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1. Introduction 

This report describes the used procedures, data and results 

of a study undertaken by the author on behalf of the University of 

New Brunswick for the Earth Physics Branch, Department of Energy, 

Mines and Resources under a research contract 0SU5-0252, DSS file no. 

OlSU.23235-5-1851, dated February 13, 1976. The object of the study is 

the vertical crustal movements in southern Ontario and north shore of 

Lake Superior. 

The report is divided into four main parts and contains five 

Appendices. The first main part (2) deals with the brief description 

of the procedures used and is complemented by Appendix I. Next part 

(3) is devoted to the discussion of the levelling data assernbled 

for this study. The third main part (4) describes the second kind 

of data used here - the lake level data. The information contained 

therein is supplemented in Appendices II and III. Results are discussed 

in the last main section (5) , which also contains the graphical repres

entation of the detected movemerits. Appendices IV and v · consist of 

graphical and nurnerical display of all the used input data and their 

residuals. 

2. General Description of the Approach Used 

· 2.1 Available Data 

There are two kinds of routinely available data for this type 

of a study in Ontario: repeated g eodetic levellings and water level 

gauge readings from Great Lake s . Each levelling between a pair of 
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permanent bench marks gives a l evelled height difference of these bench 

marks. A relevelling of the same pair carried out at a later time 

yields another height difference. Hence, the two levellings of one 

segment, which we shall call here, for brevity, a "relevelled segment", 

supply us with the change in tilt that the two end points had undergone 

in the period between the two levellings. It can be shovm that thus 

determined change in tilt is related to gravity equipotential surfaces 

and not to any "absolute" coordinate system fixed in the earth. 

There are several dozens of permanent water level gauges 

operating on Great Lakes. The se record water level variations with 

respect to the land. Hence the recorded variations reflect bath water 

as well as land elevation changes. In particular, a pair of gauges 

located on the same lake are affected in a similar manner by the lake 

water level variations. Thus, the difference in the two records from 

the paired gauges is only slightly influenced by the water variations 

being sensitive only to differences in local conditions. On the other 

hand, the land tilt changes between the two gauges have full impact and 

should be clearly discernible in the difference of the two r ecords. 

2.2 . Method Used 

While water level gauges record vertical ciurstal movements 
\ . 

(among othe r effects) continuously, the levellir.g data, i.e. the bulk of 

the data, represent a very poor sample in time. 'I'herefore, except for the 

water gauges, there is no hope for discovering any time-irregularities in 

the movements. The only feature modelable at present in the whole region 

of interest is the linear component of the movements. 
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Moreover, the segments for which the tilt variation is known, 

whether they originate in levelling or water level readings, are scattered 

irregularly over the area (cf. Appendix IV). To bridge the gaps among 

these segments a technique developed in the Department of Surveying 

Engineering, U.N.B. is used. 

This technique models the vertical moveroents as varying 

smoothly frorn point to point in space under the assumption of their 

velocity being constant in time for any point. The velocity, rather 

than the roovements, is then modeled spatially. A two-dimensional 

algebraic polynomial of arbitrary order is used for this purpose. 

Once the order of the polynomial is selected, the coeffici~nts 

of the polynomial are determined so that the surface fits the tilt 

segments in the best possible way - in the least squares sense. Full 

description of this technique is given in Appendix I. 

2.3 Results and Their Accuracy 

Using the above described method we can generate velocity 

surface3 of different order. For expedie ncy, the geodetic coordinates 

<fi, À of the end points of segments are transformed into a local ortho-

gonal system (x, y) through transformation equations: 

X = (À - À)/10 
0 

y = (<fi - <P )/10 ' 
0 

whcrc all the latitudes and longitudes are in minutes of arc . <fi , À are 
0 0 

coordina tes of an origin se l ccted to fall close to the centre of the region 

of interest. 

Because of the r elativ e nature of the inpu+- informa tion (tilt 

changes rather than absolute movements) thP. computeè\ velocity surface -
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can also be only relative. Mathernatically there is no way to deterrnine 

the absolute terrn of the . algebraic polynomial from the given data alone . 

However, if the absolute velocity of at least one point in the area is 

known then absolute velocity surface can be also obtained by adding an 

appropriate absolute terrn to the relative surface. 

Evidently, not all the coefficients rnay be deterrnineâ with the 

sa~e accuracy frorn a particular data set. Depending on the spatial 

distribution of segments, some coefficients are better determined than 

others. In order not to let the poorly determined coeffici ents influence 

the shape of the surface they may be di scarded. This is easily done in 

an orthogonal solution space where the coefficients by orthogonalized 

functions are not correlated. Thus they can be cornpared directly against 

multiples of their own standard deviations and failing to be significantly 

·aifferent from zero discarded. This filtering process is described in 

some detail in Appendix I. 

Finally, the accuracy of the solution can be assessed . There 

are two kinds of accuracy estimates incorporated in this technique. First 

is the a posteriori variance factor â (cf. - Appendix I) that character
o 

ises the goodness of the weights of input data and the appropriateness 

of the selected rnodel (i.e. the algebraic polynomial) for the given input 

data set . The closer it is to 1, the more successful was the selection 

of weights and the rnodel . 

The second way of assessing accuracy is by computing the standard 

deviation of pre<licted velocity at each point by using the covariance 

matrix of the coefficients (cf. Appendix I) . These standard deviations 

can be once more portrayed in terms of a surface . Such a surface depicts 

the degree of accuracy deted:oration .,.;i th increasing distance from the 
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origin (<f> ' À ) • 
0 0 

It hence depends on the choice of origin. 

3. Levelling Data 

3.1 Data Acquisition 

Levelling data was acquired from two agencies: Geodetic 

Survey of Canada (Surveys and Mapping Branch, Department of Energy, 

Mines and Resources, Ottawa) and Surveys and Plans Office (Province of 

Ontario, Toronto). Around 6000 field records were searched for relevelled 

segments of first and second order levellings. 

Altogether, there are about 230 first order and 15 second 

order level lines in the area. These are composed of approximately 9500 

first order and 1200 second order bench marks of federal provenience 

and 1300 first order provincial bench marks. 

The search yielded close to 1000 relevelled segments. From 

these, 90 consist of one first and one second order levellings. The 

remaining segments were all levelled twice with first order accuracy . 

3.2 Data Preparation and Screening 

The collected segments were then surnmarised and prepared to 

be put into a compute r readable form. For each segment it was necessary 

to determine: the two observed level differences , the <f> and À 

of the two end-point bench marks ar.d to evaluate the weight. The weights 

reflect the length of the segments , the t ime span betwe e n the leveJ.lings 

and the order of the levellings (cf . Appendix I). 

It was assumed that the actual standard deviation of a first 

order height difference is 1.3 mm times the square root of the lenqth 

of the segme nt in kilometres [Boa l, 1971 ). Second order leve lling is 

assumed to be twice less precise [Surve ys & Mapping Branch, 1961). 
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The punched data was then screened for blunde rs in height 

differences as well as in horizontal locations. Segments showing 

anomalously large change in tilt, improper location of .one end point 

(upon a visual inspection of graphical display) , or suspiciously long 

distanc e between the end points were checked. If found to have been 

incorrectly calculated or punched, they were correcte d and returned 

into the data set. Otherwise, they were eliminated. Segments whose 

end points were closer together than 0.1 minutes of arc were also 

eliminated . 

Next che ck was for anomalous local 1.iplifts or subside nces 

that showed up as large residuals after the velocity surfaces we re first 

computed. These anomalies are particularly noticeable on bench marks 

that are comrnon to two adjacent segments . The segments bath display 

larger residuals of similar magnitude but opposite signs . Such bench 

marks were eliminated by joining the two segments into one. 

3.3 Input Data Set 

The result of this screening was an input data set of 833 

segments ranging betwee n 200 metres and 55 kilometres in length. The 

interval between the two -Successive l evel lings varies for the se segments 

from 1 to 62 years. 

This data set is liste d in Appendix V toge ther with the 

residuals for all three used orders of velocity surface. The location 

and length of individual segme nts c an b e seen in Appendix IV. 

From the graphical display of the input da t a set we notice 

the usually experienced irregular distribution of segments and thei~ 
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sparseness particularly in the northern region. Rather unfortunate is 

the lack of north-south running segments north of lakes Superior and 

Huron. As we shall see in 5, ·t-.his lack prevents us from being able to 

establish meaningful north-south slope of the . velocity surfaces in that 

part of the area of interest. 

4. Lake Level Data 

4.1 Data Acquisition 

The first step in acquiring the lake level data was the 

selection of 20 Canaàian gauging stations on Great Lakes from Water 

Levels 1974 [Marine Environme ntal Data Service, 1975]. The selection 

is described in Appendix III and so is the process of obtaining the 

input èata for ot:r study. 

It was only after all our analyses had been carried out that 

we acquired the results of similar analyses done by Bolduc [1976]. Since 

Bolduc's results appear to have been obtained in a more thorough manner 

(see later) and beca~se Bolduc also treats some u.s: gauges that are 

located so that they complement the location of releve lled segments , we 

decided to use primarily Bolduc's results in our investigation . 

The first data set was thus obtained by merging 32 of Bolduc's 

pair of gauges (c.f. Appendix II) with 7 additional pairs from our own 

analyses (c.f. Appendix III). The remaining 18 of Bolduc's pairs were 

omitted because the y contain gauges from Lake Michiga n from the vicinity 

of which we have no r.eleve llcd s e gments; only Canadia n 1 e velling data was 

used. 

Our own pairs , involving e ithe r of the following gauges: Little 

Current and Point Edwa rd, bath on La k e Huron, we re disregarde d - in spite 

of their favourabl e locations vi s -a-vis the l e v e lling segme nts - since 
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the ~ecords at these two places do not reflect real leve1 variations 

[c.f. Forrester, 1961] because of local currents. 

4.2 Data Treatment 

The technique used in our analyses to obtain the linear tilt 

variation between individual pairs of gauges is described in detail in 

Appendix III. Bolduc's method is essentially identical to ours with the 

exception that monthly mean water levels from June till Septermber of 

each common year were used instead of our annual means. Also a minimal 

length of records was selected to be 40 years instead of our 10. 

Comparison of results for pairs obtained from both approaches reveals 

no significant differences . However, Bolduc's standard deviations show 

a higher degree of reliability of his results . 

The weights of the paired gauge segments were d e termined from 

the standard deviations of the slope of the fitted straight line follow-

/ • . 
ing the procedure described in [Vanicek , 1975] and in Appendix III . 

Prope r assessme nt of weights allowed us then to merge these 

gauge-pairs with the relevelled s egments into one data set . The 

location of used pairs is shown graphically in Appendix IV . The 

nuroerical values of indicated tilt variations, normalised for 100 years, 

are listed together with the relevelled segments in the three listings 

in Appendix V - last 39 values . These listings also give the weights o= 

these pairs as well as t hei r residuals for all three velocity surfaces. 



9 

5. Results 

5.1 Numerical Results and Their Graphical Representation 

Three velocity surfaces of orders 2, 3 and 4 were generated 

using the sarne input data set. The resulting coefficients are summarised 

in Tables 1 to 3. 

Table 1 

. 
' 

~ 
.,. 

' 0 1 2 
<" 

+ 

0 22.350 2. 7148 0.0546 

1 0.8820 0.0152 0.0015 

2 0.0050 0.0002 -0.0003 

Coefficients of 2nd Order Surface 

Table 2 

o<"'~o,_ 0 1 2 3 -- -

0 23.041 3.1581 0.0295 -0.0031 

1 0.8433 -0.0332 0.0006 0.0001 

2 0.00007 -0.0013 -0.00005 < 10-5 

3 -0.0001 0.00002 < 10-5 
< 10-5 

Coefficients of 3rd Order Surface 
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Table 3 

~ o«' 
0 1 2 3 4 

0 23.604 3.1375 0.1004 -0.0057 -0.0002 

1 0.7073 0.1129 -0.0088 -0.00006 -0.00001 

2 -0.0053 -0.0074 0.0007 0.00001 < 10-5 

3 -0.0002 0.0007 -0 . 00001 0.00001 < 10-5 

-

4 0.00001 < 10-5 
< 10 

-5 < 10-s < 10-5 

1 
1 

Coefficients of 4th Order Surface. 

Tables 4 to 6 contain the covariance matrices of the 

coefficients. The numbe rs of columns and rows correspond to the 

position of the coefficient in Tables 1 to 3 taken sequentially row 

by row. 

Table 4 

VARIA NCE COVA R I ANCE MAT~IX OF CO ~FF ICI~~TS 

1 2 3 
l 0. 545 7 2) -01 
2 o . c,tns20-03 0 .11 3-"CO-O~ 
3 -0. 65 1 510 - 0~ C . 3 7120 0 -0 5 0 . 27 1 C 5 ~ -01 
4 - 0. l 5 l 4 <;D - 02 0 . 4931 8 ~ -0 4 0 . 238740 - 0 2 J . 3 110 3D - O~ 
5 0 . 730.3 RD - C4 

~6,_. ---~o; To4- 71,, 'J:. ou. 
- c • 3 1 l () ë D- 0 :, 1) • 2 2 ! 2 Q f") - c ~ - 0 • ] ! 2 ,) 'Y) - 0 :::: 

o . 1 s ·J 8 >-1 ,-, - 1)S-_o_~ 4 4-~·31, ï;; ..... -o~-0:-4 4 :--, t.. i -; - o 4 

7 -0.293410-04 - 0 .1 4744'.1 - 0S o . -r717?C' - 04 o.:)5J7 :0.- l - c:.:; 
8 -0. 353 7 6D -C 5 o.101 32D - 07 O . J334~D -0 5 o . ~2Q~U.0-Q 6 

~ 7 ~ 
6 0. 93~891)-05 
7 o.1 324tD -05 0 . 2 771 50-0~ 

--a-----0 .-~,-~) -d 9 2Ô-=-o 7·--0-.-- co-:3-j .L1 :._'! - 0 7----();7 3 SS 1~ D - 0 ;i 

Covariance Matrix of Coeffici .nts , 2nd Order Surface 

:s 

(l , h p G :c. -, o - ') .::, 
C . u3"?1. \.·_J - C:'> 
0 . 1 é: Ot 7[) - 0~ 

- O . r'.;~4?2ù - 03 
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Table 5 

VARIANCE COVAGIA~C~ MATFIX G~ 

2 3 

- - -· --·--· - -· - ···- ·---- -
CO r?. F F I C l ë:f\IT S 

5 

2 o.421 sso - 03 o . 38 177 0 - 03 
3 ·- - 0. 1 <;4 8 2~ - 0 3 0 . 1 7 0 1 f,f) - 0 7 .0 • 2 6 64 tt D-:_O _;; __ -·-·· - ---· _ . ·- ·· ... ... _ .. ·-- ---------- ·--- _ ·-------

-O. l 9 1 BSD - 02 -C. 2 14 93~ - 03 0 . 77 9 11 D - ~5 0.1 5~03D - 0 1 
-0. 202960 - 02 0 . 250510 - 03 -0. 54~25C- 05 0 .!1 9~00 - 02 0 . 657~CD- 03 

u 0.47936~ - 04 - 0 . 89090) - 05 0 . 32~62C -05 - 0 . 18533')- 04 - 0 . 2 71 ~;D- 04 
_ 7-=-----=o'-.=-=-1-=2'---'-2=--r-=:. _c,""'-=o_-_o-"--'-4 __ ----'o'-"-• ..-"6_q'-1=-=2_.q""')'----"'c--"6'-__ --'o~. 1 i 7 1 f'. r - o 6 - o • ?. o i 7 '3 0 - o s o • s o 3 -, c D - o f , 

o.1 3aoso - 02 - 0 .1 9496~ - os o . 2 4 0 o~G - os o . 14~20 0 - 03 - o . 1 22~c~ - 0 1 
-0.614 BE~-04 -0. 28705') - 05 o .1 744 3r - os 0 .1 30820- 04 - o . 30 50 1 0 - os 

1 0. 223280 - 06 0 .1 2396~-05 - 0 .1 66C3C - 06 o . 2002ço - 0 5 Q . 2 9? 1 5D-0 5 
11 o.1 39390 - 06 ~0 . 79372D~O B - 0 .1 652?.D - 08 o . 59373D - oe . -0. 20117D-C7 
1 ? -o .i 4 2 o9o - os - o . 21+9 s 7 D- 06 - o .i 44 :.so.:..06·-.. - .:.:-0· . 2 5 082.0 ~-o s·- - - : ·o ·. 1 ·1 ô -22.ù - o:s--
1 0.1 65930 - 05 o . 888730 - 07 - 0 . 293C7C - 07 0 .1 22C5D - O~ o .1 0 2s~D - 06 
1 -0.1 5306) - 07 o . 21882~ - oa - O. B3503C -1 0 0 . 420070- 0~ 0.6C 0 1 6D - 03 
! ::J - 0 . 5972CD-08 o. 853 780 -0~ - 0 . 325 ~; 1 2 -1 0 o . 1 67t30') - 02 O . r.34lf·f) - l')S 

6 
0. 63268D - 05 

-0. l 2552D - 06 
0 • 6 1 3 8 7D - 0 5 
0. 28 141J-05 

_l __ -_ O • 3_L0_54 D - 06 
11 -0. 21282) - 08 
12 0.2 70420 - 06 

- o. 4 o ·r91 D- o7 

7 
0 

l 
1 ..; 

1 l 

1 2 
l -
l 
1 

--.- .0 . 269 801)- 09 
-0.1 05270-09 

1 1 
0. 2885e0- 11 

- O. l 2503D - 09 
0 .1 9 111 0 -10 

-0.207 590 -1 2 
-0. 8 0 998) -1 3 

7 8 9 1 0 
.... -· -- ·-·. -·-·----·--· ·- ............ ______________ ____ ______ _______________________ ) 

o .727020- oe 
-O. A9480Q - 07 0 . 300070- 04 
-0. 715 7 30 - 07 0 . 40439D - 05 0 .1 54 710 - 0~ 

o • e 8 4 2 '3 D - o.~(<~, __ -~o • 2 7 o 2 4 o""-~o_,,ë~----0~·~1...,2~- o=-· -''~G'--':"""; -- -"-cf 
o . 47235)- 1 0 - o . 2:F<,.'.> :;.c -0 ;3 -o . 1 :.,"'>r,1c,-o ~; 

-0. 49486D - OA 0 . ~4Ç~OD - 00 0 . 1 45 7 40 -0 t 
0 .1 467'5 0 - 08 0 . 231SJOD -07 - 0 . 1 <;-; 1,7 :;[) -07 
0 • 6 3 4 3 9) - 1 1 - 0 • 5 5 5 l 4 e-:- C 9 ···- __ :-_O . ~ 0 0 S·: •>-l .0 
0 . 247530 -11 -0 . 2l~~OC - 09 - 0 . 23447 0 -10 

1 2 

0 . 205530 - 07 
- o. 81626') - 09 
- o . 173570 -1 0 
- 0 . 69673D-1 1 

1 3 

o . a9 :;; 21c - o:::~ 
o • éj6 7 a;; c, - 1 3 
0 • 3 3 ~ é '7 [' - l 3 

. -
0 . E. E:4 r:'2G -1 :: 
0 . 267120 -1 3 

Covariance Matrix of Coefficients , 3rd Order Surface 

o . é:2570i) - ()7 
') . 1 ~~ ?.5c.; 0 - 1;) 

- :) • ; ti. 3 o ' '-·) - r 7 
0 • ;-? 0 Cl r, 6 0 - G <' 
.O . • 3 11.t 7 D -1 C __ ; 
0 • 1 2 1 ~ :; 7 ._) - 1 J 

1 5 
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Table 6 

VARIANCE C O V~PIANCE MATFIX OF CQ ~ F .:ICI~NTS 

1 l 2 3 4 5 
.1 . . 0.36~ 3fD +OO __ ___ ---·- ·--··· · -- ------- - ·---- - - ------- -- - ------ ___ _ 
2 - 0 • 1 6 3 J 51) - 0 l 0 • 2 5 5 E' 6 0 - 0 2 t 
3 -0.1 84210- 02 0 . 71326~ -0 4 0.1638 50- 04 1 
4 -0.18 55 10 - 04 -0. 1322ô0- ù5 0.1~827C - C~ o.93qq98-08 
5"" __ -_ 0 .. 608 1 7") -01 c . B 752:';:> - 02 o.~1P 'i40 -0 J o . c11313•) - C(. o . :'l'<a7 .:: o-0 1 

1 6 -o: 1-l '"':?-t 9--o 1---o ;3 ï st"-Ps--=-o~--0-:.·2-4~6 fü-.:·04---_ ë . 2-":ï-3~,-)--~o~c..~_----"o'"'.~1""1_"_' ""-::;-4_,0-'-. --"-c~1'--- I 
7 0.1 5894~ -0 2 -0. 20~27D-O J 0.? 93 1 30 - 05 0.?327 0~ - 06 -0.1 3 26 70 - 0 ' 

1 

6 0.4841 21)-CS -0.1 53 C8) - •)5 - 0 . 274500-06 O .lll cf 0 - 07 - o . 2 ::;. -i...,50-0.; 
.. 9 -0.1 9H5~~ - 05 · 0.1 5 7 9 4f) - J6 0 .1 ?72CC - 07 . - 0 .41 2930 - 09 Q,1L 2250 -J~ ---

_10 -o. 39ç4e0-02 0.554430 - 0:::. o.J57C7~- o 4 0 .1 02:::.ço - 05 o.4 b~J~o - 02 

11 -0. 300a5D- 03 -0.75~fOD - :s Q .4 ~2efD - 05 Q ,J C4::? 1 ~ -0 ~ c . ::?~~5 ! 0 - 0~ 1· 
12 -0.1 55!1D - O~ 0 . ~~;7~0 - 03 - 0 . 59582D- 06 -0.1 SJ4 1 ~ - 01 c.2::;.urP0 - 0~ 
13 o. 596920 - 05 -0.5 6 1 94~ - oc - 0 .4 96220 - 03 -0. 599 75 0 - 09 -0.1 ~ 7 7 ~ 0-: ~ 
14 o.a4 s2.::o - 01 - o . 1312 s0 - o':l .. - o .1! :?040 - 06 -· _.o . 22:;410 -1 0 _ __ - o • .::o se:::.o -:i?· ·-I 
15 -0.47 6 1no-os -c.1 6?3A~ -0 s 0 .1 377 90 - 0h o. s2 2 e20 - oh -o. 2cs~0~- :i~ .I 
16 -0. 68d~~~-05 - 0 . 85~~2J - 07 -0.11 93 7 0 - 07 -0.!42 JOD - oe - 0 . 5535 ~ 0- C~ 1 

17 o.l444ÇL)-06 - 0.6 5 751D - 07 0.37 20CC - CB 0.201 70D - 09 o.1 2f;~o- o~ 1 
~~t~e'--~~-2..l ..:>-=Jl~7 __ ~o.....J..!...é.OO~v_-_?"'"'-':7 ___ -~o~~c~~s~c--_o,,,_...3'--~--~o~. ~7~b~·:'.'-"2~~~0,,_-J1~1.__~~o~.~1..._c~7~,~·77~~--~o"-':7~__, 19 0.4 46370 - 0 6 - 0 • .34517) - 0~ - 0 . 634~3C -11 - O . co22SJ - 12 - O ,J 4!4~D- ~j / 

20 0.1! 3Ç7D - 05 - 0 .1 65 $ 70 - 0~ - O .l ü5~0D - 07 - 0 . 1 14 $;~-09 - 0 .l ~ J~tD-~ ~ 1 
21 0.1<;7 53L) -C7 - 0 . 36?.790 -0 3 0.171310-0 9 O.l4l é.30-1 1 -c. s::C '•71"'- 0-0 
22 . -0.3J4 eSD-08 --- o . 5 7 83 4 D- 09 - 0 . 273Q0û -1 0 __ -0 . 225770 -1 2 ___ . 0 . _84?':)~0 - C~ __ J 

23 0.142e30 - 09 -0. 26232D-J C 0 .1 23~7C - 11 0 .1 0240~- 13 -o. ~&~~~0-l J ! 
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In all . three cases the origin of the local (x, y) coordinate 

system (c.f. 2.3) is located at: 

,._ 46°30.8' 'l'o 

À 84°20.7" . . 
0 

The absolute terms were computed so as to make the vertical 

velocity at point 

cf>= 46°15' 

À = 84°00' 

equal to +20 centimetres per century. This rate was chosen in accor-

dance with Walcott' s [1972) findings . Thus all the computed velocities 

are related to this rate at the chosen location. 

For all three surfaces the coefficients were filtered on one 

standard deviation level (c.f. 2.3). This filtering resulted in the 

omission of respectively 1, 5, and 11 coefficients in the orthogonal 

solution space, leaving only 8, 11, and 14 statistically significant 

"orthogonal" coefficients. However, since the coefficient by the highest 

power was in all three cases significant , we have, after transforn:ing 

the solution back to its original space , all 9, 16, and 25 coefficients 

present. 

The three computer produced surfaces are shown, together with 

their standard d e viations, on the f ollowing 6 maps, drawn to a scale of 

1:2,750,000. No attention should be paid to contours outside the area 

delineated by the thick line. There are no da.ta outside that area. 

5.2 Discussion of Results 

Judging from the values of the a posteriori.variance factor 

~ 

a (c.f. 2.3), the low order surface and the weighting proccdure were 
0 
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selected appropriately enough. The obtained values of a for the three 
0 

orde:!'."s are: 

" 2nd order: · cr 2.942 
0 

Jrd order: cr 2.942 
0 

4th orèer: 
~ 

cr 2.951 
0 

all close enough to 1. 

The fact that the three values are so close together shows 

that neither of the surfaces can be considered significantly more appro-

priate than the others. Even the values of the a posteriori factors 

evaluated before the filtering of coefficients, i.e.: 

2nd order: â• 2.938 
0 

3rd order: â• 2.925 
0 

4th oràcr: Ô' 2.913 
0 

display no significant decrease with the order and çannot therefore 

be u sed to select the best solution by. 

P.. brief look at the three velocity surfaces discloses that the 

main north-north--east slope is present on al l three solutions and \vith 

the exception of the poorly controlled north- west corner, the solutions 

are fairly similar. 'I'he north-west corner is controlled mainly by the 

north-west going spur of relevellings made within a span of only three 

years and therefore carrying little weight. 

The mentioned main slope is presumably due to the post-glacial 

rebound and agi·ees well wi th the pattern shown by Walcott [1972 ) . The 

sadd.le point on the north shore of La k e Superior, noticeable on the 3rd 

nnd 4th ordt:r surface is probably of a spurious nature since there is 

pra ctically no data to s upport .it. All of the relevclled segments in 

U1is area run more or less east-west and hence the nor th-south slope is 

poorly d etermi n ed. 
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As one may expect, the higher order solution accuracy deteriorates 

more r apidly towards the edges of the controlled area. This is clearly 

visible on the plots of the standard deviations and is explainable by 

higher flexibility of the higher order surfaces. 

To conclude with, we note that there is practically no 

correlation between the movements and topography. The coefficients of 

correlation [Van{~ek and Hamilton, 1972] for the three solutions are 
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A Method for the Evaluation of Verti cal Crustal M overnen t fr om Sca ttered 
Geodetic Relevellings 

P. V ANIC'EK AN I> D. C' ll l< lSlODU l.I DIS 

/)1•p1ir/ 1111'11f of S11r.-t' _l'i11g F 11gi111'1'ri11g. U11i1·N11/y of ,v,,.,. / lrtl'I ,..,;, /... Frt'dt:rw/1111, Ne11· Jlm11 .1 wi< /.. 

l{ect:i vc:J O.: tuba 9, 197 3 

Revi,io n ae<·er1t:d fo1 puhl11::11iun Ja 1:uary 7, 1'17-1 

T h e: exi,tint: lechnilpH.:' fur the qu:111ti!.11iv,· ..-v.il11.1tiun of vertic:d cru,tal 11a1v.:mtnt'> 
frorn gclllklic 'ri• it lt::vclli11g li .ive 1111c: rw1111 1011 k:t1111e. l 11..-y can d.:al 011ly ,, ilh '' 
co 111r k tc: network of 'Y'te11::111cdly 1ckv..-lk·d cu11nt'Lkd line' l t11' l'"rcr p1nc11h a 
met hod , h:i,ed tlll the ka\l ·'>q11:1re' fi11i11t: uf :1 1..-luc-i ty \lllfau:. c1p.1blc <if "'ing '>Cal
tcrt>d as Wl'll :" con11..-c-tt:d r.:kv,·lkd "i:111.:11l,. /\ f:1L·ility to ch""'c ,, 'pcc-ilîc kv..-1 of 
Mati,ri,: il ,ig11ilic:111ce t•f the rt:\ttlt~ i-, b11!11 i11. ï hi:: pcrform:111ce uf the me1h. ld i~ te,k.I 
011 d:lla fu r the viç inity uf Ch.:,:1p<'.1~t: 11.iy . Tht: rouit' c-0111ra1e ".:Il with tl11.,t: of the 
U.S. Nat iona l (1 ..-rnktic- S11rvcy. 

I.e' tt-chni<J lll'' c\i,t.111tt:' p1>111 l't:v:d11 :11i,111 q11.111ti1 .1ti1·c d,., llHHl\t'1t1e11h \l: rtic:tt1.x de 
la croî11t· tennl•<' :·1 p:11 li r de kv{·, de 11.1111rt: g<·od<',i<p•e' 0111 un tr:1i1 co11111H111. (ln ne 
peu l k~ 111iJi,e1 tp1'avec un 111;111l a,::e n1111pkt d~ l1;:11e, joi 11te> rl'le,én '>Y>tématiq11cmt·11t. 
Ce t artic le pré,e111e uni:: mé·thode. ha,ée 'ur J'aju,1,·me11t di;:, m0 111d re\ c-.1rr.:, d'une 
surface de vitc\\c capable d'u1iJi,a de, "·,::mi::11h éparpille,. au"i bien que de'> \c gm ents 
unis. Il t"Sl montré da11s cette mé1hodi:: c11111111c:nt c-hoi~ir un levé ~r~cifioue ck '>i i_: nilîca
tion stati,tigue Jes r.:sultats. Le renJemenl de la méthode fut te<;té sur de~ donn<'e~ pi ises 
dans les environs de Che,;ipeake ll :1y . Les roi~ultat~ 'ont trt-> c-orn parahks i1 ccu .\ du 'U .S. 
Nat iona l Gc:odetic Survey.' [ rraduit p<1r li:: journal] 

J ntrocludion 
Rcsul ts of various inves ligations have shown 

that ~eodi.?tic -,piri! lcvclling datais particularly 
suitable for qu<intitativc evaluation <iî n.:ccnt 
wrtica l cru~tal movemcnts. Proviuing rhat a 
whole nc twork of lcvelling lim:s in a rcginn h;i' 
hL·e n oh~erved at lca'>t twicc, the upl ift or suh
sid('ncc of individual kvt.:lling hench marks can 
b..: t.k tc:rmined. Scwrnl an;lly!ical tccl111ic1u ,·, 
have hL'èn dt.'si~ned for l hi~ p11rpmi:: ( l< orhoncn 
1%1; F ro•;t ar.<I Lilly 1966; Holdahl !9ïll ; 
Ci:de 1970; Vanlfrk and 11;.imilton 1972). 
T hL·y all h:wc: one commPn fèarurc: Tlll'y 
fL'tjt1Ïr1.· that the whok nctwork of cnn1t..:ctc.:d 
linc~ mu' t bt: 'Y~tcmatically rcub~..:rvi.?d (rc-

( .in J f'.1rth Sei., 11 . l-05 ( 1974) 

lcvc ll ed) to allow on;; to dekc t the vertical 
movcmcnts. 

Th L· rc cxi ~ t very fc.:w rl'gion,, particularly in 
Canada, whnc the network lws hcen s;s
tcma1ical iy relcvL·lkcl . On thc other hand, ca se<; 
of scatkrcd rclcVL'lling of i11dividual lin c, or 
cvcn ~OlllL' ~egmcnh of lincs ;ire cu111p;1r:1tively 
frcqut.'nt. The~.: rekvc llings ;1ppca r \\ hcrc,·er 
thcrc ;ire llL'W linc' :1dtkd to the cxi,ting 1tct
work ;is wc:ll a\ whercver the: rcgu lar 111;1in
tc.:n ance of the 11ctw11rks t:1kcs pl;1cc. 

lt i, lhc h..: lid of th;; .iuthor' th ;rt t.:\.L' ll thcsc 
~c;1ttcr('cl rd:·vellin_::) can yidd valu ahlc c\·i
dt.'11cc ::if vcrti cd 111ov,:mcnh. Thi s hc.:lid 
pwmpl ctl the dc:vclopmcnt of ;i fkxiblt.: methoJ 

,. 
1 
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that \\ tit ild L'nahk on.: to cxtract whate\cr in
ft1rmati on on wrtic:il movcmcnt~ thcrc 111i~ht 
hL' in thL·.,c rckvc-lli11gs. 

Th,· prc,cntatiu11 111' !HIC :--11c lt 111 ctlrnd j, the 
;1i:11 11f thi, papa. lt j, cvidc11t tli ;it if :i11y 
~lldl 111ctlwd i, to li,· rcncrally ;1cccp1.1lik. il 
~lwuld 11ot 011ly ;dlPw tine to tktn111i11 c thL' 
,·crtical 1m1vcmcn t~ from sca ttercd n.:!cvcl iin~'· 
but alsn rirocJuc:e rc~ul•s compatible with the 
cstabli>hcd kchni,;ue in regions whcrc the 
systcm:itic rel evelling is available. Thu'i the 
authors kit cumpc'lkd to complement the prc~
cntation with a compari-,on bl'lw~en the r<.: . ults 
of this 111L·tlwJ a nd tht.: rn.:thod cum: ntly u~ed 
hv th e U.S. Nati1111al (icodctic Survcy (1 l1ddalt l 
( lJ7J). l ile art.: a :-,clcctcd fur cu mp.iri -,011 i'> îlH: 

vicinity of Cl1e,apc;d,..: Hay, Md., U.S.A. 

B:t!'lic ldea of the !'k!hod 

The basic idea bchind the mcthoJ is fairly 
~imp!t.: . lt i~ first a\'l:mcd that ev..:ry pui11t (</;, 
A) nllw,·s with a Cümt;.int vclocity 1! ( 1/., A). 

Thcn a ~urrac..: rcp1L·~c nti 11g the wl11citic' in :111 
;1n:a i" :-,oul!ht. Thi " ~urf: 1L'L' i, d,·1,·rmi11cd in 
~11d1 a \\ ;1\' :1, tl> h,·-;t lit the uh~;.:1v:1tin11' in the 
ka,t-~!jt1;1re' '>Cll\t:. 

1\ Jakillè'. li ' e Of thi\ ;1"11111pti(lfl of C\lil~l.lllC)' . 
heil!ht dilkrence~ dt.:terr11i11 cd hy spirit lc,,·1-
lin~s c;1n lie converted to velncity dilfcrn1ces. 
Th'c rL·l;1 tion,hip hetwL·cn the vdocitics 1· 1. v,, 
and thé h..:i!!h ts /i 1(1 1). li 1,( ti), '1 .1(1'.!) . !1 ,,(1'.!) 
uf two adi;~c ènt hcn..:h marks A and H tktcr-
111irn:d at dmc.:s 11, /'.! is 

l2 - t1 

Dcn ot ing by J.h .111 ( 11) the levellcd hcigh t dif
ferencc, i.e. 

::,_fi .Hl ( f 1 ) = fi fi ( f 1 ) - Ji A (t t) 

at the.: time 11, and similarly 

J.lt .111(1'.!) = hu(!~ ) - h.1 (t '.! ) 

it is not dillicult to SL'e that 

[2] llv.-4 8 

Sinco: thL· hcight ùifferenccs lihta ined fr11111 the 

two lcvcllings aro: known and so is the time 
intcrval dt, the ditfrrencc of vertical vdoc:itie<; 
of the lwo relèvdled adjacent hcnch marks can 
lit: computed. 

Th l· n:lucit y '>urf:1œ v c;111 be cxprcs-,eù hy a 
gc11cr:di1.c.:c.1 two-dimcnsiunal polynumial 

. 1 

[3] ·v(rp, A) = L ci<fal<P. A) 
i = 1 

where .p, are some <i rbitrarily choscn, linearly 
independent functions of the posi Lion (ex
pressed hy the coordinates cf> a!1d .\), and ci 
~re the he~t fitting coeflîcicnts to the ob~erva
tion-;. Since only ~the oh-,crvations of velocity 
difkrencc' are availablc one ha1., to rewrite f 3 J 
in a ni.,m; suitahle form , namcly 

1 

[4] llv(<f>, ,\) = L cill<fa,(rp, A) 
l = 1 

whcre ~ij; ,(<j> , A) = t/J,(<f>u , Au) - if,(<f>.1, ,\ _, ), 
for any pair of adjacent bcnch marks A anà H. 
Sub~tituting tr.e ob:-,-.:: rvc.:d vdocity clifferc.:nccs 
for J. u's, the abuve ~y ~ t..:111 of cc1u:ition<; c:1n be 
solvcd for I cudlicit.: nh c., prc>\'i din g the nurn
hcr of oh,..:rvnl vclocity Ji:rcrcncei.; i~ cqual t'l 
or larger than /, U'>ing the wcll kn own least
sq uarc -; tL·c hn ique. 

Thcn the vclocitics v h ~1vc to be cunv·~ rtcd 

to the uplift s. Since one works with the hy
pothc s i~ that the vclocitie~ arc constant in time, 
thc.: uplilt s arc linear in tirne. ,\ rclntivc uplift 
1, of a point ( <:>. A) in a period .:-,. T i:; given by 

15] 1<( <?, A) = :::.Tv( cf>, A) 

Obviou~ly , the ab~olutc uplift~ c;innot be de
termirn.:d from the lcvelling d;ita alone. This 
hindra nce i:-. cornrnon to all the tcchnigues 
dcaling with fL'k\·cll ings :ind is inherent in the 
type of daia u~èu. In m:ithem:itical tcrm s, it 
thus makes no scnse to seek th e: absolut;! tem1 
in the polynomial [3]. More about this will be 
givc.:n latc.:r. 

Tlworl'tically . the Sl'lcction of th e so-called 
ln~t.: fu11 ctions if, for tht: gc.:11t:rnlin'.d poly
nomial [3] c: tn be purcly ;1rbitr:1 ry . J>r :ictically, 
the two-cli menti (lt1'11 al~c.:b r :1ic functions r:h', 
i, j :::- 0, 1, . . . , 111 would ht.: u~cd in mo~t ca~e~ 
bL·cau t: of thci r sirnplicity. The bnsic cqu;-i
tions , known as the obscn·atinn cguations, then 
heconw 

(' 
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i,j ,,, 

~ C';/</>/lki:i_H/ - o/>Akif..A/). k = 1, 2, ... , Il 
i.j _, 0 
I+ j~ 0 

wht'rc r, arc the rë~iduals of the.: ob~ervcd 11u :1 11-
titil·~ (d::.lt / dt)i. Tlic.:co11ditiun 11 ,~ 111(111 1· ~ ). 

WhL'fC Il ÏS th..; lllllllht'f of r..;l..;vl'ii..:d ~l°!~ lllL' lll~ , 

has tu be obviou~ly sati~!icd. 

Determination of the Optimal Coefficients, 
Stat istically Signific:rnt Velocity Surface 

The Eq. [6] can now be u:.ed to derive the 
optimal coefficients c;r Denoting the vector of 
(cbh / dr).., k = 1, 2, ... , n, by D, the vector 
of r.., k = 1, 2, .. . , n , by R , the wctor of 
C;_; = C . ., S = 1, 2, . .. , [ = /11 (111 + 2), by C 
and the m:1trix of 

k = 1, 2, ... ' Il 

s = 1, 2, ... '1 

hy ::.If . Eg. [61 can he n.:writtc11 as 

[6'J c\/JC =-= J) + N 

Till' ~y,k111 11f 11ori11 :d 1·q11 :1ti(lfh (lhtairwd 
u ... i11~: tlll" k:1 , l -~. 1111:1rl'~ kclll1iqlll: liccn111 l·, 

whëre IV is the weight matrix. lt scem~ reasun
able to a ~urne that the individually observed 
vclocity dilkrenccs are not correlated and to 
let the W clegcneratc to a diagonal form. Then 
the pruœclurc dcsc rib.:-d in (Vaniec:..: and 
Hamilton 1972) can be used for evalu atin g 
the di agonal clernents of W. \Vhen both ma
trices ::.IJ and IV a nd the vcctor D are cktcr
minc.:d , the sy:,,tem of normal equati ons [ 7] cdn 
be solved for the opt ima l coeflici<:n ts C. 

From th e cornputational point of view it is 
;;dva11t <1geous to tr a n~form the coordinates ç,, 
A of the indiviùu al bench marks to rcct:111gular 
coordinates x. y rc latecl to an arhit ra ry origin 
lucakd prdaahly clu,..; to th e ccntcr ol th ..: 
fl'giun . Sckctiun of a conveniv nt ~cale hclp-; tn 
1-l'l'P th ...: n1111putat io11 :d L"IT <ll'S luw. 

1"111 :d l thl· co111pt11c"d opti111:1! cu<"llil·ivnt-; 
m:1y hl· ~t;1ti,1ic:illy ~i:'.11iliL· :1 nt. ï hc vari :11icc: 
cm·ari:111ù' rn:1trix 

}: -,. 
R ' W U 

11 
__ ((t\/1

1 
IVt\/J) 1 

c.111 ~nvc a~ a tool for t..; :,, ting thcir slat istical 
~ignilicanc..: . Multivariate ~tati~tic:,, can be u:-.cù 
to ~ckct th..: coef1icients that arè significant on 
:i c..: rtai11 kvcl of prol>a l> ilit y. This approach, 
li11wcvër, i' quitc i11volv..:d and a :.impler trca t-
111L·11t is dc -, ira!Jlc . One ~uch kchnique, the 
01 thoglln ali1.a ti un of the ba'.:>ÎC func tions, cornes 
to onc's mir~ d immcdiately. 

In the prese nt methocl, the Gram-Schrn idt's 
orth ogona li za ti on ( see, for instance Cheney 
1966) is first applied to the se t of bas ic func
tions . The optimal fou rie r coefficien ts ê., of the 
ncw (orthogonal) base functions can thcn be 
cornputcd from a new !>ystem of normal cqua
tions. The matrix of thi ~ ncw syst...:111 is, of 
course, diagona l and ~o i~ the a~soci:iLe:cl v;iri
a11cc-cov.iri a11œ rn atri x. 1 hu~ each of the 
fouril'r codrici...:1!t~ can he tc,tcd for ~tati ... ti cal 
~ig11ilica11ci.: again't ih ciwn varia nce. A c...:rtain 
k vd of ~igni fica11cc, in tcrm-, of a multiple of 
the ~tandard clevi :1tion ca n lie as~umed , and 
ail the cocflicienh, in'>ignifican t 0 11 this lev.:! , 
ca11 be cliscardt:d . The sign ifica nt codlicients 
arl' then tr;111..,forn1...:d hack, rc~ult ing in a vcc tor 
llf ~ÎfllilÏC : llll C Cll'i)Î C ÎL'fll~ (' ':' \' :::-.: ) ') 

/+ . : ' /. ") Ji t.:~<.: a1e )'.c"llt.:r:d!~ ;Jilfcrcn; f-r~H~l · ti l(; 
migi11:d c , a11d ir c;111 be ~ ta kd Ill a t thcy ckfine 
a wlucity surface, '.:- t:1 ti, tically ~ignifican t on the 
a~~umed leve l of probabi lity. The levcl o f ~io -

. ' ù 
11I1 1cancc thu s con trols the ~moothness of the 
wloc ity surface. 

Uplift Prediction 

l l;iving once clctermin cd thè statistically sio-
nilican t vclocity surface 

0 

!CJJ v* = y,nc ,,. 

where Vt '' conta in s ju'.:-t thè first /".' basic func
ti on~ <{!; belonging to the significant coeflicients 
C ' ', the variancè of the prcclictc.?d uplift vclority 
v* for any point in tiie arc:a can bè comput,~d. 

The var iance-covariance mat rix of the si<>n iti-
cant rneflic ients is 

0 

L 1 O] 

111 J R * ::: !>"' -- .-i I i ·• C * 
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TAllU 1. Coelfo.:i.:nb uf lhc ~igni1ic.1nt vcl,1.:11; "" f.1ù: in .:111/c,·111111 y 

l)l"grc~ f)cgr.:c 
of X \if}' 

0 
1 
2 
J 
4 

0 

- 27 . ')')() 
-·3.5 1J 
- 0 .018 

0.044 
0 

-· 0. 700 
0 .4.1X 
0 .030 
0 .02 1 

0 

Hence the variance of any prcdicted uplift 
velocity is given by 

[12] 

The quantities v*, and ,,,,*~, can then be easily 
transformt:d to relative uplift µ. '' and its vmi
ance "µ *:: using Eq. l5 j. 

