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PREF ACE

Dat. selection and reduction procedures are described by
which scalar and vector magnetic anomaly maps are comnstructed.
The scalar and vertical magnetic anomalies are believed to be
generated mainly in the earth's crust. The horizontal anomalies
are believed to be mainly due to short-period field-aligned cur-
rents. The correlation of scalar magnetic anomalies with known
oceanic structure is remarkable -- magnetic highs are associated
with oceanic ridges and magnetic lows with abyssal plains. The
correlation lzcween anomalies and continental geology is not as
clear. In East Antarctica, magnetic lows associated with the
Ross Embayment and the Amery Ice Shelf are con;istent with the
hypothesis (Hayes and Davey, 1975) that these regions are failed
continental rifts. The magnetic low over the Gamburtsev Moun-

tains, as distinct fror the highs over Wilkes Land and Enderby

Land, may imply a tectonic history of the Gamburtsev Mountains

that is different than that of the latter two surrounding regions
(Drewry, 1975). The Wilkes Land magnetic high is consistent with
the hypothesis (Veevers, 1982) that this region is the site of
cool convergence in the mantle. In West Antarctica, Dalziel and

Elliot (1982) have postulated the existence of five microplates.
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Separate anomaly features are associated with each of their micro-
plates, supporting their hypothesis. Finally, the apparent
mirroring of anomaly features on the other Gondwanaland conti-
nents implies that the sources of the anomalies have been stable

since before the rifting occurred.

.
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1, INTRODUCTION

It is surprising and fortunate that magnetic fields generated
by crustal sources can be isolated in satellite magnetic field
data from those generated in the core and those external to the
earth. It is surprising because crustal fields (0-25 nT) are so
much smaller than the core field (30,000-60,000 nT) and external
fields (0-2000 nT), and fortunate because geologic and tectonic
features in the deep crust can result in long-wavelength magnetic
anomalies (Pakiser and Zietz, 1965; Zietz et al, 1966: Hall.
1974; Krutikhovskaya and Pashkevich, 1977). Long-wavelength mag-
netic anomalies (> 200 km) were first mapped globally from data
acquired by the POGO (Polar Orbiting Geophysical Observatories)
satellites (Regan et al, 1975) and have compared favorably with
upward-continued regional aeromagnetic surveys (Langel et al,
1980). The chief advantage of the MAGSAT data over the POGO data
lies in the ability to study vector fields with MAGSAT and in the
greater resolution MAGSAT's generally lower orbit affords
(perigee 352 km, apogee 561 km). A disadvantage for Antarctic
studies, outweighed by these advantages, is that MAGSAT's orbit
is inclined at 7° off the earth's axis of rotation resulting in a
data gap around the Pole in MAGSAT derived maps.

Attempts have been madec to isolate anomalies both in the
scalar field (Langel et al, 1982a; Coles et al, 1982; Ritzwoller

and Bentley, 1982 (Appendix I)) and in the vector field (Langel
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et al, 1982b; Coles et al, 1982). Sailor et al (1982) confimm
the general reliability of such attempts and conclude that resolu-
tion is possible down to & 250 km spatial-wavelength in mid-
latitudes; this being larger in higher latitude regions due to a
smaller signal-to-noise ratio. The reduction in this ratio is
due to the amplification of external magnetic fields in auroral
regions. (Appendix IV describes the structure of current systems
external to the earth and their implications to MAGSAT studies.)
Magnetospheric ring-currents in low latitude. generate a temporal-
ly rather stable long-spatial wavelength signature (Langel and
Sweeney, 1971) that is easily filtered. However, currents follow-
ing magnetic field lines in auroral regions have temporal and
spatial spectra covering quite a broad band of frequencies, thus
making standard frequency-based filtering difficult. Therefore,
only passes occurring during low field-aligned current periods
can be used as data in high latitudes seriously reducing the size
of the data set over Antarctica and in the Arctic (Coles et al,
1982). The map of Ritzwoller and Bentley (1982) over Antarctica
demons:rated the signal detection problem by displaying serious
non-physical radial striping.

Progress in modeling and interpreting satellite magnetic
anomalies is short and generally qualitative. On a global scale,
anomalies appear to be associated with such large structures as

continental shields and platforms, subduction zones (positive),
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~ceanic ridges (positive), basins (negative), and abyssal plains
(negative) (signs are for reduced-to-pole maps) and appear to be
bounded by such "linesr" features as sutures, rifts, folded moun-
tains, and age province boundaries (Frey, 1982a). More detaile!
preliminary regional studies have been performed by Frer (1982b)
for Asia, by Hastings (1982) for Africa, by Hinze et al (1982)
for South America, and by Ritzwoller and Bentley (1982) for Ant-
arctica.

A geologic interpretation of the maps must only be conducted
in light of the probable mineralogy of the lower crust and upper
mantle. Wasilewski ec al (1979) argue that the mantle is proba-
bly non-magnetic so that if the Curie isotherm is below the crust
the lower magnetic boundary is the Moho. Moreover, Wasilewski
and Mayhew (1982) conclude that for some tectonic settings, at
least, the lower crust may be the most magnetic crustal layer and
that magnetization values for lower crustal xenoliths (specifical-
ly metabasic rocks of the granulite facies) have values coasist-
ent with those inferred from models of long-wavelength anomalies.
Wasilewski and Fountain (1982) corroborate these findings with a
study of the Ivrea Zone in Northern Italy, wh mafic granulite
facies rocks are the only magnetic lithology present, are thick
and laterally continuous, and thus provide a good cardidate for a

deep-crustal source of long-wavelength magnetic anomalies.
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Along with regional mineralization variations, it is cuspect-
ed that variations in the depth to the Curie isotherm (if above
the Moho) wili contribute to long-wavelength anomalies (Mayhew,
1982). Thus, the main sources cf long-wavelength magnetic anoma-
lies in continental regions a1 expected to reside above the Moho
and the Curie isotherm but principally in the lower crustal layer.
Consequently, since the causes of variations in heat flow and
regiora! mineralization are many, ambiguity is injected into the
interpretation of satellite magnetic ancmaly maps. However,
everything else being equal, heat flow and regional magnetic
anomalies are inversely related, wherecs the thiclkness o. the
magnetized crust and the regional magnetic anomalies are d. = 'y
related. Therefore, continen.al highs indicate'either a th.-
crust with a deep Curie isotherm (low heat flow), or exceptional-
ly high magnetic susceptibility in the lower crust, or both. On
the other hari, continental lows imply some combination of a thin
crust, a shallow Curie isotherm (high heat flow), and low suscep-
tibilities in the lower crust. An additional degreze of ambiguity
in the determination of the nature of the sourc: of an anomaly is
alsc added by the large a-eal ~xtent of . he potential source re-
gion. It remains uncertain to what degree continental remanent
magnetization may affect long-wavelength magnetic anomalies.
Wasilewski and Padovani (1980) argue that the effect should be

minimal, but Galliher end Mayhew (1982) were not able to demon-

\wv



ik

A

strate that fact from an equivalent-dipole analysis of data over
the United States.

In the oceanic crust, the highest susceptibility region is
in Layers 2 and 3, much nearer to the surface than in the conti-
nental crust, and generally well above the Curie isotherm, except
right at spreading centers. Thus, oceanic magnetic anomalies
should reflect regional crustal thicknesses and susceptibility
differences, but generally will not reflect heat tlow except in
extreme circumstances. Therefore, oceanic basins with a thin
magnetized crust are expected to display a negative anomaly rela-
tive to continental regions where the crust is generally thicker;
but oceanic ridges can yield magnetic highs due to remanent mag-
neil zation even at satellile elevations, as has been shown by
LaBreque (personal commuanication, 1983). Topographic variations
near ridges, assuming induced magnetization alone, cannot account

for the satellite magnetic highs associated with them.
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II. DATA REDUCTION

Ritzwoller and Bentley (1982) described a method by which a
preliminary may of the crustal scalar magnetic field was produced.
The method was designed tn filter non-crustal magnetic fields
using scalar magnetic field data alone. However, since a great
deal of information concerning the strength and direction of
field-aligned currents is available in the vector magnetic-field
data, the optimal data-reduction procedure must consider the
vector data. With this in mind we have followed the data selec-
tion and reduction proc2dure described below in constructing the
magnetic anomaly maps found in Figures 5-8.

After the NASA Investigator-B data tape had been translated
into Harris-computer compatible code by the program IBMTR (all
computer programs referred to in the text can be found in
Appendix V) and reformatted by REFMT, the data were in a shape to
be reduced and selected. If a pass over Antarctica took place
during a relatively magnetically-quiet time period (planetary
magnetic activity index, Kp. less than or equal to 1~ for 6
hours), the degree and order 13 spherical harmonic core-field
model MGST(4/81) created by Langel et al (1980) and briefly des-
cribed in Appendix III was subtracted from the scalar magrietic
data calculated from the observed vector magnetic data. (The
scalar magnetometer onboard the satellite malfunctioned, making
it necessary to calculate the scalar field from the vector data.)

Of the approximately 2400 passes over Antarctica between Novem-



ber 1, 1979 and April 1, 1980, 212 met this selection criterion;
the remainder of the passes were discarded. To these passes a
quadratic polynomial was least-squares fitted to the resulting
spatial-series in an attempt to filter the effects of magneto-
spheric ring-currents, core field model bias, and other errors in
measurement. (For more details see Langel et al, 1982a).

The vector and scalar magnetic anomalies were, thus, cal-
culated in the following way. Let Xj, Yj, and Z; be spatial
sequences of observed vector magnetic anomaly data in the right-
handed rectilinear coordinate system (x,y,z) in which the posi-
tive x-direction is North, y is East, and the z-direction 1is
positive down along a radial vector connecting the satellite with
the center of the earth. Then the vector anomalies in each direc-

tion are the sequences AXj, AY;, and AZ;j calculated as follows:

AXj = Xj - XMOD; - fj (1a)
AY; = Y; - YMOD; - f;' (1b)
AZ; = Z; - ZMOD; - £i" (lc)

The sequences XMOD;j, YMOD;, and ZMOD; represent the vector core-
field model values in the x,y, and z directions, respectively,
and the sequences fj, fij'. and f;" are quadratic polynomial
sequences each least-squares fitted (levington, 1969) to the
first two terms of the right-hand-sile of (la), (Ib), and (lc),

respectively. The quadratic polyncmials were fit to the se-

&)



quences in the hope of removing the long-wavelength magnetosphar-
ic ring-current effect described by Langel and Sweeney (1971).
Magnetospheric fields tend to impart a random "level' offset and
bias to each profile that renders the data set inconsistent. It
has been shown (Regan et al, 1975) that subtracting a best fit
linear, quadratic, or first zonal harmonic fit over a limited
latitude range makes the data set internally much more consistent.
The scalar magnetic anomaly sequence, ABj, was calculated as

follows:

8B =vX;2 + ¥;2 + 2;2 - VxMOD;2 + YMOD;Z + zMOD;2 - g; (2)

where g; is the quadratic fit to the first two terms on the
right-hand-side of (2). Figures la-d are graphs of the anomalies
created by this process. This procedure was carried out by the
program ANTAP. The data were then gridded by the program MRGRD.
At this stage in the processing the majority of the passes
still showed field-aligned current effects in the vector data.
Figure 1 demonstrates what these effects "look'" like in the
vector data. Since field-aligned currents, the assumed cause of
these high amplitude disturbances, are nearly normal (within 20°)
to the satellite's path within the region of high field-aligned

current effects, we see from Maxwell's first law:

"



Figure 1: Example of data from a pass (Pass 51) believed to be
relatively unczfifected by field-aligned currents. Graphs from top
to bottom: scalar anomalies, AB; v:rtical anomalies, AZ; radial
anomalies, AX; and tangential anomalies, AY. The AB graph explic-
itly shows the polynomial fit to the data sequence corrrecting

the "level offset'. For simplicity the vector graphs leave tinis
out.
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Vx BB = J (3)
where J represents the time-varying field-aligned current and AB'
the magnitude of the magnetic field induced by this current,

that:
Vx VB' = Jz £ 4)

where Jz is the component of J in the z-direction and % is the
unit vector in the z-direction, so that if AB' = (AB'x, AB'y,

AB'z) then:

S

vy - 2 anvl o
7 AB'y 2y AB'x W (5)

That is, the majority of the magnetic field arising from field-
aligned currents is to be found in the horizontal magnetic field.
This is observed in Figure 1.

A couple of characteristics of the vector anomalies are
worth noting. First, the location of the peaks in AX, AY, and
AZ (here and afterwards subscripts will be suppressed) are highly
correlated; notably, high-amplitude disturbances in AZ (> 25 nT)
are always at points at which AX and AY are also disturbed but
with the latter fields having higher amplitudes (50-300 nT).

With respect to the horizontal field, a peak in AX often corres-
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ponds to a peak and a trough pair in AY. This effect can be
understood if we view the source of the disturbance as a line
current nearly normal to the flight path. Then AB', resulting
from Jz, will reside in the horizontal plane as shown in Figure 2
in which the satellite is at point A. As the satellite passes
through quadrant III of the current's coordinate system, AX and
AY will show effects due to AB'. Specifically, AX and AY will
both show negative anomalies due to AB'. However, in quadrant
IV, AX will show a negative anomaly but AY will show a positive
anomaly due to AB'., Table I summarizes the behavior of AX and AY
resulting from crossing a given quadrant of the current's coordi-
nate system. Thus, the disturbances in AX and AY can be under-
stood as arising from multiple line-current sources, consistent
with the belief that field-aligned currents are generating the
horizontal disturbances.

Second, it is worth noting the relationship between the
scalar anomalies and the vector anomalies from which they are
calculated. Since positive AZ anomalies are directed toward the
earth's surface, the expected positive correlation between the
scalar anomaly and the vertical component of the vector anomaly
would be expressed in Figures 1, 3, and 4 as negative correla-
tions between AB and AZ. (In Figure 8, signs have been reversed
to bring out the relationship with AB.) Thus, due to the nature

of the coordinate system (x,y,z) a highly magnetized region of
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Figure 2: Schematic representation of the magnetic field, AB',
generated by a field-aligned current, Jz. The satellite, A,
follows the x-axis and crosses quadrants III and IV in the

current-centered coordinate system. The effect that AB' has on
AX and AY is summarized in Table I.
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TABLE 1

Effect of a Field-Aligned Current on the Horizontal

Anomalies in the Current's Four Quadrants

Quadrant I II III IV
AX Positive r~sitive Negative Negative
AY Positive Negative Negative Positive

P)
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Figure 3: Example of data from a pass (Pass 327) showing signs
of a long-wavelength field-aligned current perturbation apparent
on the scalar as well as the vector d=ca. Short-wavelength varia-

tions apparent in the vector data do not appear on AB. This pass
was discarded from the data set.
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Figure 4: Example of data from a pass (Pass 1887) showing high
amplitude short-period field-aligned current perturbations in the
vector anomalies which do not appear on AB. However, long-
wavelength perturbations due to field-aligned currents are
believed to exist in AB since this pass is poorly correlated

with nearby passes. This pass was also discarded from the data
set and illustrates the necessity of the use of vector anomaly
data to identify the effects of auroral currents.

* |
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the crust would tend to increase AB and decrease AZ. Peculiarly,
though in Figure 1 AZ is roughly anti-correlated with AB, it also
shows larger high-frequency components and is generally kigher in
amplitude. Furthermore, the scalar anomalies in every pass do
not show the high frequency variations which are observed in the
vector anomalies. Data processing has been carefully checked and
no unwanted averaging or low pass filtering has been performed.
Furthermore, the effect is not observed at lower latitudes so
that magnetometer error is unlikely. Thus the effect appears to
have a physical source, presumably the field-aligned sheets (see
Appendix IV). To a first approximation these may be viewed as
carrying the same current d. nsity, and as being of large
horizzn .1 extent. Since the current is upward in one sheet and
downward in the other, and since the magnetic field caused by a
current sbeet at a distance small with respect to the horizontal
extent of the sheet depends only upon the current demsity and not
upon that distance, the net effect observed in passing through
the paired sheets would be a rotation of the ambient magnetic
field without a change in its magnitude.

Interestingly, longer-period variations in AZ are observed
in AB but the short-period variations super.mposed on these are
not observed (Figures 3a-d). Apparently either the fields

produced by the two current shecis are not the same at longer
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periods, or the longer-period effects result from currents
elsewhere in the ionosphere or magnetosphere.

These examples show that studies performed with a scalar
magnetometer alone will not be able to determine if moderate
field-aligned currents are affecting a pass. Thus, the scalar
anomaly map of Ritzwoller and Bentley (1982) is probably affected
by field-aligned currents whose signatures were indistinguishable
from crustal signatures in this scalar study. However, if by use
of a vector magnetometer one can determine that high-amplitude
rapid variations exist in AZ, then field-aligned currents are
affecting the data and the pass can be deleted even though the
scalar profile looks quite calm (Figures 4a-d). The pass repre-
sented in Figures 4a-d would provide undesirable scalar data. If
the anti-correlation between AB and long-period variations in AZ
is quite high, then the effect of field-aligned-currents can be

taken as minimal.

“«
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With this in mind we have further required each pass to
satisfy the following selection criteria to be accepted as an

"unaffected" pass:

a. tne maximum amplitude of the vertical vector
anomaly, AZ, is less than 25 nT

b. the maximum amplicude of the scalar anomaly,
AB, is less than 20 nT

c¢. OB and -AZ are highly correlated.

