113
L T
€ Rl W2 THETA)  THETAR HLMDAL  XLNOA2  NEPACE NSuREPIE
¢ , (FORMATS 6F10.3,215)
€ 1210 6321.0  80.c 80.0 180.0 210.0 arle
c
IPPLICIY REALOALA=N,0=2) PLE
INTEGER®2 TMAP(121)y BEVALLL) PlE
DIMENSTCN ALPHA(23) JLCWHI {205, 20 PLE
CINENSICN AMAP{121) PIE
QIMENSTCN COMENY {14 ) PlE
CCPPCN/RLKA/XRAP PIE
ccnrcnzemxclr.rl.ru..'|ctvz.scnue.nnnovu.naxsvn PLE
COPPCN/ELRO/ZALPHA L CWNL PLE
CCNPCN/BLKG/LIINGLAX L LON, LY PLE
ccnrcnlotxulnaonvc.vccnt.atouen RUPPER PIE
CCMFCN/ELK | /CCNENY PIE
CCMPCN/BLKIZNOEN, REFDEN PIE
. COMPCN/BLRT/BETA PLE
€ PRINYT INPUT oata PlE
WRITE {6,300 PLE
L0 FCRPAY «///.xnx.'su:ecu INE CALLEDT PIECE®,¢7/) PIE
WRITE (6,301) (COPENTC )y dnlpld) PLE
clll FCRIAT (10Xo13A8yAZ 77/ ) pIE
€ EINC MICDLE OF SYMACL/CCLLR RANGE PIE
SYMFAX=BANSYP PlE
. SYNEL=SYNNAK/2.00C ¢ C.t00 PLE
STRECK=5.000/4,00C PlIE
. IF INPHCTO LEQ, 1) STRECH=1.0CO PLE
WRITE (6,1) rLE
1 FCRMAY (IMD) PIE
NSPLSASPACE ¢ | PIE
SURFCE=NSUNE rE
SPACEANSPACE , PIE
DR=(R2 = RYPZISURKCE = 1.000) FIE
OLNCA® (NLMOA2 = XLMCAL)ZSPACE PIE
CYMETA=CLMDASSTRECH , PLE
NTHETA= (THETAZ = THETAL)ZOTHETA + 0,500000100 PLE

“
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TESRTHETA PlE 1S
NINLSATREVA o | PIE T4
THETAZETHETAL 4 THOLIFEIA ME N
§ DR = TISTANGE PETWEEN SUNTACES PIE T8
L DIMETA » LATITLCE DIFICREMGE DETWEEN NEIGHBORING POINYS plE M
L XLPCA  » LONGITLED CIAFERENCE HETWEEN NELGHBONING PRINTS ME 80
L
WRLTE [6,2) RIyR2,DR Mo
2 FCRMAT [2XoPRISToFRC Do IXo VKNI, BEN ORI (R TGD ) AX VRN ) 10K, DRRY, RIE 82
o FIC. 2o LKy kwY,47) PIE  BY
WRETE (&9 )0 THEYAL, THETA2,DIHEVA PIE 84
L FURMAT 12Ky 0 THETALA O FLCL Ay LX) VOEGREES 4 10X, VTHETAR= ¢ E10ado1ks  BPLE B8
+ YDECREESY o LOX¢ SDTIETAS 0,F 1044y LAy SDEGREES 4 22} PIE A4
WATTE {¢0%) XLNRAL, ILFDI2(DLMCA , PE AT
' % FCRFAL (2Xs OXLMEALR Vo F1Ca ke Ky 'LECREESD o 10X, VXLNEAZSS o 10sA 1Ny PIE B
o+ 'CECREESY 1K\ YDLMLASY (FLOLA L IX L FOFCREESY ) //) PLE B9
L NCRNALLZE DISTANCES T EARYH RADIUS rME 3¢
RL*RLZRADAVE PE 91
RPuR2/RADAVG fE 92 1
LR CRZRADAVE PLE 92
‘ € GCNVER) ANGLES FHCN DEGNEES TO RALIANS PIE 94 i
TRELALRTHETALOF PIE 98 :
THEYAQWTHETAZeR PIE 98 |
DIBEVASEIIE TAOF PIE 91 |
XLMCAL®KLMDAOF PIE 98
XLNCARWALMOA2OE PIE §9
) DUNCADLNDAOF PIE 10T
¢ WRLYE Léo0) PIE 101
G INITEALTLE LINE VALLEY PLE 102
L APAR IS FCR PRINT=0LT RICTURE PIE 100
€ YMAR IS FER DICCRES PHITO PIE 104
£C & Ral, 21 PIE 109
TRARIK)SBETALLL) PIE 04
¢ XPARTRIALIRAL Y PIE A0
ReR2 + CR PLE 108
A
P LE §SURK® ) NSURE PLE 1DY
RAR = DR ME Mg
TMETARTMETAL = CTHEIA ele L]
DC § 1TRET A1 NTH) PIE 112
YHETARTNETA ¢ GTHE(? PIE 113
XLFCASXLNDAL = CLPDY PIE YL
NC & Kel,NSHY PIE LLS 1
XUFCASXLMDA 4 DLNCA PLE 116 i
G CCMPUTE THE HELATIVE LENSITYs DENSITYe OR DENSITY VARIATICN AT POIRTPIE 117 |
CALL LEASTY (RoTHET 2y XUPDA/NDEN, RLFOEN,OEN) PIE 118 it
€ PUT TRE RAGHT SYMROL/NUPRER IN KMAR(K)/TMARLK) ME 118 i
XS=(CEN/SCALE) o £.80C PE 120 :
JAUPRSYIHL ¢ X§ fE 1N o
TE LINUM oLEs 1) JNLNwL PIE 1} i
1E LJNUR oGE, MAXSYR] JAUMaMAXSYP pME 12 ‘
29 XPARIK)=ALPRALJKUN) FIE 124 i
TMARIKY = BETALJINUN) FIE 128 ;
& CONVINUE PIE 128 :
G PRINE THE LINE PIE A1) i
WRITE (6,101 (XMAPIR)y Kniy)21) PE 130
1A FCRFAT (5Ky121A1) PIE 149
¢ WRITE (10,1001 (THAR K1y Kolyi21) PIE 130
C 100 FCR¥AT (12112) PIE 1Y
9 CENTINUE PIE 282
WRITE (441) PIE N3
10 CCNTINUE P1E 14
RETLRN PEE 198
EAD ]
. ; SUBRCUT INE PCLES (RKM(ANGMAN,NRALNPOLE) poL )
¢ *PCLESe peL 2
t THIS SUPROUTINE GCMFUTES THE RELATIVE DENSITY, DENSITY, CR FOL D
G CENSETY VARIATION CN A SURRAGE OF CHGSEN RADIUS USING THE PCLAR POL 4
& CRTNOGRAPNIC PROJECTICN, oL s
L
¢ 1T PISPLAYS THE NCATN PCLAR REGICN IR NPCLEsL AND THE SCLTH Y
L PCLAR REGION IF APCLEN2. FOL 1
[4 »
¢ NCTATION peL 8
¢
t RKM  » RADIAL DISANCE OF FAP SUREAGE IN KILONETEAS oL g
¢ ANGFAX » ANGULAR CISTANCE FROF PCLE TR MAP PERINEVER IN QEGREES  POL 10
¢ NRAL = RADIUS OF THE PAP IN HCRTEONTAL S$MPACES ACROSS THE PAGE  POL 1)
g tPHETD) ; oL 12
; NPOLE = | FCR NORT) FOLAR MABG =2 FOR SEUTH POLAR MAP oL 1)

i
i
13
i

46
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SUBRCUTINES CALLECS
1s ANGLE
2« CIRC
3. CENSTY
NCTES
1o ANCPAX LT 9C CEGREES.
2. MRAL LLE. 6C,
SAMPLE INPUT DATA  {COLUMN I OF INPUT STARYS IN CCLUMN 3 HERE)

BNME ({FORMATE A6)
LES

CCMENT(J) s Julylb)
RFACE CENSITY CISTRIALTIOM

RAD  ANGMAX RKM
34 5C.0 €371.C

(FORMAT?: 13A6,A2)

(FORMAT: 15¢3F10.5)

IFPLICIY REALOBIA=H,0~1)

IATECER®2 TrPAP{121) s BEYA(LY)
DIFEASICN ALPHA(23),LCWHI(20502)
DIMENSICN XpaP(121)

DIMENSICN COMENT(14)

CCEPCN/BLKAZXPAP
CCMYIN/BLKC/FoPLyPLZoPICIV2oSCALEINPHOTOIMAXSYM
COVYPON/BLKD/ALPHA WL L]
CEMMCR/BLKG/LPINGLMAX JLLOWyLUP
CCVVCNIELKNIRIDAVG.FCCRE.RLONER»RU?PGR
CCPPCA/PLKIT/COMENY

CCPFON/BLKGZNDEN yREFDEN
CCPMCN/BLKT/RETA

PRIAT INPLT DATA
WRITE (€416}
WRITE (&,4300)
FCRVAT (//7/7910X%, ' SUERCUTINE CALLED: POLES®y///)
WRITE (69330) (COMEAT(J)y Julodd)
FCRMAT (lOl-l]AétlZv’lI’
WRITE (€,301) RK

