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A. THEORY AND RESULTS
A.1 INTRODUCTION

A regional expression for total magnetic intemsity in the North
Atlentic was obtained by fitting a 3rd degree polynomial to 224 data
points obtained by the Dutch research vessel SNELLIUS in 1965. The area
delimited by 2008 » 50°N, 85U, 68°W is covered with the exception of the
region lying both south of 30° and west of 60°.

A2 THECRY

Spherical harmonic analysis can be usSed to obtain an expression
to fit magnetic intensity data over a part of the earth's surface.
However, when the region considered is small, it is simpler and probably
Just as effective to fit a polynomial by least squares, ignoring
spherieity of the earth (Bullard, 1963).

Accordingly, a polynomial p (x,y) in north latitude (x) end west
longitude (y) was chosen. In most of this work p (x,y) was the general
3rd degree polynomial.

The problem of fitting a function of the given form p (x,y)
ﬁ q zy J 6y ) in the least squares sence to & set of V values
f ( X i>Yi) is solved by determining walues for the N coefficients
Q- say sothat 2 [plxi,q;)—Fxi,y ) ]°
is minimized. This is done by solving the N equations

oay 4 i CP<XUHI)°“F("I)‘_11)]Z = 0
icee the linear equations
o . . . \> ¢ ' s ¢ -
éak’% §J <xl )H,JéK(xiJ‘j,)“gl §J'()(/;Q/ ) ﬁ'()C/J‘ja)—O (l)
wvith j = l,ooeoan
Goodness of £it is measured by the RMS error, or standard
errory, g~ , glven by

g :[ I%EP(X:HIZ"‘F("H‘M).I ]/Z
\Y4
Substituting (1) in‘bo (2) we get
N o
Votz =% ayp E g, eyl Geingid+ Z LEig )T
. , (3)

(2)
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Equation (3) has the advantage over (2) that it cen be computed in one pass
without storing the original data points. The number of data points,V
must also be teken into account when examining the quality of a fit; as

one can bring g- to zero by reducing v to N or less. The objective is
to use as many points as possible while keeping the standard error as low
as possible.

k.3 DATA

The date was obtained from m@"c‘é"ﬁ}mproﬁles drawn on a scale of
1:1 million from the records of HMNS SNELLIUS Cruise NAVADO III » November
1964 to September 1965, This survey covered the Atlantic, from south to
north, between 20°N and 50°N latitude and 8°W and 70°W longitude,
approximately. All 224 points for which the records give latitude, longitude,
and total magnetic intensity were used. These points do not represent
single readings, but are in themselves mean values.

Secular variation during the survey was not taken into account.

Although there are many sets of two practically coincident points
(start and end of a station), none of these points were rejected, as the
pairs, being uniformly distributed, do not introduce appreciable
distortion. BRetention of these points results in better smoothing.

The data points are given in Table B.7 and a contour map drawn
from these points is shown in Figure B.3.

Aol PROCEDURE AND RESULTS

Hormal Eguations

To solve the system of N normal equations (1), the elements of
the augmented matrix are sccumulated during one pass of the data cards
through the computer.

The rows of the matrix are then rearranged so as to maximize,
loosely speaking, the absolute values of the diagonal elements. This is
done by placing on the diagonal, whenever possible, the largest element
of each row; processing starts with the row containing the absolutely
smallest element of the matrix and continues according to the same criterion.
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This method gives better results than standard pivotal econdensation,
although it, too, need not produce the best ordering. An example of such
a situation is the matrix ﬂ ’2, :Zooﬁ which is transformed to ﬂ f‘ ’,o; ol
After row-ordering, the system is solved by Gauss—Jorden elimination
(Hildebrand, 1956). The standard error is computed from equation (3); a
numerically more accurate value cabn bs obtained from an ”EVALUATE"J‘ pass

using equation (2)2.

Brocedure

All data points outside the rectangle bounded by 20°N, 50°N,
8°W, 68°W, were discarded because their distribution outside that area was
irregular and thin. An attempt to fit a 3rd degree polynomial to the
remaining 175 date points produced a standard error of 167 gammas. Some
of the anomalies with respect to this polynomial were larger than 500
gammas. Such local anomalies (or date errors) cen seriously distort the
map, especially if they are large. This is undesirable, as the computed
regional trend map is to be a base against which locel anomelies stand out,
and ghould be influenced as little as possible by those local anomalies which
happen to have been picked up in the sample of 175 data points.

Accordingly, all date points for which the difference between the
observed value and the fitted value exceeded twice the standard error were
discarded. A new set of coefficients and stendard error were computed.

This process wes repsated 8 times, et which time the polynomial
fitted the 135 points still being used with a standard error of 72.5 gemmas.
The polynomial so obtained> was adopted to represent total magnetic
intensity scelar field in the North Atlantic. With coefficients rounded
to 7 significent places, this polynomial is given by

1. See sesction C.l on the computer program.

2. GCumlative rounding errors are smeller in this more direct
computation.

3. This polynomial is referred to as the adopted polynomial
throughout the present report.



p(x,y) = 28906496 + 334.6679 x +

= 327.6748 y + 7,508,479 xy +
3.196153 2° + 8.239534 y2 +

= 0,06198770 X%y - 0,04094623 zy~ +

- 0,04505608 23 - 0,03517914 ¥°,

vhere x is north latitude in degrees and y west longitude in degrees. A
complete listing of the coefficients is in table B.l, while Table B.6,
gives values of the adopted polynomial, and map Bo4 shows the polynomial
contoured at 1000 gamma intervals.

Table B.2 indicates the number of points used and the standard
error at each of the 9 runs leading to the adopted run.

In Figure B.5, contour maps drawvn from the adopted polynomial
and directly from the data are superimposed. The fit is poor in the
corner south of 30° and west of 60°, and most data points in this area
were in fact discarded. QClearly the isomagnetic lines bend so strongly
here that a 3rd degree polynomial is not a good approximation if it is to
£it in the remainder of the region. Accordingly the adopted polynomial
should never be used in this southwestern corner.

As the fit is good elsewhere, the adopted polynomial should bs
a satisfactory expression for the regional field in the regiom 20° to 509K,
8° to 68°%, except for the southwestern cornmer.

Distortion and Stability

Non-uniform distribution of date points introduces distortion.
The set of SNELLIUS data points conteins many pairs of closely spaced
points. As an experiment, some runs were done with only one point from
each pair. There were no significent differences in results.

Coefficients rounded to seven significant places produce
polynomial values which, rounded to the nearest gamma, agree with those
obtained from the full 11 digit coefficients. This shows that the
adopted polynomial is ®stable® as a function of its coefficients, and
can be computed on machines not possessing the 11 digit preceision in
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which it was originally defined. Coefficients rounded to five places
produce agreement to within 1 gemma with the correct values.

4.5 DISCUSSION

Anomalies with respsct to the adopted polynomial appear to be
banded into vertical stripes of positive and negative regions, each band
with a width in the order of 1000 miles (see map Bo8)l. This means that
if anomalies with respeet to the regional field are to be randomly
distributed, a more complex function than a 3rd degree polynomial is
required to express the regional field.

To reduce the possibility of the phenomepon being the result of
the choice of a particular polynomial and hence of no interest, a 4th
degree polynomiel was fitted. (See below). Map B.9' shows snomalies with
respect to this polynomiel. The appearance of similar principal features
in maps based on an even and on an odd polynomial suggests' that the
phenomenon is inherent in the data, in the sense that no low order
polynomial will produce & fit with randomly distributed deviations.

It is clear that increasing the degree of the polynomlals used
to the point where only noise remains would mean fitting the crustal
anomalies rather than the regional field. It is unlikely that a slight
increase in the degree used would drastically decrease the extent of the
banding, as can be ssen from the fit in Fig. Bo5. On the other hand, the
large width of the bands suggests that some less rational function than a
low order pelynomial may remove most of the banding without becoming a
fit to the local crustal anomalies. It is, therefore; not clear what
physical reality can be atitributed to the banding phenomencn.

Other Polynomials

1) A 4th degree polynomial was fitted in the region 20° to 509N,
8° to 72°W. The coefficients are listed in Table B.10, and Table B.ll
shows the number of points used and the standard error for each run in

1. 7The anomaly values do not permit greater detail than the zero
contours.
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this triale In the 7th run, with 158 points being used, standard error
was 72 gammas. This polynomial fits more points better than the adopted
polynomial, and the problem in the southwesterm corner has also vanished.
On the other hand, the polynomial is so unstable (as function of
coefficients) that rounding coefficients to 7 places can introduce errors
of several thousand gammaes, a property that makes it useless for routine
computations.

2) A 3rd degree polynomial was fitted without area restrictions,
giving a standard error of 468 gammas on 224 data points. After 10 rums,
the polynomial fitted the 183 points being used with a standard error of
138 gammas, all 183 points lying within 276 gammas of the computed valuese
This method was not adopted because of the pronocuncedly non-uniform
distribution of data points.

Bullard, Hill and Mason (1962) published an expression for total
magnetic intensity for the eastern part of the region considered here,
reduced to 1958.00 Contours of the present adopted polynomial considered
as an anomaly with respect to Bullard, Mason and Hill's function are
plotted in map B.12, If secular variation is taken to be +25 gammas/year
over the entire region, 175 gammas must be subtracted from all values
shown on the map, The zero anomaly contour then falls into a region of
dense ship tracks, whereas the southwestern pert of Bullard, Mason,

Hill's survey, where tracks are sparse, agrees poorly with present results.

Vestine et al (1947) tabulated total magnetie intensity for
1945 at 5 degrees intervals of latitude and longitude.

Map B.1l3 contours the present adopted polynomial as anomaly
with respect to Vestine's values. As the secular variation changes sign
in this area, it is not surprising that the picture is confusing.

I_;_IIEI‘OVGEQD E

Results described in this report could be improved by using a
better equation-solving technique (e.ge Crout's method), and especially
by interpolating the observed field on to a uniform grid before
attempting least squares fitting. (See IBM 1620 Numerical Surface
Techniques and Contour Map Plotting)., Compensation for secular variation
during the survey would also be an improvement.



4.6 CONCLUSION

& 3rd degree polynomial in latitude and longitude was determined
as an expression for the regional field of total magnetic intensity (1965)
in the area 20° to 50°N, 8° to 68°W, with the exeeption of the cornmer
south of 30° and west of 60°, The polynomial fits the 135 data points
(out of 175 available in the area) which were used to determine it with a
stendard error of 73 gammas. The expression makes it possible, in actual
survey work, to calculate magnetic anomalies using a regional field based
entirely on shipboard observations.

North-south lineation of magnetic anomalies in the Atlantic
was observed; a phenomenon which may be of significance.



COEFFICIENTS
0.28906959477+005" 1
0.33466785813+003 X

=0.32767477699+003 Y
0.75084788376+001 XY
0.31961525104+001 XX
0.82395343755+001 YY

'=0.61987699061~001 XXy

=0.40946229636~001" XYy

~-0.45056075835-001 XXX

~0.35179144049-001 YYY

TABLE T 1 ADOPTED POLYNOMIAL COEFFICIENTS

RUN NO.OF POINTS STANDARD ERROR
1 175 167
2 166 121
3 158 106
4 150 91
5 148 | 83
6 143 81
7 140 78
8 137 75
9 135 73

TABLE B 2 RUNS LEADING TO ADOPTED POLYNOMIAL
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Fig. B.3

40° 30°

TR

Total magnetic intensity in North Atlantic (1965). SNELLIUS data.
Contour interval 1000 gammas.



Total magnetic intensity in North Atlantic (1965). Adopted polynomial.
Contour interval 1000 gommas.



Fig. B.5

Total magnetic intensity in North Atlantic (1965). Solid

Solid lines: Fitted polynomial
Broken lines: SNELLIUS data.