The data selected in this manner appear to strike the bal-
ance between the procession of desirable data density (approxi-
mately one pass per 2° on the average) and the minimization of
field-aligned current effects. The scalar and vector magnetic
anomaly data from the 88 passes satisfying these criteria were
separately averaged in square bins measuring 330 km on a side and
standard deviations were calculated. This was performed by the
programs BIN and RDBIN. The data density for the 24 x 24 array
centered on the geographical South Pole is found in Table I,
Appendix VI. Tracks cf these 88 passes can be seen in Figure 10
and pass numbers, dates, times, magnetic activity indices, and
average elevations for each pass are listed in Table II, Appen-
dix VI. Since NASA's pass numbering system begins eachk pass in

the middle of Antarctica, each flight over Antarctica contains
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Figure 5: MAGSAT total-field magnetic anomaly map over Antarctica.
Units in nT. Average elevation 470 km. Capital letters indicate the
approximate location of: A - Bellingshausen Abyssal Plain; B - Weddell
Abyssal Plain; C - Enderby Abyssal Plain; D - Wilkes Abyssal Plain;

E - Maud Rise; F - Kerguelen Plateau; G - juncture of the Mid-Indian
Ocean Ridge and the East Pacific Ridge; H - South Sandwich Islands;

I - Antarctic Peninsula; J - Ellsworth Mountains; K - Queen Maud Land;
L - Enderby Land; M - Amery Ice Shelf/Lambert Glacier; N - Wilkes Land;
0 - Transantarctic Mountains; P - Ross Sea embayment; Q - Marie Byrd
Land; R - Thurston Island; S - Gamburtsev Mountains; T - Weddell Sea
embayment.
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Figure 7: Tangential, AY, anomaly map. Field directed
tangentially to latitude circle at each point. Positive is
clockwise. Avera,e elevation: 470 km. Average standard
deviation: 4.3 nT. Contour interval: 10 nT.
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Figu-e 8: Vertical, AZ, anomaly map. Signs of anomalies
re~ersed from the profile data so that positive is directed away
from the earth's surface. Average elevation: 470 km.

Average
standard deviation: 2.0 nT. Contour intervai: 2 nT.
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Fieure 9: Approximate flight paths of the 88 passes over
Antarctica used as data in this study.
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data from two of NASA's passes. We have adopted the foliowing
convention in referring to pass numbers: our pass n contains data
from NASA's south-going pass n and north-going pass n + 1. How-
ever, when referring to other characteristics of our pass n over
Antarctica, such as dates, times, etr., we have chosen these
values from NASA's pass n + 1 siuce these values were determined
when the satellite was at its southern node.

In constructing Figures 5-8, if any AB, AX, AY, and AZ values
within a bin departed, respectively, by more than 4, 10, 10, and
5 nT from the average for that bin, these data points were reject-
ed and the averages and standard deviations recomputed. Between
10 and 15% of the data were rejected on this basis. The average
0B, AX, AY, and AZ anomaly values for each bin in the 24 x 24
array can be seen in Tables III-VI, Appendix VI.

If data are nearly normally distributed within each bin,
magnetic values will cluster around the bin-average which is
hoped to be close to the magnitude of the crustal field. Field
aligned currents will create data values well away from the bin-
average, though to the degree these effects are random around the
bin-mean, averaging will diminish their effect by cancellation.

A map of the scalar-map bin-standard-deviations, calculated be-
fore discarding data based on the 4 nT discardal-criterion, shows
that in 3 of the 4 quadrants the anomalies of Figure 5 are based
on data with standard deviations less than 3 nT. However, in the

grid-southeast quadrant, the quadrant nearest to the geomagnetic

(¢)
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South Pole, standard deviations are significantly higher, ranging
up to 6 nT. Thus, the features in the grid-southeast quadrant of
Figure 5 have to have larger "mental' error-bars assigned to them
than the features in the remaining quadrants. As will be discuss-
ed in section III, possible perturbations due to the horizontal
anomaly can be seen in Figure 13. The continental portion of the
grid-southeast quadrant is relatively unaffected by the horizon-
tal component of the magnetic anomalies. Thus, the large vari-
ances in this quadrant must be due to variations in AZ. However,
discarding data more than 4 nT from the bin-average acts to de-
lete "affected" data points so that the recalculated bin--average
should be closer to the value of the crustel fieid. This reduces
the size of errors in all quadrants appreciably. Non-normal dis--
tributions of data within a bin (e.g. bimodal distributions) will
make this technique sub-optimal, however visual scrutiny of :the
data indicates that most values do lie around the mean with a
smaller percentage of outliers on either side.

Finally, the bin-values were hand-contoured yielding the
maps in Figures 5-8, in which the average bin elevations for each
map is approximately 470 km and the average bin standard varia-
tions are 1.5, 4.1, 4.3, and 2.0 nI, respectively. The AZ map in
Figure 8 contains a sign reversal so that the correlation with
the scalar anomaly map will be clearer. The subtraction of the

pclynomial makes the map-average the zero-level on each map.

P N
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Thi. zero-level is arbitrary but reasonable. Since the map is
comprised of approximately half continental and half oceanic
regions, the former on the average higher in magnetic amplitude
than the latter, this choice of zero-level approximately bisects
the interval between oceanic basin lows and thick continental
highs. This is a desirable location for the zero-level. Notice
that in Figure 5 the zero-contour approximately corresponds to
the edge of the continental shelf between the Wilkes Land magne-
tic high and the Wilkes Abyssal Plain low, as we would desire.
The anomalies on these maps have not been reduced-to-the-
pole nor have data been continued to a singie elevation before
processing. However, since all of Antarctica is above 60°S geo-
magnetic latitude, reduction-to-the-pole will have minimal effect.
Furthermore, studies performed elsewhere (R. Sailor, personal
communication, 1982) indicate that maps created in the way de-
scribed above are ''qualitatively and quantitatively similar' to
those continued to the average-bin elevation from the same data
set, using the equivalent source technique of Mayhew (1979).
That is, effects due to data points that are higher than average
approximately balance the effects due to points lower than aver-
age so that their net effect on the average is small. Since
fewer passes meet the selection criteria at high latitudes the
data set is less dense so that cancellation will be less perfect

than in lower latitudes. A map consisting of average-bin eleva-
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tions shows cunsiderable variability, but the elevarion varia-
tions appear to be unrelated to variations appraring on the
scalar anomaly map in Figure 5. Furthear.re, the data set has
been partitioned into two subsets, ~ue containing data from
passes with an average elevat‘on less than 475 km and the other
containing data with ave.age elevations greater than 475 km.
Each subset contains 44 passes. The maps are highly correlated
with each other and with Figure 5, though, as expected, the lower
elevation map shows anomalies with somewhat larger amplitudes
than the anomalies in Figure 5. These tests appear to indicate
that elevatior. variations in the data have not generated an

appreciable error in Figure 5.

¥ 4\
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III. ORIGIN OF THE ANOMALIES
A. Scalar Anomalies

The reduction of the data consisted of modeling magnetic
fields generated in the core and magnetosphere and discarding
passes which showed signs of severe field-aligned current effects
registered in the vector anomalies. Any remaining field-aligned
current effects random within the five month data window are
hoped to be stacked out in creating the 3° square bins. low
successful have we been at eliminating fields from each of these
sources in the scalar anomaly map?

First, considering the accuracy of the core-field model,
Carle and Harrison (1982) have argued that the field remaining
after removal of the spherical harmonic coreﬂmJAel will have a
significant long-wavelength component. The majority of the core
field remaining after removal of the model field is of very long
spatial-wavelengths and is removed by tbe polynomial fit to the
data. It is unclear what percentage of the remaining anomalies
is due to the core, though it is reasonable to believe that a
fraction of very long-wavelength anomalies (> 3000 km) has its
origin in the core. We believe that this fraction is insignifi-
cant.

Figure 10 shows the two-dimensional finite Fourier transform
of the map in Figure 5. A significant amount of the power is in

wavelengths greater than 3000 km. However, we will argue that
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Figure 10: Two-dimensional! finite Fourier transform of a

36° x 36° cen .ered square subset of the bins of data w<ed te
construct Figure l. Nyquist wavelength is 660 ku rad the D.C.
component is at the center. Contour interval is 40 nT/cycle.
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Figure 11: Scalar anomaly map constructe
dimensional finite Fourier transform filter scri
Appendix II.
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Static field model produced by the two-dimensional

finite Fourier transform filter described in Appendix II.
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the source of a large fraction of this power is believed to
reside outside the core. In Appendix 2 we describe an alternate
method for deriving a scalar magnetic anomaly map using two-
dimensional Fourier filtering rather than one-dimensional polyno-
mial fitting to e«cn pass. Figure 1l is the scalar anomaly map
derived by this pr cedure and Figure 12 is the model of fields
derived in the cor» (which have not been filtered by MGST(4/81))
and in the mogretosphere. Figure 12 is just the difference
between a *-- + of B-BMOD and a high-passed version of this map,
where b = » ;;-_:.Yz + 72, Since the core field is relatively
static over the five-month data window, Figure 12 is believed to
be a good model of the fields generated in the core greater than
4000 km in wavelength remaining after the removal of MGST(4/81).
Since the qualitative correlaticn between Figures 5 and 1l is
hizh and core field effects due to wavelengths greater than

4000 km are believed to be successfully filtered from Figure 11,
the long-wavelength power in Figure 5 is probably not due to the
fields arising in the core which have not been successfully
filtered. This argument only holds for wavelengths greater than
about 4000 km. However, Langel and Estes (1982) have shown that
the maximum amplitude of the core field between about 3000 km
(GSFC(9/80) degree 13) and about 4000 km (GSFC(9/80) degree 10)
wavelengths is approximately 20 nT at the earth's surface. (The

core field model in our study removed terms of these wavelengtks.)
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Figure 13: Map of perturbations in the scalar field due to the
horizontal anomalies found in Figures 6 and 7, if these anomalies

are stable over MAGSAT's lifetime.
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ZMOD

Perturbation in Scalar Field = BH-BMOD

Figure l4: Schematic drawing showing how variations in the
horizontal field can create perturbations in the measured scalar
field. XMOD, YMOD, and ZMOD are the components of the core-field
model; HMOD is the amplitude of the horizontal model field; BMOD
is the amplitude of the scalar core-field model; AX and AY are
anomalies in the x and y directions, respectively; H is the
horizontal component of the measred field and BH is the measured
scalar field resulting from the core field and horizontal
anomalies. Then Bi-BMOD is the perturbation in the scalar field
caused by the horizontal anomalies.

S
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Errors in the model between wavelengths of 3000 and 4000 km, a
fraction of the field at these wavelengths, should be insignifi-
eant in relation to the fields generated in the crust. There-
fore, it appears that the long-wavelength magnetic anomaly fea-
tures in Figure 5 are on the average not due to fields generated
in the core.

Second, since the major source of magnetospheric fields mea-
sured near the earth is due to equatorial ring currents found at
an elevation exceeding three earth radii, the d.c. component of
the ring current would generate a very long-wavelength magnetic
field over Antarctica. Furthermore, since high power terms of
the magnetospheric field change only very slowly in relation to
*he 25 minutes it takes the satellite to complete a pass between
55°S and 55°S over the pole (Report of the Kakioka Magnetic Observa-
tory, 1981), magnetospheric fields generated by ring-currents
should be well-modeled by a quadratic polynomial fit to the data
over Antarctica. (Actually, in hindsight, two quadratics separate-
ly fit to half of each pass would have created a better magneto-
spheric model). Magnetospheric fields should not find their way
into Figure 5 in any significant proportion.

This leaves us with the question: do fields generated by
field-aligned currents seriously affect the scalar anomaly map?

This is a difficult question.

v 4l
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Figure 15: Average vector core-field model, XMOD, in the x-
di;ection (radial). Positive away from South Pole. Contours in
10° nT.




Figure 16: Average vector core-field model, YMOD, in the y-
direction (tangential). Positive clockwise. Contours in 103 nT.
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Figure 17: Average horizontal component of the core-field model,
HMOD. Contours in -103 nT.
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The vector core field model (XMOD, YMOD, ZMOD) in Figures
15, 16, and 18 varies over Antarctica so that the relationship
between che horizontal field and the vertical field changes dur-
ing a flight pass. In areas away from the geomagnetic south pole
the horizontal component of the core model field, HMOD in Figure

17, will be a large fraction of the vertical component, ZMOD,

making variations in the horizoatal anomalyv/ﬂ = (AX2 + £Y2),
more likely to contribute to AB. However, auroral phenomena away
from the geomagnetic pole are less intense so that it is rather
unclear which areas are expected to be most affected by the field-
aligned currents. Nevertheless, in all auroral regions, varia-
tions in AZ due to fieid-aligned currents should contribute to
perturbations in AB. However, as shown in Section II, high-
frequency field-aligned current effects do not find their way
into AB, though longer-period variations in AZ and AH may 3till
contaminate the scalar map. If long-period field-aligned current
effects exist which perturb all three components of the vector
magnetometer, then the scalar anomaly would show field-aligned
current effects also. The horizontal anomalies are the places to
look for the presence of field-aligned current effects.

If we assume that Figures 6 and 7 represent the magnetic
fields in the North and East directions generated by the long-
period components (> 5 months) of the time-varying field-aligned

currents, then Figure 13 is the map showing the perturbation
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these fie.ds have on the scalar anomaly map. The values on the
map were calculated in the way illustrated in Figure 14, in which
BMOD is the value of the scalar core field model and BH is the
scalar field containing perturbations due to AX and AY. The
values of BH-BMOD for each bin is what is found in Figure 13.

The poor correlation between Figures 13 and 5 probably implies
that the AX and AY maps are not good representations of the long-
period field-aligned current effects. However, if we retreat a
little and only assume that Figures 6 and 7 indicate the general
location of the iong-period anomalies if, indeed, tt xist,
thea Figure 13 would be interpreted as flagging :as .{ poten-
tial perturbation in the scalar anomaly map. The notable conti-
nental areas sensitive to perturbations in the scalar field then
would be the Pensacola Mountains region, the region inland of
Thurstou Island in Marie Byrd Land, southern Enderby Land, and
the Amery Ice Shelf region. These features all lie within the
region between 10° and 25° of the geomagnetic south pole in the
region of highest field-aligned current activity. However, too
much should not be read into this since most of Antarctica lies
between these latitudes. To the extent that we believe that long-
period field aligned current effects exist and that Figures 6 and
7 capture the general location of these effects, we have to be

concerned about the possibility of fields generated by field-

aligned currents intruding the scalar anomalics in Figure 1.
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Further tests concerning the existence of fields gencrated by
long-period field-aligned currents are continuing to be run.

Even though sensitive areas exist in Figure 13, two factors
contribute to the belief that the anomaly featurrs iz Figure 5
are mostly not the result of field aligned currents. First, a
necessary characteristic of fields generatsd in the earth's crust
is temporal stability over periods during whichk the inducing
field and the thermal conditious of the studied area change
little. Comparisor of Figure 5 with the POGO map generated by
Regan et al (1975), shows the good qualitative correlation he-
tween the MAGSAT and the POGO scalar anomaly fields. The differ-
ences are mainly in amplitude, due to the lower orbit of MAGSAT,
and in short-spatial wavelength features, perhaps due to MAGSAT's
greater resolution, data reduction differences between the methud
of Regan et al and ours, or scme field-aligned current effects
not detectable using POGO's scalar magnetometers. In genmeral,
the correlation is quite good, indicating that over the 10 year
period spanning the POGO missions and MAGSAT's lifetime, the fea-
tures represented in Figure 5 are stable. This lends credence to
the proposition that the source of the anomalies in Figur-e 5 lies
in the crust. However, it is still unclear if there exists a

field-aligned current component stable over this time period, sc

this argument cannot be taken too far.




=47~

Second, however, the correlation between the magnetic anoma-
lies in Figure 5 and known geologic features, especially in ocean-
ic regions, is remarkable. This is interpreted to mean chat the
crustal field is significantly represented in Figure 5 even where
the horizontal field is believed to perturb the scalar field.
These correlations will be dealt with in detail in Section IV.
Thus, the temporal stability of the anomaly features in Figure 5
together with the remarkable correlation between the anomalies
and known geologic structures, lead us to believe that field-
aligned currents probably do not severely contaminate the scalar
anomaly map except in a few isolated regions.

In summary then, the sources of the anomaly features in Fig-
ure 5 appear to reside mainly in the earth's crust siuce sources
below and above the crust appear to have significant effect only

in exceptional regions.

B. Vertical Anowalies

The vertical anomaly map found in Figure 8 is in remarkable
agreement with the scalar mzp. This is as we would expect in
high latitude regions in which the earth's magnetic field is near-
ly normal to its surface. The rapid variations in AZ observed in
Figures lb and 4b appear mostly to be filtered in the averaging
and data-discarding process. However, the amplitudes of the

anomalies in Figure 8 generally are greater than those in Fig-

¢
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ure 5. It is unclear which map better represents the crustal
field, but tliey are similar enough to make this matter relalively
unimportant. Vertical aromzlies in Antarctica are of approximate-
ly the same amplitude as those found elsewhere in the world.