POL

PCL
PCL
PCL

PCL

CL
POL

POL

POL
PCL

POL
PCL

Fot
et

fOL
POL
roL
reL
POL
POL
POL
PoL
POL
POL
POL
POt
POL

POL
POL
PCL
POL
POL
POL

roL
FCRMAT (10Xy*RKP "vllvflo'3vl!o’Kﬂ'-lOi"(RlDIAL DISTANCE OF SURP:Ot

oACE)*y//)
WRITE (£4302) NRAC

POL
FCRFAT {10X¢*NRAD =%y 1Xyl4s 10Xy *(RADIUS OF MAP IN HORJICNTAL SPACEPOL

«$)104/¢4)
WKRITE (€4303) ANGPA)

roL

PoL
FCRVAT (10Xy TANGMAX =9y 1XyF 1050 IX¢ 'DEGREES® ¢ 10Xy (MAX]PUM CDL&tll:gt

UCE)*4//)

ReRKM/RADAVS
ANGP sANGMAX OF
SANG=CS INtANGM)

FINC MPICOLE DOF SYMBCL/CCLCR RANGE
SYMMAXEFAXSYM
SYMEL=SYMMAX/2.00C 4 C.$D0

CCMPUTE NUMBER OF HCRIZCNTAL LINES IN MAP
NRCSECaNRAD
RACSEC=NRAD
NRY*4ONRDSEC/S
IF {APHCTO .EQ. 1)} MRY=MROSEC
NY=2oNRY ¢ )
NRY1sNRY ¢ 1
“tapRY1
v .G LEFT AND RIGHY LIMITS QF MAP oY CALLING CIRC
CALL CIRC{NRDSEC)

OC 1€ NUPMAPE],]

INITIALIZE LINE VALLES
XMAP IS FCR PRINT=0OLY PICTURE
THFAP IS FCR DICOMED PHOTG
DC 4 K=1,121
TPAPIK) = BETA(LL)
KPAP(K)=ALPHA(2])

WRITE {6+16)

FCRPAT (1H1)
IF {APOLE .EC. 1} WFIVE (6,300

46

POL
POL
PoL

POL
POL
POL

POL
POL
POL
pOL
0L
POL
FOL
POL
POL
poL

POL

POL
PCL
POL
POL
rOL
POL

POL
pPOL

-
~ A

19
20
21

22
23

24
25

26
27



IF (NPOLE +€Qs 2) WRITE 16e1) POL

30 FCRPAY (1OX: *NORTE FOLE,//2/7/) L

cll FORPAT (10X, *SOUTH FOLE 7/777) oL

€ FINC THE RELAYIVE DENSITY, DENSIYY, OR DENSITY VARIATION CN EACH (1]

€ HORIICATAL LINE "L

C 2 LPelyNY POL

LishY =Lp o | reL

FLlsll roL

KEIA=LOWHI{LP, ) POL

Krnl-tnhultlr.!) POL

0C 3 KakMINyRN POL

¢ FINE ;r: XYl cacnclhA|5$ OF EACK POINT ON THE LiNE :gt

n-ru v 61400 roL

S'REC&-!.GOOIQoODC oL

1F (NPHCYO oEQ. ll LTRECHe] ,OLO rOL

Yo (FLL = RYL)OSTREC) reL

€ FINC THE SPNERICAL PULAR COORDINATES OF POINT roL

CALL ANGLEIX Yo XLFDS) pOL

IF (NPOLE ECQ. 2) XLMCASPI2 = XLNDA [

XSUYSCuCSORT (X002 ¢ Yeoy) paL

SINYME=RSQYSCOSANG/FACSIC POL

IF (SINTHE = 1.0DC) 2C242004201 POL

200 WALYE (49203) NRAC)MRCSECINYINRY INRY LW LP WL ZIK 44

2CY  FCRPAT (15X, 1119) POt

WRITE (64204) RADSECHRY LaFLZaFKo Ry Yo XSQYSQ0 SANG) SINTHE POL

204 FCAPAT 5Ky LIFLC.%) oL

GC 1C 10 oL

202 CCNYINUE PCL

CCSTHESCSQRY(1,00C = SINTHE®®2) roL

CALL ANCLE(COSTHE,SINVRE,THEYA) rOL

1F (NPOLE «€Cs 2) THEVARPL = THEIA

G CCMPUTE THE RELATIVE LENSITY, DENSITY, OR DENSITY VARIATICN AT PnlﬁVPCL

CALL CENSTY (RyTHETANLPOANDENREFDEN,DEN PlL

€ PLT THE RICHT SYMPOL/MUPAER IN xr;P&nnl!nAPlkl PoL

XS={CEN/SCALE) ¢ C.tDC POL

JNUPASYPBL & XS PCL

IF (INUKF JLEs L) JINLMe) POL

IF (INUP JGE. MAXSYP) JAUMSMAXSYP poL

29 XMARIK) sALEBALINUK) rolL

TMAPIK) = REVA{JINLRM) BOL

c’ CONYINUE PoL

€ PRINT VYHE LINE POL

WRITE (&o14) (XMAP{K)y Kw)o)21) foL

L4 FCRPAT I5X.121AY) rOL

¢ WRITE {10,100 (TMARIK), Kaly)21) PeL

g 100 FCRMAT {12112) POL

G RESEY IME LINE POL

DC 18 KeKMINKNAX [

XPAPIK) oALPHAL2)) POL

TPARIX) = BETALIL) POL

c\s CONT INUE POL

H CONTINUE rPOL
[

1C CCNTINUE PaL

RETURN eOL

END oL

c SURRCUY INE SECTNSINSEC,MRAD) GEC
[

g OSECINS® SEC

C THIS SUBROUTINE CCMFUYTES THE RELATIVE DENSITY, DENSITY, OR SEC

C LENSITY VARIATION CN A MUPAER OF PLANES WHICH SLICE THROUGH THE EARTH SEC

C PARALLEL YO THE ECUATCR. THE INTERSECTION OF THE EARTM WITH A PLANE  SEC

g IS CALLEC A SECYICN, SEC

¢ ONE SECTION ALWAYS CONYAINS THE EQUATOR. THE SECYICNS ARE EQUALLY SEC

C SPACET PETWEEN THE AORTE POLE AND THE SOUTH POLE. FOR EXAMPLE, IF SEC

G TRREE SECTICNS ARE CHCSEN, CNE CONTAINS THE EQUATORIAL PLANE AND THE SEC

C CTRER TwC SECTIONS ARE SPACED ONE~HALF GARTH RADIUS NCRYH AAC SOUTH  SEC

g CF THE ECLATOR CASSUMINC AO CRUST 1S STRIPPEC OFF), SEC
¢

¢ NCYATION SEC
t

¢ NSEC = NUPBER [F SECTIONS CHOSEN ) SEC

¢ NRAC  » RADIUS OF EQLAYORIAL SECTION IN HORIZONTAL SPACES ACRCSS SEC

g PAGE {PHCTC) SEC
o

[4 SUBRCUTINES CALLEC: SEC
C

¢ 1. ANGLE SEC

47

et e o S AP p——

N L L L o e gy
MBI W OCENPNS WO

-0 DO~ O AR & ~

- ot rd i o
- o LY SR




“

R

.