If therc arc sornt· tidal ~ tations lorated in the 
area th <.: n the~c can ~uoplv the adJitional infor
mation nceùed to cor;vert th ·~ rdative uplifts 
1\1 absolutl'. Acet:plin~ a c0111mnn ra tt: o f th<.: 
cusL1tiL· water h.:vt:I ri~<.: ( 11 icks 1972) tl1L· 
ahsnlute uplift of th L: ti dal ~tatiuns c111 b..: 
dcterminl'll. Cu111p;1ri11g thL: ~C ali~ulutl' uplift~ 

with the n.:lativ<.: up:1 rt pn:dictions f<1r the 
locations of tid al station~, and taking tht:i r 
variance~ into account, the mo~t probable dif
fercnc t: of the ab~o lut<..: and rdativc uplift~ can 
be cktermined t o~·cthe r with its variance. Th:.: 
mathem:11ics involved is fairly simple and 
woulJ not hi: worth claborating on hcrL: . 

Jt can ht.: also mentiont:d that the lL'st for 
corrclatiun hdween tl~ c uplift and the t<1png
raphy, de~cribcd in ( Vanicck and H.imilton 
1972) and di:sign ed to di ~covt:r the po-;siblc 
presencc of the roJ crror, ca11 be applied here 
without any altt.:ration . 

Results from Che~npeake: Bay 

The ckscribed methoJ WftS testcd 011 levL·lling 
and tid al data used by J! old ::ih l (1973) in his 
analysis from Chcs::rpcakc 13ay, f\ld., U.S.A. 
From the giv<..:n 2 l 0 releveiled ~cgmen!s. 29 
w-:re discarJed upon prelimin:iry inspe.:tio n. 
They indicated too high a rate of !o...:al ~ ubsi 
dcnce of one of th ci r end b..:nch marks. Th<.: 
rcmain ing 18 l clisconnectecl scgnwnb, covcr
ing mos t of the arca ana ly cd tiy Holclahl, wc re 
uscJ in th e a11aly is with wcights cqual to thmc-
11. ~cl by Hol d:i h !. 

A surface of fourt h clegrce. cxprcsscd b) 

2 .l '1 

0.114 0.0.1 2 - o.cxn 
0 . :!94 . ·0 .004 -0.00:1 

-- U.0 15 0 .003 0 .0004 
-· 0. 008 0 0 

0 0 0 
- - ------

mt>ans of 24 coefficients, was then fitted to the 
observations. Comparison of the fourier coeffi 
cien~s with thcir standa rd devi <'. tion s rcsulted 
in the retention of only 4 coefficients larger 
than one standa rd deviation, producing only 17 
(out of 24) significant coefficients in the origi
nal polynomial , plus the absolute term dcter
mined from thl:! ti da l data (sl"e Table 1). The 
a posteriori va r:J ncc îac tor 

R•rw R* 
· -- ---- -
181 - - ) '/ a"'o = 

ca111e u p tu ô. ~ { Cri~tlld ul idis 19 7J). 
The predicti.:J uplift µ.._ computcd from the 

rctaincd polynomial with the absolute tcrm 
gi vrn by tiu..:-gaugc ri:adings is pl ottcd in Fig. J 
togcther with l !0l d;1hl 's rcsults. The agreement 
hct wc ·~ n the two prcclictions <lppca rs to be 
rea~onablc w!th the possible exception of the 
~outh-ca~t corn<..: r, where Holdahl's analysis in
cludcs more dat a. 

The standard deviation of the velocity sur
face i~ gi vcn in hg. 2. For cornpari~on, sta n
Jard cl ev iati on of Holdahl's rcsults is also 
proviJcd. 1 he lack of data in the southc :is t 
corn er, for the prescnted solu tion, shows up 
clcarly in the incrcased standard dev iati on. 
The s~1me h o l d~ truc for the Atla ntic shore 
wherc the ab~.cnce of data is also felt. In the 
controlled area~, i.e. wherc data <lre availabk, 
t h ~ ~ tan dard clt:\·iation is under 10 c m/ ccntury 
almos t cwr1;vhcrc. \\'e may notice tl ia t outside 
the controllcd ri:gion, the standard devia tion 
crµ" increascs rapidly. This confl rm s the known 
ru k th at a kast-squarcs surface shoulcl not be 
uscd fo r extrapolation . 

Finally, Fi g. 3 shm\ :-- how the difîc rence of 
t!1c two prcdiction~ cnmp:irt:s with the gco-
111 ctric mean nf the t".\O _tathlard ckviation5. 
T he difkrcncc in the cont rnl!ed region rcachcs 
15 cm / CL:n tury only in one place o~ th~ e<lstern 

;· 
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F1<; . 1. Lcgend : - --- bo-uplift lines a~ indi
catcd by the pr.:>eninl rneth od ; . . .. i~o-uplif t lines 
accortling to ll ol da h l. bolh in crn / œntury. Shadt:s 
dc.:pic: t areas whae H olda hl's rc~u lb imlicale fo,ter 
sub~iclence. 

shore. It is mostly undcr IO cm/cc ntury cl sc
wherc . The arcas wherc the difîcrcnet: is la rgc r 
than the mcan standard deviat io n cover lc~s 

than 15 % of the whole rcgion. If one acccpts 
the hypot hesis th at the difîcrencc is a varialc 
with normal t!i<; tribution, one can conclud e tha t 
prohably the standard clcviation is c~timakd 
slightly too pessimi ~tic a !l y. 

For the sakc of completene~s, it should be 
statcd th at the correlntion be tween the com
puted uplifts and the heights is weak to non
cxistent. 

Coaclusions 

From the compari son between Holdahl's and 
the presentccl result s one can see that the ciif
fcrencc is stati stically iri sign iftcant. The rrc
sentcd r e~ults vary more smootlily th:111 Hol
d:thïs, yct ckpicting th e ba~ic fcaturcs rwticcabk 
in l lllld :i hl's ~olu ti o1 1. Thio; ~nwtithnc ~s is in tlK 

nature of the techn igue. The difîcrencc in the 
tW\) soluti ons can be diminished , if this wcrc 
for ~ome reason th..: aim , by lowe ring the 
chu~L:ll lcvel of ~igniticance of the vclocity sur
fa c..:. The authors found ~i111i lar bc havio ur in 
earlicr tests conducted with the Lac St. Jean 
data. Thcrc: , by rdaini 11g ail the computed 
cocOicient~. i.e. u~ing the 'zero significance' 
lcvcl of th e vel oci ty surface, they were able to 
practically rcproducc the rcsults givcn by 
Vanleck and Hamilton ( 1972). 

Th ..: cstimated ~ t andard dcviation of the 
vdocity surface is quitc compa tibk with th<it 
of Hold ahl. It indica lt!s that the prcscntcd 
mcthod is capable of providing as trustworthy 
results as the usual approach u~ing th e adjust
ment technique. 

The authors are hcncc satisfi cd th at th ls 
mcth od is able to match the r.xisting techniques 
in areas where compiete rele vellings are avail
able. In addition, its fkxibility a!lowing one to 

Fic.. 2. Lc ~e nù: S:anù ard deviatio n o f 
the prc~en t ed predict ion; . . . sl a :1cl a rd devia1ion of 
H uldah l '~ prcd ic tion , ho th in crn / ccnlury. Sh:ideù 
arca~ 5hu w wherc 1 lo ld ahl·s d ev iati o n is 5mal :e r . 
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usually bt.: rcmoved by a convenient transfor
mation of coordinatcs . 
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CLL ·-1 ))) GO TO 1 2 oo co;~ ~: 74 
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LEVEL 2. 1 ( JAN 7 5 ) MAIN OS / 360 FOR T ~ A N H ~XTCND~D D AT E 76.3 c 4 /ll.} 6 . 0~ 

ISN C070 PFM (l) = PF'-1 (1-ll 00Cü2 S 77 
I SN 00 71 GO TO 1 4 00 002t) 7 ~J 
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I S N 0 0 7 é P F 11-1 ( I ) = f' F M ( I - 1 ) + S T E P C 0 0 C 2 F· ':=- t• 
!SN 0077 lf-( PFM (llo G~ . 60 d GO T C 1 3 COOJ 2é'9'::· 
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__ ____J_,.'?_tL_Q QSLi__ - D T 0 4 0 0 0 0 2 9 0 5 
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l S N 0 0 9 2 RE A C ( I r:: , 1 0 0 ) P. E C 0 R 0 C 0 0 0 2 ' I l 7 

ISN 00 9 3 
ISN 00 9 4 

!SN 0095 
!SN 00 96 

c 

3.i.O 
c 

r 
c 
c 
c 
c 

~fAC(IR,JlO) OFD,QFM , QLD.OLM 
. .FO~MAT{4f5.l) _ . .. --~ ~ 

OF-=COF0*60DOJ+OFM 
CL={CLD *6 000)+0LM 

OOOC2 93 0 
00 0029 40 
0000 2950 
000 029é0 
00 0 0 29 7 0 
00 002':/DÜ 

. D29CQ 
~EADS TID ~ GAUGE P O SITICN, READING, STD. DE V OF ~EADING. 00003000 

0000 30 1 0 
** THIS IS THE LAST READ STATEMENT OF THE PRO GR AM ~* 000 03 0 20 

-- ... ---- - . ·-- - - - .o 0 0 0 3 0 3 0 . - - - . 
ISN C097 NFIX=O 000030ti0 
I SN Ci 0 9 8 WR I TE ( 6 , 3 ) 0 0 0 0 3 0 5 0 
ISN 0099 3 FO RMA T(' TIDE GA UGE P OSI TI ONS') 00003060 
LSlL_Q_LQ_Q DO 400 L=_L..!Ul.Q_Q__ OlLl...0..1.~------
1 SN 0101 RfAC(I R ,300) FFDCil.FFM(l},FLDCl),FLM(l},FIX(I>,FIXSTO{l) 000030 8 0 
ISN 0102 300 FU qMAT(4F5.le2Fl2 .7} 000030QO 
ISN 010.3 IF(FFO(!).EQ.O.) GO TO 410 00 003 1 00 
ISN 01 0 5 ·-· NF-1X=-NFIX+l _ ... --·- __ -··--- _ . _ . _________ 000 0 31 1 0 
I .SN 0 1 0 6 'fi R I TE ( 6 , 2) I • NF IX • F F D ( I ) , FF M ( ! ) , FL D ( I .) , FL M ( 1 ) , FI X ( I ) , F I X S 'f D ( I ) 0 0 0 0 :3 1 ;: 0 
ISN 0107 2 FO RMAT {2 I6o4F6 .l,2Fl2.7) 00 003 1 30 
ISN 0108 400 CO N TINUE 000 0 3140 

lSN 0109 
l SN 0110 
I S N 011 1 

--------- --· ---- --- DQ.0-3..1 :i.o_ _____ _ 
C ••• C OMPU TES O.S(NFIX*NFIX-NF!X) A~DITICNAL 000 03 1 6 0 
C ••• SEGM ~ NTS AS TI DE-GAUG E CONSTRAINTS 00 003 170 

41 0 FAC= 6 o 2 ~CO 000 03 1 ~0 
Q= DCO S C 2 . 9 09D-4*D~ l CO ~JJ 1 0ü 
[) C '.) 1 l :.: 1,NF I X O O C '.)3 ,'0 G 



ISI'. 0112 
151-J 0113 
I SN 0 1 1 !.° 
I S ~ 0 11 6 
I SN 0117 
l s ; .,J 0 1 1 8 
! S N 011 9 

__ _ .l ~N _G 1 2.0 _ 
I S N 01 2 1 

DL '5 2 J = l , NF l ")'. 
IFCJ. L E . t) GG TO ~2 
L=L+l 
Tl ( L ) = 1 9 CO • 0 
Dt-Tl (L)= O .O 
T2( L ) = l 9 1 0 . O 
DhT2 (L)=( F I X (J)-FIXCil )/30 5 

_AF Jl LU :;,:E EJ2. ( U 
A F !-.-1 ( L ) = F F f-1. ( I ) 

-----~--~~~~~~--~~--~~-

OO OOJ 2 1 C 
0 000 .::::.:20 
000032::::> 
000 0324J 
C00 022 ':>C 
000032( 0 
OOOC3 2 70 

____ _ _,o"-l.Lo_,_,o \l..3.2..t:..iL 
000032 Ç C 

u :.:. vEL 2.1 ( JAN 7 5 MA Ir~ OS /36C rOFTFAN H =xTëNO:J DAT~ 7 é . 3c4/ll el 6 . 03 

I SN 01 22 AL D( L)= FLD(I ) 
J S N 01~3 AL M(L) =FLM (l) 
.l SN _Q 1 2 <t __ _ _ E- .D__{_Lj__ ;::: r FllLU 
I S N 0 1 2 S BFM (Ll = FFM {J) 
I SN Ol 2b BL D(L ) = F LD (J) 
1 5 ~ 0 1 2 7 BLMCL ) =FLM(J ) 
I SN O l 2tl A=50*( AF DCLl- BF D(LJ )+AFt-'{L)~BrM CU 
I SN 0 1.2 9 t3= 6 0* C ALC ( L )- f:-\ LD(L) )+AL M(L)- BLM(L) 
! SN 01 3 0 S=A*A+~*Q~B* B 
I S N 0 1 3 1 W(L) =370t4D - 2*DSOR T(S)/ F AC 

_ __l S_N _Ql 32 LLJ ='tl CL lLJ.Ll.X..S.I.Q( Il **2 · .. F I XSTD< J} **Z l 
IS N 0 1 3 3 52 CCNTI~UE 
l S N 0134 51 CONTINU E 

... 3 [. T C CLJJ-..L)l ,'< ATl 3 ::.! r- 0 r; I G I N • • • 
c 
c 
c 
c ... TESTS FOP DéGC~ES OF FREEDOM ••• 
c 

0 00 0 3300 
OOO J2, J l 0 

----- -----'"'--"-'--'"'' û.232 .. ------
000 0 J :::3 o 
0 0 0 0 :.' :11 0 
C OC C ?:-> 5 0 
OOC033f..O 
COOO Y nù 
00 0 0 33PO 
OOL03390 
QJl.QSl~;,,_ ____ _ 

0 0 O O 311 1 0 
OO O ù 3 '1 20 
C'OO C' .3 4 :'0 
c.; )C ..., ..; -i li J 
OO Q ,)34 5 0 
CvO O :L. •; 0 
c:0c :: 31. 70 

-~I-SN___O_l-3_5 __lQF = L:-:.M _ ___________________ ___ _ _ _,.!_Q_ M.'3.lL"iJ__ _ _ ___ _ 
I SN 0 l 3 6 IF ( I OF } 1 5, 2 0 • 2 5 OOO C .:490 
ISN 0137 1 5 WRITE( I w .30) IDF 000 03 5 00 
ISN 0138 30 FCRMAT (lh ,37HNFGAT1VE DEGQEES OF FR EE DOM E QUAL TO • 1 6 } 000 0 3 5 1 0 
lSN 0139 GO TO 999 - Q 0 0 0 3 5 2 ù -- -
I S N Ol AO 20 tlRITE ( Iw,3Sl 
!SN 0 1 41 35 FORMAT (l H .23rlZERO DEGQfES OF FRfEDOM) 

000 0 3'1.: o 
Ov003 "l 40 
OC00 .3 550 I SN 0142 GC TO 9 9 9 

_ _ __l_SlL_QJ_4. .3_ 2 5 c G.tt.I-11'W..E__ __ 
c 

IS N 0144 DC 681 I=l ,L 
I S N 0 1 4 S I A F D { I } = AF D ( I ) 
i SN 0 l 4 6 _ l AL D ( I j =AL 0 ( l) 
i S N 0 l 4 7 I BF C ( l ) = BF D ( I ) 
1 S N 0 l 4 3 I BL 0 ( l ) =- BL D ( I ) 
IS N 0 1 49 681 CON TINU~ 

_ ____l__S î:LD l...!:LlL lli_ 68 2 I =1 , ! P RC 
! S N 01 5 1 IPF D(l)=PFO{ t) 
ISN 0152 IPLD{l)=PLD(I) 
I SN 0153 682 CC NTINU E 
I S N O l 5 4 ___ _ _ . \v F I T E C I w , 5 9 0 i 
I St--J 01 55 590 FC.RM AT( l Hl l 
I SN 0 1 5ô 1. i:; I TE ( I W,600) 

_ _ _____ _ ________ _____ ___,,ilil.Q3..5.i:J L ______ _ 
OOO C3::> 7t' 
0000 336 ù 
00003 5 90 

. --·-- -·. - ____ __ 0000 3 600 
000 0 3 6 1 0 
0000 36 20 
00 003 6 30 

----------------------------~o~o ....... o~o, _____ _ 
O 000 Jr_,50 
00003660 
000 03 15 70 

--- - - - -- . . ----- 0 0 0 0 3 b t 0 
000 0 16 9 0 

l SN 0 1 5 7 600 FGRM AT(27X,' ~ * A PP R 0 X I M ;~ T I 0 N 
00003700 

P A R A M E T E P S *000 0 37 1 0 
- ----- - - ~_!_.__LLL/ .l__ 

I S N 015 8 w~ Iî E ( I\'i, 61 0 } I DP 
I S N 0 1S 9 610 FOR~h T(l QX , 1 1. D EGRE ~ O~ 

I~N 0 1 6 C 
& H'..O UI R ED : '11 2 ,// ) 

\fr1T E ( I W. 62 0 l M 

-- .l1.0 il3i~2~0 _ _____ _ 
00003730 

GEN ERAL :l ZED C OME3P·IED ALGEHRAIC POLYNOMIAL00003740 
000037 5- 0 
0 0 0 037 t: O 

!S" 'Jl u l () .~~ 0 fir:j,l f>. T ( l 0 /\.' 2 . r,; u H i kW CH- C C l-f- F i cr~- ~J T S h· ~O · J f l : :-' [;o : ',J ] ,//) C l) 00 ,"3 77 ù 



!SN 
I SN 
ISN 
ISN 

r s~~ 

----- ·--- -·-------------- ---- ------ --
C l é:.2 
0 1 é.) 
Clt4 
Olc5 

0 1 té 

é30 

63 1 
c 

VI~ I T F ( I \'1 • r) 3 0 ) ( ~ ( I ) ' l -:: 1 • M I •.I ) 

FLRMA T(l JX, ' 3 . S :: L ECH. D FUNCTI 0 1' 1 S 
wf: ! TE ( I ·.-1 , 1) ' 1 ) 
FC~MAT (/) 

'· 80! 1) 
000 ( <ï .:: 
0o c c:7 .:; ::; 
('00 03F(; :) 
0 OO 03 ::' ~ C 
oooc3 ;; .: : 

CAL L C r; U '-1 CJ V ( L • T P F ù • Î'J , M I 1" • I CF , GF , OL • l NO t... )( 2 , I r : ·J:::. X 3 , l 1'1 • H X .'., , T l , ,-, HT 1 , 0 0 0 0 ::' .... -~ ~ 
1 T 2 , L HT 2 , ti F D , /\ r:- "1 , 4 L D , AL M , tJF C , 81- M , f ' L D , C: L ·~ , P F ù , Pl- .,, , P 1_ f' , PL 1' , , VI , NP C , F- , SUC. J J 8 3 ,_ '-..; 

_____ 2 ~_c _ _, S !Ql A_f_,_Ç , y f~_j_G_~A..._CJ.J2..t._'{_ ,1__:u _ù;_é • [) F , EJ.:_t::!J~~ , =< fi_',:;_? , 1 , AN , r , S l G 0 ;:J 0 l,Ll_~~::_t_, --------

LtVE.L 2 .1 

ISN Olt, 7 
ISN G16':1 
!SN 0170 

ISN 
! SN 

0 1 7 1 
0172 

c 

J AN 7 5 

c 

293 

3 M /:- ~ , X Y P f..~ • X YS , A L P HA , "1 C , l W , S P F , I ER 1 ) 0 '.) ü 0 3 [· c C 
OOOQ3 rJ 70 

MAIN [13 / .360 FüRTFAN H EXT~NDED DATl 7 é: . 3t>'- /ll,1 '5 , 0j 

... CHC: CK S INi -i ::: T r::~ ALL FOU~IFC CO EF-F ICI~NTS A R~ DISCAFTEO . . . 00 •):) 3 of~\.) 

1 F ( f\, PC • G T • 0 ) G G T 0 2 9 q 
WF I TE( !W, 298 ) 
FCRMAT (l OX, ' * WARN!NG * 

f;.A!N ~ITH LOWEq L~V~L OF 
GC T ll çç-; 

-----~~i.J2..21.:.~..u_ __ _ 

ALL FOUFI ~~ CO~FF ISI ~NTS DISCA~T~~ . 
PQOB A B ILI T~' ) 

0000]"00 
0 0 0 ;; _: c 1 i ) 

T ,:. Y A G C 0 C ·) 3 q 2 :1 
coos. .::-_i.jc 
GJ003040 

CCNT . I N u c: 0 0 0 0 :! CJ ~.:: 0 
C 0~003~L0 

____ __ C ••• CÇJMPUTES SH I FT OF THE VELOCl Ty_ SUF<F ACE • , , GOCC-3':~70 
!SN 0173 I F ( NF IX.EO . O l GO TC 430 00003 St0 
ISN0175 DO 420 I=l . NFIX OOOQJ Cl c;o 
!SN 0176 XF( ll=( flL -((FLD(Il*60DO ) +FUHil) ) /1 C'DO O ·J0040CO 
I sr' 0 l 7 7 ) F ( l ) =- ( ( ( f- t: l · ( i ) * (, 0 D 0 ) + F F ·1 { I ) ) - c f- ) _/ l V L ù - (, j .; 'v l, V l ù 
ISN 0178 420 C G~H T NUE: CG0 '.) 4Ci ?') 
lS N 0179 CALL SHIFTA ( N . MC , IDP . c . xF ,Y F . F IXt NF I X . F!XS T D~SHIFT , VA ~ S . IN0F Xl . M I OJC040~0 

~ M , T 1 , X Y P h. , S I G M A C , S I G M A F: ) 0 "' C 0 '' 1) t. C 
___ _l ~-0_.l d Lt_U_f'.'l .D_EXJ....., E.9.~ Q L..G o T o __3.2 .Q Q_QJ2!! .O~~------

I SN 01 82 ITFD.::::FFD(INDE:Xl) OOOQi+Ot. 0 
ISN Olt13 ITL D=F L D (IND EX l) 00004C 7 0 
I s N 0 l 8 4 Wf.: r TE ( I w • 6 4 0 ) I TF D . F FM ( INDEX 1 ) • I T LD • FL M ( r NOE X 1 } • F 1 X ( I ND E...X 1 ) • F l XS T D ( 0 0 0 c 4 0 f. 0 

GlN DEX l) _ -- ---· --- ------- _ __ 000 V40ÇO 
ISN 0185 f40 FC R ~AT( l OX, 0 4 . VELCCITIES TAK EN ABSOLUT~ B AS~D ON T HE TI CE GAUG E ', JOO G 4100 

f;. //, 2QX ,' PH I ; •, 1 4 ,1 x,Fs . 2 .•. '•'LA MDA :•,1 4 ,1 x . Fs . 2 .• • •,• Of\TE OC0004 110 
f;. F MC V [ M [:rH : ' , F 8 • 3 , 1 + ' • F 9 • 3 l 0 0 C' 0 4 1 2 0 

SN 0 l d WP I IE.i..l 'fi , <14 1 l__ O_Q 0..<J.!L l 2.!.~'------
I SN 0 187 641 rc qM AT(lH+,86x ,• ') üOC-.:4 1 L1( 
I S N 01 es Ge 1 o 44 o - 00 00,. 1 sn 
lSN 018 J 320 DC 330 I=l ,NFIX OOOJ4 l é.O 
l SN 0190 1F FD ( I ) -=FFO ( I ) . _ ·-- _ . _ .. _ __ -·-- .. ··- _ - -· __ _ 00004 17 0 
!S N 0191 l fLD Cil=FLO(I) 00004 1 13 0 
ISN 0192 330 CONTINU': 000041 9 0 
ISN 0193 WPITE:( I W,b50) 00004200 
ISN 0194 é50 FGRMAî_i_~.•1+. VE! OCITifS TAK EN AB SOLVTE BASED ON TIDE GAUGES 1 1/L.~· ~0~0~0~0_4~2~l_O ______ _ 

&17x,•P H 1•, 6 x.•L AM D A 1 .4X,'R AT E ' ,3x,•sro . 0E v.•,//) 0000422C 
I SN 0195 W FI T c { I W • 6 6 0 } ( I , I F F D ( I } , FF M ( I ) , 1 FLO ( I ) , r- LM ( I ) , F I X ( I ) , t= 1 X S T D ( I ) , I = 1 0 0 OO 4 2 30 

& t NF 1 X) 0 0 0 ù 4 2 4 0 
__ JSN 0196 660 FC':~M/~T{ l lX 1I 2. •. i .13.2x .Fs. 2 . 2 x .. I3 .2X, F5 . 2 1 3X . FB . 3 . 2 X . F t . 3 J 000042:50 

I SN 0 l <; 7 GC T 0 41+ J O 0 0 O 4 2 6 O 
ISN C198 430 SHIFT=COC 00004270 
ISN 01S9 Vf, RS=ODO 000 042EO 

_ _ _l S t-i_QLQ DE.D.=.o.r:.rJ__ - Q_Q_Q Q.92J:z..Q_ _____ _ 

l SN 020 l IOLD=OLD 000 0 4300 
!SN 0 202 \IWl=IT E (IW,670) IOFD,'JF\1,IOLD,OLM 00004310 
!SN 0203 670 FOPM/\T Cl OX,'4• VELOCITI ES T.AKF-N i:; E LATIV F TO THF P C INT , PHI :•,I4, 00 00432C 

f, 1 J<. • F ~ • 2 • ' 1 ' , ' L /J. 1'1 DA : ~ 1 I t> , 1 X , F ~ • 2 ) C O C O 4 .3 .3 Ci 
! SN c ?O 11 '+ 4 '.) C r '\J T I :-.,J U 0 0 ù v '• 7 ,_,_ C 



t, ,:1.1 5 
.:> ~ 0 20 6 

JSN 0207 
- T S.N _ _G2_0_ a_ 

!S N 020 9 

LEVEL 2 0 l 

- c 
c 
c 

680 
Wf-- !t C: (I w . o80 i l N DE:. J~ ~ 
FC RM AT(//,1ox.•5. I NPUT LEVEL OF PROBABILITY GIVEN IN MULTIPLE:.S 

& THE STD. DEV. OF THE FGURIER co;::F . : 1 .J3,//) 

OOvu<+J50 
OF 00004360 

00004370 
. .. . ... --- ·-. - . .. .. --- - .. ----· ~-- ---- ..... -----·---··-·- .. --------- 00004380 ____ . _____ _ 

·~· PREDICTIONS UPDATED BV COMPUT E D SHIFT ••• 00004390 
00004400 

DO 305 l=l. I PRO 000 0 4410 
____ __2_U L-==-E..L I ) + S Hl - 0 0 0 0 4 4=-o-2_,..0._ _____ _ 

305 CONTIN UE 00004430 
C OOC04440 
C ••• VAR IANCES OF PREDICTIONS UPDATED BY VARIANCE OF SHIFT ••• 000044 5 0 

JAN 75 MAIN OS/ 3 6 0 FORTRAN °H ~ XTENDED DATE 76.364/11.16.03 

______ __c______ A_~4_.....6._..0~------

I SN 02 10 DO 777 I=l,IPRD 000 0'-*470 
!SN 021 1 SlG MAP( I l=SIGMAP( l )+VARS 000 0 4480 

lS : ~ CZ.12 
___ LSli__Q 2Ll 

ISN 0214-
I SN 0215 
ISN C2lé 

c 
c 
c 
c 

• •• TH!:: FINAL VEC TOF. OF VARIANCES OF.: PREüIC.TlCNS 
UPDATED BY THEIR STANDAQD DE VIATI ON ••• 

000 0 44 9 0 
00004500 
OO CQ 4 5 10 
G0004520 

SIGMAP { I )=DSQRT( SIGMAP( I)) 000Qt~ 53 0 

--~7~7~7 _ _c_oNllll.U 0000454 0 
c 000 0 4 55 0 
C ••• VAR IANCES OF FOURIER CO EFF ICI EN TS UPDATED BY STD. DEV . ••• 000 0 4 56 0 
c 000 0 4~70 

éo3 
c 

DG6831=1.M .. 
SUMC( I ) =OSQqT( SUMC( I}) 
C CN ï I.'\J U ë 

00004580 ___ -- -- . --· ---
OC'00 4 ~ -;o 
0U 004':. 0 0 
0 00046 10 

___________ ___c__ • •• _UR.LA !\CE OF ~T UPDAT F D BY STD • o c:: y _ _.__ .. _u ____ _ _Q QO.Q~~2 Q ______ _ 

1SN 021 7 

ISN 0218 
ISN 0219 

IS:"J 0220 
I SN 0<'2 1 

ISN 02L:2 
I SN 0.22j 
i S'J 0 L2 4 
l'..,,~ C22 '3 

c 

c 
c 
c 

69 0 
--
6ql 

692 

693 

VAR5=DSQRTCVAl::(S) 

• • • P R I N T S R ~ ST 0 F f'. E SUL T S ._ . ........ . 

C·Jv:'-i ' 30 
00006640 
C00041'i50 
0 0 0 0 4 o a Q __ __ _ ·---
00004670 

w P I T [ ( I w , 6 9 0 ) h PC " C 0 0 0 4 6 8 0 
FORM Aî (lO X ,• 6 . NUMBEP CF CO EF . CF THE OR IGINAL POLYNOMIAL AFTER THC 000469 0 

& E s T AT .J5..I.1J:l\ L _ I.f..S.T I s (N OT) PF RFCF-< l.lED : ' ' L4J..//) ' QQ'll.7~-o~o~--------
WF: I T!': ( I W . 69 1) - CiOC047 1 0 
F ü'-<MAT (l OX .•7. r>A q AM::Tf:PS O F CF<THOGO N/\LIZ ED µCL YN OMI AL ',///,l '6 X,'F v)004720 

&ouqIE R COEFFIC I ENTS ' . a x.•STANDACD DE V IAT I ON •,//) (00047 3 0 
\~F IT E (l \'! , o92 ) (I, F {I>. SU r.t.C(l).I = ld-1) OJCü4740 
F G q M A T ( 1 ~ ,< , I 2 , 1 • ' , 0 1 2 • '5 , l .3 X , D 1 ;:_ • 5 ) C ,) 0 0 4 7 :._: ') 
W P I TE ( I W , 6 9 3 ) S I G tl. A F C 0 0 0 4 7 t 0 
FCRM~ T(//, 2~x .·v ~ R IANCF FAC T CP : • ,012. S ,//) 0000 4 770 

_l 5 N_O 2.~2~6.__ __ _ -- __ïŒ_.l T [:_ ( ..l..1i_o._6-.9 4__j_ - QiLQ.O.!LZ.J~-------
ISN 022 7 694 F O~MAT(lOX, 1 8 . PARAMET~QS CF O ~IG I NAL POLYNOM JAL',///, 2 1X,'CO ~FF IC0 10C47ÇO 

&lfNT S ' ,//) C 000 4 --:.GO 
ISN 0228 wP I Tf (J <'l , 695 ) (!.C(J).I = l, M) G0004·1 10 
I ~,N 022 9 é 9'5 FCRMA T( l f' X.1 2 ,' • 1 , 0 1 2.= > C'JC04 ci2C 
I SN 023 0 NF- IT E-:(JW , 696 ) SH I F T, Vi\RS 0 8 0)4~-:o 

I 51\J 02J l 696 F C .:) ~· µ T ( I / , 2 1 X , 1 C •Ji:'. F F I ~- [ ':.N T C 0 0 ( S H I F T ) : 1 , D 1 ?. • 5 , • + 1 , ù 1 2 • 5 ) C •J J C t1 f 4 0 
I S r.J 0232 v.r I T t- ( I l'i , 6 ; é5 ) ( J :) J ... t-':':· O 

SN c 233- ---6.S 'i.5. .i: L~'-- îY·.t. Li l 1-:-t· , c .D ILt. ' ~ ~__._ / LJ -- !.---. · ' 1 9..::;_t.D_ _____ _ 
I SN 023 4 " '-- ! T f· ( ! W , 5 9 7 ) V F A C C 0 0 0 4 :., 7 0 
I S 1--i G2.3 5 éS ·r r r ~MA T ( 2 1 X ,' VA ~ !ANC~ F~CTGq ! '• C l2. S ,//) OJ0C4AE O 
r SrJ C236 ,,>-I7F.:( r w,oSJ'.3 ) COù C: 4 i•?o 
1 s1•J c .'.'.'. 3 7 (, S 3 ,- i_ ~ '-'A T ( l r-1 1 ) C J 0 C 4 Ç C 0 
IS N Cr.' JB , c; I ï f- ( I w , c, ? r:: ) C •:... 0 ·~ 4 •: l :J 



!S N 02 39 
ISN 024 0 
!SN 02(+1 
! SN 0242 
ISN 0243 
I SN 0244 
J :, N 0245 
1 SN....Jl24.o 
I SN 0 2 47 

ISN 0248 

LEVEL 2 ol 

. -
69 ;i F v: 1t,ATC32Xo'V.\. Q IA NC:::: C O VA <= I:, ,-1( [ tvtt. T...:' IX J F : : ..:f-F tr~1 ~-~rs •,//) 000C· 4 ':;l:. ·J 

I= O OOO C4"1?1.. 
C/!LL MAT~IT C SIGMAC , Mc , 55 ,1,I.I 11 ) 00 ü0 4 Ç4 '.,; 
,, ~ r T E < rw ,700> oooo<+ r:>r.:·:: 

7 CJ f-"L ~M ~T(lHl) 00004 9':' J 
11F IT E ( rw.701) OOOJ4 C 7J 

7 C 1 F CI< r-1 AT ( 4 l X , ' 'I' * 5 T A T I S T . I C S * * ' , / / / / ) 0 0 0 0 4 :;, ;~ .:, 
____ __wE_j l.E t h ' ,?0 2.J COQ04 '=' ' ·,,,_--· ______ _ 

70 2 FC ~ i'v'..AT (1 ox '' CdS ~P •• , 4x ,• Ct3SE I'.= •• ,7 x. . ' F=CSTDUAL ' ' s x. 'Tlr'l.c. 1 , 4x , ' F-' t-4! A' OOOO :-»ocu 

JAN 7 5 

[, , 4 X , ' L A "1 DA A ' , 4 X , ' PH I f, ' , 4 X , ' L A 11-1 r; h. 8 1 , 3 X , 1 W E: I G rl T ' , / , 1 0 X , ' NU f'.\ F; f:- ~ 1 • 4 0 0 ù 0 '.) O l r; 
f, X , ' V E C T r1 q ' , 2 0 X , ' S P AN ' • / / ) 0 0 (, 0 5 ll 2 '.) 

W J:. I T f: : ( I W , 7 0 3 ) C I , D ( l ) , V ( I ) , f) T ( 1 ) , i A F D ( I ) , A F 1\1 ( I ) , I AL i; { ! ) • AL M l l } , I B F C> 0 0 ü 0 5 (; 3 C 

MA I N OS / 360 FO~ TR AN H ~X T EN0E ~ D AT E 7 6 . ~ L 4/ll.l6o 03 

- ---- ---· -- - ------ -··--- - ----------· ·--- ··----- - --- - . -----

lSN 024 Si 

I SN 025 0 
I SN 0251 

ISN 02 52 

703 

704 

--~~1L_02o3 1os 
ISN 0254 
I SN 0 255 
I SN 025"> 
E ~J O? 5 7 
! SN 025b 
I S :-..J 025Ç 

700 

7 ( '7 

10d 

[, < 1 > , Er= r.. c r ) , r r; L D < r > , H L '"' < r > , w c r > , r =- 1 , L > e: o v o 5 o 4 û 
ïU ~MAT ( l 1 X , I 3 , 3 X • D 1 2 • 5 , 2 X , L' l 2 • 5 • 2 X , F 6 . ;:: • 2 X • I 2 • l X , F 5 • 2 • 2 X • I 2 , l X , F 5 . C IJ:.., 0 S 0 ~· :; 

r,2 . 2x .r 2 .1 x , r-~ . 2 . 2x . 12 , 1x, F'5 . 2 . 2x , F6 . 3 l o ooo506C 
wF-. IT f:. (l w ,7 04) _ . _ . C0005C. 7 0 
Fr~MAT{///,1 ox .· ~ESULTS FFCM THE Crll SQUAOE TEST FüF- NO ~M ALlTY OF COJ05GBO 

GD I S T PIOUT I ON OF THE P~S I DUALS ',//) 00 0050Ç0 
\\~ I T E ( I W ,7C 5 ) X2 000051 OC 
FC1' MAT(J1x,•c1-n SO UA i:;:: : •, F 1 2 . 5 ,//) 000051_.LQ 
WF-iTE ( t w , 70 1) ) DF 0 0005 1 20 
Fc.S~ MAT C 23X , 1 0E:.GGCE S OF FPCEDOM : •, Ft> . 2 ,//) 00005130 
wFITF. (I w~707 ) PCH I 2 C0005 14 ') 
1 ' .,. t. T ( l ".°' X , ' r> - _, ~ ;:. 1·_, I L I -:-· Y f - C c, :, U : M,.:. _ l T Y ; ' , F 7 • 4 , 2 X , ' , :i :... " _CE. i'' T 1 , / /) J û 1.. -J:;.. l :,) v 
WF-ITE ( I W,7 08 ) I ~R 00005 1 (.,0 
F(.R M AT {l tx. · ~r.-Pr.Jl~ I ND=.x I N C GNNEC.T lON ',/.17 X ,'\#dTH S U :-J ~OUT!Né *C DT 00005 1 7C 

t;. f.' +- ; ' • I 2 , / / / l 0 û C;; : l ('. C 
___ ;, J'l.___J,.2 t WLLLE.Ll L L0_ 2 l . QQ. 51..~· ~' -------

I SN 0261 709 FC~MAT {l OX. ' kESULTS F R OM C ORREL ATI ON T ES T ~ ETW~EN U P LIFTS A ND H E I G00005;::oo 

!SN 0 26 2 
I S~~ 026 3 
I SN 0264 
I SN 0 265 
I SN 0266 

710 

7 11 

, _ __l_5_N_.Q2 6 l 7 l 2 

[, t n S CF TH E ARE A' t / /) 0 0 0 0 5 2 l 0 
'11~ IT E ( I w ,710) RHO 00005220 
FCr,;:'-IAT (l 2X. ' CORF.ELAT I O~ COE.E.F_lCIE NLl.~HOJ: ', F7 • . 5 ,//l - · _____ 00 0052.30 
wr;r TE ( IW,711) qHo2 00 0052 4 0 
FC R MA T( 31X, ' RHO SQUAPE : •, F?.5 ,///) OOC 05250 
wF=tTt:: cr w . 712) T,AN.SP~ .I ER l 00 0052(> 0 
~'1AIC27X...._.!_H-ST FCR TH~ HY P OTttF$I S : R l-J O= O' Ll.Lt2.l2<....t... ' 0UANT .ITY T = O.Q.QQ.52..1...Q 

& ', F 9 . s ,•. GY CO MPAR I NG IT AGAINST •,//,21 x .• sTUD~NIS T FOR •, F6 . 2 ,' 0000 5280 
[, f[GRLES OF F~EEDDM , WE ' 1 //, 2 1X, 1 GCT PR08ABILITY FOR ACCEPTING TH E 0 0005290 
[, l\.ULL HYPO- ' ,//, 2 1X.•THES IS EQU AL T O ', F8 . 4 .' D ER CCNT .• ,//, 2 1x,• :: 0000 5300 
& R~Oh I ND~X I N CONNE CTI ON WI TH SUERSUTIN E •3IUCN T* : '1131//,21 X ,'{ 0000~3 1 0 
&NCT[ TH~T FOR DE GF EES CF F~EEDOM GREATE~ THAN 11 0 1 ,//, 21X , 'THE OUA00005320 
GNTITY T I S COMPAR E D AGA INST TH E NO R MAL DISTRIBUTION )',//) 00005330 

ISN 0268 W~ IT E ( I W ,71 3 ) 0000 53 40 
__ _ ___LSN___.Q2_69 713 FC :8.M..AT ( 1 H l ) 0 5350 

ISN 027ù W~!TE:. (I W .714) 000053t:O 
I SN 0271 714 FC ~ MAT ( 35X 1' ** PRE DI C T I 0 N S * * ',////) 00005370 
!SN 0272 W~ ITE:< IW,715) 0000 5.?bO 
!SN 0273 __ 715 F C.-U•' AT(lC'X1'PREDICTJON 1 1 3X 1'L 0 CA T I 0 N _•, 3x , 'C OMPUTED U=>LJFT',000 0539') 

& 2x. ' S TA NDARD DEVIATION' ,/.1 2X, ' NUMBER 1 ,4x,•p H l't3X.•L AM D A',/ 000 0540 0 
&/) 00 0054 10 

ISN 0274 W F l T E ( I W , 7 1 6 ) ( I , I P F D ( I ) , P F M ( I ) , I PL D { l ) , PL M ( l ) , P { l ) , S l G t"l A P ( l ) , 1 = 1 0 0 0 0 5 4 2 0 
______________ __&_._.12..E D ü_0....~5~4~3~0....._ _ ____ _ 

I SN 0275 716 FC R/\1A TC1::x,13,5x.r 2 .1 x .F s . 2 . 2x .1 2,1x, F 5 . 2 , 3x , 0 1 2 . s ,1x, L) 12. 5 > 00005440 
!SN 0276 I f-(SU'3CTP . E:.Q ol) CALL DFdVCf? (IPFD , PFM ,! PLO , PLA.1 , P , SIGMAP.IPRD ,SOR T, OOC0 5 445 

I SN 027 3 
1 51-..J 0 2 7 9 7 17 

& F-f COPC , :S TEP,CONINT) Cü00544-, 
v;FII!:: ( I.V,717) 000054::::0 
FC P'-i\ flT(lH l) OOO C' 54(0 



tSN 02b0 
I SN 02t; l 
!SN 0282 

9 =10 C l N TI >JU ::: 
S T1P 
n.D 

------------------" ~~---~---

0 •) c (. ::_ 1. 7 c 
0 00 0t': 4 F:( 
00 0 0~4 -~ C 

(<Q PT ICl\:S lt-1 F.F f-é:CT*NM~'.:: { "1A I N I CP TJ MI?f. ( 2 ) L! N '.'" C Q Ul\; T( 60 ) S I Z ':: ( MAX ) AU TQO;jL ( r.!.J~IE ) 

t: CPT I U l\;S HJ E::l·T :-: CT* Scu ,.:. c=: f--3CDIC NCL I ST NOD~ C!< QE-, J E::C T 1',Qr-1,.'.\P 'J 1 JF,J f<MAT G0'3T .. \ T l';Uxr,::~F 1- L C 1"L/\1" ~F l'lC..T 1 >; ~1 N:.:..... f= L 

----- -----·-- --------··· ---
*STATIS T ICS"' SOUMCE STATEM~NTS = 28 1• ~PüGQAM S l l~ = 3824 4 6 , s u ~r~C G~AM NA ~ E = ~_,A I l'i 

*STAT I STICS:;. NO D I AGNCST I CS CENE~ATE:D 

****•* [ N ~ OF COMP I LAT I ON ****** 40K O Y T ~ S Cf- C O~~ NOT use~ 

... __ u : ... VE.L-2 ... 1 _ _ _( _-.JAN J5 _J.. _____________ _ OS /3 60 L.J..h..IF<MJ H f- X TfND <'- J 0 A I ::- 7 ë . _-3 t· 4 I 1 l • l 6 • ~ _J_ __ _ 

~COUESTED OFTICNS : 0PT=2 . ~CMAP , NCX~=F , ~O T E~MINAL 

OPTIONS lt-. :::t=FECT : .~AMUMA l N ) OPT ! MIZF ( 2 } l_ I NE:CCUN TC bO } s r z:::CM.AX ) A U TODo L( N0NE ) 

ISN 0CC2 

!SN 0003 
ISN 0004 
I SN C005 

c 
(. 

c 
c 
c 

SOURC::: EBCD I C NOL JST NOù!:CK 03 J ECT N0 .. 1A P m1FORf\1AT GtJSTM T t'< O x ;:;r::--=- A L C Nl·A NSF N C' T[R .\1! t-J ~L FL 

SUB R C U TI~E CRU~ O V ( L . lPPD . N . ~ IM.I OP , oF . O L .I NG:x2 .1 "JOE~3 .I NOEX 4. T l O ü0 05500 
l , DHT l 1 T2 , D HT 2 , __ [ŒD , AF t:L_Ab Q , ALM , BFO , !3f/v . .L.!;2~Ll:'.LLPF-'D , PF M, PLG , P~, W, NP 0 OO Q..5_")~_._l~0~--------
2 C , F , SU MC , S I G f'AA F , C , V F 6. C , ~ l G rv t-- C , D , V , 0 T , X 2 , [) t= • PC 1 ~ I 2 • I ~ f< , ,_, H u , K t' 0 2 , T • ;:. "J 0 0 0 0 S ~ 2 C 
3 • P • S 1 G MA P , X Y FR , X Y S , ALP HA , MC , I \'.' , S F -:> , I t:: K 1 ) 0 0 0 0 5 5 3 v 