As sbown abnve, the hcrizontal anomaly maps in Figures 6 and
7 result mostly from fields generated external to the Earth. We
suspect that the vast majority of the power has field-aligued
curren’s as its source. Thus, the amplitude of the horizontal
anomalies, found in Figures 6 and 7, can be generally considered

to be a good approximation toc the amplitude of the field-aligned

o

current effect. Therefore, horizontal anomalies over Antarctica
have much larger amplitudes than those over other regions. How-
ever, it is unclear if this is related to any real long-period
field generated by field-aligned current:s, which would perturb
the 4B map, or just to uucompensated random short period varia-
tions which are believed not to effect the scalar anomalies.
Crustally-generated magnetic fields over most of the studied
region will have a small hcrizontal component due to tne nearly
vertical nature of the core ficld. Hcwever, in the low geomag-
netic iuatitudes north of the Antarctic Peninsula, the earth's
field has a strong enough horizuntal component to register a hori-
zontal anomaly of crustal origin., Unrortunately, however, the

contour intervals in Figures € and 7 are insufficiently refined

to detect a crustal signal in this region. Continental remanent
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magnetizacion may affect the horizontal! anomalies if the earth's
field was nearly horizontal during the period of batholith solidi-
fication. The map resolution problem together with the latitudi-
nal stability of Antarctica during the last 400 million years

(implying a vertical geomaxnetic field) imply that a remanent

effect probably is not noticeable in Figures 6 and 7.
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IV. GEOLOGICAL INTERPRETATION

The interpretation of MAGSAT data, though still in its in-
fancy, should hold great interest to the Antarctic geoscientist,
for here is the first coherent continent-wide data set with infor-
mation about the Antarctic crust. Furthermore, MAGSAT magnetic
anomalies appear to be highly correlated with known Antarctic
geologic and tectonic features, especially in oceanic regions
where the geology is simplest and best known.

Oceanic magnetic anomalies are almost invariably associated
both with basins (negative)(cf. Frey, 1982a) and spreading ridges
(positive). (All oceanic feature names will be taken from Heezen
and Tharp,.1980.) Three of the four major oceanic basins surround-
ing Antarctica (the Weddell, Enderby, and Wilkes Abyssal Plains)
have strongly negative anomalies associated with them, and even
the fourth (the Bellingshausen Abyssal Plain) is relatively low.
(Geographic names are indexed in Figure 5.) The most striking
conjunction of a positive anomaly with a spreading ridge occurs
where the Mid-Indian Ocean Ridge and the East Pacific Ridge meet
grid south of the Ross Sea embayment ('grid" directions refer to
a Cartesian coordinate system laid across the polar map, with
grid north parallel to the 0° meridian, grid east parallel to
90°E, etc.). The set of positive anomalies running between 140°E

and 120°¥, north of 65°S, lies closely over the East Pacific

Ridge on the grid west and he Mid-Indian Ocean Ridge on the grid
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east. There are also highs associated with aseismic volcanic

ridges and plateaus, such as the Kerguelen Plateau (about 80°E)
and Maud Rise (65°S, 0°E)(cf. Frey, 1982a), and a relative high
in an otherwise pronounced low is associated with the South Sand-
wich Islands and Trench (60°S, 25°W).

There are, however, some interesting anomalies that do not
fit this norm. For example, a positive anomaly runs grid north-
east from Maud Rise right into the Enderby Abyssal Plain, and
another extends grid west of Thurston Islund into the Bellings-
hausen Abyssal Plain. The cause of these anomalies is puzzling,
and deserves further study.

The correlation between magnetic snomalies and coatinental
structures is also striking. In East Antarctica, the mountains
of Queen Maud Land (negative), the mountains of Enderby Land
(positive), much of Wilkes Land (positive), the Gamburtsev Sub-
glacial Mountains (negative), and the Amery Ice Shelf (negative)
all have magnetic anomalies associated with them. Although it is
not certain, of course, what these associations mean, some specu-
lation may nevertheless be useful. We believe that the Enderby
Land high may stem from a relatively high crustal magnetizatioan —-
aeromagnetic surveys in parts of the area (Wellman and Tingey,
1982) suggest to us that the mean susceptibility of the upper
crustal rocks, at least, is higher than the continental norm. We

suggest that the low over the Gamburtsev Subglacial Mountains

\Vv,
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results from an elevated Curie isotherm; this idea finds some
support in the low surface-wave group velocities along paths
traversing these mountains (Dewart and THksBz, 1965; see
discussion in Bentley, in press), since a warming of the mantle
causes seismic wave velocities to diminish. Perhaps these moun-
tains are relatively young. The pronounced relative magnetic low
overlying the .mery Ice Shelf/Lambert Glacier region supports the
belief that .ais is a failed rift deeply filled by non-magnetic
sedimentary rocks (Masolov et al, 1981); most continental rift
features, unless characterized by extensive extrusive volcanism,
show a negative anomaly (Frey, 1982a). The apparent extension of
the anomaly into the ocean is probably just a f;ilure to resolve
closely adjacent continental and oceanic lows.

On a larger scale, the coincidence of depressed topography,
satellite-measured free-air gravity lows, and other features ex-
tending from Wilkes Land across the ocean into Australia, led
Veevers (1982) to suggest that the whole vast region is being
held down dynamically by downward currents in the mantle. The
positive magnetic anomaly in Wilkes Land (and the corresponding
one in Australia -- see below) is consistent with this suggestion
since a convection—convergence zone would be relatively cool.

A noteworthy feature of the anomaly map is the absence of
magnetic anomalies over the Transantarctic Mountains. Instead of

exhibiting a characteristic anomaly pattern of their own, they

- a2
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mark a distinct boundary zone between largely separate East and
West Antarctic anomalies. (It is likely that the negative anoma-
ly that cross-cuts them from the Ross Ice Shelf is, in fact,
another case of two separate lows that have not quite been
resolved.)

Several anomalies appear in West Antarctica, but their
tectonic association is not at all clear. The volcanic province
or provinces comprising the Antarctic Peninsula, Thurston Island
and Marie Byrd Land all show distinct highs as would be expected,
but along the whole region the centers of the highs are inexplic-
ably shifted oceanward. A pronounced low over the Ross Sea may
support tne concept of a failed rift zone here, but it is not
centerad over the postulated axis of the rift found from gravity
measurements in the grid eastern part of the sea (Hayes and
Davey, 1975; Bentley, in press, Figure 9). The anomaly does
disappear under the Ross Ice Shelf -- that is in agreement with
the gravity evidence (Davey, 1981).

What may be a mirroring negative anomaly appears in the
Weddell Sea embayment between (and partly overlying) the Ells-
worth and Pensacola Mountains. However, if this is a rift-zone
negative, it is surprising that it does not extend farther grid
northward under the Weddell Sea continental shelf.

Comparison of the Gondwana reconstruction of Norton and

Sclater (1979) (Figure 19) with Figure 5 and the giobal anomaly
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Figure 19: Gondwanaland reconstruction, modified from Norton and
Sclater (1979).
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map of Langel et al (1982a) shows that the pronounced high in
Wilkes Land is mirrored by an even more pronounced high in the
Australian shield; there is, in fact, a general similarity be-
tween the magnetic appearances of Wilkes Land and Australia.
Moreover, the low in Queen Maud Land appears to correspond well
to lows in southern and southeastern Africa. On the other hand,
there is no clear correspondence between the West Antarctic posi-
tive anomalies and any g else. It appears, unfortunately,
that the MAGSAT map is not yet going to solve the puzzle of where
to put the West Antarctic microplates before the break-up of
Gondwanaland! For East Antarctica, nevertheless, the Gondwana
magnetic reconstiuction is very good, implying that the anomaly

features in Antarctiza were formed prior to break-up. A more

exact comparison requires that all data be reduced to the pole.




-56-

V. CONCLUSION
We have argued that of the four high-power sources of mag-

netic fields in high latitudes (the core, magnetospheric ring-

currents, field-aligned currents, and the crust) the crust is the
source of most of the anomalies observed in the scalar (Figure 5)
and vertical (Figure 8) vector anomaly maps and that field-
aligned currents generate the anomalies seen on the two horizon-
tal anomaly maps (Figures 6 and 7).

Errors in the core-field model do not provide a significant

o

fracticn of the power observed in Figure 5. Errors in the model
contained in degrees 1 and 2 are compensated by the quadratic
polynomial fit to each pass, and errors contained in degrees be-
tween 10 and 13 are known to be too low in power to seriously
contaminate Figure 5. Errors in terms between degrees 3 and 9
may appear on the scalar anomaly map, but the power between these
wavelengths is not a large fraction of the total power of the map.
Fields generated by magnetospheric ring-currents are known to
vary slowly relative to the time it takes MAGSAT to traverse the
observed region and are therefore well modeled by the quadratic
fit to each pass. Finally, though the horizontal anomaly data
indicate that field-aligned current activity is significant on
every pass and that high-frequency variations in these currents

cause the auomalies seen in the horizontal anomaly maps, we do

aot believe they are significantly contaminating the scalar anoma-
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ly map. Short-period field-alignéd current effects do not dis-
turb the scalar anomalies, though longer-period currents can.
However, very long-period field-aligned current effects have not
been observed, not because they do not exist but because they
must be much lower in power than the high-frequency variations.
The good correlation between the scalar anomaly map and the POGO
anomaly map over Antarctica implies that the source of most of
the power of the map is stable over 15 years. Since field-
aligned current terms longer than 15 years in period are not
strong enough to cause the observed field, long-period field-
aligned currents are believed not to significantly alter the
scalar anomaly map. Furthermore, the remarkable correlation of
magnetic anomalies with known oceanic geology implies a crustal
origin of the oceanic anomalies even in very high geomagnetic
latitudes.

The scalar anomaly map is consistent with the following hy-
potheses that we associate with the cited anthors:

l. The Gamburtsev Mountains are tectonically unrelated to

either the Highland Massifs (Drewry, 1975) of Wilkes
Laad or the mountains of Enderby Land;
2. Wilkes Land is the site of cool convergence in the

mantle which accounts for the topographic depression and

gravity low (Veevers, 1982);
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3. West Antarctica comprises the set of tectonic micro-
plates postulated by Dalziel and EZlliot (1982); and

4, Both the Ross Embayment (Hayes and Davey, 1975) and the
Amery Ice Shelf mark the site of ancient continental
failed rifts.

Finally, a compariron of the anomalies observed over Antarc-

tica with anomalies over the other Gondwanaland continents indi-
cates that the source of the anomalies on the scalar map has been
stable since before rifting of Gondwanaland occurred.

In the future, we will attempt a comparison between existing Y
aeromagnetic surveys in Antarctica and the MAG3AT results. The
only data available to us are from West Antarctica (extensive
work has also been done east of the Weddell Sea by the Soviet
Union, and in the Enderby Land region by Australia). It remains
to be seen whether the lateral extent of the West Antarctic sur-
vey is great enough to yield a meaningful upward continuation to
MAGSAT heights.

Modeling of MAGSAT anomalies is of questionable value at
this stage, for two reasons. First, too little is known about
the large-scale structure of the anomaly-associated features in
Antarctica to provide any realistic geologic control on the
models. Second, we believe further testing for auroral-zone

current effects by comparing dusk-side passes with dawn-side

passes is needed. If it can t'.en be shown that the data are
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sufficiently decontaminated, we would suggest looking first at

the Queen Maud Land anomaly, together with the associated nega-
tive in Africa where the geology is better known. The anomalies
in the Enderby Land/Amery Ice Shelf area and in Wilkes Land will

presumably be attended to by MAGSAT principal investigators from

Australia,
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MAGSAT MAGNETLC ANC.

~ A

5 OVER ANTARCTICA AND THE SURROUNDING OCEANS

. @Ritzrwvoller and Charles . 3entley

&+ _..sical and Polar Research Center
Coj~ersscy of Wisconsin, Hadison, WI 53706

Abstrac:. A procedus telect and reduce
sacelly =agunatic adoma. :ata ia high southem
lactitudes {s described, and a 2ap of Ancarccica,
consctructed using this procedure, is snown. The
map is qualitacively analyzed {or error and geo-
logic significance. Ccrrelacions are noted
between =agnetic ancmalies and zountain ranges,
subglacial basins, cectonic provinces, regionai
dravity anomalies, a hypothecical coatinenzal
rifc feacure, oceanic basins, and oceanic rises.
Overall, the correlation betwveen the magmecic
ancoaly pacteras and imown geological features
i3 good.

Introductioca

The Earch's cagaetic field is priccipally a
superposition of fields gemerated ia four
regions: the core, the crust avove the Curle
isoctherm, the lonosphere, and the magnetospnere.
Isolacing zne cruscal field at satellice
elevaticns is difficulc, especially ac high
lacirudes, though acteapts spaan zore than a
decade (e.5. Ceitz, er al., 1970; Langel, 1974;
Regzn, et al., 1975; Coles, et al., !975; Coles,
1979; Coles, ec al., !'979; Mayhew, et al., 1930;
Langel, et al., 1980a). The diificulcty ariscs
due t2 the proxiaily to the sacellice of the
{fonospneric and sagnetospneric currents, wnich
are 2zplified in auroral regions. Ia chis paper
wve describe a mechod for excracting the crustal
fleld froo the zocal field zeasurad oy MAGSAT
at aigh latizudes and zive a brief iacerpretation
of sone Zeatures of ihe Ancarciic crustal czag-
netic ancmaly fileld.

Daca Selection and Reductica

The cruscal =zagnecic anomaly, 4B, {s cal-
culaced by subtracctirg a core field model and
an excernal field model frcm the total scalar
magnecic fileid —easured by MAGSAT. The degrce
and order 1] spherical aarsonic aodel MGCST4/81
creaced Sy Langel, et al. (1920b) wvas used as
the ccre field zodel. No such general external
field acdel exists; thereiore, ve fcllowed the
prccecdure cescribed below ({n filltering excarnal
fleld effects.

fxternal f{ields primarily ccasist of two com
pouencs: a long-vavalength, slow-varying fieid
generated by ring currencs (a the nagnetosphere
and a snorter waveleagth, fascer-varyiag fleld
generaced by field-aligred currents in che looo-
sphere. The rapid vartacions in field-aligned
currents zake them difficult to model, so ve
deleced all jasses snoving sizns of their effect.
This vas done {n cwo vays. rirsc, ve selecced
daca ooly from passes during which the planecary
magneric activicy index, Kp, vas less than or
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eaqual to 1= for at least 6 hours. The excended
tize period vas chosen because auroral ioro-
spheric activicy abaces more slowvly than low=
lacicude activity. 3econd, data vere selected
ouly from passes showing no sign of anomaly
amplitudes greater than chose theoretically ex-
pectad from the crusc. This vas done since
field-aligued currents, because of zheir
proximicy to ctha sa:ellite, can generate auch
larger measured sagnezic effects than the crusc.
Specifically, ve have required chat 2B Se no
larger thnan 15 zammas(nT). This amplitude
criterion can be applied ocaly after the long-
vavelength external field {3 =odeled and removed.
Over cthe 8000 i@ flight pacth wve have considered,
the long-vavelength field is =odeled as a quad-
ractic polynooial (e.g. Mayhew, 1979) upon which
the crustal and iooospheric fields are super-
{mposed.

An example of thia procedure is ziven in
Figure 1, in which traces A resuit froa the
oeasured nagnetic field after the core field has
oecn removed, traces B are the zodels of the
field generated by the ring currents, and traces
£ depict 13, which resulcs by subtracting 3 frem
A. The tracks of the 37 passes (cut of a cotal
of approximacelv 2300) over Antarc:ica betwveen
November 1, 1979 and April 1, 1930, chac
sacisfied che selection criteria are snown in
Figure 2.

The 1B dacta frcm the selected jasses were
averaged over areas neasuring J°* of laticude by
3* of longitude, and vere plocted and cemcoured,
yielding the scalar anomaly 2ap snown in Figure
J. Anomalies ca this =ap have not bdeen
corrected for elevacion variac.ons {n the
sactellice pach, nor have they been reduced to
the pole. Both corrections will evenctually be
applied, since cthe 00 km elevacion variacioas
that occur between MAGSAT orbits alter the
asplictudes even of very long wvavelengtn nagnecic
anomalies by as 3uch as a factor of tvo (Regan,
1979; Bhattacharyya, 1977), and since the geo-
magnecic lacitude varies by more than <5° across
the nap so thac flelds {nduced io the crusc by
the Earth’'s dipole field are lacitudinally
dependent. At presenc, however, ve assume that
elevacion variacions evenly smear -ost anomalies
and note chat for most of the 2ap, reductiom to
the pole will have z1aimal effect. Other re-
finemancs of the daca planned for the aear fucure
include rectangular griddiag, the incorporaction
of a cross-correlation selection critericm for
adjacent and crossing satelli:e paths, and daca
selection based on analyzing the vecror-=agnetic
rnomaly data for fleld-sligned currenc signatures.

Accuracy of Data

Disregarding sagnetomecer and tracking ervor,
tha accuracy of cthe magnetic inomaly zap Lo
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a.

DELTA B (gammas)

FLIGHT TRACK (10%km)

Fig. 1. Craphs of zagnecic anomalies for:

(a) a pass unatffeczed by field-aligned curreacs,
and (b) an arfected pass wnere A is che total-
field minus the core field mcdel, 3 is the quad-
ratic polynomial mocel of the magnecospneric
fleld, and C i3 A 2ious 3, l.e. IB.

Figure 3] depends on the degree to vhich the core
field dodel and the external field zodel are in
error. We concerned ourselves chiefly with
errors found in the external fileld models, since
they are boch zore »rimicive and shorcter in
vavelangch than the zore fi:ld zodel. Two tests
based on the tize-varving aature of the external
fields vere perror=ed. Firsc, ve parctiticned
the MAGSAT data inco two successive 2x-montn
data sets and emploved the data selection and
reduction scheme described above o eacn. The
correlacion between the two 3aps vas zood,
suggesting that most of che external field
effects with periods less than five monchs vere
successfully filterea. Second, we compared the
MAGSAT =:ap with che PCGO zap of Regan, et al.
(1975) covering Antarctica. The same jeneral
continental features exisc on doth zaps, further
suggesting that zost external field effects with
periods less than ten years were filterea out.
The results of these tests are encouraging, but
a aore telling tesc, previously jeriorzed for
high aorthern lactitudes oy Langel, ec al. (1980a)
and Coles (1979), would bde to compare Fizure 3
wvicth lover aititude data coancioued up t2
satellice elevations. Uncil recencly, daca vere
oot available froa any zagaetic survev over
Ancarctica that was large encugn in ares aod
dense enough i{n coverage to wvarrant comparison
vith MAGSAT. Howvever, an Jeromagnetic 3ap sooo
to be published (referred to 5v lankowski, et
al., 1981), covering alaosc 10° @< ta west
Antarctica, vill provide an exceileoc check of
MAGSAT data.