4 2+ CIRC SEC
% 3» CENSTY SEC
4
2 NCTES SEC
[ 1o ASEC 15 COC. SEC
[ 2+ ARAC oLE. 60y SEC
L
¢
g SAFRLE INPUT DATA  (CCLAMN | OF INPUT STARTS IN COLUMN 2 HERE} SEC
C SUBANME (FORMATS A SEC
E SECINS SEC
C (COPEAT(J}s Julo 1) (FORMATT 13AbyA21 SEC
é FIVE SECYIONS CHOSEN SEC
€ NSEC ARAC {FORVAT L 415} SEC
C 5 6C SEC
[
<
IPPLICIT REALOB{A-H,0-2) SEC
INTECER®D TMAPIL21), BEYALLYY) SEC
DIMEASICN ALPHAL23) LW (20542) SEC
CIMERSICN Xpap(i21) SEC
DIMENSICN COPENTIIG) SEC
COFFEN/BLKA/ZXPAP $xC
COPPIN/PLRC/FoRLoPLEoPILIV2SCALENPHOYO (MAXSYM $EC
COMPON/RLXD/ALPIA JLENE SEC
COFFON/DLRG/LPINLF2X o LLONy LU $EC
CC#FC&IELKNIRAUAVC.FCCRE.“LChERoRUPPER SEC
CCPPIN/BLKL/ZCOMENT SEC
CCPPCN/BLKI/NCEN ) REFDEN SEC
c COMPCN/ELKT/RETA SEC
G PRINT INPLT CATYA SEC
WRITE (&o10) SEC
WRITE {é&,300) SEC
3CO0 FCRPAT (/77410X,*SUERCUTINE CALLED: SECINS®,///) SEC
WRITE [&9311) (COPERTII Ny Jaly1k) SEC
311 FCRMAT [10Xe1VA&R24777) SEC
WRITE {£,301) NSEC SEC
3C1 FCRMAT (10Xo*NSEG =ty IX o4y 10K, ' INUMBER CF SECTICNS) ¢4/ /) SEC
WRIYE (64302) NRAC SEC
3C2  FURMAT (LOR,) 'NRAD =%y 1 ol6y JOX, *(RADIUS CF EQUATCR IN HCRIZONTAL SSEC
¢ «PACES)Y 4 //) SEC
€ FINT PICOLE OF SYPBCL/CCLCR RANGE S€C
SYPRAXEPAXSYY SEC
¢ SYMBLESYMMAR/2,00C ¢ €200 SEC
NFEF 1= {NSEC = 1)/72 ¢ SEC
FRACOARAD SEC
¢ HEMIwAHENT SEC
€ DC EACH SECTION SEC
DC 10 JJwloNSEC SEC
FJJesNHEFT = JJ SEC
1F (49 260, NHEML) €0 TC 21 SEC
SQUAREw {FiADOe2)0{1,000 = {FUJ002)/{HEMI®S2)) SEC
RADSEC=CSQRT{SCUARE) SEC
LRSFRADSLEJI/IHENL) SEC
NRDSECaNADSEC SEC
RADSECaNROSEC SEC
GC 1C 22 SEC
21 NRCSEC=ARAD SEC
TRETA=PLDIV2 SEC
RACSEC=FRAD SEC
[
22 CONYINUE SEC
€ CCMPUTE NUMBER OF HCRIZCNVAL LINES IN MAP SEC
NRY=4ONRDSEC/S SEC
1F (NPHCTO JEQ. 1) ARYWARDSEC SEC
NY=20NRY ¢ | SEC
NRYI=NRY ¢ | SEC
RY1=ARY] SEC
C  FING LEFT AND RIGHT LIMITS OF MAP BY CALLING CIRC SEC
p CALL CIRCINRDSEC) SEC
[ INTVIALIZE LINE VALUES SEC
€ XPAP 1S FCR PRINT=CUT PICWRE SEC
C  TMAP 1S FCR DICOMED PROTO SEC
0C & Kw1,121 SEC
TPARIK) = BETA{LL} SEC
4 AMAPLK) = ALPHAL2)) SEC
[
C  SPACE CCWN THE PAGE SEC
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WRITE {6016}
16 FORPAY (1H])
NSPACEs |28 = ARY
DC 17 KKelyNSPACE
WRITE [£918) ALPHALGY)
FORFAT [10Xe)AL)

L FJJORLPPER/BEN]
FINC THE ﬂELAYlVE DENSITY, DENSITYs ON DENSITY VARIATION (N EACH
PCRlltBYAL L

0C 2 Lp»
FINC THE I.Yul CCCﬂClbllE' OF EACH POINT ON THE LINE
LI®NY =LP ¢
FLisL?
STRECK®5.0010/4,00C o
1F [NPHCTO LEQy L) STRECHS1,0C0
YelFLL = RYLIO{STRECHORLPPER)/RACSEC
KFIASLCRBE{LPy )
K¥ANsLURNI(LPy 2}
CC 3 KsKMINyKNAX
FR=K )
XS {FK = 61,0CO9{RUFPER/RADSEC)
€ FINC THE SPHERICAL POLAR CCORQINATES OF POINY
ReDSCRY (Kee2 4 You2 o [ue2)
C IS YME POINY IN THE CLRE?
IF (R = RCORE) 20927427
28 JNUKE2Q
C $ 1§ LSED FCR CCHE
cC 1C 29

21 CCNTINUE
€ JS THE POINT HELOW RLCWERT
IF (R = RLOWER) 1C1,0C2,4102
1C1 CENwCl0CO
GC 1C 1¢)
1€2  CCNTINGE
XSCYSCuCSURT X002 ¢ Yoo i)
IF {2) 24,42%924
25  THEYA=pIDIV2
GC 1C 28
24 UsxSCYSC/2
THETARDATANIL)
IF (1) &%, 28426
44 THETASPL o THETA

2¢  CCONTINUE
CALL ANGLE(X Y XLFDE)

™~

o co o©

G CCMPUTE THE RELATIVE CENSITY, DENSITY, OR DENSITY VARIATICN AV PO]NV:E%

CALL LEASTY (RyTHET 2, NLPDANDEN,REFDEN,DEN)
1C3  CCNYVINVE
C  PUT THE RIGHI SYMBCL/RUNBER IN XMAR(K)/TMAPIK)
XS® (CEN/SCALE) ¢ C.t0C
JAUP=SYFBL ¢ X§
IF (JAUKF LLE. 1} JNLMs]
EF {JNUM JGEo MAXSYM) JAUMsMAXSYY
29 XNAP(K)mALPHA{JINUP}
THAPIK) = BETA{JINULM)
3 CCONTINUE
€ PRINY THE LINE
WRITE {6914) (XPAP{R), Kulyl2)
14 FCRFAT {SX,121A))
WRITE(1Ce 100V (TMARLKDy Rmlyl2])
100 FCRPAY {12112}

C
C  RESETY THE LINE
DC 15 KakKMIN(KMAX
XPAP(K}nALPHA{2)3)
TPAPIK]) = RETALLL)
clﬁ CONTIAVE
2 CCNTINUE
XLAT=PHIO(180.0C0/P1)
€ PRINT LATITUDE CF EACK SECTION
WRITE {64300 XLAY
3C  FCREAT {//7/7+90Ko*LATITUCE=*yF9.4,41X,*DEGREES®)
Ic  CONTINUE
RETURN

END
SUBRCUTINE SLICE (PH1Ly ALMDALyPHIZ2)KLMDA2, TOLERDINRAD)

eSLICEe

c

4

¢

C THIS SUBROUTINE CCMFUTES THE RELATIVE DENSIVY/OENSITY/DENSITY
C VARIATICN ON A PLANE WHICH PASSES THROUGH THE CENTER OF THE EARTH.
C

c

¢

<

c

THE INTERSECTICA CF THE PLANE WETH THE EARTH IS CALLED & SLICE.

THE SLICE IS CRIENTED SC AS TO CCNYAKN THE TWO PCINTS
(PHILoXLPCALY ANG (PHIZ XLMEAZ) . THE LINE WHICH FORMS THE
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C INTERSECTION DF YHE SLICE WITH YHE ECUATOR RLNS HORIZONYALLY ACROSS  SLI ]
£ THE PAGE (PHOYO). WE MRE LOCKING OCN ON THE SLICE FAOP THE NORTHEAN SLI 9
g FEMESPHERE, st 10
[
g ACTATION 1% B Y
c PEIL = LATITUCE OF FIRST POINT IN DEGREES sL a2
¢ XLPCAL & LONGITUBE CF FIRSY POINY IN QECREES L1} 1
¢ PHI2 = LAYITUCE OF SECOND PCINT IN DEGREES SL 14 ¥
¢ XLPCAZ = LONGITUDE CF SECOND POINT IN DEGREES st 18 i
¢ TCLERC = YOLERANCE LIFIY EN DEGREES, BELCW WHICH A SMALL st 16
¢ DIFFERENCE IA LATITUCE CA LONGITUDE OF THE TWO POINTS  SLI 17
¢ IS SEV ECUAL YC ZERO TO AVOLID SINGULARITIES Ll le
¢ NBAC  « RADIUS OF SLICE IN HORFIONTAL SPACES ACAOSS THE PAGE sLE 1§ L
c (PHCYO) sLt 20
g
g SUBRCUTINES CALLECH 502 i
4 1o ANGLE sL1 22
¢ 2+ CIRC sl 28 ~
t 3. CENSTY SLT 24 i
c 4, VEG sty 28 i
¢ .
¢
c NCTES L1 26 i
¢ i
t 1. NLMCA2 oCT. XLMCAL. sL27 ;
c 2o MIAC oLE. 60, sty 2e i
E 3. SUBROUTINE CUTPLYS CARDS FOR CALCOMP PROGRAM. st1 29 it
%
[
g SAMPLE INPUT DATA  {COLUMN 1| OF INPUT SYARTS IN CCLUMN 3 HERE) SLI 30
C SUBNME (FORMAT: Ab) st1 31
g SLICE st 32
C  ICOPENT(J)y J=1y14) (FORMATE 13A64A2) sty 3 :
g SLICE RLAS COWN THE HAWALIAN CHAIN FROM MIDWAY YO BIG 1SLANC St1 34 |
C PHIL XLMDAL PHI2 XLMEA2 TOLERD NRAL sLt 35 :
Cc (FCRMATS 5F10.5415) St1 36 v
g 28411 183433 150 84 206,59  G.00C1 6C st 37 £
g
IFPLICIT REAL®B{A=H,C2) st e
INTEGER®2 TPAP(12])), EEVA(L]) 5Ll 39
DIMENSICN ALPHA(22) ,LCWHIA2C5,2) SL1 40
DIMENSICN XPAP(121} SLT 4l
OIFENSICN COPENT(14) SLE &2
CCPPCN/BLKA/XMAP LI 43
CCPPON/BLKC/FoP 1y PLEgPICLIV2ySCALE NPHOTO (MAXSYN SLI 44
CCPPCN/BLKD/ALPHA (LLWK] SLI 45
CCPPCN/ELKG/LMINgLMAXLLOW,LUP SLT 46
CCHFCN/BLKH/RADAVC, FCCREJRLCKER RUPPER SLT 47
CCHPCN/BLKI/COMENT SLI 4t
COMPCN/BLKJI/NOEN s REFDEN SLI 49
COPFON/BLKT/RETA stt s
4
C  PRIANT INPLY DATA st sl
WAITE (6,169 sL1 2
WRITE {¢,300) st %)
3C0 FCRVWAT (///y10X+¥SUFRCUTINE CALLED: SLICEY4///) Sl %54
WRITE (6,311) (COMERTLI), Jmlold) sLE 4%
311 FCRPAT (10Xe13AE¢A2477/) SLI 56
WRITE (€447) PHI1,XLMCA} st1 57
47  FCRMAT (3X,YFIRST GHEAT CIRCLE PCINT :¢,5Ky*LAVITUDE=*,1X,F10.5, SLI 58 »
o 1XyCECREES®y 10Xy *LONG ITUDE=" ¢y 1XoF1045¢ 1Ky *DEGREES? 4 //) sLl 59
WATTE (€,46) PHIZ2 XLMLAZ st 60
46  FCRPAT (3%, *SECCNC CREA) CIRCLE POINTS®o5Xe*LATITUDE=* s IXsF10:50 SLI 61
« 1XyPCECREES® ¢ 10Xy *LONG ITUDE=* ¢ 1XyFL045¢ 1Ke *DEGREES? 9/ /) sLE 62
€ CCNVERT ANGLES FRCM DEGREES TO RACIANS sL1 63
PHEI1#PHILOF SLT 64
PHI2=PHI2OF SLE 65 £ g
XLMCAL=NLUDALOF SLI 66 :
XLWCAZS X BDADF sut 61 :
TCLER=TCLERDOF sLl 68
€ FINC XXI, OMEGA, COSX1y SINX1, COSCMGs SINCMG L1 69
TCLPHI=CSQRT(PHIL®07 o FH{2002) st 70
€ 1S THE GREAT CIRCLE THE ECUATOR? sLr 7
1F (TCLPHI = TCLER) 79,€0,80 sLL 12
19 xxisC.0t0 st 1
CCSX[v1.000 SLL T4
SINX120.0D0 st 18
GPECA=0.0D0 sLt 76
CCSCHG=1.000 sty 17