OOCC'S "> 4C "): , .. ~ * l ~ t · >,..; ~( :"" ~· *;.;::: :se:. :t..: ~:. ~:-· y• >'. 7,- .,; l • . ~- ;:-: ~~ * * * * ~ ~': * * ~':: 'tl 7~ ~ -=. ~ ~ *' * ~: "!'.( -,C ~ * :"":' :-: !/ ; ; i:: ~·r 'r . c >;. ~· ! ': "/ ~ 't -t :- ... lS ; : :;..: , ·:. ""~ C ~. J : -~ :_. :;_., C 

* * * 

SUS~D UT I N~ C ~ UMOV 
TH I S SUHPOUT I N~ I S PAR T OF T H E MA I N PRO G~ AM AN D J T I S 
U SED O~L~ FO~ ~F AL T I ME D I ~~~~ I Q ~ING ~E~SON S 

*COO S'.:·t. O 
•OOO 5:, 7 0 
-t::~ ·: ~ · )~ r_•lJ 

_c._ ·---*-- --·--- ------ ---- * QJl.<J=..5S:..o.... ______ _ 
c *****•***********•********************•**•*~************~~*** * * •** *•00005 ~ 00 
c 0000 5t l 0 

I~PLIC I T REAL* R{A- H, 0- Z} 000 05 t?0 
C 0 M MC N / Cl L 0 C K l / M _ . -- -- .. . _ _ __ _ C 0 0 .J ~ 6 3 0 
0 I M [t\JS i Co N T 1 ( l l , DH Tl ( L ) • T 2 ( L ) , D HT 2 ( L) • A F D ( L ) , A F IV { L ) , A LD ( L) , A L M ( L ) , 0 0 0 0 C:: (. 4 ü 

1 B F D { L ) , ô Ff\.I ( L ) , ~ L D { L ) , tl L M ( L ) , PF 0 { I PR D ) , o FM ( I P Q D ) , 1=--'L C ( I PP. D ) , F L M ( I P :< D 0 G C 0 5 f 5 fJ 
2 ) • w { L ~ • F { M ) • su MC r M ) • c ( M ) • s I G ~ t> c ( tv c. M ) ' r · ( L ) • V ( L ) • DT ( L ) • p ( I p f: D ) • 5 1 GM 0 c Ci 0 !: t_, t 0 

___________ 3.A EJ.. ..lERD ..... L .... X.YE.EJ ~X YS C M ) • ALPHA LM.C.......t ·~li Hl.i11 QQ'.15 b 7.!]_ ____ _ 
C 0005Lt~ù c 

c 
c 

· ~ - CO~PUTES OrlSEKVATION V~CTOR D (U NI T S AR E CM PE~ CENTU~ Y) • •• oco..:~. t,ç, o 

OOC0 5 7C O 
I SN 0 0 0 6 1 F { I ND EX 3 • E.. 0 • 0 ) G 0 . T 0 5 7 
ISN 0008 DO 56 I=l , L 
ISN 0009 OHTl(!)=CHT l( I) * 0•3043DO 
ISN COlO DHT2CI J =DHT2( I )* 0• 304800 

. .0 00057 1 (, 
000057 20 
O OC05730 
00005740 

___ ..l_S.N_O...Ql_ 56 C O.N.I..l~..U'.:. ____________________ ____,,,_,,.._nil.5.7-5lL.._ ____ _ 
ISN 0012 5 7 C CNT iNU ~ 
ISN 001 3 
ISN 0014 
lS N 00 1 5 
!SN 0(; 1 6 
l SN 00 17 
I SN 001 8 

___ l ~L.....Orl <.L... 
1 SN 0020 
ISN C02 1 
ISl'' 00.é? 
! S~ C0 2J 
: _ _,('! 0 ù:.... '• 

O O 4 5 I = l, L 
DT( l )=T2 { I ) -Tl ( I ) 
0 ! I } = ~) H T 2 ( I ) - D HT 1 ( l ) 
D( l >=D{ l l * l 0 00000 
0; I I =D ( I) ID T (I ) 
Tl ( I ) = ( ù HT 1 ( I} +D HT 2 ( 1 ) ) / 2 D O 

45 COHJ. I r-'>J. u::. __ 
OC 100 I ==1 ,L 
AL 1) ( T } = ( CL - ( ( A L D { I ) * 6 0 0 0 ) + AL "" ( I ) ) ) / 0 D 0 
.AFD CI) = (((AF D ( I } *nODO )+ AFt-'.CIP-8F)/ OD'J 
l.~L :Y ( I ) = ( CL - { ( 1"1 L C ( l ) '- ô 0 D () ) t :J l V ( l ) } ) / C 0 0 
Ut•") ( I ) -~ ( \ ( lk D ( I l * o Q D 0 ) + : 1 F M ( l ) ) - n F > / () t FJ 

0 000~7(' 0 
00005770 
000 0 57 80 
OOC05790 
000 05800 
000 05~ 10 
O G005El20 

________________ ____o_.o Q Q5 b 3.Q __ 

0000 5~(' 0 
0000 5850 
OJ0 05H. O 
C'OOü5 e 7C 
0 0 0 '.)') :11' 0 



- ------------
ISN C025 
!SN 00 26 
ISN 0027 
ISN 0026 
ISN 00 29 

1 G:) 

1 05 
c 
c 

CCNTINU ::: 
DC l 05 I =l , I P R D 
PLD ( l) = ( OL-( ( D LD( I )* 60CO )+ PL"I{ I)} )/1 ODO 
F' F D ( r ) = ( ( ( P F C ( l ) +,_;, 0 D 0 ) + P F 1-1 ( I ) ) - 0 F } / l 0 ~ 0 
C CN TI 'J Uf: 

• •• t- CJ:::'\1S WEI GHT V E CT O;:< 

ooor;5;::.-,.c 
0 0 0 0 5 ç. c (' 
000')5 9 1 ~ 

00Gù5S-2C 
OOGC5C..:<O 
0 000:;,-;.o C· 
co oo~,9"'0 

---- ----·- -·------- -- ---- -----·------------------'"--><.· ~o; y .t.:...Q. ___ . 
l SN 0030 
I SN 0032 

1_EVEL 2.1 

I SN C023 
IS N 0034 
I s~~ 0035 
I SN C036 
I SN C037 
I SN 00~
I SN 0040 
ISN G04 1 
ISN 0042 

c 
c 
c 
c 

JA N 7 5 

Ir' ( I N ù é X 4 • ~ 0 • 0 ) GG T 0 1 1 1 
FAC =6 .2 5rJO 

••• FAC r s TH E PAT I O BE TW[EN ACTUAL AN D IN P UT STAND A ~ü I SED WE lGHTS 
KM P~~ MM SQUA P~D ) TIM~S 1 0 0. 

coo o5c 7 c 
0 0 005oe •) 
GOJ 05·:il90 
OOO C6 CCJ 
0 0 0060 l f) 

OOOObC?.C 

----- -------------
CRUM GV OS / 360 FQOTPAN H ~ XT ~NLI~ ~ DAH 7 é . 3t· 4 /ll.1 6 . L~ 

Q=DC OS ( 2 . 909D-4 *0F) 00 00 6030 
DC 110 I=l oL _ __ _ __ -· . . COJ06040 
A= Q * ( d L D ( I ) - AL () ( I ) ) 0 0 1J 0 6 0 5 0 
B=BFD ( Il -AFD ( I) C OC 06C60 
S= l e . 532DO* DSO R TCA*A+B*B) 00 0060 70 

-----~i.~F-~<~S~·~l;._Q_ !...Q_I) 0 ) $ = 0 • l DO 0 0 0 O_Q_Q.e_Q_. ____ _ 

c 
c 
c 
c 

110 
l 1 1 

W ( I ) = vl( I ) ..;. FA Or DT ( I ) *D T ( I ) * 0 • 5 0-4 / S 0 J 0 8 t. ~) 9 0 
CCNT !N U~ 0 000b l OO 
CCNT I "lUF OOCOf, 110 

••• FGRMS DESIGN MA T R IX 8 OF THE ~ODEL AND MATq rx XYPk FOF 
TH ~ ?~EDICT I ONS (XYP ~ •C=P ) ••• 

c. ... c...:ti 1 <: 1.. 
o ü00t. i .:;o 
0Cù0t: l 4ù 
C.ù C)t 1 ~,J 

I s N 0 iL'L3 ______ ____c.AL LJ:l.ELE L L.J..t:L. ..IEB D 1 ID p 1 M l M 1 X y e ELt..A.1-.D • A F D. 1 t3 L D 1 a F (.LJ_E L D 1 p F D } Q.Q.O D 6.l~f~0~---
00006170 

!SN 00t+4 

ISN 0045 
ISt\! 0047 

.1 SN 0048 

c 
c 
c 

-- _c 

c 
r:.
c 

••• COMPU TATION S FOR THE LEAST SQuARES SOLUTI O~ OO OOf l eO 
OF THE MODEL B*C=D ••~ 0 0 006 1 90 

_ ~---·-- -- -- ---- _ . _ COO OG2CO 
CAL L 0 R T HO ( L , 1 D 0 , MC , S I G M A F , V F A C , N P C , I ND t: X 2 , V , S I G M A C , D , W , C , A L P 0 0 0 0 t , ? 1 'J 

&HA. F , S UMC, DHT 2, 0 HT1, !W) OO •J06ê20 
OO OUL2Jv 

• •• IF ALI FOURI ER COEF F ICIENTS DISCAFTEO RE TUPN •• ..._ Q_QiJ.Qo2!UL_ __ _ 
OOOUf- 250 

IF(NPC.GT.0) G O T O 244 0 000c2f0 
RETURN C000é27C 

___ .2 .44 CCNT ! N U :: -- _ _ __ --· .... - - . 000062[;0 
c 00006290 
C ••• COMPUT~S PREDICTED VALUES OF UPLIFT ••• 0000 6300 
c 00 0063 10 

1 SN 0 0 4 q RF W I _i1Q_6_3_2~0~------
! SN 0050 DO 245K=l • IPRD 0000b330 
I SN 0051 READ ( 1 )XYPR 000 063 40 
ISN 0052 P(Kl=O.DO 0 000b350 

- ISN 0053 ______ ,, _ __ ___ __ SIGMAP { K)=O.DO ----- -·· ·-- -· - ·---- .. _ _ __ oooot:.:to 
!SN 0054 DO 245.J=l .M 000 063 70 
I SN 0055 P( K ) =P (K)+XYPR{.J) 00 006380 

X *C CJ) 00 006390 
___ _l..5lL..0.0.5'., XY.5.LJ) =O. D.Q.__ .0.0il.~ ------

I SN 0057 DJ 230 1 ::.:1 ,M 000064 1 0 
ISN 0058 XYS(J}=XYS(J )+XYP 0000 64?0 

I S N 00:,9 
! SN 0 Ot, C 

X M. ( I ) * S I GM AC ( l , J ) 0 ù 0 ü 1» 4 3 0 
230 CC't-TI'\JLE 0000 5 "<i0 

c: I G r-1 6. 1 .> ( t<.. } -:: S 1 r; M A P ( 0 0 0 0 t t • : ') 



lS N 0061 

ISN 0062 

ISN C063 
ISN 0064 

c 

~ KJ+~ YS( J J ~ XY~ ~ \J) 
245 CONT INUE 

J00~-.-~6 0 
C-00064 70 
00006480 

. c.. __ . -- • • • CJ:H. SQUARE. TES.L. FOR._ NORi'\1.ALl..I.L DE .. D l.S.TRlBU.J 1 Q.N... D E. HE.S I DUAL5- • .•- • - 0000 64 9Q ________ _ _ 
c 

CALL CHI2CL1X21DF,PCHI2,DENS1IER,V,DHTl) 

~ • • • cap RE l A T I 0 N TF s T BE T w E ;= N 1 IP L I E T s A ND li.El..G H T s a F I HE. 
c 

DO ~ 10 I = l , L 
12( I )=D( I>-VC I) 

00006500 
OIJ OOb5 10 
0 000652 0 

AREA •• • 000065_..._.._ ______ _ 
C000654 0 
0 000655 0 
OOC065o0 

I SN. 0065 ______ 51 0 CC NT INUE _ _ -·- _ _ -- ---·--- OOC06570. ... ---
I SN 00 66 

c 
I S f'l OC67 

_[VEL • 1 JAN 7 5 ) 

ISN 0068 

CALL CORl (L1 RH01RHp21 T1AN,T 2, 1,W, SPR , lERl )_ 

RF:TUP.N 

CRUMOV OS /3 60 FOP.TRAN H EXTF.N~ED 

END 

0000656 0 
0000659 0 
00006f'.>OO 

D AT ~ 7 6 . 364/11.16. 33 

C00066 10 

0PTI ONS IN E FF ECT~NAME ( MAIN ) CPTIMIZ E (2) LINE C nU NT(60) S IZ E (MAX) AUTODBL CN ONE ) 

J.F'.T IONS IN EffECT*SOVf=<Ç r= EBC..Qj_Ç NOL I S T NQQ F CK OA J EC T NOMAP NOF03MAT GOSPH t"CJX1'E F ALC NO ANSF Nt.JTER :-1INAL FJ....8-

STATISTICS* SQURCE STATEMENTS = 6 7, PROGRAM S ilc = 3444 , S U~PRüG~ AM ~AME =CRUMOV 

SïATISTICS* NO DIAGNOSTICS (ENEFATED _ 

'* :t ~,,., * E NO C' F CC 1~ FI LAT I C î J "' li' * ~ ~' * eaK H YTE:.S OF CGPE NJT USED 

:..E:.VE L 2. 1 JA N 7 '.:S OS /.360 ro ~- r 1. -. r ~ d -:- x1 :::.1-. <:.: _.) -AT~ - . :~~ /l! ol : o * 7 

~OüES TEU OPTICNS ! O PT=2 . ~C~AP , NOXR~F,NOT ER MINAL 
-·. . ... --- ..... _ .... . 

PTIONS IN EFFE:.CT: NA~E(MA I N ) CPTIMIZE ( 2 ) LINEC OUNT(COl SIZE ( MAX ) AUTGDG L(NQN~ ) 
SGURCE EBCD IC NOLIST NOD~ CK 03 J ECT NOMAP NOF UqM AT GOS TMT N~X~~F ALC NGANSF NU T E QMIN~L F L~ 

_LSH_L._Q,~0.,...2....._ ___ _ --5.i.1 BR 0 U T l 1\ E S ~A C l'i , rv'. C , I D P , C , X t , Y F , F I X , N f-' I X , F I X S Tf) , S t-1 I F T , Y A 3 ;: , I !'ill1:__Q 0 Q Q 6 62....._ ______ _ 

! SN 0003 
I SN 0 00 4 
I SN C005 

_ LS'L C o_o w.6 __ _ 
ISN C007 
ISN C008 
IS'.'j 0 010 
I SN Cüll 
I ~'i C ù 1 ~ 

&Xl. '1t~1 . ws . xvFIX,::> I GMAC . SIG~AR) 00006f30 
C 00006A 4 0 
C ****•*** **********~***~•****=** ***** * ***• • *~***********~*~*~**~*~***O~VIJ6F50 
c * >!:QQ006660 
c * su~~OUT I NE:. SHIFTA *00006670 
C * THIS SUBRCUTINE ~AS DE S IG NED T8 I~CO~PO~~TE TID ~ GAUGES *COOOcb~C 
C * READ I NGS TC THE COt-'FUT':: D CFUSTAL UPLIFTS . I T ~E TU Rt-..S or- 11= "0ùv06"'90 

:t- 'LàL.U r::- fCJP S.lil.E..L_A.hü I T 5 'LAEl_t.,~4CF V ê c S • . ~il.0.67. ~·--------( * *ü00 •)A7 10 
c **.*** *************•**************~* * ~~~~******** * ****•****** * ***•*"0000~ 720 
c 00~0~730 

l ~P LICIT RE AL*B CA- H , C-Z) OOSJ= 740 
C0."1lv'.ON / 8LQ CK 1 /Ml-' l.' c '.) ') IJ 7 5 c 
[; I ~-1 E f\S l C: 1\ 1\ ( M I M ) , C ( 1-1 r.· ) , )c F ( t-. F IX ) , Y F ( NF T X ) , F l X ( NF l X ) , F I X ST[' ( NF 1 X ) , C. _:; ~ '.) c. l c ü 

r, X Y F ! X ( M l"1 ) , ·.~ ~ ( NF I X ) , SI G M AC ( '-1 C , M"' ) , S I ·:i \1 4 -:.\ ( !'. r::- I X ) C J . .:, .; h 7 7 0 
__ _.I__t..D EX 1 =: 0 _____________ ------------- Q_,) 0 •}LlE~~------· 

DC 60 I=l , l\F I X CC00 ~7 Ç O 
IF-CFIXSTD ( l). f:' () . ODO) GO TO 8 1 C0 .)')6bù0 

ao CC.\JTINU~ OOl.· )o>' l '.) 
GC TO 82 C )1.,'.:; t.f é.O 

;~ i I ~ 1) : >< 1 = I ~ 1 r) ) - ~ · • ? '.: 



-
l SN 0 0 1 3 8 2 C C NT I N U ~:. C.. 0 0 ·.; t . ') 4 _; 
! S N 0 0 1 4 I !'-= I DP + 1 C 0 C 0 é. '-' ~ G 
I S N 0 0 1 5 0 C' 2 1 I = 1 • I\; F I X C' 0 'J 'J f · ~ f- ·J 
! S"-1 00 1 6 M=O 000 0tt 7 0 
I SN 0 0 17 L =O 000 0A~[Q 
l SN 0 0 1 8 OC• 20 J = l· I N CJ COri~~~o 
I S N C 0 1 9 D C 2 C K = l.I N Oùùc;690J 

____ LSN __ _Q Q2JJ T F_J _J__. c_Q__._l_ . A NC_!_~•r:::c .1> GO TC 1 0 OQGO"'> '?_l'.) ___ _ 
I S ~-< 0 0 é: 2 I f ( N ( L } • ~ •J • 0 ) G 0 T 0 l 0 0 0 0 0 t.. c ?. u 
I S N C0 2 4 M="'l+ l O J CO f·S3 0 
!SN 0 0 .::5 I re J- 1 . :::o . o l G C T O 30 C'O Oôt940 
I SI'~ O Oé. 7 IF< K - 1 . EC . Q ) G C T O 40 000 0695 0 
I S N 0 0 2 9 I f( I • L := • t-.. F I X ) X YF I X ( M ) = X F ( 1 ) "'* ( J- 1 ) * Y F { I ) * * ( K - 1 } 0 CH.: 0 h c t-_. 0 
I SN C OJl GC T O 1 0 OO O 'JhS'-7U 
I SN 0 032 30 I f ( I . L E . 1' F IX ) XY F IX ( M } = Y F { I> "' * CK-1) 00 0û t:9 n0 

__ __lSN_ _CQ.3.-.+ ___GC _ _Iil_lC ____ _ __ 0Q(,Oüü_ 

IS N 003 5 4 0 I F ( I. LE. . NF IX l XY F I X ( M ) = X F ( I) **( J-1) O~C •J 7 0CO 
I SN Ou:3. 7 1 0 L =L+ l 0 00J 7 0 l o.J 
I SN C038 20 CON TI "JU':: 0 0 00 7C 2C 
I S r~ C 0 3 9 X F ( I } = 0 0 0 C 0 0 0 7 0 J ù 
I S N 0 0 4 0 S 1 G M A o { I ) = 0 D 0 - . . - 0 J C u 7 0 t~ 0 
I SN C04 1 D O 50 J = l ,MM OJ OQ 7 0 "'0 
! S N C0 4 2 X F C I) =Xr CI H · XYFIX (J) * C(J ) coc :-)7 0 t:: O 

__ __l_.S_tL c 0 4 3 __xc:.__l G M AS:_ l I ) = s I GM A F ( .LL+ X YF I X ( Jj_ *X y FI X { J) * s I GM A ç ( J' J) V 0 0 0 7 o-ro 
! S N 00 44 ::)0 C ON Tl"J U'.: COOJ70 b0 
I SN 0 04 5 2 1 C ON TI NU:: 00 00 7 C'10 
l SN 0 0 4 6 Of: ô 0 I<: -= 1 • N.- I X 0 8 0 0 7 1 0 0 
l St~ 'J C 4 7 _ Y f- ( K. ) = t- l X. ( K. J - X F { K ) _ . __ _ _ _ _ C.. v C ·.J 71 1 -'.: 
l SN 0048 6 0 CLNTINU r:: G :)C0 7 1 20 
IS N 0 04 9 IF( I l\DEX l. E0 . 0 ) GO T O 90 0 000 7 1 30 
I SN COSl SH I F T =YF (IN DEX l) O OQ: 7 J t~C 

LE VE L 2.! J AN 75 SHI F TA QS /3 6 0 FoR T ~ AN H E XT ENO ED D AT E 7 6 . 3 6 ~ /llol 6 e4 7 

!SN C052 ·------ _ VARS=S I GMAR ( JNDEXl ) _ -----·- -- ,--·-···-·-· _ _ _ _ -- - ·-· 0 0 0 ù 71 5 0 
IS N 0 0 5 3 G O TC l O C . 000 0 71 6 0 
I S"J C 054 90 CC NT I N U E 0 ~0 0 717 0 
I SN 0 055 SUMWS=OD O 000 0 71 .':> ù 
i S N C 0 ~ 6 T F M P 5=:..0 0 0 QJ} Qll_SLQ__ __ . __ 

I SN 005 7 TVA PS=OOO COCC 7 ?C O 
I SN C 05 8 AFIX =DF L CAT CNF I X ) G OC 0 7 2 1 0 
I SN C 0 5 9 DO 7 0 K = 1 • NF I X C 0 0 0 7 2 2 0 

. ISN C06 0 - -------- tNS CK )=l D O/( (FLXS T D .( K ) * -* 2.J+.S.. l.GM.AR CKJ.J ______ - - -- ·-··-·--. __ - .. ····- ·-·--·-·-- 0 0 0 0 7 230 _ _ 
I SN C 0 6 1 T EMP S = T EMP S+YF CK ) * WS( K ) O OG0 7 240 
I SN C0 6 2 SUM~ S=S U Ml<I S+ w S ( K } 00 0 0 7 2 5 0 
! S N COé 3 7 0 C ON TI N U E 0 000 7 2 t 0 

_ __.I.S.N_Q_Qo.4 S H1 E.l=-If.Jv'J?..S./_.5_UM · _ 0 O.iLQ.72...Z~------
I S N C06 5 I F ( Nr= I X.GT. l) GO TO 5 000 0 7 2t30 
!SN 006 7 V ARS=F IX STC ClH<F IXSTD(l) OOC0 7 29 0 
I S N 0 0 68 RE TU RN 00 00 7 300 
! SN 006 9 ___ 5 __ D O 2 00 K= l ,NF I X _ _ ___ •... . __ . ·-- --- --- OOG Q7 3 1 0 
ISN 0070 T VARS= TV ARS +(Y F (K ) -SH I F T) * (Y F { K )-S HIFTl *WS ( K) 0 0 00732 0 
I SN C07 l 2 00 CONTlNUE 00 0 07 33 0 
lSN 0072 VARS=TV A RS /( ( AF IX-l DO ) *SUM'N S ) 00 00 7 3 40 

. ----1..S~"ll_ilfil 3 1 O Q _ ___BE.I . ..UBN___ ____ QQ..13 51L_ _ _ __ _ 

ISN 0074 END 000 0 73 6 0 

*OPTI ON S I N EF F E CT *NAME(MAIN l OPTIM ILE C2 ) LI NECO UN T ( 6 0 ) S I ZE C ~ ~ X ) AUT OD3L ( N ONE ) 

7(_1PT IUN .S IN E:FF~cr ... soui-cr::. CHC )! Ç r,:r-L IST Nr! f:;" (I< D8 J [ CT N•JMA•· ~J1:.;:-rpr-.1A T G f lSTMT ~ J uxr<~t- AL C r. r Af\./ S F f'"Tf-T\il t l\J .\ L Tl 



- -- ---- - -------- --· 
*ST.ATIST ICS* ~OU ~CE STAT EMCN TS = 7 3 . PFOGR ~ ~ s r z= = L , c, _... SU ,JPR C,, C' Al\.I I· A "-~ :'" ~s iil r T t. 

•STATISTICS* NO D!AG~C STIC S GENE~ATE8 

*~•** END OF COM 0 1L.ATIC N ***~** 96K GYT ES CF cr ~r NCT US[D 

__ LE._VE.L-2.... L---L-.J AN~~~-------- OS I 3 6 a E- '"l F IF• A:-4 .. l:L-Sil L~D_f:_.i_ ___ _ rA~~ 76., ~ 6~11.l6a5 Y 

;:;: E QUE5 TEI) OPT I ONS ! OP T=2,f\i 0"'1AP , NCX:;FF , NQTE RMINAL 

O?T!ONS lN EFFlCT : NAM~ C M AINJ J PT I MIZ E ( 2 ) LI NECO UNTC EO } S I ZE CMAX J AUTJDa L(NO~E J 
SOU RC~ E5CD I C NOL l ST NODECK OB J E C! ~OMAP NCFOçM AT GOS TMT N ~X~FF ALC N0ANS ~ N ~ T ~RM!NAL F L 

I SN OC02 SU9~CUTI~C OR THO ( N, S I GMA . MFD , S I GMAF .V FC . ~PC .I NDEx .v. su~o .F,wOJ0 0 7 J 70 
________ - - -------L-A D • A.LE . .Hà , ___ C....S L! r.·, C , S CL.. c; I D P , l:t._1_ __ .OJ~l~0~0_7~',~B~ll~----

C TH I S suePOUTINE C~ T ~ ~ GON.AL IZ ES TH E M~TO J X PHI US I~ G TH E G~A M- SCHM I OT 000073SO 
C 1-A ~ T H L: [ , COMPUTES Tl-\t-. FOUf:' I E ~ CfJEFF ICl ::: NTS CJ F THë CRTH•GO~Jl\L l ZED fv' AT c; !X 0000 7 400 
C D~RIVLS THF COfFF IC! f NTS CF PHI ,C OMPU TES 7H~ VAQIANCES OF TH F FüU ~ I E C 00 00 7410 
C COEFF I C!f::NTS AND T HC Vl>. R l AN CE. -C OVA R I ANC.E ."1 ATR ! X UF TH = COt:.FF lCI EN TS C000 74 20 
C I NPU TS : 0000 7 430 
C l. PH l( OPT I ONA L - COULO BE FUNCTICN SUOPROG~ A M I NS T ~AO J - AN N BY M 00007440 
C CONTAlNING TH E F3ASE FUl'JCT!ONS EVALUATEO FOP FA CH OBSER VAIIOt'-J 000 0 74 ~C 

_____ __2 • N - IJ-L _l":!.U .. ~'.iB.E R OF CBSEP VAT l ..OH _QQOC 746Q 
c :; . M - T H r r ~UM R ff:: OF BASE FUNCTJONS ( EOU AL OR GFé AT C::~ TH AN 2 ) 0 000 747 0 
C 4 , ~ - A VECTOR CF LENGTH N CO~TA!NiNG THE COMPUTED WEIGHT FU NCTIONSC 0007 4 80 
C 5 , F - FUNCTIONAL VALUfS 000074~0 
c c. . ::::.r <>~ t. - IHE A p : 1c 1 l v;,r:.. r A~C ._ f-7 / •• ::.T.Ui· L Jü J 7 5 C., 
c 7 . NRG - I l-E MAXIf>.'. UM RCJW DIMENS ION OF PHI OOCQ7C:. ] Q 
C e . MRD - TH E MAXIMUM C CLU~N DIMENSION OF PHI 00007520 
C 9. I NDEX - PERMI TS OPTI ONAL TEST FOC STAT I S TI CAL SIG N !FI C A ~C= C00 C 7 ~3 ~ 

__QE___EQu..f_J_EB__C0..E..E.E.l..C Jl'=NJS U-"-L _Q_QQ:z.:ï.iL~------
c IF o . STAT I S TI CAL TEST FOR FCU~!=R CuEFF I C I ENTS AS AN DON ED 0 000 7 ~50 
C I F l , TESTS AG AI NST ONE TIME ITS S TA NDARD DE VIATION 000075c0 
C IF 2,TESTS AGAI NST T WI CE. ITS ST.DE VIATI ON 000 0 7 5 7 0 
C IF 3.TESTS AG AINST JHRELT1ME S _lTS ST .. DEVIAT10.N __ 0000 7 580 
c 1 0 • I ~ - vm IT E c 0 DE 0 F T H E' c 0 M pu T E R 0 0 0 0 7 :: <;, () 
C OUTPUTS : 0000 7 000 
C 1. ALPHA - AN M~D BY M MATR !X CON TAI NitJG TH E AL PHA ' S USED IN COMPUTICJ 0 0 7 6 1 0 

..I.!:::iE_OB..Ll:iLHilltl.A L I Z ED MAT R IX AN Q___LJ-j _Q}t.~ PUI IN G THE C 0 E f f l C I E N T~..Q. li.2....,__ _____ _ 
C 2. C - TH~ M FOURIE R COEFF ICI E~TS GF THE ORTHOGONALIZED MATR l X 0 0 00 7 630 
C 3. D - TH E M COEFFIC I ENTS OF TH E ! ~P UT MAT R !X PH I 00007b 40 
c 4 . su~c - THE VARIANCES CF THE FOU~ I Eq COEFFICI EN T S 000 0 7 6~0 
C. _5o..5UMD - THE VARIANCE-COVARIANCE MATRlX Of T HE _COCF FI.CJENTS __ -·---· J)0 0J 7ot0 
C 6. SC2 - T HE SQUARES OF THE NORMS OF T H~ OQTrlGGONALIZ[ D MA TP IX 0 00076 70 
C 7. SIGMAF - TH E FOURIER POLYNOMIAL A P OST EOR I V AR IAN C ~ FACTO R 00 007680 
C e . V - THE N RES I DUALS 00 00 7 é~O 
.C 9. VFC - TH E OR I GINAL POLYNDMIAL_A_E_QS.I.E.OB~AR I ANCE FACTO R O OQ.0..~7~7~0~0~------
C 10 . NP C - NUMBER OF THE COEFF ICI EN T S OF TH E OR I G I NAL POLYNOMIAL 00007710 
C AFTER THE STAT I STICAL TEST IS PERFORMED 00007720 
C 11• ST OP - VECTOR AGAINS T WH ICH THE ABSOLUTE VALUES OF FOU R I ER 0 000 77 30 
C COEFFICIENTS .A.K.E TEST ED , -·-- . _ 0 000 7740 

ISN 0003 IMPLICIT REAL* B ( A-h,O-ZJ 00 007750 
ISN 000 4 COMMGN / BLOCKl/M 000 0 77 f0 
I SN 0 0 0 5 D l MENS I (' N ALPHA ( MP D , M j , W ( N ) , F ( N) • C ( M) t 0 ( ~·1 ) 0 0 0 0 7 7 7 0 

_ _ ..... _51'LQ_Q Q6 D H1ENS 101'L.S.W·1D.illffi_.t..11.L.t. Sill1.C ' M). se 2.1..tll_LV_l_N !l_Q_Q_QJ.~~7~B~D~---· 
ISN 0007 Oi t!i ENSI C N STDP( M),Pli!(36) 00 00 7700 

ISN oo oe 
I SN C 0 10 
I c, 'J ü 0 1 l 

C TEST FO P N EG ATIV ~ D~GPE FS OF FPE E DO~ 00007800 
l F { ~' • L T , M) GO T (' l 0 0 0 0 0 0 7 8 1 0 
K~ l 000 0 7 e2C 
Al i'tlA( r.i , ;v\ }:.:: l . 1)0 OO OC7 c"':•" 



-- - - -- - ---- -----

ISN 0012 
ISN 0013 
ISN 0015 
ISN 0016 
ISN 0017 

LEV f:L 2.1 

! SN 0018 
1 $N C0 19 
ISN C'020 
! SN 002 1 
i SN Cû22 
SNJl.023 

I SN 002!;, 
!SN 0026 
ISN 00 2 7 
!SN 0028 
!SN 0029 
I SN Cù30 
ïSN C0 31 

__ _l.S~.0~_2_ 
I SN 00:.,3 

! SN 0034 
:S '..J C035 
ISN C036 
!SN 0038 

c OET C~ ~INE T~~ ALPH~'S FC~ C OMPUTAT!~~ C F ~~ TH0 G ~ ~AL!l~ L V AT D JX c 000 7 .:_l a._ 

C000 7 ':i~C 

C0007 tlf0 
OOC07U7C 
('J007 "lf0 
v ù0 U 7 oS.C 

l 0 OC 3 J =K, M 
If-(J.NE.K) GC' TC 6 
ALDf-lA( t< ' K ) = 1 . DO 
GC T O 3 

6 SC 1 =O . DO 

J AN Z':J ORTHO OS/360 FOR T R AN H ~XTCNDCD DAT ~ 76. 3 6 4/11.16.~ ~ 

S(2 ( K ) =O . OO OOCC7, 00 
SC3=0.00 00007 9 1 0 
DC 2 I=l , N OOC 0 7 t)?O 
l='LA0 (3 1 l) P t-<I COOJ7 C30 
P=PH I< Kl coo o 7 c;.4C" 

___ I~F LK_ . __::: () t. L)__G iî T 0 !l. !l L'~f:-,_,.,_ ___ _ 
Kl=K-1 O QOQ 7 .;(Q 
DC. 5 J l = l , K 1 C 0 C 0 7 C,' 7 J 

5 P=P+ALPH.A (Jl, K ) >'<PH1{ Jl) C00 0 7 t;t-. O 
~ !:>C l= SC l+-11{l) *PH IC JL*P __ ___ __ __ ·----· Où 007 <?9C 

SC 3 =SC 3 + F < I ) * W ( I l * P 0 0 0 0 B C: 0 0 
2 SC2 ( K)=SC2CK )+- W( l)*P **2 0 0008010 

AL PHA ( J, K )=-SC1/SC2(K) 000 08020 
____ _______ALEJ:l.ê. C.~i .J) = A L PH A ( J , K ) 0 0 0 0 B 0 lQ 

3 CCN T ! NU=: 0000H040 
c DETER~I~E THE FOU~ILR CCEFFICIENrs Fe~ THE O RTHüGO NALIZED MATRIX 000 080~0 

C<K >=SCl /:iC2Cr< l OO C 020f-0 
K =- I~ + l - - -- - c V c .:; tl \.i 7 ..) 
Ir ( M.E.0 . 2 ) GO T C 34 OOO OU OflO 
I F ( K.LT . J ) GO 1 0 10 CO OOcoco 

c ùr T F_R,.,,. l!' , E Th e AL PHA 'S US E D IN COMPUTING TH E COEFFICIENTS OF i:;Hr Cl)L. 0' lC ) 
__ __1 Sli_C.:Q4 o __JJ<,= t<. - 1 o o o 0 5_ Ll._,,._ _____ _ 

ISN 004 1 9 J L=K 00008 1 2 0 
ISN 0042 JK=JK-1 0 000~ 13 0 
! SN OOü.3 .J J=K-JK-1 00 008 14 0 
l SN 0 0 44 _ _ _ D O 8 LM==l,JJ _'._ •. --- .. - · ·- - --··- - _ __ __ .. . __ C0 008 1 50 
l SN GOt.5 JL=JL-1 CO OC8 1 CO 
ISN 00'16 8 AL DHA (JK,Kl=ALPHA(JK,K)+-ALPHA(JK.JL) ::tALPHA(K,JL) 00008 17 0 
ISI'. 0047 IHJ K . ~E .l) GO TO 9 OOC 08 l t'O 

__ LSJ'LJ2..QS.St __LEJ__!Ç,__,LI , N > G_Q_T C l 0 0 0 QQlil_ûj)_ 
C ' DETE~~INF THE LAS 7 FCUPIER COE FFICIE~T ù00 0~2GG 

I SN 0 0 5 1 34 SC 2 ( K ) = 0 • D 0 0 0 0 0 "l 2 1 0 
I SN 0052 SC3=0. DO OOCCP..220 
I SN C0 5 3 .. -·-···-- DO 7 I ::: l, N _ -···---- ·---···-- --- . --·--·-··" --· -----·--·-------··- 0000 8230 
iS~~ C054 READ{3' l)PrI 00 0082 40 
!SN 0055 P =PHI< K) 000082 50 
ISN 005~ l<l=K-1 0 0008260 

--~I~S~N _ _Q QS_l_ D 0 _l___..l__=.LLK.l 0 0 0 0 8 2 7 0 
ISN C058 1 P=P+ ALPHA (.J,K)*PHIC J) 0000 826 0 
IS N 0059 SC2 ( K }-= SC2 (K)+W( Il*P**2 0000 8290 
l S N 0 0 6 0 7 SC 3 = S C 3 +- F ( l ) * vl ( l l * P 0 0 0 0 B 3 0 0 
IS N C061 ___ .... ___ C( K )=SC3/SC2 { K ) _ .. _ -· - - ----- __ ---- - ·--·-- - --·----- 0000 33 1 0 

C OETE R~ I NE THE CO EFF ICIENTS OF PHI 000 0b320 
rsN 0062 rc :: KT=l o oooe330 
!SN 00 63 lCUl..NT=O 00 008340 

. __ __l._5t:,1....J)Q64___ 1 OQ Q_C.ON..J_INUE._ Q_Q.:LJ32.5Q_ ____ _ 

ISN 0065 DO 13 I= l ,M 0000 831..0 
I SN 0 C 6 6 D ( I ) =C ( I ) 0 0 0 0 R 3 7 0 
lSN G0 6 7 lF(I oE.0.M ) GO TO 1 3 OOC0:-3f0 
r sr .. OL•f.9 II=It-1 OOC 08J ·)O 
l :: N 0 0 7 0 L C 1 4 J - ! I , 1\1 C 0 (, 0 t«.i 'J IJ 



ISN C071 
! SN C 072 

ISN 0073 
I SN 0074 
! SN 0075 

----- -----------
1 4 [.; { 1 ) ::: ù ( I H - A L ~· H..:. ( I , J ) * C ( J ) 
1 3 COt'lî lNU:= 

C CO~PU T C TH ~ VADI ANC E O F T H~ FOU~ I E~ 
C MAT~IX CF TH E CC EFF ICIENT S 

OC 1 5 I -= 1 , "' 
[)[. 1 5 J=l. ~ 

l e, SUMC (l ,J) =-0 . DO 

L O OC'c4 1 ~ 
0.0 0C ô 4 2J 

CC12.FFICI:: i-.J T S AND TH E VA ~ It.. l'lCE -C O VA COOùf'.430 
00008440 
OOC OP45J 
c 0 0 0 E- 4 t. ·~ 
0000b47ù 

- --- -- ----- ------·------·----------

LEVEL 2 . 1 J AN 75 üF THO GS /3 60 F~RTRAN H ~X TENDED UATl 7 o . 3b 4/llel6e5 9 

ISN 0 0 7 6 SC4=0 . DO 0000 8.t.ie o 
ISN 007 7 OC 22 I=l, N Où 00~4~J 

I SN C07:3 RE:A0 (3' l} P HI OO:J Ut.'300 
ISN 00 7 9 Pf'.=C . DO 00 0085 1 0 

___ !SN__Q.080 - ---- -- C..-2_L _ J:;;:..L._M_ · COB~?_(, 
I SN C08 1 2 1 PN=~N+D (J) *PH I( J) 000 085!0 
ISt-.J 0082 V( I )=F ( I )- Pl'J Où00 8S 4 (.J 
!SN COt-:3 V2=V( I) **2 0000 8550 
I SN 0084 22 SC4=SC4+V2>1'W ( I) - - · . -- - . . ooo oesoo 
IS N 00 8 5 SIGMt..F=SC4 /( N- ~+I CCUNT )*SIGMA 0 0008S 70 
! SN C086 VFC=SIGlv1AF 000 08580 
I SN 00ë 7 IF( IDEKT . E0 . 2 ) VFC=S C4 /{ N-NPC)*SI GM A 0 0008590 

__ ___r_.SH _ {._Qf;L±.. Ir ( r NQ.E X 0 fa . 0} NP(:: M _Q_Q_Q_=8~6~Q~Q~-------
I SN 0 0 9 l DO 2 8 I = 1 , M 0 0 0 0 h6 1 0 
ISN 00 92 SUMC (!j =SIGMAF / SC2(l ) 0 0008620 
l S"l C093 IF{ IDf.K T . =0 .1) C!) î[l ;->? C'OO OEh30 
15 '" Oi.;?:; lf-(L(lJ. =-.ù .üDu J S U MC (l)=0.00 _. __ _ L·.JC;Uc..;G4C 
l SN 0 0 9 7 2 8 CG N T I N U E 0 1) 0 0 I'. 6 :-. 0 
I s N 0 0 9 e DO 2 3 I = l • M 0 0 0 0 f.. 6 r 0 
I SN (( ÇC OC 23 .J=l , I COCl.2 •, 70 

--~-S~_Ql..0 .0 _Q[._ _ _2.3__ !L~,_l___- ..Q 8_,.,_6_,_f·~O.__ ____ _ 
IS N 0101 23 SUMD (J,K)=SUMD( J, K)+ALPHA(J .l) *ALPH A(K,l)*SUMC(I) 0000Bf90 
IS N 0102 DG 24 I = l, M 00008 700 
ISN 0103 IT=I~l 00008710 
ISN 0104 .. _____ IF! IT.GT .Ml GO _TO . 30 _ ---- - - -- .\- -· ----- . ~- _. - - ·· ·- · --·-·-·· ···- __ _Dü00U 7 20 
I SN 0 1 06 DC 24 J=IT,M 00 008730 
ISN 0107 2A SliMD (J ,I }=SUMO {I , J) 00 008 740 

C OPTIONAL CHECK FOR S TATI ST ICALLY SIGNIF ICANT FO UR I ER C OE rFICI E NTS OOC 08750 
___ _LSH.-0.l.08 30 CL.NUN.Uf______ ------- OO QQfil6._Q_ __ _ 

!SN 0109 If-( IND EX . [': 0 . 0~ GO TO 40 000 Cb7 70 
ISN 0 111 IF{!D~KT.EQ.2 } GO TC 40 000087d0 
ISN 0113 PINDEX=DFLOA T( I NDEX ) 00 00d 7 90 
ISN 0114 .. -· oc 3 1 1-;=l,M . ___ _ _____ __ -- --·-- ·-- - --- ________ _ __ ___ ____ __ ooooe s oo . __ _ _ 
I SN 01 1 5 STDP(l)=P!NDEX*DSQR TC S UMC(!)) 0 0 0 088 10 
ISN Ollé IFCDAB S(C{l )).LT.S-.-OP (I)) GO TO 3 2 000 08820 
ISN 0118 GO TO 31 00008830 

__ _LSlLJ) LL9 3 2 __L_!_ J . l.=Jl il.lli:lfL4ll_ 
ISN 0120 J.COGNT=ICO UNT+ l 00008850 
ISN 0121 SUMC( l) =ODO 000088b ü 
I SN 0 l 2 2 3 1 C 0 N T I l'J U E 0 0 0 0 8 8 7 0 
!SN 0123 ·- _ Nf'C=O -· _ - -- -··---·- ---- .. ·----·-- · -··- · - ----··-· · · -- 000088 8 0 
!SN 0124 DG 33 I=l,M 000 06890 
IS N 0125 XHC. CI). l'JE .. 000 ) NPC= I 000 0t'900 
ISN 0127 33 CGNTHWE 0000 89 10 

---- I SN __ QJ 2 D..EK.T:::2 O .QQQ6~_Q__ ___ _ 
I SN 0 l 2 9 G C1 TO 1 0 0 0 0 0 0 0 e 9 3 O 
ISN 0130 40 RE:TURN ooo oec:i40 
IS ~~ 0 1 3 1 100 \.\f:ITE( lv!.IO?) OOOC 895 0 
lS"I 0132 l û2 FL 1 ~ 11.1Al ('O'.' *ERROI'~< ~H:.G/>.~ rv:: QE.Gr:tfi:.S OF FREfDC~-1 '} OO OOA -.h . C 
l :-.N cl "1 J t::·f T Uh'\1 C1)l)u-;07J 



, .. 
--- - - -- ------- ---·-- ~ --· - - ------- -

ISN 
ISN 
ISN 
I SN 
ISN 

0012 
0013 
0015 
0016 
0017 

LEVlL 2.1 

c OETC~tvINE Tri~ ALPHIPS FCf'.. COMPUTATl tJt·i Cr o:. T~~ !...) r, :J.'iALll : _ L 
1 0 OC 3 J =K, M 

l~(J.~E.KJ GO TC 6 
ALPHA( K,K)=l .DO 
GC TO 3 

6 se 1 =O.DO 

JAN 1':> ORTHO OS/360 FORTRAN H ~XTENDCD 

'-~A TR J X C0007 c_14...; 
C0007 ':1!:: C 
C0007uf0 
0 oc 0 7t17( 
(''.)007-'lfO 
v00U7o'":lü 

DAT E 76.304/11.16.5~ 

ISN 0018 S(2(KJ=O.DO OOC07,00 
ISN C019 SC3=0.DO 00007910 
ISN C020 DC 2 I=l,N 00007°?0 
ISN 0021 Ff:..Aû(J' l)P11I 00007C3(' 
îSN Cû.22 P=PHI( K) C0007<;4n 

__ ___ __l SN . Jl02 3 ___ ____ ___1E.LK.. • .:::O ... LLJl_il ID !!_ ilO!ll..':t ~~-----
I SN 0 0 2 ::, K 1 = K -1 0 0 0 0 7 ·;; ( 0 
ISN 00 2 6 DC 5 Jl=l,Kl COC07 S7J 
!SN 0027 5 P=P+ALPHA(Jl,K)*PHl( Jl) 00007S.l-. O 
l SN 0 0 2 8 A ~ C 1 =SC li· " ( l ) *P HI< _ J ) ~ P __ __ . __ ___ _ . 0 0 0 0 7 <? 9 0 
! s N 0 0 2 9 SC 3 =se 3 ... F ( i } * w ( I ) * p 0 0 0 0 B G 0 0 
ISN Cû30 2 SC2(K)=SC2(K)t-W(l)*P**2 00008010 
iSN C031 ALPHA(J,K)=-SC1/SC2(K) 00008020 

_ _ _ J .S_l'L...J:..0 3. 2 AL ~êL!5 . ..1. _JJ =ALP HA _ ~ .... 3'-"0'---------
15 N 00~3 3 CCNTINU= 00008040 

ISN 0034 
: :, ·~ c 0 3 5 
ISN C03n 
ISN 0038 

C DETER~I~E THE FOUFILR COEFFICIENTS FC~ THE ORTHüGONALIZED MATRIX 000080~0 
C<K>=SC1/~C2(K) 000020~0 
K =- f~ + 1 _ _ --- · _ C v C .j ti .,; 7 ..J 

I F ( M • E Q • 2 ) G 0 T C: 3 4 0 0 0 0 ~l 0 fl 0 
IFC K .L T • 3) GO .TO 1 0 COOOcOCO 

C DFTERMl~1E THE ALPHA'S USED IN COMPUTING THE COEFFICIENTS OF FHI OO ~C~ lC0 
___ J S.N __ C.:.Q 4 o _Jj$_= t<.-1 QJLQ.Q5_Ll...__ ___ _ 

ISN 0041 9 JL=K 00008120 
ISN 0042 JK=JK-1 0000~130 
!SN OOa3 JJ=K-JK-1 00008140 
lSN OC44 . _ __ -· _ DO 8 LM==l,JJ - - ----·- ------ - .. -.---- - .. ..- .... . _ 00008150 
!SN 0045 JL=JL-1 COOGAlt. O 
ISN 00'~6 B ALPHACJK,K)=ALPHACJK,K)f-ALPHA(JK,JL)>i<ALPHA(K,JL) 00005170 
ISf\. 0047 lf-(JK.N=.1> GO TO 9 COC081t'O 

__ LS1'L .0..o..s..5i --1E..1 K..1LT • tJ > G_D_T C l 0 _ Q_Q.1.! _L~------
C ' DETE~~IN E THE LAST FCUPIER COEFFICIE~T ù000~2GG 

ISN 0051 34 SC2(K)=O.DO 0000H210 
ISN 0052 SC3=Q.DO OOCCP,220 
ISN C-053 --·-- ----- DG 7 I=l.N .... ____ ---·- -.. _______________ --- - -· - - - - - ---- ··- 00009230 . 
iSU C054 REA0(3 1 l)Pt-I OOOOA240 
!SN 0055 P=PHI( K) 00008200 
ISN 0055 Kl=K-1 000082b0 

·--~LS.bL_.Q Q5_L_ DO j_j=.L.a.K.l 000082 70 
ISN C058 1 P=Pt-ALPHA(J,K)*PHIC J) 00008260 
ISN 0059 SC2CK)=SC2(K)+W( Il*P**2 00006290 
ISN 0060 7 SC3=SC3+FC I l*>'i( 1 l*P OOOOP.300 
ISN C061 ____ _______ C(K)=SC3/SC2(K} __ . _ -· ... __ --· _ ·· - - · - - -- ... __ - ·--·----- - _ _____ 00008310 . -·-··- __ 

C OETER~INE THE COEFFICIENTS OF PHl - 0000b320 
ISN 0062 IC ~ KT=l ooooe330 
IS~ 0063 ICCLNT=O 00008340 

____ __l.StL . .006!L_ 1 OO Q_Q)N..}_JNU _ _ Q_Qil.d.3_5_Q_ ____ _ 

ISN 0065 DO 13 l=ltM 000003LO 
l SN 0 C 6 6 D C l ) =C ( I ) 0 0 0 0 A 3 7 0 
!SN C Oo7 IFCI. E. O.M) GO TO 13 OOC0 8 3 h 0 
I 5 i-.i 0 t: t. ;:; I I = I ._ 1 0 0 0 û 8 3 ') 0 
1 '.:: Ï'! 0 0 7 0 ( . (_ 1 4 J : I I • ~.1 c 0 t, 1) i-' 4 V lj 



-
ISN 01 3 4 =. l'.D c 0 (J 0 f:. :. ·< (.. 