Source of Anocsalies

{a expect that two xajor factors wvill con-
tribute to continental :rustal zagnectic
ancmalies: the depch to Curie isotheram and the
magnetic suscepcibilities. It (s scill not
certain to vhat degree continental remanent
sagnetizacion may affect long-wavelength mag-
oatic anocsalies. Some workers, ac least, con-
sider the effect negligible (M. Mavhew, personal
comsunicstion, 1981); lacking Setter informacion
we ignore it hers. Thus ve assuzme that the zain
sources of magnetic anomalies are located above
tha Curie isotherm and above Mono (Wasilewski,
et al., 1979), and principally {a the lover
cruscal layer vhere susceptibilities are greatest
(Hall, 1974). Therefore, continencal highs in-
dicate either a thick crust with a deep Curie
isocherm (low heac flow), or exceptionally high
Dagnectic suscepcibilicty {n the lowver crusc, or
both. On the otner hand, continencal lows izply
some combinacion of a thin crusc, a shallow
Curie isotherm (high heat flow), and iow
susceptibilities 13 che lowver crusc.

The highest susceptibility region in the
oceanic crust s 1a Lavers 2 and ), nearer :he
surface than in the zoncinenzal crusc, and
generally vell above the Curie ‘sothera. There-
fore, oceanic zagnetic anomalies should rerflect
regional cruscal thicknesses and susceptibility
differenc2s, but probaoly do zot reflect “eat
flow except in extreme circumscances. Remanent
sagnetizacioa {n the rocks of oceanic rift zones
can also yicld nagnectic anocalies at savellite
elavations, as can be snown by zodel czlcula-
tions.

Fig. 2. Flight tracks of che 37 \ccepted passes
over Ancarctica and che surrounding oceams.
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Geological Ioterpretacion

The incerpretacion of sacelllice magnecic
anomaly data is clearly ambiguous, especially
over regions vith little collaceral daca. How=
ever, the aajor associations becveen jeologic
features and zagnetic anomalies are vorth nciing
in both continenctal and oceanic regions.

Over the Antarctic conctinent there are
magnetic anomalies associacted vith zany topo-
graphic and geologic features. Io Zasc
Antarccica, the zountains of vestern Queen Maud
Land (magnetic low), the aountains of Enderby
Land (hign), the ?rince Charles Mountains (low),
the "Highland Massifs" beaeath the ice Lo Wilkes
Land (high) (Crevry, 1975), the Camburtsev Sub-
glacial Mountains (low), and the Pensacola
Mountains (high) all have zaguetic ancmalies
associated vith them. Also, there is a zagnetic
low over a subglacial basin zenerally along 150°%
in Easc Antarctica thac is further characterizad
by 2 stroagly negactive regional i{soscacic gravity
anomaly. This suggescs thac the process associ-
ated wicth the {sostatic izbalance nay bde associ-
atad wican high neat flow and does not support a
aodel cof cool convergence in the circulacion of
the upper =antcle.

In Yest Anzarctica, the Antarctic Peainsula,
sastern Marie Evrd Land, and the Thurscon Island
region are associacted wvich zaguetic highs, vhere-

A3 _--Z3m

Fig. 3. MAGSAT zotal-field dagnetic saomaly zap

over Antarctica. Units {n gammas(aT). Capital
letters indicate che approxizace locaciom of:

A - Queen Maud Land, 3 - Incerby Land,

C - Prince Charles Mountains, D - Anerican

Highlands, E - Gacpurtsev Mountains, F - “ilkes
and, G - Transantarccic “ounctaios, 4 - Ross
sbaymenc, [ - Marie 3yrd Land, J - Thurscon
sland, X - Ellsvorth Mountatos, L - Pensacola

Mouncains, M - Ancarctic Zeninsula.

as the Ronne Ice Sheif/Ellsworth Mountains region
shovs a pronounced magnetic low. Several of
these anomalies seen %0 be closely issociated
<sith cectonic microplaces suggested by D.H.
Elliot (personal zcumunicaticn, 1981). Hayes
and Davey (1975) have argued from the occurrence
of a scriking linear positive gravit anomaly
thact an actual ancient rift zone, which vas
probably active during che separacion of
Antarctica from Auscralia 65 m:.y. ago, underlies
the vestern R0ss Sea. If so, the crusc snould
be anomaiously thin and the heat flov higher
than could be normal there. A aagaecic low
covers zuch of this area, although the trends of
the tvo features differ.

Tvc coutinental regions chact d4iffer only in
crustal thickness vill tend to show differenc
magnetic ancraiies, with 3ore positive values
over the thizker crust. Bencley (1973) and
Dewvart and Toksdz (i954) have estinmacted crustal
cthickness to bde 40 i@ {n Sast Ap.arctica and
J0 'm in West Ancarctica; the 2agaecic anomaliles
over Iast Antarciica are generally zore positive.

Comparing the Condwana reconstruction of
Craddock, et ai. (1970) wich Figure J and the
zlobal nagnecic anomaly zap of Langel, et al.
(this {ssue), shows thac the low over -he lwoss
Sea and the Transantarctic Yountains corrasponds
to cthe low along the Adelaide and Tasman >rogens
in easterm Auscralia, that the hign in Wilkes
Land s oirrored by a high in the Auscralian
shield, and chat, in fac:, tnere {s a general
similarity betweea the nmagnetic appearances of
Antarctica and Australia. Moreover, the Incdechy
Land high seeas to be expressed in the I[adian
Shield, thouzh this s unclear due to the
lacitude difference between zhe two regions.

The Queen Maud Land low appears =o correspond to
a low in southern Madagascar 'nd the Zllsworzh
low =y be reflected in a low over the Cave
orogen {n South Africa. On :the ocher hand. o
feature similar o the Antarc:zic Zeninsula hign
is apparent along the Andean crogen in South
Azerica. Thus, the Gondwana reconstruction
seens largeiy consistent wizh the zagnetic daca
shown {a Fijure ] and Langel's nap, dur some
discrepancies exist. A Jore exact =zcmparison
requires rea.ccion of all daca co the pole.

Jceanic zagnetic anomalies are asscziaced
with both basins and rises. All four =zajor
Ocean Ddasins around Antdrctica exhib:t zagnecic
lows, and with the exception of the linear aag-
netic low along 170°4, all the oceanic negative
anomalies are associaced vith these asizs.
Oceanic basin anomalies presunably are zainly
negacive because of the tain oceanic crusc.
Couversely, many of th. Jceanic rises in the
region exhibit higns, 4and zost oceanic zagaetic
highs lie above xnown rises. However, noc all
oceanic rises exnibit 31 zagnecic high. We
velieve the prizarv cause Ior the =agnecic higns
{3 remanent Tagnetization over spreading ridges,
althougn specific 30aeling has noc yet deen
carried out.

Conclusions
Preliminary tescs {ndicate that cthe prizary

source of the 2agnectic anomalies snown . “igure
J lies vithin che Zarch's crusc. Thougn the
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data used to construct the zagnetic anomaly =ap
wexe ac: corrected for the eifects of elevacion
and lacitude vartiaclons in che satellice flighc
path, both concinencal and oceanic ancmaly fea-
tures shov a 3ood agreement with nown geologic
strucctures. Furcher research vill focus on (==
proving the quality of the zagnetic anocmsly map
and moueling the sources of the anomalies seen.
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Ay INDIX II
Alternate Data Reduction Procedure:

Two-Dir »nsional Finite Fourier Transform Method

Filtering polynomials from MAGSAT passes in non-polar
regions where passes do not cross is the source of the latitudi-
nal striping apparent in Langel et al (1982). Removal of the
polyncmials amounts to removal of most long-wavelength North-
South power so that only long-wavelength East-West power remains;
thus, the East-West striping. In polar regions, flight paths
cross so that this problem is not generated. Therefore, Antarc-
tica is the perfect proving ground for testing alternate data
reduction procedures to the standard procedure employing polyno-
mial fitting. Cain et al (1982) have tested a whole-earth two-
dimensional spherical harmonic method with what they feel to be
surprisingly good results. We have tested another method on a
continental s:ale with somewhat ambiguous, though heartening,
results.

Instead of tubtracting a polynomial from each pass we have
merely taken the uireduced data (observed values minus core-field
model for each pass) and averaged them in 3° square bins. The
resulting map was then high pass filtered using a two-dimensional
finite Fourier transfoim (ZDFFT) filter so that spectral peaks

between 4200 km and 5280 km were diminished by 1/3, peaks corre-

sponding to wavelengths greater than or equal to 5280 km were
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diminished by 1/2, and the d.c. component was set equal to zero.
The surface subtracted in this way is shown in Figure 12. This
surface differs from the polynomials used in the standard method
in that it is static over the 5 montg data window whereas the
polynomials in the standard reduction procedure can be viewed as
two-dimensional slices of a three-dimensional surface varying
during the same 5 months. The map produced can be seen in
Figure 11. The question is, how well does the static model
correspond to the dynamic model?

The difficulty in comparing the effects of the two models is
exacerbated by the fact that the no-data region due to the tilt
in the satellite's orbit had to be filled in by linear interpola-
tion to perform the Fourier transform. The spectrum will be
affected, probably by adding long-wavelength power, since the
linear interpolation acts to create a iong-wavelength feature.
Furthermore, the zero-levels of the two maps are not the same --
they are the averages of each map, separately, and since Figure
11 does not possess as much oceanic region as Figure 5 its aver-
age will be somewhat higher -- approximately .4 nT. Thus, fea-
tures on Figure 11 are d.c. shifted by about .4 nT below features
on Figure 5. Comparing the maps indicates that there is a pretty
good qualitative correlation -- highs in Figure 5 are matched
with highs in Figure 11, and lows with lows. There are two major
exceptions, the Antarctic Peninsula high in Figure 5 is matched

to a low in Figure ll, though this region is still a high rela-

3
b
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tive to Ellsworth Land and the surrounding oceans. Also, the
radial feature found at approximately 75°S and 150°W is not found
in rigure 5. In general, however, the qualitative agreement be-
tween the two maps is good. The radial striping in Figure 1l is
reminiscent of that found in Ritzwoller and Bentley (1982), which
was believed largely to result from field-aligned current effects
disturbing individual passes.

The quantitative agreement is not so good, however. Ampli-
tudes can be a factor of two greater in Figure ll than in Figure
5. This is the result of the fact that the static model cannot
accomodate daily and seasonal changes taking place in the magueto-
sphere or long~spatial wavelengih changes due to field-aligned
currents. The latter ic a problém specific to high latitudes.

Keeping the problems specific to polar regions in mind,
i.e., anomalies in Figure 1l can be generated by field-aligned
currents and the data gap, the correlation between the two maps
should be considered heartening to the low-latitude investigator
who mourns for North-South r  netic features.

In couclusion, experimentation with modifications of the
static field model by low-latitude investigators is believed to
be warranted. Two-dimensional filtering should be carried out
after the removal of a magnetospheric field model (e.g. *he model
of Langel et al (1982a)). If the magnetospheric field model

contains fields generated solely in the magnetosphere, subtrac-

tion of this modei will not create a ctriping problem. Perhaps
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then magnetic anomalies associated with such North-South features

as the Mid-Atlantic Ridge, the East Pacific Riage, and the Andes

may appear more clearly.
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APPENDIX III

Core Field Model

Langel .. al (1980) describe the procedure by which a geomag-
netic core field model (MGST(6/80)) is constructed from the
MAGSAT vector data. A similar procedure is followed in the con-
struction of the reference field used in this study. The geomag-
netic field is expanded in terms of spherical harmonics such that
the potertial, V, from wiaich the geomaguetic field is derivable

is given by:

N a+l v
V=a z (a/x)" z (gm cos md + h" sin md) Pm(e)
& L n n n
n=1 m=0

where a denotes the radius of a reference sphere, r the geocen-
tric radial distance, O the geocentric colatitude and ¢ the longi-
tude of the point at which the potential is to be found, and

P:(@) d-aoter > associated Legendre function of degree n and
order m.

A compl.te description of the earth's geomagnetic field
should extend to n = m == However, Cain (1976) has argued that
a thirteenth degrece and order representation is sufficient to
represent the main field of the earth, and MGST(4/81) contains
just these terms which zre similar to those listed by Langel et
al (1980). The averagc vector core model field (XMOD, Y4OD,

ZMOD) 1is shown in Figures 15, 1€, and 18. The figures were separ-
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ately constructed by taking the vector model values at each data
location and elevation and averaging in the same 3° square bins
: used for the constructicn of the anomaly maps. Thus, thnese

l figures represent the average vector core field mcdel employed

t

i

s

!

r

over the 5-month period of data acquisition.



APPENDIX IV

External Magnetic Fields

This discussion is largely based on the excellert revic~ of
the current patterns external to the earth written by Schunk and
Nagy (1980). The regions of magnetic field generation relevant
to MAGSAT research lie in the magnetosphere and the ionosphere.
The magnetosphere is that region where forces generated by the
earth's magnetic field dominate and extends to approximately
9 earth radii. The ionosphere is the layered region of near-
earth plasma lying between about 90 and 500 km elevation formed
in the sunlit hemisphere by ionization of the earth's tenuous
upper atmosphere. A schematic illustration of the earth's bow
shock and magnetosphere is shown in Figure 20.

Sunward, shocked solar wind plasma in the magnetosheath can
flow directly into the ionrosphere via the polar cusp. At MAGSAT
elevations the cusp occupies a narrcw latitudinal band centered
near noon with considerable longitudinal extent. Within this
band, energetic particle precipitation can pruovide measurable
magnetic disturbances, but the disturbances ar: less appreciable
than field-aligned current effects.

The magnetospheric mantle is an interncdiate region through
which magnetosheath plasma trsv/els on its way to the plasma sheat.
The ring curren: represented in Figire 1 is .he earthward exten-

sion of the plasma sheet. Trapped energetic protons and elec-
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Figure 20: Schewatic illustration of the earth's bow shock and
magnetosphere. Taken from Schuak and Nagy (1980).

Figure 21: Schematic representation of a partial ring current
(bold arrows) and field-aligned currents (thin arrows). Taken
from Anderson and Vondrak (1975).

7 a\
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trons grad-B drift in opposite directions causing ring currents
to flow around the earth. The current flow is large enough to
effect magnetic measurements greatly and is believed to be the
major source of level bias variations between MAGSAT passes over
Antarctica.

The electric potential difference across the tail of the
magnetosphere pointing from dawn to dusk, generated by the inter-
action of the shocked solar wind with the geomagnetic field, is
mapped into the high-latitude ionosphere as an electric field
normal to the geomagnetic field. This electric field generates
the auroral electrojets, fiows of ions parallel to the earth.
Only the high-latitude ionosphere is influenced directly by the
magnetospheric field since the ring-current effectively shields
plasma from leaving the plasmasphere at low latitudes.

The horizontal ionospheric field is further coupled to the
magnetosphere through field-aligned (Birkeland) currents. The
field-aligned current pattern during a quiet and a disturbed
period is shown in Figure 22. The current patterns are concentrated
in two areas encircling the geomagnetic poles, one poleward and
one equatorward. The current flow is into the ionosphere in the
morning sector and away from the ionosphere on the ecvening- side
in the poleward eurrent region, whereas flow is opposite to this
at a given local time in the equatorward regions. The net flow
apears to be inward in the morning sector and outward on the

evening side in the northern hemisphere. It is the field-

(&)
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Figure 22: Summary of the A° .ribution of flow directions of
large-scale field-aligne” currents for (a) weakiy disturbed condi-
tions and (b) activ- periods. Taken from Potemra (1979).

| "y )
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aligned currents that are believed to be the principal cause of

magnetic disturbances observed in the MAGSAT data.

"\
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APPENDIX V

Computer Programs

List of Programs:

1. IBMTR
2. REFMT
3. ANTAP
4. MRGRD
5. BIN

6. RDBIN
7. FFT2D

§y A
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(,'lld!..'l."il...lIQQG.QQ.QIIICQQIIQOOIIQODIQOQQQQCQQOQQQ
< +1EMTR TRANSLATES THFE [KM-FURMATTEFD NASA T1AFE
o TU HARRLIS=FUKMATTED COLN. . THIE KEY YO THIZ PRO-
< GRAM 1L1ES IN THEIE SUKRRUUTINES S RTRNSL AND S. 1TRNSL.
< WHICH TRANSLATE THE KeALL. AND TKE INTEGER WORDS
G RESFECTIVELY. THE OUTPFUN 1S FORMATED NEAKLY
c IBENYTICALLY TO THE FORMAT GF YHIE NASA TAPE.

