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A . THEORY AND RESULTS 

Ael 	INTRODUCTION 

A regional expression for total magnetic intensity in the North 
Atlantic was obtained by fitting a 3rd degree polynomial to 224 data 
points obtained by the Dutch research vessel SNELL= in 1965. The area 
delimited by 200N„ 500N, 80W„ 68°W is covered with the exception of the 
region lying both south of 30° and west of 600. 

A.02 THEORY 

Spherical harmonic analysis can be used to obtain an expression 
to fit magnetic intensity data over a part of the earth1s surface. 
However, when the region considered is small, it is simpler and probably 
just as effective to fit a polynomial by least squares, ignoring 
sphericity of the earth (Bullard, 1963). 

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

The problem of fitting a function of the given form p (x4) aj„, Cx)y) 	in the least squares Bence to a set of ‘) values 
F( x;,y;) is solved by determining values for the N coefficients 

• • •jam so that 	Ep(c i , ) — 	13Z  
is minimized . This is done by solving the N equations 

j 1=1 EP(xi)Vi)—F(xj)9032' = va 
i.e. the linear equations 

K:i 	i= I-OA ij 	)tii).ips (xi)(11)- 	jOti 1'10 C'Oci.)90:-.0 (1) 

with j  = 1,...0„N, 

Goodness of fit is measured by the RMS error, or standard 
error, cr , given by 

a– 	[  gg PochLi I ) —F(x; , (1").2 2" 	V2  
V 	 (2) 

Substituting (1) into (2) we get 

VO-2 = 	CL 	 (›c,' 413r(xi . ) 0+1 Cr(Xj)V;)3 4  
)- 

(3) 



Equation (3) has the advantage over (2) that it can be computed in one pass 
without storing the original data points. The number of data points, ) 

must also be taken into account when examining the duality of a fit, as 

one can bring or 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. 

403 	DATA 

The data was obtained from mkiiiii*profileo drawn on a scale of 
la million from the records of RMNS SNELLIUS Cruise NAVADO III, November 

1964 to September 1965. This survey covered the Atlantic, from south to 
north, between 20 0N and 50 0N latitude and 8 0W and 70 011 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. Retention 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.30 

A.4 PROCEDURE AND RESULTS 

Normal Equations 

To solve the system of N normal equations (1), the elements of 

the augmented matrix are accumulated 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. 



This method gives better results than standard pivotal condensation, 
although it, too, need not produce the best ordering* An example of such 

a situation is the matrix 12 'cool which is transformed to IT /XI 	0 
After row-ordering, the system is solved by Gauss-Jordan elimination 
(Hildebrand, 1956)0 The standard error is computed from equation (3); a 
numerically more accurate value can be obtained from an PEVALUATEn 1  pass 
using equation (2) 2. 

Rrocedure 

All data points outside the rectangle bounded by 200N, 50 0N, 
80W, 68 0W, were discarded because their distribution outside that area was 

irregular and thin. An attempt to fit a 3rd degree polynomial to the 
remaining 175 data 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 data errors) can 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 local anomalies stand out, 
and Should 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 data 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 standard error were computed. 

This process was repeated 8 times, at which time the polynomial 
fitted the 135 points still being used with a standard error of 72.5 gammas. 
The polynomial so obtained 3  was adopted to represent total magnetic 

intensity sealer field in the North Atlantic* With coefficients rounded 
to 7 significant places, this polynomial is given by 

10 See section C*1 on the computer program. 

2. Cumulative rounding errors are smaller in this more direct 
computation. 

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



P(344) = 28906096 + 334.6679 x + 
- 32706748 y + 70508479 XY 
3.196153 x2  + 8.239534 y2  

- 0.06198770 x2y - 0,04094623 xy + 
0.04505608 x3  - 0,03517914 Y39 

where xis north latitude in degrees and y west longitude in degrees. A 

complete listing of the coefficients is in table B01, while Table B.6, 

gives values of the adopted polynomial, and map B.4 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. 

Goodness of Fit and Restrictions  

In Figure B.5, contour maps drawn from the adopted polynomial 

and directly from the data are superimposed. The fit is poor in the 

corner south of 300  and west of 60 0, and most data points in this area 
were in fact discarded, Clearly the isomagnetic lines bend so strongly 

here that a 3rd degree polynomial is not a good approximation if it is to 
fit 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 be 
a satisfactory expression for the regional field in the region 20 0  to 50 0N, 
8° to 68 0W, except for the southwestern corner, 

Distortion and Stability 

Non-uniform distribution of data points introduces distortion. 
The set of SNELLIUS data points contains many pairs of closely spaced 

points. As an experiment, some runs were done with only one point from 
each pair. There were !no significant 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 precision in 



m5 

which it was originally defined. Coefficients rounded to five places 
produce agreement to within 1 gamma with the correct values. 

A.5 	DISCUSSION 

North-South Lineation of Anomalies  

Anomalies with respect 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 B.8) 1. This means that 
if anomalies with respect 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 phenomenon being the result of 
the choice of a particular polynomial and hence of no interest, a 4th 

degree polynomial was fitted. (See below). Map B.9 1  shows anomalies with 

respect to this polynomial. 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 a fit with randomly distributed deviations. 

It is clear that increasing the degree of the polynomials 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 seen from the fit in Fig. B.5. On the other hand, the 
large width of the bands suggests that some less rational function than a 
low order polynomial 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 attributed to the banding phenomenon. 

Other Polynomials , 

1) 	L4th degree polynomial was fitted in the region 20 0  to 50 0N0  
So to 72°W. The coefficients are listed in Table B.10, and Table B.11 
Shows the number of points used and the standard error for each run in 

1. The anomaly values do not permit greater detail than the zero 
contours. 



this trial. 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 southwestern 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 gammas, a property that makes it useless for routine 
computations. 

2) 	A43rd degree polynomial was fitted without area restrictions, 
giving a standard error of 468 gammas on 224 data points. After 10 runs, 

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 values° 
This method was not adopted because of the pronouncedly non-uniform 
distribution of data points. 

Comparison with earlier work 

Bullard, Bill and Mason (1962) published an expression for total 

magnetic intensity for the eastern part of the region considered here, 

reduced to 195800. Contours of the present adopted polynomial considered 
as an anomaly with respect to Bullard, Mason and Hillgs function are 
plotted in map B012. 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 part of Bullard, Mason, 

Hillgs survey, where tracks are sparse, agrees poorly with present results. 

Destine et al (1947) tabulated total magnetic intensity for 

1945 at 5 degrees intervals of latitude and longitude. 

Map B.13 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. 

Improvements 

Results described in this report could be improved by using a 

better equation-solving technique (e.g. Groutgs 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. 



A.06 	CONCLUSION 

A 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 0  to 50 0N, 8 0  to 68©W 1  with the exception of the corner 
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 
standard 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* 



-.8 - 

COEFFICIENTS 

	

0.28906959477+005' 	1 

	

0.33466785813+003 	X 
-0.32767477699+003 

	

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 Ei 1 ADOPTED POLYNOMIAL COEFFICIENTS 

RUN NO.OF POINTS STANDARD ERROR 
1 175 167 
2 166 121 
3 158 106 
4 150 91 
5 145 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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TABLE B. Ceetid. Table of polynomial values (adopted polynomial) 
43 0.0 20 0.0 45547. 	45649. 	45759. 	45878. 	46004. 	46139. 46281. 46431. 46588. 46752. 
43 0.0 30 0.0 46923. 4710/. 47285. 47475. 47671. 47873. 48081. 48294. 48512. 48735. 
43 0.0 40 0.0 48963. 49195. 49432. 49672. 49917. 50165. 50417. 50671. 50929. 51190. 
43 0.0 50 0.0 51454. 51719. 51987. 52257. 52529. 52802. 53077. 53353. 53629. 53907. 
43 0.0 60 0.0 54185. 54463. 54741. 55019. 55297. 55574. 55851. 56127. 56401. 

44 0.0 10 0.0 45418. 45424. 45441. 45468. 45505. 45552. 45609. 45675. 45751. 45836. 
44 0.0 20 0.0 45930. 46032. 46143. 46262. 46389. 46523. 46666. 46815. 46972. 47136. 
44 0.0 30 0.0 47307. 47484. 47668. 47857. 48053. 48254. 48461. 48673. 48890. 49112. 
44 0.0 40 0.0 49339. 49570. 49805. 50044. 50287. 50534. 50784. 51037. 51294. 51552. 
44 0.0 50 0.0 51814. 52078. 52344. 52611. 52881. 53152. 53424. 53697. 53971. 54246. 
44 0.0 60 0.0 54521. 54797. 55072. 55347. 55622. 55896. 56169. 56441. 56712. 

45 0.0 10 0.0 45785. 45792. 45810. 45838. 45876. 45924. 45982. 46049. 46125. 46210. 
45 0.0 20 0.0 46304. 46407. 46518. 46637. 46764. 46899. 47041. 47191. 47348. 47511. 
45 0.0 30 0.0 47681. 47858. 48041. 48230. 48425. 44625. 48831. 49042. 49258. 49479. 
45 0.0 40 0.0 49704. 49934. 50168. 50406. 50647. 50892. 51141. 51392. 51646. 51903. 
45 0.0 50 0.0 52163. 52424. 52688. 52953. 53220. 53489. 53758. 54029. 54301. 54572. 
45 0.0 60 0.0 54845. 55117. 55389. 55662. 55933. 56204. 56474. 56743. 57010. 

46 0.0 10 0.0 46145. 46153. 46172. 46201. 46240. 46289. 46347. 46415. 46491. 46577. 
46 0.0 20 0.0 46671. 46774. 46885. 47004. 47131. 47266. 47408. 47557. 47713. 47877. 
46 0.0 30 0.0 48046. 48222. 48405. 48503. 48787. 48986. 49191. 49401. 49616. 49835. 
46 0.0 40 0.0 50059. 50288. 50520. 50756. 50996. 51239. 51486. 51735. 51987. 52242. 
46 0.0 50 0.0 52499. 52759. 53020. 53283. 53547. 53813. 54080. 54348. 54617. 54886. 
46 0.0 60 0.0 55155. 55424. 55694. 55962. 56231. 56498. 56764. 57029. 57293. 

47 0.0 10 0.0 46498. 46507. 46527. 46557. 46596. 46645. 46704. 46772. 46849. 46935. 
47 0.0 20 0.0 47029. 47132. 47243. 47362. 47489. 47623. 47765. 47914. 48070. 48232. 
47 0.0 30 0.0 48401. 48577. 48758. 48945. 49138. 49337. 49540. 49749. 49963. 50181. 
47 0.0 40 0.0 50403. 50630. 50861. 51095. 51333. 51574. 51810. 52066. 52316. 52569. 
47 0.0 50 0.0 52824. 53081. 53339. 53600. 53862. 54125. 54349. 54654. 54920. 55186. 
47 0.0 60 0.0 55452. 55718. 55984. 56249. 56514. 56778. 57041. 57302. 57562. 