L



- 12 -

*LS699
°6£0pp
*SISTP
‘voses
‘geres

IO
cgesey
°£00TY
cL6006€
*£T08e

“LYoSy
cLe6CY
*98roY
80588
*GE£SLE

*98ESy
*9orey
“vo6ot
o608t
°ss0LE

MA4:144
“6coTy
*LEVGE
°39sLE
*eLS9E

°ToLry
“98LTY
*S069E
*8904LL
°9809¢

cevLEP
°gLely
*69£98E
*£659¢
°309s¢

*69TLY
*pezop
*628LE
*veoog
cevIse

"ES99r
cQ9oLEP
21214
144 1%
‘oLvet

‘egcob
cLEIGY
b1 £4%4
47414
*evest
*8soLs

“0cesdy
b3 1114
‘veLey
‘99c0y
‘obreg
TE8VLE

12414
‘Te0ap
‘veiey
*sviet
°sroLE
“900LE

*co9Ly
‘ersey
LS9y
‘o6¥coe
“eEvLE
*9csst

“0Cc¥LY
*966LY
12924
*0990¢
*gco9e
1411

“TLS9Y
e 1 443 4
*L9s0%
*ysies
*STPoL
°395s8

*£T09F
“vesey
41114
“9%9LE
*666SE
*9Luse

“TSE
1144
C9LOTY
*T0g6L
‘geces

{4114
°GEBSY
M Y4134
9950y
L0888
‘vioLt

1414
224314
‘Qsvery
*esooy
*0reee
14734

coesLy
ceLLYY
11124
cegoog
‘608LE
*8969¢

‘sreLY
15144
0oLy
°g8006¢
*g0£LE
b 144

“e089Y
e -1 (4
h.14:114
-114:14
*L6L9%
*eTo9g

11414
1414
43414
*LvoLe
°L8e9E
*eeesse

*g69sr
43144
*0sL0L
*0TrLE
*eLLSE
*3506E

*eslgy
L2 X334
°9980y
*L9T6E
‘9pLes

*0T9ev
*9LGsy
17%44
cesLor
*9L98¢
*089LE

‘T608Y
*FROSY
*Totey
‘rrveee
°‘Tetes
"Tibss

‘rosLy
-13444
il214
*ecEoes
*ce9LE
*ope9s

*6c0Ly
*6L£6LY
“LTTWY
°vogee
*08TLE
“L9Y9E

1414
‘voceLy
*L8S0V
*LLe8E
*GL99F
*coo6st

*sgosy
‘Iveey
*Iyo0r
*oviLE
°L9719¢
*STssE

*LLESY
*ggcey
*o6vet
*¥¥eLE
°LG9SE

*Lg058

*95LSt
*tTL6Ly
°c990y
*croog
b 24 15

*L6C8Y
*eLesy
‘rsyey
11114
*£6588
*eLs8Le

LLLLY
M 47144
432114
‘rroet
*0908¢
*cossLe

roscLy
L2244
“voriv
*LTrot
AL T
*veo9e

‘vTL9Y
cevoey
‘6980p
*9098¢g
*rocLse
‘rsrog

“0LT9p
*L60EY
coceoy
38088
*c959¢
*egeost

*6T9sP
‘vrscr
°s8L6g
*essLt
*LS09¢
“o0sse

*090sv
*986TP
*9gzes
*peosLe
*6bsse
‘sL0se

21414
*S¥LEY
*99vor
*9ceet
*90£06E

*se6Ly
M 44144
coo6ter
*0966¢
b 14414
‘oreLe

‘rovey
Y2444
CLLITY
*ospot
*8b6LE
‘gesse

21114
*LOREY
STV
i 3:1:4 %
11 g4
*eT69¢

1414
‘sreeYy
*LT90P
‘9Tvee
*8S69E
4141

*ss8sy
cgoecy
*8L00p
°go68LL
*8spog
‘reese

*goesy
*Iqeer
he 1311
*99fLe
95658
‘prsse

‘pvive
*LO9FP
°L968L
*9£e9e
*Isbkse
*vrose

‘TSP
‘popey
M 7x4d4
*61o0L
‘coges

£L9LY
11144
*oroTy
ceLLet
‘peeee
‘oveLe

1724
2344
‘8CrIV
‘v9cet
‘orgLe
coesLe

"£Co9¥
*96SEY
*T060F.
"T5L8E
*6SELE
*6Cco69e

°9809Y
*LSOLY
*69e0p
°e£eee
°“1999¢
*eor9e

M 14314
*erscy
eLee6s
*erLLE
‘rog9te
*L66SE

*e86vP
l3i4
*06THE
*LOTLE
‘y98se
"eease

*oerrp
BOVTY
a1
*65998
eg9gse
*5905¢

31144
*etecy
411114
*1eLee
*1i£ee

‘L9LLY
15444
*poLIY
*cos6s
c6£e8e
*L68LE

14114
*orecy
M 12%4
*ce06g
“psLLe

e 1) 73

27414
°goeey
°es90y
°piset
*g9eLE
‘£PO9E

‘vLLsy
L7214
*Let00
*gs09g
*£LL9E
‘reveg

*gcesy
*seeey
Ll 113
*6L£6LE
*6L29¢
°£c09¢g

74144
‘vL9FY
*T506f
*LT0LE
*£8L6€
*198s¢

9TTVP
CETTTY
*50688
*Topog
*Gcoest
*660s¢g

13144
*8LOTY
*6eo6s
°*reoet
i 23 3:1

‘ysosLy
cosovy
11414
*o6tres
‘rsies
*0g8LE

33114
b 13144
*9re0y
*bT68E
TL9LE
*gersLt

*T009F
*peoep
*Terovy
*roret
68Tl
“£L69¢

‘eopPSy
*98pery
*To686E
*T66LE
°9699¢
*ersot

*LTOVY
M iZ344
cLsf6f
‘vigLe
°*50T9¢
*1909¢

12444
*TOLTV
*LT88¢
‘rse9t
*erLsE
*£09sf

*5008eY
hg 353-11 4
*gL28¢
coeeot
*LIeSE
M 242

CLIERY
‘VYLTY
*£G6L68
°95688

Tegogee

VLSV
*66LEY
“TeCty
‘rscos
*8L08¢
*9T6LE

{1414
‘vieEr
37414
*¥sL8¢
°g65LE
“LvLE

*e69sp
‘Evicy
‘06t0Y
‘epeee
*STILE
*9T0LE

*ys¥sy
*socer
*1996¢
*eeLLE
*6c99¢
*r959g

°go9ry
*299tp
*gcTot
*LTCLE
“Tri9e
b 2 221

°s50ry
22214
“0658¢
°6699¢
*199s¢E
*L89SE

M 1144
LSS0V
*eroeL
*8L19¢
*6STSE

0°0
g°e
0°0
0°0

0°0

0s
114
0o¢
0c
ot

09
0s
ov
oe
0e
(121

09
0s
or
og
oc
oF

09
0s
oy
0¢
114
[k 2

09
0s
oy
¢
[
0t

09

(14
og

(23

09
0s
ov
og
[ 14
oy

0°0
0°0
0°0
0°0
6°0

0°0
6°8
0°0
0°B
0°0
([ 1]

- N-N-N NN
¢ 6 o 0 0 @
cono0O0 0O

oocoococoo0o
o o o 0 o »

OO0

coooo00
* o 9 0 0 0
o000

L2
Ll
ie
Le
Le

114
s2
(19
(14
114
s¢

ve
ve
ve
ve
ve
ve

te
£e
£
£c
144
€c




- 13 -

:73%14
*98EEY
M4a114

ceeeos
31434
21144
‘ELoTY
‘EOLTPY

69660
0669V
41444
*gLvey
*Lsety

A1d:14
13114
b 11144
*Lo0ey
*9080p

g 11 114
‘8£09v
“TostEr
*GESTP
*T5L0V

cgspev
*8sssp
‘vroey
LSOy
*To06t

*£96LY
*vs0sp
*veser
3114
*Leroe

‘vover
1144
*¥eoer
*L800p
*6568¢

*1sist
17444
*o90ck

*SIUES
*92uos
1734
*coopp
*eLcer
*0eeTp

t6L5TS
72114
CLYLOY
*gecrp
*eTucy
214

*eLies
*80T6p
12114
1A% 4
14214
*LELOY

*GLSTS
b3 114
17414
*sLcer
CHLETY
*£ocop

*L0cts
M 31314
*9Lesy
17244
*c0o60y
*9cges

*6cL0s
2171 4
17444
*Q6cLy
14414
“vosee

*Tpeis
*T9WLY
72144
TLOLTY
M2 114
*6688¢€

Y2114

*0gory
b 74135 4
*poocry

*91Les
*TELEY
*gloov
2444
*0cocy
*L9STY

*8Lees
*QLebY
M 14414
*L00py
*eotey
12234

*6CHTS
231114
*9Lesy
vESEY
*g69Ty
*8L90Y

*69LTs
L8P
‘sorsy
11244
*eecty
*9ceor

*6080S
31714
*900sp
coLsey
4414
*TLL6E

*0ev0s
Tofey
A d144
*gL0cp
‘pLeoy
cciseg

*0g66p
*1989¢
*£00py
*6L5Ty
*06L6%
*obees

°*IePer

*vILPY
*9ceey
M-14- 224

‘9tres
*echov
*8roov
i-144 5
*siver
‘risty

*9L6TS
M4:71.3:14
‘vetor
K1 Y344
“gr0ey
‘€LOTPY

*sests
*91s8P
*0TLSy
‘oceev
11334
*6290p

*£901S
‘ovoev
*6eesy
*creer
*g80Ty
*6LT0Y

*eo6s0s
*9sGLy
A d4344
344
*st90y
*92L6¢€

“0FT0s
°£Q0LY
*srery
*S9TY
*LETOP
*oscee

*6T906v
“c9sov
*rier
haA 7% 14
*rs96t
*0¥gpe

*6TT6V

R1i144
17214
41114

“911cs
W3 a1d
°‘geLoV
‘evory
‘sgLcy
“TLVED

“£L9TS
‘06961
*gcosy
%1334
11114
‘eE0TY

*1eels
*gecey
14414
33144
M11414
*06s0V

°6620s
*ovLLY
L1144
‘reoce
*9s6ly
‘EPTOP

‘vecis
‘TocsLy
74444
“ostery
‘rerov
*£6906f

ceueoy
“89L9¢
‘E£e6EY
*099%p
*8000p
tegces

‘o0gol
9929y
*oerepy
A 2214
*Lesoeg
*veL9L

K1'1344
11144
*0L8TY

1322
M 11:1:14
23114
‘sreLy
*otcer
;13414

*TLETS
11414
9995y
1155 4
*9SLYY
411114

*LT60S
31Y44
‘cotsy
A zx44
°L6TTY
*c9sor

*gsros
11444
Y344
*eever
44:114
*etTor

*LL66Y
‘6969¢
*gcery
*0S6TY
*coLo0y
°0L96¢8

1414
‘SLPOY
cLeLep
11 add
2113
‘eteee

11114
“cLesy
‘veeer
9960y
*60bo6t
*voLes

1414

*SUTrP
°‘gLsey
‘ovety

*sIsts
*eLsey
c6L8SP
M 14144
*too0cy
LIVTIP

*0L0TS
12314
‘vibSPy
*seTey
*eL9TY
‘ee60y

*£T90¢

*eroLY
corery
‘9TLP
*0eTIY
14114

*Lri0s
*SOTLY
11444
‘ecgecy
*LTLOY
*£0TO0p

*1L96p
6L
*TL6EY
LSLTY
‘ereoy
*es96¢

11214
‘PeTop
*SLveEY
*69CTY
cLLLeE
‘6026t

*0698Y
*Tyosy
°gLocy
*6LL0p
°00g6s
*LSL8E

98 T8y

*stoty
*ocrer
CELCTY

“9121s
*gecor
K33114
M 1144
0867V
*90rIp

*89L0s
*LeeLy
N i27114
*L6bCP
c6Cstp
°SL60Y

°0Te0s
*LSELY
{1144
*Lesey
£LOTP
M-I 4

44114
74114
KA24144
cceocy
*1190p
*00T0Y

1114
*coLIv
‘peier
*TLSTY
14114
L8968

b :74°2°14
‘L68SY
‘gceey
‘reoTpr
*6L96E
*Tices

K4:14:14
‘vogspy
*LeLer
{1114
0026t
*£948¢

*LLBLY

ceeLey
‘geeey
*cEeTY

*LT60S
L4008y
*0o6tsy
‘oceer
*8LBTY
*LOPTY

*L9p0S
M 14714
‘veoby
*s¥eey
11424
*8L60V

80008
*vLOLY
11444
A4 344
24114
*spsop

34114
*5689Y
*696LY
*2L8TY
313144
*80T0Y

*09006p
1314
21454
*CoLTV
*1s00v
*8996£

M721:14
*cT9sp
*L862y
*L060¢
*ces6t
*secet

*vLOSP
*60%FsP
41414
*STrov
*0TTos
c6LL8E

*896Ly

*G6SGEY
ceceer
“Irety

*6190s
*ecLLy
*ecsisy
‘ToteY
98LTY
M 13414

*8910S
*Q9cLy
*9g9ky
coroey
“eeeTy
7.1 1114

*L0LoY
G649V
31444
‘£LICY
11114
2950y

1214
13314
*ceLEY
*00LTy
i1414
*g2i0p

‘9sL8y
*Le8sp
14344
M 11414
*99606¢8
*T696¢

*L9cevy
i 33514
2 Y244
*L8L00
*00s6E
*¥scet

*89LLY
13144
*o0scer
*Lyeop
*6c0ot
*g0e8t

il734

0°0
0°0
0°0
0°0
0°0
0°0

0°ec
0°0
0°0
0°0
0°0
0°0

0°o

(P,3u0D), 9°d TIQWL

og
[ 14
ot

09
0s
oy
o¢
0e
[}

09
0s
(114
(1
(14
(1] 4

09
0s
114
og
e
(133

09
0s
oy
og
[ T4
[123

09
as
[ 14
og
[ 1
0T

49
0s
114
o€
ge
()2

09
086
(14
0g
0c
[

09

0°0
0°0
0°0
0°0
0°0
0°0

0°0
0°*0
0°0
0°0
0°g

0°0
0°0
0°0
0°0
g°0
0°0

Ss£
-3+
se

4
[ 4
(45
ve
re
[ 44

££
€L
£€
£
£L
£€

(35
[
(4
(44
(44
ct

135
it
139
Te
13
125

o
og
og
og
og
124

6c
6
6c
(14
(1
6

8c
8e
82
ec
8¢
ee

L2




- 14 -

4474

*6GSES
*L1808
14414
“goLor
*yolspy

°361€S
*2Lros
*TsesLv
31314
M 11144

e 13:141
*L£00s
‘ovsLy
*orssy
M4 444

cL2wes
*BES6Y
ha - A T4
b 3y €4
Al 3444

*gcoes
*ricor
*roLov
4344
*EEPED

*LI91S
47414
*0Leor
cgLevy
*oToer

*96%1¥S
b 1341 4
ha 24114
b 1314 4
*oescy

*reL0S
*L06Lv

*osLesSy

*9LL9S
*GLCES
°*resos
‘peisy
*96T9F
c0govy

*LELSS
*6006CS
*8910g
coCLLy
*voLSY
‘vesrdy

°98£SS
*0gscs
M 77314
coTsLP
*seESk
*09TvY

*telas
*ovics
*votev
*clo9y
1Y 44
coLLEY

4414
CoLLTS
14314
*LLYIV
‘Ersry
bl 4355 4

*65cvs
*LeLTS
‘otsep
14114
M 22144
*cLoey

“Leees
*£0605
*geigy
*T09sy
*TLGED
*g0gcey

“opPES
coLros
*9LEYLPY

‘vocsy

864588
*966¢2S
*vo6chs
11744
*eL09r
*906rr

°9s5rss
*Le9cs
L0066V
*90csLp
*LE9SY
M 21444

*20¥ss
*9rees
*g0s6v
*660Lp
*gecsy
b1 344

*pELYS
*reets
*00%Fe6r
*T899Y
M 23:144
*669EY

‘psLvs
*ISV IS
*3I89¢r
*95C9v
A4 g4
*‘veceEr

*T9oLs
*LEOTS
*gscey
M 414:114
11344
ce9gey

*esses
‘2905
21744
*ogESK
SLISEY
*9grey

*erics
*LLT0S
Ce9ELY

*o6cesy

*6T58S’