(« EACH PASS RFGINS A1 90S WITH A HERADER RECORD.
4 FOLLOWE)T RY A STRING OF LATA KECOKNS CUNTAINING
(o INFOKMATION ARUUT 30 MAGNEYIC VALUES. 1THE

c HEANEKR RECORD IS FORMATED AS FOLLOWS:

Cc

C WORRD & NASA Ve ARLE

C 1 ITYPEX

C Z " NTYPEX

c 3 MJDX

& 4 IPASSX

C =6 ASCX(Z)

C 7-8 nscxc2)

Cc 9-10 MSECX( 2)

C 11-12 ALTMX(Z2)

C 13-14 AL.ONX( 2)

C 15--16 IKP(2)

C 17=2% GsSM( 2, 3)

Cc 23-34 DS1(z.,6)

C 30 NMAX

C 36 NMAXT

C 37 MOUEXT

C 38 TZERO

C 39 ABAR

C 40-328 GH( 17.17)

C 329-%24 GH1( 14, 14)25

C Q828527 E(3)

(&

C THE DATA RECORNS AKE FURMATEDL AS FOLIL OWS:

C

C WORD o NASA VARI1ARL.E

C 1 ITYPER

C Z NTYPER

c K MJUR

C 4 MSECH

C ) 1PASSKH

4 6 TINTR

C 1=3& LAT

& J/-66 |.ON

C b&7=9& KAl

C Y7-1726 ML

¢ 1727=-196& INVI A

( 197=186 M R
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OF PGUR GUALIT
¢ 167 =716 HS T QUALITY
C Z217=246 133%

G 747276 X

. 217 =304 Y

¢ W7 =446 2

G 437 =3bb HVA

G 3467 =396 XA

C 49 /=426 YA

¢ WZL/-4%6 7A

c 457-486 RVSD

C AB7-516 XSO

¢ 917-546 YsD

C $47-576 7sD

G S77-606 BMD

¢ 50b6-634 XMD

C 647666 YMD

¢ 6871696 ZND

c 657 QUAL.

c &98 SPAKE.

¢

C

C FOR A NESCRIPTION OF THE NASA VARIAKLES
C SEE "MAGSAT INVESTIGATOK=R TAFE GENER-
c ATION PROGRAM REQUIKEMENTS®. NASA PUR-
c LICATION, CONTRACT NASS-24391, JULY, 19€O.
c

¢
C.."’.CI.".‘.‘.".m"'..l."i.ll{l'lfl‘f..“.".."..’.

INTEGEK#6 NEWVAR(40) .
DOUBLE PRECISION NEWORN( 760 ), 11X{ 40 ), HARRIS( 760)
INTEGER BUF( 1010 ) P( 3030 ), ICOUNT, IW(RD, RCOUNT
CALL LINK
WR1TE(1, 1)

1 FORMAT(  FOR INPUT TAPRE’)
CALL. ASSTAF( 712)
WR1TE(1,2)

Z FURMART( Z FOR CUTPUT TAPE“)
CALL. ASSTAK( 713)

CrusensTHIS LOUP CREATES AN ARRAY CA!LEII R WHICH 1S

(& COMPRIZED OF WORIIS EACH POSSESSING ONE RYTE OF THE CORKRS-—
C PONDING WORD FROM THE ARRAY NAMED BUW-(1 ). THE BUFFER IN
C REFURE 1T FIILLS RUF,

Lo

RUIFFE.D INC 712, RUF, B, 1010, 1STA1, 1WRD)
CALL STAIUSO712)

EX)TOOF 1FCISTAY. EQ. X))

FOR Jr3, JWORN

Ir:ie =7 .

RC 1 )=RUI-C0). ANIL “ 77600000

EC) )=mK() ) SHIFT. =14

KCI+1 )=kKUKE() ANIL 2177400

KC1+) )sR(]+] ) SHIFY. =&

&)



R( ) +Z )=HUF( ). AN 2377
ENDF Ol
C
CaasanesTRNSLATION OF 1HM KFALS INTO HARKIS KFALS
C
ICIUUINT=1
RCOUUNT =1
JIFC1IWOKRD, EQ. 1008) GOTA 6
o
(enae22TRANSLLATION OF HEAIIFER RECORN
CALI. 1TRNSLC ICOUNT, 1, 16, By NEWVAR )
CAlL! RIYRNSL( RCOUNT, 17, 32, Ry NEWORN )
CALL ITRNSL.( ICOUNT, 3%, 40, R, NEWVAR )
CALL. RTRNSL( RCUUNY, 41, 56, R, NEWORD )
CALL. ITKNSI.( 1COUNT, 57, &4, R, NFWVAK)
CAILL. RTRNSL( RCOUMT, &5, 136, R, NIEWORN )
CAlL ITRNSL( ICOUNT, 257, 268, B:s NEWVAR )
CAlJ. RTRNSI ( RCOUNT, 269, 2228, R: NEWORD )

GuTo 300
C
Caax>saTRANSLATION OF [IATA RECCRD
] CAll. TTRNSL( ICCUNT, 1, 20, By NEWVAK )
CALL. KYRNSL( RCOUNT, Z1, 2784, R, NEWORI1)
CALL. 1TRNSL( ICOUNT, 278S, 2904, R, N=HVAR )
CALL RTRNSL( RCOUNT, 2905, 3024, R, NFWORI)
C

CeaanaaCRFATE A NEW [IBL PRECISIUN REAL. ARAY HARR1S FUR BUFFEROLN
| &
CeepanalF IRST, IWLUAT NEWVAFR
00 FOUR 1=1, 40

DX 1 )=NEWVARC T )

ENDFOR

JFC1WORDN, EQ. 1008 ) THEN

FOR 1w=1,5

HAIKKLS( 1 )=1X(1)

ENLFOR

FUR 1=6, 696

HAKR1IS( 1 )=NEWORIC I=-5)

FNIFOR

FOR 17697, 726

HARKIS( I )=DX( I-691)

FNDFOR

Bk Vw27, 756

HAKRIS( 1 )=NEWORIN T=38)

ENI-0OR

FLSE

FOK 1=4,4

HAKKIS( ] )=hX( ) )

ENDE Ok

FOKR J=h, &

HARKIS(O T )=NFWOKIC1=-4)

ENIi- (e

()
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FOR 1=9, 10

HAIKK1S( 1 )=1X( !-4 )
ENDFCi¢

FOR 1=11,14

HARK] S( 1 )=NEWOKIK 1=6)
ENDE (¢

FUR 1=19, 1&

HAKRRLIS( 1 )=liX( )1 -8)
ENDF Ol¢

FOR 1=17, 34

HAIK1IS( I ) =NEWURLC I-68)
ENDFOR

FOK 1=3%, 37

HAKRIS( 1 )=0X( 1-26)
ENDIFOR

FOR )=38, $27

HARKI]S( 1 ) »NEWOKRD( 1-11 )
ENDECR

ENII1S

iF(RC3). EQ 1) THEN
TW=1054

ELSE

IW=1512

ENDIF

BUFFEROUT( 7 13, HARKIS, B, 1W: JSTAT, JWORI )
CALL S1ATUSC “13)
ENDLOC

FOR )=1,3

CALL. XXYY(“13,706)
ENDHOR

ST0P

END

Ul (0

OF p

SURRUUT INF RTRNSL(I RCOUNT, INIT, FIN, R, NEWORD)

INTFGER®S6 MANT 1, RZ, B3, R4, KR, KKZ, RBX, KH4, HRY
LOUBLE PRECYSIION SIGN, EXP. MANY, NEWORIX 760 )
INTEGER R( 3070 ), SIGN1, EXP1, IN) T, FIN, NUMWRILL, KCGUNT

NURWRD=( (FIN=INIYT )+1 ;/4
FOR )1 =1, NUIMWRI!
JmIN1I+As( ]-1)
SIGN1=R( ). ANIL 22700
SIGNI=SIGNL. SHIFT. =7
JFCSIGNL FQ. 1) THEN
SIGN) ==

kl Sk

S)GNL=)

ENDIF

SIGNuS1GNY

HHI e R(.0vT )

KRZ«KR] ANt 700

e v :
vl (o

)
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RB3:HKZ, SHIFY. '7
RBA=RN] AND. 7177
KHBU=KRY4, SHIFT, 14
RZnRRYS. OR. BH3

B3msR( J+Z7). SHIFT. &
HamRB( (1+3)

MANT 1 *RZ. (R. H3. OR. B4
MANT=MANT 1

IFCHMANT 1. EQ. O) THEN
NEWORI RCOUNT )=Q,

FLSkE
EXP1=R{ (1) AND. 7177
EXPI=EXFI=70

EXP=16. naEXP1

NEWORD( RCOUNT )=S1GM#F. XP¥MANT
END1F

KCOUNT =RKCOUNT+1

ENDFOR

KETURN

END

e LT

Ny A. : '

OF POCR QUALITY

SUBROLM INE ITRNSL( 1COUNT, IN1T, FIMLW Ry NEWVAR)

INTEGER#& MANTI1, B2, R3, R4, NEWVAK( 40 ), SIGNZ, K1, RB1 RBZ, RB3, BK4, B

INTEGER B( 3030 ), SIGN1, INIT, FIN, NUMWRL', 1COUNT

NUMWRD=( ( F IN=INI1T )+1 )/4
FOR 1=1, NUMWRD
J=IN1T+44( )1 =1)

SIGN1=R( J). AND. 7200
SIGNI=SIGNL, SHIFT. =7
1IF(SIGNL, FRLU 1) THEN
SIGN1s=-1

ELSE

SIGN] =)

ENDIF

S1GNZ=SIGNL

RRi=R(J)

RieRR1. SHIFT. 25

RHEZeR( 0+ ). AND. 7177
BE3=R( J+1 ). ANLL. “ 220G
RR4=RHZ. SHIFT. 146
RRS=RK3, SHIFT, 17

HZwRRA (IR, BRR%

H3=R(OJrZ ). SHIFT. &

R&r:R( (+34)

MANT 1 =K1 UR. BZ. OR B3, (R kA4
NFWVAKO 1COUNT )=STGNZ#MAN T
JCOUNT=)COULINT +)

FNNF UK

KE TUIKN

NI
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aonn
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Loy

tREFMT 1ARKES A LARE TREMTER)E KY $1KMTR
ONIEREFUKMATS 11, CRERTING KECURNS
CONTAINING 11ATA FROM ONF R LGHT TRACK
(WEKR AIARCTICA ANIC INTERFOL ATING (IVER
KEGIONS WHEERE THEE MAGNEITUMEIRER MISEIKED,
LA FROM 72 NASAH PASSES Ak CONTAINERTE TN
IN FNACH KECOKIL THEREFOIE HIEEnIER VAR AREFS
Alkk 1LISTEN IWICK: K. G, K1 AN KPZ.

TRl PR OF THEE e A otk S

WOL o IESCKIPTION
1 MJLIX)

7 JPASS)

3 MSECXICANT ) i
L] MSEUXICAKRC)
) KF1( ANY )

& KFI1( AKC)

7 MJLIXZ

H JPASKY

Yy MSECXZCANT )
10 MSECXZ( AL )
13 KPZ( ANT )

17 KPZ( AKC )

11 ¢ OF a1 POINIS
14=-78%4 1M

784=-503 | ON

Wu4-623 [ AN AV
€Z4-109% -1 K

1094=1 3463 Ji! X

1364-) 643 Il Y
1834-190% Il 7

((BEBRACRFIARIPEIRINMAABBRR BRI RIDBNLRACLATRIRNBRARBAR IR B RRARAR 2L RACLBEX
HOUKE B PRECISION KU (787)
MMENSION XLATICZ70 ) XEONCZ 70 ), B =VCZ70 ), L=l XCZ70 3, 01 Y(Z/70),
*XMSQL H0 ), RROZ70 ), 1L 7C2Z70 ) Mk SC7Z 70 ), KSQC 20 ),
+XXCA ), XCA& ) WHK)IC IYON ), LN 7¢ x0)
INITEGGL RSP OG:
il L INK
WR1ikt 3, 3)
FORMATO . Fuk JHMFLD TTARE )
CALL Assania -17)
W) irC). )
FORMMC FUS 1 kUE ke
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KUFFERINC 2327, BUF, R 1014, 1S 107, JHUKNN)

Cn
1k(

I. STRAIUS(712)

FORMAIC 11X, F14.7)
X( ) )=RUF{ )

X(Z)=RUI-(4)
X(C3)=KUF(9)
X( 4 )P 10)
XCS =R C1D)
X(C&)=RUF(16)
FOie 1=1, 6

RUIFCL1) FQ 1) THEN

WRITE( 4, 375) X(1)

FNDE
GALL. KEWINIIC A )
GO 300

FI SEIFCRUF(36). GT. BUECGS))

END
e
Ked
K¥=
G
LG
L O

GOTO 300
1F
1

[¢]
U 307
'0
NO PATH TOQ HER
|1
K=0
KK=0Q

KUFFERINC 717, BUI-, R, 1513, 1STAT, 1WORIN)

CALL. STATUSC712)
EXITI.OC JFCISTA

F

EQ X))

ORiGI S L J
OF POOR GUALITY

NCOWNGOING 1R KRECOR)

CHFCK 100 SEF 1R NOWNGUI NG (R URGOI NG RECOR)

JRCRULCT ). FQ I
L2
X(3 RU-(X)
XC7 )= RUl-(4q)
X(XR)sRU(Y)
XCa):RURCIO)
XCU )= RULE-C 1%0)
X(C& ) RUF(I&)
GO 301

FHNIV -

YVeLll kL 7)) IHI-N
JFCIKUINCSA) 1

HEN

RUF( 1))

Y
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ENIF
C
(&5 CREAMTE ARKAYS (- APFROFK. STFR IR A
«
B0 . k(¢ I= 3, 30
XLATC ) +KK )= HUF( 1 +4 )
X1 ONC 1+KK )z KUll-( ) +3& )
FLEVO 1+KK )= KL (14664 )-&K07.
-l XC ) +IKK)=RUI () +78& ) KlIKk( ) +A0&)
DR ) KK ) ZRUITC ) +276 ) ~HUL-( ) #6368 )
N ZC)#KK )= RUR{ 14306 ) RUR( § +&864 )
KHSGC ) 1=RUFR( ) +Z3&6 8/ +RKUEF( ) +276 JeaZ+RUF( ) +306 )27
XMSQC 1 )aBUI( ) +606 Je 22 +HUIF( ) +A4E )8 /+KUR( 1 +664 ey
2 -l SC1+KK =SQICTO RSWC ) ) -SRI XMSEC ) )
ENIRt (R
KrK+]
KK=30#(<
X GUTO 301
J05 . FUMAT( 8O 1IX, kY. 2))
&
(5 FIND 9999, LOCATIONS IN LAT() ) & DRELFIE THFM FROM AL VAKS.
[ &4
09 NUMY=:0
19F.XS" =
FUR 173, KK
JFCXLATC) ) EQ. 99999, ) THFN
. . . NUMY= NUMY+)
v s . WRITE( Y, 350) )
0 . . ROIMATCLIX, )%)
. 19EXST=2
ENJLF
ENJIFOR

KKK=KK=-NUHMY
IFCIYEXST. FQ 1) GO SO0
Gl KREWINIK )
FOK )=, NUMY
KREAIC 3, =) | OCYC) )
FNINF (K
CEr L KEWINIICK)
SMI L OC=1L00cyC ) )
I RGL OC:-1 QCYC Y )
FOR )=, NLIMY
IRCHQCYC ) ) G PR ) PR e=| OFy( ) )
YRCEOGUSC) ) L SMET ) SMEban sy )
PN (1
XK= k1 W1 KKK )
rFUK 171, KK
YRCY Lo=mire ) THREN
KRCO )= X1 #vre )
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FILSEIRC). Gr. ERGLOE ) T HE-N
KO ) =NUMY )= XL AT )
ENIF
ENII- Gk
FOR )=1, KK
RLAIC) )mRR( 1)
ENIH- (i
k(g )73, KK
JEC). LY. SMETOC) THEN
- KM ) )= XL ONC ) )
FISEIRCT, (1L L RGLOC) THEN
. BK( ) =NUMY )=XL ONC ) )
ENIILF
ENI= ¢
FOK )= 1,KK
XLONC ) )=RK( ) )
ENTIF (g
FOR )=3,KK
JRECL. LT, SMLIT OUC ) THEEN
¢ HEC ) )=kl FV( ) )
FISEIFCT G IRGLOCG) THIEN
. RK( ) =HUMY )=kl FV( ) )
FNIF

ENIIEOLS

FOik 1=3, KK

‘ i1 FVC) JeHRC ) )

ENINE (R

FOK )=]1, KK
1ECY. LT, SM1.0C) THEN

RK( ) )=hkl SC) )

FLSELIRCT, G RGLOC) THEN
. RIC 1 =NUMY )= iu-] S( 1)
ENULF

E NI Ol¢

FOk )=, KK
ML SC) 3= HRC) )

FNIE O

FOR )21, KK
JRC, 1T SME ) THEN

KRC) =)0 LX) )

FISEYRC) G LRGHNOC) THEN
. ERC ) =NIMY )= ikl XC ) )
FNINE

ENI-UK

FUR )= 1, KK
HFL XC 0 )z RKRC 1)

FN) =11k

| UL IR SN
VRO L mME L) THEN
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. RRC ) =)=l YO ) )
FILSEAURC S, G L RGEOC) THEEN
v KK( ) =NUMY )=01l-1 Y() )

% ENI)+

ENIW-O

FOK )=3., KK
NELYC) )sKRKC D)

ENIV- (iR

FOK )=3, KK
JRCL. L. SMLOG) THEN

RB( ) )=kl 7() )
kI SELIFC). GY. | RGLOCG )Y THE-R
RR( 1=NUMY )=r12( ] )

ENDIF

ENDEOR

FOR )= ), KK

. JeL7¢) )=RH( 1)

FHNI- UK

FOK 131, KK

" HK( ) )=,

FNINEFOR

AUTOMATIC CLIPPING

CHECKING FIRSY 1WO VARS. FOR CLIFPING & THEN KL AGGING

nonNonNe

FOR 1=1,2
IRCARSEXLATCT ) ), GT 500, ) THEN

. XLAT( 1 )=9.