*OPT I ONS I N E:FF[C î *NAM~ ( ~A I N l CP TI M I ZE C2l LINECO Ul'.T( 60 ) S I Z E { ~ AX) A U T C U~ L( NUNE l 

~ O ~TIONS I~ E:FFLC T ~ s cu c c c EBCO IC NCL I S T NOr C CK G~ J E CT NO~AP ~GF ~ ~MAT GQSTMT ~ ~ XCEF AL ( NCA.NS~ ~C T ~~ M I ~ ~ L ~ l 

*STATlST I CS * SCUhC ~ STATE~EN T S = 1 3 J , F~ CG~ A~ S l7~ = 39~ 2 . s uyr~DG~AM !'.AME= C~ THC 

----- --·------- - ------ --- ----- - ---------- - - --- ---
~ST AT l ST l CS* N G D I AGl'.CS TIC S GEN E PA T ED 

LE.VEL 2. 1 J AN 75 ) O~ T HG os 1: 00 FORTCAN H EXTEND~D DATE ? é . 3 6 4/11 .1 6 . ?J 

** ~ ~~* E N D 0F C OMP l LATILN ****** 80 ~ G Y T~S CF C O~E NO T USED 

----·----- ·- --- - -·---------
Lf.VE:L 2 . 1 J Ai~ 7 5 ) CS / 3 6 0 FORTr-A~ H EXTE:r-i rn : ;:) D AT E 7 f . 3 u 4/ll .17,1• 

R~OUE~TED OP TIONS : OP T= 2 ,NOMAD , NQ X~ ~F , NCTC~MINAL 

.JPTIONS I N ::FFE CT: NAME CMAIN) OPTIMIZF-1 2 ) Lil' !E' C 0Ur-;,T(60) SIZ ':: ( MA.X ) AlJT ODB L(~O N E ) 
SOURCE EBCD IC N OLI S T N OD ECK OH J f CT 1' .0MAP NOFO~M AT G8S TMT N C X~ E F ALC f'< OANSF NO T Eq MINAL r L 

_ ____l_.fil'.J_Q_Q_Q_ 2 SUBROUTil\:E HELP(L ,N, I P~[), JOP, t~ XYPR ,X A,YA , Xl:' tYS ,XP ,YP ) 000 08990 
c 00 009000 
C **~*~***~*** * *•*** **************•****** ** *** ** *~***•*~*****•******* *O OOJ90 1 C 
C * *OOOQGO~ C 
( i .3 L :1 c; .:::LTi r--. :... r !l L P_ --- ~: cv..,J9C30 
C ~ •O OO C 90« ·J 
C • T H I S SU B ROU TI NE COMPU T fS T HE LES I GN MATR IX d f~P T H ~ LC A S T *OOU090~L 
C »= SQUA L< ES SCLUTF~N AND TH E MATRlX XY ' ~R FOR T HE p :.L_[) I CT ! é.. N.S . i <C .)(p)'.1 .:: tu 

___ ____ ___ _ _,_ __ ._,_ __ _,_M,_,_O ..... D_E.Ls__u SE: D AR F ;___ * 0 0 0 C Q 0 7 
C * B * C= D *0 0009QRO 
C * XYP ft*C =P *O OO 09090 
c >I: *0 0009 1 00 

C * * * * * * * * * * * * * * * * * * >i' * * >l< ~' * ~ * * * ~-'i3'-* ~ * ~3' >!< .:B.: 'S' 11< * *. * * li< * >!< * * * I/< -* * • * * if: :t 5 * * * * '!< * * ~ .C O 0 0 9 1 1 O C C00091~0 
!S N 00 03 l MPLICIT RE AL * B CA-H, Q- Z} OOCOS l ~O 
I SN C004 CC:M MON / B LOCKl/MM 00009 14 0 
!SN 0005 DIMEN.S..ICN XA(L) 1YA CL), XBIL )1 Y[ lCL),N( MlM ) 00009 1 50 
I SN 000 6 D I MEl\SICN XP <I PKD ),YP( H" RD }, X Y PR (M M ), 0 ( 36 ) 00009 1 C>O 
ISN 0007 IN=I DP+- 1 0 0009 17 0 
!SN 000 8 LL O W=L 0 00 0 9 1 80 
!SN û J 09 _ _ LHIGH=IPRD . --·-- _ _ ...... -·-- ------ -- -·--·------ - ------· ._ 00 00 91 90 
IS N 0010 IF (l PPD . GT oL) GOT07 00 00920 0 
I s N 0 0 l 2 L L c I~ = I p RD 0 0 0 0 9 2 l 0 
I S N OO 13 LHIGH=L 00 009220 

___ __l_S~__l_I+ 7 D D~ 1 • t L 0 y1 92-3..,___ _____ _ 
I SN OO 1 5 M= 0 0 0 00 9240 
ISN 001 6 LL=O oo ooc;250 
! SN 0017 DO 2J= l.I N 000 092c-0 
IS N 0Cl c3 _____ DO lK=l .IN _ _ __ ... _. -----· __ . __ --· - . .. ____ _ .. _ 0 00 0 9 2. 70 
I S N 00 1 9 IF < J .Ea. l > GOTC5 oooo s2 eo 
I SN 0 02 1 IF {K . E Qol)GOT 0 6 0000 929 0 
l SN C Oc:. J IF ( N( LL).E O . O)GC TO 4 0 0009300 

_ __ J SH._GQ2.5_ .:=Mt 1 ...QQ.9..ll.O. _____ _ 
I ::; N 0 0 2 6 B ( rv" ) -= XE'. ( 1 ) * * ( J- 1 ) 0 0 0 0 9 3 2 0 

X * Y fJ (I)* -f (K - 1)-XA ( C00093 3 0 
X I > ** (J-ll>'' YA(l)* :« CO C 0 9.J 4 0 
X { K ·- l ) 0 0 CC ) .3 ' _i J 

1 :; 1 ~ o 0 2 7 ;-_Y r 1 ~ c v > = x 1 · c l > *' " c J c o 0 o ·, , r u 



ISN 0026 
ISN C029 
I SN 0031 
ISN C.OJ2 

I SN 0033 
---- ---

I SN 0034 
lSN (;035 
I SN C.036 

l SN C037 

!SN C038 
----

L EVEL 2 • 1 

X -1)>:.Y P {l)>lo*( K -l) 
GO T O 4 

5 IF (K. =Q .l)GO T 0 4 
~. = M+l 
e c ~ >-= v ::: cr> *'~ < ~ -1 > 

X -Y A ( I ) * * ( r<- 1 ) 
XYP~ ( M } = Y P{ î) * ~ {K 
- .LL _______ _ 
GO ï u 4 

f. M="'l+l 
8 ( M )= X'3( I )* * ( J-1) 

X - X/l ( I )* * C J-1) 
XY~~ ( M ) =X~( l) ** (J 

X - 1 ) 
4 LL=LL+l 

·-----·-------· 

J A~ 7 5 ) HE:LP 

ü')C ·: · ':- .? r J 
0 0 cc c,; t ') 
ooooq3 '?0 
0000 94 0 C 
OOOC S 4 l ':' 
coc c ·;. 4 20 
OJO;,, :--t. .:: ~ 

--------------~~~· ~· ~.iLlL ------ ----

OS /36 0 F~R T RA N H ~ XT~NJ~0 

00 0C94~C 
00 0')9 4 1,Q 
C O OG'.1470 
0000':14~ 1) 
OOCOSf4C'.) 
0 0 0 C .:;; •:;OC 
OO CQ<:;5 1 0 

'J ATf; 7 t: . 3 (4 /llol7.l -t 

I SN 0039 l CONTINUE ,._ 000 09::2.C 
ISN 0040 ?. CONTINU!'.: OOC-09"-'3 0 
I S f\i 0 0 4 1 WP 1 TE ( 3 • I ) B ') 0 0 0 9 ~ 4 0 
I SN C.042 W~ IT F ( l) XYP~ OOOCS.550 
I SN C Olt C 0 NT It{JJ "' ___Q_Q_Q_Q.9_5-Q~---·---
I S 1-l 0 0 4 4 L L Cl\\ = L L 0 w + 1 C 0 0 C <:. ~ 7 C• 
l SN 0 0 4 '5 I F ( I PP 0 - L ) 8 • 9 • 1 0 C 0 ü 0 9 '.':> 8 C 
I SN 0046 13 on13I=LLCW . LHIGH OOG095S.u 
I S '\J 0 0 1; 7 •1, = 0 . . _. __ C J C : <; s J C 
TSN 0048 LL=O C OOCS.c· l Ct 
ISN 0049 DO 12J = l.IN 000')'1()2.Q 
I s ;.,; c 0 5 0 [' 0 1 1 K = l • I N C· J 0 V " () :; (., 

__ l_ S.N._ __ (.d);) l F { J , ::_Q._LL(i_Q T 0 1 c;, ~ Of.!_,_4_,.C~---
I SN 0053 IF ( K . EQ .l) GOT0 16 C000 9t>~ O 
ISN 0055 IFCN(LL}. EQ ~O)Gu T O 14 • 00 00';!6é0 
I SN 0057 M=M~l ' 00 009t 7 0 
ISN 0058 ··- ---.. - · -·-- B C Ml= XEl (l) **{J-U - .. - _ _: __ ··--- - ·-· · ... _ _. ·-- ____ OO CO<J6él0 

X * Y B ( I >** <K-1)-XA( oocJ; r~9 o 
X I) ** <J-l)*YA(Il** OOCOC.700 
X { K -1) 00009710 

__ ___l_SN 0059 GO T O_l ___ QS'.22.~---

I SN C06 0 1 5 I F ( K. E O .l )GOT0 14 C00 0.,, 7 30 
!S N 0062 M=M+l OO OOS.7 4 0 
I SN 0063 t ( M } =YB (l)* ~"' (K-1) 000007 50 

_X - YA(l ) * .* CK-1) __ . --·-------- ··----- ---· --- --- - --- --·- - ---·-·····-·· ___ ,, _____ _ 0.000 9 7 é 0 
I SN 00b4 GO TO 14 000 09 77 ü 
1 SN G 0 6 5 1 6 M= M -t 1 0 0 0 0 ç, 7 8 0 
IS N 00é6 8 ( M ) =XB { l} **(J-1 )-XAC I )**CJ-1) 0 0009 790 

__ _J S N 0 0 6 7 1 4 LI = l l + l 0 0 Q 9 8 0 
ISN 0 068 11 C ONT I N U E 00 009'3 1 0 
I SN 0069 12 CtJNTINU E 0000 9R20 
! SN 0070 wRITF (3 1 I>B 000 09830 
!SN 0071 __ 13 CONTIN U E ---- ___ ---·- _ . __ --·- __ ·--- - -- 00 0098 40 
ISN 0072 GQ IO 9 00 009850 
!SN C073 10 D023I=LLOW ,LHIGH 0000 <;86 0 
l SN 0 0 7 4 M-= 0 0 0 0 0 <;; 8 7 0 

____ lS_N _ _Q_DJ5 L l = G G..9.EB~O _ ___ , 
IS N 0076 DO 22J=l e IN 00 0:>9890 
ISN 0077 DO 2lK=l,!f\ 0 0009900 
l SN 0078 IF { J ,l'::'0.1) GO T025 00029G 1 0 
1 SN 0 0 c:'. 0 IF ( 1<. •• :: ù . 1 ) GU T 0 2 5 C ü O '.:' .. _r 2 C 
J S t-J C () R 2 l r ( i J ( L L ) • '~ 0 . ù ) G C T 0 ? 4 0 0 (.1 C r, <J ~ ':.• 



ISN <.064 
ISN C0 8 5 

I S N C0 36 
r S N C 0 ,~ 7 
I S N CO éi ~ 
I S N CO S- 0 

ISN Cû 9 1 
ISN 009 2 
I SN 00 9 3 

,_,=M +l 000 <:'.':- """ 
XYF~ [ M) =X0 ( IJ ~~ (J 000JÇ9 50 

X -1) *YP( Il **' ( K-1 J OQQ .)S' 96J 
GO TO 24 00009970 

25 I F ( K . '::0 .1 J GOT C24 000099~ 0 
M=~ t l OO OQ9 GS( 

X'( P ~ ( /Il ) = Y P ( 1 )>~ ~- ( K 0 0 0 1 0 0 0 0 
2L:: l J ____ _ç~li~C-'~l~Q~----

GO T O 2 t+ 0 0 ü 1 Q 0 ;'.. .) 
2é M="1+1 00 0 1 OC :'.·.) 

XYPP ( M ) =XP ( Il *"l< (J 000 1 0040 
X -1) O CO l OG~G 

! S N OO Ç 4 24 LL=LL+l 0 00 1 C.. Ot 0 
I S N 00 9 5 2 1 CONT I NU [ OC0 1 007 0 
lSN OO G6 22 CON TINU C 00 0 1 0 080 

c N_ _...CD 2 7 ~_p.__l_ll_ _ f.lJ-20'..E _c...(;JlL~_o__ _ __ _ 

LEVE:.L 2.1 

ISN 00 9 8 
I SN ooç.9 
ISN 0100 

( JA N 75 ) 

23 CONTINUF.: 
9 F<E TUP f'-1 

E:N D 

t--FLP OS / 360 FO~T~AN H ~ XTEND~D DAT f: 7ë . 3t4 /ll.17.l4 

OOOlCl OO 
00010 11 0 
0 00 1 0 1 20 

*OPTI O ~S IN f:FFE CT *~AME[MAIN) OPT I M!Zb ( 2) LIN E:.COUN T( 60) SIZE{M~X) AUTODBLCNONE ) 

*O P !" I ONS IN f:FF EC T"' SOlJ~C E ERCD I C Nf' L I S T NOOf-CK 08 J E CT l':ùMAP N •JF IJ RMAT GOSTMT NO X PET ALC NüAN S F NO T <= R MINA L fl 

"' S TATISîl CS * S OUF-CE STAiEMENTS = 99 , PROGR AM S I ZE = 28 ~ 4 , 5U RFRGGFAM N~M ~ = H EC U -' 

:i;-: S Tr, TI S TI C <; * rJ': f! I ~G l\;C S T I CS C:tNEP.ATCC 

--·-- ------------------------------------------------ -----
~ * * * ** E ND OF CCMPILAT I ON ****** 92K e vr ~ s OF C O~ E NO T USED 

LE:. VC.L 2 .1 J AN 75 ) _ OS/ ~:iô .û_ EO.RJRAN r.i EXTENCED .. DAT E 7 6 .J t4 /ll.17.1 9 

RE OUESTED OPTIGNS: OP T= 2 ,1\GM!\P , NCXREF ,NOT F:RM i l'!AL 

UP TI ONS IN EFFECT : NAMECMAINl O P TI ~ IZE(2) LI NfCOUNT C60 )_ SIZé<.M.AX) AUTOD.B.L!.ND~~E~l _ _ _ 
SGU RCE EBCDIC NOLIST NODECK ORJ ECT NOMAP NOFOPMAT GOS TMT NOX~~F ALC NOANSF NOT L RM lNAL ~L 

ISN 0002 sua~CUT I NE CHI2(N.X2 .D F . PCHI2.DE~S .I ER ,V O ,A N V O ) 00 0 101 30 
c . ·-- - - ··-··- - -- __ 0001 014 0 
c ***************************************~************* *** ***** *** **** 0 00 1 0150 
C a *COOlOlbv 
C * SUBROUTINE CHI2 *0001017 0 

- ---*-- - --------- - - - * O.Q._G~l ~O~l~e~· ~D _ _____ _ 
C * PU R POSE *000 l 01 90 
C * GIVEN A VECT OR OF OBSEPAVTIONS , COMDUTES : CHI-SQU RE VALU E , •OOC 10 200 
C * FOR CONSTANT, EQUAL TG 9 , DEGREES O~ FREEDOM , THE *00 01 02 1 0 
C * O R DINATE:: OF THE CHI-SQURE AND THE P ROBAB ILIT..Y FOR --·--------- *00010220 
C ~ N OR~ ALI T Y QF DIST R I BUT I ON OF THE INPUT VECTOR. *0 0 0 1 02 20 
c * *000 1 0240 
C ~'< USAG E *00010 25 0 

___ _ _____ ......__-"'* '--- -----'-C"-"A,.,._I L__f.l:il.2.1..bl..s_X2 • D F , P.L.l:i.I 2 , DE N .i.......I...f:.L_'!LO..... à t:i\l..D.J. * Cl OJll...02 1-.~-------

C * *00010 2 7 0 
C * DESC R IPTION OF P A ~ A M~TEFS *0 00 10 280 
c ,., f'<J - P~P UT NUMPt ~ or o~sEq \/ A l l LJNS * 0 0 0 1 (J;'S:O 
C *' X2 - LUTPUT Cfi l -SOUARC. VA LU:: >'•CJu l 02C. ... 
c "' D F 1 ,•.i PU T 1' E GI- 1 : Il r: f n t: L, [) •"1 * 0 c \i l o _1 l l~ 



----------------------------~·--
C * PCHI.::.. - UUTPU T PRCl1.t>f11LlTY OF 1'.J;J"-' 'lllALITY () ~ O l '.::.T I "1UTIL'1'1 •üOt;l1,, .::','.' , 
C * D2:i'.S - OUTPUT DE.NS ITY i : l)OOlO?.:r 
C * I ~R - GUTPUT F~POC INGEX IN CCNNECTICN WITH *0001C34C 
C * S UE3 R 0 UT 1 N E.: CD H ,., 0 0 C· 1 0 3 5 0 
C * V O - INPUT VFCT OQ ~F C~SERVATIONS *0001 02 fl 
C * ANV O - OUTPUT NC~MALIZCD V f CT O~ OF OSC? VATl UNS *C001037 C 
C * ~COJ!0 3t0 

C * FEM ARKS ---- -----·-- ~.Qù..1..C~~-----
C * SEE FEMl>~KS OF SUP~OU TlNFS ATTACH ED *000104C C 
C * SUBQCUT INES PEQUIF~D *000 1 C4 l ù 
C * CDTR *COOl 0420 
C * DL GA M • - . * 0 0 0 1 ü ' ' 3 ù 
C * NDTR *COOl 0440 
C * *00Clü4 ~0 
C ****~***•4**********•****~************************••**************•*COClC4L O 

·----------------------------~DDl û9.10 
ISN 0003 IMPLICIT REAL*B(A-H.C-Z) CC0 1 C4~0 
ISN 0004 DIM fNS I CN V O(J'<).AN V O ( N l.1FNV0(12), PND <l 2 ).F~-JD (l d , FNV0(12 ) 000104<;.;C 
l SN 0005 SUl"1VO=ODO 0001 0500 
I SN 0006 DO ::o I=l.N . -·· _ -··. _. 000 1 0 5 10 
ISN 000 7 SUMVO=SUMVO+VC(I) 00010 52.0 
I SN COOS 30 CCNTINU ;::: 00010 5 30 
ISN CCC9 AN=DF-L O ATCN) OOGlC 5 40 

__ __l_SN._C>. Q.1 0 A~ ..E.AN:: SU MY 0 /AN 0 0 .Qj--'Q,.__5'--'-. =t>~O ______ _ 
I SNOO ll TSTl=ODO 00010 56 0 
I S N 0 0 l >- DO 4 0 I = l , N 0 0 0 1 0 ~' 7 C 
ISN 0013 TST O= T S TO+(V[l(I)-AMEAN)**? coo1c :::80 
!SI'. CùJ4 40 ( (;-JT l Nu ·:: - ··-- ... --· -···--·- <.. JO l CS':.o 
!SN 0015 V0 S TD=DSQRT(TSTD/AN) OOülO tOG 
!SN COlb OC 50 I=l,N OOClOblU 
I SN COJ 7 ANVO(IJ= (VO(I)-AME A~)/VCSTD OüLl ù~~~ 

___ _l_s~_iliH.J::t 50 Cfill Llli_Ut= JU...~::iC. ______ _ 
ISN 0019 IFNVC(l)=O 00010640 
!SN 0020 OC éO I=l,N 00010650 

·- ·- -- -- -· ·· - - ·----~·- ...--~ .... -~. -· ---· - - ·---··----·-----
LEVEL 2.1 JAN 75 } CHI2 OS / 360 fORTRAN H EXTENDED DATE 7 6 . 36 4/11.17.1 ~ 

ISN 002 1 IF(ANVO(l).LT.-2 . 500 ) IFNVO(l)=lFNVO(l)+l 
l.S.N___Q_O 2-3 -6.Q CC N.I IN w= -------------------
I SN 0024 IFNV0(12)=0 
I S N 0 0 2 5 DC 7 0 l = 1 • N 
!SN 002b !F (ANVO(l ).G E .2.5DO) IFNVO(l2)=IFNV0(12)+l 

_ !SN 0028 ___ J[) .CCNTINUE 
I S N C 0 2 9 F BU 1 =- 2 o 50 0 
I SN 0030 DO 80 I F= 2.11 
I SN 0031 IFNVO( IF)=O 

____ i S t':l 0 n "3 2 EB U 2 = F.fill.1.±..0J..5.D...O 
ISN 0033 DO 90 I=l,N 

OOCl OF::t:O 
0 0 0 l O_t. :Z_.,_ _____ _ 
00 0 1 Üt; ~· 0 
0001 0090 
0001 07 0 0 _______________ _ o oc i o 1 1 o. 
00010720 
00 0 107 30 
00010740 
QOOl 07~~- -----~ 
0001 07é·O 

ISN 003 4 IF( ANVO( I) .G E.FBU l eAND.ANVO( Il .LT.FBU2) IFNVO( IF)=!FN'/0( IF)+l 00010770 
ISN 0036 90 CO NTINUE 
I SN 003 7 ··--- ·- ____ __ Feu l =F BU2 
!SN 0038 80 CrNTINU~ 
ISN 0039 PND(l)=Oe00621DO 
ISN C04 0 P(\.0(2)=0a016S400 

.. ___ l SrL..C .~H.1. __EH D { ::u = Q.tl' ~.'l:.J) 6J2.0'-----------
1 SN 0042 PND(4)=0.09185DO 
ISN 0043 PND(5)~0.14~88QO 
!SN C0'4 PNr( 6)= Q.1914t00 
l S N 0 0 4 ~ ç.: t"< D { 7 ) = (.1 • l a 1 t· ( · D 0 
!SN 00 1 6 Pf\. •)( t.l)=O.l4S êtiDC 

0 0010780 
-···--·- 0 0 0 1 0 7 0 0 

0001o eoo 
00010 8 1 0 
0001oc 2 0 

ruu n.EJ_•~------------------~o o o i oR4 o 

OOClOR50 
0 00 1086 0 
0001 Oé7J 
000 1 Of>.~ 0 



IS~ 0047 PN 0 (~)=0.091 B5D C 
ISN 0048 Pl\. 0 (10l=0.044C 6 DO 
I S N 004 9 P ND (ll )=0.01 65 400 
!S N C0 5 0 P ND(l2}=0 . 00 62 1DO 
I SN 00 5 1 OC' 100 I=l.12 
! S N 00 5 2 F ~, D ( !) = AN*PN C( l) 
I SN C0 ~ 3 100 C CN Tl~U [ 

__ ....._' 5..N _ c, ri;;, 4 DJ: __ l .l_Q_ .l = .._1 _.,_..1_.;_, - --- ---- ----------· 
l S N G 0~5 F l\.V G ( I ) := .)FLOAT ( lf"NVO( l)) 
I SN OO~~ 110 CCNTI NUE 
I SN 005 7 X2= CDO 
! SN 0 0~8 DO 1 20 l=l .12 
I S N C O S 9 Xé =X 2 +-(( F NVO(I)-FND( l)) >l<*2 )/ FND (l) 
I S N C0 6 0 120 CON TINU~ 
I S N 006 1 D ~ =G .O D O 

_ _ _ J SN _0 .062. _ _______ .CALL__LDJ:H ... LXZ.LDF, PCH I?, DENS •IER ) 
J SN COb 3 PCH ! 2= 1DO-PC HI 2 
I SN 0 0 b 4 P CHI 2=P CHI2*100DO 
I SN C0 u5 RE TU kN 
! SN C0 t 6 [~D 

OùO l Of-! ':· 0 
000 10 900 
C001091C 
0001 092 ·::> 
000 1 0 9 :?0 
OOC l 0C)4 C 
0001 095 0 
0 0 Q 1 0 S' Q...Q ___ _ _ 
ooc1o c 10 
0001 (; C] f; O 
C OO 1 0 9 Ç·O 
OOOllO CO 
00 0 11 0 1 0 
GOO l 10 2 0 
00011030 
0 0 0 1 1 0 =4_,,.0 ___ _ , 
C üCl 1 05C 
0 0 0 1 1 0 i . c 
00011 0 70 
OQO ll ObO 

•OPT I ONS IN EFFECT*NAME(~AlN) CPTIMIZE(2) LINECOUNT( ~ O} SlZE(MAX) AUTODBL(NONE) 
' 

_:'<__QEJ_l ..QN.S_ lli EFF ;:: CT*S® RCE E.._QCQJ C NOLIST NODECt<. OBJECT NOMAP NOFQRMAI GOSTMT NOXREF ALC NOANSF NUTER~INAL FL 

* ST A T I ST I C S * SOURCE STATE MENTS = 6 5. PRQGRAM SIZE = 1732. suaP~ D G~AM NAME = CHI2 

-J«:-, T /\ Tl ~~T IC S :o: (\ ~j t.. !Av r'< L S TI C ~ (; !;;: f\, [h .l-Tf"D 

~ ~ ** * * E ND OF COMPILATION *** *** CoK B YT ES OF CQ >:; ~ NOT U S ~D 

LEVE L 2 • 1 ( JAN 75 } OS/360 FORTRAN H EXTENDE) DATf 76.364/11.17. 25 

REOU ESTED OPTICNS : OPT=2 oN OMAP oNOXREf .NOTE RM I NAL 

oPT ioNs IN EFFEcl-: N.A.MÊ<MA.ÏNJ oP-iiMizEc2')._ i_fNEcol'iN"-T! -6o')-sxzé:<t-1A'x)'AuiooRL'(NoNE_>_ - ·--· -·-- .. 
SOU P CE EBCDIC NOLIST NODECK CBJ~CT NO MAP NOFORMAT GQSTMT NOX~EF ALC NUANSF NOTER MI NAL FL 

!SN 0002 _fil.iBRCUTlNE.........CDI R CX.G.p.o.IE R ) coo11oco 
c 00011100 
c .................................................................. 00011110 
ç 00011120 
C . .. SUBKDUTJNE CDT.R .. . -··,. ... _ -·- _ ..... ·----- .... . .. _ --·- _________ . ____ OOClll.30 
ç 00011140 
C PU RPOSE 00011150 
C CO MPUTES P{X} = PROBABILITY THAT THE RANDOM VARIA BLE U 1 00011160 

----------~'--------~_..I.._.S....._T~R_.I~ .B.....,U.c.....!...T..._E_,.D<--=A.C...C.0R12 I N G IO TH E C H~QlJA_R E D I ST R 1 BU TI 0 N W l TH G 0 0 0 1 l 1 7 0 
C DEGRE ES OF FR EEOO M, IS LESS THAN OR EQUAL TO x. FCG,X), THE000 111 80 
C OR DINATE Of THE CHI-SQUARE DENS ITY AT Xo IS ALSO COMPUTEO. 0 00 111 90 
ç 00011~00 
C --· USAG E ... _ ...... _ ... _ __ _ __ ·-· - - ----·- ··· ... .... 00011210 
C C A LL CD T R ( X , G , P , D , ! E R ) 0 0 0 1 1 2 2 0 
c 00011230 
C DESC R IPTI ON OF PARA ME TER S 0001 1 2 4C 

------~·------_,X...._ __ -_ ...,I NP..1H .. S CA! AR .........F..OH_'llJ:il.U:LE.UU_ .1.5._....COMPUIED. __QO.D..l...12 5-0 
C G - NUMUER OF DEGREE S OF F RE EDO M OF THl CHl-SQUAPE 000112 6 0 
C D I S TR I BUT I ON . G I S A CO NTINU OUS P A~ AMfT ER . 00011 2 70 
C P - OUTP UT P ROB AAI L JTY. 00 0 11 280 
c D - OUT ru T DENS ITY. 000 11 2 9 0 
c l . : ~' - r. l s l J L T A t H r:. f r [J r .( c rj ri F· VI HE p L 0 0 0 l 1 3 0 0 



c 
c 
c 
c 
c 
r 
c _ _c ____ _ 

c 
c 
c 
c 
c 
c 
c 
(' 

I r~ F = l' 
1 ER= -! 

I f: ~ =+1 

----------·-- ---
·~ C [·-, ~ 0 ~ L " 0 1 1 .:5 l : 
Ar-i U-J F UT PA r ;:; j ,.1 =;=: r ::-:~ r :. I l\J VALLJ . X· ~ L ~:5 '-., (".)01 1 .3rl, 
THA N o . o. o~ GI S L ".: ss TH.;N c . :: o::; c~: i:- AT ï::' 0 00 11 :'~ .J 
THA N 2*1 C>!':>;< (+ 5 }. P A NO Si t..~:: :n :: T rc : -1. [ 7 :; . 00011 3 4 2 
INV/lLI D CU Tf..-UT . P ! '? L :'.:~)S TH t. '\J Z E. C C, ...;r, 00 0 11 3')( 
G h. E AT CC: T H A. ~· I 0 NE: , C r: '~ f: :-;. l '- 5 F ( - T 1 ( S ,- r 0 0 0 1 1 3 ~ t) 

M AT H :- Y /-. T I C AL C <=.:S C ;; I :::> r I G ~ ) HA S F A I L ':: D T t ~ 0 0 u 1 1 : 7 C 
----~C~D~N~'v~=_P_GL _ _!>_l.S___S_:.:_L T_;j_ l _._:: _ _z_:i, 0 00 ' L kD 

FEM APKS 
SEë MATHEMATICA L o:::scr:: I PTI L'N• 

SUBR û UTlN C: S 
DLGA~ 
NOTC· 

AN D FU~CTI O N S U BOFQ G~ A~S 

----------·---·----
t-/,E TH OC 

·':: o u r i:- L .:.i 

RE FL ~ T C ~ . E . ~ A~ GM A NN AND S . P . GH C~rl . S TATIS T ICAL 
D I S TRI HUTI O~ PFO G R A~S F Oq t C OM PUT ~O LA.NGUAG L , 
! 8 M R E S EA P CH KEPO RT R C-1094, 1963 . 

CJO ll _~ o c. 

0 ù 0 1 1 '• IJ r 
000 1141 C 
OO:::l l l ll 20 
0 1) 0 l 1 û ~ ( · 

0 0 0 114 11( 
00 0 11<+ ">0 

__G_ù_ù_Ll l ! i- : ----

0 Cv ll:+7 C 
C, ,)(J 11 4b'J 
0 00 11 4CO 
0001 l '..:. 0 0 
OuJ11 5 1 0 

c 
c 
c 
c 
c 
c 
c 

•••••••••••• • •••••••••••••••••• • •••••••••••••••••••••••••••••••••• 0001 1 ~20 
0 0 011 ~::, o 

_ __l.s..t:LJLQ03 I MP LICIT P EAL *-8 CA-H.O-Z} ,Ç_Q_Q_U .'.;)!t.Q _ _ ___ . 

I Sr.J C OC 4 
!SN 000 5 
I SN 00 0 6 

L E VEL 2-1 

JS N 00 0 7 
I S N 0 008 

--~I~S~ . .l.'L 0 0 0 a 
I SN C O lO 
IS N 00 11 
I Si-l C 0 l 2 
1SN 0013 
ISN 00 14 
! SN C015 

ISN 0 0 1 6 
I SN 0017 
! SN 001 8 
IS N 0019 

I SN 0 0 2 0 
tSN 002 1 
!S N 00<::2 
ISN 002 J 
I SN C..0<' 4 

c 
c 
c 

c 

T ES T FOR VALI D INPUT D ATA 

r r c G- < • .) -1 • ~- - _, > > J 9 c , ! 0 • i o 
l 0 I F ( G- 2 • :=" + 5 ) 2 0 , 2 0 , 5 9 0 
20 IF( X ) 59 C, 30.30 

0 0 0 l 1 c::, SC 
c 0 0 1 1 ' .> t ,) 
COO l l -=.; 7 U 
l, J t.. l l ~t.ü 
C OO ll :JS-0 
COCll cOv 
l'.;CC ll u l L-

JAN 7 5 CDTP OS/360 FORTRAN H EXTEND~~ DAT :: 7 é . 36 4/ ll•l7. 25 

c 
c 

c 
c 
c 

c 
c 
c 

TEST FOR X NEAR o.o _ 
30 IF(X-l.E-8 ) 40,40 , 80 
4. 0 P=O.O 

-1..E.LG-2.) 50160.70 
5 0 D=l .': 7 5 

GC T O 6 10 
6 0 D=C . 5 

GC TC b lO 
7 0 D=O. 0 

GO T O 6 1 0 

000115 20 
0001 1 6 30 
0001 ! >:4C 
0 () L) l 1 1- '5 <:; 

------------------~OJ)_LJ.f.LL.C . 
Où O! l c 7 0 
OO O ll oPO 
0001 lt.- .;C; 

_ 0001170 0 
00 0 11710 
000117 2C 
000117 30 

If_..S T FOR X GREATER THAN 1 .Et6 000~1~1~7_4~0 _ _ ___ _ _ 

80 
90 

l 0 0 

IF ( X -1 • f +6 ) 
D=O . O 
P = l ~ 0 
GO TC 610 

100.100.90 

SE T PROGRAM PA RAMETERS 

X X= X 
OLXX=DLOG ( XX) 
X2 =X X/ 2.DO 
DLXf.=f) L '.:':G ( X2) 
GC = (' 

OOC 11 7~ 0 
000117 6 (; 
0001177 0 
C OC 117 ô 0 
COOl 17 90 
COOll 'Hï O 
OOOll b l O 

----------------~~Ll_R~·-2~0-----~ 
0 0 011 13 3 0 
0 0 011 8 4 0 
00C l l f'5'
C 0 0 1 1 t' '... _ 
(; ù (.; l 1 f• 7 ') 



ISN 0025 

!SN 0026 
!S N C027 
IS"J 00 2·~ 

_ _lSr-.. _vC2. 9 _ 
I SN C030 
lSN 00 3 1 
l .SN C032 
ISN 00 .33 
! SN C 03 4 
I SN C0 35 

c 
c 
c 

G2=GG/ 2 . DO 

CC"IP UT E OF<DINAIE 

----- -----
0 0 0 1 l ~· .- · '-
0 OO l 1 .:-1 '= ·~' 
C O ü l l (.l 1... 0 

00011 9 1 0 
CALL DL GAM (G 2 ,GL G2 ,! CK ) 000 11 ~20 
D D = ( G 2 - l • 0 C } * ù L X X - X 2 - G 2 * • .<; ' 3 1 1~ 7 1 >:, J 5:) 9 9 4 :S 3 - G L G 2 C 0 0 1 1 ~~ -· G 
1 F ( L' l - 1 • é· 8 D 0 2 ) 1 1 0 , 1 1 C , 1 2. C 0 0 0 l l t,. 4 ·: 

____ _ u _c __ 11- i s.r: :+-_J __. QQ..QJ)-2 > i 30 . i J c . i 4 ____ i c ~- "" ____ _ 
120D= l. E 7 5 OO Oll Ot:O 

GC T C l 5 0 0 0 0 1 l ·:n 0 
1 30D=J.C 00 0 11 91:.0 

(, C T C l 5 C .0 0 C 1 l 9 '~ 0 
14 0 DC=GEXP ( DD ) 000~ 20Cv 

C= GD 0 00120 1 0 
C O Ou l 2020 

________ c_ ____ _lES_L FOR G Gf-<E.A T EE IHA t-.. 1 000 . 0 _QQ_l_,2_•,13._c._ ____ _ 

C T ES T FOR X GRc AT ~R T HAN 2000 . C 0 00 1 204J 
c coo 1 2ocu 

I !::> N 0 0 3 b 1 5 0 IF ( G- l 0 0 0 • ) l 6 ù , 1 ~ 0 , 1 8 0 C 0 0 1 2 0 é: 0 
ISN 00 37 1 6 0 IH X-2000 .) 1 90 rl 9 0r170 ___ _ 0001.2070 
IS"J 003 e 170 P= l . o 0 0012 ceo 
!SN 003 9 Gn T O 6 1 0 000120 90 
ISN 0040 18 0 A=DLC G { XX / GG )/ 3 . DO OO C 1 2 1 Gü 
I SN C .Q 4 l A.=_Q E.Lœ_( A ) 0 0 0 1 2 l 1 0 
I SN 0 0 42 8=2 . C0 /{ 9 .CO*GG ) 000 1 2 1 :20 
I S ~-.i 0 0 4 3 C= ( A- l • D C t- B l / D S 0 R I { B ) " 0 0 0 1 :? 1 3 0 
I SN 0044 S C=C O OC 1 2 1 40 
I Si\. C J !., ..> C;. L L 1'1 t... T ~ ( S C, P , C 'J 1 "v'. Y l _ ·- C ~ '..' L .:. l ~- ~ 
ISN C 046 GO TG 4 ~C 00 0 1 2 lf 0 

C OO C 1 2 1 70 
C C OMPUTE T 1-H: TA C •)v 1 2 1 1 .() 

--~-------~----------~------~--~·------~~----~------~---~-_,._Q.9__12.J_ '-;~O~-

LE.V E. L 2 ol ( .JAN 75 ) CDT F< QS/360 F ORTRAN H EX TENDE!) DATE 7 6 . 364/11 ol 7.2 5 
---· ---r SN 004 7 19 0 K= I D I NT ( G2 ) 00012200 

! SN C0 48 T hE TA=G2-DFL C:A T(K) 00 0 1 22 1 0 
! SN C 0 4 9 IF { T HE T A -1 • D- 8 ) 2 0 0 , 2 0 0 , 2 1 0 0 0 u 1 2 2 2 0 

_ __J_$.l:L_Q_Q_5_Q__ 20 0 TH E TA= Q_,_QQ____ J2 12...2_3-Q_ 
I S N 00 5 1 210 IhP l = T HE TA+l. 00 00 0 1 è2 4ù 

!SN 0052 
I SN 0053 

c 
C SELE C î ME. TH OD OF CO MPUT l NG T 1 
c 

c 

IF( THETA ) 230.230,220 
22 0 lF(XX-10.DO} 26 0,260,320 

--~- ~--c.cM.E..u..I.E_Tl FOR THETA EQVALS a.a 

ISN 0054 
!SN 00 5 5 
ISN 0056 
ISN 00 5 7 
I SN 0 05 E3 
ISN 00~9 

c 
2 3 0 ff ( X 2- l • 6 8 D 0 2 ) 2 5 0 • 2 4 0 , 2 4 0 
24C Tl==l . o 

GO TO 4 CC _ _. 
250 Tll=l.DO-DEXP { -X2 ) 

Tl=Tll 
GC T O 4 0 0 

-~---~-__J:~----~·----~----------------

l .. i-< L 0 r 0 
r '- •·; o o' 1 

c CCMPUTE Tl FO R T HET.A GQE ATEP T ti AN O.O A N D 
C X L~SS THAN OR EOUA L TO 10.0 
c 

2 é.; 0 Sl ~ = X2 .;, ( l • D (' /T H P 1 - X 2 / { T hn 1 + 1 • D () ) J 
J= t · i. 