48 0.0 10 0.0 46843. 46853. 46874. 46904e 46944. 46994. 47053. 47121. 47198. 47284. 
48 0.0 20 0.0 47379. 47481. 47592.  47711. 47838. 47972. 48113. 48261. 48416. 48578. 
48 0.0 30 0.0 45746. 49921. 49101. 49288. 49479. 49677. 49879. 50086. 50298. 50515. 
48 0.0 40 0.0 50736. 50961. 51190. 51422. 51658. 51898. 52140. 52385. 52633. 52883. 
48 0.0 50 0.0 53136. 53390. 53646. 53904. 54163. 54424. 54685. 54947. 55209. 55472. 
48 0.0 60 0.0 55735. 55998. 56260. 56522.. 56783. 57043. 57303. 57560. 57816. 

49 0.0 10 0.0 47181. 47192. 47213. 47243. 47284. 47334. 47393. 47461. 47539. 47624. 
49 0.0 20 0.0 47719. 47821. 47932. 48051. 48177. 48310. 48451. 48598. 48753. 48914. 
49 0.0 30 0.0 49081. 49255. 49434. 49619. 49810. 50005. 50206. 50412. 50623. 50838. 
49 0.0 40 0.0 51057. 51280. 51507. 51738. 51972. 52209. 52449. 52692. 52937. 53185. 
49 0.0 50 0.0 53435. 53687. 53940. 54195. 54451. 54709. 54967. 55226. 55485. 55745. 
49 0.0 60 0.0 56004. 56263. 56522. 56781. 57038. 57294. 57550. 57803. 58055. 

50 0.0 10 0.0 47511. 47522. 47543. 47574. 47615. 47665. 47724. 47793. 47870. ' 	47956. 
50 0.0 20 0.0 48050. 48152. 48262. 48380. 48506. 48639. 48779. 48925. 49079. 49239. 
50 0.0 30 0.0 49405. 49578. 49756. 49940. 50129. 50323. 50523. 50727. 50936. 51149. 
50 0.0 40 0.0 51366. 51587. 5/812. 52041. 52272. 52507. 52745. 52986. 53229. 53474. 
50 0.0 50 0.0 53721. 53970. 54221. 54473. 54726. 54980. 55235. 55491. 55747. 56003. 
50 0.0 60 0.0 56259. 56515. 56770. 57024. 57278. 57530. 57782. 58031. 58279. 
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TABLE B.7 SNELLIUS data (serial 
longitude, total magnetic 

number latitude 
intensity). 

i 43. 	9.0 	41. 	58.7 	49440. 
2 43. 3.6 32. 36.2 47260.  
3 43. 4.8 32. 32.4 47400.  
4 43. 2.5 31. 20.1 47232.  
5 43. 6.4 23. 9.9 46122.  
6 43. 0.0 23. 21.7 46106. 
7 43. 9.5 17. 12.2 45438. 
8 42. 55.6 17. 14.4 45237. 

„9 42.  59.2 14. 49.2 451 0.3. 
in 43.  0.9 13. 29.1 45-03: 
11 43. 3.1 9. 26.6 45065. 
12 34. 0.0 7. 23.7 41300. 
13 33. 59.0 12. 52.0 41300.  
14 33. 52.2 16. 49.9 41615. 
15 33. 52.2 19. 7.1 41792. 
16 33. 52.0 19. 33.3 41795. 
17 33. 50.6 26. 11,6 42545. 
18 34. 3.7 30. 5.7 43121.  
19 34. 4.7 30. 10.1 43127.  
20 34. 8.2 36. 31.2 44293.  
21 34. 5.5 45'. 0.2 46450. 
22 34. 23.9 44. 58.0 46461.  
23 34. 20.1 46. 14.8 46879. 
24 34. 9.8 55. 24.7 49480. 
25 34. 11.3 55. 18.2 49400.  
26 34. 5.5 61. 13.7 51030. 
27 34. 10.9 60. 57.2 51060. 
28 34. 6.4 65. 2.6 52110. 
29 33. 57.4 65. 2.5 52117. 
30 33. 53.2 70. 58.0 53207. 
31 33. 49.6 76. 42.4 54320.  
32 36. 51.2 75. 30.0 55379, 
33 36. 50.4 72. 17.9 54669. 
34 
35 

36. 
36. 

38.1 
40.7 

71. 
65. 

53.0 
18.4 "-' ,5:51.:: 

36 36. 35.9 63. 9.5 52679. 
37 36. 46.1 63. 11.3 52860. 
38 36. 47.8 54. 59.5 50590. 
39 36. 40.5 55. 0.5 50410. 
40 37. 3.1 45. 58.9 48070. 
41 
42 

37. 
37. 

11.0 
22.4 

43. 
38. 

49,0 
47.3 

47489. 

43 37.  29.6 38.  45.5 1:11:: 
44 37. 30.6 37. 15.4 46140. 
45 37. 15.4 27. 37.4 44164.  
46 37. 35.5 25. 19.6 41n00.  
47 37. 42.8 25. 37.8 43840. 
48 37. 10.1 19. 30.1 43300. 
49 37. 14.4 14. 20.9 42830.  
5n 37. 2.8 14. 25.6 42700.  
51 37. 2.5 9. 3.8 42700.  
52 37. 12.7 9. 6.2 42700. 
53 38. 34.8 9. 26.4 42700.  
54 39. 1.6 9. 32.2 43428. 
55 39. 58.2 10. 33.6 43680. 
56 39. 55.9 4 0. 32.5 43712.  
57 
58 

30. 
40. 

58.9 ,  
2.8 

17. 
23. 

8.0 
0.3 4= 

59 39. 55.4 22., 45.8 44915.  
60 39. 56.5 26. 54.7 45308.  
61 39. 57.0 29. 52.4 45012.  
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62 39. 52.7 35. 	58.2. 46782. 
63 40. 	0.5 35. 	47.3 46807. 
64 40. 	6.8 45. 	47.6 48195. 
65 40. 	3.0 46. 	54.0 49519. 
66 39. 	57.2 46. 	56.2 49337. 
67 40. 	2.5 52. 	4.0 50310. 
68 39., 	10.8 69. 	22.5' 50520. 
69 39. 	20.8 72. 	26.6 51270. 
70 40. 	6.9 70. 	49.5 55880. 
71 40. 	20.5 62. 	36.0 53960. 
72 40. 	41.5 51. 	49.4 51370. 
73 45. 	43.0 6. 	40.8 45916. 
74 45. 	43.7 6. 	40.0 45916. 
75 46. 	54.5 5. 	56.0 46106. 
76 46. 	53.0 5. 	54.1 46196. 
77 43. 	0.2 50. 	3.5 51347. 
78 43. 	2.7 53. 	10.9 52904. 
79 43. 	8.9 53. 	8.0 52304. 
8n 43: 	4.3 57. 	55.0 53609. 
81 43. 	1.2 61. 	49.3 54654. 
82 50. 	15.8 6. 	28.2 47330. 
83 51. 29.3 8. 	48.6 47755. 
84 55. 	6.9 5. 	45.5 48435. 
85 55. 	18.6 6. 	32.6 48590. 
86 48. 	25.9 5. 	12.8 46709. 
87 47. 	56.8 5. 	4.5 46515. 
88 45. 	55.2 4. 	42.5 45705. 
89 45. 	56.6 6. 	5.0 45860. 
90 46. 	3.0 6. 	5.5 45860. 
91 46. 	6.1 9. 	43.8 46067. 
92 46. 	8.9 19. 	10.0 46680. 
93 46. 	10.1 18. 	57.8 46682. 
94 45. 	59.5 28. 	23.5 47758. 
45 45. 	57.0 32. 	18,5 48383. 
96 46. 	1.0 32. 	4.0 48390. 
97 46. 	5.2 37. 	34.7 493`•6. 
98 45. 	45.2 43. 	49.8 50516. 
99 44. 	37.6 62. 	33.4 55360. 

100 45. 	50.0 56. 	5.0 54100. 
int 46. 	20.6 52. 	58.4 53500. 
102 47. 	24.5 52. 	32.0 53654. 
103 47. 	39.9 52. 	31.9 53654. 
104 49. 	0.0 50. 	58.6 53680. 
ins 49. 	0.5 47. 	43.7 52896. 
106 49. 	7.6 41. 	33.0 51442. 
107 49. 	12.0 41. 	31.5 51511. 
108 48. 	51.0 34. 	35.8 49815. 
109 48. 	50.1 34. 	16.8 49727. 
tin 48. 	51.4 34. 	5.2 49750. 
111 411. 	45.4 24. 	34.6 48188. 
1.12 48. 	37.7 24. 	28.9 48188. 
113 48. 	41.5 22. 	51.1 47972. 
114 48. 	55.0 17. 	12.5 47194. 
115 48. 	51.0 17. 	12.0 47200. 
116 49. 	16.8 10. 	43.5 47200. 
117 50. 	3.8 4. 	29.9 47200. 
1.18 21. 	42.2 58. 	17.0 43840. 
119 22. 	3.4 66. 	12.3 45660. 
120 21. 	55.7 49. 	47.7 41750. 
121 21. 	51.0 56..39.5 43450. 
122 21. 	42.0 56. 	41.8 43480. 