ORIFCARS( XILONC 1)), GT. %00, ) THEN

g XLONC I =9,

OKIFCARSOFLEVC] ). (. 800. ) THEN

. F1 FV() )=9,

(RIFCARSCIIEL SO ). G, S00. ) THIEN
LS ) =9,

OKIRCABSINEL XC 1 ) ). GT. %00, ) 14EN

s L=1.X( ) )=9.

QRIFCARSON-LYC ) )). GY. %00 ) THIN

: PelYC ) w9,

GRIFCARSCIN T 7€) ) GY. LOO ) "H'N
=L 7¢ ) )=9,

3 ENI -
. ENII-(iR
SO0 (g )=3, KK

JECARSOXI MIC) D)) Gt S00 ) THEN

JRECARSOXIRIC)I+T D)) i %00, ) (HEN
XEANC) )=CXEAYC Y =1 )i XE NI )= )7y,
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Kl Sk

XEAIE) D=CXE A=)
. ENIOF
FNIDF

FNIi-Cue

FOR

173, KK
JRCARSO XL ONC ) ) ). G, SO0,
JR(ARSOXI ONC I +) ) ). (3
XLONC ) )= XEONC ) =)
kil .Sk
XLONC ) )= XLONC 1=)
. FNINVI -
ENIILE

ENIiEOK

LACN

)= ). KK
JRECARSCRLEVC ) ) )L G ®O0.
JFCARS(EILEVCI+1)). G,
ELEVC) (kI FV( ) =)
F1.S&
FILEVO) )=(FI FV() =)
. ENNGF
FENIF

ENDNE (¢

kUK

;-Nh
kO

FNIY
ki

1=31,KK
JECAKRSCOLIELSCO ) ). (Y. H00
JRCARSOIN-1 SC 1+ ). 61,
NELSCY )= ik S(1=)
Fi.Sk
NELSC) )= k] SC1-)
ENDNIF
NIV -
k(g
1=:3, KK
JRCARSCI'FL XCY ) ). G, 500
JFCARSOLEL XCY+) ) (.
DEFXC) )=C TR XC) =)
Fl .Sk

Ji-l XC) ==t XCi=)
ENIN &
ENI)F
L8
17 3.K<
JRECARSOIHLYC) ) ) 1 LoD
JECARSOIFL YOI+ )
T YC) =001 YO =)
kil <r
PR YO ) )= it Y v =1
I E
KNIV

YEXERIC)+) V)

) THFN
200, ) THEN
YEXIONC ) =2 ) )/7.

MHXLAICYI+1 ) /2.

) THEN
800, ) YHI-N
YL ENC Y =27 ) ) /2.

YHELFVC ) +) ) )7,

) THI'N
S00. ) THEN
YR SC)=27 0 )/7.

VML SC Y+ ) )V /7.

) THFN
D00, ) THEN
YN XC ) =2 ) ) /7.

YHliEl XCI+1 )/

) IHN
SO0 ) THREN
YRIEL Y ) =2 )7

YRl YOV +2 ) )/

ALITY

L J)
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NI e
k(R Jr )L KK
JECARSOIEL 7€) ). (Y. 200, ) ITHEN
JRECOARSOIEL 7CT+) ), b, 200, ) THEN
MEL.Z7C) deChn-l 72C =) )il 7C V=2 ) V7.
kl.SE
NEL.ZCT )= CIi 72 )=1 )40kl 20 ) +) ) )/ 7.
NI F
NI
FNI- (1

FINDNING FIAGGEN VAKS (0F FIKSYT TWO ) ANDE CLLIFFING (HEM.
CLIPFING MREANS MRKING THIS AVEKAGE OF THI- ARKAY. TH)S
SFHELLS TROUEREE FOIe TAYT AN L ON WH)CH MUST K RXACT SO
KECURNS THAT TIONZT RKEGIN WITH ARPFRUOPK)IATFLY SMALTL [.ATS
ANIT LONS MUSTE RE SCRIDINLZED 100 D TFRMINDG KEAL 1A & 1O
VAL UES,

FOk (123, 7
JECXLANIC). PR 9. ) THEN
MN=0.
k(e )1, KK
TUi1=XLATC) ) U
ENDF (i
XI ATC ) =TUT/FL OAT( KKK )
RO FCXLONCD ). RQ 9. ) THEN
TU7r0.
FOK )=, KK
; TOY X1 ONC ) )+
ENIi- (i
XLONCO)=1(N /K1 OAT( KKK )
(RIFCKFIEVCLU). PR Y. ) THEN
=0,
PO )=, KK
TWie kRl FVC) )P0
ENIECN
FlFVCD)=1 00 /F1 (1A (KKK )
(AR SC), FQ 7. ) ITHEN
YO0,
FUK )=2), KK
TR -3 SC) e
FHNIEGI
s Ml SCD)=Y0/FHATCKEK )
Rk C)RE XC ) Py 'y ) THEEN
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1=
FOK )7 ), KK
T Y=l XC ) dwiint
FHNIE (K
el XCo)= 100t/ OATCEKK )

MR I YC) FR 9. ) IHEN
10N =0,
k(¢ )r), KK
. (CelEl YO Do
ENIE (K
2 I YCD)=10T/7F G (KKK )
ORIFCIE 7CU) R Y. ) THIEN
TOT= 0.
FOR =), KK
. 10130 7C) )10
FNItH(R
. iRl 7C)=10T/FLOAT( KKK )
. END) +
END (RS

k(e ))&

. KEALIC A, =) XX())

BRI (R

CALL KEWINIICA)

kUK )3, &
WOKDC ) )=XX( ) )
WO ) +6 )= X( ) )

ENI¢ (K

HORIC I3 )=k OAT( KKK )

kO )=y, 770
WORIC ) ) % )=X1L.ATC) )
WO ) #2784 )=X]. (IN( )
WO ) #5854 )=k £V()
WO ) #8238 )ikl S()
WORIC ) + 1093 )= ) 1| X(
WORHIC ) +1 363 )z )ikl Y(
WRDIC ) ) &RK M=)kl 7(

kNI ik

EUREREROUTC 13, WORIL K, 3204, (=181, JOWOKIT)

CALE Sinusl “Ik)

FOk 13, A
WIIFCA, 3% ) X))

FH)ELIR

1)
¥y
1)

- )
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Call
L

KEWINIWC Q)
KU KK 7120 2100 )

F(i¢ )Y, 270

XLAY()
X1 OINC )
kYD)
h1.S0)
X0
Ji-L YC)
el 2C)

FNIN-LK

ENIN O
L C T L ]

Al

ENI (i

Ko
FHIN

)eQ0
=0,
=0,
=0,
=0,
}=0,
)=().

XXYY( 731X, 706)
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-98- OF POUR QU \LITY

JTDHMENSION KU (1905 ) XECZP70, 7)), XRQUBIK 270, 7 ) ANOMC 770, 7)),
W 1200 ), XK 15900)
(ZC.CICI..Q.CCII..)Q.CQDQ.QCQDC(u&cQQQCCCQ.QIQQ.)0.00.0!0.0...0
( SANTAIY UREATES 1 1RFF (B ANOMALY TIATA KY SUK=-

C TRACTING A POLYNOMIAL FIT 10 FACH PFASS 7
C ALSO SELFCTS PASSES THAY SALISEFY THE KP=CR1TY=-
C FRION KRQUIKING KP. LE 1= POR 3 CONSFQUT) VF
C PASSES, (LT DS FORMATIEN AS RO OWS:
C
C Wil @ NESCKIPTION
[ J=1 SAME. AS &KFFMY
C 14 TYFICAL FI FVATION
« 1h=17 < POLYNOM) Al CORFFS.
« Ju=2H7 .M
C ZH8H=-0%Y | ON
C MR-z IELR
¢ HZB=10"77 Il K=i-01. YNOM] AL
C 10538=1 367 FIEV
c
(
(AR AP RN NN AR R RE AR AR R R RUASO R NIGAER PRI BAIA AR ERERIARY
Ci L. 1INK
WHIIFC L1, 9)
£ 4 FORMAT( 2 FOR INPUT TAIPE7 )
CALL ASS1AP(-713)
WRITF(3, 1)

—

FOKMAT( 2 WHICH ANUMAL Y VALULS Al DESIREN?/7 1= S7/
+*7 7=1lLX/” =ikl Y /7 4=kl L7)
KEAIC L, 2)
7 FORMAT() 1)
WKITF(1,3)
FURMAT( © WHERF 1S DATA GOIRNG?7/7 J=1FRMINAL “°/
*’ 7=-MKIAI117/” S=TArE "/~ &= INFPRINIFR? )
REMICI, Q) U
4 FOKMAT() ) )
TRC WL FQ 3) THEN
. WKITF(1,10)
10 c FORMATC 7 FOI (LNPLT YAKET)
. CAlLl NASSTAIA 717)
FHIN P
N= O
10
KUEFRRINC 2154, KU, K 2804, )STRT, JWOKIL)
CALE STATUSC “13)
EX) (e JRCISI0). B R)

w

)
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KKK= k) X(O KU ].2))
JECO PR Y ) IHIEN
k¢ )=), KKK
XHOYV, 2 )=tk ( 27 <%0 )
ENI (i
MAOrCL PG 7) 1HEN
FOK )r ), KKK
‘ XKHC ), 7 )=RUIk( 1094+, )
FNI (i
(el W@ ) THIEN
kG )r ). KKK
‘ XKC), 7 ) RIIE( ) 3A84e) )
ENI (e
Fl.Sk
k(¢ ) e, KKK
. XKC ), 7 )=KUR( 1 E&34+] )
FiN) W= (i
END) -
k¢ )71, KKK
XKC). 1 )=kl OAIC) )
FNIW: (K

WJAINATIC FIT KN )N

YSUM=0,

XSUM=0.

XYSUMe O

XZSUM=Q.

X3SUME O,

X4SUIMe (),

X2 SUM=Q.

FOR )r1, KKK
YSUM= YSUM+ X ), 7))
XSUM= XSUMeXHC( ). 1)

Of\ll;ﬁ‘:.“L_

XYSUM= XYSUMe XK ), ) )2XK( ), 7))
X7SUIME XZSUIMeY 0 V. ) )eelr
XASUIM: XASUM4 RO 1, 1 e
XASLIM= XASUIM+XK( 1, 1+ )28

CHOOSING AFPRIEK G E V0L -
CHOOS) NG UINLY Gt pfysiak s

11z IR X( RIB-q =) )

N N+t

XKF(H =Kk 1)

TECN sk & ANIC XPF- N | F 6N
TR 7 ONIC YV RON=- 0 (F e

PEE(HN=1) | F

’
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‘F POUIt YLt

5 XZYSUMr X7YSUMeX KO Y, 3 ieXKC), 1 )eXk(), 7)
NI UK

Al rYSUME( XZSUIMeXASLIM -XesLiIM 27 )

AZr XSUME( XUSIMeEXZYSLIMm=XYSLiMe LASLIM)
AJ=XZ7SIIMEC XYSUIMe X OSLM=X/SIIMeXZYSUIM )
RieRUT-( 13400 XYSIIMAEXASLIM= XS IMeXZYSLIM)
KzeYSUMe( XASUMa X 7SLIM=-XSIIMeXaSLIM )

Ra= X7SUMa( XSUIMEXZYSUIM XYSUMeXZSLIM )
CleRUU-C I )R XZSUIMeXZ7YSIIM=XY=1IMe X SLIM)
C7mXSUMa( XYSUIMeXZSUM=XSUIMe X 7YSLIM )

CHe YSUMe( XSUIMEXISUM=XZS1iMe»7 )

NIrK I 13) XZSUMeXASUIM=XSSUIMee )
NZeXSUMe( XISUMeXZSUM=-XSUMaXASLIM)
NEmX7SLIMe( XSUMeXISUIM~-X2SULIMeeY )

). TA=1] +[1Z7+N

Ar( Al +AZ+AZ /1IN LTA

RiKe ( H1+KZ+R3 /1L TA
Cr( () +C2+CR)/101 YA

CALCILATE EXTERNAL FIEIL D VAL LIRS FROM QUADKATIC PARAMS A KKK, (¢

k(¢ )m), KKK

XWUAINC ), Z)=CaCFl OAIL ) Yoy )+ KKHeEL UATC) )+A 7
. XQUALK ), 3 )=FlL UAYC() )
FNI = (e

CALCULATE ANOMALY VAl LIES

FaR )=, KKK

ANOMC ) 22 )=XRC ), 7)) =XWUIAIC ) . 7))
7 ANCMC ), 3 )=F1 (1AT( ) )
ENJIEOR

CREATF (UITFUL R R

Flk )=3, )X
WO ) )= ktir-( ) )

NI (K

WOUKIIC ) A e KUIF( &0 )

H(‘:(l‘( Yo

WOKIK )& )=<kH

WOKIN 17 )20

F(E: )=, 770
WOKC Y o) 7 )mpiit-( 1+ <)
[T RO o A T O IR
WO T+ 02 ) XK b, * )
WO Y es 27 ) (1™
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S0

11

JOO . FNI
ENIH O
Flik )=
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FNDI-OR
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-

WORG I ) 1 0Y7 )= )8tk ) =55 <)
FNDEOIE

I DAA

JRCXKFOND FW ) Ok XKPOND) B 220 DG X " N=3 ) RQ ) . (e
XKFON=) ) R0 7  (l¢ XKP(N=7) )2 ) Ok SRUN=Z) FWL 7. (I
XKM(N=4) P, ) OR XKFON=4) ki 2. ) G0N0 100
JRCRL FW ) . GONGe N0
JRECK B 7)) GO So
JRECWKL FQ &) GOYO 50
JECWLL R 3) THEN
MIFFFROUIC 717, WOKIL, K, 7744, (ISTAT, JWOKL)
. CALL. STATUS( 717)
ENDIF
GG 100
FOK )w), 1367, 5
WHITFCL 33 ) WOTC ) ) WedeaiC ) >3 ), WOKI ) +Z7 ), RWOHRIW )+ ), WOKII
FOKMAT(S(IX, F17. 7))
FNIW (K
1k
|l
1.4

I XXYY( 717, 70A)

] 4B, \
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NF POOR QUALITY

TNDMENSION HORNICI9IN ) XLATCL /S ) XEUNE 278 )0 YU 279 ) XCZ219)

(4SSN AUCBIIANELRLERUBRPRRINRRRIBBIINCASPECRRACTADESLIPRIRIRINS

«

( SHMKGIK GRILS DARTA INIC THFE (X7.Y7, 77 ) MAE COOK=

(¢ IINATEFE SYSIFM FRUM SPHFKICAL COOKINDNATFS. GUNRPUY

(& IS FORMANIERD AS FOLLOWS:

C

C Wikl € MISCKRIFY)ON

( 1=134&7 1.1KF +AN| AP

( TRAH=16317 } &

( J&AR=1907 h (s

(& '

(ZI.DQ'))Ill-l"l'i.-}l.'.!.{'.’..l-l.l.."ll!lDDCQQDIIQQCQIQQQQQQ
CALL. 1.INK
WRITF(J, 1) =

1 FOKMATC 7 INFUT TAPEZ)

CAL. ASSTIAM( 713)
WRITF(1, Z) .
FORMAIC 2 LN FUT TAIEZ)
CALL. ASSIAIC7127)
RIW/RIIGE, (03 74537293
I QO
MUCFFRING 713, WOKIL KR, 2731448, JSTAY, JWOKIL)
CALL STATUSO 713)
. EXITI OOP 1FCISTAYL. FQ. 3)
. JF(WORINZ . 10,0, ) GGYa 100, ’
NUM=)F)IX(WORIC 13))
. k(¢ =3, NUM
5 - XA ) )=WORI I7+) )
XLONC ) )=WORIK Z67+) )
ENI (K
FOI 1=3, NUM
JRCXLONS Y ), Gk O. . ANIL XLONC) ) 1 E. 90, ) THREN
X1 GNT=XEONC ] ) #RITFPKIIG
X)) =(90. +XLAIC) ))I2SINCXIEONY )
. YO )=( 90, +XLAY(C ) ) )2COSC X1 ONT )
B SEFIFCXLONC) ). Gl =90, ANIL XEONC) ) 11, 0. ) THEN
XL ONLr=1 «XI ONC) IHIIPR)IG
XC) )=m=3 #( YO +XLAIC) )I*S)INC X MNINT )
YC) )=( 90 +XI ALC) ) IT0%C XL IIND )
FESEFIRCXIONC) ) 11 =90 ANIE XTONC ] ). R =180 ) ITHEN
XLONY= =) «(XI (NG 1V )90 ) »RTIPRIIG
XC) d==3 ®( X A1) )ryo )2000%0 XTHLINY )
YO) de=1 «(CXEARIC) IeyO )FSaNC XIIINY )
Kl =k
XEOINS=CXEONC ) =30 iR

W
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XC) = CXEAC) ) r90 )XCNSE X OINT Y
Y() )==) aC Xl ) ) o900 )= TNC X ONT )
ENID -

ENIY Ok

K=-NUIM+) 3&7

FOK )= ) 3R6 K

: WOKIK ] )= X( 1 =13&7)

FHIN-(1K

K)=K+)

FQi¢ IrK1, 1837
. WORIK ) =0
FHIRCIR
KKz 1 &< /+N1IM
POk )= 648, KK
. WOKIW Y )=Y( 1 =1&%7)
ENIIF (K
KK =KK+)
FUK ) =KK1, 1907
. WOkIIC) )= O,
ENIIEOK
RUFFFROUNC 737, WOKIL Ry J83A, (IS TAT, JWOKIL)
Call STATUS(732Z7)
ENLIL OO
Flug )=,
5 GCarl XXYY( 7317, 70&8)
FHNIN-Ok
STOP
kNI