8¢
<

82

LK)

onon

el

ica
c

O Oonoonn

2C8
2C4
2¢5

SINCFGHC, 000 sLt 1
GC IC 81 sLE 79
TCLLAK®CABS(XLMCAZ » NLPCAL) sLE 8e
15 IHE GREAT CINCLE A MLRIDIAN? 5L 8)
[F (ICLLAM = JCLER) B24ED40) sti 82
XxpePiplv2 sti 83
£CSH 204000 HYE 1
SINKI¥1.0D0 SLE 8%
DYECASXLMUA) S5LI 86
CESCMERLCOS{CPECA) sLi 87
SINCNGRESINICMEGA) sLi  ae
6C 1C K1 sLE 89
CONTINUE ) 5Ll 90
TANCYGu{{OSTAIXLIEAL) 1o (DTANIAHIZY) « (OSINIXLFDAZ) IO (DIANIPHIL) ISLE  9i
o/ CLCCCSEXUPLALY YO LDTANIPHE2)) = (OCOSIXLMDA2) IS {OTANIPHILY)) sty %2
OFECASCATAN( TANCPC) sLi 9
TONAXER{DTANIPHIZ 1) ZLES INUXLFCAZ » ONEGA)) SLE 94
IF (TANXKL) 6245252 SLI 95
OMECAOMECA ¢ P Ll 96
TANYX}aTANKXI sLE 97
CCNTIAVE sLt 98
XXTeCATANG TANKX]) sLE 99
IF (CFECA) 554544 %4 st 100
OFECASONEGA ¢ P12 sL1 10}
CCNTINUE SLY 102
XXICsRX{/¢ sLi 103
OFECACSCMEGA/F St 104
PRINT XX{ AKQ CYEGA Ip CECREES SLI 108
XX| » ANGLE DF GREAT CIRCLE WITK ECUAYOR 5L 106
UMECA = LCNGITLLCE CF ZSCEADING NCLE OF GREAT CIRCLE¢ MEASLRED sL1 107
EASTWARE FRON CREENWICH SLE 108
WRITE 164301) xxit Ui 109
FCAMAT (10Xo*RXL #0 oA XoF1045¢ IXe VDEGREESy LOX¢ (INCLINATION TO eausmn 110
JAICR) 4 /7) 1
WAITE [€,3031 CMECAL SLI 112
FCRMAT {10Xy YOMECA 2%, 12 F10,501X¢*DEGREES* 4 JOX, " (NCDE PEASURED EASLI 113
«ST FHCM GREENWICH)® 4/ /) 114
PRINT ARAC $L| 115
WRITE (£,302) NRAC 116
362 FCRMAT (10X, 'NRAD =%y 1X o4y FOXy ? (RADIUS CF SLICE IK HCRIZONTAL stsLl 117
2CES)477) 1e
CESX IvDCOSIXXT) AL
SINXI=DSINIXXT) stI 120
CCSCHCCCNS{CMEGA) st 121
SINCHCuCSINICWEGA) sLp 122
CONYINUE SLE 123
CCMPLIE CALCCNP PLOITER OATA FCR PLODTTING TOPQGRAPHY OF SLICE SLT 124
ANC GREAT CIRCLE CN VAN DER GRINTEN MAP sLi 128
RACHAP = RACIUS CF VAM CER GRINTEN MAP IN INCHES sLE 126
KACMAP=10. 187500 sL 127
CCNVER » INCK TC KM RATID USEC IN TOPCGRAPHY PLOT sLl 128
CCNVER<04100 SLL 129
RADSECEARAD SLI 130
RCIACH=RADSEC* (0, 1DC) sLE 131
RINCH=RCINCE & 1.CDC st 132
NCEC=1 st 133
WRITE {€4208) SLE 134
FCRWAT (//74777110%, *'CALCOMP PLOT DATA'4//) sLT 135
WRITE {€4204) RADFAF st L3¢
FCRVAT (12X¢9RADILS OF VAN DER GRINTEN MAP =9,F7.3,1X,* INCHES®)  SLT 137
WRITE (€,205) CCNVEF sLi 138
FCRVAT «//.lzx.-xucres FER KM OF TOPC HEIGHY wt,F1C.5) SLE 139
WRITE (6416) SLI 140
WRITE (¢&,206) SLE 14l

2cy

67

84

FORMAT (2Xg*KOgTNoPESTS o TXs *LATITUDE® 14X+ * LONGITUDE®y2X ¢ *TCPO HEIGSLI 142
sut

oHT® g 3Ky EXGRIDY ¢ 7TX o YGRIC® ¢ 10N 9 *XHO 10Xy * YH? )

WRITE {¢&y207) LE 144
FCRFAT (8K, * (DECREES) ¢y 31Xy * (DEGREES) ¥y 3Ny 5 (DEGREES) *o5X o (KM}, SLY 145
o BXeVLINCHES)® 94X s {INCHES) Oy 5Ky 4 INCHES)® 94 Xo *{ INCHES) *o/) SLL 146
DC 2C) x=l,360 SLT 1&?
PSICeK = 1 Sti  le8
PST=PSICOF SLL 149
CCSPSI=CCOsSIPST) sLi 150
SINPSIsCSINIPST) stl 151
X=CCSPSI0COSOMG = CCSXIVSINUMGOSINPS] st is2
YeCCSPSTOSINCPG # CESXIVNCOSOMGESINPSY sLl 153
L=SIAXIOSINPS] SLI 154
XSQYSC=CSQRT (X082 o Y203) SLYL 155
IF (XSQYSQ) 66s8746¢ SL1 196
PHICePICIV2/F st 187
THETA=0,000 sLI 158
IF (1) 84.08%5,85 SLt 159
PHIC2=pPIDIV2/E SLI 160
THETARP | SLT  Lel
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68

202

2¢)
2}

oaonoe

[2%2]

an Oo0ooa N o

[2X 223
-
B ~d

28
c

21
c

13441

CCNLINUE
£ o8

ot 1 6
us2/¥sayse

PHIBCATAN()
1+L1ARPIDIVE = PHI
PHICSPHIZE

CONTIAUE

CALL ANGLE (XyYyXLEIA)
XLPCACS XLWDA/F

IF (NLKCAD) 73,74,0¢
XLMCACXLMTAL ¢ 3€0,0C0
CENTINUE

CALL TOPOGR (THETA DLPER H)
FeskeCOAVER

CALL VDG (PHICVXLPDIDWRIDMAP\NDEGY XG4 YC)

X {RINCH ¢ FHIOCCSEST
YEs (RINCH ¢ PMIOSINES]

FCRMAT (1Xelhgb(2XeF1Ce2)yINFL0 Y02 X4FICY)
WRETE 169202) KePSULLoPHIDSXLPOAD ¢Ho NGy YOy XHy YH

MRITE (202000 KyXCoYCoNbyYH
FCRPAY (1504F10.D)
CONTINUE

FINC PICCLE OF SYMBCL/CCLCR RANGE
SYPPAXNPAXSYY
SYMPLESYMMAX/2,C0C ¢ CoDO

CCMPUTE NUMRER CF MCRIZCNIAL LINES IN MAP

NRDSECSNRAD

RACSEC=NRAD

NRY24ONHDSEC/S

1E (INPHCYO <EQs 1) MRY®ARDSEC
NY=20NRY ¢ |

NRYL1=ARY ¢ |

RY1=ARY)