.123 21. 	42.2 58. 	17.0 43804. 
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124 22. 	4.6 42. 	18.8 39810. 
125 22. 	4.5 42. 	56.5' 39970. 
126 22. 	7.6 43. 	5.8 39970. 
127 22. 	5.3 50. 	2.i 41760. 
128 21. 	55.1 33. 	13.2 37730. 
129 	. 21. 	59.8 35. 	25.3 38100. 
130 22. 	,4.4 35. 	36.1 38110. 
131 22. 	4.6 42. 	18.8 39810. 
132 27. 	53.7 15.'16.8 38566. 
133 22. 	0.2 17. 	7.0 36000. 
13'4 22. H1.4 24. 	55.8 36650. 
135 22.' 3.8 28. 	29.2 36970. 
136 21. 	56.1 28. 	41.5 36970. 
137 21. 	55.1 33. A3.2 37730. 
138. 36. 	13.7 12. 	26.0 42490. 
140 30. 	19.8 14. 	30.8 40180. 
141 42. 	7.2 9. 	44.0 44800. 
142 36. 	13.7 12. 	26.0 42490. 
143 . 47.. 59.5 5. 	35.1 46500. 
144 42. 	15.2 9. 	19.6 44860. 
145 22. 	3.4 66. 	12.3 45660. 
146 22. 	5.0 68. 	53.7 46275. 
147 21. 	58.8 69. 	4.9 46280. 
148 21. 	25.8 71. 	3.5 46280. 
149 21. 	25.0 71. 	1.2 46200. 
150 19. 	53.4 67. 	47.0 :44600.. 
151 18. 	32.7 66. 	9.1 43675. 
152 18. 	32.3 66. 	10.5 43800. 
153 18. 	1.6 67. 	48.8 43800. 
154 12. 	11.6. 69. 	50.4 39790. 
155 12. 	15.4 69. 	14.4 39700. 
156 25. 	8.2 77. 	19.6 49100.' 
157 25. 	14.3 76. 	2.8 49100. 
158 25. 	1.4 70. 	23.7 48345. 
159 25. 	22.3 70. 	22.9 48195: 
160 25. 	18.6 69. 	6.7 48030. 
161 25. 	9.3 65. 	13.0 47405. 
162 25. 	23.7 65. 	15.5 47525. 
163 25. 	16.2 60. 	10.8 46190. 
164 254 	11.4 57. 	22.1 45450. 
165. 25. 	13.5 57. 	30.3 45510. 
166 24. 	59.5 51. 	49.1 43850. 
167 24. 	55.5 49. 	20.1 43130. 
168 24. 	54.0 49. 	10.8 43110. 
169 24. 	55.8 , 42. 	56.0 41255. 
170 24. 	56.0 39. 	30.7 40575. 
171 24. 	45.5 39. 	24.1 40200. 
172 24. 	57.6 34. 	4.7 39435. 
173 25. 	0.5 	. 27. 	0.2 38370. 
174 25. 9.4 26. 49.9 38350. 
175 25. 	10.6 25. 	25.6 38275. 
176 25. 	8.8 19. 	49.5 37730. 
177 25. 	13.8 19. 	36.0 37730. 
178 29. 	9.3 17. 	28.3 37540. 
179 25. 	3.0 19. 	2.9 373n0. 
inn 27. 	44.6 15. 	24.0 38760. 
181 28. 	28.5 16. 	11.7 388h0. 
182 28. 	6.3 15. 	22.3 38860. 
183 28. 	7.2 15. 	23.7 38500. 
184 28. 	0.7 13. 	4.7 38860. 
18.5 27. 	99.6 13.' 	5.5 38775. 

.186 27. 	59.7 17. 	21.1 39040. 
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187 28. 	9.5 24. 	42.8. 39585. 
188 28. 	12.5 24..36.7 39500. 
189 28. 	12.5 25. 	34.8 19640, 
190 28. 	8.4 32. 	50.3 40753. 
191 28. 	7.6 37. 	31.0 41480. 
192 28.• 5.0 37. 	20.0 41400. 
1'93 28. 	2.5 41. 	6.0 42465. 
194 27. 	54.5 49. 	3.0 44690. 
195 27. 	34.4 49. 	19.5 44510. 
196 27. 56.6 58. 	0.5 46900. 
197 27. 	53.0 65. 	50.6 48987. 
198 27. 	39.4 65. 	53.8 48987. 
199 27. 	58.1 72. 	44.8 50204. 
200 28. 	4.1 72. 	34.4 50252. 
201 27. 	52.3, 77. 	24.9 51080. 
202. 27. 	52.'2 1  77. 	30.9 51010. 
203 • 25. 	245 76. 	8.6 48850. 
204 31., 	0.2 71. 	9.1 51895: 
205 31. 	1.0 70. 	42.8 51960. 
206 30. 	56.5 62. 	47.9 50076. 
207 30. 	53.3 62. 	31.2 49800. 
208 32. 	23.4 64. 	34.5 51280. 
209 32. 	20.9 64. 	32.2 51300. 
210 31. 	3.3 62. 	45.2 50240. 
211 31. 	4.0 62. 	30.1 50000. 
212 31. 	4.5 55. 	9.1 47910.1 
213 31. 	10.8 54. 	55.7 49860. 
214 31. 	2.8 45. 	13.4 44979, 
215 31. 	8.2 45. 	10.3 45000. 
216 31. 	11. 4  35. 	11.8 42494. 
217 30. 	44.7 24. 	25.7 40700. 
218 30. 	40.9 23. 	3.0 40478. 
219 30. 	26.7 24. 	37.2 40478. 
220 31. 	0.5 23. 	20.5 40718. 
221 30. 	51.9 23. 	6.3 40700. 
222 31. 	13.0 12. 	56.0 40192. 
223 3t. 	13.5 10. 	2.9 39944. 
224 	' 33. 	25.4 8. 	37.0 41145. 
225 33. 	39.8 7. 	40.9 41233. 
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Fig. B.9 	SNELLIUS data as anomaly with respect to 4th degree polynomial 
(gammas). Zero anomaly contours; selected individual anomalies. 
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COMPUTED. COEFFICIENTS 
1 0.38725000031+005 1 
2 -0.91142003447+003 X 
3 -0.23846326675+003 
4. 0.94974456141+001 XY 
5 0.56155674521+002 XX 
6 0.31833315699+001 YY 
7 -0.17813663653+000 XXY 
8 -0.55429186395-002 XYY 
9 -0.99520755891+000 XXX 

10 0.56282944185-001 YYY 
11 0.22215014334-002 XXXY 
12 0.99273510867-003 XYYY 
13 -0.18174070729-002 XXYY 
14 0.60142837340-002 XXXX 
15 -0.88692322686-003, YYYY 

TABLE B 10. 4TH DEGREE POLYNOMIAL COEFFICIENTS' 

RUN NO.OF POINTS STANDARD ERROR 
1 188 340 
2 185 140 
3 180 101 
4 171 '87 
5 163 77 
6 158 72 
7 158 72 

TABLE B 11. RUNS LEADING TO BEST 4TH DEGREE 
POLYNOMIAL 
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C. 	COMPUTER PROGRAM 

G•le 	INTRODUCTION 

The purpose of program system MEG 5 is to perform least squares 
fitting of a real function of formpoc)::f i aji(x) to a finite number 

of function valuesP(xi), where x, an element of an arbitrary space, is a 
"position", the 	are given functions of x j, and a l  are real coefficients 
to be determined. NIG basic system' assumes that position points are 
elements (14y) of the Euclidean plane. In other words, the fitting 
function is 

P(x ) y)_ 	g (X)Y )  
..1111 

There are two distinct types of program executions. In "compute" 2  
runs the basic task is computation4 of coefficients a j  and of standard 
error; in "evaluate" runs, the function ?(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 data 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)0 

The program is written in FORTRAN II for the CDC 31000 

0.2 	SYSTEM DESCRIPTION 

Central control unit for KEG system is the main program, labelled 
STARTOFF in program listings. Most distinct phases of problem solution are 

relegated to specific subroutines. This permits easy removal and 
replacement of defective subroutines. 

1. MIG basic system is the version described in this report. 
2. The terms "compute" and "evaluate" Are descriptive terms referring 

to the two types of program executions. 

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

4. For details of theory, see A.2. 
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System Flow chart D01 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 0.8, 
especially table D.4. 

Function subprogram iaa defines the N functions gj (x,y). The 

basic system contains a XA1 routine which defines as follows 

iE, 	(x,y) = 1 
(x,y) = x 
(x,y) = Y 

g 4  (x,y) = xY 
S (z90 = x2  

(x9Y) = 
f7 (W) = x2y 
fa (x0Y) = 7:92  

(xoY) = 
1./6 (x9Y) = y3  
Si, (x00 = x3y 

3 12  (xa) = XY3  

5l3 (x,y) = 2E272  
/4 (X,Y) = X4  

SM'(X17) = 74  

That is, p (x,y) is a general 1st, 2nd, 3rd or 4th order polynomial in 

x and y, depending on whether N is 3, 6, 10, or 150 

To use different functions Sj it is sufficient to write a 

suitable ZAZ routine and compile it in place of the one in the basic 

system. 

C.3 	DATA INPUT 

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. Some 

cards are required only with certain suitch settings (switch column 

in table). 

2) No cards will be read if switch 4 is on, 
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3) If T, discard factor, is entered as 0, the program sets it to 2. 

4) The card value of N is ignored in nevaluatea runs, i.e. when 
switch 3 is one 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 NIG system with switches 6 and 17 
respectively. See section C.S. 

Q.4 	OPERATION 

Table D.3 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 ran, internal switches 1 to 6 as well as 
14 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 switches are set and locked soon after the beginning of execution 
of a run, immediately prior to listing of the °W"' switches on the 
printer. Changing console switches after this has no effect, except 
for switches 2 and 44 

4) For internal switches 1 to 6, the value adopted is the logical OR of 
the card value and the console value. 

5) Switch 2 may be turned on at console at any time during an "evaluate"' 
run. 

'6) In the basic system, all switch combinations are legal except 4, 17 
and 14, 17. 

Typical switch sequences are as followss 
1) 	ncomputen sequence. (2), 4, (6), (7),(8); 

1, (2), 4, (6) 0  (7), 8); 	1, (2)9 41 (6)9 (7)9 (8); 
19 ( 2)9 39 49 (7), ( 8)0 
At each run, all data points whose function values are further from 
the value of th 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. 

2) 	Resume interrupted "compute" sequence. 