*8tTLCS
*g£00¢
*To9LY
c688sY
M d 4144

*SLTSS
*LYERS
*6po06V
ceoeLy
b 11 444
MA4444

*LI8PS
M AT-33
12114
M 4:1:114
*6L0sp
14144

24441
*0LSTS
h-15:3:14
MAi414
11144
*eL9LY

M4i14
*G9TTS
*oever
*Iro9v
h-3%444
M 42444

*699£S
1434
*TooLp
*Lo9sy
b 111:144
11144

*£9ees
*gesls
*essLv
‘rotsYy
bl 744 4
i '3:1X14

°syecs
11114
*SO0TLY

e 7334

*0vess
*Trres
17414
cEeVLY
*ovisy
17144

4114
*g90cs
*p6Lov
*£80LY
‘Qovesy
‘LoLVY

2114
‘£891S
*go68P
*SL99V
cLgovy
hE {1344

1314
*L8CTS
"EYSBP
cLGT9v
M 24144
“LeSEV

‘£LLE8
*Qg80s
*E9ter
LY 214
11344
74354

*QLEFES
*eovos
*ceLLY
11414
*899¢Y
*9aLeh

*L96CS
*‘pgl0S
X X744
<1344
*ILeey
‘geeey

*Lbses
*9656Y

‘9TESY

*6560S
‘s97es
*GESHY
coscLy
*crosy
M id444

*609pS
*06LTS
*erIey
L d:2 14
*c¥esy
M 14444

*srebs
{141
‘IreLey
‘TLYVOY
rosvy
c0s6tr

*0Legs
*5001S
coceer
‘psooy
‘geEry
14344

*ceves
L6508
"go6LY
*Le9sy
*996¢y
b 14 24 4

*ece0Ls
*LLTO0S
LLYVLY
‘gotspb
CLESEY
27444

*TeL9es
*8vLoY
cLe0Ly
M 2TA44
°30TLY
cLocey

cevees
*gogelr

*060Sh

*6L9VS
*T68TS
3 1114
“veosy
W ii414
17144

*seEbs
‘vIStTs
‘96088F
‘eHO9P
*980sYy
13444

*656£S
‘SIS
‘sover
‘vLeov
T4 144
i:12344

‘yeces
°92L08s
*0s008p
*9585y
*vocry
‘viger

‘FoTLES
*STE0S
*8S9LY
cocrsy
14:144
*SOTEP

*68LCS
13114
*LeeLy
L1144
M Ad434
*To9cr

*gLLes
‘vover
L7414
M 43144
NYATA 4
b 73444

b 31331
cecood

‘veoosy

*B6EVS
*6191S
*gpo0op
‘Lo89Y
L9LESP
21144

‘Irovs
*oreTs
g x31:14
{3414
L1144
M 1144

*£L98S
°0680S
M 14414
*£809P
11144
*968Er

‘geces
*erros
*9LeLy
*599sy
Widi4d4
‘vever

*668CS
*9£00s
eI LY
ceLesy

TLeLLr

*L80EY

1124
A3l 14
*0B69YV
111144
*66CEP
*viocy

*080cs
4214
*6LS9Y
Maiidd
‘s982y
*9scey

*£S9TS
c*oviey
*

M 14114

“9TTVS
*6pelS
23314
*60L90
*L5CSP
*L99VPY

*86LL8
°89606
M124:14
*80E9Y
M.11:144
eLery

*98g£€s
94508
M 1112:14
b :13:1-14
%1444
‘reeLy

°g00fg
*€L105
*S6SLY
M 114714
‘ovovy
‘rerey

*809cs
*09L6v
*HLELY
411014
*ocoLr
*6L0EV

*euecs
*9gLov
C68L9Y
‘Teovy
M 4] 2544
*g99cy

veLTS
L0068y
*Locov
ka1 44
Ml 7344
(21444

*9s81s
cesrev

44114

*9£8eS
*2e0%s
cLLSEY
b 23314
1314
“£99vP

M 444
*6690S
M 1:23°14
*0LTI99
cgaLvy
71344

*007TES
*s0£05
*SLLLY
M 17414
b 33444
41344

*sTLCS
*0066v
*6SELY
2394
b3 4344
114N 4

*g¥£Cs
M Li414
1314
cLLeYY
13144
*ceosy

*606TS
21\ 114
*20s9v
44444
“L60LY
“eL9CY

*06v TS
11114
*0909¥
b {1144
°*999CP
11244

*6s01S
*gersy

0°0
0°0
0°0
oeg
0°0
0°0

(- N-N-N-N-N-]
[-N-R-N_—N--J

coooees
[ ]
Ccoococo0

-2 -X-R-X_]
s & 6 0 0
cooocoo0e

0°0
0°0
g°0

.ﬂ.uﬂoo.w.m TIgYL

0T

09
0s
(114
og
oe
0%

09
0s
o
ot
114
0T

09
0s
oy
ae
[
0t

09
0s
114
[}
oe
0T

09
0s
(114
ot
0c
0T

09
0s
14
og
oc
0T

09
0s
op

0°0

0°0
2°0
0°0
0°0

6°0
0°0
0°0
0°c

0°0
0°0
0°C

£v

(44
(44
(44
(414
ev
(414

114
114

114
114
134

oy
ov
ov
(14
oy
ov

3%
3%
of
of
of
of

124
(2%
3
22
g
8

LE
LE
[3>
LE
LE
e

9€
L1+
9L
9
9e
9g

s§
sg
sg



43
43
43
43
43

44
a4
44
a4
44
44

45
45
415
45
45
45

46
46
46
46
46
46

a7
47
a7
47
a7
47

43
48
43
48
18
48

50
50
50
50
50
50

TABLE B.6 Cont’d.

0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0

20
30
40
50
60

10
20
30
40
50
60

10
20
30
40
S0
60

v

i0
20
30
40
50
60

10
20
30
40
50
60

10
20
30
40
50
60

10
20
30
40
50
60

10
20
30
40
50
60

0.0
o.n
000
0.0
0.0
0.0

0.0
o.o
0.0
0.0
0.0
0.0

0.0
o.u
o.o
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
D.o
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0

0'0
o‘o
0.0
0.0
0.0
0.0

46923,
48963,
51454.
54185.

45418,
45930.
47307.
49339.
51814,
54521,

45785,
46304.
47681.
49704,
52163.
54845,

46145,
46671.
43046,
50059.
52499.
55155,

46498.
47029.
48401.
50403.
52824,
55452,

46843,
27379.
48746.
50736,
53136.
55735.

47181.
47719.
49081.
51057.
53435.
56004.

47511,
48050.
49405,
51366,
53721.
56259,

47101.
49195,
51719,
54463,

45424,
46032,
47484,
49570,
52078.
54797.

45792,
46407,
47858,
49934,
52424,
55117.

46153.
46774.
48222,
50288.
52759.
55424,

46507.
47132.
48577,
50630.
53081.
55718.

46853,
47481.
429214,
50961,
53390,
55998,

47192,
47821.
49255,
51280.
53687.
56263,

47522,
48152,
49578,
51587,
53970.
56515,

47285,
49432,
51987.
54741,

45441.
46143,
47668,
49805,
52344,
55072,

45810,
46518,
48041.
50168.
52688,
55389,

46172,
46885.
48405.
50520.
53020.
55694,

46527.
47243,
48758,
50861.
53339.
55984,

46874,
47592,
49101,
51190,
53646,
56260.

47213.
47932.
49434,
51507.
53940.
56522,

47543,
48262,
49756.
51812,
54221,
56770.

(adopted polynomial

Jable of polynomial values D ﬁ Y )
45547, 45649, 45759, 4 9.

47475,
49672,
52257.
55019,

45468,
46262,
47857.
56044.
52611.
55347,

45838,
46637,
48230,
50406,
52953.
55662,

46201.
47004,
48593,
50756,
53283.
55962,

46557,
47352,
48945,
51095.
53600,
56249,

46904,

. 47714,

49288,
51422,
53904.

56522, .

47243,
43051.
49619,
51738.
54195,
56781.

47574.
48380,
49940,
52041.
54473.
57024,

47671,
49947.
52529.
55297,

45505.
46389,
48053.
50287.
52881.
55622,

45876,
46764.
48425,
50647.
53220.
55933.

46240.
47431,
48787,
50996.
53547.
56231,

46596.
47489,
49138,
51333.
53862.
56514.

46944,
47838,
49479,
51654,
54163,
56783,

47284.
43177.
49810,
51972,
54451,
57038,

47615,
48506.
50129,
52272.
54726,
57278,

47873,
50165,
52802.
55574,

45552,
46523,
48254,
50534,
53152,
55896,

45924,
46899,
43625,
50892,
53489,
56204,

46289,
47266,
48986,
51239,
53813.
56498,

46645,
47623,
49337,
51574,
54125,
56778,

46994,
47972.
49677,
51898,
54424,

57043,

47334,
43310.
50005.
52209.
54709,
57294,

47665,
48639,
50323,
52507,
54980.
57530,

46281.
48081.
50417,
53077.
55851,

45609,
46666,
48461,
S0734.
53424,
56159,

45982,
47041,
48831,
51141,
53758,
56474,

46347,
47408,
49191,
51486,
54080.
56764,

46704.
47765
49540,
518149.
54339,
57041,

47053«
48113,
49879,
52149,
54685,
57303,

47393.
48451,
50206.
52449,
54967.
57550,

47724,
48779
50523,
52745,
55235.
57782.

46431,
48294,
50671,
53353.
56127.

45675,
46815,
48673,
51037.
53697,
56441,

46049,
47191,
49042,
51392,
54029,
56743,

46415,
47557.
49401,
51735.
54348.
57029,

46772,
47914,
49749,
52066.
54654,
57302,

47121,
48261,
50086.
52345,
54947,
57560,

474614,
48598,
50412,
52692,
55226.
57803.

47793.
48925,
50727,
52986.
55498 .
58031,

46588.
485412,
50929.
53629.
56401,

45751,
46972.
48890,
54294,
53971.
56712,

46125,
47348,
49258,
51646,
54391.
57010,

46491,
47713,
49616,
51987,
54617.
57293.

46849.
48070,
49963,
52316.
54920,
57562,

47198,
43416.
50298,
52633.
55209.
578196,

47539,
48753,
50623,
52937,
55485,
58055.

47870.
49079,
50936.
53229.
55747,
58279.

46752,
48735,
51190,
53907.

45836,
47136,
49112,
51552.
542406,

46210.
47511,
49479,
51903.
54572,

46577,
47877.
49835.
52242,
54886.

46935.
48232,
50181,
52569.
55186.

47284,
48578.
50515,
52883.
55472,

47624.
43914,
50838.
53185.
55745.