0 00 1 2250 
00 0 1 <: 2n0 

.. -- . --·- -·--------- ---- - - 0 00 1 22 7 0 
00 0 1 22 8 0 
00 0 1 2290 
0001 23 00 
OJl.ü..12.-'~1~0..__ _____ _ 
00 0 1 232 0 
00 0 1 2330 
0 00 1 2 3 40 

- - -------- . 0 0 0 l 2 3 5 0 
00 0 1 2360 
00 0 12 3 70 
0 00123 8 0 

--~~~-~-~~~..QJ1_D.L2....3.9...,_ ___ ~--
00 0 1 2 400 
0001 2 41 0 
00 0 1 ê. 4 20 
OOC l .?t~..:iO 
0 cc l ,_ 4 {J ,) 



--·----------- -------------------
l S N 0 0 é 2 C C = (J F L C A T ( J ) C L ·~· l :.:'. -+ :; fJ 
l SN C 0 L 3 DC 2 7 0 I Tl = :3 , 3 1) C 0 0 1 .: u. c. (. 
l SN 0 0 6 4 XI= CFL CA T ( I T 1 } 0 ù 0 1 2 l. 7 ' J 
! SI-< 00(:5 CALL DLGAM( XI , F AC, I CK J CC'Ol 2 4 ~ ·.J 
I SN COc é TL. QG= X I *DLX2 - FAC- DL C_; ( xl +Tl-i~TA ) 0 )0 1 2<+;,J 
I SN COti7 TEJH'=C'.-:XF ( T LCJG ) OO Cl 2':CU 
ISN COé8 TE.Pf\l=DSIGN ( TER~ ,C C ) COC• l .::'.-i l •: 

__ ..l .SN _ C C é 9 __ _ c- LR =- S .E...E ± .J =.F.JV_,__ ..Jl.l2.i1..l ~.2..'.2._ _ _ _ . _ _ _ 

I SN v 070 CC = - CC CO•J l .?S3 0 
I SN Gù 71 I F ( OAB S CT C:h:M )-l. D - 9 ) 2P.0, 2 7 0 , 2 7 0 000 1 :?':- 4 0 
l SN 00 7 2 270 CCNT l'J U~ Où C l 2~!:ù 
ISN 0073 GC TO 6GO OOC 1 2~b0 
! SN <-074 28C I F ( SER ) 60 0 , 6 00, 290 COCL' ::- 7 0 
J Sl-J 0075 2 90 CALL DLGAM (THP l , GTH , I O K} 000 ! 2:-;::0 
J SN 0076 Tl OG= îH ! TA*DLX2+ C LOG ( SER )-GT H COG I <::=~û 

___ _l SN _ D 0 7 7 F_1 J u:r.:; +_l _.._.t._riQ_Q 2..1 3 OO • 3 0 CL._lU,.___ _ _________ _ QJ....Jl..:: ':;_: _c__ ________ _ 
lS N C0 7'3 300 Tl=O . O Gùùl 2f l 0 
l SN 0079 GD TO ~cc 0Jv 1 2c2~ 
I SN C 0 8 0 3 1 0 T l 1 = D C: X P ( T L 0 G ) C J 0 1 c. t l 3 C 
!SN OOé>l Tl =T ll .,.. _ Où0 1 2b40 
IS N C0 82 GG TO ~OO OOC 1 L650 

I SN 
lSN 
l Sl'I 
I sr-. 
I SN 
I SI\/ 

__ ...... SN 
iSN 

c 000 1 26~0 
C COMPU TE T l FOF T HETA G ~ EATER THAN . O . O A"\JD OC0 1 2670 

___ C. LJi.5...::..AJSR THAN 10.0 A ND L CS S THAN 20 00 . Q 00012680 
C 000 1 2f9C 

C083 320 A2 = C.D 0 OIJO 1 2700 
0 0 8 4 r>C 3 t i 0 I = 1 , 2 ~ 0 0 C 1 2 7 1 •) 
(. v c. ':, X ! -= C F L ~ ' A T ( I ) _ 0 S L l '-- 7 ..::. '~ 
C086 CALL D LGAM{THPl , GT H,I O K ) ~00 1 2 7 30 
CCô7 Tll=-( lJ.DO*XX )/ X I +THPl* C.LO G(l3. Dü*XX / X !) - GTH -üL OG (X ! ) OG0 1 2 74 G 
coee Ir( Tl l~l. 68DC2 . ) 340,340 • . 1~() CCU!~7 '; C 

C 08 ~ 33 o Tl 1_=J2E..2\P-1...I-1-1 J ..0.Ql.2 7_'--""------ -
C090 A 2==A2 +Tll 000 1 27 7 0 

LEV E L 2$ 1 JA N 7 5 CDT F- _ CS/.360 F ilRT8.A N H EX T E ND.'.:::ù DAH: 76. 3t: 4/ll.17.2 :=, 

ISN 009 1 34 0 CONTINUE 0 ') 0 1 2 7c0 
I SN 0 0 9 2 A= 1 • 0 1 2 ô 2 0 5 l + THE.TA/ 1 5 é • D 0 - X X / 3 1 2 • 0 0 0 CC l 2. 7 ':1 () 

--~.-StLJl.Q.3.3 B=D AO c; LA} ..D_Q l ..2..lliJ..G 
IS N C094 C= - X2+THP l* DLX2 +DL OG ( B )-GTH-3. 9~ 1 2 4371 85d l4 27 COC 1 2b l 0 
ISN QOÇ-5 If(C+l. 680 02 } 37 0, 3 70,350 000 1 2920 
I SN C 0 9 6 3 5 0 IF ( A} ..:l é 0 , 3 7 0 , 3 8 0 0 0 0 1 2. E 3 0 
1 SN 00; 7 360 C= - CtXP ( C) _ _ --- - ~ ... _ 0001 28 L10 
I SN C098 GC TO 390 000 1 22'50 
!SN 0099 370 C=O.D O 0 00 1 2 b6 0 
ISN 0100 GC TO 39 0 000 1 28 70 

--~I-S.N_D.lO 1 380 C=D EXP 2.1iB..Q 
! SN 0 1 02. 390 C=A 2 +C 000 1 2P90 
I SN Cl03 Tll = l. DO -C 0001 2900 
ISN 0 1 04 Tl = Tll 000 1 29 1 0 

c - - . 000 1 292'.) 
C SELECT PROPER EXPRESS ION FOR P 0001 2q30 
C 00 0 1 29 4C 

I SN 0105 400 IF(G-2. } 42014 1014 10 00 0 1 2°50 
__ .l-5.N_C l .o.n_ 4 l_Q_.lELJ:i- 4, } 4..5~0, 4 6 0 QD..D.L2...2.6D _ ____ _ 

c 000 1 29 7 0 
c COMDUTE p FCR G GREA T EQ THA~ 7Eqo A ND L~SS THAN 2 . 0 OOC129eO 
C OCC 1 2 ~ÇO 

!Sî-.J 010 7 420 C.t;LL_ CLGAM (T'1Pl , G TH, E;K ) Q(•ClJOC:...' 
IS~ 0108 DT.:!=TIFTA~<DLX X - Xè -T H P l..:; . ~ o ) l 47 l oC -')'J:;< S. 4.5.:; -C.TH C'!Ol 3C H · 



I SN 0 l 0 Ç If ( D T Z +- l • l '3D CL: ) 
JSN 0 110 4 30 P = T l 
ISN 01 11 Gr T C.. 4':?0 
l ~N 01 1 2 4 4 C C i 2=G~ X P ( D T 2 } 
J SN 0 11 3 T ê=C T 2 
lS"J 0 11 4 P= T l + T2. +.,.. 2 
I SN C 1 1 5 GC T C• 4 9 J 

- .. ----- ·- - _____ _c__ ___ _ 

I SN 0 11 6 
! SN 0 117 

c 
c 
c 

C üMPU T ë. ~ r Of: 
f. t'~·) L ::::S ~ TH A i'I 

450 P = T l 
GC T O 4 :iJ 

t:. J c • a :' (' , û 4 c -------- - ------------- -- -----------------------
Cf.û 1 J.:ê.1.. 
:JC 0 1 30::C: 
00 0 1 3 C' uC. 
000 1 3 C~..:· 
C QO l 30 r C 
0 OO l j •J 7 S 
ù OC l .? C': C: 

--------------------~"---"'-' Q l j Q •:;. •2_ ________ _ 
G G ~ fftT ~ C THA~ c~ ÇOUAL T O 2 . c 0 0 01 3 1 0S 
4 • c c 0 c 1 .3 1 1 ') 

O O G l J l iO 
Cüv l 3 1 30 
0 00 1 :: 1 4 ( 
C 00 1 3 l ':lC' c 

c C CMP UT E p ~ o~ G GQE AT f R THAN o~ EOUAL T G 4 . 0 OC0 1 3 l uG 
___ ...A.NCLLE~ l.H AN O R 2. QU AL T C _LO 0 C • 0 Q_(.i_ 1 J.l .z~· ____ _ r - - ---- ·--·-

c 0 0 ': l ~ j t· 0 
! SN 0 11 8 46 0 D T 3=0.DO ':00 1 3 1 <.0 
I SN C l 1 9 OC 4 8 0 l 3 = 2 • K (; j '..! l J ? () C 
I SN 0120 îHP I =DFL C AT ( l J )+ T Hç: TA ___ (; 00 1 3 <:'. 1 0 
!SN Cl .2. 1 C ~ L L DLGAM ( T HP I, GTH .I Q K ) 0 0 01 3220 
ISN C122 DLT 3=THP I * DL X2 - CL X X- X 2 - GTH 000 1 32 3 0 
I SN 0 1 2 3 I F ( DL T 3 + 1 • 6 8 D 0 2 ) 4 8 0 , 4 8 0 , 4 7 0 0 0 0 1 3 2 4 0 

_ ___J Sj\/_Q l 24 _____ ~Q_QJ_3=Çi_I_3 +Dç XP ( D L 1 3 } 0 0-°'0'--'l'-"'-3=.:?-"5~J"--------· 
I St , CL~':l 4 30 CCN TI NU E 0 00 1 .3 2 t.. 0 
I S N 0 1 ~ 6 T 3 = D T 3 C 0 0 1 3 r' 7 ') 
! SN 012 7 D=-Tl - T ·• - T3 C JC l .l ?t-< 0 

c 
c 
c 

SE T ::f:P.OF. I ND ! C A TQ ::; 
cv : 1 32 ~_, c 
OOC 1 3 2 C O 
OO •: l 32 l C 

r S''l "... l ~ ::-, 
____ .LS ~ _QL2__9_ 

4 ::i ~1 rr cr' > soo . s20 . s 20 001.-1 ::\3<'~ 
_ __,5~2~Q_li_(J2A.Li.SJ_p_J_ - 1 • E - 7 > 5..1..Q , 5 1 0, 6 0 0 Q_Q_QJ_2Ll_,:5~0~---

ISl\J 0 130 
! SN 0 1 31 

5 1 0 P= 0 • 0 C 0 0 1 3 3 4 C 
GO T Q 6 i 0 0 0 0 1 3350 

--·-·-~ - . -
L E.VEL 2 .1 J AN 7 5 CDTf: QS / 360 F OR T P A N H E XT E NDED DAT ~ 7 s . Jt 4 /11.17. ?~ 

r sN C l 32 520 I F ( l .- P ) :,30 . 5 5 0. 550 
__ _LS!S_O_l 3.3_ ______ .5.l_Q I F CC AB S C 1. - P l -1 • E- ? > 5 40, 5 4 0 LfLQ.Q 

ISN 013 4 54C P=l oO 
I SN 0 1 35 GC TO 6 lù 
lSN O i36 5 5 0 ! F ( P-l . [:. - 8 ) 5 f ... 0 , 5 6 0, 570 
ISN 013 7 5 6 C P= O . O 
!SN 0 1 38 GC TO 6 1 0 
ISN 013 9 5 70 I F ({ l. O - P) - laE:. - 8} 580, 58 0, 6 1 0 
ISN 0140 580 P =l o O 

__ _I_StLJ)_l_!f _l_ _GlL_I_Q_Q_l_·~----
I SN 0142 59 0 IEq= -1 
!SN 0143 D=-l.E75 
ISN 01A4 F=- l. E75 
I SN 0 l 4 5 . GC TO 62 0 
IS'\I 0146 6 00 IER= +l 
l SN 0 l 4 7 P= 1 • E 7 5 
I SN 0 1 4 8 GO TO 62 0 

OOC 1 3360 
-----------------~~i_C.l 3...1.1.G. 

c o ~1 32Eo 
0 0 0 1 .J~ <?C 
C OC 1 340 0 
O OO l 34 l C 
000 1 34 20 
000 1 34 3 0 
0 00 1 34l1 Q 

o 1 3 4 ~ o 
000 1 34 (, Q 
000 1 347 0 
OO ·J l 3 4 SO 
0 00 13 4c:t0 
0 00 1 35C .) 
0001 35 1 0 
0 0 0 1 3520 

__ __ __l S N_Q .L 4 9 __ 6.LQ _ _IE R. = o ---· ----------------- ------ - - ----- --- --- _._._...AD.L.3 .. ~S_3~0,__ _ _ __ _ 
SN 0 1 50 620 RETU~N 

!SN 01 5 1 E ~D 

-'<Ct11U'<S Ir~ CFf-F.C T* NM,1 L ( MAli\l ) CP TI MIZ E ( 2 ) LlNL C,J UNT<é:O ) S ll ~ ( ."1AX } AU TODt3 L( ~füN~ ) 

0 00 1 35 4 0 
0 00 1 3550 



·-· ·- -- -- - -----·------------ ------ -- ----* OPT IONS li'. cf-F'.:Cît<SQU RC':: f-. t~CD IC t- :C: L I ST l\J CDi CK O C J '.:CT f', Q'A ,:..>-' ·~ - .. ~ ;, .;. G- -1-""~Ï~-~~ ,>.. - :-""; -,l .:- 7-"; L t.. t ; ;: , - i'~·=1"--- -:.Tfi-.:C.~ 

*.::>TATI'.:>TICS>X SOU~Cc STAT ~~ë N T S ~ l ~ C . P~ O G~AM ~Il~ = ..:. ,. ":! '=' • s u J r f"". c G :: fJ. r, ~; /\ ':, : = CQT r: 

xSTAT IST ICS* N0 [; l .Avf\CS TTC S c::.H RA ED 

* •~••* ~f'.Q OF CGMPILATI ON ~***** t "<J< i1 YT t.. ~-, Lr ((l ~C:: t-ic:JT USE '' 

--- ------ - - --- - ----------

LlV c:L 2.1 JA:--J 7 5 ) CS / 360 FJ ~ T~A~ ~ ~ xT~N~ ~ D Oil TF- 7c • .3 ':: 4/ 11. l 7. 11 ·:. 

~fOUES TED OP TICN S : DPT=2 , NOM~P , NCX~EF , NOTCPM I N.AL 

:J PTIONS IN EFFE-CT : N/lME(iv\Al!'.; ) CPT l MIZf(2 ) LINëC G Ur.JT ( 6 0) SIZ ':.. ( :VA.X ) AUT 1Jù8 L(NOt-1:::;: ) 

IS N 0002 

ISN 0003 
I SN 000 4 
1SN C J05 
I SN C·006 
I :::iN COC 7 

scu q c[_ fdCDIC NGL I ST f'JUDE. CK OP J E CT l\JJ MAP N .::: F C:'~l'v1AT G C'3 î"'1T rJ LI XF::: r ALC NCA1-JSF 1..; : 'TC:~r>'lil-iAL F t 
- --- -------- --··---- ---- ------·- -·--------------------

SGBFGUTINE DLGA~(~X . DLNG ,I ~R ) OJC l 35tC 
c 000 1 3 5 7 0 
C *~*** ***~*•~**~~*******~ ******* *~ **** ** n *** ** **~•* *•n •* *~** ~ ***: **~*00012~fC 
C * COU135 9 0 
c * su~~O uTINt DLG~M 000 1 3CCO 
c * 00013 6 1 0 
C *' FUR PfJ SE 000 l 3 62 C 
C * COMEUIES TH t- DOUBLE pF;EC ISI UN NATV=<AL LGGA ;:dTHM UF TH E QOQl_J t:>.lQ. ____ _ 
C * GAM~A ~UNCTI QN OF A GI VE~ DUU B L ~ DQCCISlO~ ~~GUM~N T. Cù01~ ~40 
c * 00 0 1 3t'>':: û 
r: "" l . C:: A ·:; c:: (' 0 C 1 3 o t C· 
C =" .: AL ,_ DLGAM(XX , tJLî.\J , 1 _ 1 ) _ CJ _,l _:,t_ l C 
C * CO C l Jt . oC 
C * DESCf:;IPTI CN OF PA~AMET~FS 00G ! 3f~O 
C * XX - TH l=:ô DOUBL~ P R~C ISION .ARGU\i '.:: NT FfJP TH E L CG GAMMA C·J ': l ~?U.' * f UN C T I 0 f'::lL Jl.O .. ~J..._..Uj__,,,__ _____ _ 
C * DL~G - THE ~FS ULTANT DOUBLE P~FC I S I ON LC~ GAMM A FU~CT! C~ OOC1J7 ~0 
C * VALU C: . 00 0 1 3 730 
C * I E R - FESULTANT ERROR CODE WHER~ 000 1 3 74 0 
c * r :::R = 0 --:--- NO E:PF'Qf<. ___ - 00.:::137::,c 
C * I E R= -1 ---- XX IS \ .H TTHI !\J 1 0** {- 9 ) O f- BEHJG Zf'"t<Q C:J0137t...C 
C * Oq XX lS NEGA TTV C . D LNG IS SET 0001377G 
C * TC -1.007 3 . OOU137 ê0 * :::R = +L ---- xx___i_s_s.8_ E.A._7_E~ I.1-1AN l 0•*7C. Dl NG 1 5 SF T OQU.1 ~3~7~<",~C~----
C * r n +1. 0075 . . OJ013M C0 
c * 00013 ~ 10 
C * REMARKS 0:)013 'i 20 
C * .. NO NE ---·-- C0013 8 3::l 
c * 0001 38 4 0 
C * SUBROUTINES .AND FUNCTlON SURPROGRAMS REOU I RED 00013 b50 
C * NONE 0001 3 t<b 0 
C * MET HO C .3_8_._,,..___ _____ _ 

C ~ TH E EULER - MCLAUR I N EXPANSION TO TH E SEVENTH DERIVATIVC TERM 00013 38 0 
C * IS USED, AS GIVFN BY M. ABPAMOW I TZ AND [.A. STEGUN, 0001 3bSO 
c * 'H ANCBOO.K OF MATH E- MATICAL FUNCTIONS '. u. s . DEPA f: TMENT OF 000 13qoc 
c * C OMM~~ C E , NATIONAL B U R~A U OF S TA NDAq rs _APPLIED MATHEMATICS 000 1 3Ç 1 0 
C * SEq I ES . 1 966 , EQUATION 6 .1 .4 1. 0001302 0 
c ~ 00013 9 30 
c **~*~******** ***~**** * ** ********** * * ***** **~* ~* *•*******************000 1 3940 

__c_ .... - fil ..3. g_~:=.~------
I NP L l Cl T REAL• 8 (A-H, G-Z) 00013~~0 
1r-q=o 00 ·) 1 3 11 1 0 
zz=xx ocu 1 2~ro 
IF<.>-.x. -1. 01 0) ê. , 2 ,1 OOCLL1;'.::' 
ff(X)', -J. 0 70 ) o , 9 , 9 C.)C l t•)Cv 



~ ~...,~ 
~- - - j 

- --- - ---- ------

oo oa 
(, 0 c 
COlO 

( 

c 
c 

2 
3 

Sf:: IF XX T S Nt--t-,.; 

l F- ( )< x- l • o- 9) 3 '3 • 4 
r r o =-1 
DLr~G= -l .07 S 

ZlJ l c~ ~~G t.TIV ~ 

I SN 
I SN 
ISN 
I sr 0 (j 1 _1 -- _ __c_ GC TC 1 0 

r OO l .:. 1. 

()cc 1 ... .) 
00014.) ~ .:; 

0 0 0 l ,_ 0 4 ".:· 

CùO l 1•C :::..; 
C· OC' l 4 C'fC 
C 00 14 C· 7 'V 

---------~-O O 1 4 ç c~·----

LEV t: L 2•1 

I Sî.J 0 0 12 
. __ LSJL.C 01 l 

ISN 0014 
ISN 0015 
I SN COlf 
I S~ 0017 
! SN OJ1 8 

r sr-i c o 1 9 

1 5'4 L :)2C 
I SN C 02 l 

J .\ N 7 5 DLGAM OS / 360 FORT~~N H ~X TEND~ ) 1HT E 7 t- . 3::.>~ /ll•l7. ~J 

C XX GPEATE~ THAN Z E~C AN D L~S3 THA N O~ ~ CUAL T O l. D+l C 00 0 1 40~U 
c 0 00 141 00 

4 TE:RM=l.CO 00 0 1411 -J 
·----!:}~~I F. ( Z Z- l f' , D 0 l t , 6 , ·r C 0 l.!..1.!ü-'.:__ __ _ 

c 
c 
c 

c 
c 

6 T ERM= T EKM*Z Z 00 0 141 30 
ZZ=ZZ+l.i:O 0 0C l 4 l 4C 
GC TO S 000141 ':i ù 

7 RZ2= 1. 00 /ZZ**2 _ __ ·- 000l4lf. J 

, 
" 

DLNG = ( ZZ-0.5 Dü )• DL OGCZZ)-ZZ +O. Q 1 8 9395332046727DO - DL G G(T ~~~· )+ 0 00 1 4 17 0 
&(l. DO/Zl)*( . 8~33333333333333~-l-( RZ 2*(. Z 7777777777777770-2+(~Z2* 000141 °0 
& ( • 7S3 650-/q3l50793 E. D-3- ( P Z2* ( . 5952380'i52.::S':30952D - 3))))))) 0001 41 cc, 

GO TO 10 00014 200 
000 14 .::: 1 0 

XX GRC.ATE~ Tt-'AN 1 . D+ l C AND L ESS TH/\'\J l . û ... 7 0 000 14 220 

;:., L 'J G =- Z Z '' ( .) L CG ( Z Z ) - l • ù 0 ) 
GO T C 1 0 

XX GREATF~ THAN OK EOUAL T~ l. 0 +7 C 

O~C l4 ?3::. 
Ol-~14~._ ~ 
0 0 ü 1 4 ::: ::>C 
001} 1 4?cG 
c :; ,_ l 4 ') 7 :: 

..., -· 

ç__ __ ___________ __QQJl .LE.2..r.' 0 ·---
ISN 0022 
I SN 0 0 2 
ISN 00 2 4 
I SN 0025 

9 

10 

{ [_l~=+ l 

DL ~G =l .D75 
RET URN 
END 

0oo 1 1.i? 1 C 
000143(() 
000 14 3 1 :) 
00ù l4 32C 

*OPTIONS IN EfFECT*NAME(MAIN) OP TIMIZ~ (2) LIN~COUNT(60) SIZ ~ (MAXJ AUT OD9 L(~ONE ) 

.~PIIONS IN EFFECT * SDU RCE EBCD I C NOL !ST NODC CK OBJ>=CT NOMAP N.l)_E_QF1'1AT GD..s...:I...M_I _ _N!JX P E:F ÂLC !'iCANSf" MJIFO MI NAL cl 

>:<STA TISTI CS* S OURCE ST AT EMENTS = 24• PKOG ~ A M SIZE = 710. S VHP~QG~AM ~AM E = DLGA M 

*STA TI STICS* NO DIAG~CSTICS GENER ATEO 

***** * END OF COMPILATION ****** 104K BYTES OF COPE NOT US~D 

LEVEL 2.1 JAN 75 ) OS/360 FORT~AN H EXTENDED DATE 76.3 6 4/11.17.5 5 

REQUESTED OPTICNS: OPT=2,NCMAP1NCX RE F,NOTERMINAL 
- . 

OPTIONS I N EFFfCT: NAME<MAIN ) OPTIMIZE(2) LINECOUNT{60) SIZE(MAX) AVTODHLCNON E ) 
SOURCE EBCDIC NOLIST NO DECK OBJ E CT N~MAP NOFOKM AT GOSTMT NO XPEF ALC NOANSF NOT E ~ M INAL F L 

S N IJO(l ? ___ s ............ 118_.RD! l I T NF ND I ...R.LlL..Q_._Q; a a 0 l 4 3 3 0 
c 00 0 14340 
C *********** * **•~*********************** **** ** ********** * ************OJ014350 
C * C00 1 4jt0 
C * SUB~CL TINE NOT~ CJù l4 2 7 0 
C * C00 14 J~0 



c 
c 
c 
( 
r 

* 
* * 
i,: 

X< 

c -;.-

Fuc; P f J s=. 
c ·J ~"' ou-rF-:.i y= ?<x> = ~-::; , ) ," ' ri._ JTY TH4. T T1-;, .;.l.N C- L , , v t, : r:. L!..~ 
DISTFI8UTC:O Nr1:: 1A.l\LLY( v ,!), IS L '.':S .:O 1-1 -'... r-J ·3:: ::.•:iUAL T C .X . 
F-(X), TH:: C'4:û I N~Tt- 'lr TH !:: ~ .; ;:~ i"1AL [0:::'.'JS ITY f...T Xo I::. /, L SC.. 
C C)t.ilP UTF I, . 

lJ • 
~l () () l h - '· ; 

·.) 0 0 l t; 4 (. •j 

0001441 •; 
c 0 0 1 q : 1 ~ ,_, 

0 J 0 1 4 4 :· ') 

( ' ' u SA G::. 
00 0 14 4l.: 1) 
0 0 0144 '..)(, 

_ _c ___ ~=-____ _.CAL.L_ NOT R C X . P , ~ _ __ - ------- -

C * 
c * 
c * c ,., 
c * 
c * c ,,~ 

CESC G I P Ti n N O F PA~;MST ~::s 

X - I NPU T SCALA ç F O~ ~HICH 
P - OUlPUT Pr OB AHILITY. 
D - OU TPUT Ot~S ITY. 

FfM ARKS 

P (X) I S C OMP UT E D . 

---------~~~.~~-- -
0001447 2 
000 1 4.:. r;C 
0 oc 1 4 4 01) 

OOùl 4 :::0'.) 
00 0 14 :5 10 
00::> 1 ,. :;;::o 
0 OO 1 4 S ~·) 

----- --· ·- - _ c ____ ,., M~_x 1 1111.~.L..Ef:.F,D_ .f:. _ L '.i lli c._n_o .Dil.O L.__ ___ _ _ _ _____ _.._.ùfil±± _,.,-"'•'-"'.._' - - -
c >'1 · 

c 
,-

:(" 

:Ir 

SU 9F::CJ UT I NES A~J C 5U .' Pq rJG RA'"1S c~-_ ou I FF.:D 
N CNE 

C 0û 1 4'";5 ) 
0o c 1 4 '5t· 0 
OJG 1 4 :- 7 o 
00014 560 c 

c 
c 
c 

* * * 
* 
~ 

ME TH C C 000 14 5S. O 
B ASé.D CN t- PPf. O X!MATICNS IN c . t-<t. S 1 li-JGS, A PPPtJ XI r-: ATI C NS F<JF 00G l 4 b0 ù 
DIG ITAL CO MP lJT :::qs , PR INCET \! N UNIV. PRC SS . PRINcc: TIJN , N.J., 00014é-10 

_c ·---- 2 0:;5 , S_EL_C',_Q~ION 2é~ 7 , H.ld-JD HOOK OF MATl-i f~-~ll_C~ l. 00011•_6""2_,.0'------
r * * "' 

f U NC T l U /\l S , A ll ? 4. ,-., 0 ti I T Z A ND S T E G UN • L> ,J V E ;~ P U ~ J L I \... f , T I iJ t l S , I N C • , 0 () J 1 4 n 3 0 
c 
r 

NEW YORK . 000 14 ~40 
c ·) 'J 1 4 cc;, 0 

r_ ::..: ~ , ,:.. ~·· '· ,- ·ç: '· r t, i ù '( :: :<.: .x '* * r.. ""t -:ï * l:• ::',:c , . ,.,... '/": -~ Y -:~ ,; -- :>:Y.~ t: -t -:!~ 1· :-'-:: :t > ·\' ~ · : ::: 'i: 'i; ". +.. r r . ~ ~· ~ r· ': :, ·Y . .. , _ ':. - :.'"'= ~ ,-;: ~ t ~ C ') J l ·t L ,:· ': 

C O J 0 J4 f70 
IS~ C003 I ~~ LICIT ~ EA L *B CA-H, ~-Z) 
IS N (0 0 4 AX= U .l. i::3S ( X ) 

Où O l~ (fC 
12· .j~· l qc · "- .1 

___ _l_SN _ ü0v5_ ~DO/< 1 • .Q..O_ ±Jr2..3.J..D_~L.L<?..D_~----- ________ Q_Ol ~ :rn.Q ___ _ 
I SN 0006 D=0. 39B9423D C* OEXP (- X~X / 2 , D O) 
ISN C00 7 P=l.OD O-D* T*((((l. 33 C 2 7 4DOi: T-l. 82 1 2~6lJO)*T+l.7 '3> 147 dDO )*T-

& 0 .35 65638D OJ*T+0 . 3193 8 1S DO) 
!SN 0008 IF( X)l , 2 ,2 
t S •-.J 0 0 0 9 1 P = l D 0 - P 
i SN COlO 2 ~ETU~N 
ISN OCll l END 

* OPT I ONS IN E:~-FE:: CT*N .t. M[ ( MA IN) O!=' Ti MlZE (2) Ll l'1ê.: C O U N T( 6Q } srz:;:( MAX } f,U T QU_lL( il ;.., NE ) 

00014710 
Oü 0 147 20 
000 1473C 
0 00 1 4740 
000 147 S:) 
Ü 0 Ü J f~ 7 CÙ 

0 00 1477 0 

*OPT I ONS !N EFF~CT*SOU R C E EB CDIC NOL I S T N ~ D~C k OB J E CT NO MAP N OFOP MAl GOSTMT NOXOEF ALC NOANSF NO T Eq MJ ~4L f t 

*STAT I ST ICS* 

i<STAT ISTICS* 

L E VEL ..... 
'-. 1 

SOU RCE S TATEMENT S = 
NO DIAGNCSTICS GE NFR ATED 

J AN 7 5 

****** tND GF C CMF ILATlC N ****** 

Lé.V EL 2.1 JAN 7 5 ) 

1 0 . POQGqAM S IZ E = 504, SU3PR CG~AM NAME = NO T ;:;: 

OS / 36 0 FORTRAN H EXT E N DE D DAT ~ 760364/11.17. So 

l O~K eYT c S CF COP é NOT US ED 

OS/ 36 0 FORTRA~ H EXT ~ ND ED DATE 76.364 /11.18. 0ù 

qEQUES T ED OP TI ONS : OP T= 2 , NOMAP , NCXP(F,NOTERMINAL 

OPT IO~S :N EFFEC T: N ~WE( MA I N ) CP TI MIZf ( 2 ) Ll~EC C UNT(bO) S I ZE CMAx ) A ü T ~08 L ( N O N ~ ) 
SOURC:::: =sco re Nl'LIST NOCC.Cr<. C. 3 J '.:C T :···J "-iA;-> l·F .. FO:Pf'v' Al (> 05 l '•IT 1\j •_;;><.F. ::.r AL C f\J iJ Ar .. s r NOT::: ;::''.1IN.t.L FI 



lSN C002 
c 
c 
c 
c 
c 

S L3 ~. GUT I ~ f-. C. C' ~ 1 ( N , ~~ HG , r; h Cc'. , T , A~~ , V l , V;:: , ··1 1 , _:::, ' ) '· , l c.. : l ) (: c.. 0 1 4 7 '. ' .. 
000 14 7} ':: 

* * * * * >:< * ::oc * ~ * :z:, * * "' * ;,. :.:. * * * * * * >l= * '' * "' * * * * t;; >;< '' ;:. ,~, :~ -:c ~ >;c * t: * ~ * : : :;: * :.t- * " '1· "' * ~' ~' >r ~, * "' * >.' "' "' ~' * L 0 0 l 4 .? '.) C * *COO l~ ~ l ~ 
* S LB~OUTI NE CGR l * C00 14 ~~C 
* * 0 0 0 1 4 c ~ c' 

C * P L;::;:POSE ::<COJ 1 4:'. 4 ~:., 
c_ * G I V""N T .- c yi.._r Tù::.JS ,__.Q_N[, r: F T_>-J:: M Th;'-A T ::O A S F l x:-u t.f'1D T~ E. '-"QJQ 1 4 r'-!-),; 
C * C'T r EF ~· E I G H Të'.) , CC:.;1-<rLAT ! C't, T EST I S PE.Pf-.Jr. r!. =: o . T H~ '-1< 000 14 :.'é.ü 
c * c nEFF I C l EN T CF cnF~~LA î I CN IS CA LC ULA T ~ c . T ~~ T I NG C f- * 000 1 4 ~ 7 C 
C * THE r Y PC T HE:SIS : ::.H('-= Q , l S AL S O D '~PFO'-M::. ~) . * 000 1 4 12- C 
C * "'C00 1 4~<t..: 
C * USA G~ *O.Jü l4 <?CC 
C * CALL C 0F l( N , ~HG , RHC2 ,T, AN ,Vl,V 2 , W l, S P F ,I ~F l) * OOJ 14 9 1 G 
C * *COO Jü 0.2'.J 

-----------~·---*-- _D_ES_.c_q__I PT I GN C E_.E~.....8..l\\.U':.Ll _ _____ __ _ * 0 0 Q..l!±~_'.;_ 

I SN G 00 3 
ISN 00 04 

ISN C005 
I SN 0006 
I SN 0 007 
l SN 0008 

ISN OOQ.3___ 
ISN 0010 
ISN 0011 
ISN 0012 
ISN 0013 
ISN C014 

c * N - INPUï L HJGTH OF v rc T ORS *C-lü l 4~-· 4 '.) 
C * FHù - CUTPU T COP F~ LA TI C~ COEFFIC I ENT •JJ0 1 4 ~50 
c 
c 
c 
c 
c 
ç_ 
c 
c 
c 
(. 

* FHC2 - CU TPU T SOU~ R E OF FrlD *O OC 1 40t~ 
* T - C.UTPU T OUANT l TY F Cc< _T HE C'J\.lDAt:;! l SO!'-l WIT ti S TU ')E t,JS î*COO l4 ~7J 
* AN - CUTPUT DEGQEES OF FREC~CM FO~ S TUGE~ T S TC Sl *000 1 4~SG 
* Vl - I NPUT WEIGH T ED V EC T O~ *000 1 4 9ÇC * V2 - I NPU T FIXEO VECT OP * 000 1 5000 
* Wl - INPUT Vf:CT CJM. OF WCIGH TS rJF Vl '5000 1 5C~l~û~------* snR - CUTP0T P~Q B\O IL I TY ~op WH!CH T H~ H Y P 0 1 H ES I S : *000 1 5020 * PHQ = o , I S ACC EP1 :=.: D *OOC 1 503C * I ~R l - EP~OR IN :~x IN CO~N E CT I ON WITH S UüROUT I NE S TU QNT *C0~ 1 5040 
" _ *l-CJ l ~C'.::O 

C >1x SUBf<O LTI NES A ND FUNC TI ON SUBPf;QGk.AMS P :: • ) U I ~CD *C'OO l ~Oc...v 

C * S T UD NT * Ci C 0 ! 5 () 7 0 
C * FCT •< . : c,: l ·~ . .., 'G 
C * ND TR * Q Q QLS..G-'i.Q_ _______ _ 

c * *000 1 5 1 00 
c *~***************** * ******************** * *** * **** * ** **** * * ** *** * * * * *000 1 5 11 0 
C C00 1 5 1 20 

c 
c 
c 

c 
c 
c 

I f.'P LICIT REAL*8 ( A-H . O- Z ) ·- __ -·-·-- -·· _ . _ 000 1 5 1 30 
D l f.IENS l ü f\ Vl( N) ,V 2 ( N ) ,Wl( N ) 000 1 5 1 4ù 

S UM CF THE WEIGHTS Wl 
0 00 1 5 1 5:.) 
0 0 0 l S l <'L' 

2 0 

SUM»tl=ODO 
OC 20 l= l ,N 
SUM'1l l ==S UMW l +W l ( I} 
CGNT !NUE 

________ __Q_Q_Q l 5..LJ_Q__ _________ _ 
0001':) 1 :1C 
000 1 ~ 1 90 
000 1 5200 
000 1 52 1 0 
0 OO l 5 :~2 0 

C OMPUT~ WEIGHTED MEANS 000 1 523 0 
000 1 5240 

~ >_ù__l__5-.~:?_5,_.0.__ _____ _ 
;~ VV2=0DO 0 00 1 5260 
DO 30 I= ld·J 000 1 5.? 7 •J 
AVVl=AVVl+·V l ( I ) *Wl ( I) 0 00 1 52fi0 

. AVV2==AVV2t- V 2 ( Il *Wl (I} -· · .. _ . ... _ _ ....... 000 1 5.?90 
30 CCNTINUE 0 00 1 5300 

. -LE.VEL.---2... ..... L-..! J AN 75 ) CORl OS / 36 0 FORI5AN H_E X H-NDE D DA.If 7 6 . --3..6.lLJ' l l d 8 . 00 

ISN 0015 
ISN 0016 

c 
c 

AVVl=AVV l /SU MW l 
AVV2=AVV 2 / SUMW1 

Li-':P l JTF \i[ I<,HH-C CC• V11. ~r~. ~~Cl .. ~lET.,.,[fN îH :C: T ..t C v ccTC1-:>S Vl Ar J[, V é_ 

000 1 53 10 
0 ()'J1 5320 
000 1 ~33_, 
0 (, 0 l c:, ·31~ .-; 



-- ---·-·-----· 
c c .;0 1 ~ ..:.:..: 
C V l A = V 1 , V 2 A = V 2 0 ·j 0 1 5 --~ c ,: 

ISN 00 17 OC 40 I=l,N 000 l :i3 7 ü 
! SN 001 8 Vl{I) = Vl(l)-AVVl 0001 s .:.;t:c 
I SN COl 9 V 2 ( I )=V 2 ( I )-AVV 2 C00 1 53Ç-i) 
I SN ( 020 4 C C L~nrr--iuc C88 1 c:;, j r:::; 
I SN C 0 ~ 1 ( C V = OU C 0 J 0 l 5 t.i 1 J 

SJL.C.022 _ C.._ ::o .J= ltlil _l :C: !. ? ' --·-----
I SN C O? ~ CC V =C C V+lll (l) * Vl(I)*V 2 (I) COO ! ~J43C 
I SN 0024 50 CO NT I NU ~ 00C l ~, 4 4 G 
! SN OOëb CL V=CO V/ SU~l\l Gù 0 l '=: 4 5C 

c 000 1 54é0 
C CO V M I ANC: SOUAf='F 000 1 5 47 0 
C 000 1 5 4AO 

I SN 00 26 CCV2=CO V *~'2 000 1 S 4 S.C 
--- ____ ____c ____ ___ _ __ ------- r" J 5"1t"1 rl _ ----

( CCMPUTE VA ~ I ANCES OF EACH VECT Oq OOùl~~l~ 
C 00C l 5~20 

!SN C0 2 7 
I SN 0 0.28 
I S N C 029 
I SN C030 
I SN C0.3 1 

___ l_SN C 032 60 
!SN 002'3 
!SN 0034 

c 

VAO V l = 0•) 0 
V/... Q. V2=C DO 
cr: 60 1=1 , 1\1 
V t»~ V 1 = V AR V 1 + ~\l l ( I ) * ( V 1 ( I ) * >~ 2 ) 
VAO V 2= VA RV2+Wl ( 1 ) * ( V2( I ) **2 ) 
CJ.:liLliLU~------· 
V t ~ Vl = VA~V l/ SUMW l 
VAOV2=VAqV2/ Sü~W l 

•- ( l f- :·. l L i .. T I .:O'l C .: c- f - f' 1 C I C: t T 

I SN C035 
I SN 003 6 

c 
FH O =CO V/( DSQ~ T(VA ~ V l ) *OSGPT (VA R V 2 )) 
Rt-iù2=:C G V 2 / ( V AK V 1 *V A r·' V .: ) 

00 0 1 s:i 3C 
00 0 1 554Ci 
0 0 0 1 5 C) '-~ (.' 
00 0 1 55<~0 
0 00 1 5'.:> 7 0 
0 00 1 5580 
0 00 1 550 ".) 
000 1 Sf:OV 
000 1 ~>'> 1 :) 

C.J ... :~~ :..... :..J 
û 0 0 l ')t 3 •) 
000 1 ~;~_ ,H; 

G :J ~l-'.:.•:::· 

-----·· -- ·-----· . 0 0 01.~..t..U ----
c Té ST FOR TH E HYPCTH ES l S : RHO= O, BY COMPUTI NG THE CUANT ITY T. 0 00 1 5~ 7 0 
c 
c 

SUB J ECT T O COMPAKt AGAIN S T STUDEN T'S T FOR N- 2 DEGREES OF F~cE O OM Où 0 1 5oao 

ISN 0037 A N=DF LOAT{~-2) _ 
IS N 0038 It'- ( RH02 . ::o .ioo) GO TO 70 
IS N C040 T=t1SO"< T (( AN*F<H02 )/(1 DO - PHQ2 }} 
!SN 0041 NDF=N- 2 

__ _J_s_rs_Q.QÊ_.2_ LL-$. TU DN T(T, NQF , SP R, IER l) 
IS N 0043 GQ TC 8 0 
ISN 0044 ·7 0 T=O OC 
ISN 0 045 SP R= lOODO 
ISN 004b I EP l=O 
ISN 0047 80 RETURN 
!SN 0048 END 

00 0 1 5690 
0001 5700 
000 1 5 71 0 
000 1 5 7 20 
C00 1 573J 

·-------------~Q.OL.5-74 ' ___ _ 
00 0 1 5 7 3 0 
00 0 1 5 760 
00015 "17 0 
00015750 
0001 5 790 
0001 58 0 0 

--~..aE.il..DHS I N EFFECT'!'N AM c < MA.1.Nl OPTI MIZE(2) LINl='COUNJ{60) SIZECMAX) AUTODBLCNONFl 

* OPTI ONS IN EFFE CT *SOURCE EBCDI C NOLIST NODECK OB J ECT NOMAP ~OFO R MA T GOSTMT NOXREF ALC NOANS F NOTE R~INA L F L 

*STATISTICS* SCU RCE STft TE MEN T S = 47, PROGRAM SIZE = 11181 SUBP~ GGPAM NA ME = CORI 

*STATISTICS~ NO DIAGNOS TICS GENERATED 

------
LEVEL 2.1 JA N 7 5 CORl O S / 360 F~ R T F- AN H EXTéNDED DAT E 7 6 .364/11.1 8 .J O 

~***~* END OF COMP I LA TI ON ****•* l CCK B YT CS n F (~Qr NJ T USCD 

LEVEL 2 .1 JAN 7 -5 •-:'S / 360 F ;JP T r-AN H "'Xîf NDU> DA T ~ 7 6 . ~ 6 ~/l!. l ~ . )6 



-------------------------- --··--------- ----- -----·------

REOUE STEü ODTICNS: OPT=2 ,~0MAP , NGXh~F , NOTEFMINAL 

UPTIONS l l\J :::FrEc T: NAMEP1AIN ) ~JPTIMIZE(2) L!N ECOUNT(r)O ) S il '.::. ( MAX ) AUT Oûé:> L( 'l:'NF.. ) 
SOUf: C:: f-DCr:>IC ~IOLIST NODECK OBJ E CT N·J MAF· '\J OFJC Ml\T GCS TMT N':;)<F- [.,.= t.LC Nü A"l.SF ~.;OT! - 0'-lf 'J<;L r-1 

___ l ~t,i_ç_QQ !,,rl_E_CJ.!.LlliL S TU Dl\. T LLL~!LL..BL PHA , I t:: R.l_____ Q 00 l :;,-' 10 __ _ 
C CO 1 5 -3 .~ G c 

c * * * * *"" * * :>'; ·~ * * * * * * * * *"' * * * * * * * * * * * * * * :t: * * * * * :t: * * * * * * " * * * * * * ~: * * * ~' :t: >'.< * >.< >' * * * * 0 0 0 l 5 p, 3 c 
C * *OC015B40 
C * E~3FOUTINE STUD~T *00015 8~ 0 
C * *00015 R60 
C * FUR PUSE *0001 5870 
C * CDMPUT~ S ALPHA {T) = PPO BAB ILITY THAT TH C ~~NDOM V~ R IA~L ~ Uo*Cû015 H~O 

----------'~---*~-------'~LS-11:UB..Lil...E:.D AC CO c- D IN G__T 0 Th ;:::- ST UD EN T 1 S lJ I SJ I GlJI I C N \\. II H * Q i21)1 5 fi q :J _____ _ 
C * NDF DE:GRCE:S OF FREEDOM , IS Lt::SS THAN -T AND G~l'-.AT;:::- f: THA I\. +T :lcCù ')l 590C 
c * *JJ0 1 sq 1 0 
c * USA. GE 1i:ooc 1sc2c 
C * CALL S TU DN T(J,NpF,A~PHAolEh) _ *OJ01~GJQ 
c * *00015q 40 
c * DESCPIPTION OF PARAMETE RS *000 1 5g so 
C * T - INPUT SCP.LAR FOR WHICH ALPHA(T) IS C OM PUT [D *00015 0t, O 