1, (2), 4 4  5 9  (6)9 (7)9( 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 previous run or by examining a 
detailed "evaluate" listing. The card reader may occasionally 
interpret a data card as a blank card, and there is no other 

way of detecting this. 
b) To reset the "run" counter to 1, STOP MO GO. The machine will 

stop at the PAUSE in STARTOFF, as it does after any run. 
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 RUN1  OR RELOAD PROGRAM 
ILLEGAL SWITCH 	 GO (SW 17 IGNORED) OR START NEW RUN 
ZERO DIAG ELT 	 DO NOT CONTINUE2 

CARD AFTER NO. IS NOT BLANK 	GO (LAST CARD READ IGNORED) OR 
START NEW RUN 

N TOO LARGE FOR KAI ROUTINE 	GO (KAI = 0) OR MODIFY PROGRAM 

1. To start new run, STOP MC GO GO. 
2. The coefficient matrix, after row ordering, has a 

zero diagonal alto Coefficient matrix singular. 
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0.5 	OUTPUT 

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

10 "Compute" run, printer outputs Augmented matrix, reordered matrix, 
sample roundoff check data (depending on the value of Ens  output 
cutoff, which is the last item on each such line), computed 
coefficients a il  to a s2  basic information regarding the run, solution 

check (i.e. substitution in the equations to be solved). Mash of 
this information is omitted if switch 2 is not on* 

2. -"Compute° run, paper tape outputs number of coefficients, number of 

data points, number of data points used, computed coefficients, 
standard error* 

30 "Evaluate" run, printer outputs Each line contains latitude (degrees, 
minutes and tenths of minutes), longitude, function value input, value 
of approximating function, anomaly with respect to value of 

approximating function. Points discarded on input are followed by 

UDISOARDV, 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* 

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

	

0.6 	RELIABILITY AND ERRORS 

1. Gauss-Jordan elimination program. No mathematical error analysis was 
carried out for this program. Instead, the program, was tested for 

N = 2 up to 10 on the systems of N equations 
EN 	

N) 

jr1 	
+j`/ 	j.t/ 

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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N 

2 

3 
4 
5 
6 
7 
8 
/ 
10 

Pla2iMUM 
Relative Error 

< 10 11  

1.8 	10-9  
507 	10-8 

509 	10
-.8  

1.4 	le 
105 	104  
6.7 	104  
9.9 	101  

101  202 	10 

Accuracy 
Signif. Places 

11 

8 
7 

7 

4 
3 
3 
0 

0 

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

By N = 9, all accuracy is lost. 

In actual use of 1JI1G system, the Gauss-Jordan elimination program 

performed well at N = 100 In the equation-solving process, the 9 most 

significant digits out of 11 were usually not affected by cumulative 

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 digits. 

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

roundoff, whereas substitution still produced agreement to 9 significant 

digits. 

20 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 = 150 

G.7 MISCELLANEOUS 

1. Standard subroutines used. ABSF, SQRTF, LEADER. 

2. Storage (approximate Programa (4670) 8  

Common (1260) 8  (N = 10) or Common (2330) 8  (N ® 15)0 
Total storage for basic system is accordingly about (7220)6 

locations. 

3. Timing, Program is input and output limited (on CDC 3100 

configuration at B.I.00). Computation times are not significant. 
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4• D.5 is a complete source deck 
D.6 shows sample output. 

G.8 =AI= STRUCTURAL mronmaioN 

Table D.4 shows the relation of the various subroutines to one 
another and to the main program. The following information should be 
useful to those wishing to modify the programs 

1. The N x(N + 1) — matrix BB is used only for the feature "solution 
cheeky. Eliminating this feature saves storage space. 

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

3. L different position space requires a change in DATAREAD as yellas, 
possibly, changes in the statements calling= and P, as well as in 
those two routines themselves. 

4. 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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Fig. D.1 	System Flow Olart (general).  



REPEAT 	NAME MEANING 

JOB IDENTIFICATION 

ON tARD 

JOB.ID. 

FRMT COLS 	REQD BY 

80H 	1-80 STARTOFF 

SW 

I 1,18 	ISLA INTERNAL SWITCH NO. 	I ISL 11 	I 	STARTOFF 
N NO. OF COEFFICIENTS N 17 	1- 7 START 
NU NO. OF DATA POINTS NU 17 	1- 7 START 
EPS OUTPUT TOL. FOR ROUNDOFF CHECK EPS E11.° 	1-11 	START 
T DISCARD FACTOR EPS E11.012-22 START 
NDISC NO. OF'POINTS PREREJECTED NDISC 17 	1- 7 START 7 

1 1,NDISC - INSC I DATA PT. 	NO. 	IDISC I 	PREREJECTED IDISC 	I 17 	1- 7 START 7 
Z 	1,1 LATITUDE LOW LIMIT , 	DEGREES F4.0 	1- 4 START 8 
Z 	1,2 LATITUDE LOW LIMIT , MINUTES Z F3.1 	5- 7 START 8 
Z 	2,1 LATITUDE HIGH LIMIT , DEGREES F4.0 	8-11 START 8 
Z 2,2 LATITUDE HIGH LIMIT , 	MINUTES F3.1 	12-14 START 8 
Z 	3,1 LONGITUDE LOW LIMIT , DEGREES Z F4.0 	15-18 START 8 
Z 3,2 LONGITUDE LOW LIMIT , MINUTES Z F3.1 	19-21 START 8 
Z 4,1 LONGITUDE HIGH LIMIT , DEGREES F4.0 22-25 START 8 
Z 4,2 LONGITUDE HIGH LIMIT , MINUTES Z F3.1 26-28 START 8 

BLANK CARD TO TERMINATE START DECK 1-80 ENDTEST 
K 1,NU 	XDEG LATITUDE DEGREES DATA K F4.0 	1- 4 DATAREAD 
K 1,NU 	XMIN LATITUDE MINUTES DATA K F3.1 	5- 7 DATAREAD 
K 1,NU 	YDEG LONGITUDE DEGREES_ DATA K F4.0 	8-11 DATAREAD 
K 1,NU 	YMIN LONGITUDE MINUTES DATA K F3.1 	12-14 DATAREAD 
K 1,NU 	F TOTAL MAGNETIC INTENSITY DATA K F5.0 	15-19 DATAREAD 

BLANK CARD TO TERMINATE DATA DECK - 	- 1-80 ENDTEST 

TABLE D.2 	CARD INPUT 



TYPE OF RUN 	COMPUTE 

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

IP 	— rcx, y 	I > r • sE 

EVALUATE 

SWITCH 3 ON 
SAME 

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 4 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 



ROUTINE DESCRIPTION 
	

CALLS 	 IS CALLED BY 

STARTOFF SYSTEM CONTROL 
	

START,MC,RORDER, • 
GAUSS,ERROR, 
EVALUATE,INTER 

START 	INITIALIZE DATA INPUT 
	

ENDTEST,INTER 	STARTOFF 

MC 	MATRIX CONSTRUCT 
	

DATAREAD,ENDTEST STARTOFF' 
INTER,MATPRT,XAI 

DATAREAD READ ONE DATA RECORD 
	

P,INTER 	 MC,EVALUATE 

RORDER ROW ORDER MODIFIED 	MATPRT,INTER 	STARTOFF 
GAUSS 	GAUSS-JORDAN ELIMINATION — 	 STARTOFF 

ERROR 	SOLN OUT, ST.ERROR, ETC 	BOUT,INTER 	STARTOFF 

EVALUATE EVALUATE AT GIVEN PTS 	DATAREAD,P,INTER STARTOFF 
ENDTEST,BOUT 

BOUT 	BASIC INFORMATION OUTPUT INTER 	 ERROR,EVALUATE 

COMMON USED 

ISL,N,NN,NNN 

ISL,N,S,NU,NUU,SE, 
EPS,T,Z,NDISC,IDISC 
ISL,N,NN,B,L,NU,BB,C 
SFSQ 
ISL,N i Sa NUUN T,Z,NDIS 
IDISC 
ISL,N,NN,B,L 
ISL,N,NN,NNN,B,L,S, 
EP S 
ISL,N,L,S,NU,NUU,BB, 
C,SFSQ,RESQ,SE 
ISL,N,S,NU,NUU,RESQ,_ 
SE 
ISLA N NU,NUU,RESQ,SE 

ENDTEST TEST FOR BLANK CARD 	INTER 
MATPRT MATRIX PRINT 
P 	FUNCTION EVALUATION 	XAI 
XAI 	FORM OF APPROXIM.FUNCTION • 
INTER 	INTERNAL ERROR 

T,Z,NDISC 
START,EVALUATE ISL 
MC,RORDER 
DATAREAD,EVALUATE• 
MC,P 
ALL EXC.LAST 3 	— 

TABLE D.4 SYSTEM STRUCTURE 
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0 	 Fig. D.5 ,Program System Listing 

STARTOFF 
COMMON ISL,NON,NNN,B,L,SANU,NUU,BB,C,SFSO,RESO,SE,EPS, 

1T,Z,NDISC,IDISC 
DIMENSION.ISL(18),9(15,17),L(15),S(15),DB(15,17),C(15),Z( . 4,2), 

1IDISC(100) 
NRRR=0 
GO TO 917 

901 	IF(SENSE SWITCH 4)918,917 
917 PAUSE 
918 CONTINUE 

DO 929 1=1,6 
929 	ISL(I)=0 

ISL(14)=0 
ISLI17)=0 
NRRR=NRRR+1 
IF(SENSE SWITCH 4)930,909 

909 •READ 912 • 
912 FORMAT(80H 

• READ 902,(ISL(I),I=1,18) 
902 FORMAT(18I1) 
930 	DO 904 1=1,6 

IF(SENSE SWITCH 1)903,904 
903 	ISL(I)=1 
904 CONTINUE 

PRINT 912 
PRINT 913,NRRR 

913 	FORMAT(4H RUNI7//) 
DO 908 1=1,18 
IF(ISL(I))999,908,906 

906 	PRINT 907,1 
907 	FORMAT(7H SWITCHI3) 
908 CONTINUE 

IF(ISL(3))999,910,950 
C 	COMPUTE CONTROL 
910 	CALL START(M) 

NN=N+1 
NNN=NN+1 
CALL MC 
CALL RORDER 
CALL GAUSS 
CALL ERROR 
GO TO 901 

C 	EVALUATE CONTROL 
950 	CALL START(%I) 

NN=N+1 
NNN=NN+1 
CALL EVALUATE 
GO TO 901 

999 	CALL INTER 
END 

C 	INITIALIZE DATA INPUT 
SUBROUTINE START(NI) 
COMMON ISL,N,NN,NNM,B0L,S,NIU,NUU,BB,C,SFSO,RESO,SE,EPS, 
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1T,Z,NDISC,/DISC 

DIMENSION ISL(10),B(15,17),L(15),S(15),R8(15,17),C(15),Z(4,2) ,  
1IDISC(100) 

86 	IF(ISL(4))99,1,60 
READ 2,NI,NU 

2 	FORMAT(17) 
NUU=NU 
READ 3,EPS,T 

3 	FORMAT(2E11'.0) 
IF(T)20,4,20 

4 	T=2. 
20 	IF(ISL(7))99,30,21 
2t 	READ 22,ND1SC 
22 	FORMAT(I7) 

DO 23 I=1,NDISC 
23 	READ 22,IDISC(I) 
30 	'"IF(ISL(8))99,40,31 
31 	READ 32,((Z(I,J),J=1,2),I=1,4) 
32 	FORMAT(4(F4.0,F3.1)) 

DO 34 1=1,4 
IF(7.(1,1))33,34,34 

33 	Z(I,2)=0.-7(I,2) 
34 	Z(1,1)=Z(I,1)44(1,2)/60. 
40 	GO TO 50 

• 50 	GO TO 60 
60 	IF(ISL(5))99,90,61 
61 	READ INPUT TAPE 8,62,N 
62 	FORMAT(I7) 