47956,
49239,
51149.
53474,
56003.
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TABLE B.7 SNELLIUS data (serial number
longitude, total magnetic in

O®PNO VN AWUN M

43. 9 0 l 5 07
43, 3.6 32. 36.2
43, 4.8 32. 32.4
43. 2.5 31. 20.1
43. 6.4 23, 9.9
43, 0,0 23. 21,7
43, 9.5 17. 12.2
42, 55.6 17, 14.4
42. 59.2 14. 49.2
43. 0.9 13. 29.1
43. 3.1 9. 26.6
34, 0.0 7. 23.7
33. 59.0 12. 52.0
33. 52.2 16. 49.9
33. 52.2 19. 7.1
33. 52.9 19, 33.3
33. 59.6 26. 11.6
34, 3.7 30. 5.7
34. 4.7 30. 10.1
34, 8.2 J6e 31,2
34, 5.5 45, 0.2
34, 23.9 44, 58.0
34, 20.1 46« 14.8
34. 9.8 55. 24.7
34, 11.3 55, 18.2
34, 5.5 61, 13.7
34, 10.9 60. 57.2
34. 6.4 65. 2.6
33. 57.4 65, 2.5
33. 53.2 70. 58.0
33. 49,6 76, 42.4
36. 51.2 750 3000
J6. 50.4 72. 17.9
36. 38.1 71. 53.0
36 40.7 65. 18.4
3he 35.9 63. 9.5
36 4641 63. 11.3
36. 47.8 54, 59,5
36. 40.5 55 0.5
37. 3.1 45, 58.9
37. 11.0 43. 49,0
37. 22.4 38. 47.3
37. 29.6 38. 45.5
37. 30.6 37. 15.4
37. 15.4 27, 37.4
37. 35.5 25. 19.6
37. 42.8 25, 37.8
37. 10.1 19. 30.1
37. 14.4 14. 20.9
37. 2.8 14. 25.6
370 205 Q. 3.8
37. 12.7 9. 6.2
38, 34.8 9. 26.4
39. 1.6 9 32.2
39. 58.2 10. 33.6
39. 55.9 10. 32.5
39, 58.5 17. 8.0
40, 2.8 23e 0.3
39. 55.4 220, 4508
39, 56.5 26. 54.7
39. 5740 29. 52.4

latitude,

iensity Ja
49440,

47260,
47400,
47232,
46122,
46106,
45438,
45237.
45193,
45153,
450654
413n0.
41300,
41615,
41792,
41735,
42545,
43121,
43127,
44293,
46450,
46461,
46879,
49480,
49490,
51030,
51060.
52110,
52417,
53207,
54320.
55379,
54669,
54659,
53219.
52679,
52860,
50590,
50430,
48070,
474839,
46448,
46440,
46140,
44164,
43000,
43840.
43300.
42830,
42700,
42700,
42700,
427n0.
43478,
436430,
43712,
44148,
44932,
44915,
45308.
45012,
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119
120
121
12?2
-123

39,
40.
40,
40,
39,
40,
39.
39,
a0,
40,
40,
45,
a5,
46,
46,
43,
43,
43,
43,
43.
50,
51.
55,
554
48.
a7,
45,
45,
46,
46,
46,
46,
45,
45,
46,
46,
45,
44,
45,
46,
47,
47,
49,
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48,
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45,
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22,
21,
21,
21,
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35.
35.
45,
46,
46,
52,
69.
72,
70,
62.
51,
6.
6.
5.
5
50.
53.
53.
57.
b1.
6e
8.
Se
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5
Se
4.
6.

6o
'43.8

19,
18,
28,
32.
32.
37.
43,
62,
56.
52.
52.
52.
50.
47.
a1.
41,
34.
34.
34.
24.
24,
22.
17,
i7.
10.

4.
58,
6h,
49,

56,

56,
54,

58.2
47 .3
47 .6
54,0
56.2

4,0

22,5

26.6
49,5
36.0
49,4
40.8
40.0
5640
54,1

3.5
10.9

8.0
55,0
49,3
28.2
48,6
45,5
32.6
12.2

4.5
42,5

5.0

5.5

10.0
57.8
23.5
1845

4,0
34,7
49,.8
33.4

5.0
58.4
32.0
31.9
58.6
43.7
33,0
31.5
35.8
16.8

5.2
34.6
28.9
51.1
12.5
12.0
43.5
29.9
17.0
12.3
47.7
39.5
41.8
17.0

46782,
46807,
481905,
49519,
49337,
50310,
50520.
51270,
558A0.
53960,
51370,
45916,
45916,
46126,
46196,
541347.
529n4,
52304.
53609,
54654,
47330,
47755,
48435,
48590,
46719,
465150'
45705,
45860,
45860,
460h7.
46680,
46642,
47768,
48383,
4R3990,
493“"60
5N516.
553A0.
54100,
53500.
53654,
53654,
536A0,
52896,
51402,
51531.
49815,
49727,
49750,
481A88.
48148,
47972,
47194,
472n0.
47200.
47200,
43840,
45640,
41750,
434590,
43470,
43804,



124
125
126
127
128

129 -

130
131
132
133
134
135
136
137

138,

140
1414
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
164
162
163
164

165.

166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
187
183
184
185

146

22.
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25,
25.
25.
25,

25,
25.‘

25.
25.
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24,
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24.
24.
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25.
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42,
42,
a3,
50
33,
35.
35.
42,

15.°

17.
24,
28.
28,

33. .

12,
14.

9.
12,

5.

9.
66,
68,
69.
71.
71.
67.
66.
66,
67,
69.
69.
77.
76.
7n.
70.
69.
65-
65,
60.
57.
57.
51,
49,
49,

L 426

39,
39.
34.
27.
?6.
25,
19.
19.
17.
15.
15.
i6.
15.
15.
13,

13,°

17.

5.5
1.1

39810,
39970,
39970,
41769,
37730,
33100,
38110
39810,
34566,
36000,
36650,
36970,
36970,
37730.
42490,
A04A0,
44800,
42490,
46500,
44860.
45660,
46275,
46280,
46280,
46200,

44600, .

43675,
43800,
43800,
39750,
39700,
494100.'
49100,
48345,
43195,
48030,
47495,
47525.
46190.
45450,
45510,
43850,
43130,
43130,
41255,
41525,
40200,
39435,
38370.
38350,
3”295,
37730.
37730,
37540,
37300,
38760,
38840
388&A0.
38500,
388(\0.
38705,
39040,
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200
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211
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215
216
2417
218
219
220
221
222
223

224 -

225

28,
28.
28,
28,
28,

284

28,
27.
27.
27,
27.
27.
27,
28,
27.
27.
25.

31.

31.
30.
30,
32.
32.
31.
341,
31.
31.
31.
31.
31.
30,
3n,
30.
31.
30,
31.
31.
33.
33.

24,
24,
25,
32,
37.
37,
41.
49,
S58.
65,
65,
72
72,
77
77,
76,
71,
7N
62,
62,
64,
64,
62,
62,
55.
54,
45,
45,
35.
24,
23.
24,
23,
23.
12.
10.

8.

7

42.8

36.7
34.8
50,3
31.0
20.0

6.0

3.0
19,5

50,6
53.8
44,8
34,4
24,9
30,9

B.b

9.1
42.8
47.9
31.2
34.5
32.2
45,2
3041

9.1
55,7
13.4
10.3
11.8
25.7

3.0
37.2
2045

6.3
56.0

2.9
37.0
20.9

39585,
39500,

39640,

40753,
41480,
41400,
42465,
44690,
44510,
46900
48987,
48987,
5n2n4,
50252,
51040,
51010,
48850,
51855.
51940,
50076,
49800,
51240,
51300,
50240,
50000.
47910, .
498A0,
44979,
45000.
42494,
40700,
4n478.
40478,
40718.
40700,
40122,
39944,
41145,
41233.



Fig. B.8

SNELLIUS data as anomaly with respect to adopted polynomial
(gammas). Zero anomaly contours; selected individual anomalies.

VA



Fig. B.9

SNELLIUS daota as anomaly with respect to 4th degree polynomial
(gammas). Zero anomaly contours; selected individual anomalies.

!
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COMPUTED. COEFFICIENTS

1
2
3
4.
5
6
7
8
9
10
11
12
13
14
15
TABLE B 10,
RUN
1
2
3
I
5
6
7
TABLE B 11,

POLYNOMIAL

0.38725000031+005
=0.91142003447+003

 =0e23846326675+003

0.94974456141+001
0.56155674521+002
0,31833315699+001
=0.17813663653+000
~0.55429186395-002
=0,99520755891+000
0,56282944185~-001
0,22215014334-002
0499273510867-003
=0.,18174070729~002
0.60142837340~-002

=0.88692322686-003 .

1

X

Y
XY
XX
YY -
XXY
XYy
XXX
YYy

- XXXY

XYYy
XXYY
XXXX
YYYY

4TH DEGREE POLYNOMIAL COEFFICIENTS

72 -

188 340
185 140
180 101
171 87
163 77
158

158 72

NO.OF POINTS STANDARD ' ERROR

RUNS LEADING TO BEST 4TH DEGREE
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Adopted polynomial minus Bullard, Hill, Mason (1962)
expression for total magnetic intensity
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Ce COMPUTER PROGRAM

Cel. INTRODUCTION

The purpose of program system MEG is to perform least squares
fitting of a real function of formp¢=)=24ajg; (x) +to a finite number
of function values £ (X /?y where x, an element of an arbltrary space, is a
fposition®, the % are given functions of x, and ay are real coefficients
to be determined. MIG basic Systeml assumes that position points are
elements (x,y) of the Buclidean planes In other words, the fitting
function is 4 :

o plmy) E"“_j%l 4 &5 (90

There are two distinet types of program executions. In "c:.ompui;e“2
runs3 the basic task is computation4 of coefficients 8y and of standard
error; in “evaluate" runs, the function P(X,y) is evaluated at given
points and the standard error is computed directly. External and internal
sense switches are used for detailed flow control,

It is possible to use the results of one run to control rejection
of date points in the next run (SW 1); other features are pre-rejection of
up to 100 individually selected points (SW 7), and rejection of all points
outside a designated rectangular region (SW 8).

The program is written in FORTRAN II for the CDC 3100,

C.2  SYSTEM DESCRIPTION

Centrael control unit for MIG system is the main program, labelled
STARTOFF in progfa.m listings. Most distinct phases of problem solution are
relegated to specific subroutines. This permits easy removal and
replacement of defective subroutines.

l. MIG basic system is the version described in this report.
2. The terms "compute" and "evaluate® are deéscriptive terms referring

to the two types of program executicng.

3s A run is a segment of program execution consisting of one pass of
the original data and all computations pertaining thereto.

4o For detalls of theory, see 4.2,




-~ 96 =

System Flow chart D.l gives an overall view of program
organization; the name in the top left hand corner of each box is the
subroutine name. Details of system structure are shown in section C.8,
especlally table Deo

Function subprogram XAl defines the N functions g; (x;y)e The
basic system contains a XAl routine which defines as followss

£, (393') =
gz (xsy) =
$z (z,5) =
k3 4 (xyy)
€s (XDY)
£ (z,7)
§ 7 (xt)Y)
Zs (z,7)
%9 (z,7)
€/ (x,5)
% (x7)
2, (%)
g,5 (z7)
€0 (z,7)
S5 (z,5)

i on

]
TEPLET LY B

] n

ioun B nn

That is, P (x,7) is & general 1st, 2ud, 3rd or 4th order polynomial in
x and y, depending on whether N is 3, 6, 10, or 15.

To use different functions € 5 s it is sufficient to write &
suitable XAI routine and compile it in place of the one in the basic
systeme

Co3 DATA INFUT

Table D.2 contains information on card input. Note the
followings:

1) Cards must be entered in the same order as given in table D.2., Soms
cards are required only with certain switch settings (switch column
in table).

2) ©HNo cards will be read if switch 4 is one
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3) If T, discard factor, is entered as 0, the program sets it to 2.

4) The card value of NN is ignored in "evaluate® runs, i.e. when
switch 3 is on. The card must be present, however.

5) Latitude is positive north, longitude positive west. No sign is
required for minutes. For example a Y value entered as ~103505 is
interpreted as 103°50' .5 East Longitude.

6) Tapes for paper tape and magnetic tape input must be in the same
format as tapes produced by MIG system with switches 6 and 17
respectively. See section G.5.

G.4 OPERATION

Table De3 lists program switches and their functions. Note the
followings

1) Each run begins with a PAUSE statement located at the beginning of
STARTOFF. If console switch 4 is on when this point is reached, the
PAUSE is skipped.

2) At the beginning of each run, internal switches 1 to 6 as well as
1 and 17 are cleared (i.e. set to zero or turned off). The other
switches are not changed unless a new switch card is input.

3) - All svitches are set and locked soon after the beginning of execution
of a run, immediately prior to listing of the "ON™ switches on the
printer. Changing console switches after this has no effect, except
for switches 2 and e

L) TFor internal switeches 1 to 6, the value adopted is the logical OR of
the card value and the console valueo

5) S8witch 2 may be turned on at console at any time during an %evaluate™
rud.

"6) In the basic system, all switch combinations are legal except 4, 17

and 14, 17

Typical switch sequences are as followss
"compute® sequence. (2), 4, (6), (7),(8);
1, (2)9 by (6)9 (7)9 8)5 ooo00f Ly (2)9 4y (6)9 (7)9 (8)3
1, (2), 35 45 (7), (8o
At each run, all data points whose function values are further from
the valus of the fitting polynomial than T times the previously
computed standard error are discarded. (SW 1).
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This procedure is used to discard points clearly in error. The
points discarded should be examined, however, since systematic
discards might mean inability of the fitting function to follow the
observed function over the entire area under consideration. In that
case the area considered can be restricted by using switches 7 and 8.
The last run in the sequence shown is an evaluate run, useful as a
record of the goodness of fit, listing of points discarded, and direct
computation of standard error.