----------~~--*------'N~D'-'-F - I NPUT DEGPEES OF Ff-'FE DOM *00015970 
C * ALPHA - OUTPUT P k08 A8 ILITY - *00 0 1 ~9 6 0 
C * IE R - ERPGR CO DE RF.SUL Tll '-I G FJ;OM THE. NU1>.1é:-'f-ICAL INTEGf;.ATION*OO Ol S<?S.O 
c * I<= IE;:< NCT z ::Ro . TH ::: N 'lH =: "JUMERICAL INT f: GRATICti *0001 6 000 
( ,., I S ".J 0 T C ( ~ ! V 5 r. G ! i J G ~· ~ ::) P ::. F-: L Y ~ C J 0 l G C 1 J 
C * *OJ C l n02J 
c * sus;:;ouTIN~ S tND FUNCT I ON SUBP RQGqAMS ~EOU I ~=G •0 0J l o03~ 
c * FCT .+- GOJ l tC4C 
~ 
c 
c 
c 
<: 
c 
c 
c 

* ND P~ * 0 0 0 l~ù~----· * *OO Ol oOeO * F. EMAJ;KS *0001 6C 7 0 * FOR D~GKEE S OF FFEEDOM GR~ATER THAN 110, THE P P GBAB I L ITY •00 0 1 o080 * ·---- ALPHA CLl. IS COMPUI.ED _f..RO~ Tl:iE •. t'.4lJR.MAL DISTRIBUTION, *OO Olt:.0 90 * PEGARDLESS OF THf DEGREES OF FKEEDOM *C OO l é lO O 
* *CJ Ol ô l l O 
*********** * *********************~**•****~***•**********************00 0 16120 c 

ISN ~003 I~PLICIT RE AL *8 (A- H, O-Z) 
ISN 0004 DIM E NSI ON AU X(100) 
!SN 0005 DGUBLE PRECISION DASS,FCT 
lSN C006 _ -- - -~ lF(NOF.LT.110) GO TC 100 
ISN 00 08 CALL NDTR(T , ALPHA,DUMMY} 
I SN C009 ALPHA= (ALPHA-0.5D0) *200D O 
ISN 0010 ALPHA=lOODO-ALPHA 

~~l~..LJ ~ 
!SN 0012 RETURN 
!SN C013 100 XL=-T 
ISN C014 XU=T 

__ l SN 0015 _ - --·-- __ EPS=O. 0001 
ISN 0016 NDI M= lOO 
l SN 0017 AUX( 1) =O e 5* (FCT( XL 1NOF} +FCT(XU,NOf=J} 
I SN 0 0 1 8 H=XU-X L 

_ _l_SN___Q 01 o IF C N.!21 M.::.~ 
ISN 0 02 0 l I F (H) 2 .10,2 
I SN 0 0 2 l 2 Hh= H 
1 S I-.! 0022 E=ErS/LAdS {H} 
:SN C02J 0[LT2=0e0 

_______________ _QO 0 1 t-J 1 3 0 

080 1 6 140 
0001 (- 1 5 0 
OJ016160 

- - ·- --· - --- -- ----· 00016170 
0001 6 1 80 
000 1 619 0 
0001ô 200 
0 0 0 1 62_LQ _______ _ 
00016? 20 
0 00 1 6 2 30 
0001 62 4 0 
00 •)16 2~0 
0001t 26 ·J 
00 0 1 62 70 
0001 6 2 80 

_________ O~D~O l 6 2 9 O 

00010 3 00 
0001 1:;3 1 0 
C.001 c.•.320 
0-.iJlt 330 



-----------~~~--~ 

I SN C0 2 4 P =l .C OOù l ê. J 4U 
! SN OJ25 JJ = l OOJ16 35ü 
r sr. (,026 OG 7 !=2, ND I M 000 1 1-):360 
ISN 002 7 Y=AUX( l) 000 1 -::::, 7 0 
! SN co.::·· fJ':L Tl=D E LT2 0001A.3hJ 

- · _ _l SN ( 0 é... 9 _ HQ.~ .. tU:.L_ _ .Jl.D....ill..n. ~' ~-----
1 SN 0 C 7 ü t- h = C • 5 * H H (' 0 J l t ' 4 ù 0 
!SN 00:' 1 P=0 . 5*P OOOlt.: 4 1 0 
l SN C 0 :5 2 X= X L + H H 0 0 0 1(, 4 2 0 
! S N C:J33 Sfv=O . O O OC 1 6 4 3G 
r ~r~ 0034 or 3 J = l ,JJ oo ·J 1 f. 440 
ISN C 0 3 5 S/\1=SM +FCT(X,NOF) OO;) l c: 4 50 
ISN ~036 X=XihD 00J l b 4 bJ 
l SN C C .3 7 ____ "3 c Ll'>l.I..J 1"I U '- G...Q ~ l LU...Q _ _ _ 
I~N O G.38 f, UX( Il=0. 5*AUX( I-1 )+D *SM Oùù l t.4::'0 
1 SN (, û j 9 Q:::: l • 0 C J Q 1 t- 4 9 J 
!SN (040 .JI=I-1 000 l é500 
I SN C041 DO 4 .J = l ,JI .. _ 00ùl6 5 10 
ISN 0042 II = I-J 000 l b52U 
!SN 0043 Q=Q+Q OOC1E530 
ISN 0044 O=Q+O 000! 654J 

--~I 5~ _Q 0 4. i _ il! I l =AU X C I I + l ) + ( AUX ( I I + l ) - AU X< I I Li/ ( 0- l • Q ) 0? Q.1 l:J_;',~; 5~0 ____ _ 
! SN C.046 4 CONT !NU F: 0 00 1 6560 
I~N C.047 DE:.LT2=CAbS (Y-AU X (l)} 02J l é-':; 71) 
ISN 004t< IF( T-5 ) 7 ,5. 5 C'00lü::· t"3 0 
l :; ' 1 C 0 1• ' _, ~- I F ( C f.. L T .<: - '.... } 1 0 , 1 ') , 6 . . . (. ..: U l t, ::. ',· 0 
l SN C.. 0 :, 0 6 If ( CE L T 2 - D CL T 1 ) 7, 1 1 , 1 1 0 1J 0 1 f t. 0 0 
I S N 0 0 ~ 1 7 J J = J J + J J C •J 0 1 f . <., 1 <.; 
I S I'\. vJ"' ? e IE' R =2 (. ·J :--.. 1 '~, ,. 2 \) 

__ _l_5 N_Gl.c~ 9 Y:.::H* AUX.LLJ _C'_2fil...b.l: l0. ____ _ 
!SN 0054 ALPHA= (l.O-YJ•lOO.O 000 1 60 4 0 
}:)/\, co ~.- 5 FE-.. TURN 000 1 6650 
I S N C 0 5 "> 1 0 1 f P = 0 0 0 0 1 6 6 f> 0 
IS N co::i 7 GO TO 9 - ... ---- -- ·-····-- ..... ... ·· ··-·-- .. 0 00 16 6 7 0 
ISN 0051:5 1 1 IER=l ·. OOOlf.660 
! SN 0059 Y .::: Y*H 000 1 6 6 90 
ISN co e., o .ALPHA=(!.0-Y)*lOO.O COJ 1 670ù 

_ _ _ l S.N . ...C. 0 ':- f:.I .U.E.N. · ~b.l..LQ. 
I SN 0062 END 000 1 6?20 

*OPTIONS IN EFFECT>~NAME(MAIN) OPTIMIZE {2) LINECOUNT(60) SIZE(MAX} AUTODBL(NONE) 
- . . - - - . - -· . ·-- - . -· -·- -

*OPTIGNS IN EFFECi*SOURCE EBCD IC NOL IST NODECK OBJECT NOMAP NOFOR MAT GOSTMT NOX RE F ALC NGANSF NUTfQ~IN~L 

*STATISTICS* SOURCE STATEMENTS = 61, PPOGRAM SIZ E = 1946, SUBPROGRAM NAME =STUDNT 

*SîATISTICS* NO DI~GNOSTICS ~[NERATED 

•**~** END OF COMPlLATICN ****** 104K BYTES OF COR~ NOT USED 

LEVE:.L 2.1 JAl'I 7 5 OS/360 FORTRAN H EX TENDED DAT E 7 6 .36 4/11.18.11 

_B.E lliJ..E..S..I .. L.D _GP-.I I C N 3 ;__ 0 PT ==2 , NOM AE. .. <tN OX R C F.s.l:ill...J....EB..,VLJ HbL _ _ 

OPTI ONS IN EFFECT: N~M E ( ~ A!N} OPTIM1ZE(2J LINFC 1J UNTC60 ) SIZE ( MAX) AUTODBL ( NONE ) 
S CU RCE ~ 8CD!C NCLIST NODECK ~~ J C CT ~ Q MA P NGFOPMA T GOS T WT ~OX~ EF ALC Nl "A~SF NDT l R~ lNAL 1 

ISN cc, 0 2 '"lL U l~ U· F'l~r ( J S ! Ll f' . i · Uf'C~ Irr-; tC T(T.~J')r ) 0 0 01 ,,730 



J sr.i 
! SN 
! SN 
I SN 
I SN 
! SN 
1 SN 

_ __J S f'.l 
ISN 
I S f'.. 
!S N 

c 00 3 
CCC4 
eu es 
c 0 ü t 
ooc 7 
OùJ C' 
o .:;oc 
ç (1 1 y - -- -· 
0 0 l l 
CO l ~ 
c 0 l .1 

I ~,. P L l C ! T c : .-. l . ,, ··: ( t - t- , ·:- - Z ) 
C' C. U t, U:: ~ ::: -:: C I S J ,] ; ;:, :, i .r . ·•· :; , i-: :> o J:" ; 

FF- ~Cl: M=ê-.. )r 
PA! =3 . l 4l '. ·.)2 r c:, ' ~. t-~; 

A=ù GAM'•'.\((f= ··•-f r'!<.• +1. 0 )/ ? . 0 ) 
H = C'> G M·1 11, t. ( f- ;:. C:: ::_:; 1.• / :? • (1 ) 

C ::c 1) .S 0 f: T ( r- :: ::. E •:; ~·· '' P A l ) ,;, d 
. _ __ _,,C= iJ_.• Q + T .:..~" ~ / F f.. .h:-- D~) '~ ~- ( - ( P P :-:. r:. !)r.~ -1- 1. C } / 2 . O_,___ __ _ 

FCT= CA/C ) :.'D 
R!:TUf:N 
El'. D 

f_ J ) 1 I . 7 4 _ 

CJOl -: 7- _ 
c c 0 1 · ~ 7 ·: \,..' 
COJ l t-. 7 7 /: 
OJ') 1 c; 7 r3ù 
CC C: 1 c:: t LI .. ) 

0'jl, 1 fo ."- l) ,:J 
---------~ü_O~Q , 1 t · .i 1 :) 

0 0 :J l : . "" =-:; 
0 0 0 1 • .., ,, 3 0 
OJ •J l r:> 13 40 

*ÜPTI0/\15 Ir" F..FFE. CT:1<N,A "1 E ( ô"i A I N ) OP THAIZ E ( 2 ) LINEG1 1J l'Jl ( 6 0 l S IZ C: ( MAX ) AUT •,.; , :.d L( f~O~JE:: ) 

*CP T I ONS li\. E.FFF.CT*SCUh( L E t3CD I C NCL I ST ~J ~ f)::: CK Ol3 J '::.C T t'lùl\.lAP N: .FOR MA.,.. G OS TMT l' l iJXf:;. ë= F .ALC 1'.( .\ l'\J3r r .. H .. ' Tr:~~l ,.'.. !_, FL 

-- - -~~~~· 

*STATISTICS* SOU~C!: STAT t M~NTS = l ~ • P~ C G~AM S l7 ~ = ~t2 , S U O P f:C ~F A ~ N~M ~ = r·c T 

*STATlST!CS+ NO D I AG~CSTIC~ G ~ N E PAT~C 

~• •* ** EN D OF COMPlLATIG~ •****• ! 0 4K ~ YT E S OF c~~r NOT US[n 

LE YE L 2 . _L ( J At\l 75 ) OS / 360 F ·Jr- TPAN H EXH."iD C: ·) DATE. 7 1::, .J •'"4 / 1-.Lt.1.!::..L.L'l. __ 

REOUESTED O~T I CNS ! OPT=2 , NCMA P,N CXPlF , NUTfPM INAL 

'JP T l ù~~.:) [ ', :r f _: e,1 : i'lA M :::.( ;. 1 :.;) . _ t' T!~i '.'.'. : (.:. ) L : ~. :(( 1 L:'lî ( ':.Jl . ~ I Z:'(" . '...X) A J ... _ _,_:_ ( :, L.J 1.:_: ) 
SOUf:'( f: ' t-ACD IC NOL I S1 N O D::. CK C :-:> J ë CT tWMAf: l.JCF);;, 1.1 AT G\S T MT t..; •Jx ;:•r_: ,:: ALC NCA.< '::;F NC Tr: P r.qr~~ L r [ 

I SN 0002 SUd ;::l OUT I I\. ~-: MAT .:" IT(:. , NZ , :-IR,IZ.INT.IW l C j ~~ 1 r • ~ i:i 2 
----~_Ilti..$~ U.Eill...QU T Jl"i E Pf:' I NTS D'lU Fl L E 0 Rt;_ÇJ_s_l_ùN Mt>. T F l_Ç,_f:d __ ~ C U _ U '."1N $ t. ND 

C PAG E 
4 .Q_Rû W $_Q_]_\.)~Ll ~~~oLlb~Q>l-----~--

OC 01 68 7 0 
00016:)~·0 
000l '=>Ei90 
00016900 

I SN 0003 
ISN C004 
! S N C005 
ISN 0006 

_ __r s N_O a 0 2 
JSN 0008 

I S l\J 0 ü () 'J 

1 Si~ 0 0 1 0 

C A 1S TH E MAT R I X TL HE P ~ I NTE D 
C M IS THt. POW DIMENS I ON CF A 
C N 1 5 THE C O LU MN DIMEN SI CN OF A 
c NZ I S THE MAX I MUM ~ow D!M f NSION OF A IN MAI N 
c Mi-< I S THE NUM B t. R [ ;F RO\~ S or- srP~[' PRINT ED nN r:J'\JE PAG[ 
C I Z I SA FLAG I DF Nï l FY I NG /\ S Y M,V, ~ T P IC MAH. IX -

0 0 tJ 1 5 1! 1 :J 
OOO l o S~O 
00C l s · '.J3 ü 

c_ 0 - f'. QN - _:;Y fV M ET R~I~C~------- ·--------------~~· e:_S:_4 Q__ C 1 - SYt-iMc TF I C 
c l Nî r s A FLAG I NDICA TI NG WHt. TH ~ R OP NO T THE MATR IX I S TO STA~ T 
C CN A NEW PAGE -
C 0 - DO NCT SlA RT NLW PAGE 
C 1 START NE W PAGE 
C IW I S THE WRITE CCDt OF TH~ COMPUTER 

Cùü l•:, 0 :.iJ 
Pf::; INTIN OJ 0 1 6:::':':Q 

00016070 
000 1 698 0 
COO l ô990 

c IN CASE OF MOR E THA~ MP Rows ~ THE MATRIX COL U MN C O NTINU ES I N THE NEXT 
00'.) 17 000 
000170 1 0 

--~~.CilLU111'LD E T HE__S.A.M.f:.__.f'.Afi~<= _____ ___ _ _ _ _ 
C A ~EADING SH DULD G E P R I~TED IN THE MAIN PROGRAM • 
C PP. I NT I\J G ON THE SAME PAGE 

!W P LICIT REAL ~ 8(A - H.O-Z ) 
0 I ME NS l r_, N A ( N Z , t-.J Z ) • 1 R ( 2 ) • N C l ( 5 ) 
CC M"10 N/ '3 LOCK.l / M 

Jl.Q.Q Ll Q? ù , 
TH~ MAT F IX WILL STAO O~l 7 030 

CJ.J l 7040 
0 OO l 7C 5·) 
00 0 17 0 6 0 
000 17 07J 

~~ =- \1 000 1 7C20 
C !NITI AL I Z E 'INT' TU 0 TO HfüICATE THA T OUTf'UT ! S NOT T O STAR T ON A N E \'1000 17 0';;10 

..DLC=.l __ _ 
L 1 :.: 0 

c PR OCtGu ~~ T O w~IT f MAl ~ I X 
Nt v/ =O 

c PRlf·iT CCLU ~\N f\I U Mi.><r~s 
1 f,f \•J =·l'i[ \'!+ 1.) 

- - - ------ .ll.OD.L.7.l.. Q.D..__!_ _ ___ __ _ 

00 0 17110 
I F NU . OF f;:JWS < C1 q = MF 00 (' 171 2 0 

O J O l 71 3..1 
c J ù 1 7 l 11 J 
<.. ..:0:) !7l 'J) 



! .:., " 
l S:"J 
ISN 
l SN 

I SN 
I SN 

__ l SN 
l S N 
I SN 
I SN 

I S N 
I S l'J 
ISN 
I S :--i 
I S N 
l SN 
ISN 
I S~ 
l S °'I 

IJV l 1 
0013 
0015 
C017 

C019 
C020 
Cu.2.1 
0 J ;:: 3 
C0 2 4 
(, 02? 

lrli'-oLT . i'\t:w l !'.:.:w=~ 
IF ( I N T • ;:: 0 • 0 ) rn:· I T r. ( l 'h , 1 C 0 ) ( 1 , I = I'\ C , N~»'I} 
IF ( lN T • Në • O.) ·.~ n I T !:- ( I ~ , 2 0 0 )( l .I = NC , ~ ~- yJ) 
I 1- ( I z. E a .1 ) GO T c ~a 

c P~INT ~ ~ows OF MAT~IX 
DC 4 I = 1 , ;,1 

4 \\' f: I TE ( l w • 3 0 0 ) I , ( t. ( r • K ) , K = "J C , NC 'N ) 
_____ _lL_l E (J',.__E_Q L NE._\•LL ;;~ · T~\J~f:~N~-----~

I t, T = l 
N( = l'.C+ 5 
GC TC 6 

C pr.rr..JT S YMME.TRIC rv. .a.r;:;rx wlTH <VR qows 
0026 39 DC .;6 I=!\C , M 
C 0 2 7 I F ( l • G T • N:: w ) I N = ~ .. E 'N 
C ù 2 9 If ( l • L F.: • N:::: V.' ) 1 ~~ = I 
_G.J...:31. ______ •.t; _'l.F. l TC ( l rR.J.3 G.Ci.l 1.l A._(._L ... K.L~ K =Nr . IN] __ ·----·--
C 0 3 2 GC T C .3 7 
C 0 :5 3 1 0 -J F- C f- r.;. A T ( ' 0 ' , l t- X • I , 4 ( ! ;; X • I 1 ) ) 
COJ4 200 FL~~ AT (' 1 1 o1 8 A tl ,ü(l 2 X,!3 )) 
0 0 2 5 3 0 C r · l ;-- 11 ;.. T ( ' 1 

, 1 0 X , I , 5 ( :, X , L~ l 2 • 5 ) ) 
co.:o :_t- •) 

--- -- ·--- ----- --
Cü0 17l é0 
000 1717C 
OlO l r1 aJ 
00017190 
OùC' l7?0J 
u J J 1 7 ? l J 
( 1 J 0 ! 7 .:. ë.. 1J 

·------- _________ _f_ _QJ.U 7? •_,.._ ______ _ 
COù!7 2 4J 
C.0 0 1 7 2 :'>0 
c J.j 1 ·1 2 •, J 
CJOl 7 2 70 
0 OO l 7 ,:: 30 
COC!7 :? ;,o 
c0 c 1 7 -: co 

______________ f,..J..:l.:. 1 ~....! 
CCJ ! .' .'!.') 
c :.:.' 17~") 
(J,) 17 .: 4) 
L ._; J 1 7.: ::>) 

ù .) .:; 1 7 '-~ : 

01=--T l ONS IN C. ·7 F ':: CT~<i -LAYf ('1AlN) iJD TI '-llZ F ( ~ ) L~ N ~ CrUNT ( tO ) :;1z ::: (ll AX ) t.UT t'• O ==I L('-l:_ l'-.:r. ) 



APPENDIX II 

L I S T I N G 0 F T H E G R E A T L A K E 

L E V E L G A U G E I N P U T D A T A 

(from "Apparent Verti ca l Movements Over the Great Lakes" 

by P.-A. Bolduc) 



STATION MINUS STATION 

Standard Deviat ion 
r-'tM MM 

LAKE ONTARIO 

Toronto Kingston + 174 9 

Toronto Cape Vincent + 116 9 

Kingston Cape Vincent S8 6 

Oswego Toronto 94 9 

Oswego Kingston + 79 6 

Oswego Cape Vincent + 21 6 

LAKE ERIE 

Port Stanley Port Colborne + 61 lS 

Port Stanley Buffalo + 3 lS 

Port Stanley Cleveland SS 15 

Buffalo Port Colborne 64 9 

Buffalo Cleveland 58 12 

Cleveland Port Col borne 6 12 



LAKE MICHIGAN-HURON 

Thessalon Goderich 

Thessalon Collingwood 

Thessalon Harbor Beach 

Thessalon Mackinaw City 

Goderich Collingwood 

Goderich Harbor Beach 

Goderich Mackinaw City 

Collingwood Harbor Bea ch 

Collingwood Mackinaw City 

Mackinaw City Harbor Beach 

LAKE STJPERIOR 

Point Iroquois Thunder Bay 

Point Iroquois Michipicoten 

Point Iroquo is Marque tte 

MM 

- 207 

0 

- 192 

- 116 

+ 204 

+ 15 

+ 94 

- 192 

- 113 

76 

+ 58 

+ 290 

- 122 

Standard Deviation 
MM 

12 

9 

12 

1,2 

15 

12 

15 

6 

12 

12 

12 

9 

6 



1 
Standard Deviat ion 

MM MM 

LAKE SUPERIOR (Cont 'd) 

Point Iroquois Duluth - 235 12 

Michipicoten Thunder Bay - 232 15 

Michipicoten Marquette - 408 9 

Michipicoten Duluth - 521 ,. 15 

Thunder Bay Ma!:'quette - 177 12 

Thunder Bay Duluth - 290 12 

Duluth Marquette - 113 9 
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APPENDIX III 

U N B T R E A T M E N T 0 F LE V ~ L GAU GE DATA 



c· 

(i) "The Use of Lake Gauges in Determining Vertical Crustal 

Movements" by L.B. Fletcher 



ABSTRACT 

The growing interest in movements of the earth's upper 

crust has inspired many investigations in recent years to 

develop methods wherein these movements could be detected and 

mathematically modelled. 

This paper deals with the mathematical model developed 

by P. Vanicek and D. Christodoulidis (1973) which predicts 

vertical crustal movements for the time period of one century. 

A method is introduced wherein lake ~auge data is prepared 

for further treatment by the above mentioned model, which is 

based on the fitting, in the least-squares sense, of a sur

face, describing the crustal velocities. It is concluded that 

the results obtained from this investigation are useful and are 

being used in conjunction with geodetic relevelled segments of 

the first-order levelling network, to. produce a crustal velocity 

map for the Province of Ontario. 

i i 
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Introduction 

In several scientific and technical disciplines, studies on crustal 

movements are necessary. Among them are Geodesy, Construction Engineering, 

Seismology, Geology and Geophysics (Christodulidis 1973). The inves

tigation presented in this paper is a continuation of studies being carried 

out in the Maritime Provinces (Vaniêek 1976) dealing with the deter

mination and prediction of contemporary vertical crustal movements. 

The present study deals with the Province of Ontario and was funded 

by a research contract with Canada Energy, Mines and Resources, Ottawa. 

The data used in this study was of two kinds: lake gauge records 

and geodetic relevelled segments of the first-order levelling network, 

the former being the subject of this paper. 

It should also be understood that the vertical crustal velocities 

(movements) were assumed to be constant (linear) with time. 

1.0 Sorne Comments on the Gauge Data. 

There were twenty permanent lake gauge stations (with sufficient 

le~gth of record, i.e. greater than 10 years) selected for this study 

(see Table 1). The data used in this study was obtained from Environ1nent 

Canada (Marine Environmental Data Services Branch), in which the monthly 

and yearly mean levels for each station are tabulated sequentially, 

con@encing wilh the first year of recorded data. Prier to 1968, the 

monthly mean levels wcrc usually computcd from the daily mean levels, 
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Table l - Lake Gauges Used in Study 

LAKE' GAUGE POSITION DATA 

No. 1 Na me 1 Location <fi 1 ,\ Record available 

10050 Thunder Bay Lake Superior 48°24.57' 89°13.02' 1915 - 1974 

10750 Michipicoten Hbr. Lake Superior 47°57.73' 84°54.03' 1918 - 1974 

10920 Gros Cap Lake Superior 46°31.76' 84°35.13' 1961 - 1974 

11070 Thessalon Lake Huron 46°15.18' 83°33.ll' 1927 - 1974 

* 11195 Little Current Lake Huron 45°58.88' 81°55.69' 1960 1974 

11375 Parry Sound Lake Huron 45°20.30' 80°02. 15' 1961 - 1974 

11500 Collingwood Lake Huron 44°30.28' 80°13. 04 1 1916 - 1974 

11690 Tobermory Lake Huron 54°15.52' 81°39.95' 1963 1974 

11860 Goderich Lake Huron 43°44.75' 81°43.73' 1920 - 1914 

* 11940 Point Edward Lake Huron 42°59.45' 82°25.29' 1928 - 1974 

13030 Port Wel1 er Lake Ontario 43°14.20' 79°13.20 ' 1956 1974 

13320 Toronto Lake Ontario 43°38.38' 79°22.83' 1911 - 1974 

13590 Cobourg Lake Ontario 43°57.47' 78°09.90' 1957 - 1974 

13988 Kingston Lake Ontario 44°13. 05 1 76°31.05' 1911 1974 

11995 Amherstburg Lake Erie 42°08.66' 83°06.87' 1960 - 1974 

12065 Kingsvil le Lake Erie 42°01.60' 82°44.09' 1963 - 1974 

12250 Erieau Lake Erie 42°15.62' 81°55.12' 1959 1974 

12400 Port Stanley Lake Erie 42°39.54' 81°12 .80' 1927 - 1974 

12710 Port Dover Lake Erie 42°46.85' 80°1 2.10' 1960 - 1974 

12865 Port Colbourne Lake Erie 42°52.44 ' 79°15.20' 1912 1974 

. * Data Discarded in Analysis (See sec tion 1.10) . 
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but since then, they have been computed from the hourly levels. The 

yearly means were computed from the daily me1ns. The number of days 

of record available for each year was indicated and if this was iess 

than one hundred and eighty, the yearly mean was not computed. All 

elevations given were in feet and, unless otherwise specified, were 

referred to the International Great Lakes Dëtum, 1955 (IGLD 1955). 

1.10 Problems Encountered With Gauge Data. 

The largest problem encountered in treating the data was for the 

years of data (means) which had been computed using less than 365 days 

of record. The fact that the yearly means had been computed from, say, 

the months of March to December or January to September yielded 1ower 

or higher yearly means respectively, and so it was decided to discard 

these yearly means from our data set. 

Another problem encountered with two of the gauges on Lake Huron 

(Point Edward and Little Current), was that they yielded very high 

residuals, (as shown in Table 2) in the main Vertical Crustal Movement 

Program (Christodoulidis 1973). These high residuals were attributed 

to some phenomena such as wind or local freeze-thaw characteristics 

due to the geographic location of the gauges. Due to the peculiar 

results obtaincd, the data for these two gauges was also discarded. 
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Residuals [cm.] Gauge 1 Gauge 2 

39 .184 Little Current Parry Sound 
42.099 Little Current Collingwood 

23.876 Little Current Tobermory 
47.433 Little Current Goderich 

-2;0. 139 Little Current Point Edward 
45.733 Little Current Thessalon 
72 .003 Point Edward Parry Sound 
13.958 Point Edward Co 11 i ng\\'Ood 

96.106 Point Edward Tobennory 
24.382 Point Edward Goderich 
19.634 Point Edward Thessalon 

Table 2 
Residuals Obtained from Vertical Crustal Movement 

Pro gram (concerning Point Edward and Little Current). 

2.0 Proposed Method for Treatment of Lake Gauge Data. 

Firstly, it must be understood that since each lake's water level 

is regulated independently, we must evaluate the data for each la ke 

separately. · 

We begin by taking all the possible combinations of pairs of 

gauges (see Figure 1). For each pair , we have 

~ l, À l • 11(t1), 11 (t2 ), l1(t3), 11 ( t ) 
n 

h· 2, 12(t.1), 12 ( t2 ), 1 2 (t3), 12(t ) 
n 

where 

t1 = min ( t.) 
11 2 l. 

t = m.:ix ( t. ) 
n 1 , 2 l. 

4> l , À l , ~2 · Â2 are the geode tic positions of gauges 1 1 
respect i vcly. 

and 1 2 
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Port 

Amherstburg 

Port 

Port 

Figure 1 - Example of Lake Gauges 
Combinations (Lake Erie). 

Note that some 1 1 , 12 (yearly water means - see section 1 .0) will not 

be available as is graphically represented below (Figure 2). 

ÎÎL.--__..__! ___._J _ __._J _,___.__T _1~l _....'-t i 1 

t1 

Figure 2 - Graphic?l Representat ion of 
Yearly Water Records. 

t 
n 
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Next we create a new series, ôl = 1 2 - 1 1 defined for only those t. 
l. 

for which both 1 1 , 1 2 are known (see Figure 3). 

, ! 

t 
t1 

Figure 
Seri es 

I • ' 
3 - Graphical Repre~entation of the 
ôl = 12 - 1 J. 

' J til 

·t 
t 

n 

This new series is anal yz ed by a program written by C. Chamberlain 

(March 1976) which fits a first degree polynomial (straight line) by 

least squares approximation to the series ~l and gives us b
6 

and 

(as shown in Figures 4 through 6). Figures 4 and 5 show the results 

(approximate) of Chamberlain's "Approxi ma tion Program" when applied 

to the individual series 1 1 and 12 , and Figure 6 shows the results 

obtained for the series ôl = 1 1 - 1 2 . 

cm. 

. gaugc 1 

ccntury 

Figure 4 - First Q_egrce Pol~omial Fit 
to the Seri es l · . ----·--::...L:... 

12 - 11 
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cm 

cm 

Figure 5 - First Degree 
Polynomial Fit to the Seri es lL 

> 

Figure 6 - First Deg ree 
Polynomial Fit to the 
Seri es 61 = 12 - 11. 

[cm/ cent) 

century 

Referring to Figure 6: Every pair of gauges thus re presents an element 
of vertical tilt. 

2.1 The Mathematical Madel 

After obtaining b
6 

and ob , we procede to obtain 6h and Q6h which 
6 

are explained below. The basic mathemati cal expression that \'le begin 

with is 

where 

D 
V= -

T 

v = velocity 

o = dist2nce 

T = time 

1.02 

Revising equation 1.02 to be in suitable form for the main C;ustal 

Movements program, w~ get 
0 CD 

t:i.v1· 2 = t.h1,2 - 6h1,i , 1.03 
l:i.T 
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where 

6v 1 2 is the difference in vertical velocities between , 
gauge 1 and gauge 2. 

2 

6h 1 2 is the difference in height between gauge 1 , 
and gauge 2 at 'final time'**. 

CD 
6h 1 2 is the difference in height betwèen gauge 1 and 

gauge 2 at 'initial time'*. 
1 

We choose ôh 1 2 = o and ôT = ioo years, which further simplifies 

equation 1. 03. ® 
6h1 2 

6V1 = 
, 

2 1.04 , 
100 

since it is desirable to have ôv in units of feet/century and 6T 

was chosen to be 100 years. 

0 
6V1 2 = 6h1 2 = bô , , 1.05 

or in simplest terms (1.05) can be expressed as 

6h (ft) b
6

(ft/century) 1.06 

where b
6 

cornes directly from the aforementioned "Approximation 

Program" and represents a difference in vertical velocities of the 

two gauges. 

* Initial time is the fir st year for which 1 1 and 1 2 are both 
defined. 

** Finar time is the last year for ivhich 1 1 and 1 2 are bath 
defincd. 
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Summarizing to this point, we have calculated differences in 

vertical velocities for each pair of gauges (and respective standard 

deviations). An 11 observation vector 11 is now formed, containing 

6h 1 2 i where i = 1,2,3, ... n 1.07 , 
i: is the number of pairs of gauges for the 

lake being treated. 

It should be pointed out, that the reason for forming an observation 

vector, is that this is the format in which the data is required for 

the main 11 Vertical Crustal Movements'1 program . 

2.20 Weighting the Observation Vector 

The final task is to compute weights for each of the elements in 

the "Observation Vector 11 (also required by Vertical Crustal Movement 

program). 

and 

From equation i.05, it follows that 

2 2 
o~V [cm2/cent2 ] = ob [cm2/cent2) 

~ 

1.08 

-2 
W[cent2/cm 2] = ob [cent2/cm2 ] 1.09 

~ 

(weights are inversely proportional to their variance) 
{Richardus 1974). 

Another requirement of the "Crustal Movement 11 program is that t he 'r'le ights 

be a function of time span (âT) and distance (as it was designed to treat 
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tilt elements for levelling) as shown in equation i.10. 

W[cent2/cm2] = Qf[t:.T,d] 1.10 

With the above factors in minci, we perform a simple error analysis 

as follows. 

2 2 
ao 1 ·a + oo 2 • a 

C1 2 = -~---~--
!.N1'2 

1. 11 

And from lst order levelling sp~cifications (accuracy) 

ao l = oo 2 = 0.13 cm/~ 1.12 
I 

Simplifying equation 1.11 yields 
2 2 

= [oo,l + 00 1 )[cm
2
/km)•d[km) 

!J.T2 [cent2 ] 

1.13 

By substituting equation 1.13 into equation 1.09, it follows that 

t:.T 2 [cent2 J 
W [cent 2; crr. 2 J = 

2·oo l [cm2/km] ·d[km) , 

6T2 [cent2 J = ----------
2·0. 0l69 [cm 2 / km) •d[ km ] 

t:.T2 [cent 2 j 
= Q ----

0.0338 

Solving now for Q from equation 1 .14, we see that 

Q W[ 2
/ 

"l 0.0338·d[krn) 
== cent cm~ • 

t.T 2 [ccnt 2] 

1.M 

1. 15 
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Recalling that ôT was chosen to be 100 years [one centuryl, equation 

1.15 reduces 

Q = W[cent2/cm2 J·0.0338•d[km] 

-2 
= ob [cent2/cm2 J • 0.0338•d[km] 

/:,. 
1.16 

The necessary information (ôh, Q) can be computed now and is in 

a compatible form for furthe·r treatment by the main 11 Crustal Movement 

Program 11
• 

3.0 Testing the Method. 

The method described in sections 2.0, 2.1 and 2.2 was tested on 

lake gauge data from the following lakes: Lake Huron, Lake Erie, .I 

Lake Superior and Lake Ontario. 

3.10 Comments on Test Results. 

From the results shown in Tables 3 to 6, we see that the magnitude 

of predicted movements varies from 0.01 ft/century to 1.17 ft/century 

depicting the most stable and active areas (in terms of uplift or 

subsidence) in the province. 

An interesting aspect of the results are the varying magnitude 

of weights (computed from equation 1. 16). We see that for the combinations 

of gauges Thessalon to Gcderich (La ke Huron) and Thunder Bay to Michipicoten 
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Table 3 - Test Results from Lake Huron 

Ga uge Predicted Up-
Location Lift Oifference Wt. 

From 1 To · ft/century fa) 

Thessalon Parry Sound -0. 010 0.473 

Thessalon Collingwood 0.282 0.064 

Thessalon Tobermory 0.482 0.213 

Thessalon Goder.ich 0.634 10.400 

Parry Sound Co 11 i ngvmod 0.068 o. 138 

Parry Sound Tobermory o. 720 0.402 

Parry Sound Goderich o. 261 0.082 

Collingwood Tobermo ry o. 5lï 0.213 

Co 11 ingwood Goderich 0.962 0.043 

Tobermory Goderich -0.578 0.025 
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Table 4 - Test Results From Lake Erie 

Gauge Predi cted Up.-
Location Lift Oifference Wt. 

From 1 To ft/cent (Q) 

Amherstburg Ki ngsvil le -0.073 0.007 

Amherstburg Erieau -0.214 0.035 

Amherstburg Port Stanley · -0.320 0.044 

Ainherstburg Port Dover -0.647 o. 131 

Amherstburg Port Colborne -0.156 0.144 

Kingsvil le Erieau -0.615 0.027 

Kingsville Port Stanley -0.430 0.032 

Kingsville Port Dover -1 . 169 0.052 

Kingsville Port Colborne -0.776 0.123 

Erieau Port Stanley -0.372 0.038 

Erieau Port Dover -0.471 0.160 

Erieau Port Colborne 0.089 0.291 

Port Stanley Port Oover -0.218 0.049 

Port Stanley Port Colborne -0.298 3.800 

Port Dover Port Colborne 0.454 . 0.148 

.) 
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Table 5 - îest Results From Lake Superior 

From 

Thunder Bay 

Thunder Bay 

Michipicoten Hbr. 

Gauge 
Location 

1 To 

Michipicoten Hbr. 

Gros Cap 

Gros Cap 

Predicted Up-
_ift Oifference Wt. 

ft/century 

-0.563 

-0.599 

-0.317 

(Q) 

12.357 

0.064 

0.034 
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Table 6 - Test Results From Lake Ontario 

Gauge Predicted Up-
Location Lift Difference Wt. 

From 1 To ft/century {Q) 

Port Weller Toronto -0.026 0.255 

Port Weller Cobourg -0.349 0.292 

Port Weller Kingston -0.707 0.694 

Toronto Cobourg -0.306 0.093 

Toronto Kingston -0.700 6.341 

Cobourg Kingston -0.469 0.270 
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Harbour (Lake Superior), the respective weights are 10.400 and 12.357 

which are several times larger than any of the other gauge combinations. 

The reason being that the records for both pairs of gauges are very 

stable, combined with the fact that the common length of records are 

47 and 56 years respectively, thereby yielding a small standard 

deviation (o~) which increases the weight. (See equation 1 .16). 
b 

3.2 Conclusions. 

The results attained from this investigation were found ta be 

worthy of further treatment in the program (CRUMOV) developed by 

P. Van{cek and O. Christodulidis (as mentioned previously) and will 

be used in the data set together with the levelling segments (~950) 

in producing the surface velocity map for the Province of Ontario. 
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PA R T 'C' OF ThE FRCGRA~e CREAlE S ALL THE POSSIBLE PAIRS OF GUAGES AND - ·----ë- -- -- F CRVS --T l-<Ë-IRCORF<E S-i:::ONé-r~-E:;C:iTË-S'-.--m:L TA 1----ni'HTCHt:~LS'L.'2~ 1 J. wHER _ _ _ ___ _ 

I SI\ !. l? 
I SN 0Co:3 
I SN OQf, 4 
1Si'- C0é5 
~St\. Ct1 ' l 7 
z s" cc(; e 
ISI'< Gt'HÇ 
IS N 1,)07 1 
I SN CC72 
I SI'\ .J07 4 
ISN 0"76 
ISI\ L07b 
ISI\ (;079 
!S N (' )t l 
IS~- 00 6 ? 
!SI\ OC'f3 
I SN C06 4 

( 

c 
, - ' " ·- . 

Ll oL2, L 3 e co$ e o A ~E l ~E SE ~ IE S CF Y E A ~ LY ~EANS FO~ E ACH GUAGEe 

50 LL :.:: C 
J =J tl 
I F ( J~ E O . t-. ) (O T O é5 

55 K= 1 ----- -- - LL =LLt-1 ---- - - - ----- -----· ----·----------

c 

I F ( ( .rtL L ) o CT •1' ) GCT C 5 0 
6 C CEL ( K) =Afl (K.J +L L t-A fl ( K,J) 

I F( (tA(K , J+ LL ) ) oEO~ Oo O o.&l\Ce( AA( l<• J He EOe OeO) 
i F ( ( t A ( K 'J + L L ) ) e E C • 0 o i:'.I • fl 1\ L • ( A A ( K • J ') ) ·• N'E • 0 • ') ) 
I F ( ( I> A ( K , J +- L L ) ) e 1\ E o 0• 0 •A1\ D • ( /.A ( K • J ) ) • E C., 0 • 0 ) 
K = i< + 1 
IFCK o LEet-)( C TC é O 

DEL{K)=OeO 
OEL(K)=ÔeÔ 
DEL(K)=OeO 

~. F î 1 f { é • é-7 ) p F- I D { j ) • i: H11v ( J ) • L fl M'!YTJJ.Lfl_ITTv_c:n- --- -- -------
~ G IT E ( 6, é 6 ) F t- l D ( J t L L ), PH I M ( J + L L). LA M 0 ( J + L L), LAM M ( J + L L, 

6 é F C R r; fl T ( 1 -+ ~ , T t () , 2 ( F 5 o 0 , 3 X , F 5 • 2 ? 3 X ) , 5 ( / ) ) 
67 FC R~ AT C 120 ( ' * ')11 0(/ ),l X, T 2 2,' ~r l( A) 1 ,T 37, ' LAMCA(A) 1 ,9X, 1 PHI(8) 1 1T 

~f7 ,' LA ~ C A ( B l• ,//~ 1 X ,T1 5 ,2( F 5o 0 •3~, F5 o2, 3 X)) . -

C CAL C ~ L AT I CN CF CI S TPl\ CE e E T~ E E I\ GUA GES (K~e) 
_ -· _____________ ç_ _______ L \,!_~ ! --'-'\.§.- _f1~A.~_F ~Ç_lt} S 0 F E ART t- =_.::::6_,,~c.:.7_,1=---.:...:K.:.;M:..::c:.__~> . -------------------- --- -

I SN GC8 5 
I S f\ (• () 8 6 
! SN COE 7 
I S 1\ coee 
I St\. ~C 8 9 
I St'. 0(.Ç(I 
I S 1\ 009 1 
I S 1\ C0<,,2 
I Sf\. CC<;J 
1 s 1\ (":, ç /~ 

T ~ 1\ c \., ~ 
l '.:i, l ( :.. ( 

( 
P t-l~ CJ) =F HI ~ (J)/é O.O 
F t- I~ (J + ll) =P t- l~ (J + L L )/6 ~ e 0 
L A ~ ~ ( J ) =LA ~ ~(J )/ 60~ 0 
LA MM (J+Ll)= LAMM (J +LL}/ fO eO 
f.rI C l =FH lC ( J)+Pt- I M(J ) 
P~ l C2=PHl C(J+LL)t Prl ~ (J +LL ) 
RAMC l =LA~D( J } + L A MM(J ) 

--------'F<t>MC2=·l A ,. C ( J +LL) +L Jl ~r·d· J+ L L ) -------------
CF= ABS ( Rt- l C l - ~ t- l C2 ) 
CL=A[S(R A MD1-FA~C2> 
L': ç L = ~ 1) i, T C r; P ,:, ~· c c î · i C L * * 2 o r, ) 
[!31=1)1 L >i ! J l,. J l 



-- -----· - --- .. 
1 sr-
ISN 
I St>. 