READ INPUT TAPE 8,63,(S(1),I=1,14) .  
63 	FO4MAT(E20.11) 

READ INPUT TAPE 8,63,SE 
PRINT 66,(S(I),I=1,N) 

66 	FORMAT(/19H COEFFICIENTS INPUT/1(E20.11)). 
PRINT 67,SE 

67 	FORMAT(21H STANDARD ERROR INPUTE20.11) 
90 	CALL ENDTEST(0) .  

PRINT 92 
92 	FORMAT(11H DATA START) 

IF(ISL(14))99,94,93 
93 	ISL(4)=1k,, 
94 	IF(ISL(4))99,89,95 
95 	IF(ISL(17))99,96,88 
96 	REWIND 4 

GO TO 98 
89 	IF(ISL(17))99,98,96 
98 	NUU=NU 

RETURN 
88 	PRINT 87 
87 	FORMAT(15H ILLEGAL SWITCH/1H1) 

PAUSE 
GO TO 98 

99 	CALL INTER 
END 

C 	MATRIX CONSTRUCT 
SURROUTINF MC 
COMMON ISL,N,NN,NNN,R,L,S,NU,NUU,RB,C,SFS0 
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DIMENSION ISL(18),B(15,17),L(15),S(15),RB(15,17),C(15) 
DO 107 I=1,N 
DO 107 J=1,NN 

in7 	B(IsJ)=0. 
SFSr)=O. 
DO 140 K=1.NU 
CALL DATAREAD(K,X,Y#F,XDEO,XMIN,YDEn,YMIN,ID,IE) 
IF(TD)140,140,141 

141 	CONTINUE 
120 	DO 111 I=1,N 

DO 110 J=I,N 
110 	B(I,J)=B(I,J)+XAT(I,X,Y)0(AI(J,X,Y) 
111 	B(I,NN)=B(I,NN)+FoXAI(I,X,Y) 
112 SFSO=SFSO+FoF 
140 CONTINUE 

DO 113 1=2,N 
II=1-1 

'DO 113 J=1,TI 
113 	B(I,J)=B(J,I) 

CALL ENDTEST(NU) 
123 	PRINT 117 
117 	FORMAT(12H DATA LOADED) 

DO 125 I=1,N 
125 	C(I)=B(I,NN) 
130 	DO 132 1=1,N 

DO 132 J=1,NN 
132 	BB(I,J)=B(I,J) 
150 	IF(ISL(2))199,151,118 
199 	CALL INTER 
118 	DO 119 I=1,N 
119 	L(I)=I 

CALL MATPRT(B,L,N,NN) 
151 CONTINUE 

RETURN 
END 

C 	REAn ONE DATA RECORD 
SUBROUTINE DATAREAD(KpX,Y,F,XDEG,XMIN,YDEG,YMIN,ID,IE) 
COMMON ISL,N,NNANNN,B,L,S,NU,NUU,RB,C,SFSO,RESO,SE,EPS, 

1T,Z,NDISC,IDISC 
DIMENSION ISL(18),B(15,17),L(15),S(15),98(15,17),C(15),Z(4,2) ,  

1IDISC(100) 
IE=1 • 
IF(TSL(4))09,1,400 

1 	READ 20(DEG,XMIN,YDEG,YMIN,F 
2 	FORMAT(F4.0,FF4.0.F3.1,F5.0) 

IF( ISL(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=XDEG+XMIN/60. 

Y=YDEG+YMIN/60. 
2n 	m1st.(7))99.30,2t 
21 	DO 22 I=1,NDISC 

•IF(K—IDISC(I))22,00,22 
22 	CONTINUE 
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3n 	IF(ISL(8))99,10,31 
31 	IF(X-q(1,1))90,32,32 
32 	IF(Z(2,1).-()90,33,83 
33 	IF(YZ(3,1))90,34,34 
34 	IF(Z(4,1)..-Y)90,10,10 
10 	IF(ISL(1))99,40,11 
11 	IF(ABSF(F-P(X,Y,N,S)).-T*SE)40,40,93 
40 	GO TO 50 
sn 	GO TO 92 
92 	10=1 

00 TO 91 
90 	IE=0 

'93 	ID=0 
NUU=NUU.-1 

91 	RETURN 
99 	CALL INTER 
400 	READ INPUT TAPE 4,4040(DEG,XMIN,YDEG,YMIN,F 

GO TO 402 
403 	WRITE OUTPUT TAPE 4,4040(DEG,XMINoYnEG,YMTN,F 

GO TO 402 
404 	FORMAT(•5E20.11) 

END 

C 	ROW ORDER MODIFIED 
SUBROUTINE RORDER 
COMMON ISL,N,NN,NNN,B,L 
DIMENSION ISL(18),B(15,17),L(15),IROUS(15),ICOUS(15) 
DO 11 J=1,N 
IROUS(J)=0 

11 	ICOUS(J)=0 
15 	IM=0 

JM=0 
BM=.1E307 
DO 50 I=1,N 
IF(IROUS(I)-1)21,50,99 

21 	DO 60 J=1,N 
IF(ABSF(BM)-ABSF(B(I,J)))60,60,31 

31 	IM=I 
JM=J 
BM=R(IM,JM) 

60 	CONTINUE 
50 	CONTINUE 

BRM=0. 
JRM=0 
DO 90 JJ=1,N 
IF(ICOUS(JJ)-1)70,90.099 

70 	IF(ARSF(B(IM,jJ))-APSF(BRM))90,90,80 
80 	BRM=8(II,JJ) 

JRM=JJ 
90 	CONTINUE 

IF(JRM)99,93,91 
9t 	L(JRM)=IM 

ICOUS(JRM)=1 
IROOS(IM)=t 
DO 02 I=1,M 
IF(IROUS(I))99,15,92 

9Q 	CONTINUF 
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IF(ISL(2))99,98097 

	

97 	CALL MATPRT(B,L,N,NN) 

	

98 	RETURN 

	

93 	PRINT 94 

	

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

	

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

	

99 	CALL INTER .  

END 

C 	GAUSS JORDAN 
SUBROUTINE GAUSS 
COMMON ISI, N, NN, NNN,B,L,S,NU,NUU,BB,C,SFSO,RESO,SE,EPS 
DIMENSION ISL(18) , B(15,17),L(15),S(15),08(15,17),C(15) 

200 NN=N+1 
DO 260 I=1,N 
B(1,NNN)=0. 
DO 260 J=1,NN 

260 	B(.1,NNN)=B(I,NNN)+9(1,J) 
DO 230 K=1,N 
KK=L(K) 
BKK=B(KK,K) 
DO 201 J=K,NNN 

201 B(KK,J)=B(KK,J)/BKK ' 
DO 204 I=1,N 
II=L(I) 
1F(I-K)202,204,202 

202 	BIK=B(II,K) 
IA=II 
DO 203 J=KOINN 

203 	B(JI,J)=B(II,J)-BIK=B(KK,J) 
204 CONTINUE 

SUM=0. 
DO 231 J=1,NN 

231 SUM=SUM+B(lApj) 
BIANNN=B(IA,NNN) 
DEL=SUM-BIANNN 
IF(ABSF(DEL)-EPS)230,230,238 

	

238 	IF(ISL(2))299,230,233 

	

290 	CALL INTER 

	

233 	PRINT 234,K,IA,SUM,B(IA,NNN),DEL,EP9 

	

234 	FORMAT(1X,217,5H SUM=E20.11,10H C4ECKSUM=3E20.11) 
230 CONTINUE 

DO 280 1=1.01 
II=L(I) 

	

280 	S(I)=11(II,N4) 
RETURN 
END 
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C 	SOLUTION OUTPUT AND VALIDITY 
SUBROUTINE ERROR • 
COMMON ISL,N,NNANN,B,L,S,NU,NUU,RB,C,SFSO,RESO,SE,EPS, 

1T,Z,NDISC,IDISC 
DIMENSION ISL(18),9(15,17),L(15),S(15),BB(15,174,C(15)17.(4,2), 

IIDISC(100) 
PRINT 209 

209 	FORMAT(//22H COMPUTED COEFFICIENTS) 
DO 911 I=1,N 

911 	PRINT 208,I.S(I) 
208 FORmAT(1X,F7,E20.11) 

RES0=0. 
DO 205 K=1,N 

205 RESO=RESO-S(K)oC(K) 
PESO=RESO+SFSO 
IF(RES0)220,206,206 

206 PE=SORTF(RESO/NUU) 
207 	CALL BOUT 
213 	IF(ISL(6))299,218,214 
299 	CALL INTER 
214 	CALL' LEADER 

WRITE OUTPUT TAPE 8,215,N,NU,NUU 
215 FORMAT(3I7) 

WRITE OUTPUT TAPE 8,217,(S(I),I=1,N) 
WRITE OUTPUT TAPE 8,217,SE 

217 FORMAT(E20.11) 
218 	IF(ISL(2))299,306,300. 
220 	PRINT 221 
221 	FORMAT(30H RESID SUM OF SOUARES NEGATIVE) 

SE=0. 
GO TO 207 

300 	PRINT 303 
303 	FORMAT(//19H SOLUTION CHECK) 

DO 304 I=1,N 
SUBST=0. 
II=L(I) 
DO 301 J=1,N 

30i 	SUBST=SUBST+S(J)*BB(II,J) 
DEL=BB(II,NN)-SUBST 

304 	PRINT 302,11,8B(II,NN),SUBST,DEL 
302 FORMAT(I7,3E20.11) 
306 	PRINT 305 
305 FORMAT(1H1) 

RETURN 
END 

EVALUATE AT GIVEN POINTS 
SUBROUTINE EVALUATE 
COMMON ISL.N,NN,NNN,B.L,S,NU,NUU,BH,C,SFSO,W7SO,SE,EPS 
DIMENSION ISL(18) 
DIMENSION R(15 , 17),L(15),S(15),4B(15,17),C(15) 
RESO=O. 
D0.550 K=1,NU 
CALL DATAPFAD(K,X,Y,FO(DEG,XMIN,YDE119YMIN,IO,IE) 

508 	PL=P(X,Y,N,S) 
FP=F-PL 
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IF(IE)536,536,534 

534 	IF()SL(2))599,535,509 
535 	IF(SENSE SWITCH 2)509,536 
536 	IF(ID)599,537,51.1 
599 	CALL INTER 
5n9 	IF(ID)530,530,540 
530 	PRINT 531,K,XDEG,XMIN,YDEG,YMIN,F,PL,FP 
931 	FORMAT(I8,Ft3.0,F5.1,F10.0,F5.1,2Fi3.0,F15.0,8H DISCARD) 
537 	GO TO 550 
540 	PRINT 541,KrXDEG,XMIN,VOEGOMIN,F,PL,FP, 
541 	FORMAT4I8,F13.0,F5.1.,F10.0,F5.1.2F13.0,F15.0) 
511 	RESO=RES0+(PL.-F)*(PLF) 
550' CONTINUE 