Rosume interrupted "compute” sequence.
1, (2)5 45 55 (6), (7),(8).
The first run in any one job will use switch 17 instead of switch 4,
to create the magnetic data tape.

Also note the following points on program operations

a) Any run inputing the original data from cards should be checked,
either by comparison with a previcus run or by exemining a
detailed %evaluate® listing, The card reader may occasionally
interpret a data card as a blenk card, and there is no other
way of detecting this.

b) To reset the "run" counter to 1, STOP MC GO. The machine will
stop at the PAUSE in STARTOFF, as it does after any runm,

c) Paper tape is peripheral unit 8, magnetic tape unit 4.

d) The following are the main error stops of the system.

MESSAGE REMEDY AND EFFECT
INTERNAL ERROR START NEW RUNL OR RELOAD PROGRAM
ILLEGAL SWITCH GO (SW 17 IGNORED) OR START NEW RUN
ZERO DIAG ELT DO NOT CONTINUE?
CARD AFTER NO.__ IS NOT BLANK GO (LAST CARD READ IGNORED) QR
START NEW RUN
N T00 LARGE FOR XAT ROUTINE GO (ZAI = 0) OR MODIFY PROGRAM

1. To start new run, STOP MC GO GO.

2. The coefficient matrix, after row ordering, has a
zero diagonal elt. OCoefficient matrix singular.
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QUTIPUT

Output is on the line printer, the paper tape punch, and on

magnetic tapeo

1o

20

3.

bo

C.6

1.

fCompute™ run, printer outputs Augmented matrix, reordered matrix,
sample roundoff check data (depending on the value of EPS, output
cutoff, which is the last item on each such line), computed
coefficients a, to a;; basic information regarding the run, solution
check (i.eo substitution in the equations to be solved)e Much of
this information is omitted if switech 2 is not on.

- "Compute™ run, paper tape output: number of coefficients, number of

date points, number of data points used, computed coefficients,
standard error.

"Evaluate® run, printer ontputs Each line containg latitude (degrees,
minutes end tenths of minutes), longitude, function value input, velue
of approximating function, anomaly with respect to value of"
approximating function. Points discarded on input are followed by
RDISCARD", except for those lying outside the designated area or
otherwise prerejected, which are not listed. Basic information,
including the value of the standard error from direct computation,
follows listing of the individual points.

Magnetic tapes Each record written on magnetic tape contains the
same information as & corresponding data input card. Contents of the
start deck are not written on magnetic tape.

RELIABILITY AND ERRORS

Gauss-Jordan elimination program. No mathematical error analysis was
carried out for this program. Instead, the program was tested for
= 2 up to 10 on the systems of N equations

S _a =ﬁ —4 SIEYFRERSE
. [+ ~ +j=
e A LY E A

The coefficient matrix for each of these systems is a truncated
classical Hilbert matrix. (See Leeson, 1962). As these matrices
are known to be ill-conditioned, performance on these systems may be
considered a lower bound for the accuracy of results on any system
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Maximam Accuracy
R Relative Error Signif. Places
2 < 1078 1
3 1.8 1077 8
4 507 1078 7
5 59  107° 7
6 1.4 12077 4
7 15 1074 3
8 6.7 1074 3
9 9.9 - 107 0
10 2.2 10t 0

Up to N = 8, at least 3 significant digit accuracy is maintained.
all accuracy is loste.

In actual use of MIG system, the Gauss-Jordan elimination program

performed well at N = 10. In the equation-solving process, the 9 most
gignificant digits out of 11 were usually not affected by cumlative
roundoff errors, as measured by a check sum column carried during the
process. Also, substitution of the solution vector into the system
produced agreement to 9 significant digitse

At N = 15 only 3 significant digits were unaffected by cummlative

roundoff, whereas substitution still produced agreement to 9 significant
digits.

20

C.7

Standard errors The standard error obtained in a ®compute® run
agrees with the directly computed value ("evaluate® run) to at least
3 significant digits even for N = 15,

1.
20

30

MISCELLANEOUS

Standard subroutines used. ABSF, SQRTF, LEADER,

Storage (approximate Programs (4670)q

Common (1260)8 (N = 10) or Common (2330)8 (N = 15).

Total storage for basic system is accordingly about (7220)é
locationse

Timing, Program is input and output limited (on CDC 3100
configuration at BoI.0.)s Computation times are not significant.
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e De5 18 a complete source deck listing.
Ds6 shows sample outpute

G.8 DETATLEP STRUCTURAL INFORMATION

Table Do/ shows the relation of the various subroutines to omne
another and to the main program. The following information should be
useful to those wishing to modify the programs

le The N x(N + 1) - matrix BB is used only for the feature ®golution
check?, Eliminating this feature saves storage spacee

2. A different data input format requires a change in the data card
read statement in DATAREAD only.

3¢ A different position space requires a change in DATAREAD as well as,
possibly, changes in ‘the statements ealling XAI and P, as well as in
those two routines themselves.

Le Up to 18 switches are provided in the basic system. Those not used
by the basic system may be used for other options.
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STARTOFF [z
X

COMPUTE ¥

START INITEALIZE

i

MC

DATAREAD

ACCUMULATE MATRIX

J,

RORDER ROW ORDER

l

GAUSS  sove equations

1

E R ROR STANDARD ERROR

¥

Fig. D.1

¥ ¢ "EVALUATE®

START INITIALIZE

l

EVALUATE

DATAREAD

EVALUATE FUNCTION

STANDARD ERROR

)

System Flow Chart (general).



REPEAT

ARRRRR

1,18

T,NDISCTIDISC |

1,NU
1,NU
1,NU
1,NU
1,NU

NAME

ISL I
N

NU
EPS

T
NDISC

1,1

NaNaNaN

’
’
’
s
»
4
?

NN N N N N NN
ETFEFWWLWNON -

XDEG
XMIN
YDEG
YMIN
F

MEANING

JOB IDENTIFICATION

INTERNAL SWITCH NO, |

NO. OF COEFFICIENTS

NO, OF DATA POINTS

OUTPUT TOL, FOR ROUNDOFF CHECK
DISCARD FACTOR

NO. OF POINTS PREREJECTED

DATA PT, NO, IDISC | PREREJECTED
LATITUDE LOW LIMIT , DEGREES

LATITUDE LOW LIMIT , MINUTES

LATITUDE HIGH LIMIT , DEGREES

LATITUDE HIGH LIMIT , MINUTES

LONGITUDE LOW LIMIT , DEGREES

LONGITUDE LOW LIMIT , MINUTES
!

LONGITUDE HIGH LIMIT , DEGREES
LONGITUDE HIGH LIMIT , MINUTES
BLANK CARD TO TERMINATE START DECK

- LATITUDE DEGREES

LATITUDE MINUTES
LONGITUDE DEGREES
LONG!I TUDE MINUTES

TOTAL MAGNETIC INTENSITY

BLANK CARD TO TERMINATE DATA DECK

TABLE D.2 CARD INPUT

ON CARD FRMT COLS REQD BY

JOB. 1D,
ISL

N

NU

EPS

EPS
NDISC
IDISC 1

PNDNNNNNNN

DATA K
DATA K
DATA K
DATA K
DATA K

80H

L]

WEWENN— NN -
- [ ] o L]

VT ST T T e e [T [T e e
w
.

F4.0
F3,1

F4,0
F3.1
F4,0
F3.1
F5.0

1-80
l

1- 7
1= 7
1=11

0
012-22

1= 7
1- 7
1= 4
5- 7
8-11
12-14
15-18
19-21
22-25
26-28
1-80
1= 4
5- 7
8-11
12-14
15-19

- 1-80

STARTOFF
STARTOFF
START
START
START
START
START
START
START
START
START
START
START
START
START
START
ENDTEST
DATAREAD
DATAREAD
DATAREAD
DATAREAD
DATAREAD
ENDTEST

Sw

(eclo e Mo Ne-NoNe Mo RNEN]

-88-



TYPE OF RUN COMPUTE EVALUATE

TYPE CONTROL SWITCH 3 OFF SWITCH 3 ON
SW 1 ON DISCARD DATA POINTS FOR WHICH SAME

lpexiy) = £Cx,4y) | > T - sE .

T PARAMETER INPUT,P LAST DEFINED FITTING

FUNCTION,SE LAST COMPUTED UALUE OF STANDARD

ERROR, P AND SE AS INPUT IF SW 5 ON

SW 2 ON DETAILED OUTPUT . INDIVIDUAL DATA POINTS LISTED
SW 3 TYPE CONTROL /OFF/ TYPE CONTROL /ON/
SW 4 ON MAG TAPE INPUT ON UNIT 4,NO CARD INPUT SAME

- SKIP PAUSE AT BEGINNING OF RUN
SW 5 ON PAPER TAPE INPUT SAME
SW 6 ON PAPER TAPE OUTPUT NO EFFECT
SW 7 ON DISCARD PREREJECTED POINTS SAME
SW 8 ON DISCARD POINTS OUTSIDE DESIGNATED AREA SAME
SW 14 ON  READ START CARDS ONLY, THEN TURN SW & ON SAME

AND PROCEED USING MAG TAPE

SW 17 ON  WRITE DATA POINTS ONTO MAG TAPE UNIT &4 SAME

AS READ IN FROM CARDS

TABLE D.,3 PROGRAM SWITCHES

-fe-



ROUTINE
STARTOFF

START
MC
DATAREAD

RORDER
GAUSS

ERROR
EVALUATE
BOUT
ENDTEST
MATPRT

P

KAl
INTER

DESCRIPTION
SYSTEM CONTROL

INITIALIZE DATA INPUT
MATRIX CONSTRUCT
READ ONE DATA RECORD

ROW ORDER MODIFIED .
GAUSS~-JORDAN ELIMINATION

SOLN OUT, ST.ERROR, ETC
EVALUATE AT GIVEN PTS

BASIC INFORMAT

TEST FOR BLANK
MATRIX PRINT

ION OUTPUT

CARD

FUNCTION EVALUATION
FORM OF APPROXIM,FUNCTION -

INTERNAL ERROR

TABLE D.4

CALLS IS CALLED BY

START ,MC,RORDER, =

GAUSS ERROR

EVALUATE INTER

ENDTEST, INTER STARTOFF

DATAREAD,ENDTEST STARTOFF -
INTER, MATPRT XAl

P,INTER - MC, EVALUATE
MATPRT, INTER STARTOFF
- STARTOFF
BOUT, INTER ~ STARTOFF

DATAREAD,P, INTER STARTOFF
ENDTEST, BOUT

INTER ERROR, EVALUATE
INTER 3 START,EVALUATE
- MC,RORDER

XAl

ALL EXC. LAST 3

SYSTEM STRUCTURE

COMMON USED
ISL,N, NN, NNN

ISL,N,S NU,NUU SE,
EPS,T,Z,NDISC, IDISC
ISL, N NN B,L, NU 88,C
S‘SQ
ISL,N,S,NUU,T,Z,NDIS
IDISC

ISL,N,NN,B, L
ISL,N,NN, NNN B,L,S,
EPS

ISL,N,L,S,NU,NUU, BB,
C,SFSQ,RESQ SE

ISL,N,S,NU,NUU,RESQ,
SE

ISL,N,NU,NUU,RESQ,SE

T,Z,NDISC
ISL

DATAREAD EVALUATE-
MC,P

-gg-



901
917
9418

929

909
912

902
930
903
904

913

906
907
908

910

999

[e]
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Fig., D.5 Program System Listing

COMMON ISL»NsNN,NNNs»B»L»S»NU»NUU,RB»C,»SFSO,»RESQ,SE,EPS,

STARTOFF

1T»Z,NDISC,IDISC

DIMENSION .ISL(18),B(15,17),L(15),5(15),88(45,17),C(15),2(4,2),

11D1SC(100)

NRRR=0

GO TO 917

IFC(SENSE SWITCH 4)918,917 n
PAUSE '
CONTINUE

DO 929 I=1,6

ISL(1)=0

1SL(14)=0

- ISLt47)=0

NRRR=NRRR+1
IF(SENSE SWITCH 4)930,909

" READ 912

FORMAT(80H

READ 902,¢ISL(I)»1=1,18)
FORMAT(1811)

DO 904 I=1,6

_IF(SENSE SWITCH 1)903,904
I1sL(1)=1

CONTINUE

PRINT 912

PRINT 913,NRRR
FORMAT(4H RUNIZ//7)
DO 908 I=1,18
IFCISL(1))999,908,906
PRINT 907,1
FORMAT(7H SWITCHI3)
CONTINUE
TFCISL(3))999,910,950
COMPUTE CONTROL
CALL START(N)
NN=N+1

NNN=NN+1

CALL MC

CALL RORDER

CALL GAUSS

CALL ERROR

GO TO 901

EVALUATE CONTROL
CALL START(NT)
NN=N+1

NNN=NN+1

CALL EVALUATE

GO TO 901

CALL INTER .