LEV EL 

_ _ lSN 
l sr-.. 
I SN 
I s" 
I Sr-.. 
1 s" 

0097 
C. C<;8 
occ;g 

2. 1 { 

c lC c -
c lf 1 
01<.2 
0103 
0104 
0105 

J .Ar-.. 

c 
c 

--- - <: -
c 
c 

I S" Jl06 
!SN C'lC'7 

75 

12 2 

é~ 

F~l~(J)=F~l~(J)*60e0 
PHIM(J+LL)=P~!M(J+LL)*6CeC 
L .AM,.,(J)=LA,.,~(J)*éCaC 

MAI 1\. CS/3é0 FORTRAN H EXTENDED DATE 76e300/16e22e08 

L .AM~ { J + L L>...::: .L .A"' JI LJ.~ LJ..Jif_~ • Q ....... _ 
1>.i:;ITECt.122)C!ST 

--· ----- ----- ------- - - - ------· -
FCR~.AT( l .>, T2f., 1 CIST= 1 ,F8e3) 
C.ALL Ti:;E"Dc2.1,cEL,CIST) 
GCTC 55 
CCI\. 1 !NLE 

E!\D CF_ P~f T ~-~Ç_f _ .:!t .. LJ:.E_ç_C~~_! ______ _ 

S TOI= 
E"D 

•CFTIC"S IN EFFECT*N.A~E(MAIN) CPTl~IZE(l) LINECOUNTC60) SIZECMAX) AUTOOBLCNONE) 

_"!CPTJCNS IN EFFECl*SCU~C l;;; EBC_ç_j_Ç_l:L_C!:,. _ _!ST "'CCECK OEJECT N_Q_MAP NOF_OR,..AT GOSTMT NOXREF ALC NCANSF TERMINAL_ FL~~ 

~ST.ATISTICS* SCU~CE STATE~ENTS = 
*STAT ISTI CS* ~C CI~C~C S Tl ~ S CE!\E~ATEC 

•* *~* * ENC OF CC~FILATICN •***** 

lCé, FRCG~A~ SIZE = =250, SUEPRCG~A,.. f\"AME = MAIN 

72K BYTES OF CCRE NOT USED 

LEVEL 21.1 ( JA i\" 75 -- )----------------CS/~éO FORTRAN H EXTENDED ---- DATE 76e300/l6e22e33 

REGUESTEC GPTICl\S: ~CXFEF,l\O~AF 

C P T 1 C 1\ S 1 N E F F E C T : N .A M E ( M A I N ) C P T I M I Z E ( 1 ) L I NEC 0 L N T ( 6-0 ) ... S I Z E ( tJ ft X ) fi U T C D 8 L ( N 0 f\" E ) 
SCU~CE EBCCIC NCLIST NOCECK OEJECT l\OMAP NOFORMAT GOSTMT NOXREF ALC NOANSF TER~INAL FLAG 

C F~OG~A"' 'LSAPROX 1 LEAS1 SOLARES APFHCXI,.,ATICI\ 3 ------c- ------------ - ------ ---- .... 

c I~FLT: CARC 1: JCP TI1LE FCFMAT(2CA4) 5 
C CARC 2: N=NUMBER OF BASE FLl\C11CNS 6 
C IW=WE IG~Til\C CCD E ==) Iw=O READ WEIGHT ON CARO 3 7 
c IW=l·caMPUTE WEIGHl IN FUNCTION 8 
C ~EIGHT 9 
C FCFMAT(2l4) 10 
C CA RC TYFE 3: X - VALUE CF EASE PCI"TS 11 

--- ----- -- ~- FlJKCTTGNAT.---vACOES Ut- x ~------· 

C WEIGHT OF X (IF Iw=l LEAVE BLANK) 13 
C FO~MA T(3F20eC) 14 
C NCTE: CARC TYPE 3 IS PEPEATEC CNCE FCR EACH DATA POINT 15 
C - CARC TYPE 4: MARKS FNC CF CA PC TYFE 3 -- TYPE -99999.0 IN 16 
C CCLL MNS 1 - e 17 
c CAFC TYPE 5: VALUES OF •x• AT WHîCr APPROXIMATED VALUE IS 18 
C DESlRE C 19 

·- - - --------'c NITTl::-TF - CRLY"" CCfFFIC1 E "TS ].r:;E CE ~TFEC C"l<""R""C- TYPE 5 1-s-NCl 20-·- --
C REOUIRf.C 21 
c 22 
C NC TES: MAXI~UM CEG ~ EE CF A F PRCX I MATIC~ FU~CT I CN IS 50 - 10 I~CRfASE 23 
C CHAl\C: t 1 1\ Mt-:n .t>t>.C Cll'-'[1\S I C!\ S TATE: ME NT 24 



----·- -
c 
c 
c 
c 

, C 
J c 

MAXIMUM f\~~EER OF DftTA FCll\TS IS 100 - TC 11\CRE/ISE CH/IN(E 
•MMAX' AND CIME~StCN STATEMéNT 

FOLLOWil\G CrECKS A~E FFCVIDEC 
f\eLTel 
l\eGTef\IVAX 
IV ttC:To,._' fllAX 
l\eGTctJ 

~~ 

c 
c 
c 
c 
c 
c 
c 
c 
c 

Tt-E 
{ 1 ) 
( 2 ) 
( 3 ) 
( 4 ) 
( ~ ) CE -Tt R,_,Il\ANT CF GRA,.,~IS W°ll-TRU< 

f\OT LINEARLY 11\CEFENCENT 
; L r. ~ 1 N c - -I~BA-SE--Füî,-CI TONS - ,oç.;e-- -·-----·--

27 
28 
2c:; 
30 
31 
32 
~3 
34 
35 

----- -- c 
c 
c 
c 
c 
c 
c 
c 

Tt- E vS ER ~U~ T SLPPLY l~C DC~BLE PRECISIGI'\ Fvf\CTICNS 
Cl) FUl\CTICI\ WE IGrT -- DESCPI 8E S TrE ~EIGHT 
(2) FUl\CT !ON PHI -- CESCRI EE S T ~ E BASE FUl\CTIONS 

T t- E _f_O_!..LQ\~ r " ~1N 1 ~ l.J~- _.E_~Q li! .. .E.~l'É. " T-.?.~EE~~p FL r~L _ .. ___________________ _ _ 

FL l\CTICN WEIGH T(X) 
hE llL* 8 WE IC:t-T.x 
WEIGt-T=leODC 
RETLF'N 
E l\ C 

C F Ll\CT!CN P h i( 1 ,X) 

3é 
37 
38 
39 
40 

·---41 -
42 
43 
44 
45 
46 
47 
48 

~ -qEA--C-*--e--~R~~t -. ~xr-'----'----'-------- ------------------------ 49-----
C Pt-l= l oO CO 
C RETURN 
c ': t\ c 
c 
c 
c 

I F lrESE ARE NOT ~LFFICIE~T ACD 

LEVEL 2el ( JA N 7 5 CS/360 FORTRAN H EXTENDED 

C (1) 'l>IEl<:HT=F(X) 
<: (2) IF(IeECel)Ft-!I=F(X) 
C IF(IeECe2)PHI=FCX) 
C ETC 
c 
c 
c 

!SI\ 0002 SUBROUTil\E TRENO(N,lW,FXeDIST) 
ISN 0003 I ~PL ICIT REAL*8 (A-reC-Z) 
ISN 0004 REAL*8 l\CRMC~O.~C) 
IS~ 0005 F:EAL*4 FX(71),/l8S,CIST 

-----·------· 

ISN 0006 OIMENS IOI\ X(IOQ) , f\A ~E (20),C(50)e~{100)eFPHI(50) 
ISN 000 7 DI MEl\ S!CI\ EX (l0 0 ) -

---~ S-~(.10 0 e- ------- - ( tfM,i C N--S-fl\ G 
!S N C009 E~TERN~ L ~EIGHlePHI 
!SI\ 0010 NN=7 1 
IS~ 001 1 SJNG=lcOC-25 
!S I\ 0012 ~~AX=5C 
ISI\ 001 3 ~~AX= l OO 
iSI\ 0014 STOF = SS9 eC O 

.. ------------'""""c ___ _ 
c 
c 
c 

!< -" - , 

CALëCCë\îTCN OF_ K____ ·-----· - ---· 
K=H CF YE~~S OF CATft IN Tt-E SERIES-->DEL (INCLUDING GAPS) 

ISN OC15 
lSf\ ~ Q lb CC f'e lJ.:::l,f\I\ 

50 
51 
52 
53 
=4 
55 

----

DATE 76 e 300/16e22e 33 

56 
!:7 
58 
59 
60 62 _____ _ 

63 

é4 
~5 

é6 

f;7 
68 

69 
71 
72 



-··--·--·-- ---- ·-- - ---· - - -----· ------- ------- --------------·---·---·- ------·--·---·· ---- ---·-
!SN 
I St-. 
I SI'\ 
ISN 
I S f\ 
I St-. 
I Sf\. 

0017 
0019 
002 1 
0022 
cn23 
002 4 
0025 

s " 0 1) 2 6 - - -
OC27 
002e 
U!'l2<; 

I S ~, 
lSf\. 
I S 1\ 

.) 

IF(FY.( IJ )eEOoOeg>t<=t<+leO 
IF( FX( IJ )el\Ee:'le )GCTO 92 

ee CCNT!NL E 
92 K-=Nf\ -K 

ccac; JK -= 1,1< 
X(JK ) = JK 

ac; CCNTlNLE 
l' =f\f\ - K 

----- - CC9 1 I =- 1- ,K- -- ·-- - ---· -

c 
c 
c 

FX( l l =F X ( 1 +M) 
9 1 c c NT rr.;u E 
REAC l\~ ~BER OF EASE F~"CllC"S P"C ~EIGl-T PARft~ETER 

C J:<EAC X,f(X),\Ti(X) __ __ (_ ______ --· 

ISI\ 0030 
ISI\ 0032 
ISI\ 0 034 
!SN 0036 

c 
C M.Al<E Cf-(~CKS 

c 
IF{l\eLTellGC TC 150 
lF(f\eGTol\MAX)GC TO ltO 
IF(KeGTci~ ~ AX)GC TO 170 
l F (l\oGT.K)G G TC 180 

79 
80 
e2 
C3 
84 ·--------9 i ---
Ç 2 
93 
'i4 
95 
96 
97 

c 98 
- ----=c IF WE -I ( t-T --r-.cr·~çI G"EC COMPUTE IT -c;g 

ISI\ 0038 
I sr-. :;c-4 
ISI\ C041 
I St-. 0042 
I SI'\ v 0 l. '• 

c 100 
r ( ' lF(llot.eEOoO)GC TC ~ = 

CC. :1 I=ltK 
~ ( I) =\li E l GH T ( XC 1 ) ) 

1 F ( F X ( I ) • E a. c Cl 0 ) w ( I ) =O. n 
3C CCNTI N uE 

101 
1 ~2 
103 

104 - ---

LEVEL 2el ( JAf\ 75 ) T RENC CS/3€0 FORTRAN H EXlENDED DATE 76e300/16e22e33 

I SI\ 0045 
ISN 004é ---rs"Noc4 7-----

I SI\ 0048 
!SN OC49 
ISf\ 0 0 5C 
ISI\ 005 1 
ISI\ 0052 
lSI\ 0053 
ISI\ 0 05 4 

- - i SN-0055 
1 SI\ OC"57 

ISN G05e 

1 SI\ 005<; 
ISi\ 0060 
l'...l\ 0-Jé l 
! S"- (.o ()t, 2 

c 
c 
35 

40 
;: 0 
c 
c 
c 

c 

-· 105 
106 

FCRM TH E l\ORMAL ECUATIONS 

CC =n I =l d' 107 
FFHI(I) =O eODC 108 - ----oc-scf - :I= 1-;1'- - ------- 1 o g -------

t-.o F~ <r.J>= o~ oco 110 
DO 4 C L = 1 , I< 111 

ww=w< L> 112 X X = X ( L ) - - .. -·. .. ·- .. - - . -·· - - . - . 1 1 3 

PHII=P t-I<IeXX) 114 
P H IJ=PHI(J 9 XX) 115 

NC~M (I,J)= N C~M(l,J)+W~•Pt-II*Pt-IJ 116 
---I F cï-;cc~HI ( I )=FPHI ( I )+ w'W •PhTn<FX(L) fl7 
NORM( J,I) =f\OR~ (l,J) 118 

INVEPT THE l\O R~ALS - E~RC~ EXIT FC~ CETER~Il\Al\7 LESS Tt-AN SING 

C~LL C H CLD{l\CRN,l\~PXel\•CETA.&l<;Ol 

11 g 
1 2 0 
121 

C CC MF~TE Tt- E CC EfF lCIEl\lSC =~<~I~~-----C ·-- ------------- - -

122 
123 
124 

-------~ 25"·---
CC t:O I=l,I\ 

C {Il =0 t>OD '"l 
f)[ f,( • J:.=1 .1\ 

(· ç < { l ) = C ( l ) t 1\ C ç, r; { J • I ) "' F F H I ( J ) 

126 
!27 
1 28 
1 29 



c 
C CCM~LTE LEAST SQUARES CISTAl\CE,VARIAt-..CE Al\C STA~CARO DEVIATION 

I S 1\ 
ISN 
T Sf\ 
I S f\ 
I S !\: 

c 
i;t-c=c.cco 
CC EC I=l tK 

W\\=W(!} 
X X=X ( I) 
Pt-..=C.'JCO 

I S I' 
I S 1\ 
I SN 
I S 1' 
I St-. 
I SN 
I St-. 
l SN 
I sr-. 
I St-.. 
I St\ 

Ci0 63 
00 6 4 
OOé~ 
Oüté 
C067 
00é8 
00éS 
0070 
(. 07 l 
0072 
C07 t~ 
o J·rs 

- C-è 7C' -J=-1; N------- ---· ------ ------ --- - -·-

7G FN=Pl'+C(J)*Frt (J,XX) 
er. RhC=R~C+w~*(FX (l)-Ff\)**2 

CC76 __ _ 
007 7 
c '-' 7 e 
0 0 7 <; 

~t-. = l< - N 
IF(~l\o EO .O) G C TG 90 

VAR =RHC /CrLCAl(MI\) 
S TC = CSCRTCVAR) 

T~AR = t-..C R ~(2,2) * VAR 
·-----1-STC = DSORT ( TvARÎ __ _ 

TST C = TSTC * 3~48.C 
1FD = C(2) * 3 G4e.o 

c 
c 
c 

CALCULAT!(~ CF CELT~ r (FEET) 

!SN 00 8 0 CE: L TA= T R C / 2 () • 4 E 
c 
c -c~~ULA1lLN -~~GPT 
c 

ISI\ 0081 C=( l.Dù/ CTSTC**2•r;O l )*0.0338•C IST 
I:Of\ 1 . E ? If\l t::'R=C 
ISN 0083 GC TO 100 
iSN 00 8 4 ÇQ VAR=O .CDO 
ISI\ ooes src= o .0 00 
I SN 00b6 11\lER=l --- -- c - - --

LEVEL 2ol < .JAt\ 75 ) TREND 

c 
c 

PRif\l ALL RES~LTS 

Y S~ 0087 1CO ClNTINU E 
----y s N o-o-ea f51::<r-;;;T- 1Q40 .. 

!St-. 0 089 CO 110 1=1,K 

_ CS1'3CO .. FORTRAN .H. EXTENOED 

ISI\ 0090 110 P~INT 1050,X(I),F~(t),~(l) 
!S N CJ91 FRlt-..T lOtO 
ISI\ 0092 CC 120 l=l ,f\ 
!S N 0093 120 PRINT 10 70.!.C(l) 
lSN 0 094 IFCINTER~Ea .O)PRINT lOeO.RHC.VAR.STO 
ISI\ ù096 FRif\T 7 009 

--- 1 St-. C097 r:R 11' 1 1ô f c-; TRLl • î 5 î C-
I S f\ 0098 ~RITE(é,7020~ DELTA,C 
ISN 0C99 7020 FC R~ ~T(2(/),T30. 1 DELTA r (FT) =1 .Fe.3,y55,•Q=•,Fe.3.//) 
ISf\ 0 1 00 IF{ I NTERe ECol)FRif\T 1090 
I Sf\ 0102 ~ETLRN 
ISN 01C3 ÇCQ CC NTINü E 
ISN 01C4 1 ~0 510F 
ISf\ 0105 t =o F~If\T ll~O ·-- Ï SN 0 1('6 SI.O F ________ _ 
ISf\ 01 0 7 l tO PRINT 1140,t-..,f\~A) 
I Sf\ rios STOF 
I :::~, <_:l(<; 1 (() Ft:It\T 11!:0 . Ktf'JfvAX 
1 S t-.. C 1 1 {. S T Il f' 

-
l~~ 
132 
133 
1~4 
135 
136 
137 -------- 138 -· --------- - -· -· · 

139 
140 
141 
142 
143 
144 

145 
146 
147 
148 
149 

-----· 150 - ---

.DA TE_ 76e 300/ 16e 22• 33 

151 
152 
153 n:4 ---------·--
155 
156 
157 
158 
159 
160 

H:l 

172 
1 73 

-------.....74 
175 
176 
177 
178 



-··-----·-
I SN 0 1 1 1 
I S 1\ 0 112 
I S 1\ 0 113 
!SN vll4 
ISh 0 l 15 
I S l\i 01 l é:, 
I S 1\ '.) l 1 7 
l s" o i 1 e 
I 51' c~ 11c; 

! SN e,, 1 2C 
I St-. C-121 
I SN 0122 

I S 1\ \) 1 23 

1 s t' ;) ~ 24 

I 5N 0 1 25 

I SN 01 26 
I SN 0127 
I S 1\ 0 1 2 e 

1 E C' FI= I 1\ T 11 tQ;t<;N--------------------------· - -- ---·- - ----·-------179·-----
STO~ 80 

1 <;O F~Il\T 117 :) 181 
STO~ le2 

1 0 4 0 F C R IJ. t. T ( 4 ~ X , • I N P L T C t- E C K 1 / / 2 2 )C , 1 )C • ., 2 l )< , 1 F ( X ) 1 , 2 3 X , 1 IA. ( X ) 1 / / ) 1 8 7 
11~ 0 FCk~AT (' C '. 5x .F2~.5, 5x,F2n.5, 5X,F2Ce5) 188 
lC ~O FCRt-'AT ('-' ,4 ox.•cc~F=L TF.C CCEFFICIEl\TS•) 1€9 
l ü7v FCF<MflT < 1 0• • .3ox, •c<•.1 2 .•>•.1 c x.F 20 .1 0 > 190 
1 c E V -- F CR MAT ( ' - ' • l 'l X •• R i- -c = •• F 2 0. 1 0 • 1 1)-X; •v AR= .- -;-i=2 0-;1 ô-;Iox-,TÇf D-= •-;-F-21'.ie t<n-- - ---- 1 91 ------
1 c c;o FURl'JAT( 1 -•, 1ox,•K=1' : f< t- C=V.Ah=STD= o.oco•) 192 
11 .30 FCRt-'.AT( 1 Q• , 5x ,• Ei::Rci:: - CEGREE Cf FUl\CTICN < l CH EC K DATA CAF"D 2 1

) 1<;7 
114') F CRM/.T ('0' , 5x ,• ERRCR - l\= 1 ol4.5X1"NMAX= '·l4,5X, 1 CHECK DATA CARO 2 198 

!CF Il\C RE ftSË !\MAX Al\C CI~El\SICl\ 1 ) tÇ9 
l 150 FCRr-i.AT<•o• . sx. • ERRC~ - 1<= •.1 4,5x,'1'·qJ_AX= 1 .I41 5X.'CHECK XSTOP OP INC 200 

lFEASC t-'NAX Al\D Cll'JEl\~ICl\ 1 ) 201 
llé) fG ;::(~P TC·~ 1 . s x .• EkR( ~ - 1<= 1 .I4.::X.'l\=' ·1 4.::x. •C hECK 11\PUT OR INCREA 2(12 

-· I SE f\Ce CF C.ATA Fëir'rs OF - C-ECRE.ASË r..c; - dF" EASE -FUNCTÏÔNS') - -- ----- - - 203- ----- --
1170 FG q lv'.AT( •c• .~x,• E~RCF< - CETEF./Vlf\ Af\ f CF GFAt-'M 1 •s r.'ATFIX eLTeSil\G• DE 204 

lCF. E .ASE s rnG OF< Ct-ECI< BA5E FUl\CTICr.S CR WEIGt-T FUNCTIOr-.1 1 ) 205 
7Cc; FO RMA T (////,T30.•Tr:;Ef\C CC~/CEl\T)•,1ox.•s T c •) 

7ClC FGQlv'AT (T 30 , F l 5elC ,T ~n,Fl5elO,/ /) 
Ef\D 206 

_.!_i:_f T LC ~~ J N _Ef f_E Ç ~*NAM~ AI ~_) __ ÇP T I _~J_1_ 1=J LL L:_J_ ~E CC l. NT ( 6 0) _S 1 ZÉ_i!'~J<.l_ .AU TQDBL (NONE) 

~CFTIC~S IN EFFECT*SCuRCE EBCDIC NOLIST NODECK 08JECT f\C~AF NCFOR~A T GOST~T NOXREF ALC NOANSF TERMINAL FLAG 

*S J ~T I ::Tr c:# * ~ CUFCE ST~T = ~~ f\ r ~ ~ 127 , FRCGR A~ ~IZE = ?::ét4 , SUBPROGRA ~ l\AME = T ~E N C 

*S1A1IST!CS* 1\0 CIAGf\C~llCS GENEFATEC 

.!... 4 ~~-* * __ ~ ~ D _ _ c.E_(.[.;_M E..JJ...tl.i C l'L !..'* 'L* _! ~ -------~~- BYTES ~r:_ CO.f<s NOT USED 

LE 'I EL 2 • 1 JAt-. 75 ) C5 13t0 FCRlRAN H EXTEf\CED DATE 76e300/l~e22e5~ 

REOUESTEC CFTICl\S: f\CXFEF,f\O~A~ 

CPTICl\S IN EFFECT : NAlv'E(~AIN) CFTI~IZECl) Llf\ECCUl\1(60) SIZE(MAX) AUT CDBL(NONE) 

I S I\ OOC2 
ISf\ 0003 
I~I\ 00 (' 4 
ISf\ COC5 
ISI\ 0006 

SCURCE EBCCIC NOLIST NOOECK OEJECT l\C~AP NOFOR~AT GOSTMT NOXREF ALC NGANSF TER~l~AL FLAG - ·-·------- . -- -- -------- ---··-- ·- ---- ·---·-----
FuNCTIC~ ~EIGHT (X} 

FEAL*E'. ~EIGHT,X 

wEIO-T = l oODO 
~ETUF<N 
Ef\"C 

_!_Ç_F_l_LCJ'-S IN E_ff_f;CT*N~ME(MAIN) CPTIMIZE(l) LIN ECOUNT(60) SIZE(MAX) AUTOOBL(NONE) 

*Cl-TlCN S IN EFFE Cl*S CUF CE EBCDIC NOL IST NCCECK OeJECT ~C~AP NOF~~ ~AT GCSTMT NOXREF ALC NOANSF TERMINAL FLAG 

*Sl'ATISTICS* SCUF<CE STATE~ENTS = 5. FROG~AM SIZE = 2060 SUBPROGRAM ~AME =WEIGHT 

•STATISîICS:+ f\O DIAGf\CSllCS GENERAlEC 

• " .. '"'. ~ _E.J',.D _ _.C_L_(ÇJj.'_EJL_/l_!l~-~ * '° ~ * * --- -- ----- ---. ----~~~-8~TES OF CORE NOT USEO 

L EVEL 2~1 ( JAi\ 75 ) CS/3tt; FORTRAN ·H EJr.TE:NDED DATE 76e300/16e23e07 

~EG Li[ ~ TEC OP lI Cl\S: ~CXFlF,f\O~AF 



l 

CPT I C-1\ s- I-N EF FE c T: "fl -,.,-E( Mt. Ï N) CPTI~IZ Ë(i) L- I f\ECOUN T-( 60 )-- 51 ZÊ (MA X) ~UTODBL< NONE) --- --- ------- ----· 
SCURCE EB CCIC NCLIST ~CCECK CEJECT f\C~AF NOFOR,.,AT GOSTMT NOXREF ALC NOANSF TER~INAL FLAG 

I s f\ OOC2 
ISN C003 

ISN ('(1 1) 4 ' 
!Sf'.. C0 0 ~ 
I 51' OC ~ é 
1 5" COC7 
I5N OùC e 
1 s" Qù('9 

c 
1( 

2C 

FLf\CTJCI\ l=t-1 (l,X) 
FEAL*8 Pt-1 ,x 

(C TC EASE FLl\CTlCN 
C:C TC Cl0,2J), I 
Ft-I = leCDC -- ~ETL~N--- - -- - -- - -
l=t-I = X 
F<ETLJi:<N 
H.O 

( I ) 

*CFTICf\ 5 If'.. EFFfCT*NPME(M~IN) CPTI~IZE(l) LINECCUNT(t0) SIZE(MAX) AUTODBL(NONE) 

tGF T I CJ\S lN. .E f f E c 1 *SC..UF c E EBC cl c ~CL I SI __ NC c E c K _oe J_f;_ c T "· ~AE.-1'-._Qf a R,., fl _I_J;_CS ~ I _NO~ RÇ_f _.AL_Ç _N Ç_AN_SF TÇ_R _~UNAl,. ___ fLA G 

*STATISTICS* SCURCf STATE~ENT5 = e , J=OOGRAM S IZ E = 27F.1 SUBPROGRAM NAME = PHI 

~SîATISTICS* 1'.C Cl.AGl\CSTICS C:ENERATEC 

*** *** Ef'..D CF CC,.,FlLATICN ****** 96K BYTES CF CCRE NOT USEC 

LEVEL 2el { JA~ 75 ) CS/ 360- FORTRAN H EXTEND_E_D____ ---DATE 76e 300/ 16e 23e 16 -

~ E CUESTEC OPT!Cf'..S: NCXREF,f'..OWAF 

CFTIC~S IN EFFECT: f\.A,.,E(MAIN) CPTl,.,IZE(l) Lil\ECOUNT(60) SIZECMAX) ·AUTOCBL(NONE) 
SCUPCE éBCCIC NOLIST f\.CCEC I< CEJECT ~C~.AF NCFCR~.AT GCSTMT NOXREF ALC NOANSF TERMINAL FLAG 

I~f\. 0002 SCERCUTll\E Ct-GLC(Aolf'C.A,f\A.OETA.:t-} 220 
1S N OOO3 . --C-GUSLE -PR~CISî C-NA. t-E TT;°SüM-;-sa~T-; ësaITT-;-ÂBS-;-tABS--;-s I -NG ---- --- - - - ------221 
ISN 0004 C! MEl'.SICI\ AC IRCA,f\.A) 222 
I SN 00(' 5 cc~ ~ CN s If'..G 223 
ISN OOOé SCR TCSUM) = csa~T(SL~) 224 
ISI\ OOC7 JI ESCCETA) = DABSCDElA) ---- ····- . 225 
lSI\ 0 0(,8 CET.t = ~{1,1) 226 
151\ OC C 9 ~(1,1) = SOt:<T(A(l,l)) 227 
151\ 0 0 1 0 IF\f\.A oEC . 1) GO 10 t 228 I sr\"<:,') (2 ----- CC- 1 I =-2-;-l\.A-- - - ----- ----------------·-- -- --------· --------------- · 229 
IS N 00 1.3 1 ACI,11 = A(I,l) I AClol) 2~0 
ISI\ 0 (1 14 CC !; J = 2,1\A 231 
ISf\. 001~ SU"' = '1. 232 
IS N 0')1 6 JI= .J - 1 - -- 233 
IS I\ C. 0 17 OC 2 I< .:: l.Jl 234 
ISN 0 0 18 2 su~ = SU M + Jl{J~K) ** 2 235 
IS N 0019 CET ~ =DETA*(A(J,J)-SlM) 236 

--I~~-0 0 ·2 0 A(J ,J) = scITlfi{J,J) - SUM) 237" 
I Sf\ 0 02 1 IF(J eEOe f\A) GC TC 5 238 
ISI\ on23 ..12 = J + l 239 
I S I\ 0 02 4 OC 4 I = J2 ,l\A 240 
ISN 0 02 5 SUM = Q., 24 1 
1 S f\ 0 0 2 6 CO 3 K = 1 , J 1 2 4 2 
I S I\ 002 7 3 su~ = SUM + Jl(J ,K~ ~ A(J,K) ~ 243 
ISN C·î2 S 4 A( I • .J) = (A(l,J) - SL:~) / .A(J,J) 244 
I Sr\ 002 9 5 CCNT -I NUE --------------------- -- 245" -
I SN 003 0 € IF(~ E S(C E TA)~LT.Sil\C)GC TC lt 246 
!SN 0032 C:C 7 I = 1,1\A 247 
I S f\. 0 •) -:: 3 7 A ( l , I ) = 1 " I A ( ! , I } 2 4 9 
l S t--. _, :' 3 4 1/-- ( 1\A ~ECe l l CC T C 1 0 2119 



--·-----· ----- - ---

-., 

f\1 = NA - 1 
cc<; J = 1,1\l 

J~ = J + 1 
oc 9 I = J2,1'.A 

SUf.I = 0 • 
11 = I - 1 
CO E K = Jell 

I S 1\ 
Y SN 
IS N 
I S I'\ 
I S t-. 
I S \\ 
l s" 
I St-. 
I S f\ 
I S I' 
IS N 
I Sf\ 
I SN 
IS N 
I S f\ 
ISN 
1 s" 
I S I'\ 
I SN 
1 s" 

00 36 
Cù37 
OJ 3e 
C03S 
C04 r 
0 t) 4 l 
0 :j 4 2 
c 1' 4:: e SLtJ = Sut.! + ,A(leK) * A(K,J) 
OJ L+L~ 

û C4~ 
OC4t 
C •J t.. e 
0 ".:) l+ ç 
0Q 5C 
(.'·!" 51 

----ç -- --- -,.cr . .J~ = - A-( 1-;-T_>_* ___ SUM ____________________ ___________ _ 

lC CC 15 J = 1,1\A 

11 
12 

IFCJ aEOe l) GC lC 12 
Jl = J - 1 
DG l l I = 1 , J 1 

A(l,J) = .A, (J.I) 
oc 14 1 = J,l',O 

Ç'(.\:: 2 _ _____ _____ _su~ = o • 
0 l"I 5 3 CO 1:: K = I , I' A 
t'l 54 12 SLt- = SLtJ + A(K,I) :+ A(K,J) 
G•J55 14 A( I ,J) = SLf.' 
0 056 l!: CC~ T il\UE 

I SI\ OC5 7 
I !::N 00 58 
I SI\ C-C5<.I 

LEVEL 2el 

1t 

( JAi\ 75 

f;ETLRN 
f<ETLPN 1 
éf\D 

·-- - - - --· - ---
CHOLD CS/3€0 FORTRAN H EXTENDED 

•CFTJCf\S Il\ (~fCC 1 * 1\ft~f(MflN) CP TI~IZECl) LI~ECOLNl(fO) S!Z5(~.AX) .OulCC9L(NGl\E) 

~§? 
252 
2~3 
2=4 
255 
?. 5 f . 
257 
258 
2!:9 
2é0 
261 
2t2 
2t3 
264 
2é5 266 ____ _ _ 

267 
2te 
269 
270 
271 
272 

DATE 76e300/16e23e16 

*CFTICl\S IN F.FFECl*SCURCE EBCCIC NCLIST l\CCECK CEJECT ~OMAP NOFOR~AT GOSTMT NOXPEF ALC NOANSF TER~I~AL FLAG 

* S J P !_.I._5_1 l_ç S *- ~_ç l.J R C E ___ S_J ~..I E;~_t NT~ = --~!:~e~· Ç~QGF<Afl. S[?'.E = . 1_~2_2...!._~_ll_e_f_R~ÇPA~-"~t-'E _ = ç_t:OLO 

4<S1.0TI!:TICS* l\C Cl~(l\CSTICS (El\E~ATEC 

- ~~**~ END OF CC:~~ILAllCN •* ~** * 

+SîATISTICS* l\G DI~Gl\GSTlCS i~IS STEP 

·· - - --------- -----·--

€4K BYTES CF _ CORE NOT USE~ 



(iii) Listing of Additional Level Gauge Input Data 

r 



PORT WELLER - TORONTO 

------·--·- - --·- -------- ----------· --- - ----- - - - -- ---
PH 1( A) 

14e20 

CIST-= 48e1SE 

X 

f;,-c-êao0 

2. cc cco 
~.CCOll'l 

lie COO<:v 

~.cccco 

ée ~OC'CI'.\ 

7e CC CC".1 

LAMOA ( /4) 

79e 

FHI( B) 

43. 

Il'\l=UT C..,EC>< 

F(X) 

Oe0300Ci 

1)e0t<;<;<; 

'lel1000 

Oeû.3000 

c • O!:(oc-o 

OeCéOCl 

Oe05000 

L.AMDA(B) 

79. 22e83 

W( X) . 

1.000 0 

1.00000 

i".00000 

1.00000 

l • 0-000 0--- -

1.00000 

1.oocoo 

- - ·- _ .. .,...-~-.-.. ,.~- .... -..._ .... ~- ., --.-

f . io.. 1.: V~ : r .,. 

::' 
•, .. ' " .{ 

-- - ------ --- -- ----- - - -----· ------- -e. :Jr ooo 
Se OC ".'Cl') 

10.cocoo 

i1.cooc.n 

12e COCCv 

13eOCOO·J 

14oCCOC') 

1~.cccoo 

·----------------·- - ----- -
léo cccr o 
17e".:OCOO 

lSoO( ("0 

(( 1 ) 

c ( 2) 

-- - - - -- -- ------- - -- --·--
R r C = OeC~L6':.51323 

0eCf0 CC 1.00000 

o.oeooo 1.0~000 

OeCfOOO 

t1o0é000 

,.. • 0 70 0 1 

Oe07001 

IJ .. c 7001 

lc0000(1 

o.o 
1.00000 

1.00000 

1.00000 

1G00000 
-- --------------------

OoOf.001 i.ooc oo 
0007001 1.000 00 

o.c~ooc 1.ooc oo 

CC~PUTED CCEFFICIE~TS 

VAR= 

0 Oé20739176 

-o .. ·000261111 ç;6 

Oo000~9147E4 

1.00000 

.: .. 

TREND ((fll/ C E1'T ) src 
2e528330<.:>324 -O.,fC 5C3t 1 · é':.7 



PORT WELLER - KINGSTON 

43. 

PHI (A ) 

14e20 

CIST= 31Se43Ç 

X 

1. 0 ( (' 0 0-- --·----

2. co o c-1 

3eCOCCO 

4eCOOC.O 

::.cooco 

#5eCOCCf) 

7eOC:OO'.> 

EeCCfJC:O 

c;.co<:Ï<':) 

lOeCC'CC ·J 

lleCOCCO 

12.ooorJ 

LAlolCA(.A) Pt-1(8) 

.. - ~4· 

INFUT . ChECt< 

F (X,--

· - - :.o . c:;ooc 

o.03çc;c; 

o.·oeoo·o·-· 

o. (1 

---0.01999 

-Ooc1c;c;c; 

-0.0300(' 

Oe0099S 

0.01001 

o.02oco 
o.o 

-0.05000 

1 _~ _.Q5 .. 

L.AMD.A(8) 

-· _7~· ·--~-1_._Q5 

., 

.' ---- -

1.00000 

1.00000 

1.0-ooo<f 

o.o 

• 
1.00000 

l • o·oaoo 

leOOOûO 

1000000 

1.00000 

o.o 

- -- -- ·--- -
1.00000 

1000000 

le0'.)000 

1.-0000·0· 

r 

F<HC= 

1::. oocc. 0 

14eC\CC. O 

u:.crcco 
11.cccc. o 
u: .. cocco 

-0.039<;9 

-o.ctooo 
-o.oeooo 

-o.cec;c;c; 

-0.069<;<; 

-Co12001 

CC~FvTEO COEFFICIE~TS 

( ( 1 ) 

c ( 2 ) 

Oe:Jl51 :3€42f:é 

TqENC (CM /CE" Tl 
-<:le :; 44::;::; .~ l 'S 13 

-0.00706€4229 

STO 
309451838844 

- ---·------

.-- .... - -- ~-
.. J _J • 

!.00000 

1e00001) 

1.00000 

1.00000 . 



KINGSVILLE - PORT COLBORNE 

Fl-l<A) 

OIST= 3SBel22 

X 

i.ccoto 
2.r:coco 

3eOOC(;O 

4e C 0(;( () 

6.ococ o 

1. 0(' oco 

8t10CCCO 

SelJCCO) 

lOt1COOr'J 

11e00(((' 

12.ccccl"I 

-------. 

Pl-l(B) 

INPUT CHECI< 

F ()() 

0.12000 

0.11000 

o-;-1 400 o 
Oe12999 

c.1~000 

neléOOO 

l)e020CO 

o.cc;gc;i; 

Oel!:OOI 

o.oeoco 

Oe03ô00 

CC~PUTEO CCEFFICIEl\TS 

L.AMDA(B) 

79. 1 s.20 

W(X) 

1.0000·0 

leOOOOO 

1.00000 

leOOOOO 

i.00000 

1000000 

1.00000 

loOOOOC 

1;00000 

1.00000 

leOO OOC' 

1 «iOOOCC 

+---···---·--· ------~-·__(_{ __.._l __._) __ -----~~45 1ec;.~~4 ______ _ 

( ( 2) -Ce0077618686 

Rt- C= 0.016784<;070 VAR= Ce00lt::784<;07 

TREl\C ((f.'/CEf\i) STC 
-~3.t:!: l3 17 ~ 3E l7 1 ci • 4 Li 2 = 4 é 3 e 4 i 

r 
------- - -·----· -- -



·--- -------- --·----

THESSALON - PARRY SOUND 

PH l (A) LAt-'OA(ft} PHl(B) LAMOA(B) 

46. 1=·1 € 83. 145. 20e30 eo. 2e15 

INPUT O-ECK 

F (X) "L(X_L 

leCôOCO -Oe2eooo leOO OOO 
---- -- o~ô -----2. cccc o 

1
0e0 

:=.ccocJ c.o o.o 
------------

4o00C'GJ ~0.21001 le 00 000 

!:• CCCC.:) -0G22000 1.00000 

é:o CC.CC.() -0.219<;<; 2.000 00 

7. OLQ(l'I -0.23000 1.00000 

e.cocoo -o.2coco 1.00000 

9e00C'CO - ·J. 2 !:9 c; ç 1.00000 

10. CO OCM -Oe25000 .- 1.00060 

11.oocc o -0022000 1.00000 
-----

12eC'ùC fl') -0.2é001 leOO OOO 

1~· cc("((; -Oc2500 0 1.oooco 

14.00C OO -Oo2~ÔOO - ·1· 0 00000 

_c_~_:r_i;_o__ ç_c_fff_J_C,._,_._l .,,_E u.N_,_T_,.S,__ ______ _ 

RHC= 
-----r--

c ( 1 ) 

c ( 2 ) 

OeOC62S04:::24 

TREf'>C (CM/r: El\T ) 
- Oe 30lét:7267 

-Cc23!:00ï4557 

_- o 00009e97J.O 

000005242044 

STD 
5o 37 3 41 e2 (:4 3 :···-----



. . .. ~ . .. ......--. . .. . -~ . . . . . .. .... . .... ... . .,.... ._ .. -..-....- , ..• ~ .-• . .. .. . - . - .. --- ... . ,.._ ... ----

PARRY SOUND - GODERICH 

FH I (A ) LA..,C.A(,A) P~l(B) LAMDA(B) 

45. 20e3C ao. '. 1 !: et. 43e73 

DIST= 2:'Ee25' 
INPUT C t-ECt< 

X F(X) W(X) 

loCC'OC.O C!e30000 1.00000 

2..ra.J: _Q_OJ:&_. 0112fQQO 1~0.0QQQ 

3e COCU' Oo2E999 leOOOOO 

4eCCGCO Oe2f001 lciOOO O.O 

----- ·------ - --------- -- ---- -'---------------------
5. C~ rc r; c.o 
teCC:JC O 

1.cco0n 

t::.~occo 

s.cccoo 

1 Oo CON<> 

lloCC1 Mri 

12.ooccn 

13eC C'OC> 

14e CC.GC0 

---·---

c ( 1 ) 

c ( 2) 

ft-0?.fl 82::33 4 

- -----·-- ----- --- ---

Oo340CO 

Oe41000 

o.:=cooo 

Oe3f000 

C~JC'OOO 

o.2:=000 

CC~ PUTED CC EFFICIENTS 

002991294196 

Oe002E132670 

STC 
1c.2 es c122749 

!) • 0 

1.0000 0 

1.00000 

1.00000 

1.00000 

1.00000 

1.00000 

loCOOCO 

1. 00000 

1.00000 



PARRY SOUND - COLLINGWOOD 

PH 1 ( A.~> ----~L~A~M C ~J -----~P-'1-'_,,_l _._( -=8_,) ____ _,L,,_,/l'-'-"M=D-'-A'-'('--"8:0...:...) __ _ 

45. 2Ce30 ao. 

OIST= S4eSOC 

X 

1. occco 

2eGGOC.O 

3e C\JCC'J 

5.00C'l.O 

éeCf; OCO 

7e OC 00:) 

e.ccoc.(') 

SeC<.IOGO 

lOoC~OC· IJ 

lleCCCCO 

12.ccooo 

13. rc ;:;r ~· 

14oCOCCO 

c ( 1 ) 

c ( 2) 

---lNPUT CFECK 

F(X) 

o.26ooi 
Cl.23000 

o.2~000 

0.-20000 -

(\e21001 

Oo2é9<;<; 

Oe23000 

Oe21<.fSS 

Oe220C'O 

Oe25CIOO 

Oe2EOOO 

o.22Cl"!O 

Oe23999 

CCMPLTED CCEFFIClE~TS 

0.2313193856 

CeOCC6809109 

eo. 

W(X) 

i.00000 

1.00000 

1.00000 

1.00000 

1900000 

1.00000 

1.00000 

1000000 

1.oooco 

1.00000 

1.00000 

1.00000 

leOOûOO 

1000000 

Cci0C'é8l~Sl 10 OciCOO!:f7992é 

lRF.f\D (C,.. / Cf:f\l) 
2c. û754 1 63S05 

STC 
4eeitl010912 



-- - - ' - ------- ----------

Rt-C= 

KINGSVILLE PORT STANLEY 

Pt-l 1 (A ) PHl(E) LAMOA(B) 

42e 1• 6C a2. 42. 39e54 12.eo 

. - .. ---·-·-- ~· -·- ·· - · - ----+- _..,.. .. 

... . : ~ . . -
- ----- -- ---. ------- - -

CIST= 1E3e073 
lNFUl Cl-IECI< 

X F(X) ··wrxy -·· 

1.oooc1 -o.ot:oco ---- ·-- - ---- - - ---,---,,-...,--,.------ ------1-e_O_O 000-- -

2oCCCCO Oe07001 

3oCCO<.O Ce040Cl 

4eOOOC.O -0.01001 

~.cocc o (\ .oo c; ÇS 

6e CC"OC'.) OoOéOCO 

7 e CC C<1 î -OeOt:OCO 

êoCOCf 0 -o. cesse; 
··-c;;-o o r-c "- - - - --- - --0-;-c100 i 

lOoCOCCJ 

lloCûO\:O 

12. ccoc o 
-n.cçoco 

CCMPUTED COEFFICIE~TS 

c ( 1 ) 

c ( 2) 

t'el'\2958123lé 

1f:<Et\C <C~/ C E!\Tl 
-130 lC7.34 7 éCE4 

VAP= 

Oo02~4_?4tt~7 

-0.004301)3109 

Oe002S581232 

S.T C 
13o€t2S31259S 

leOOOQO 

1.0-0000 

1.00000 

1.00000 

1.00000 

leûOOOO 

1.00000 

1.0000~--· 

1.00000 

1.oooon 
1.00000 



APPENDIX IV 

G R A P H I C A L D I S P L A Y 0 F DATA 





APPENDIX V 

L I S T I N G 0 F I N P U T DATA A N D R E S I D U A L S 



l 

(i) 2-nd Order Surface 



.,J 

OBSER. 
NUMBER 

OBSER. 
VECTOR 

RESIDUAL TIME 
SPAN 

PHI A LAMOA A PHI F3 LAMOA R WE IGHT 

o.638 35D+oo o.1ooe70+01 s3.oo 48 47.30 87 11.00 48 47.40 87 14.20 0.215 
2 -0.115020+01 -0.923140+00 53.00 48 39.60 86 16.10 48 39.30 86 17.10 0.631 

------------~'..J_..l_Q2 . .Q-8D + 02 Q • 1 2 9 l l D + 0 2 5 3 • 0 0 4 8 5 2 • 9 0 8 8 2 3 , 6 Q 4 8 4 6 , 8 0 8 R 3 3 .1 Q 0 , 0 5 3 
4 -0. 06839D+Ol -Oe80904D+Ol 53.00 49 1.20 88 15.00 48 59.30 88 15.70 0.242 
s 0. 299 0 5 :::>+01 o.305 670+01 53.00 49 0.20 88 i2.so 4 9 1.20 88 ls.oo o. 2 3"i 
6 Oo 3 0 48 CD+Ol o. 3 1 345D +Ol J.oo 49 51.80 93 2 1.50 49 52.SO 93 21.10 0.001 
1 o.117 8 6 D+o2 0.11 9 010 + 02 3.00 49 5 4.10 93 21.60 _4 9 54.?0 93 21.so _ n.002 
s o. 5 1 8 16:) +01 o.s1 a 7 6D +o1 3.00 49 54 ,90 93 21. s o 49 5 5,40 93 21.io 0.003 
9 o. s2s 3 20 +01 0. 5 5 3 0 50 +01 3.00 49 ss . 4 0 93 2 1.10 49 56 . s o 93 21.40 0.001 

10 0. 50 8 00D+O O Oo71 88 4D+ OO 3.0 0 4 9 5~ . 5 0 93 2 1.40 49 5 7. 6 0 93 21.so 0.001 
-------~1 ~1 _ _ -_ Qi 3 l 1- 9() ) + QJ - o. 3 0 ~Q~Q ~-fil_ __ 3i 0 0 4 9 !.')_?_tg Q_ __ 2.]_ _ 2 1...1. 5 0 4 9 5 7. 9 0 9 3 21 ! 70 0. 0 Q5. 