CALL ENDTERT(NU) 
512 	IF(RESO)517,513,513 
513 SE=SORTF(RESO/NUU) 
514 	CALL BOUT 

PRINT 515 
51.5 	FORMAT(tHi) 

RETURN 
51_7 	PRINT 518 
518 	FORMAT(30H RESID SUM OF SOUARES NEGATIVE) 

sE=11. 
GO TO 514 
END 

C 	BASIC INFORMATION OUTPUT 
SURROUTINE ROUT 
COMMON ISL,N,NN.NNN,R,L,S,NU,NUU,RB,C,SFS0oRESO,SE,EPS, 

1T,Z,NDISC,IDISC 
DIMENSION ISL(18)0(15,17),L(15),S(15),R8(19,17),C(15),Z(4,2), 

1IDISC(100) 
PRINT 2,NU,NUU,N,RESO,SE 

2 	FORMAT(18H NO.OF DATA POINTSI7/23H NO.OF DATA POINTS USEDI7/19H NO 
1.0F COEFFICIENTSI7/244 RESIDUAL SUM OF SOUARESE20.11/15H STANDARD 
2ERRORE20.11/) 

230 	IF(ISL(7))299,213,231 
209 	CALL INTER 
231 	PRINT 232,NDISC 
232 	FORMAT(25H NO.OF POINTS PREREJECTEDI7) 
2t3 	IF(ISL(8))209,220.215 
215 	PRINT 216,(Z(I.1),I=1,4) 
216 	FORMAT(16H LATITUDE LTMITS2Ft0.2/t7H LONGITUDE LIMITS2F10.2) 
220 	IF(ISL(1))299,240,221 
2"1 	PRINT 222,1 
222 	FORMAT(22H DEVIATION FACTOR USEDE20.11) 
240 RETURN 

END 

C 	TEST FOR PLANK CARD 
SURROUTINF ENOTEST(NO) 
COMMON 1St 
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DIMENSION ISL(18) 
DIMENSION TK(16) 
IF(ISL(4))199.119,129 

129 	REWIND 4 
GO TO 123 

11Q 	READ 1140(1KM/1=1,16) 
114 	FORMAT(16I5) 

DO 116 1=1,16 
IF(IK(I))115,116,115 

116 CONTINUE 
1.3 	RETURN 
115 	PRINT 122,NU 
122 	FORMAT(15H CARD AFTER NO.17,13H IS NOT RLANK/16H TO CONTINUE GO 

PAUSE 
GO TO 123 

.. 199 	CALL INTER 
END 

C 	MATRIX PRINT 
SUBROUTINE MATPRT(B,L,N,NN) 
DIMENSION 9(15,17),L(15) 
PRINT 48 

48 	FORMAT(//) 
DO 47 I=1,N 
LL=L(I) 

47 	PRINT 44,(9(LL,J),J=1,NN) 
44 	FORMAT(6E20.11) 

PRINT 48 
RETURN 
END 

C 	FUNCTION EVALUATION SUBROUTINE' 
FUNCTION P(X,Y,N,A) 
DIMENSION A(15) 
P=0. 
DO 10 I=1,N 

10 	P=P+A(I)=XAI(I,X,Y) 
RETURN 
END 

C XAI 	DEFINES FORM OF APPROXIMATING FUNCTION - POLYN ITH REG 
FUNCTION 	XAT(K,X,Y) 
IF(15-K)508,590,599 

590 GO 	T0(601,602,603,604,605,606,607.618,609.,610,611,612.613, 
1614,615),K 

600 RETURN 
601 XAI=1. 
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GO tO 600 

602 	XAI=X 
GO TO 600 

603 	XAI=Y 
GO TO 600, 

60.4 	XAI=XoY 
GO TO 600 

605 	XAI=X40( 
GO TO 600 

606 	XAI=YeY 
GO TO 600 

607 	XAI=XoXoY 
GO TO 600 

608 	XAI=Xit*YoY 
GO TO 600 

609 XAI=X0XeX 
GO TO 600 

610 XAI=YeY.Y 
GO TO. 600 

611 	XAI=X0)(eXeY 
GO TO 600 

612 XAI=X0YoYoY 
GO TO 600 

613 	XAI=XeXcloY 
GO TO 600 

614 	XAI=Xo)(0)(0X 
GO TO 600 

615 XAI=YoYeYoY 
GO TO 600 

598 	PRINT 597 
597 	FORMAT(28H N TOO LARGE FOR XAI ROUTINE) 

PAUSE 
XAI=0. 
GO TO 600 
END 

C 	INTER 
SUBROUTINE INTER 
PRINT 1 

1 	FORMAT(/32H INTERNAL ERROR.DO NOT CONTINUE./1H1) 
STOP 
RETURN 
END 
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0 

C 	TABULATE CONTROL 
DIMENSION S(15) 
DIMENSION ISL(•18) 

701 PAUSE 
READ•702 

702 FORMAT(2H ) 
READ 703,(ISL(I),I=1,18) 

703 FORMAT(18I1) 
DO 705 I=1,6 
IF(SENSE SWITCH 1)704,705 

704 	ISL(I)=1 
705 CONTINUE 

DO 708 1=1,18 
IF(ISL(I))799,708,706 

790 	CALL INTER 
706 	PRINT 707,1 
707 FORMAT(7H % SWITCHI3) 
708 CONTINUE 

CALL TABULATE(ISL,N,S) 
GO TO 711 
END 

SUBROUTINE TABULATE(ISL,N,S) 
DIMENSION S(15) 
DIMENSION ISL(18),PL(10) 

101 	IF(IsL(5))99,200,300 
99 	CALL INTER 
200 	IF(N)201,201,400 
201 	PRINT 202 
2n2 	FORMAT(40H SURE YOU DIDNT WANT TO READ PAPER TAPE./23H SET SENSE S 

1W 5 AND GO.) 
PRINT 203 

203 FORMAT(1H1) 
PAUSE 
IF(SENSE SWITCH 5)204,101 

204 	ISL(5)=1 
GO TO 101 

300 	READ INPUT TAPE 8,301, NoNO,NUU 
301 	FORMA-if:517f 

PRINT 302,N,NU,NUU 
302 	FORMAT(19H NO.OF COEFFICIENTSI7/2AH NO.OF POINTS IN DATA DECKI7/ 

146H NO.OF POINTS USED WHEN COMPUTING COFFFICIENTSI7) 
READ INPUT TAPE 89303,(S(I),I=1,N) 

313 FORMAT(E20.11) 
READ INPUT TAPE 8,303,SE 
PRINT 304,SE 

304 	FORMAT(21H STANDARD ERROR INPUTE20.11/) 
400 	READ 401,xLn,xLm.xNn,xlim,Yto,nm,YHo,YHm,nxn,nXm,nYn,nYm 
401 	FORMATf6fF11.0,F3.tff 

XL=DEC(XLD,XLM) 
XH=DEC(X14(),XHM) 
YL=DFCCYLD,YLMf 
YH=DFC(YHD,YHM) 
DX=nEccnxn,Dxm) 
nY=nECtnYn,nYmt 
PRINT 4D2,(' ,;( 11.1=1..N) 
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402 	FORMAT(13H COEFFICIENTS/1(E20.11)) 

PRINT 403,XLD,XLM,XHD,XHM,YLD,YLM,YHD,YHM,DXD,DXMPOYD,DYM 
4n3 	FORMAT(t7H LATITUDE LIMITS 2(F10.0,F5.1)/17H LONGITU!)E LIMITS 2(F' 

10.0,F5.1)/9H LAT INCRF10.0,F5.1/9H LON INCRF10.0,F5.1/141) 
IF(DX)450,404,404 

404 	IF(1Y)450.500,500 
500 X=XL 
501 	'flan 
508 	DO 503 J=1,10 

IF(J-1)513,513,502 
513 	CALL SEX(X,KXD1,XM1) 

CALL SEX(YoKYD1;TM1) 
502 	PL(J)=P(X,Y,N,S) 

Y=Y+0Y 
IF(YH-Y)504,503,503 

503 CONTINUE 
PRINT 511,KX01,XM1,KYD1,YM1p(PL(1),I=1,10) 
GO. TO 508 

504 	PRINT 511,KX01,XM1,KYD1,TM1,(PL(I),I=1,J) 
511 	FORMAT(2(16.F5.1),10F9.0) 

PRINT 512 
512 FORMAT(/) 

X=X+DX 
IF(XH-X)506,501,501 

506 RETURN 
450 	PRINT 451 
451 	FORMAT(19H INCREMENT NEGATIVE/1H1) 

GO TO 506 
END 

FUNCTION OEC(D,RM) 
IF(RM)2,3,3 

2 	Rm=n.-Rm 
3 	DEC=D+RM/60. 

RETURN 
END 

SURPOUTINE SEX(X,KnoRM) 
10)=X 
RM=ABSF(X—K0)060. 
IF(RM)2,2,3 
RM=0. 