END

INITIALIZE DATA INPUT
SUBROUTINE STARTINT)

COMMON ISLprNNpNNN;B:L}Q:NU:NUU’RR CJSFSO’RESOISE)EPSJ
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17,Z,NDISC,IDISC
DIMENSION ISL(18):8(15:17):L(15))S(15)»93(15:17)00(15):2(4’2)0
11DISC(100)
86 IF(1S1L(4))99,1,60
1 READ 2,NI,NU ;
2 . FORMAT(17)

NUU=NU ‘
. READ 3,EPS,T
3 FORMAT(2E11,0)
IF(T)20,4,5,20
4 T=2,

20 IFCISL(7)199,30,21
21 READ 22,NDISC
22  FORMAT(17)
DO 23 I=1,NDISC
23 READ 22,1DISC(1)

30 TIFCISL(8))99,40,31
31 READ 325((Z(15J)5J=152)s1=1,4)
32 FORMAT(A(FA4.0,F3,1))

DO 34 I=1,4
IF(Z2(1,4))33,34,34
33 Z(1,2)=0.-2(1,2)
34 Z(1,1)=2(1,1)242(1,2)/60.
a0 GO TO 50
- 50 GO TO 60
60 IFCISL(5))99,90,61
61 READ INPUT TAPE 8,62,N
62 FORMAT(17) .
READ INPUT TAPE 8,63,(S(I),I=4,N)"
63 FORMAT(E20.11)
READ INPUT TAPE 8,63,SE
PRINT 66,(S(I1)s1=1,N)
66 FORMAT(/19H COEFFICIENTS INPUT/4(E20.11)).
PRINT 67,SE
67 FORMAT(21H STANDARD ERROR INPUTE20.11)
90 CALL ENDTEST(0)
PRINT 92
92 FORMAT(14H DATA START)
IF(ISL(14))99,94,93
93 ISL(4)=1

94 IF(1ISL(4))99,89,95
95 IFCISL(17))99,96,88
96 REWIND 4 ‘
G0 TO 938
89 IFCISL(17))99,98,96
98 NUU=NU
RETURN
883 PRINT 87
87 FORMAT(15H TLLEGAL SWITCH/1iH1)
PAUSE
GO TO 938
99 CALL INTER
END

MATRIX CONSTRUCT
SURROUTINF MC
- COMMON ISLoN,NN>NNN,BsL»SsNU,NUJ,BB,C,SFSQ

o)
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DIMENSION ISL(18),8(15,17),L(15),S(15),RB(15,17),C(15)
DO 107 1=1,N ’
DO 107 J=1,NN
107  BC1,J)=0,
SFSN=0,
DO 140 K=1,NU
CALL DATAREAD(K,X,Y,F,XDEG,XMIN,YDERG,YMIN,IN,I1E)
IF(IDY140,110,141
141 CONTINUE
120 DO 111 I=1,N
DO 110 J=I,N
110 BCUI,U)=8(1,J)+XATCT,X,Y)oXAI(JsX,Y)
1114 BCI,NN)I=B(I,NN)+FeXAICI,X,Y)
112  SFSO=SFSO+FaF :
140  CONTINUE
DO 113 I=2,N
1l=1-4
DO 113 J=1,11
113 B(1,J)=R(J,1)
CALL ENDTEST(NU)
123  PRINT 117
117  FORMAT(12H DATA LOADED)
DO 125 I=1,N
125  C(1)=B(I,NN)
130 DO 132 T=1,N
DO 132 J=1,NN
132  BB(1,J)=8(1,J)
150 IF(ISL(2))199,154,118
199  CALL INTER
118 DO 119 I=1,N
119  L(1)=]
CALL MATPRT(B,LsN,NN)
1514  CONTINUE
RETURN
END

c REAND ONE DATA RECORD
SUBROUTINE DATAREAD(pr’V’FpXDEGoXM]N;YDEG:YMIN:ID:!E)
COMMON ISLpN’NN»NNN’BrL)SpNU’NUU’HB’C:SFSQ:RESQ)SE:EPS:
1T,Z+,NDISC,IDISC
DIMENSTION ISL(18):8(15;17):L(15)9S(15)039(15:17)10(15)02(4’2)0
11DISC(100)

1E=1
IF(ISL(4))09,14,400
1 READ 2,XDEG,XMIN,YDEG, YMIN,F
2 FORMAT(F4.0,F3.14+sF4,0+F3.1,F5.0)

IFCISL(17))99,402,403

402 IF(XDEG)3,4,4

3 XMIN=0,-XMIN

4 IF(YDEG)5,6.6

5 . YMIN=0,=-YMIN

6 X=XNDEG+XMIN/60,
Y=YDEG+YMIN/60,

2n IFCISL(7))99,30,21

21 DO 22 I=1,NDISC
CIF(K=-1DISC(1))22,90,22

22 CONTINUE



3n
31
33
34
10
11
40
50
92

90
93

91
99
ano
403

404

11
15

21

31

60
50

70
80

9N

91

Q92

| | -89 -
IFLISL(8))99,10,31
IF(X=2(1,1))90,32,32
IF(Z(25,1)=X)90,33,33
IF(Y=2(3,1))90,34,34
IF(2(4,1)=Y)90,10,10
IFCISL(1))99,40,11
IF(ABSF(F=P(XsYsN»S))=TaSE)40,40,93

GO Tn 50

GO TO 92

10=1

GO TO 91

1E=0

1D=0

NUU=NUU=1

RETURN

CALL INTER

READ INPUT TAPE 4,404, XDEG,XMINsYDEG, YMIN,F
GO TO 402 ’

WRITE OUTPUT TAPE 4,404,XDEGsXMINsYNEGs» YMINSF
GO TO 402

FORMAT(SE20.11)

END

ROW ORDER MODIFIED
SUBROUTINE RORDER

COMMON ISL,NsNNsNNN,BsL
DIMENSION ISLC18)5B(15,17),L(15), IROUS(15),1C0US(15)
DO 11 J=1,N

IRQUS(J)=0

IcCoustJ)I=0

IM=0

JM=0n

BM=,1E£307

DO 50 I=1,N
IFCIROUS(1)-1)21,50,99

DO 60 JU=1,N
IFCABSF(BM)=-ABSF(B(1,J)))60,60,31
IM=1

JM=y

BM=R(IM,JM)

CONTINUE

CONTINUE

BRM=0-

JRM=0

DO 90 JJ=1,N
IFCICOUS(JJ)-1)705,90599
IF(ABSF(B(!MpJJ))-ARSF(BRM))Q0.0U.&O
BRM=B(TM,JJ)

JRM=JJ

CONTINUE

IF(JRM)99,93,91

L(JRM)I=IM

ICOUS(JURM)=1

IROUS(IM)=¢

DO 92 f=1,N
IFCIROUS(1))99,15,92
CONTINUF
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IF(ISL(2))00,98,97

97 CALL MATPRT(B,L,NsNN)

98 RETURN

93 PRINT 94

94 FORMAT(14H ZERO DIAG ELT)
DO 95 I=1,N

95 L(I)=1
CALL MATPRT(B,L,N,NN)

SToP .

99 CALL INTER
END

c GAUSS JORDAN

SUBROUTINE GAUSS ' 4
COMMON ISL,N,NN,NNN,B,L,»S»NU,NUU,BB,C,SFSQ,RESQ,SE,EPS
DIMENSION TSL(418),B(15,47),L(415),5(15),RB(15,17),C(15)
200 NN=N+4 . ‘
DO 260 I=1,N
BCT,NNN)=0.
DO 260 J=1,NN
260  B(I,NNN)=R(I,NNNI+3(I,J)
DO 230 K=1,N
KK=L(K)
BKK=B(KK»K)
DO 2014 J=K,NNN
201 BIKK)»J)=B(KK,J)/BKK
DO 204 1=1,N
Ii=L(l)
IF(1=-K)202,204,202
202 BIK=B(11,K)
IA=11
DO 203 J=K,NNN
203 BCIT,J)=8(11,J)-BIKoB(KK,J)
204 CONTINUE
SuUM=0,
DO 231 J=1,\N
2314 SUM=SUM+B(14,4)
" BIANNN=B(TA,NNN)
DEL=SUM=BTANNN
~ IFCABSF(DEL)-EPS)230,230,23A
238 IF(ISL(231299,230,233
2900  CALL INVER
233  PRINT 9234,K,1A»SUM,RCIA,NNN),DEL,EPS
234 FORMAT(1X,217,5H SUM=E20.14,10H CHECKSUM=3E20.11)
230 CONTINUE ‘
DO 280 I1=1,W
I1=L(1)
280 SCI)=R(T1,NY)
RETURN '
END
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209

911
208

2ns

206
207
213
299
214

215

217
218
220
221

300
303

3n1

304
302
3n6
3n5

i ]
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SOLUTION OUTPUT AND VALIDITY

SURROUTINE ERROR )
COMMON ISLIN,NNSNNN,Bs»L»S»NU»NUU,RB,C»SFSQ»RESQ,SE,EPS,

1T,Z,NDISC,IDISC

DIMENSION ISL(ls),B(15;17):[(15):5(15);RB(15:11):C(15):Z(4;2)-

11D1Sc(100)

PRINT 209

FORMAT(//22H COMPUTED COEFFICIENTS)
DO 9141 I=1,N

PRINT 208,1,S(I)
FORMAT(4X,17,E20,11)

RESO30-

DO 205 K=1,nN

RESN=RESQ-S(K)en(K)

RESN=RESQ+SFSO

IF(RESQ)220,206,206
SE=SORTF(RESQ/NUU)

CALL BOUT

IF(ISL(6))299,218,214

CALL INTER

CALL LEADER

WRITE OUTPUT TAPE 8,215,N,NU,NUU
FORMAT(317)

WRITE OUTPUT TAPE 8,217,(S(1)51=1,N)
WRITE OUTPUT TAPE 8,217,SE
FORMAT(E20,11)
IFCISL(2))299,306,300 -

PRINT 221 )
FORMAT(30H RESID SUM NF SQUARES NEGATIVE)

. SE=0,

GO To 207

PRINT 303

FORMAT(//715H SOLUTION CHECK)
DO 304 1=1,N

SUBST=0,

II=L¢(1)

DO 301 J=i,n
SUBST=SUBST+S(J)aBB(I1,J)
DEL=BB(II1,NN)-SUBST

PRINT 302,11,8B(I1,NN)Y,SURBST,DFL
FORMAT(17,3E20.11)

PRINT 305

FORMAT(1H1)

RETURN

END

EVALUATE AT GIVEN POINTS

SUBROUTINE FEVALUATF - ’

COMMON lSLoN’NN’NNN)BanS;NUDNUU,RHyC:SFSQ»RCSQ’SEpEpS
DIMENSION ISL(18)

DIMENSION R(15,17),L(15),S(15),38(15,17),C(15)

RESO=0.

DO 550 K=1,NU

caLu DATARFAD(K9x;Y;F;XDEG;XM'N.Y”E”:YMIN:lnyIE)
PL=P(X,Y,N,S)

FP=F-PL



534
535
536
599
5n9
530
531
537
540
541
511

550°

512
513
514

515

517
518

230
200
231
232
213
215
216
220
221
222
240

Q
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IF(IENS36,536,534
IFCISL(2))599,535,509
IF(SENSE SWITCH 2)509,536
IF(1D)599,537,511
CALL INTER
IF(ID)530,530,540
PRINT S34,K,XDEG,»XMIN,YDEG, YMIN,F,PL,FP
FORMATUTIB,F1340sFS5,4sF10e0s,F5.4,2F13,0,F15.0,8H DISCARD)
G0 TO 550
PRINT 544,K,XDEG,XMIN,YNDEG, YMIN,F,PL,FP
FORMAT(IB8,F13e05F5.14sF10.0,F5.4s2F13.0,F15.0)
RESQ=RESQ+(PL~F)e(PL=F)
CONTINUE
CALL ENDTEST(NU)
IF(RESQ)517,513,513
SE=SORTF(RESO/NUU)
CALL BOUT
PRINT 515
FORMATC1H1)
RETURN
PRINT 518
FORMAT(30H RESID SUM OF SQUARES NEGATIVE)
SE=0.
GO TO 514
END

BASIC INFORMATION OUTPUT

SURRQUTINE ROUT

COMMON TISL>MsNN,NNN,B,L»S»NU,NUU,BB,C,SFSN,RESQ,SE,EPS,
1T»Z,NDISC,»IDISC

DIMENSION ISL(18)»R(15,17)5L(15)5S(15),RB(1%,17),C(15),2(4,2),
11DISC(100)

PRINT 2,NU,NUU,N,RESQ,SFE

FORMAT(418H NO,OF DATA PNINTS1I7/23H MO,0F NATA POINTS USEDI7/49H NO
1.0F COEFFICIENTSI7/7244 RESIDUAL SIM OF SQUARESE20.14/715H STANDARD
2ERRORE2N.11/)

IF(ISL(7))?99p2139231

CALL INTER

PRINT 232,NNDISC

FORMAT(25H NO,OF PNINTS PREREJECTEDI?7)

IFCISL(8))299,220,215

PRINT 216,(2(1,1)51=1,4)

FORMAT(16H ILATITUDE LIMITS2F10.2/17H LONGITUDE LIMITS2F10.2)
IFCISL(1))299,240,221

PRINT 222,T7

FORMAT(22H NEVIATION FACTOR USENDE20.11)