R £
SUARLITY

[ & )
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-104- OF POCIH 'gb-«'\i_.i'l‘"f’

FIVHENSTUN W0 I 150, ANUMC 278 ) LRV 780 XC2785), Y 218

+, ARKAYLA7%5 )0 JROX( 2 7%)

(PP PHICKEEARLBETCCRBIIIRICAPAACREARCECA LIS HRFUCROORRIRNES

(
(
C
C
¢
C
C
C
{
C
C
C
C
¢

¢
(
¢
¢

-~

—~ o~ -

SRIN TAKFS GIOIN-T0 s # CREGSTRIE KY  $SHMRGKI
ANDE 21 ACES IR WYTHIN FACH < D60 TINTA
KIN (WFK ANTAKCTICA (1& ikt RY J& TIkf
SWUIAIKKE. ) INTO AN UNRKL OCKETE 11 =C=R )L F,
FIEVATIONS Al 2S00 IRCEHHED 1 HI-
IMSC=FILE IS DIEVIIED INIO 1074 3 7=SkCT1 0K
SLICES, FACH SEIUE CONTAIRING JIATA FROM
(INF K]N. WITHIN FACH SECIUK:

KEAL WKL M-SCK1P1ION
i KIN HUMRER, KEY
(N AR1VACHFD MAr
7z & DAILA POINTS
=347 MAGNFY)IC DATA
B =677 k! FVAT) ONS
R R R T T Y P T E TP e
carl 1 INK
O'EN X

CaLl. ASSTARP 713)
IN)TIALLZE BOX NUMRERS (N JIISC

N=Q
1.0C02
ARKAY( 1 )=FL ORT(N/IZ)
FOR 1=7, &77
: AKKAY( ) )=Q.
FNINI (1
Clai SEICKRACS.H)
RUFFRROUC 3 AKKRAY, K, 1344, OS1A1 3, JWOIk )
CAll STATUS(S)
N=N+J 7
. XTI 001 JRCON. W), 37500 )
FNDL OO

MARIN | NG
1o

RURFERINC 1, Winedy, by, 18, 0=0¢00, YHOKI)
Cet o STmIl=g 1)

F ' T
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FXIOLOCH DRCISTIAL Py =)
I ) E T XC WO L))
TRCKKL R ISS3) GOnne 100
NUM=1F) XCWORIC 1 2))
FOR 1=3, NUM

ANOIMC 1 )=WUIKIK &7 7+) )

XC) )=HORIC 13&7+) )

YC) ) WOHAK J&57+) )

Bl EVCO) ) RORIC 109 74) )

OF FOOR Yu STy

))

¢ ENIIE (it
« SEFT ROX NUMKEKRS FOIC LAITFR USE
(&
FOR )=, NUM
JECXC) ) (G-, O, . ANIL YO ) ). G- 0. ) 'THIEN
. JROXC) I)=)R)IXCCRC) I )/% )rJ&aCIRIXCY() VA
FISEIFCXC) ) LT, O AN YC) ) G-, 0. ) 'THFN
. JROXC) I=IRIXCC =1, X ) )+eX )/K )+1&#]1RIXOY() W/K Ir/DHA
BISEFIFCXO) )L 1.0 AN YO) ) 11,0 ) THEN
JROXC) =1k )IX( (=) oX( ) )r3 )/3 Ir1b&#)EIX( =) oY() )/3 )]
ki .Sk
. JROXC) J=3F)IXCOX() )R /& I+IANIFIX( =1, aY() )/K& )+/&R
NIk
ENDI-OR
C:
C WHRYTFE NATA 10 10SC FILE MRIDSC (TUN 3)
C

FOIS 2=35, NUM
JISCTUR=) Z# ) ROX( ) )
CAlL SETCRACS, )SOTI0C)
RUFRFRING 3, ARKAY, K, 1324, JS1A1Z, JWORNZ )
Call. S1ATUS(X)
M=)k ) X(ARRAY( 7))
JRCM LY. 330) THEN
ARKAY( 7 )=ARKAY( 7 )»).
ARKAY( M+X )=ANCIM( ) )
ARKAY( JH3&+M)=F1 V() )
ki Sk
WKITRCZ, =) TROX( ) )
ENIF
CAll SEICKACS, TS0 iuk)
RUEFERULIICK (0 Y, B 15448, 151ATE, JWOKIIK)
Call STtAUSs( <)
FNit L
WR)IR(A, =) Wikee )
100 FHul O
el SEIURAC -, Ve o)
LA o I
SNl OXIYYO 4, N



ENIE (R
S10v
FNI

SURKOL
SUKKM!

I kN
JPUS

anNNEn

: ASSk
TMA®
1AM
THR¥
1A
(1]
1AM
MG
KU
CFNI
RETURN
I ASSE
Sk Kl UK
CRA RL. MK
:FNIt
kNI
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ORIGIAL .,
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TINF SEYCKACL FNL JPOS)
TINFE YO SET THE CUKKENT KECORIE ATNIKESS FOR A NISK B,

1KF F1LE NUMRER.
THF CRA VAILLE 100 SFY.

PGS
CKRA
LFN
&
3%
sk
Sk
*l/70
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VAL FAGE

-107- OF POOR QuALITY

NIMENS)UN ARRAYC & 78 ), BIKRC S50 0 B RV S500)
KAl MIOTTAV, MAaL LT, MAGAVL, NMAGAV, NE AV, NVAIG NVR O, NEL 1O
+, NMGI(E, NMTTTAV, NETTARAV, HVRAY

(AP AN IANEC BRI I PRI AL AR RN EEINRECCCEEREPOREIPALHEARNPOERSRRABRINRNRARGE S

\
(
(
(
c
(:
(B
(
(
(
(
G

SRIIKIN KREANIS THE MAGNFY)C VAL URS AN FLEV-
ATIONS FROM THFE UNRI GCKEIE DN SC=R)1 R CREATED
KY $KIN AN AVERAGEES THE M ANIE COMPLUTES STAN=-
DAL I VIRTIONS N THF MAGNRT 1 VAL URS, 1
AFPL LIES THIE DRIA=DISCAIIING BN (- A USER=-
SFECIFIEN S)7F, ANDL THEN KECALLLE ALES THE
AVEKAGET MARGNETIC VAL UK. AVERALE FI VAT ) ON,
AN MAGNFT) (. VAR ANCE. ALl THIS )S PRINTER
OUT TO R USER=SHECIEIFD L OUAT) OGN

RASPERSEFISRRAAASRNEREIFRPRAAE R BBUFRALRARIBLAIFIRZTARAAARSARIRRIRERIBRILS

ol 1 INK

OPEN &

N=0

WKITF(1.7)

FORMATC © S1/7F OF ANOM. TIIFF. AL LOWFD DN FACH RIN7?7)
KEANCY, =) X

HWRITF(3.4)

FORMAT( ¢ WHEERE )S DATA 100 GO7 J=1FKMINAI.  &=PRINTFK” )
KFANC T, =) LUC

WRYITRC1.OC. 1)

FURMAT( ~ KINZ, < arrs”s, 2 (kI EV7, 7 OMAG7,
+ vear, - NP(S7, NFLFV?, 7 NMAG”,
+*’ NVAR? /)

NDATA=:0

MAGTOY 0.

ELVIOT=0
VARIUT=0,
NVR'I(IT= (.
NFL. 10T =0,
NM1 (= 0.

MAIN | GO
I GCn-

(R)GINAL VALILS
VARK=0
MAGAVG= O
Kl FVAV: O
ALl sk RO HD)

9 )
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KUETFERING X, ARKRAY, K, 1444, 1S1A, JWU)
CAll SRS R)

EX) Q0 JRCISTAT. P )

Mi=]k) XCAKKAY(Z))

MM=M) +337

"MeM)+2

SUM= 0.
JFCM1. NF. 0) THFN
F(ie )r- M

. SUM=SUM+ARKAY( ] )
FNI- (¢

MAGAV(= SLIM/ARKAY( 7 )
F(a: )r&a M

MEFSQ={ ( ARRAY( ) )-MAGAVEG ) »#7 )/AKKAY( 7))

VARaVAR+II1FF S
FNNEC¢
F.SUMQ.
FOK ) =338, MM
ESUM=ESUM+ARKRAY( 1 )
FNNE=Qile
kL FVAVEERSLIMZARKRAYC 7 )
NINATA=NIATA+]
MAGT (' =MAGT (1] +MAGAV(
FIVTQT=F) VI(N ¢k FVAY
. VARTOY VAR (N +VAR
FEND) -

NEW VAL ULLS
NMAGAV=Q.
NF1 AV=:Q,
M=)
Mi=0
JFCML, GT. 0) THFN
FOR J=), M1
NIFFrARS. ARRNAY( 7+) ) -MAGAVG )
JRCIDRF. LF. XJd) THEN
AKK( M2 )=AKKRAY( 7+) )
Fl FV( M7 )2aAKKAY( 34 /7+) )
. M/=HMZ+)
. ENIN
FNIW (i
NVAl=0O
SUMY =0,
SUIMYT O,
MsrM/=)
JR(MX R 0) GOIt 100
Fong VYr 1, MR
SUMY ==Y R ) )
SUM s <l M) B )

s neq

iy



100 ENI
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OF POOR QUAL!TY

FNIEOIg
HMAAVS SUMLZF) O Mi2)
NEL AV LM77 &1 (MS)
kil )r ), MR

1) ESEEC(ARRO S )=NMASAY ) ) /R IR HX)
. NVAK=NVAIK+1 ) bk SE
FNILOK
NMG 0= NMG(0 «NMAGAY
NELICrie NIkl (0 +NFI AV
NVKTUT? NVRONT +NVRK
L

WR3TF (L

XMZrkl DRAT(MS)

HWK)

3.
F(IK
N=N
F NI
M AV
FICN AV
VAKAV(
NMY 1AV
NE1YAV
NVRAV=
WK TE(
+NMI TV
FORMAT
+ FIEV
*kH. 7./
ST
FNIt

SHRKROU
SURKOL

I FH
RO

MR
1N
TMARN

TECIOC, 7)) ARKAYC 1 ) ARKKAY( ), Bl FVRV, MRGAVE, VAL

3, XMZ. NFL AV, NMAGEV, NVAI¢

INVAL I STATFME-NY

MAN( Y /X k& 1))

(3 V4

..

=MAGT(N /R OAYCNIIATA )

=k VTUT/FI OAT(NIIATA )

=VAKTOT/FL OATONIRTA)

FNMGITOT/FL OATOCNTATR )

=NFI|.1OT/F1 OR1(NNATA)

NVRT (1 /ZFL.OAT (O NDAYA )

1.OC, 3) NDATA, MIOTAV. FIUTAV, VARAVG, NET1AV,
» NVKAV °

(7 NDATYA: 7, ZX. )4, /07 MAGEV: 7, ZX. kX 7./,
AV: 7. ZX k8. 70 /0 7 VARAV: 7. ZX. k8. 2, /7 NELEVAV: 7, 7X,
2 NMAGAV: 7, ZX. k& 2, 7, 7 NVAKRAV: 7, X, k& 7))

VINF SET1CKACLEN ) FOS) )
TINF 100 SFY THEE CURKENY, KEUCTHAO ADRESS FOKR A NISK R)LF.

THI= R)LE NUMKER
THE CRE VAL TE o Sk

YPOS
CKA
kN



(N}
(i
1AM
no
RLU
kN
KEYLUIKM
: ASSE
&Y . HLOK
CHA M NOK
tFNIY
ENI

717
sk
SEN
*)/0
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ORiG i A 18
YO JAL‘TY
1. OF PODI Q

COMMPILEX YCIA) XOI&) CLATALIA 1A ) ROWFFI( 1A DK,
SFTZIC & IS HPFRI(I& I8 L KEIFEICI& IA L IFFIZIN 16, 146)
KEAL, MONN J60 18 ) MONZCIE 1A KFCIA J&) TMOIA 16), HPMOIK 1 &, 1&8)
MIMENSION SURE(IE, IA ) DA I&, 1A ), XHAMC <) WNIIIINVIC 14, 148)
((HOCaRIECRCRISNGUIMEAECRIOCRINOPIRROENINORIRNCNINOGUINIEROIONCRasY

(o
H SRR CALGILATES THE Z006FY (= DATA IN A IDSC=kILE,
g THID NATA IN THF DISC=FILE AKF IN A SITNCLF COLUMN
C SIKCH THAT KOWS (F THF MAIY AkE 1L1ISTFN IN SEGUENCE FROM
[H W TO KONTOM.  THF PROGKAM )8 SPRECIFICALTLY ASSIGNFL
S 10 AL WITH AN AKKKAY (I 16 HY 14 A HAMMING WINIDGW (o
¢ HINTH 3 IS A USER OFTION.  THF HIGH=PASS FILTER 1S Al SO
¢ AN OITION AN JS DESCRIBED IN AFFENIND X H THE ZNRFT
¢ PRINTED (LT HAS TO K+ UNKAVE) | R
[H
(BT ZITRRR TR RY ARSI R AYLY YT XYY ST YT Y YR YR TR Y2 YT XY Y
CALL LINK
C KA IN DATH
k(e 1r3, 36

F(ig Jm3, 34
RFAIN Z, =) DATAC J..0)
FNNF (1R
FNIn- (¢
WKITF(1,7)
7 FORMAT( 7 HAMMING WINIOW APPLIENT? J1=YES 7=NO7)
REAIN 3, =) HAM
JF(HAM. FQ 1) THFN
G HAMMING WINICW ARKAY XHAM( ) )
XHAM( J )=, 08
XHAM( 7 )=, 31
. XHAM( 3 )= 77
kLSt
FOR )=y, 3
. XHANM() =3,
. ENIOR
FNMF
(8 ALY HAMMING WINDOW 10 DARIA YO (=T WNDUDATC ). 40)
k(¢ )=y, 94
FOR (=), 56
JRC). P 3. 0R. ). F@ 1A (e WL BT, (e WL RQ J6) THEN
WNDDATC ), mXHAMC 3 ) 2R ) W)
FISEIFC), FQ 7. (MG ). FW@ IS (de L EQ 7, 0K (L FQID) THEEN
. WNITATC) o )= XHAMC Z )21 AC ) . o)
FISELRC(). PG % OK. ) FQ 14 (i L FQ (I O FL J4) THFN
WNDIATC T, 1) XHAMC )@l AC )W)
Fl Sk

a\
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ORIGINAL PACE IS

-z OF POOR QuaLITY

. WNLLIRITC ), ) RTAC ), W)
ENIt)
ENVEOR
FNIu (¢

FET
81 (m=1.
N4

FILI COMPLEX AIKKAY COATA WI'TH WINIXWED TIATA FROM WHITLAY
F(f¢ )=1, 16

k(R (=), 16
. . CDATAC 3, o1 )M XCUNTILATC D, 000, 0. )
. ENI®ROR
NI

TAKE FFT OF KOWS FIRS

Flie 1=3,16
. FOR (=), 16

. XCJECOATAC 1,40)

ENDFOR

. CALL NLOGNCN, X, S1GN)
. FOR Kmj, 16
. ROWFFT( ), K)eX(K)
. ENDFOR
ENI(R
TAKE -FFT (1 CL UMNS NOW
FOR J=3, 16
. FOR )=3,16
.- Y1 )=ROWFET( ). d)
ENDF(M
CALL NILOGNCN, Y., SIGN)
. FOR K=3,36
. FFYZIKK, M)=Y(K)
. FNDF(mR
FNIW-(R
SEI FCY JRFT
WR1TEC ), %)
FOKMAT( © WANT JFFT? J=YF& 7=NO7 )
KEAI 1, =) 1INV
JFCINV. FW 7)) G &
APPL Y H1GH PASS k) EK
POk Ir), 06
FOR (=), 14
. HPERTO) )= ET 00 ), ()
ENINF (ke
FNDE (&
HI“BRTC 3, ) )=0 aHI“FRI( ). Y)
HIRFT( ), 7 ) LaHPEEIC ). 7))
HPERIC ), VA )2 SeldFrRI( ), 1A
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N
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HIBRIC7, 3 ), Salderka 2, 1)
HFERY(2, 7 ) A70HIkRY( 2, 7))
HPERIC 2, &) A7eHERRIC 2,0 14)
HFEEI(I& ) ) SeHiskkI( )& )
HIPEI(I& 7 )= K7CHFERIC DAL 7))
HFEEICI& A ) A7eMI?kE ()6, 14)
I3 ]
K)(iNr )
TAKE JFET Ok MMFETC ), ) ROWS FIKRS)
ik )=y, 064
ki (18 ), )6
: XCol)mpib =10 ), 400
F NI (¢
CA 1. NLOGNCN. X, SIGN)
k(¢ K=), J&
k\h_l-lv'l( ). KI"X(K)