1 	RETIMN 
ENn 
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SaITC,1 
stTr.-1 
54TP"-; 5 
41Tc4 7 

c:4[7,!4 
34!7rq 17 

'70EFrirIENTS INPUT 
".18951119057+005 
1.12223954800.003 
-0.32199544542+003 
0.71700070468+001 
,.38481074612+001 
0.31676813753+00/ 

-0.0,1.655604000-001 
-1'.14620536350-001 
-0.40414882278-001 
-0.35n31342519-001 
sTANnAPn 	F.:209 	INPUT 
'118 	sT49T 
-,tre 	LettnEn 

0.74701986996+002 

,.11500000000+003 0.46405283308+004 0.48243649974+004 0.16563897546+006 0.1721136093211+006 0.21256729048+006 
n.60370958335+007 0.72767696331+007 0.66480372921+007 0.10549966970+008 0.60991340000+007 
1l.463052.3308+004 0.17203649320+006 0.16563807546+006 0.60379958335+007 0.66480372921+007 0.72767696332+007 
n.23178787452+000 0.26187044415+009 0.26770529244+000 0.36084819769+009 0.21521200046+002  
1.432436409746004 0.16563897546+006 0.21256719048+006 0.72767606331+007 0.60379058335+007  0./0549966979+008 
0.26387044415+000 0.36084819770+009  0.23178787452+009 0.56108124178+009 0.22478756243.999 
0.1661807546+006 0.60379958335+007 0.72767606332+007 0.26387044415+009 0.23178787452+009 0.36084819770+009 
-.101'50503730+011 0.13027203088+011 0.92872660190+010 0.19185092858+011 0.78603057685+010 
'./7201619320+006 0.66480372921+007 0.60379958335+007 0.23178787452+009 0.26770529241+000-  - -0-..-2-6,3-87044415+004 
0.02372660190+010 0.10059593730+011 0.11142555514+011 0.13027203088+011 0.8041CM-644+nin 
".21756719448+006 0.72767606332+007 0.10540966970+008 0.36184819770+009 0.26387044415+000  0.56108124178+009 
r.13n27143088+011 0.49185092857+011 0.10050503730+011 0.31160500787+011 0.10156327179+011 
0.60770948335+007 0.23178787452+009 0.26387044415+009 0.10059593730+011 0.92872660190+014 0.13027203088+011 
0.30092924465+012 0.49305987950+012 0.38520516795+012 0.68980541964+012 0.29159998230+012  
n.71767696332+007 4.26187044415+009 0.36084819770+009 0.13127203043+011 0.10059593731+011 0.19185092857+011 
:'.49'05087950,012 0.68780541968+012 0.39992924466+012 0.10653690374+013 0.35415350353+012  
0.66480172921+007 0.26770529244+009 0.23178787452+009 0.92972660199+010 0.1114255514+011 9.10059593730+011 
0.38520516705+012 0.30992924466+012 0.47614077986+012 0.49305987950+012 0.31499674066+010 
-.1.0549966079+008 0.36084819769+009 0.56108124178+009 0.19185092858+011 0.13027203088+011 0.31160500787+011 
^.61980541968+012 0.10653690374+013 0.49305987950+012 0.17417598823+013 0.51303697291+012 

0.10549966979+009 0.36084819769+009 0.56108124178+100 0.19185092858+011 0.13027203083+011 0.31160500787+011 
0.68980541968+012 0.10653690374+013 0.49305987950+012 0.17817598821+013 0.51303697291+012  
0.66480372921+007 0.26770529244+000 0.23178787452+009 0.92072660190+010 0.11142555514+011 0.10059593730+011 
11085205/6795.012 0.30092924466+012 0.47614077086+012 0.49305987954+012 0.31499674066+012  
1.77767696332+007 0.26387044415+009 0.36084819770+100 0.13027203080+011 0.10059593731+011 0.19185092857+011 
0.49305987950+012 0.68980541968+012 0.39992924466+012 0.10653670374+013 0.35415350353+012 
0.60379958335+007 0;23178787452+009 0.26387044415+009 0.10159593730+011 0.92872660190+014 0.13027203088+011 
0.39992024465+012 0.493059.87950+012 0.38520516795+012 0.68080541968+012 0.29159998230+011 



0./7203609320+006 0.66480372921+007 0.6037 9958335+007 0.2317878745 2+000 0.2677059994.1+000  1.26387044415+000 
0. 02872660100+010 0.10059593730+011 0.11142555514+011 0.13 027203089+011 0.80416723044+110 
0.212567 29048+006 0.777676 06332+007 0.10540966970+008 0.36194819771+008 0.26387044415,n1q 1.56108124178+009 
0.130272 03088+011 0./9185092857+011 0.10059593730+011 0.11160500797+011 0.1015637t714.11.1. 
0.16563807546+006 0.60379958335+007 0.727676 06332+007 0.26387044416+009 0.2317878745)+010 0.36084819770+009 
0./005 0503731+011 1.13027203088+01/ 0.92972660190+010 0.19185092859+011 0.786.93997685,011 
n.48243649074+004 0.16563807546+006 . 	0.21256729048+006 0.72767616332+007 1.603799s833i+1n7 1.1.0549966979+00.; 
0.26387044415+009 0.36184819770+009 0.23178787452+009 0.56108124179+009 0.22478756243+102 
0.468052 03308+004 0.17203609320+006 0.16563897546+006 0.60179958335+007 0.68480172921+007 1.72767606337+107 , 01178797452+009 0.26387044415+009 0.26770529244+009 0.36084819769+00) 0.21511200046..nn -) 
0.11=0/000000+003 0.46905253308+004 0.48243640974+004 0.1656389754ti+00ti 0.17213609320+004 1.21256729048+000 
0.60370958335+007 0.72767696332+007 0.66480372921+007 0.1.0549966979+008 P.60901340101+007 

1 1 SUM= -0.21793836754+008 CHECKSUM= -0.21793836755+008 0.10375976562-032 0.1000 010:9100-n14 
2 / SUM= -0.20538614896+008 CHECKSUM= -0.20539614897+008 11.10375975567-007 1.1010. 1 100000-004 
3 1 SUM= -0.17484564882+007 CHECKSUM= -0.17484564891+107 1.110244750987102 0.1000 , 000100-004 
• 1 SUM= 0.11707907175+009 CHECKSUM= 0.11707907205+109 -4.10112519062+111 1.1000 00011000-004 
S 1 SUM= 0.98513477004+006 CHECKSUM= 0. 08513476782+106 n.22144317627-002 0.10001000000-004 

SUM= 0.18658712753+007 CHECKSUM= 0.18658712092+007 0.65074171338-001 0.10a0100d010-004 
7 1 SUM= 0.22433753280+006 CHECKSUM= 0.22833753855+106 -0.66538581848-012 0.100010001110-004 
A t sum= -0.18151500310+005 CHECKSUM= -0.18151503083+005 0. 2772390 8424-002 0.1. 10000010000-004 

t sum= -0.90/10406035+004 CHECKSUM= -0.90110419724+014 0.11780071606-002 4.17,000000000-004 

7C•1PUTFO COEFFICIENTS 
0.28906059477+005 

2 	0.33466755813+003 
3 -0.32767477699+003 
g 	0.75084788376+001 
5 	1.31961525104+001 
S 	0.82395343755+001 
7 - 0.61987699061-001 
8 -0.40946229636-001 
9 -1. 45056075835-001 

to -0.35179144049-001 
sio.OF DATA POINTS 	225 
vO.OF DATA POINTS USED 	135 
No.OF roEFFICIENTS 	10 
'ECIOUeL Sum OF SQUARES 	n.70969700000+006 
ST4N0a90 ERROR 	0.72505274391+002 

,o.or POINTS PREREJECTED 	3 
LATITUDE LIMITS 	20.00 	50.00 
L0•iGTTi10E LIMITS 	8.00 	68.00 
orvIATION FACTOR USED 	0.20000000000+001 

SOLUTION CHECK 
10 0.51303607291+012 0.51303697263+012 0.28100000000+003 
0 0.31499674066+017 0.31499674046+012 0.20100000000+003 
4 0.35415350353+012 0.35415350334+012 0.19300000000+001 
7 0.29159998230+012 0.29159998212+012 0.17710000000+003 
5 0.80416723644+010 0.80416723593+010 0.51406/50000+001 
6 0.10156327179+011 0.10156327173+011 0.55312500000+001 
4 0.78693957685+010 0.78693957639+010 0.46406250000+001 
3 0.22478756243+009 0.22478756229+009 0.13330078125+000 
2 0.21521200046+009 0.21521200033+009 0.12939453125+000 
1 0.60901340000+007 0.60901339962+007 0.379 04384766-002 



7 JULY 1966 	0900 
ROI 2 

5417014 4. 
SYTTCLI 2 
SqITC4 3 
SwITC14  4 
SwiTCH 7 
54ITC4 8 
1ATA START 

1 43. 	9.0 41. 58.7 49440. 49483. -43. 
.2 43. 	3.6 32. 36.2 47260. 47422. -162. DISCARD 
3 43. 	4.8 32. 32.4 47400. 47418. -18. 
4 43. 	2.5 31. 20.1 47232. . 	47178. 54. 
5 43. 	6.4 23. 	9.9 46112. 45939. 183. DISCARD 
6 43. 	0.0 23. 21.7 46116. 45923. 183. DISCARD 
7 43. 	9.5 17. 12.2 45438. 45370. 68. 
A 42. 55.6 17. 	14.4 45237. 45283. -46. 
9. 42. 59.2 14. 49.2 45143. 45159. 24. 
10 43. 	0.9 13. 29.1 45153. 45112. 41. 
11 43. 	3.1 9. 26.6 45065. 45065. 0. 
13 33. 59.0 12. 52.0 41300. 41408. -108. 
14 33. 52.2 16. 49.9 41615. 41500. 115. 
15 33. 52.2- 19. 	7.1 41792. 41655. 137. 
16 33. 52.9 19. 33.3 41705. 41695. 100. 
17 33. 59.6 26. 11.6 42545. 42499. 46. 
18 34. 	3.7 30. 	5.7 43121. 43146. -25. 
10 34. 	4.7 30. 10.1 43127. 43166. -39. 
?Q 34. 	8.2 36. 31.2 44293. 44431. -138. 
21 34. 	5.5 45. 	0.2 46450. 46431. 19. 
22 34. 23.9 44. 58.0 46461. 46562. -101. 
23 34. 	20.1 - 46. 14.8 46879. 46867. 12. 
24 34. 	9.8 55. 24.7 49480. 49341. 139. 
25 34. 11.3 55. 18.2 49490. 49321. 169. DISCARD 
26 .34. 	5.5 61. 13.7 51030. 51026. 4. 
27 34. 10.9 60. 57.2 51060. 50983. 77. 
28 34. 	6.4 65. 	2.6 52110. 52175. -65. 
29 33. 57.4 65. 	2.5 52117. 52109. 8. 
35 36. 40.7 65. 18.4 53219. 53336. -117. 
36 36. 35.9 63. 	9.5 52679. 52671. 8. 
37 36. 46.1 63. 11.3 52860. 52749. 111. 
3A 36. 47.8 54. 59.5 50590. 50373. 217.. 	DISCARD 
30  36. 40.5 15. 	0.5 50430. 50326. 104. 
40 37. 	3.t 45. 58.9 48070. 48008. 62. 
41 37. 11.0 43. 49.0 47489. 47511. -22. 
42 37. 22.4 38. 47.3 46448. 46384. 64. 
43 37. 29.6 38. 45.5 46440. 46430. 10. 
44 37. 30.6 37. 15.4 46140. 46101. 39. 
45 37.-15.4 27. 37.4 44164. 44163. 1. 
46 37. 35.5 25. 19.6 43900. 43968. -68. 
47 37. 42.8 25. 37.8 43840. 44063. -223. DISCARD 
48 37. 10.1 19. 	30.1 43300. 43124: /76. DISCARD 
40 37. 14.4 14. 20.9 42830. 42831. -1. 
50 37. 	2.8 14. 25.6 42700. 42753. -53. 
51 37. 	2.5 9. 	3.8 49700. 42705. -5. 
52 37. 12.7 9. 	6.2 42700. 42774. -74. 
53 38. 34.8 9. 26.4 42700. 43323. -623. DISCARD 
54 39. 	1.6 9. 32.2 43428-:---  43501. • -73. 
55 39. 58.2 10. 33.6 43690. 43871. -191. DISCARD 