FINC LEFT AND RIGHT LIMITS OF MAP BY CALLING CIRC

CALL CIRCUNRDSEC)
DC 1C NUMPAPa),)

INIVISLIZE LINE VALLES
XMAR 1S FCR PRINT=CUT PICIURE
TVAP IS FCR DICCMED PHOTO

CC 4 K=1,121

TPAPIK) » BETALLL)

VAP (K)SALPRAL2])

SPACE CCWN THE PAGE
WRITE 16416)
FCRMAY (1N1)
NSPACE=128 = NRY
0C 17 KK=)yNSPACE
WRITE (6o18) ALPHALZD)
FCRFAT (10X, 1AL)

FINC THE RELATIVE DENSITY, DENSLTY, CR DENSITY VARIATION CN EACH

HCRIZCATAL LINE
0C 2 LPal,NY
LIshY =LP ¢}
FLIsLZ
KM IA=LOWHIELPy L)
KMAXSLOWHI{LPy2)

0C 3 K=KMINoKMAX

FINC THE XoYsl COCREIMATES OF EACH POINT ON THE LINE

Frmk

KP={FK = 61,0000 (RUPPER/RADSEC)
STRECH=5.000/4,00C

IF (APHCTO +EQ. 1) STRECH=1.0CO

YP={FLL = RY1)®(STRECHORUPPER)/RADSEC

X={CCSOPG)IOXP = (COSK10SINDMG)OYP
Y={SIAQOPGIOXF o (COSKIOCOSOMG)OYP
Ia{SINXLoYP

FINC THE SPHERICAL POLAR (CORDINAVES OF POINY

REDSCHT (XPO82 ¢ YPOR2)
1S THE POINT N THE CCRE?
IF (R = RCORE} 28427027
INUp=22
$ 1S USED FCR CORE
6e 1C 29
CONTINUE
IS THE POINT BELOW RLCWERT
IF (R = RLOWER) 1C1,3C2,102
DEN=C.OCO
GC 1C 1C3
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162 CCNlINUE
XSQYSCPLSORTINO02 ¢ Yooj}
IE L2) 2642%424

25 THEYAWRIDIV2 24}
oC 1C 2¢ 244
24 usxsCYSC/2 243
THETASCATAN(L) 246

IF (L) 44,2¢026
A4 THEVASR) ¢ THETA
26 CONTINUE
CALL ANGLE(K Y XLPDY)
€ CCPPUTE THE RELATIVE CENSITY, DENSITY, OR DENSITY VARIATICN AT POINT
103 Clll CENSTY (RoTHET 2o NLPDAINDENREFDENDEN)

CONTINVE
€ PUT THE RIGHT SYFROLZNUPBER IN XMAP(K)JTRAP(K)
T | XS= (CEN/SCALE} ¢ C4%DC
JAUPRSYPBL ¢ X$
IF LINUP LLE. 1) INLPsL
IF (JNUPF oGE. MAKSYP) JAUMsMAXSYP
29  KPARIK)SALPEALINUPY)

- — . o W Wy T D Hh S5 ey TS . S . B W T
R d
A
L~ 2

Bt A LA LA LA N AR TA LA WR WG A A LA AN LN IS KA 4R WA LR U8
P e e T

TPAPIK) = BETA{JNLM) 240
Y c:l CCNYINVE 261
€ PRINT THE LINE 1 282
WRITE (6414) (XPAP(N), Kelyl120) | 26)
14 FCREAT (5X4121A1) 1 204
¢ WRITE (10,0004 TMAP K}, Kily121) Skl 265
C 100 FCAPAT {12112} SLI 268
¢
€ RESET THE LINE SLI 287
DC 15 KskKMINKMAX SL 268
KPAP(K)sALPNA(2)) SLE 269
TPAP(K) » BETA(1D) sLI 210
15 CCNVINUE s\ 2171
cz CCNTINUE SLE 212
1¢  CCNYINUE sLt 213
RETLRN SLE 214
END sLl 218
¢ SUBRCUTINE VANDER (FKPyEMAP o WMAP JNRAD ) VAN 1
g SVANCER® VAN 2
c ThIS SURROUTINE cczsnv& THE RELATIVE DENSTTY. DENSITY, CR VAN 3
€ CENSITY VARIATION ON A SURFACE OF CHCSEN RADIUS USING THE VIN DER VAN 4
g GRINYEN PROJECTICN. VAN 5
¢ IT CIVICES THE PAP INTO YWD WENMISPHERES 10 MAKE VHE MAP B1G VAN 6
g ENOUGH TC OVERLAY CM PALL LCWMAN'S TECTONIC A'TIVITY MAP. VAN 7
¢
g NCTATION VAN 8
c nKM s RADIAL OISTANGE OF MAP SURFACE IN KILOMETERS VAN 9
¢ HYAP = TOTAL HEIGHT OFf DVERLAY MAP IN CENTIMETERS VAN 10
4 WPAP  w TOTAL WICTH CF OVERLAY MAP [N CENTIMETENS VAN 11
¢ NRAL = RACIUS CF PAP IN HCRIZCNTAL SPACES ACROSS THE FAGE VAN 12
¢ (prcIC) VAN 1)
¢
g SUBRCUT INES CALLEC VAN 14
4 1. CIRC VAN 15
¢ 2. CuBlC VAN 16
c 3. CENSTY VAN 17
g 4. CUACRC VAN 18
c
g NCTES VAN 19
) &
¢ 1. ARAC .LE. 102. VAN 20
c 2. WPAP .LE. 52 CM, VAN 21
¢
¢
¢ SAVMELE INPUT CATA  (COLUNN 1 OF INPUT STARES IN CCLUMN 3 HERE) VAN 22
c
¢ C SUBNME ) (FORMATS A6) VAN 23
G VINCER - VAN 26
¢
C ICOMENTIJ)y Jdnlsld) {FORMATT 13A6yA2) VAN 25
€ SURFACE FAP VAN 26
!
C NRAD  RKM HMAP WMAR (FORMATS 15,3F10.5) VAN 27
g 102 £371.0 8.2 52.0 VAN 28
¢
IMPLICIT REALYA{A=H D=L} VAN 29
INTECER®2 TPAP({121), BEVA(IT) VAN )G
63
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CIFEASICN ALPHAT2Y) LCWE1120%92) yaN o 3l
CIFIASICN XFAR{121) VAR 32
CIFEASICN COPENTIIA) van 1)
COPPCNZELAA/XPAR VAN 34
ccrrcuze&uczf.'loPl3;Pltlv2.scnte.ukurn.nnstﬂ VAN IS
COPMONZBLKEALPIHALLC vah 36
A AT VA 32
CCVPINIGLKMIRACAVCoﬁCCB!nRLCﬁER:RU?PGE VAN 38
COMFONZELKI/CCPENY VAN 3s
COMPIN/ELKJ/NCEN s RESDIN VAR 4C
o CerrOMRKIBEL VAN Al
€ PRIAT JAPLT CATA VAN 42
WRITE L6916) VAN 4)
! WRITE €,300) VAN 44
360 FCAVAT 177/410Ky1SULRCUTINE CALLEDS VANDER?1///) VAN 43
WHITE (€311} lCD'Eb!lJ). deleldl VAN A6
314 FCRPAT {(1OXy lllh‘lv/U V‘ﬁ 47
WALTE [€,901) ]
1 FCARAY {10k RKP £8 41Xy FLG 30 1Xo 1KNY, 10K (RADIAL DISTAMCE OF suqFVAu 49
+ACE) N /77) V 59
WRITE (€4302) N VAN 51
302 FCRPAT llOl.'ulau ety X0 140 10Xy $ (RADIUS OF WAP IN HORIZENTAL SPACEVAN 32
R VAN %)
RARKF/RADAVE VAN 54
€ FINC PICCLE OF SYMRCLICELCR RANGE VAN 88
SYPYAXSPA VAN 56
3 SYPELASYIRAX/2,60C ¢ €00 VAN 87
€ COMPUTE NLNRER CF HCALLCNIAL LINES IN NAP VAN 88
NRCSECOAR VAN 59
RADSECaARAD VAN 40
NRY*4ONRDZEC/S VAN 61
P INPNCTO (EC, 1) ARYEMRDSEC VAN 62
NYR20ARY ¢ VAN 63
NRYIaRRY ¢ 1 VAN 64
RYLeARY) . VAN 65
€ FINC LEFT AND RIGHT LIMITE OF MAP BY CALLING CIRC VAN 66
.o CIRCINRESEC) VAN 67
L Y VAN b8
¢ OC WESTERA HEWISPHERE, THEN EASTERN HEMISPNERE VAN 6%
DC 1C NHEMISS )2 VAN TC
C  INITIALIZE LINE VALUES VAN 7
C  XMAP IS FCR PRINT=CLT PICIURE VAN T2
¢ TFAP 1S FCR DICOMED PHOTO VAN 1
oC 4 Kalyl2d VAN 74
TPAPIK) = RETALLL) VAN 15
& KPARKIALPRAL2) VAN T6
WRITE 1&416) VAN 17
16 FCAMAT (LH1) VAN 78
NVRIRYL = 1.CCOIORMEPINPAP VAN 19
LEPINSNRY = AV VAN 80
UPKANSNY = LPPIN ¢ VAN 81
€ FING TRE RELATIVECENSLTY, DENSITY, OR DENSITY VARIATION CN EACH VAN 82
C  HCRIZCATAL CINE VAN A3
CC 2 LPALPNIN,LPMAK VAN 86
1F (NMEMIS oEC. 2) €O TC 51 VAN 85
TERP=0.CD0 VAN 86
Kb Innl VAN 87
KMAKSLOWHI(LPy2) = €0 VAN 88
ge Ic 52 VAN 89
51 TERPSRACSEC VAN 90
KEINSLOMHI(LP,1) = (O ¢ NROSEC VAN ol
KMAX=ARESEC VAN 92
52 CCNTINUE VAN 93
: LIshY =LP ¢ | VAN 94
, ; FLIsLL VAN 95
c
) DC 3 KeKMINsKNAX VAN 98
€ FINC THE NyYel COCRCIMTES OF EACH POINT ON THE LINE VAN 97
FReX VAN 98
XsFK = 1,000 = TEAM VAN 99
STRECH®S.0D0/4.0DC VAN 100
1F (NPHCTO .EG. 1) STRECH®1.0CO VAN 101
Yo(FLZ = RY1)SSTRECH VAN 102
€ FING THE SPHERICAL POLAR COORDINATES OF POINT VAN 103
CALL CUBIC(X+YoNACSEC,THETA) VAN 108
CAUL CUADACIXeY,RADSECS ILMDA 105
€ CCMPUTE THE RELATIVE CENSITY. DENSITY, OR CENSITY VARIATICN AT POINIVAN 106
CALL CENSTY (Mo THET#oNLIDAJNDEN,REFDEN,DEN) 107
PUT THE RIGHT SYPBOL/MUPBER IN XMAP(K)/THAP(K) van 108
XS= (CEN/SCALE} ¢ Co0C VAN 109
INUMSSYPRL ¢ XS§ VAN 110
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c