RETURN

END

TEST FOR RILANK CARD
SUBKROUTINF FNDTESTINU)
COMMON 1SL
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DIMENSION T1SL(18)
DIMENSION 1K(16)
IF(ISL(4))199,119,129
129 REWIND 4
GO TO 4123
119 READ 114,(1K(I)s1=1,16) .
114 FORMAT(1615)
DO 116 I=1,16
IFCIK(T))115,146,115
116 CONTINUE
123 RETURN
115 PRINT 122,NU
122 FORMAT(15H CARD AFTER NO.17,43H IS NOT RLANK/16H TO CONTINUF GO

PAUSE
GO T0o 123
" 199 CALL INTER
END
c MATRIX PRINT

SUBROUTINE MATPRT(B,LsN,NN)
DIMENSION 3(15,17),L(15)
PRINT 48
48 FORMAT(7/7/)
DO 47 I=1,N
LL=L(D)
47 PRINT 44,(B(LL,»J)>J=1,NN)
44 FORMAT(6E20.11)
PRINT 48
RETURN
END

c FUNCTION EVALUATION SUBROUTINE -
FUNCTION P(X,YsN,A)
DIMENSION A(15)
P=0, 4
. DO 10 I=1,N
10 P=P+ACTI)oXAI(I,X,Y)
RETURN
END

0

XAl DEFINES FORM OF APPROXIMATING FIUNCTION - POLYN 4TH pEg

FUNCTION XAT(K,X,Y)

IF(15-K)598,599,599

599 GO T0(601,692,603,604, 605,606, 6070608,60916109011;619:613’
1614,615),K

6N0 RETURN

6N1 XAl=1,



602
603
604
605
606
607
608
609
610
611
612
613
614
615

598
597
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G0 fo e00
XAl=X
60 TO 600
XAI=Y
GO TO 600
XAl=Xoy
GO TO 600
XAI=XoX
GO TO 600
XAl=YoY
GO TO 600
XAl=XoXoY
GO TO 600
XAI=XaYoy
GO TO 600
XAI=XuXaX
GO0 TO N0
XAl=YoYeoY
GO TO 600
XAI=XoXaXoY
GO TO 600
XAl=XoYoYeY
GO TO 600
XAl=XeXoYaY
GO TO 600
XAl=XoXeXaX
GO TO 600
XAl=YoYaYaY
GO TO 600
PRINT 597
FORMAT(28H N TOO LARGE FOR XAl ROUTINE)
PAUSE
XA‘=00
GO TO 600
END

INTER

SUBROUTINE INTER

PRINT 1

FORMAT(/32H INTERNAL ERROR.DO NOT CONTINUE./1H1)
sToP

RETURN

END
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c TABULATE CONTROL
DIMENSION S(15)
DIMENSION 1SL(18)

701 PAUSE
READ 702

702 FORMAT(2H )

READ 703,(1SL(1),1=1,18)

703 FORMAT(41811) '

“ DO 705 1=14,6
IF{SENSE SWITCH 1)704,705

704 ISL(1)=1

705 CONTINUE
DO 708 I1=1,18
IFCISL(1))799,708,706

799 CALL INTER

706 PRINT 707,1

707 FORMAT(7H. SWITCHI3)

708 CONTINUE
CALL TABULATECISL,N,S)
GO TO 794
END .

t

SUBROUTINE TABULATE(ISLsN,S)
DIMENSION S(15)
DIMENSION ISL(18),PL{10)
1 IFCISL(5))99,200,300
99 CALL INTER
200 1FIN)201,201,400
201 PRINT 202
202 FORMAT(40H SURE YOU DIDNT WANT TO RFAD PAPER TAPE. /93H SET SENSE S
iW 5 AND GO,)
PRINT 203
203 FORMAT(1H1)
PAUSE
IFCSENSE SWITCH 5)204,101
204 ISL(5)=1
. GO 70 101
300 READ INPUT TAPE 8,301s N,NU,NUU
3n1 FORMAT(317)
PRINT 302,N,NUsNUU
3n2 FORMAT(19H NO,OF COEFFICIENTSI7/2AH NO.OF POINTS IN DATA DECKI7/
146H NO.DF POINTS USED WHEN COMPUTING COFFFICIENTSI?7)
REAND INPUT TAPE 85,303,(SC(I),I=1,N}
383 FORMAT(E20.11)
READ INPUT TAPE 8, 303:35
PRINT 304,SF
304 FORMAT(21H STANNDARD ERROR INPUTEZ20.11/)
an0 READ 4011XLU;XLM;XHU;XHM:Y{0:YLM»YH”’YHM’DXD’DXMIDYD)DYM
401 FORMAT(A(F4,0,F3,1))
XL=DEC(XLD,XLM)
XH=DNEC( XHN, XHM)
YL=DEC(YLD,YLM)
YH=DEC(YHD, YHM)
DX=NEC(NXN,NXM)
DY=NECINYND,NYM)
PRINT ﬂnQn(ﬂ(P’vl=1'N)
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402 FORMAT(13H COEFFICIENTS/4(E20.11))
PRINT 403:XLD»XLM.XHD:XHM:YLD,YLM’YHD:YHM:DXD,DXM.DYD;OYM
4n3 FORMAT(L7H LATITUDE LIMITS 2(F10.0,F5.,1)/17H LONGITUNE LIMITS 2(F -
1060,F51)/9H4 LAT INCRF10.0,F5.1/9H LON INCRFiO 0sF5,. 1/141)
IF(DX)450,40n4,404
404 1F(NY)450,500,500
500 X=XL
504 YzYL
508 DO 503 J=1,10
IF(J=-1)513,513,502
51.3 CALL SEX(X,KXD1,XM4)
CALL SEX(Y,KYD1,YM1)
502 PLIJ)=P(X,Y>N»S)
Y=aY+DY
IF{YH=-Y)504,503,503
503 CONTINUE
PRINT S14,KXD1,XM1,KYN1,YML(PL(Y), 1= 1,10)
G0.T0 508
5n4 PRINT 511:KXDi»XM1oKY01:YM1,(PL(!)pl=1pJ)
541 FORMAT(2(16,F5.1)5,10F9,0)
PRINT 512
512 ° FORMAT(/)
X=X+DX .
IF(XH=-X)586,501,501
506 RETURN
450 PRINT 451
451 FORMAT(19H INCREMENT NEGATIVE/1H1)
GO TO 506"
END

FUNCTION DEC(D»RM)
IF(RM)2,3,3

2 RM=0,~RM

3 DEC=D+RM/60D,
RETURN
END

SURROUTINE SEX(X,KN,RM)
KD=X

RM=ABSF(X-Ki)an0,
IF(RM)2,2,3 ,

RH=n,

RETURN

END

“w 0
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0900

SAITCH 1
SHITCrd 2
SNITrS S
IITCH 7
I4ITAY A
INITed 17

SOEFFICTENTS IVPUT
".23951139957+005
Ne32223954R99+003

~1.32189544542+003
N,7379N0197044~8+001
" e354R1974612+0014
1,31674813753+001
=N eh1R556749000=001
=M eTI£20536350=001
=N,49414832278=0301
-N,35031342519=-001

STANNARD EIROR INPUT

MATA START
SATA LCADEN

Na13SNANNANNNSRNT
NeHNT79958335+007
N,4hEN52233N8+004
$423178737452+009
1.43243449974+004
Ne263R702441540009
N, 16543837546+ 00A
".10059593730+4011
"e172036N09320+006
N,02372440190+010
"e2125hA729N48+0056
re13n27213083+011
N,6037095R335+007
N1.320929244565+012
Ne727676496332+007
",49705937950+012
NeAbH2LANI72921+007
N.38352N0516795+012
"e11549946079+008
"ehB980541968+012

Nf.1N1549966979+0013
N,A393N0541963+012
N.AHh4ABN372921+007
1.38520516795+012
Ne727676963324+007
N.493n5987950+012
N.H6N37995A8335+007
0.39092924465+012

Figure D.6 Sample Output

0.74701986996+002

0.46A05283308+004
1.72767696332+007
1.17203610320+006
0+26387044415+009
N.15563897546+004
0.36184819770+009
N.6N379958335+007
8.13027203088+011
1.65480372921+4007
0.10159593730+041
0.72767606332+007
0.19185092857+011
1.23178787452+009
0.493059879504012
1426387044415+009
1.68080541968+012
1.26770520244+009
0.39992924466+012
N.36N084819759+009
0+10653690374+013

0.36084819769+009
0.105653690374+013
N.2h770529244+009
0.30992924466+012
0.24387044415+00°
N.68980541963+012
0:23178787452+009
0.49305987950+4012

N.48243649974+n04
0.664810372921+007
N1.1656389754A+006
0.26770529244+009
0,2125672904A+006
0.23178787452+009
Ne72767696332+n07
0.92872660190+010
0.60379958335+007
1.11142555514+911
0.10549946979+008
0410059593730+041
Ne26387044415+009
0.38520516795+012
0.35608481977n0+009
0.399929244646+012
023178787452+009
0.47614077986+012
0.56108124173+009
0.49305987650+012

0.56108124174+109
8.49305987950+012
0.23178797452+009
0e4764407798A+012
0.3608481977n+009
0439992924466+012
0.26387044415+n09
0.38520516795+012

0.16563897546+006
0.105499566979+00A3
0.6037995833%5+007
0.36084819769+009
0.72767696332+007
0.56108124173+009
0.26337044415+009
0.191850923853+011
0.23178787452+009
0.13027203083+011
0.3618481977n+009
0.31160500787+011
0.10059593730+011
0.68980541963+012
0.13027203093+011
0.10653690374+013
0.92872660199+019
0.49305987950+012
0.19185092858+011
0.17317598823+013

0.19185092855+011
0.17317598823+013
0.92372660190+010
0.49305987950+012
0.13027203088+011
0.10553600374+013
0.1005959373n+011
0.6898054196A+012

Na17203460932n+00A
0.6090134000n+907
0.66480372921+007
0+21521200040+00"°
0.50379958335+007
022478756243+n19
8.23178787452+009
0.78693957685+011"

0.26770529243%+7189

0,804167236444017
0.26337044415+0092
0.10156327179+011
0.92872660190+4010
0+29159998230+012
0.,10059593730+011
0.35415350353+01°
0.11142555514+011
06314995740654012
0.13027203083+011
0451303697291+012

0.130272n3083+011
0.51323697291+012
0.11142555514+n11
031499674065+012
010059593730+011
0e35415350353+012
0.92872660190+011
0.29159998231+012

9+21256729048+006
0.72767696332+007
0.10549965079+n03
0.360848197704009
- 1+26387044415+009
0.56108124178+009
0.13027203088+011
1.19135092857+041
1+10059593730+011

N.31160500787+011

0.31160500787+n011
Ne10059593730+011
1.19185092857+n11

8:13027203088+011



0e¢26770529243+00n9
Ne80416723044+010
NeP2h337044445+092
NelN156327172+4011
Na23178727452+0N72
0.798A93057A8540191
Ne4N3793583335+0n07
0.22473756243+902
0.65430372321+0Nn7
1,.215212n004h+0N"D
N.17293AN09320+00 %~
f4N311340009+0N07

1¢26337044415+009
7.561081241784+009
".34054819779+00Q
N1.10549946979+0043
N1e72757696332+007

1421256729048 +000

N.1N0375976562-92032
Ne1N375976562=00D
Ne11N24475098-102
-0,WN1N2539062+009
N,22144317627=-002
0.A4N74371338=-nn1
-0,565333581448-nn2
Ne27723903424-012
N,12789Nn71406-0Nn2