58 39. 55.9 10. 32.5 43712. 43856. -144. 
57 39. 58.5 17. 8.0 44148. 44107. 41. 
SF 40. 2.5 23. 0.3 44932. 44698. 234. DISCARD 
50 39. •  55.4 22. 45.8 44915. 44618. 297. DISCARD 
60 39. 56.5 26. 54.7 45308. 45191. 117. 
61 39. 57.n 29. 52.4 45012. 45677. -665. DISCARD 
62 30. 52.7 35. 58.2 46752. 46827. -45. 
63 40. 0.5 35. 47.3 46817. 46843." -36. 
65 40. 3.0 46. 54.0 49519. 49502. 17. 
66 30. 57.2 46. 56.2 49337. 49473. -136. 
67 40. 2.5 51. 4.0 50310. 50884. -574. DISCARD 
71 40. 20.5 62. 36.0 53960. 53971. -11. 
72 40. 41.5 51. 49.4 51370. 51073. 297. DISCARD 
77 43. 0.2 50. 3.5 51347. • 51470. -123. 
76 43. 2.7 53. 10.9 52904. 52323. 581. DISCARD 
70 43. 8.9 53. 8.0 51304. 52347. -43. 
8r 43. 4.3 57. 55.0 53609. 53631. -22. 
i 4  43.' 1.2 61. 49.3 54654. 54698. -44. 
11 46. 6.1 9. 43.8 46067. 46181. -114. 
IP 46. 8.9 19. 10.0 46650. 46646. 34. 
33 46. 10.1 18. 57.8 46652. 46634. 48. 
24 45. 59.5 28. 23.5 47768. 47773. -5. 
25 45. 57.0 '32. 18.5 48353. 48444. -61. 
46 
97 

45. 
46. 

1.0 
5.2 

32. 
37. 

4.0 
34.7 

48390. 
49316. 

48423. 
49555. 

-33. 
...Vic ,. DISCARD 

Of 45. 45.2- 43. 49.8 50516. 50870. -354. DISCARD 
90 44. 37.6 62. 33.4 55360. 55425.' -65. 

ton 45. 50.0 56. 5.0 54100. 54050. 50. 
101 46. 20.6 52. 58.4 53500. 53386. 114. 
102 47. 24.5 52. 32.0 53654. 53604. 50. 
tOZ 47. 39.9 52. 31.9 53654. 53651. -28. 

104 49. 0.0 50. 58.6 53650. 53681. -1. 
105 49. 0.5 47. 43,7 52806. 52873. 13. 
11h 41. 7.6 41. 33.0 51402. 51444. 48.  
107 49.  12.0 41. 31.5 51531. 51461. 70. 
ina 45. 51.0 34. 35.8 49815. 49877. -62. 
116 48. 50.1 34. 16.8 49727. 49810. -83. 
110 4A. 51.4 34. 5.2 49750. 49780. -30. 
111 48. 45.4 24. 34.6 48188. 48171. 17. 
112 48. 37.7 24. 28.9 48188. 48115. 73. 
1t3 48. 41.5 22. 51.1 47972. 47929. 43. 
114 48. 55.1 17. 12.5 47194. 47449. -255. nISCARD 
115 44. 5t.0 17. 12.0 47200. , 47426. -226. DISCARD 
116  49. 16.8 10. 43.5 47200. 47281. -81. 
liP 
11c 

21.  
22.  

42.2 
3.4 

58. 
66. 

17.0 
12.3 

43840. 
45660. 

43919. 
46581. 

-79. 
- -922. DISCARD 

12r ,  21. 55.7 49. 47.7 41750. 41566. /84. DISCARD 
121 
122 

21. 
21. 

51.1 
42.0 

56. 
56. 

39.5 
41.8 

43450. 
43480. 

43508. 
43437. 

-58. 
43. 

123 21. 42.2 58. 17.0 43804. 43919. -115. 
124  22. 4.6 42. 18.8 39810. 39707. 113. 
125 22. 4.5 42. 56.5 39970. 39858. 112. 
126 22. 7.6 43. 5.8 39970. 39924. 46. 
127 22. 5.3 50. 2.1 41760. 41720. "40. 
128 21. 55.1 33. 13.2 ' 37730. 37709. 21. 
129 21. 59.A 35. 25.3 38100. 38161. -61. 
130 22. 4.4 35. 36.1 38110. 38237. -127. 
131 22. 4.6 42. 18.8 39810. 39707. 103. 
132 27. 53.7 15. 16.8 38566. 38740. -174. DISCARD 
133 22. 0.2 17. 7.0 36000. 36017. -17. 
234 22. 1.4 24. 55.8 36650. 36566. 84. 
135 22. 3.8 25. 29.2 36970. 37028. -58. 



136 21. 56.1 28. 41.5 36970. 36991. -21. 
t37 2i. 55.1 33. 13.2 37730. 37709. 21. 
138 36, 13.7 12. 26.0 42490. 42357. 133. 
140 30. 	19.8 14. 	30.8 40180. 39829. 351. DISCARD 
141 42. 	7.2 9. 	44.0 44800. 44710. 90. 
142 36. 13.7 12. 26.0 42490. 42357. 133. 
144 42. 15.2 9. 	19.6 44860. 44764. 96. 
145 22. 	3.4 66. 12.3 45660. 46582. -922. DISCARD 
161 25. 	9.3 65. 13.0 47495. 47926. -431. DISCARD 
167 25. 23.7 65. 15.5 47525. 48064. -539. DISCARD 
163 25. 	16.2 60. 	10.8 46100. 46421. -231. DISCARD 
164 25. 	11.4 57. 22.1 45450. 45522. -72. 
165 25. 13.5 57. 30.3 45510. 45581. -51. 
166 24. 59.5 51, 	49.1 43850. 43783. 67. 
167 24. 55.5 49. 20.1 43110. 43050. 80. 
168 24. 	54.0 49. 	10.8 43110. 42994. 136. 
160 24. 55.8 42. 	56.0 41295. 41375. -120. 
17n 24. 56.n 39. 30.7 40525. 40567. -42. 
171 24. 	45.5 39. 24.1 40200. 40451. -251. DISCARD 
172 24. 57.6 34. 	4.7 39435. 39445. -10. 
173 25. 	9.5 27. 	0.2 38370. 38390. -20. 
174 25. 9.4 26. 49.9 38350. 38366. -16. 
!7s 25. 	10.6 25. 25.6 38225. 38198. 27. 
176 25. 	8.8 19. 	49.5 37730. 37657. 73. 
177 25. 	13.8 19. 36.0 37730. 37682. 44. 
174 25. 	9.3- 17. 28.3 37540. 37534. 6. 
17G 25. 	3.0 15. 	2.9 37300. 37416. -116. 
180 27. 	44.6 15. 	24.0 38760. 38673. 87. 
/31 28. 	25.5 16. 	11.7 38860. 39036. -176. DISCARD 
182 26. 	6.3 15. 22.3 38860. 38839. 71. 
18.3 28. 	7.2 15. 23.7 38500. 38846. -346. DISCARD 
144 28. 	0.7 11. 	4.7 38860. 38763. 97. 
18,  27. 59.6 13. 	5.5 38725. 38754. -29. 
186 27. 59.7 17. 21.1 39040. 38863. 07. DISCARD 
167 28. 	0.5 24. 	42.8 39585. 39568. 17. 
188 28. 	12.5 24. 36.7 39500. 39580. -A0. 

159 18. 12.5 25. 34.8 39640. 39700. -60. 
19r 28. 	8.4 32. 50.3 40753. 40815. -62. 
191 28. 	7.6 37. 	31.0 41480. 41759. -275. DISCARD 
192 28. 	5.0 37. 20.0 41400. 41693. -293. DISCARD 
/93 21. 	1.5 41. 	6.0 42465. 42531. -66. 
194 27. 54.5 49: 	3.0 44600. 44517. 173. DISCARD 
195 27. 	34.4 49. 	19.5 44510. 44423. 87. 
696 27. 56.6 58. 	0.5 46900. 47135. -235. DISCARD 
197. 27. 53.0 65. 50.6 48987. 49513. -526. DISCARD 
/98 27. 39.4  65. 53.8 48987. 49417. -430. DISCARD 
206 30. 56.5 62. 	47.9 50076. 50058. 18. 
207 30. 53.3 62. 31.2 49800. 49948. -148. DISCARD 
208 32. 23.4 64. 34.5 51280. 51270. 10.-  
200 32. 20.9 64. 32.2 51300. 51230. 61. 
210 31. 	3.3 62. 45.2 50240. 50098. 142. 
211 31. 	4.0 _ 62. 30.1 50000. 50026. -26. 
212 31. 	4.5 55. 	9.1 47910. 47827. 83. 
214 31. 	2.8 45. 13.4 44979. 45049. --70. 
215 31. 	8.2 45. 	10.3 45000. 45079. -79. 
216 31. 	11.4 35. 	11.8 42494. 42766. -272. DISCARD 
217 30. 44.7 24. 	25.7 40700. 40764. -64, - 

218  30. 	40.9 23. 	3.0 40478. 40574. -96. 
219 30. 26.7 24. 37.2 40478, 40647. -169. DISCARD 
220 31. 	0.5 23. 20.5 40718. 40759. -41. 
221 30. 51.9 23. 	6.3 40700. 40666. 34. 
222 31. 	13.0 12. 56.0 40122. 40199. -77. 



DISCARD 223 	 31. 	13.5 	10. 	2.9 39944. 40225. —244. 
224 	 33.. 25.4 	4. 	37.0 41145. 41211. —66. 

N0.0F DATA POINTS 	225 
%0.0r DATA POINTS USED 	134 
NO.OF COEFFICIENTS 	10 
E.si0u4L SUM OF SOuARES 	0.68767930513+006 
STANDAPo F9R02 	0.71637524870+002 

\O.OF POINTS PREREJECTED 	3 
LATITUrE LIMITS 	20.00 	50.00 
L1NGITI.DE LIMITS 	8.00 	64.00 
1=vIATION FACTOR USED 	0.20000000000+001 
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