14
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[ 1

c
C

IF {UNUP oLEs 1) JNLM

1F (JNUP oCEo FAKSYP) Jaun-rnlsvr
XPAP(K)oALPPALINUPY

TPAP(R) = BLYA{JINLE)

CONTINUE

PRINT THF LIN

WRITE (i34 l (Xﬁlﬂtﬁlu Falgl2l)
FCRPAT (5Ks121A0)
WRITE (100 1CCHITMARIRD, K=lyl2))

100 FChPAT (lle?
RESET YHE LINE

VC 15 KeKMIN)KPAK
XMAPIK)mALPHAY2Y)
THAP(K) = RETA(LL)
CCNTINVE
CCNT INVE

CONTINY4
RETLRN

END
SUBRCUVY INE DENSTY (Fo THETA,XLFOANOEN REFDEN,DEN}

TH1IS SUBROUTINE CCMFUIES THE RELATIVE DENSITY, DENSITY, CR

CENSTTY VARIATION AT & fOINY INSICE THE EARTKH,

ANCIATION

R = RACJAL DISVANCE OF POINT FROM THE CENTER CF THE EARTH,
NORPALIZED YC THE EARTH'S RADIUS

YHEYA 5 COLATITUCE GOF FOINT IN RADIANS

XLMCA = ANGLE CF PCINT WITH THE X=AXIS»y LYING IN THE Xe=V PLANE,
MEASURED I RACIANS

DEN = RELATIVE DENSIVY, OENSITY, CR DENSITY VARIAVION AV THE
POINT
NCEN = 0 FCR RELATIVE DENSITY, =1 FOR ACTUAL OENSITY,

=2 FCR DENSLTY VARVATICN

SUBRCUT INES CALLECS

le LGENDR
2. CLVEWN (IF NOEN=1 OR NDEN=2)

IPPLICIT REALOB{A=H,0~L)

CIMENSICN CLP(3642792)9COELI6)

OTIMENSICN PBAR{TOD)

CCPFCN/BLKB/CLY (CCE
CCMFCN/BLKC/FoPToPLayPICIV2ySCALEJNPHOTO JMAXSYNM
CCPPCN/BLRG/LPIN,LRAX LLOWyLUP
CCHMPON/PLKH/RADAVG FCCREJRLOWER .RUPPER
CCMVCN/BLKF/PBAR

CHANGE VARIABLES FRCM THETA TC PHI

PHI=PIDIV2 ~ THETA

CCMPUTE LEGENDRE POLYACHIALS

GALL LGENDR(PHI LPAY)

CCMPUTE RELATIVE DENSITY

S5UM=C.0CO

DC 5 L=LVINsLVAX
RLufseL

MAXzl ¢ 1

0C 5 MA=lyMAX
Xpepl - |
ARG=XNOXLMDA
SSSCSIN(ARG)
CC=CCCSLARG)
INDsPY ¢ Le(lel)/2
SUMuSUM ¢ (CLMIL)PLo1)0CC ¢ CLMUL,MLo2)9SS)®(PBARIIND) ) ORL
CCNTINVE

DEN=SUM

SEE IF ACTUAL CENSITY IS BANTED

IF (NCEN .EQ. 1) CO TC 7

SEE IF CENSITY VAREATION 1S WANTED

IF (NCEN o€EQs 2) GO TC S
GC 7C 8

CCNTINUE

CALL CLIEWN (RyDENDITY
DENSCENCZE®{1.000 ¢ DEN) = REFDEN
GE YC o

CCNTINUE

CALL CZIEWN (R,DEND2I}
DENsCENCZI®DEN

CCNY INUE

RETURN
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e SRS

£AR DEN
¢ SURNCUT INE ANGLELX Vo M PDAY ANG
¢
€ THIS SUBROUYINE CEMPUTES THE ANGLE WITH THE X=AKIS FROM YHE {Xy¥) ANG
g CCONDINATES OF A PCINT. ANG
¢
g NCTATION ANG
¢ X = X=CCORCIMANE OF POINT ANG
¢ Y ® Y=CCONUINAYE CF POINY ANG
g KLMCA = ANGLE WITH X=AX{S ANG
¢
g SUBRCUT INES CALLECH ANG
I NCNE ANG
¢
¢ ,
% NETES MNG
¢ Ve XLBDA 15 MEASUREL IN RADIANS. ANG
E 2. 3F K«Q AND ¥s0y INEN KLNOA®O. ANG
¢
IPPLICHT REALOB{A=H 0=2) ANG
PLsY,1415926%)58979(0 ANG
PIRIV2=PI/2.000 ANG
1F tX) 2102242} ANG
21 Usyyx ANG
XLFCASCATAN(L) ANG
LF 1Y) 2642%)24 ANG
24 XLNCAXLMDA » | ANG
ac ¢ 3¢ ANG
25 XULMCAP) ANG
GC 1C 3¢ ANG
22 CONTIAUE ANG
TE tY) 27028029 ANG
21 XLMCAe=pIlIV2 ANG
6¢ 1C 3¢ ANG
28 XLPCASD.0N0 ANG
Gt 1C 30 ANG
29 XLNGCAsPIDIV2 ANG
GE 1C 30 ANG
2% CONTINUE ANG
1E (YD) M32eN ANG
3 URYx ANG
lchA-BATANQUI ANG
[ ANG
33 llﬂcn-o.&ﬁu ANG
3C  CONVINUE ANG
RETURN ANG
END ANG
¢ SUBRCUT INE LOENTRIDEE oNPAK) \GE
t
c THIS SUBROUTINE CCMFUYES YHE NORFALLZED ASSOCIATED LEGENONE LCE
g POLYNCHIALS. LGE
¢
: E NCTATION LG
v t PRI = GEOCENTRIC LAVIVUDE N RADIANS LGE
¢ NMAX  « MAXIBUB CECREE AND ONOER OF THE POLYNOMTALS LG
¢ PRAR = ARRAY IN WHECH THE POLYADMIALS ART STCRED L6E
¢
c
é SURRCUTINES CALLELR LGE
¢ ALNE Loe
¢
¢
§ NCTES \GE
¢ 1o COMPUTES POLYNOPIALE USING KAULATS AOPT NORMALIZAYICN. \GE
t 2. APAX IS LESS THAN OR €OUAL YC LAO, Lok
¢ 2, CAMENSION CF PRAR LS 1 o NPAXSINMAKON)/2. \GE
c 4, POLYNOMEAL CF utcart N AND CRDER M 15 STORED IN PHARLINOEX), LGE
c WHERE INDEX = L ¢ M ¢ NOINV1)/72. L0E
t %, SUAROUYINE HAS thGhﬁths unsn PHE 1S NEAR YHE PGLES. LGE
c
¢
IPPLICLT REALOA A=ty Cn1) LGE
LEGLCAL NOTISY LGE
DINENSIEN ranntvo:»,scacOtlxelv Lo
COMFON/BLKEZRRAR LGk
CATA NOVIST/ZFALSEL? LGE

T e

it
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ihnkPIN.lls1~roh¢le\)li \oE 2