0.10005909210=04
le100020273AN0~ND 4
0.1030°001700-004
T.10a07004000=N04
T.100010NHY200=-NN4
1000700010004
N.10n01092300-0N4
N N0NNNIANN=-NNA
A 1HNNAINNNNN=NN4

n,172036N09320+006 N.66480372921+007 0.60379958335¢007 0231.787R7452+003
f,Q2872660190+010 0.10059593730+011 0.11142555514+0121 0.130272n3083+011
".212567290484006 N,72767606332+007 0.10549966979+008 0.36184819777+002
N.130272n3088+011 0.19185092857+011 0.1005959373n+¢011 0.311A050N787+011
N,16%63807546+006 0.60379958335+007 0.72767696332+007 0.26387044415+007
n,10N050593730+011 0.13027203083+011 0.92972660190+010 0.191A5N092853 4011
n,48243649974+004 0.16563897546+006 0.21256729048+00%5 0.727676963324007
n,2A3A7N044415+000 N.36184319770+009 0.23178737452+000 0.56118124173+009
n,46805223318+004 0.17203609320+006 0.16563897546+006 0.6N13799583354007
1.9317R737452+009 0.26387044415+009 0.26770529244+009 0.36N84819769+30)
PL,13507A0NEN0+003 0.45305283308+004 N.48243649974+4004 De1535563807544+004
"ehN379958335+007 0.72767696332+007 0.6648N0372921+007 0.1N54990A6079+008
1 1 SUM= =0.21793336754+4008 CHECKSUM= ~0,21793R36755+108
2 1 SUM= =1,205385614896+008 CHECKSUM= =0,.20533614397+908
K 1 SUM=  =0,174845648824007 CHECKSUM= =0.17484564893+107
4 1 SUms 0.11707907175+4009 CHECKSUM= N,11707907205+ 309
s 1 SuM= N.985134770049+006 CHECKSUM= 0.98513476782+006
3 1 Sums= Ne1A558712753+007 CHECKSUM= 0.18553712092+n07
7 1 SuM= 0.,22833753289+¢006 CHECKSUM= 022833753855+ 106
A 1 SUM=  =(0,18151500310+005 CHECKSUM= =(,1815150303383+nn5
o 1 SUM= «0,9N110406935+¢004 CHECKSUM= <=0.90110419724+7%4
SCMPUTFD CAEFFICIENTS
1 n,28906959477+005
2 Ne33466735813+003
3 =Nn,32767477699+003
a n,75084728376+001
5 1,31961525104+001
6 n,82395343755+001
7 =1.61987699061~001
A =0,40946229636~001
9 =n,45056075835~001
10 =Ne35179144049~-0n1
M9 ,0F PATA POINTS 225
vJ).,0F NATA POINTS USED 135
NJ.CF rNEFFICIENTS 19
SESINULL SUIM OF SOQUARES Ne70969700000+006
STANDARND ERROR 0.72505274391+002
V) ,0F PNINTS PREREJECTED 3
LATITURE LIMITS 20.00 50.00
LONGITUNE LIMITS 8,00 68,00 .
NEYIATION CACTOR USED 0.20000000000+001
SOLHTION CHECK
10 0.,51303697291+012 0.51303697263+012 0.,28100000000+003
o N.31499674066+012 0+31499674046+012 0.20400000000+003
8 N.35415350353+012 0.35415350334+012 0.19300000000+007%
7 0.29159998230+012 0,29159998212+012 0.17700000000+003
5 0.,80416723644+910 0.80416723593+010 0.51406250000+60¢%
L 0.,10156327179+011 0.10156327173+011 0.55312500000+001
4 0.78493957685+010 0.78693957639+010 0.46406250000+001
3 N.22473756243+009 0.22478756229+009 0.1333007R125+000n
2 N.21521200046+009 0.21521200033+009 0.12939453125+000
1 N.60901340000+007 0.37994384766-002

0.60901339962+007
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QUN

SITCH 1
S4ITCH 2
SYITCH 3
SWwiTcH 4
SWITCH 7
SWITCY 8
2ATA STAR

O DN PUD AN

2

T

0900

59.6

42.8

ai.
32.
32,
3.
23.
23.
17.
17.
14,
13.

9.
12.
16.
19.
19,
26,
30.
30.
36.
45,
44,
46,
55.
55.
61.
60.
65.
65.
65.
63.
63,
S54.

55,

45.
43.
38.
3a.
37.
27.
25.
25
19.
14,
14.

q.
q.
°.
10.

58.7
36.2
32.4
20.1

9.9
21.7
12.2
14.4
49.2
29.1
26.6
52.0
49.9

7'1
33.3
11.6

5.7
10.1
31.2

0.2
58.0
14.8
24,7
18.2
13.7
57.2

2.6

2.5
18.4

9.9
11.3
59.5

0.5

58,9,

49,0
47 .3
45.5
15.4
37.4
19.6
37.8
30.1
20.9
25.6
3.8
6.2
26.4
32.2
33.6

49440,
47260,
47400,
47232,
46122,
46116,
45438,
45237,
45183,
45153,
45065,
41300.
41615.
41792.
41795,
42545,
43121.
43127.
44293,
46450,
46464 .
46879,
49480,
49490.
51030.
51060,
52110.
52117,
53249.
52679,
52860.
50590.
50430,
48070,
47489,
46448,
46440,
46140,
44164,
43900,
43840.
43300,
42830,
42700,
42700,
42700,
42700,

434285~

43680,

494383,
47422,
47418,
47178,
45939,
45923,
45370,
45283,
45159,
45112,
45065.
41408.
41500.
41655.
41695,
42499,
43146,
43166,
44431.
46431,
46562,
46867.
49341.
49321.
51026,
50983.
52175.
52109.
53336.
52671,
52749,
50373.
50326,
48008.
47511.
46384,
46430.
46101.
44163,
43968,
44063,
43124,
42831.
42753,
42705,
42774,
43323,
43501.
43871,

-43.
-162,
-18,
54,
133,
183.
68,
=46,
24.
41.
0.
~108.
115.
137,
100,
46.
'25-
=39,
-138.
19.
-151.
12.
139,
169,
4.
77.
~65,

-117,
8,
111.
217
104,
62,
-22.
64.
10.
39.
1.
=68,
-223.
176,
-1,
=53,
-5
-74,

=623,

-73.
=191,

DISCARD

DISCARD
DISCARD

DISCARD

DISCARD

DISCARD

DISCARD

DISCARD
DISCARD
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110
1114
112
112
114
115
114
117
11¢
120
121
122
123
124
125
126
127
128
129
130
1314
132
133
134
135

300
39,
40'

39.

39.
39,
3o,
a0,
a0,
32,
an,
40,
40,
413,
a3,
a3,
a43.

43.°

as,
46,
ah,
45,
45,
44,
45,
a5,
44,
a5,
464
47.
47,
49,
49,
a3,
49,
4],
LERS
43,
43,
48,
44,
45,
43,

49,

21,
22.
21.
21.

21. ¥

21.
22.
22.
22‘
22.
21.
21.
22,
22,
27.
22,
22.
22.

PO LHLIND
O N WONMN:

¢ o 0 9 ¢ o o

U1 A
N o e

o .
= N

e
)
N

10.
17.
23.
22,
26.
29.
35.
35.
46.
46,
53.
62.
51.
50.
53.
53.
57.
Hl.

19.
18.
28.

32.

32.
37.
43,
62.
56,
52.
52.
52.
Sn.
47.
1.
41.
34,
34,
34,
24,
24,
22.
17,
17.
19.
58.
66.
49,
56.
56
58,
42,
42,
43.
Sn,.
33.
35.
35.
42.
15.
17.
24,
28,

32.5
8.0
0.3

45,8

54,7

52.4

58.2

47.3

54.0

56.2
4.0

36.0

49,4
3.5

10.9
8.0

55,0

49,3

43.8

10.0

57.8

23.5

18.5
4,0

34.7

49.8

33.4
5.0

58,4

32.0

31.9

58.6

43,7

33.0

31.5

35.8

16.8
5.2

34.6

28.9

St.1

12.5

12.0

43.5

17.0

12.3

47.7

39.5

41.8

17.0

18.8

56.5
5.8
2.1

13.2

25,3

36.1

18.8

16.8
7.0

55.8

29.2

43712,
44148,
44932,
44915,
45304,
45012,
46782,
46807,
49519,
49337.
50310,
53950.
51370.

51347, °

572904,
52304.
53609,
54654,
46067,
46640,
46622,
477468,
483A3,
43399.
49306,
50516.
55360,
54100,
53500.
53654,
53654,
53680,
52896,
51492,
51531.
49815,
49727.
49750,
43188,
431438,
47972,
47494,
47200.
47290.
43840.
45660,
41750.
43450.
43480.
43804,
39810,
39970.
39970,
41740

© 37730,

38100.
33110,
39810.
38566,
36000.
36650,
36070,

43856.
44107.
44698.
44618.
45191.
45677.
46827,

46843,

49502,
49473.
50884.
53971,
51073.
51470.
52323,
52347,
53631.
54698,
46181.
46646,
46634,
47773.
48444,
48423,
49555,
50870.

55425,

54050,
53386.
53604.
53682,
53681.
52873.
51444,
51461,
49877,
49810.
49780,
48171,
48115,
47929,
47449.

. 47426,

47281.
43919,
46582,
41566.
43508.
43437.
43919,
39707.
39358,
39924,
41720,
37709,
33161,
38237.
39707.
38740.
36017,
36566,
37028.

-144,

at.
234,
297.
117.
-665.
=45,
-36.

17.
=136,
-574.
-11.
297.
-123.
581.
-43.
-22.
-44,
-114.

34.

48

-5,
~-6H1.
-33.
-249,
=354,
-65.

50.
114,

50.
-28,

b X3

23.

48.
C70.
-62.
~A3.
=30,

17.

73.

43,
=255,
-226,
-81.
-79.

- =922,

taa,
=58,
43,
-115.
113,
112,
46.
~ a0,
21.
-5,
-127.
1n3.
-174,
-17.
a4,
=58

DISCARD
DISCARD

DISCARD

DISCARD

DISCAPD_

DISCARD

DISCARD
DISCARD

NISCARD
DISCARD

DISCARD
DISCARD

DISCARD
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136
137
138
140
141
142
144
145
141
1h2
163
164
165
146
167
148
1409
17n
171
172
173
174
17%
176
177
174
17¢
180
131
132
133
134
1AF
186
147
148
139
19¢
191
192
193
194
195
196

197

198
206k
2n7
204
209
210
211
212
214
215
216
217
214
219
220
221
222

21.
21.
36,
3a.
42.
36.
42.
22,
25,
250
25,
29,
25,
24,
24,
24.
24.
24,
29,
24,
25,
25,
25,
25,
25.
25.
25.
27.
24,
28,
28,
28,
27.
27,
28,
28,
23,
21,
23,
28,
23,
27.
a7,
27,
27.
27«
30.
30.
32.
32,
31.
31.
31.
31..
31.
31.
30.
30.
30,
31.
30.
31.

19.8
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28.
33.
12.
14.

%.
12.

66,
65.
65,
60,
57.
57.
51.
49,
49,
a2,
39.
39.
34.
27.
26.
25,
19.
19,
17.
15.
15.
16.
15.
15.
13.
13.
17.
24,
24,
25.
32.
37.
37.
41.
49,
49,
58.
65,
65.
62.
62,
64,
64.
62,
620
55.
45,
45,
35.
24.
23.
24.
23.
23.
12.

41.5
13.2
26.0
30.8
44.0
26.0
19.6
12.3
13.0
15.5
10.8
22.1
30.3
49.1
20.1
10.8
56.0
30.7
24.1

4.7

0.2
49.9
25.6
49.5
36.0
28.3

2.9
24.0
11.7
22.3
23.7

4.7

5.5
21.1
42.8
36.7
34.8
50.3
31.0
20.0

6.0

3.0
19.5

o.s
50.6
53.8
47.0
31.2
34,5
32.2
45,2
30.1

9.1
13.4
10.3
11.8
25.7

3.0
37.2
20.5

6.3
56.0

.

36970.
37730.
42499,
40130.
44300.
42490.
44360,

45660,

A4749S.
47525,
46190,
45450.
455130,
43850,
43130.
43130,
41255,
40525,
40200,
39435,
33370,
38350.
3JA225.
37730,
37730,
37540,
37300.
38740,
38860,
38860,
38500.
38860,
38725,
39040,
39535,
39500,
39540,
40753,
41430,
41400,
42465,
44690,
44510,
464900,
48987,
489137,
50076,
49300.
51230,
51300.
50240,
50000,
47910.
44979,
45000.
42494,
40700,
40478,
40478,
40718,
40700,
40122,

36991,
37709.
42357.
39529.
44719.
42357,
44764.
46532,
47926,
48064.
46421.
45522.

"45581.

43783,
43050.
42994,
41375.
40567,
40451,
39445,
38390.
38366.
38198,
37657,
37682,
37534,
37414,
38673.
39036,
38839,
33846.

38763.-

38754,
38863,
39568,
39580.
39700,
40815.
41755.
41603.
42531,
44517,
44423,
47135,
49513,
49417,
50058.
4994a.
51270.
51239,
50098,
50026.
47827.
45049,
45079,
42766,
40764,
40574.
40647,
40759.
40666.
40199,

-21.
21.
133.
351.
90,
133.
96,
-922,
=431,
=539,
=231,
-72.
~51a
67
30.
136,
-120,
-42,
=251,
=13.
-20.
~16.
27
73
a8,
6.
=116,
87,
-176.
P21
346,
97.
-29,
177.
17
-A0,
~h0e
-62,
-275,
=203,
=66,
173,
87.
-235.
~526.
=430,
18.
~148.

10. "

61.
142,
-26,

83.

~=70.
79,
-272.

-54,-

=96,
-159,
~-41,
34,
~77.

DISCARD

DISCARD
DISCARD
DISCARD
DISCARD

DISCARD

nIscaRp

DISCARD

DISCARD

DISCARD
DISCARD

DISCARD
DISCARD
DISCARD
DISCARD

DISCARD

DISCARD

DISCARD
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223 31. 13.5 19. 2.9 39944. 43225,
224 33.. 25.4 3. 37.0 41145, 41211,
M0.,0F DATA POINTS 225
%2,0F DATA POINTS USED 134
MO.QF COEFFICIENTS 10

JESINUAL SUM OF SOUARES 1.68767930513+006
STANDARN £RROR 0.71637525870+002

“0.0F POINTS PREREJECTED 3
LATITULE LIMITS 20.00 50.00
LINGITUDE LIMITS a8.00 63.00

NZYIATION FACTOR USED 0.20000000000+001%

~2R4. DISCARD
=66,
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