FNDF (1
FNL (¢
TAKE JRFT (O CC0UMNS NOW 2
Pl (=), )&
FOR )=m), 14
. YCO) )eKEIFFYC( ), W) .
FNIY-OK
CAL L NLOGNCN. Y, SIGN)
FOK Kr), 14
JFFTZIKK, 1 )=mY(K)
. kENIW(
ENIH (R
W) IRCK 20)
FORMARI( 29X, “(H¢) GINAL NATAY )
WRITE(A, )
WRITE OUT (i GINAL AKKRY DETAL ), ()
ki< )*), 14
WIITFC O, 7)) DATACT S L DATACI. Z ) RI1AC ), S ) HATAC) . 4)s AT ), 40 ),
TATACI &L DRICC) 7 DDA, ) DRTAC) . 9L TATAC) 10 ), I ), 10 ),
NATAC) 127 ) DATI ), 13, DATAL), 14), NATAL ), 18 ) DATA( ), 16)
FOMAICI&CIX P& 2))
kNI (1
WhITk( A Q)
WI)TR( A, 71)
FORMATOZ9X, “HINNOWED JIR1TA7 )
WKITH(A Q)
WK ITE (U WINDOWETE DT n
FUK )mYL 06
WRITFCA 7)) WNIIYIC . ) ) WNDIREC ), 22 ), UNDIIVIC ), 4, WNDIORYTC ), Q)
WNIDATC) % ) WNTIRTC )L &) WNIIE 1 C ), 7 ) WNIIWSIC ), &), WNIIANC ), ),
WINPT C D 10 ) WINIRSIC Y, 10 ), W1 C 0 022 ) WNDIIATL ), I3 D WNIHESI( ) . 1 4
WNITYLC ) 1% ) WNDIRTC ), I A)
FN LK
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WK)IF( &, 4)
WR)IFC A, 22)
FOKMAY( 758X, “Z0kFY 7 )
WRIIF(& Q)
WIKIFE (N 20kT

k(K )®), 06

ke (=), 06

. MO ), 0 )=CARSEFETZIN ), 1))

ENUE (i
FNLE-(0
WIATEC S, =) MO 3. 3)
FOR )=, 16

WR)TE( & 7)) MOUK ’ 1 )o MGIX ). Z) 0L ), ), MUK ), 4 ), MOIK 1.N),

-, MOLKC ), &) MOLK D, )om"(l:“)aﬂull(l G MOC), 1O MUK ), 00 ).
& MUK ], 37 ) MOIX lo JHH MO ), 34 ) MO ), IN ) MOIK ), 16)
FNI%-U
JRCINV. RW 272) (W10 4
WRITKF(&. 4)
WKITKF( &, 10)
FORMAT( 29X, “H1GH--PASSEN ZIRFT?)
WRITF( &, &)
WK)TIE (T HIGH=PASSED DFFT

Flie )m), 16

FOR (=3, )4
. HPMOLK ), J)=CAKRSHPEFI( ), )
ENIY- (¢
ENDE Gl
FC11 1wy, 34
WRITFC & 2) HPMODC 3, 1 )0 HPMOUIC ), 7 )0 HIZMOIK ), 3 HPROLK ) . 4),
., HPMOW 1, &) HPMOLK 1, & ) HIPMOIN ) 7 ) HPMOIDC ), &) BEFAI ), 9 ),
*  KPMOIC )Y, 10 ), HPRUIC 1, 39 ) HPRMCHK ), 12 ) KEMODC 1, 133 ), HI“MOTK ), 14 )
e HPMOIC), 15 ), HPMOLX ), 16)
FNIW- (¢
WRITF( &, 4)
WHITF(A. 13)
FORMAT( 75X, “IFFTZN MOINNUIS? )
WKLIIF( &, 4)
WR1TF (N JFFTZ1 MO LS
FOK )=3,36
. POR (w), 16
MOLUZC ), 1)=CARS(IFFIZ0) . 00))
FNIW= Ol
Frain-Cne
FR )=y, 16
WRITEC&, 7)) MINZC ). ) D MOLIZC Y, 7 ) MONZC ) 4), MObiZC ) . /)
- JHONZC) N HODZC ), &) MONZC) , 7 ) MONZC) H), MONIZC), 9)
. JHONZCY IO MONZC Y, 33 ) MU ), 37 ) MUeZC ), 34), MUNZC ), 1R )
. JHONZC) 1IN )L MO ), 1&)
kNI (g

®)
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WK)IFC & Q)
WKITR(& 1Y)
V2 FPURPMAITC X, “TRRI 200 KEAL 2 Y
WK)IF( & Q)
G WELITE (U0 JFRI270 KRS
Fix =), )6
PR (M), 06
. KEC) )mNEA CIFFIZIK )L i)
. ENI(RR
P NIW-(¢
PO Im), 14
WRITRCA Z) KRC), ) L RECI Z ) REC) )P ) A )ik ), D)
*  GKFCIANKRFC) 7D RECI EH)RFC), Y RRCD, 10 ) KE( ), 1D)
*  GHEC)IZ)NKRECD IR LKRFC) DA KEC), ID ) KEL) . IS)
FRIFOK
WK)TF( A Q)
WIAOTH(A 1)
14 FORMAT( 25X, 2 1FFTZD ) MAGINAKY” )
WRITF( & 4)
o WR)TE (LN JERY 21 ) MAG) NAIY
F(k )=y, 06
F(i¢ ), 36
. IMC) . D=RIMAGC IFFTZIN ). 1))
FNDE (1
FNIDEOR
FOR )3, 14
WRITFCA, Z) IMCD, ) L IMO). 270 00D X)) IMC), 40, 1M ), D)
 LIM L ANIMOY. TN IMCT R IMO), YN IMODL 10D, MDD
e LIMOILIZNIMCTL 1NN IMO)L 3 D IMC)L N ) IMC) L 14)
FNIN-(OR .

c W TR (UIT SUKTRACIED SUR 20K
NIRITF(&A. 4)
WRIIF(A, 14)
)4 FOIMAT( 25X, “SURTKRACTFIY SUKEACE 7 )
PR }=),06
F(R (Imf, )&
¢ SUKRFC ) )=DHATAC ) s )=REC T, D)
FHDE Ok
FNIW (il
F(ie Imy, )6
WRITF(A 7)) SUKEC), 1), KU T, 7)), SUKF( D, %), SUIRKC ), 4), SUKK( ). N),
. SURSC) &)L SUREC ), 7 ) SUIE-C ) R, SUKRC ), &) SUKKFC S, 10 ), SUIRKC() . 11 ),
&, SUPFC) 12 ) Slar( ) 14), SURFCD) L 14 ), SLIRFC ), 18 ), SNk 1,0 &)
LI AT
4 FOKMRIC/27)
K1
NI
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TABLE I
24 x 24 Array Di. 3 of Data Density

Beg P Reg D4 s Bg Mg By
- - 5 7 20 1 212 29
- . 4 3 1 20 9 45
- - 11 21 18 20 10 &
8 - 21 35 41 45 3.
- - 5 10 20 48 38 19
- 6 17 19 54 4 55 39
7 20 15 13 26 47 53 35
16 19 23 30 35 61 &b 36
27 30 40 4 S4 S48 86
17 20 21 32 23 39 68 109
1 - 5 10 19 18 20 67
10 10 4 3 10 12 51 88
1 10 10 8 3 59 59 54
9 - 31 53 45 38 31 66
24 48 3 3% 24 25 45 56
35 37 38 29 30 4 ST 43
29 7 15 19 23 4 36 41
2 13 18 10 41 45 36 78
- K 6 S6 35 33 29 71
10 10 43 22 42 22 12 80
- 6 27 32 14 20 26 69
4 4 - 1 1% 10 71 38
. - - 5 14 69 40 28
- - - - 10 3 4 2
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D49 P00 P11 Pg32 Pi13 Pi1a Pias Dyl16
27 6 10 44 26 47 65 18
31 9 6 58 24 68 46 22
55 10 - 60 44 91 10 29
38 35 1 69 62 69 20 35
41 47 39 47 100 35 31 53
47 33 78 53 80 44 64 14
83 36 77 124 40 74 67 32
66 72 1064 130 77 77 61 57
68 66 183 146 129 106 107 66
92 135 311 307 275 147 73 24

113 256 306 - - 145 155 95

171 335 L - » - 152 66

115 335 - - . - 109 68
77 199 159 - N 54 76 48

108 88 136 102 53 37 37 16
99 66 88 94 20 34 37 10

106 62 53 59 71 58 38 28
51 46 51 42 49 63 51 32
4 S1 35 47 19 54 4 41
42 49 14 35 40 34 38 62
46 34 1 48 40 12 39 35
43 28 - 40 40 20 23 35
28 28 5 26 32 42 2 32
27 28 10 25 23 48 2 14

cw § owm—
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P, P18 Pi19 P50 Pyan D22 Dy,23 Dy 2

18 1 9 4 9 10 = 5
20 14 15 21 27 - - N
29 26 31 39 4 - 5 1
35 42 21 15 23 4 - -
46 11 29 25 15 17 3 .
2 28 37 31 25 19 24 16
26 46 46 38 49 45 44 8
64 68 50 2 8 14 16 17
36 21 10 15 19 17 8 -
30 9 18 20 21 10 9 8
72 61 54 29 17 10 10 9
41 51 38 48 40 49 37 22
55 21 23 29 38 21 30 32
2 48 22 7 6 20 21 17
28 17 35 23 12 1 3 16
33 12 18 26 23 13 6 -
21 27 6 20 21 23 10 2

: 38 25 3 22 17 21 4
16 19 18 17 1 33 1 10
21 14 38 1 3 2 12 4
50 17 18 20 15 - s -
31 37 19 26 13 7 » -
28 18 27 16 11 10 - -
34 9 5 - 19 - - -

-



401

411
413
414
415
416
417
418
419
420
757
821
1019
1168
1169
1251
1282
1298
1299
1300
1461
1463
1464
1465
1466
1467
1468
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TABLE II

Summary of Characteristics of the "Unaffected" Passes

DATE

11/ 5/79
11/ 5/79
11/ 5/79
11/ 5/79
11/ 6/79
11/ 6/79
11/15/79
11/18/79
11/19/79
11/19/79
11/22/79
11/22/79
11/23/79
11/23/79
11/28/79
11/28/79
11/28/79
11/28/79
11/28/79
11/28/79
11/29/79
11/29/79
11/29/79
11/29/79
11/29/79
11/29/79
12/21/79
12/25/79
1/ 7/80
1/16/80
1/16/80
1/22/80
1/24/80
1/25/80
1/25/80
1/25/80
2/ 4/80
2/ 4/80
2/ 4/80
2/ 4/80
2/ 5/80
2/ 5/80
2/ 5/80

TIME

5:45
7:19
8:53
10:27
22: 24
23:58
1:42
23:21
2:29
4:02
2:15

5:40

W w é:g%i;

NN
oo unmuvmNn

NwBeS S~ O0O v

—

o o
o &
@ N

21:14
22:47
0:20
1:53
3:26
4:59

KP

OO0 0O WWWNNOOOWWOOONNOOWWWWNOOWOWOONLVWWOoOWWNWLWWO

AVG ELEV

573
577
578
578
577
576
573
562
562
560
551
550
547
546
522
522
521
518
517
517
517
516
516
515
515
515
396
387
385
415
415
438
448
452
453
453
494
492
495
495
495
495
496

(&



1469
1556
1557
1559
1575
1576
1592
1593
1594
1695
1775
1868
1880
1889
1903
1928
1929
1930
2008
2014
2025
2026
2027
2028
2030
2033
2034
2035
2073
2074
2075
2076
2079
2080
2081
2082
2083
2084
2134
2135
2213
2214
2230
2231
2232

2/ 5/80
2/10/80
2/10/80
2/11/80
2/12/80
2/12/80
2/13/80
2/13/80
2/13/80
2/19/80
2/24/80
3/ 1/80
3/ 2/80
3/ 3/80
3/ 4/80
3/ 5/80
3/ 5/80
3/ 5/80
3/10/80
3/11/80
3/12/80
3/12/80
3/12/80
3/12/80
3/12/80
3/12/80
3/12/80
3/12/80
3/15/80
3/15/80
3/15/80
3/15/80
3/15/80
3/15/80
3/15/80
3/15/80
3/15/80
3/15/80
3/19/80
3/19/80
3/24/80
3/24/80
3/25/80
3/25/80
3/25/80 -

-121-

6:32
2]:12
22:45

1:50

2:36

4:08

4:54

6:26

7:59
20:10
23:48
23:24
17:56

7:49

5:25
19:59
21:32
23:04
23:20

8:35

1:32

3:05

4:37

7:42

9:14
13:52
15:24
16:57

3:29

5:02

6:34

8:06
12:44
14:16
15:48
17:21
18:53
20:26

1:25

2:57

2:59

4:31

5:07

6:40

8:12

WWONLWLWLWWOOWWWWWWOONNOOOCOOOWNNNNWVWWNWWWOOoOOoOONWNNYN

496
507
507
508
509
509
510
510
510
506
496
475
472
470
466
459
458
456
434
432
429
428
428
427
427
426
426
425
414
413
413
413
412
412
4il
411
411
411
396
396
376
375
372
372
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24 x 24 Array A‘i 3 of Scalar Anomolies
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2
0
-7

ONATHOOrHOM | NFHMOFMMHTIMOM
U ) LI I | | ] LI I | g
2415256231. I 1 1ONMHMNONTMN N
L L | LI I | LI}
21—.-1—.-231-.(—;9..31. L | -0441-.23“324

.¢.¢~.I - 01007-.011.-. . -201—...“.‘..-‘04 ] ..ﬂ..u-.

1
-2
-4
-3
1
3
3
2

-1
-3
-4
-4
0
2
1
1
-1
-2
-2
-4
-1
3
1
3
1
-1
-1
0
1
1
0
-2



-124-

o Tl il U

ORIGINAL

OF PCOR QUALITY

8B, 17 8By 18 OBy 19 8B, 30 4By 7 4By 5y 8B, o3 8B, o,

--4401.37—.7—5&”&%0- .4“6. LI B |

M I NNTOACNNNNFHOMOMOOTO | NN )
|} LI I | I ] LI B I I |
FTONMNNMOONANONONEHEAMNANMIOONMNO -
LI IR I R B B R R R B LI I B I N |
FTEAMITNONMNTONATITNATITNONNON |
U | LI R R R R | | -..m.- L}

(%



ORIGINAL PA )
OF POOR QUALITY

=125~

TABLE IV

24 x 24 Array A!1 3 of Radial Anomolies
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AX, 10 8%g31 8%y g A% 13 AR, g4 By 35 AX g6

ax, o

2

3
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-1
-6
-8
-2
15

1
-8
=4
-5

6
2
1
-l
-8
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0
0
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2
1
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-7
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8
5
6
6
2
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-1
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-13
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-3
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6
6
1
1
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1,17 71,18 4,19 20 i1 g2 My 2y 8%y g
6 27 2 2 6 -1 - -
7 2 8 1 1 - - -
0 5 0 -2 =10 - - -
-2 -2 -1 -1 2 17 - -
-6 -6 -8 1 -2 =12 =28 -
-13 14 2 0 -8 -8 -2 -3
8 24 7 5 2 -5 -l -24
10 6 21 16 3 1 -6 -7
0 -13 -2 13 26 3 -5 -
-1 =13 -9 =3 -3 29 22 23
-13 -1 -7 4 0 -5 34 9
5 -8 -4 =10 -7 1 11 7
-15 =12 -5 =20 -8 23 28 17
-3 7 -29 =40 9 17 23 -2
-10 4 3 -2 1 -19 s1 8
6 -13 6 -12 1 18 12 -
-1 =10 -8 6 =17 27 10 4
- -9 4 -4 5 44 3 -7
7 -8 14 -2 -2 -4 -5 -5
-3 =26 11 40 17 4 1 -1
5 -39 1 -5 -2 2 - -
-1 =10 4 3 -6 -8 - -
-4 3 17 -6 4 -8 - -
-1 3 1 - -4 - - -
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AY 1

24 x 24 Array A!‘ 3 of Tangen:ial Anomalies
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aY AY

AY AY AY AY

1,9 “a00 My 8y a0 BTy gy ATy g, AT 4 AT 46
-1 5 -3 0 -3 2 1 1
-2 -4 -4 -1 0 2 -2 ”
0 -2 - 3 4 1 -4 -3
0 3 -8 1 vl -1 -2 -
4 2 -1 0 -9 -3 -5 ot
2 4 -2 -7 -6 -3 -2 -3
-2 A -3 o 7 -1 -4 -3
-2 al 1 2 13 14 20 12
- 2 7 13 15 8 1 2
o -1 7 3 12 -8 -9 35
= sd 4 - . 28 -9 1
-11 =10 » . - - 0 5
-18 =12 - - - - 38 27
-7 2 -16 " 5 19 26 25
-2 -2 0 -10 7 1 11 13
3 9 1 9 -1 0 15 2
1 5 13 8 6 7 29 12
-10 1 -5 14 8 12 5 6
-3 per -1 15 1 6 5 7
-2 -4 16 18 5 3 1 -3
-3 - =17 -2 -1 -3 -5 -16
-2 - - -2 -9 -13 -3 0
2 0 7 -1 il -9 -2 -9
-1 0 1 -2 -5 8  -13 14

~ J



-130-

ORIGINAL PAGE 13
GF POOR QUALITY

8%,17 8%,18 A7y,39 ATy 50 87y 5 BTy 5 8Ty 53 AT,
-3 -5 2 -2 -1 -1 - -
0 2 1 -1 H % - -
-2 -3 -1 1 -4 - - =
-7 -6 2 3 11 -13 - -
-8 -6 -1 -8 -5 9 13 -
.18 -18 4 -1 -12 13 1 1
7 12 7 a1 b -7 - l
5 -4 7 -4 -2 -3 ol -5
- 5 12 - -2 =10 K. ¢
-12 -18 15 7 2 17 10 5
3 1 3 7 15 1 1 1
-3 -2 9 5 -3 -2 6 2
19 11 17 9 3 8 1 -2
13 9 1 6 8 8 1 -19
9 7 5 3 15 1% 7 -23
-6 13 5 22 13 3 -7 -
0 3 20 -1 s -1 <15 -17
- 16 26 15 2 -1 -16  -31
26 37 -6 ol -5 -13 5 -7
10 =14 =13 <21 =13 ] -3 -9
-13 <12 15 -12 - E - -
7 -17 1 % -12 -8 £ 3
-7 -6 -1 -8 4 -4 . -
-9 -18 -4 . . . 2 -
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