IF MG ¢ e 2
Nt\lﬁla.!uut. [X:] 1
NSTCRs2ONNAKY) Loe 28
LE(NSTEROY381) SIEP & LCE 26
CC 4 [myyNSICY \oE 20
A SCRCCTTL)DSCRYLDALEATLLYY LeE 2
§ SINPRI=CSINtING) LOE 9
i COSPEIRECOS LNl Lwe
PRARLINGRI LG, 0) 1x10C [X:T 3 ]
POARCINCRI UL Q) ) SUFCOT LY oS TINIMY WGeE 32
vnAntlchvtl'l))»susutvtstoccsvnt LoE 3
00 2¢ N2 NFML LGE 4
PﬁkﬂllNB!Pleeliltﬂﬁctl|?'N0!i1LiLnAT(Nl0 LGE 3%
) . RCOVE2ON= 1Y @S INPHITPRAR CINDNPIN1,0)) LGE M
! (] ' -ubl(A!lN*t)'vnARtINDXFQN-?.O!IISQIC NVI2ON=31)  LBE  3?
: TLWSCRGETE R oNs L 10COPE Lok de
' FARSERUTCYL Q) OTLOPPARL INEXPIN=1,C)) e »
LE (3=N) Hety9 L6E A0
0 V2e 120 5CRODTINS LV OSLREOVIN=21ORRARTINDXP (N=2¢ L)) /5CR aon~3) LOE A
Y PEARLINCRP AR L))o SQNOCY (2eNALIOT 27 SURCOTIN) o STREATINGLY) LGE A2
v DE 30 MeRyN Lot A3
l!-\lOPaAR(lhulPlh-l-r-l)l \GE A4
IE (FeNe2) Fhaddy )2 o LCE 48
1 ta-|zoscnunlcn~ﬂ)-scatn\|N-r-1&ovuaulannle‘z,nlll;eacc1«z-N~1t LOE  Ab
12 PRARCINCRPUNI®) Do SUROLY L20Ne 1)1 7 L SQRUDTININ) ¢ SQRTEYV INAM= L)) LOE A1
20 CENTINUC LGE  An
RETLEN L\GE A9
Lot %0
¢ Sh““ﬁhllNﬁ C2IEMNIR (DENERL) (117 1

¢
W TS SUBKUUTING CENVUIEY INE SPHERTCALLY SYPRETRIC PARY OF THE o 2
G CUNSTTY CUSTRINUEITNG 31 LSES lur AVERAGE SYRUGTURE PARAMETREZED Y] ]
€ EARTH NCCEL OF Aol QEVEWCNERT €1 ALey “PARANBIRICALLY SINFLE EARTH  BFf 3
G OMORELS CONSTSTENY WITH CTLPIYSICAL GATA®, PHYSIES CH YHE BARIN AND nl 3
G PLANETARY INTERICAS, vOLUME 10, PR l?-‘ao 19T5. LSER BSPECIALLY bl &
% TABLE L4 oy 1

¢ .

E NCTAYIGN 0y [
t UEND 21 % DENSTVY IN GRAMS/(Nee) \14] 9
c H » RADIAL RISYANCE, SutPALTZED TO THE RADIUS OF THE €adtn P21 0
¢ BGa) > RADIAL DISIANCE OF DENSITY DISCONUINUTTLES, ALSC oy
g NURMALTLED TC YHE RACIUS OF YHE EARYH ny R

L
8 SLURCLVINES CALLEGY w1
6 MENL v 14

g
IFPLICTY REALOALA=N 02 ) [T3N Y 1
CIFENSICN KLY (21 BENY
CEFREN/DLKN/RABAYG  FECRE(RLTKER yRUBRER pelr o1
FlitegyCO0 0Ly 18
L 2121217, 100/RAEANG (I
KL 1)a)afs TE0/RACANG 0t
Bl 41e5701.000/RACANG oy 2
Bl 515951 0007RALANG [\TTE T
Fl &)»H151.000/RACANG YT ]
L 1126291 JOL0/RACANG Cil 24
£ #126)92,000/RACANG oty 28
FU S1a8)57.0C0/RACANG by 2
r:\cv-hgau OLQ/RACANG T
Eiiinlaon oLy 2m
[ if o~ *1:): Tede2 o
G REGYEN | otk »
% \ utNLtlula.oxalono - W4 8292000 LReeD) (73 S}
or c 1y [T T
? CENTINUE 117 S 1)
\F qn » EE31) Jedak ot 34
: G REGICN 2 [\ 1 )
i b DENRZERI2 HHALALO = 1269929000R = 1294130000 (RO02) = T 1213000 (ReDZL  ¥b
PR +*3) orr 37
: ‘6c 1¢ lv ney o e
\ CONYIN (1 ST
lr |n - rt~)) 84540 [T Y
¢ REGIC [T YY
L) nzhcltaa.nlh\ono » Y. 483TID00R = 1, 180831D0C IR0 D) T Y
[T T DIy A}
[} CONYINUE 0Ll A6
W R = vtsxt Trhe LTI |
c REGICN & 0Ll A
DtNClll\\ 197800 = T.81034000R AT Y |
[ iR ] T3 BT )
] CONTENYE (T B
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{
i

b
9

1

¢
}

3

¢
A

€ REGICN
]

i

)

LT YR T TYN

REGIEN &
DENC2Ew o IBNASS0E = 2859900 eR
Ge 1wy

¢ CONTINUE
IE AR » FET0Y 1000508

RECICN &

L CENC2Ow7.1588500 = 3. 85990000
€19

2 CONYINUE
[P AR = FLAL) 13900004

RECICN 7

3 CEADZIRDLL984400 = Y FSEO900R
GC 1 lQ

4 COMIN
IH " f‘w)l 1418 e

QENCC‘*?.WQIQODQ
e 19
[3 CCN! NUE
1E IR = FLIO)) 17510008

—
Q

—

& REGICN §

1] uznctiﬂl.nlucocc
19 GCNY
Rﬁlkﬂh

c ibB*CL!INr TOPCGR LYHEY Ao XLPCAL )
c
% THES SUPROUTINE COMFUTES INE TOPCGRAPRIC MEIGHY AT A POINT ON
E THE SURFACE OF YHE EARVE.
t
g ACYATICN
¢ THEYTA » CDLAI!!UCK CE FOINT IN RADIANS
C XKLMUA = ANGLE CF POIKY WITH THE X=AX{Sy LYING IN THE X=Y PLANE.
C HEASURED LM RALLANS
E H * 10PCCRAPHIC MEIGRT IN NILONETERS
€
% SUURCLTINGS CALLEC
G Le LGEADR
C
4

[

OO OONOIMINN

[}

T DEINCRI=2.802C000
YIRS

€ REGICN 1C
]

FFPLICTY REALSH{ASH O=21
UIMERSION TRPRIIOWIT2)
DIFCASICN PRARITON

COMPONZBLRG/ZP P Lo PET  PIUIVE3EALEWNPHOYO JNAXSYN

CCPPON/RLKE/PHAN
COMFONZBLRGILMING LNFR L IOK:LLY
COMPONZBLKNIRARAVE ) BCURERLCWER ( RUPPER
CCPRONZBLRRZICRE

CHANGE VARTANLES FREM THEYA TC PHi
PEIsfINIVe = THETA

CCMPUTE LECENORE POLYMIFIALS
CALL LGENOR (DML LWADY

CONPUTE TCPOGRAPHIC RELCHY IN KILOFRTERS
GUMeC,.000
[ ] LULPIN LPAX
KAXsL o
[\ P“lqﬂli
Xbap) = |
ARGSXPNOXLMEA
SS=USINCARG)
CC=CCLS (ARD)
ING=ML ¢ Letiel )/
SUMsSUM & (10T
CONYINLE
HaSUNORADAVG
RETLEN

END
SUBRCLT taE CIRCINNDSEC)

YHUS SUPRQUVINE COMFUTES THE SPACES IN NHIGH THE CIRCUL AR«

SHAPEL PARS START AND S0P CN A PARTICULAR LINE.

ACTATION

NROSEC » RADIUS (F CLECLE, WEASURED IN NORIZONTAL SPACEY
LENKL = ARRAY IN WEICH THE SPACE WHERE TiiE MAR STARTS IND SYOPS

ON A BARLICULAR LINE 1S STORED

L]

[HAY o}loll]'ﬁﬂ ¢ Q10POTLINL 20 1088) o LPRAREIND) )
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Xy

SUBRCUY INES CALLECE
ACNE

NCYES

Vo LOWRIALP) 1) STURES THE SPACE NUNBER WHENE THE MAP STARTS ON

LINE Lite AND LOMHILLP,2) WHERE LY STOPS (ENCLUSIVE).
2¢ ALL NAPS ARE CENYERED ON SPACE &),

(PPLICLT REALOATA=H,0-2)
OIMENSTEN ALPHAL23),LCWE|LR0S,
COMPCN/BLKC/FoP Ly PLERITIVE s .N-uoxo.nAxsvr
CEPPCN/BLKDZALPHA,LCHE]
RAOSECAARDSEC

NRYsAONRDSEC/S

16 (NPHCTO LEC. 1) ARY=ARDSEC
NYS20MRY ¢ |

NRYLaNRY ¢ 1

RYYOARY ]

OC 11 LPsloNRYL

tF {LP +EQ. KRY1) GC YO )2
YYeRYL = LP
STRECH*$.000/4.00C

TF (NPHETO oEQy ) STRECH®R.OLO
SORACSECOO2 = [STRLLNOYY)ee2
XXeCSCRTLS)

NXXaRN

Ge 1 1)

NXX#ARDSEC

LEMEL{LR L bRg] = AXD
LERKTILPe2)ndl ¢ AXD

CLPOAY & | = L
LCHFltLl».l)-LDunll 1)

LCﬁhl(LLPv?’ltchﬂl 2)
KEILRN

EM

SUBRCUTINE CLRICIN: Ny SoINEYR)

ThiS SUMROUTINE COMFUTES THE COLAYITUDE CF A POINY FRON ITS

CCORCINATES IN YHE VAN CER GRINVEN PROJECTION.
ACTATION

X * X=CCCRUINAJE GF POINY

Y = Y=CCCRDINAVE OF POINY

S « SCALE LENGIN QF MAPy ECLAL YO 1080 CEGREES OF

LONGITUDE PEASLRED ALCNG THE FQUATOR
THETA « COLATITUCE IN RACIANS

SUBRCLYTINES CALLECH
NONE

NCTES

1o FQR FURTHER DETIELS SEE 0.P. RURINGAM, “INVERTING X, ¥ GRID
CCORDINATES TC CBYAIN LAYITULE AND LONGITUDE IN THE VAN DER

CRINVEN PROJECYION™, NASE TP 81998, AUCUST 1080,
2o SHQORHQ IN THE MOTATION Qi THE PAPER CITED.

IFPLICIT REALOBLA=N0=2)
PI»3.1415926535897900
Plolvaepiz2.000
FCURPL#4.0000P ]
FACH=1.C00

(334

TF 12) 14240
TREVA=RIDIVR
GC 1C 1o
LaDARS(2)
FaCal, 000
CONYIALE
2anpeey
Tnxeed o 22
S2nges
SIng2e§
ELLERIA
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x=y

ie

OOOOO0OOOOOOCOOOONOnNONn

CIns4 ¢ 2.0UC0800% o 2,€000S52922 ¢ 2.0000502eT & [ee2
Cdnegiof = J,0CCOS242F ¢ $28Y = Soley

Cle =5302 ~ Sezay

Cong2002

PaC2/C)

QeC1/CY

R=CC/CY

AeQ = (Pee2)/),00C

Csl{2.C000(P00)) « 9,0C00P00 ¢ 27,0000R)/727.000
APa«a/3,000

Us2.CCO00DSQRILAP)

Wa{3.,C0CoDN /1 ACL)

WPRLSCRI(1.000 ~ Wee2)/p

ANGIsCATANINE) ¢ P)

ARG {ANGY o FCURPTY/3.0L0

BEESLOCCOSEANG) = P/I.0L0

THETA*PIDIV2 ¢ FACOFEEOP]

CONTINUE

RETLRA

END
SUBRCUT INE QUADRCEN Y oS 4 XLMDAY

THIS SURROUTINE CCMFUTES FHE LOCHCITUDE OF A POINT FRON ITS
CCORCINATES IN THE VAN LER GRINVEN PROJECTION.

NCTAVION
X « X=CCORCINAIE OF POINY
Y ®= Y=CCCROINAYE OF POINY )
$ » SCALE LENGYM OF MAP, ECLAL YO 180 DEGREES QF

LONGITUDE PEASLRED ALONG THE EQUATOR
XLMCA = LONGITLOE IN RADIANS
SUBRCUTINES CALLECS
ACNE

NCYES

Lo FOR FURTEER DET#ILS SEE QePe RUNINCAN, HINVERTING X,v GR
CCORDINATES TC CHVAIN LATITUCE AND LONGITUDE IN THE VAN
GRINVEN PROJECT ION®, NASA Te 81998, AUGUSY 1980.

20 S#20RHO IN THE MOTAYION OF THE PAPER CITED.

in
DER

TPPLICIT REALSR{IA<H0=2)
Plnd,14159245158979C0

1F IX) 2l

XLMCA=O.000

GC TC 1¢

CONTYINUE

X2=neeQ

Y2ayoe2

520568

SAn52e52

R2e84 ¢ 2,0000S20(K5 = ¥2) ¢ (X2 ¢ y2)e02
ELLw{X2 ¢ ¥2 = S2 ¢ DSQRY(R2))/(2.0D0®SeX)
XLMCAELLOPL

CONTINVE

RETLRN

ENC
SUBRCUTINE VEG (PHL o XLMTAJRADMAP ¢NDEGo X4 Y)

ThIS SURROUTINE CCMFUTES THE Xo¥Y GRID CODRDINATES OF A FOINT

IN THE VAN CER GRINVTEN FRCJECTION FRCM TVS LATITUDE AND LONGEITUDE.

NCTATICN
PK1 LATITUCE OF POINT (IN DEGREES (R RADIANS)
XLPCA LUNCITUDE CF PCINT (IN CEGREES OR RADIANS)

-
L3
RACKAP » RADIUS CF PAP

NCEG = 1 IF PHL AND XLMDA ARE IN DEGREES: O IF I[N RADIANS
X = K GRID CCOPLINITE

Y = ¥ GRID CCOCIINATE

SUBRCUT INES CALLEC:

ACNE

NCTES

b A

LB~ »>

wr

DOE~OW »>

12

13



=

oo ann

12
13
14
11

1s THE GﬂﬁﬁhHlCH MERIDIAN (XLMDA®O) RUNS DOWN THE CENTER OF vog {;
JHE MA vo

2. VTHE ORIGIN X=Ce Y=Q OF VHE GRID COOROENATE SYSYEM §$ LOCATED VDG 1¢
AT THE CENTER OFf THE MAP (PHI»0y XLMDA®Q). VoG 17

3+ IF THE ABSOLUYE VALLE OF BEE OR CLL JLE, EPSLON, THEN TH M4 18
VALUE IS ASSUMEC 1O BE ZERC. THIS IS OONE YO AVOLD INFINITIES.VDG 19
IFPLICIT REALOB(A=H,0-2) vee 20
PI=3,141592€65338579C0 voG 21
EPSLCN=1.00-10 voe 22
IF (NCEG .,€Q., 1) CO TC ) voG 23
ELL=XLMCA/PY VoG 24
BEE=PHI/PI VDG 2%
GC ¥YC 2 VoG 26
ELL=XLMCA/180.0C0 yoé 27
BEE=PKI/180.0C0O VoG 28
CONTINUE VoG 28
B=DARS{DEE) VoG 30
FLaCABS (ELL) voG 31
IF (FL = 1.0C0) 11401402 VoG 32
CCNTINUE VoG
IF (ELL) 13413414 YOG 34
ELL=2.0C0 ¢ ELL VoG 3%
GC 1C 15 VoG 36
ELL=ELL -~ 2,000 VoG 37
FL=CABSLELL) VoG 38
CCNTINUE VoG 39
IF (ELL) 3,4,) vOoG 40
SIGAML=ELL/FL VoG 41
FXMaC.SCOPRACMAPSO(FL = J.0DO/FL) yoG 42
FXMSCABS(FXM) VDG 42
XPu=SIGNLOFXN VOG 44
R=0,5COORADMAP® (ELL ¢ 1.,000/ELL) YOG 45
IF (8 = EPSLCN) 646,45 VOG 46
SIGNE=BEE/D vOG 47
B1=CSCRT{1.,0CC ~ 2.CDCOE) VoG 48
B2=CSCRV{L.C0O0 ¢ 2,CDCOE) VOG 4§
FYJ=RADFAPO(1.0C0 = B)OE2/{Re(B2 ~ BL)) VDG 50
YJsSIGNROFYJ voG 51
SsRACMAPO(1.0C0 ¢ BisEL/iRs(B2 = BL)) VDG 52
R2=Ree2 voG 53
S2mSee2 vOG 54
XNYJaXMoe2 ¢ yJee2 M1
RS12R2 ¢ S2 VoG  5¢
RS2sR2 =~ 52 vboG 57
RS3=4,0C00R2252 voG  se
SCUARE=RS3 = {(XMYJ - RS])es2 VoG %59
1F (SCUARE) 16,1617 VoG 60
RADCL-0.0DO voG &)
GC YC 18 VDG 62
RAD(L'OSQRT(SCU‘RE) VDG 63
CCNTINUE YOG 64
Xs{XFO({XMYI = RS2) ¢ SICNLOFYJORADCL)/(2.0000XMYJ) vbDG 65
Ya(YJO(XMYJ ¢ RS2) = SICNBOFXMSRAOCL)/{2.0D08XMYJ) VDG 66
GC 7C 10 VoG 67
X=0.(CO voG 6@
IF (BEE) 79847 vOG 69
Y=0,0CO voG 70
Ge 1C 1C voG 71
YuS IGNBORADMAP®{].0(0 = DSART(1.CN0 ~ 4.C00%3002})/{2.0C008) voG 72
GC 1C 10 Vo6 73
¥=0.0C0 VoG 74
XaRACFAPOELL VDG 715
CLNTINUE VDG 76
RETLRN voe 1
EMND VoG Te
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