12 o . 1 3; 1 ~D 4 0 2 0. 14 1 720 +0 2 3.00 4 9 s o . s o 93 2 0 . a o 49 s o. 9 o 93 21.eo 0.002 
13 o.1 3 7 1 6~ + c2 o .1 4 C24 D+ o 2 3.00 4 q s o .1 0 93 1 Y . s o 49 ~o . s o 2 3 2 0. s o 0.002 
1 4 o . t~·140<Di-O l o . 92c l CJD t 0 1 3 . oo 4 ·1 .:.9 . r o 9 1 l •J • .? J '~ J sc .1 0 9 .3 1 9 . ~ o 0. 00 1 
1 ~ O. 1 1 1 7 61 ) i O 2 0 , I l :, Y t, Di J è 1 • 0 0 4 ° 4 '> • <. O a -~ 1 t"> • .) 0 4 a l! ç. • f O 9: 1 ~ • 2 '.) O • O 0 l 
1 0 -· o. ><,ti r 1. > ~O I - o. :'.-, 4o l tH 0 1 -,,,jQ ·~) 101 , < o 0 ~ l' . ? ') 1,<1 ,., • :.,•:' ~;3 1 r: , <- O o . o o-:> 



------ 17- o.e12aoD+oo Oe93439D+OO 3.00 49 48.30 93 14.7 0 49 48.50 93 15.20 0.004 
1 8 o.54864D+Ol Oe57357LH01 3.00 4g 48.50 93 13.20 49 48. 30 o~ -_, 14.70 0.001 
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2 l -0. 92456'.)~0l -o. e98 6 l iH0 1 3.oo l~'? 48.50 93 tl . 90 49 4A.50 93 1 0 . 30 o . oo~ 
22 0.0705 60 +01 0 • 613 5 3 90 + C l 3.oc 49 48. 50 91 8 .1 0 49 48.SC 9: ;, • 9 0 0 . 001 
2 3 .J 0.7924E-O+Ol 0. 82638D +Ol 3.00 4 Cl 48 . 60 9 .1 6 . 20 49 48.50 93 g . 1 0 0 . 001 
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3 1 0 • l 3 2 0 BD + 0 1 0.165 4 2 0+01 3 .0 0 49 4R.60 92 5 2 . :=>o 49 4 1J . 60 92 54 . 3 0 0.001 
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33 -0. 2 7 l1320+ 01 -0. 25t-61D+O l 3 . 00 49 46.80 92 "i 0 . 6 0 49 47 . '30 92 5 1 • 0 0 0 . 001 
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9 1 0 .81280J+ 0 1 0 . 330 1 00~ 01 3 o0 0 4 9 26 .10 9 1 4 3 . QO 4 9 25 . 9 0 91 44.10 0. 002 
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11 2 -0. 804 0 80 +01 - 0. 8698 7 0 + 0 1 3.00 49 14. 8 0 91 6 . S O 49 15. 6 0 91 9.00 0.001 
113 001 4224 ) + 02 0.14 4 470+02 . . ;3.00 ____ 4 .9 14 .• 2 0 9 1. O . 'S O 49 14.50 _ 9L _ 2.IJO _ 0.001 - ---·- - -- --
114 -0 .690880+ 01 -0. 6909 10+ 01 3.00 49 11.60 90 52 .~0 4 9 1 2 .~0 9 C 5 3 . 0 0 O.J 0 2 
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3 71 -0. 234850 +00 -0.1 03790 +01 61.00 4 6 21.10 80 47. 6 0 46 24.50 80 49.70 0.170 
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7 68 -o. 3eIC0)+0 1 -0.4140 50 +01 ~4.00 46 3 1.30 64 20 . ~o 46 32 . 90 84 2 1. Bo _0. 2 73 
769 0.129540 +02 0.1 29370 +02 s . oo 47 27 . 10 7 9 37 . 90 47 27.30 79 38.40 0 . 027 
770 -0.3 64070+0 1 -0. 5 17 96D +Ol 36 . 00 47 15.50 79 4S.OO 4 7 20.JO 79 4~ . oo o.0 4? 
771 o. e04330+00 -0.1 48460+0 1 36 . 00 47 20 . 30 79 48 .0 0 47 23 . EO 7 9 41.40 0.03 8 
77 2 0.12192 0 +02 0.120230+0 2 2 . 00 43 36 . 30 7 9 44. 80 43 37 . 0C 7 ~ 43.00 0.000 

------~773 o.î4369:5+6-1 o.t 45t s o+o 1 42.oo 4 3 5 4.60 so s2 . 50 â3 54 . bO 80 52 . 90 o. 8 74 
774 -o.40 2340+0 1 -0. 3856 10+01 5 .oo 4 2 59 .10 s2 20 . 10 42 5ç . 20 P2 22 . so 0. 003 
775 -o.2 2 13eo+o2 - o.226 1 AD+o2 5 . oo 42 59 . 00 82 19 .4 0 42 59 .10 82 20 . 10 o. 00s 
7 7 F 0 . 2 1 ~· 3 é J + 0 1 0 • 2 2 •::, 1-: ') + C l ~' . C 0 4 2 c; '? .r C 0 <:; ~ 1 7 • '' r; 4 ~ "' ri • G ': "- : l ? • 7 .,) 0 • O 0 5 
777 - 0.6096C~+OO -0.3163 60+00 J.oo 49 7 . 90 90 45 . 40 4 ; 8 . 60 90 43 . ?.0 0 . 001 
778 o. 22eo 10+0 1 0. 2 1 6860+ 01 s 2 . oo 44 45 . oo 79 53 . 20 44 44.AO 7 ~ s 1. so o.394 
77 9 0. 39 7570+01 0.4 0R8CID+C' l 11. 50 46 30 . 50 84 l :,; . 70 4 t 30 . 7 ·.: ·~ !. ;::· 1. ·.;.J 0"')17 
780 -0.430 88 D+Ol -0 .444doO+O l 44.00 43 55.80 81 42 . 10 4 3 57 . 60 ~1 4 2 . 20 0.113 

------ 781 ô~3 25J9::::>+0I--o. 2394o6+oi--37.ob 46 18:-s o 79 21-~30 4 6 2 0. 90 19 26 . 50 o . oq4 
7 82 - o.B 649 7 D+oo -o.739700+ 00 37.oo 4 6 1 9.so 79 2A . 3o 46 19.oo 79 2e . co o.4 27 
783 -0.2 8 194D+02 -0. 282 10 0+02 4.00 4 3 17. 80 79 4 8 .0 0 43 17. 90 7 9 47 . 80 0. 0 16 
784 0.2 553 7D+O l 0.184900+0 1 -37.0Q __ ._46 !29•00 7 9_ 43,80 !+9 58 ol Q ···- 7 9 44,4() __ ,_ 0-1 .0 8. __ , __ 
785 -0. 2 13 360+0 1 -0. 20539D+Ol 1 2 . 00 42 3.70 83 6 . 80 42 5 .10 83 6 . 80 0 . 0 17 
786 -0. 16 5 250+01 -0 .123950+0 1 41.50 4 6 11.50 77 4 1. 00 4 6 1 0 . 40 77 41 . 30 0 .1 62 
787 0.2 5 11 60+02 0. 252 1 60+02 s . oo 42 58 . 90 82 16 . 30 42 59 . 00 82 17. 40 0. 006 

_____ 788 o. 682750+01 o. 6sq23 0+0 1 5.oo 42 59.oo 82 1 s .10 42 59 . oo A2 1 9 . 40 o.ooq 
789--=o.26â83"o+o2-::0~26s695+02 s . oo 4 2 ~9 . 20 82 22 . 50 42 59 . 30 82 23 . 30 o. oos 
790 o.t21 92D+02 o.122350+02 8 . 5 0 44 5. 5 0 81 1 8 . BO 44 4. 60 81 1 8 . 50 0.017 
791 0. 9 1 4400+0 1 O. d95370+ 01 2 .00 43 3 7. 00 7 9 43 . 00 43 ~7 . 90 79 41. 00 0.000 

'j 

_792 -0.30480D+O l -0.30276D+O l -- 3.oo 43 25 . 80 _ eo. _ J l. 20 _4J 2.5 .. 50 _BQ __ 3 1. 3Q __ ___ Q. 005 ______ _ 
793 -0.175420+ 01 -0. 2 1 931D+O l 49 . 00 49 43 . 7 0 83 52 . 90 49 43 . 00 83 48.30 0.1 25 
794 0. 629000+ 01 o.562 660+0 1 11.0 0 46 28 . 50 84 4 .1 0 46 32 . so 84 8 . 9o 0. 00 4 
795 0. 83127D+OO 0.8383 2D +OO 11.00 4 6 J2.50 84 8 . 90 46 32.80 84 9. 9 0 0.027 

______ _,_7~9_,,6'--__ -o . 7? ~~~9.±0_Q___Q_4g;;2 10+00 1 1.00 46 3~.eo 84 9.9o 4 6 3 1.40 84 16. 60 0.004 
797 0 . 5929 7D+Ol 0. 630640+ 01 11 .00 46 J l .20 84 17. 50 4 6 30 •40 84 19.30 0.014 
798 0. 446210+0 1 0.64091D+Ol 6 1.0 0 42 18.30 82 32 .70 42 1 8 . 5 0 82 50.70 0. 05 1 
799 Ool4 344D+O l 0.156290+01 17. 00 48 43 . 30 94 33 . 70 4 8 43.20 94 35.20 0.047 
800 -O ol6316D+02 . 70•1617 80 +02 .17. 00 46 43 . 50 94 32.0 0 ___ 46 4 J , 30 __ 9.4 __ 3:3.70 _ _D .. 041 
801 0.141610+0 2 o. 2a49ço+ o1 37.oo 49 22.40 es a . 20 4 9 41.10 a7 32.20 0.0 07 
802 Ool6 348D+0 1 00176 910+0 1 11.00 46 31.40 84 16.60 46 3 1. 2 0 84 17. 5 0 0.0 31 
803 - 0.20761D+Ol -0.8226 50 +00 53.00 48 59 . 30 88 15.70 48 56 .00 88 1 8.70 0.1 22 

____ __,.,80 4 Qt.Q..l2 6CD tQO 0"112.520+ 01 3&Q __ 42.._~~~Q _ _2__:,L-2..l.~.1JL_~~d-Q__-2..J._.2_1, 6 0 o. 001 
805 0.41 656D• Ol Oo43 984D+ Ol 3.00 49 47.80 92 5 1.00 49 48 . 6 0 92 5 1. 8 0 0. 002 
806 -0.43 68üD+ Ol -0. 422380+0 1 3 . 00 49 24 . 9 0 9 1 39 . 80 49 25.10 9 1 40.80 0.002 
8 0 7 -0.2 0320 ~) +0 Q Oe274 2 El Dt00 3. 00 40 17. 3 0 01 lB . '30 4 Sl 18 . 3 0 91 22 .l ù 0. 001 
808 o. B 1 2BO~•OO 0.14 007D•O l 3.0 0 4) 14. ~ 0 9 1 2 . 40 4 9 1 4.~0 9 1 6 . l o o. oco 
8 0 <, 0 • l ù 1 t 0 D i l • 0 0 • 1 0 1 1, 0 1) i 0 0 3 • 0 0 4 7 :. t • .., 1") t~ -~ e' -~ , "i 0 4 7 4 i- • \ C f\ ::! ? .., , ~ J 0 • 0 ? ~' 



810 -0.2 926 10+02--o.292~00 +02 1.o o-4X 28:30 80 -30:90-- 43 2-è -:-Të)- Bo ~1.so----0 . oô _o ____ ___ _ 
a11 o.o o.590460-01 4.oo 43 2e . oo Bo 27.30 43 2 7.80 80 2e .o o 0.005 
a12 -o.1s9510+02 -0.1 58990 +02 3 . 00 43 49.80 80 31.30 43 49 . 80 ec 32.00 0.003 
81 3 _____ -: 0. 2 07 26D + 02 . _-o. 2 08 170.+0 ;?.___ _ . l ·OO_ - 4" 0. 8_Q.___ 79 40 . _a.o.__ 4__4 __ l_.._,3_Q _ __ 7_9_ 4 0 ._3 o___ o .. 0 Q_Q _ ---------- -
814 -0.959030+01 ·-0.114020+ 02 28.00 44 2 5 .30 78 1 6 .40 44 33.50 78 12. 50 0.010 
815 -0. 299470+02 -0. 299530+02 a.oo 44 22.80 77 53.80 44 23 .00 77 53 .80 o.os4 
816 -0. 51054J+01 -0.501450+01 12.00 42 2.20 82 44.50 42 2 . 20 82 4 5 . 3 0 0 . 0 44 

_ ____ Bl 7 -_Q.J 8288Q.±Q2 - Q .Ll . .82..8-3J)+0 2 8.00 42 52.40 79 15.10 42 52,4 0 7 9 1 5 . 20 0,157 
818 -0. 609600+0 1 -0. 659240+ 01 10.00 4 8 32 . 30 89 41.20 4 8 32 .40 89 36 . 60 o . o os 
819 0. 299051)+01 o.305670+01 53.oo 49 0 . 2 0 88 1 2.s o 49 i.20 88 15.oo o. 23 a 
820 -0.9201 50 +00 - 0. 10 31 70 +0 1 53.00 48 57.30 8 7 57 .50 48 59 . 6 0 88 1.50 0.1 32 
821 _ 0.1 892 1')+0L 0.203010+01 _ _ 53.0Q __ 48 54.30 __ 87 43.lD_ _ 48 . 55 .. 3Q __ 8_7_ 46e.40 ___ _ Q_.19.L ___ _____ _ 
s22 o.3 66780+ 01 0.114460+01 60.0 0 48 44.30 9 1 58.s o 48 45.oo 91 35.00 o.c38 
823 -0.1 <;56 8 0+02 -0.195380..-02° ·~ s.o o 49 24.90 91 39 . 8 0 49 24 . 9 0 91 40.00 0.031 
824 0.2 865 1)+02 0.28911 0+02 1.00 4 6 3 1. 4 0 84 15.8 0 46 31.00 84 17. 50 o.ooo 

_____ 82 5 - o .._7 ~ 6 9-.5 :2 ~.O..L-=Q._31 6 7 DQ+_ o o 4 9 • a o 4 6..-2..6 . 2 o 8 o . 1.6...,.__5 o 4 6 ;:> 5 • '3 o 8 Q-1..3.__., 2 o o .t 7 6 
826 -0. 5273CD+02 -0. 52 193 0+0 2 3.00 4 8 56 .40 90 9.AO 4 8 57 . 2 0 90 1 5 . 20 0 . 00 0 
827 -o .2590EJ+02 -o. 258190+0 2 3.oo 4 9 so . 9o 93 2 1 .8 0 4 9 s 1 . ~o ~J 21.so 0.002 
828 0.254000+0 1 0.213140+01 3.oo 47 45.30 83 22 .ao 47 4f o30 S3 22 . 5 0 0 . 00 1 
829 -·0.27 6350+0 2 -0.273 560+0 2._ __ 3 . 00 __ 4 9 1 5 .40 91 1 3 • ..3Q 4 9 1 5 . 8 0 _91 1 5 . SQ _ 0 . 001 ·-- ·-·--·- · 
830 0.237740+01 o . 487920+0 0 60 .00 48 3 s . 30 93 21 . 50 48 L 2 . 5 0 ç3 1. so 0 . 042 
831 0.6 20070+0 1 0 . 400760+0 1 49.50 48 32 . 00 80 27 .90 4R 42 . CO BO 47 . 20 0.02 5 
832 o.10160D+oo -0.141940+00 3 . o o 41 44 . 60 83 23.30 47 45.30 ~3 22.80 0 . 003 

----~83 3 - o.~2...1QD+ o1 -Qo14 9.l6CH0 1 13.00 4 z___3~0 8? 22.80 42-3.5 .10 (j2 22.eo 0. 026 
834 0.173740+02 0.17 888D +Ol !OO.OO 43 38 . 40 7 9 22.80 44 1 3 .10 76 31.10 0.137 
835 0.115820 + 02 - 0.220280+0 1 100.00 43 3R . 4 0 79 22.80 44 o.o ?h 13.00 0.139 
836 -0. 579120+0 1 -0.399 1 60+0 1 100.00 4 4 1 3 .10 7 6 3 1.10 44 o . c 7 b 1 3 .00 0 . 299 
837 -c. 94 4 880+01 -o.J o55Bo+o l 1 00.00 43 25._oo _ 76 35._oo 43 :;e .40 __ -79 _ 22 . 80 o .i::rn _____ ·· -- ·-· 
838 0.7924EO+Ol -0.1 26690+0 1 1 00 .00 43 25 . 00 7 6 3 5 .00 44 1 3 .1 0 7 6 3 1. 10 ~ . ~ ~~ 
839 Ooêl3 3oJ +01 - 0.525860+0 1 10 0 .00 43 25 . 00 76 35 . 00 44 o . c 7f 1 3 . 00 0 . 3 11 
840 -o. 6C960J+ 01 -0.12 9770+0 2 l Oo.oo 42 30 . 50 8 1 1 2 . 80 42 52 .4 0 7 9 1 5 . 20 0.052 
841 ____ 0.304800+00 _ - 0 . ?6?JZ.D+Ol lQ QLQQ_ __ ~_2 _.:39 . ~0 ~ 1 _ l (,! . ~0 ___ !!:_?. 5~ ._QQ___L§_ '::-:>!00 _____ '::'•("::2 __________ _ 
842 -0. 546640 +01 - J . ~~5 960+0 1 1 00000 42 JÇ . ~o q l ! ? . ~ O 41 30 . 00 b l 2~ . 0J ~ . -47 
843 -0. 6400eD+C l -0.53 5540+ 01 1 00.00 42 55.CO 78 52.00 42 52.40 79 15 . 2 0 0.131 
844 -0 .579120 +01 -0.12 3800+0 1 1 00 .00 42 55.00 7d 52 .00 41 30 . CO 8 1 39 .00 0.079 
8 4 5 - o • 6 o 9 6 o o + o o - o • 4 i l 7 4 o + o i 1 o o • o Q __ 11,_i J o • o .o. e t :: e. • o o_ 4 z. 5 2 A 4 o _ -7 c;. i 5 • 2 o _ _ o • o s o ___ __ _ . __ 
846 - 0.2C72fD+02 - 0.528520+01 100.00 46 1s.20 83 33 .10 43 44.bO 8 1 43.70 o.075 
84 7 o.o 0.336q40+01 10 0.00 46 15.20 8~ 33 .10 44 ?0 . 3 0 80 13.00 0 .1 33 
848 -0.1 92020• 02 o.s323so+oo 100.00 46 1 s . 20 B3 31 .10 43 5s . o o s2 45 . o o 0.013 

_ ____ 849 -0.11 5820+02 ~!22 170+01 1 00.00 46 _ 1.f'...!2-.Q_ 83 33.1 0 45 (+7 . 00 84 47.00 Q.Q7t 
850 0.204220t02 Oe83498D+Ol 1 00 . 00 43 44 . 5 0 81 4 7 .70 44 3C . JO 80 1 3 . 00 0 . 049 
851 0.15240D+O l 0 . 611750+01 1 00.00 43 44 . 60 Bl 43 .70 43 ~5 . 00 82 4~.oo o . C77 
852 o. 9 44680+01 0.11 5 160+01 100.00 43 44 . BO 81 4J .7 0 4f 47 . oo e4 41 . 00 o . c47 
853 -0.1 92020+02 -0. 253110+0 1 100.00 44 30 . 30 eo 13.QO 43 ss . oo e2 4 5 . oo a.JJl 
8~4 -0.11 278D +02 - 0.150290t01 100.CO 44 30 . 3 0 80 1 3.00 45 47 . 0 0 84 47.00 0 . 0 75 
855 -0.7 62000+0 1 -0.7 293 2 0+0 0 100.00 45 47 . CO 84 47 . 00 43 ~5 . 00 82 4 5 .00 0 . 074 
856 0.579120+01 - 0.152020 +0 1 100.00 4~ 29.00 84 40.00 4d ? 4. ~0 sç 1 3 .oo o . 0 73 

----~857 .Q,_2. .8._25.t...D_t-Q2 0~77.06Dt.O l lQ_Q_ . 00 46 29_._QO 8~ 4.Q . 00 47 ;-7 . 70 t'.4 54 . 00 Q.1 3 1 
858 - 0.121 920 +02 0 . 2595?0-0 1 100. 0 0 46 29 . oo 84 40 .00 4 6 22 . co ~ 7 27 . oo 0 . 239 
859 -o. 2347CJ+02 0.101160+01 200.00 46 zq . oo 84 40 . oo 46 4t . oc 02 6 . oo o . 0 74 
860 -0. 231é50+02 -0.429090+01 1 00 .00 47 5 7 . 70 94 54 . 00 48 24 . fO bo 13.00 ~ . QQ6 
86 1 - o.40B43D~c2 -0. 24~990 +01 i co . oo 47 ~ 7 . 70 84 54 . 0 0 4é 32 . 00 E 7 27 .00 0 .1 28 
862 -0.5 2 121 0 102 -0.13 942D+O l 100.00 47 ~ 7.70 84 54 . 00 4A 4 5 . 00 02 6 ·00 Q . Q4f 
863 -0.176 7 80 +02 o .1 es 10 0+0 1 2 00 . 00 48 24 . 60 50 13.00 4é ~2 . o o b 7 27 . oo o . 0 74 
864 - o.2B956D+o2 0.2896~0+01 l Oo . oo 4R 24 . ~0 ag 1 3 . 00 46 45 . 00 ç2 &. oo 0 . 012 

. ____ 865 ____ o. 112. 1 eo :HJZ.. -o. LQ4 52D±J)L- J c_a__._ _a ~6._!t_5_._Q~-- 5t2 ___ Q. . o o 4 ~2 ico e 1 21 . o o ___a_._i._7.._, _____ _ 

866 0.2 3b52~ +02 0.102 65 0+02 100 . 00 42 1 . 60 8? 44 .10 42 ~2 .4C 7ç 1 5 . 20 0.001 
86 7 0.7924 BOtO O -0.2 249ÇD+OC lCO.OO 43 14. 20 7 0 1 3.20 43 3F . 40 7~ 22 . 80 0 . 0 1 7 
868 0.2154SD+02 0.4 9 4710+0 1 1 00.00 4~ 14 . 20 7 9 l ~ . 20 4 4 1 3 .1 0 7~ 3 1.10 o . oco 
869 0.304 800 +00 - 0.6429 2 0+0 1 100.00 4 6 1 5.20 83 33 .10 45 2C . 30 fO 2 .20 J . JJ5 
870 -0 .207 2t: )+Ol o.:.<OJO F-D +Ol 1 cc .oo 4:::: . .:c . 3c 0 J 2 . 20 Lû ;.:- . 'c FO 1 ~ . c o :- . r ~-; 



871 
872 

-o. 795530 +01 
0 • 1 31 06D + 02 

0.1422 00~ 02 100.00 45 20.30 80 2.20 43 44.80 81 43.70 
Oe6600 2D +Ol 100.00 42 1.60 82 44.lO 42 39.50 81 12.80 

0.001 
0.001 

u 



r 

(ii) 3-rd Order Surface 



, -



' 

- --- --~4 --..=--o . 451200+0T---o.sB1210+0 1 3.oo 49 44.40 92 31 . 90 49 44. ~o 92 38.Po c . 002 
45 -o. 30480D+oo -0.176140+01 3.oo 49 43.eo 92 37 . 00 49 44.4 0 92 37 . 90 0.002 
46 -o.3352e)+Ol -o.45131D+o1 3.oo 49 43.20 92 ~6 . so 49 43. BO 9~ 37 . 0C o.oo? 
47 -o.7 s 1 eAD+o 1 -0. 82~000 +01 ~.oo 4 ~ 42. 90 92 ~6 . oo 49 43. 20 q2 36 . 50 c.003 
4S o. 54864~+01 0.34942~+01 3 . oo 4 9 42 . 00 92 :4 . qo 49 4 ?. . ~o 92 3h . CO 0 . 001 
49 o . 2844E)+0 1 o.18054~+01 3 .00 49 41 . 60 92 34 . CO 4 9 42 . CO 9? 34 . 90 0 . 002 
50 -0. ~75360+01 -0.1 04 1 00+02 3 . 00 4ç 41 . 40 c2 33 . 20 4q 41 . 60 92 ~4 . 00 0 . 003 
:,1 __ -:Q!26 B9é J)!-Ol __ _::__o_.§3.356r~+o1 3._po_ 49_4L~G_ 92 ~2 __ . oo 49 41 . 40 92 3"3.20 o . oo? 
52 -0. 396240+0 1 -0.44 83 1 D+Ol 3 . 00 4 9 41 . 20 92 31. 10 49 41 . 30 92 32 . 00 0 . 002 
53 -o.3 5560D +o1 -0. 366800+0 1 3.oc 49 41 . 40 92 :o . oo 49 41 . 20 92 3 1.1 0 0. 002 
54 0.142240+C2 0.12665~ +02 3 . 00 49 40 . 50 92 29 . 70 49 41 . 40 92 30 . CO 0.002 
55 0.11278D+02 Ool044f0+02 3 .0 0 49 40.00 92 29 .6 0 49 40.50 92 2 Q . 70 Q , 003 
5o o. 325 12~+01 o.169~ 10+01 3 .00 49 30 . 20 92 28 . BO 49 40.00 92 29 . 60 o.OO? 
57 -0. 802640+01 -0.879300+01 3.00 4 9 38.SO 12 28 .0 0 49 39 . 20 92 25 . BO 0.002 
5B 0.1727 20 +01 o.71 9900+0 0 3 .00 4 9 3G.50 92 2o .90 49 3 8 . ~0 92 28 . 00 0. 002 

________ 59 _ ---=-Jl., 2 194 (.D..±.02 _--=-0, 2 4t. 5 ~0 + Q2 3 dl..Q__B..9_ 36~LQ--2L2_6.t.-2J) 4 9 -.. _e _._s O 92 26 , 9 O o, 0.Q_..._ ____ _ 
b 0 0 • 2 7 4 3 2 0 + 0 1 0 .1 6 3 9 3 [) + 0 l ::3 • 0 0 4 9 3 1:> • 2 0 9 2 2 5 • .9. 0 4 9 3 6 • 7 0 9 2 2 6 • ç- 0 0 • 0 0 ?. 
61 ··0.741 6eD+O l - 0.3822::1H01 .: .OO 49 3'3 .5 0 :::l2 24 .6 0 49 36 . ~0 02 25 . PO 0.001 
62 o.304 80D +oo -o. 9552qo +oo 3 .00 49 35 .10 92 22 . 40 49 j5 . sc 92 24 . tO 0.0 0 1 
63 0.220570+02 0.217 050 +02 3.00 49 34,90 92 20 . 20 49 3s . 10 _ 92 2~.40 . 0.001 
é4 o.169 67D +o2 o.1 6é6fO +o2 3 . oo 49 34.90 92 19. 20 49 34 . 90 92 20 . 20 0.00 2 
65 0.4~720D+Ol 0.427110+01 3.00 40 34.90 92 1 8.20 49 3 4. 90 92 1 9 . 20 0.002 
66 -0. 538480+01 -0. 5A7 1 08+01 3 . 00 49 35.00 92 1 6 .1 0 49 34 . 9 0 92 1 8 . 20 0.001 
67 -0. 50800D +Cl - 0.58b67 î; t01 3 .00 49 34.50 92 15.70 49 35 . 00 92 1 6 .1 0 0.003 

·------6>3 o.2 6 1110+62--o-:-24<J7f') +o2 3 ·.00 49 33 . 90 92 1 4 . :io 4'J 3 4.50 92 1 5 . 70 0 . 00 1 
69 0.196090 +02 0.18 9820 +02 3 . 00 49 33.10 92 12.00 49 33 . 4C 92 1 2.ÇO 0 . 002 
70 o.355000+01 o.2seo10+01 ~ . oo 49 32.60 92 10.70 49 33 .1 0 92 1 ? . 0J a. ao ? 
7 1 - 0 • '1 : : 3 {J 4 '.) + C 1 - C o } 3 ; =, I <"\ + J l 3 • c 0 (J (} 3 2 • ê :) ? :> <.~ • ::. J {J 'y 3 2 • ( · ~ ; ,;_ 1 V • f V V • ,,; } ,~ 
72 o.tl4810+02 0.110050+02 3. 00 49 32.io 92 e . ·20 t19 32.20 q2 9 . t-o 0. 002 
73 o.2e44e)+o1 0.30 5230 +01 3.oo 49 32.so 92 7. 20 49 32 .1 0 92 a . 20 o . oo? 
74 0.508000 .. Cl 0.379320+01 3o00 49 '31 . 60 92 é . L; 49 3 2 . ::; ')é 7 . -:?'J O . ') ·) l 
7 5 - 0 . 28446D+Ol -0. 36558D+Ol 3.00 49 31.20 92 5.00 49 31.60 92 6.40 O . OOl 

------7~6----o ~ 5 a~ 2 ao·+ o 1 - o • 6 e. 7 4 fo + o 1 3. o o 4 9 3 c • 6 o 9 2 3 ~ s o 4 9 3 l • 2 o 9 2 '5 • o o o • o o l 
77 -0. 619760+01 -o.71 36 10+0 1 3 .00 4 9 30 . 00 92 2 .7 0 49 30.60 9? 3 . 00 0 . 002 
78 -0.1 47320+02 -o.1 5 1 5 7D+o2 3.00 49 29.so 92 l. so 49 30.00 92 2 .10 0.002 
79 -o ,2336eo+o 1 -0.3 25230+0 1 __ :_ 3.00 __ ~9 z si • . 3Q 9z o.o._ --~9 29 . e o __ 92 i. eo ___ 0.001 
80 -0.1 52400+01 -0.1 9 11 80+0 1 3 . 00 49 29.10 91 59 .20 49 29 . 30 Ç2 o . o 0 . 003 
s1 -0.1 47320+02 -o.1 514qo+o2 3.oo 49 29.00 91 5 7.70 49 29 .1 0 9 1 59 . 20 0 . 001 
82 -0.833120+01 - 0 . 934340+0 1 3.00 49 28 . 30 91 56 . 40 49 29 . 00 91 57 . 70 0 . 00 1 

------=83 - Qe J4~44D +Q.l _ __::Q_.L4._5~L1D+O l 3!.00 49 27 . 80 91 53 .40 4~ 28 . 30 91 56, 40 O,OOl 
84 o.751 84D+o 1 o.102 5P.0 +01 3.oo 49 21 . :: 0 91 52 . 40 4:;t 27 . 1::0 91 53 . 40 0. 002 
85 0.343280+01 0.80 3 11 D+Ol 3.00 49 2 7.30 q1 5 1.30 4 9 27.50 91 52 . AO 0. 002 
86 -0.11 7860+02 -0.12 0990+02 3 . 00 49 27.20 91 5 0.10 4 9 27 . 30 91 51 . 30 0.002 
87 -0. 508000+00 -0. 636190+00 3.00 49 27,30 9 1 48 . 80 _ 4~ 27 . 20 __ 9L 50.10 __ __D ., 002 
as 0.111160 +01 0.3452 90 +00 3.00 49 27 . oo 91 46.oo 40 27 . 30 91 48. so 0. 00 1 
89 0.812800 + 00 -0.214~3D-Ol 3.00 49 26.30 9 1 45 . 00 49 27 . 00 91 46.00 0.002 
90 -0.1727 20+ 01 -0.2 247?0+0 1 3.00 49 25 .90 91 44 .10 49 26.30 91 45.00 0. 002 
.2J Q~8l21HllL!Ol 0 ·fil~!+Q~O l 3..Lll_Q_ 49 2Q_.10 9_1~.oo 49 25.90 91 44.1 Q o ~_,,,0_,,,2~-----
92 -o. 21336J+o1 -0.2 68670+0 1 3.oo 4 9 2s . e o 9 1 4 1. 20 49 26 .1 0 91 43.00 0. 001 
93 o.2é4160+01 Osl9457D+Ol 3.oo 49 25 . 10 9 1 40.80 4 q 25 .tO 9 1 41.20 o. oc2 
94 -0.141220+02 -0 .145570+02 3.00 49 24 .60 91 38 .60 4 9 24 .90 9 1 39 . 80 0.002 
95 -.:-0.4064CD+OO -0.11 0100+0~ 3.oo 49 23.90 91 38.00 4 9 24 . bO _ 9 1 3.<;3,60 __ 0. 002 
96 -0.457200+0 1 -0. 501330 +01 3.00 49 23.60 91 36 . 60 49 23 . 90 9 1 38.00 0.00 2 
97 -0 .14224D+02 -0.1 4 8 470+02 3.00 49 23.00 91 35.70 49 23 . 60 9 1 36 . 60 0.002 
98 - o.132oeo+o1 -0. 30 19 80 +01 3.oo 49 21 . 40 91 32.40 49 23.0 0 91 35.70 0.001 

_____ _,,_9 - 0 2_13 5 ! 3 D_~ _Q2___::_Q_.!!~L1. 0 2 ~ 0 + Q 2 3 • _QQ.~-2.-2..Q '-~ l.JJ~ Q_ 4 9 2 1 • 4 O____!il~J..!LQ__Q,__Q_Q_..?~-----
100 0..14 2240+01 o.to 65?.o +c1 3.00 49 20 . 60 91 ::,0. 10 49 20.90 21 31 . 30 o.oo ~ 
101 -o.5o aooo+ o1 -0 .544880 1- 0 1 3.oo 4 9 20.30 91 ?e.10 49 20.~o 91 30 .10 0.0 02 
102 -0. 25806D+02 -0. 26549D+02 3.00 4q l ~ . fO 9 1 26 .40 A9 20 . ~0 9 1 ?~ . 70 0.001 
1 Û 3 - 0 o 3 2 !_~ 1 2) + Ü 1 - Ü • 3 ( (' 3 Oil + () J 1 c ') Ü 4 :; 1 G • .~ 0 S, 1 ? l1 e J Q 4 -~ ! r_, • ( 1. 9 1 2 I~ • 11 Ü 0 o J () 1 
l 0 "- 0. 1 G 1 l 0) + 0 2 0 • ,,,. 7 ·" 1, r · D ' ::· 1 -. • ') ü 4 • l , 1 • s: J q 1 , ., • : O 4 ·' l c, • < •) -l 1 ;> t1 • "•) O • ) ,î -, 
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105 -o.1 e286D +o1 -0.239 9 70+01 3.oo 4 9 18. 30 9 1 22.10 49 18.90 91 23 .90 0.001 
10 6 -0.508000 + 0 1 -0. 5 47 39D?O l 3. 00 49 1 6 . 80 9 1 17.40 49 17.30 91 18.30 0. 002 
107 -0. 690efO +Ol -0.7 37 1 90 + 01 3.00 4 9 16.20 9 1 16.10 4 9 lF-. bO 9 1 17.40 a. OO ? 
108 -0.11 0 7 4)+02 -0.11 3~00+02 ~ .oo 49 1 5 . eo 91 1 5 . ~o 4 ~ lt. 2c 9 1 lé.30 c. 002 
10 9 -o.st o40) +0l -0. 6 7 9 11 0+01 3 . 00 49 1 5 . 20 9 1 i 2 . oo 4q l 5 .4 C ~ 1 13. 30 0.002 
11 0 - 0 .1 320 ~0 +02 -0.1 32300+0 2 2 . 00 49 15. 3C 9 1 10.10 49 1 5 . 2 C ~ l 1 2 . 00 0 . 00 1 
111 -0.67 0~6()+0 1 -0. 6 56c3ffHO l 3 . 00 4 9 1 5 . tO ·; 1 S. . <'O t+<;; l ':- . J G 0 1 1 0 .1 0 o. oo? 

12 _ -:0 . 5 940Bl)t-01 -0. 951650-tOL __ __ ~~Q_ 4 '! L!L...5-0 __ _9_1__~1'_._ ao ~ . FC 0 1 q. oo 0.001 
113 o.14224~+02 o.l4000) +C2 3 . 00 4 0 14. 20 9 1 c . ~o 4 9 1 4 . S O 9 1 2 .4 0 0. 00 1 
114 -0. 6Ç088D+C i - 0 . 732490+0 1 3 . 00 · 49 11. 60 90 ~2 . 40 4 9 12.4 0 90 53 . 00 0.002 
115 0.2 64 l t0 + C1 o.2 33290 +01 2 . 00 49 11.00 90 5 1. 50 49 11. ~C 90 52 .4 0 0. 002 
116 -0.1 2192)+02 -0.1 24930+02 :~ . OO 49 1 0 .4 0 90 50 . 50 49 11. (,0 90 5 1. 50 - 0. 002 
117 -0 . 6807 20 +01 -0. 71 5 11 0+0 1 3 . 00 4 9 9 . 70 GO 50 . 40 4 9 l ü . 40 90 50 . SO 0.00? 
218 -0.1 21 920 +02 -0.1 24830+02 ~ . oo 4 9 9. 1 0 90 so . oo 49 9 .7 o so so .4o 0.002 
11 9 -0. 3759éD +O l -0.3 89830+0 1 ~ . oo 49 8 . 80 90 4 9 .1 0 49 9 .1 0 90 5ü .OO 0.00 2 

----~ 2 Q_---=J) .J. 4 7 32 D + 02___-=.Q ,. 1 4E 2 OD± _o2 _ _______.3 • _o_o_ _ !!...~-- B. . F;; o 9 Q__it_.cl . 2 a 4 9 8 . o 0 o O 4 ° . 1 O O • 0 0 2 
1 21 -0.1 2192~ +01 - 0 . 1 20 7 6 0+0 1 3 . 00 49 7.7 0 90 44. 5 0 49 7. 90 90 4 S . 40 0. 002 
122 o. 9 14 4C0 + 00 o.6 66 1 30+00 3 . oo 49 1 .1 0 ~o 4 3 . 2 0 49 7.10 90 44 . 50 0. 00 1 
123 -o.7 3 1 52D +o1 -o.756 600+01 3 . 00 49 5 . 20 go 42 .1 0 49 s.ao 90 4 2 . 50 0.002 
1 2 4 O • 2 0 4 2 2 ) + 0 2 0 • 1 9 Sr 8 3 D + 0 2 3 • 0 0 4 9 4 • l 0 9 0 4 1 • 0 0 4 9 5 • 2 C 9 0 4 2 • l 0 _ 0 • 0 0 1 _ --- . __ 
125 o. ao2b4~+0 1 o.774 920+0 1 3 .0 0 49 3 .4 0 90 4o. s o 49 4.10 90 41.00 0.002 
22 6 0.11 3 79)+02 0.11 2 10 0 +0 2 3.00 4 9 2.ço 90 39 . 40 â9 3.4o 90 40 . 50 0. 002 
127 0.17 2 7 2 )+01 0.1 6455D +Ol 3 .0 0 49 2.6 0 90 38 . 30 49 2.90 90 :9 .4 0 0.002 

______ 1~2~8 ___ - -~ 53 4 ç_D+:02 -o .152_f;!.30 + 02 3 . OO 49 2. é Q__2.Q_ 36. eo 4 q 2 . 6 0 90 36 . 30 0. 0 0 1 
1 29 -0.9 956 2~ + 0 1 - 0.9 82 170+01 3 .00 49 2 . AO 90 35.40 49 2 . 60 9G 36 . 80 0. 002 
130 -0.207260+02 -0. 206830 +02 3 . 00 49 2.to 9 0 34 . 30 49 2 . BG 90 35 . 40 a.OO? 
1 3 1 o.8940&0+01 o. 902?~n+o1 ~.oo 49 2 . eo 90 32.10 49 2.sc 90 34 . 30 o. oo t 
1 3 2 Ü • 4 2 6 :.: '' ) + ( } Q • 4 4;:. 7 f: 1~ ' + C 1 J • 0 V 4 9 2~ • d () ~ q (' J 0 • -:; (' 4 ';I 2 • >:' Ü Ç Ü 3 2 • 3 C Q " ( Ü :~ 
133 o.54 864 D+o 1 o. 553 780+0 1 3.oo 49 2.Po 90 29 . 70 49 2 . 20 90 30 . 0 0 0.002 
1 34 -0. 525320 +01 -o. s226~n + o 1 3 . 00 49 2.so 90 2 H.4 0 49 2 . bo 90 29 .10 0.002 
135 - 0. 2 235 2 0+0 1 -0. 237590 +01 3 .00 49 2 . 40 90 28 . 20 40 2 . ~o 90 2~ . 40 O . C0 4 

-----~36 Od_l ~~.20+02 0.11 8fl_Q_Q+02 3.00 49 2.10 90 28 .00 49 2 .40 90 28 . 20 0,005 
1 37 0.168660+02 Ool6 665D+02 3.00 49 1, 40 90 26~80 49 2 .10 90 28.00 OoOOl 
138 -o. s23120+0 1 - 0. 9 39400+01 3 . oo 48 ss.so 90 20.40 48 58 . 9 0 9 0 21.60 0.002 
139 -Q. 1~4 5~D +02 -0.16 5 1 80+02 3 . 00 49 58.10 90 1 9 .2 0 48 58 . 50 90 20.40 0.002 
140 -0.61 9760 +01 -0.622610..-01 _3 ,00. __ ~8 5Zn50 _ 9Q 1 6 . 60 48 58.10 90 .. 19.20_. __ __o..,._ool -·----
14 1 0.7 b20CD+O l 0.7 61720+01 3 . 00 48 5 7.2 0 90 1 5 . 20 4 8 5 7. 50 90 1 6 . 60 0. 002 
1 42 Oe4S 7 20D +O l 004 62 1 60+0 1 3 . 00 48 56 . 30 90 8 .7 0 48 56 .40 9 0 · ~ . 80 0. 0 0 2 
143 -o .11e 8 7J+02 -0.1 18740+02 3.00 48 56.CO 90 7. 30 48 5& . 30 90 B.7 0 0.00 2 

_____ __,, 4 4 - o~ ~ !! J2 t .::i +· o i - °-'.li-±.Z_ J fü2. + o i 3 • o o 4 s 5 4 • LO_ st o i • s Q_ 4 b 5 4 • 7 o 9 o 3 .i o o • o o i 
145 o.11 ôP4:) +02 0.1145 20 +02 3 . 00 4 8 52 . 50 89 59 . oo 4 8 54 .1 o 90 l. 5o 0. 00 1 
1 46 Ool087 1D +02 0.107 960+02 3 . 00 4 8 52 . 00 89 58 . 30 48 52 . 50 89 59 .00 0.00 2 
147 -0.1 2192 D t02 -0. 122350+02 . 44.0 0 44 26 . 50 8 1 24.20 44 26 .70 81 24.10 0.96~ 
148 -Od 73 8 70+01 ._-Q.1 68560+0 1 _.4_4,QQ _4:4 29 160 _ BL 22 , 40 __ .~L~ _ __29_,40 __ . ___ 8l .22. .. _6Q_ _ _u_._a_40 . ___ _ 
149 0.5931 9 0+0 1 Q, 58695 D+O l 1 3.00 4 2 30.10 e2 1 8 .40 42 31.40 82 20.00 0~017 
150 0.3 6 1070 +01 Q. 353 120+01 1 3 . 00 42 3 1.4 0 82 20.00 42 33.30 82 22.40 0.011 
151 -0 .29073D+O l -0.2 89830+ 01 13. 00 42 33 , 30 32 22 . 40 42 34.00 82 22.8 0 0.0 38 

______ 1~5.2.____Q~.2.!t~5-JP_tQ1 Oo.2_49-7!!.Q +Ol 13.00 42 35.10 ~AO t1=2 35 1 60 82 23 100 QgQ .5._5 
153 -0.443130i0l -0. 442630•0 1 1 3.00 42 35.60 82 23 .0 0 42 35.70 82 23.00 0. 285 
1 54 -0 .84172)+01 -0. 841720+01 13.00 42 35 .7 0 82 23 . 00 42 3 5 .70 82 23.00 0. 528 
1 55 -0 .867510+00 -0.56 5830+00 13.00 43 1. 20 82 19.50 43 1.20 82 1 9 .00 O. OB3 
156 _ 0 ,67056D+O l Q. 67073D+O l 13.00 43 1.20 62 19t00 43 le 50 . 82 17,40 ._Q,02.5 ___ ., ____ ·-··-
157 0.1102 0D+O l O.l105 4D+O ! 13.00 '•3 1 . 50 82 17.40 43 1.70 82 1 5 . 20 0. 0 19 
158 Oo203 98D +Ol 0.203390+01 1 3.00 43 1.7 0 82 15.20 43 2 · 2 0 82 1 3 . 50 0.0 22 
159 -0. 370450+0 1 - 0.371010+0 1 13.00 43 2.20 82 13 . 5 0 43 2.60 82 11.20 0.017 

______ l~6~0~-~0~· ll::l5Q_Q._+ O_l Q , 3 2_~ 9 2J) + 0 l 1~~-0_Q____1 ~a_. Q_Q__~JJ • 2 O 4 3 _2_!.2-Q__82 9 • ..2_Q__Q_&.J:?,_q _____ _ 
16 1 Oo1 6 178D +Ol 0.16119D+01 13.00 43 2. 2 0 82 9 . 90 43 2 .40 82 9 . 80 0.135 
1 6 2 Q.12 895D+O l 0.1 2G84D +Ol 1 3.00 43 2 . 40 82 9 . 80 43 3 . 2 0 82 5 .70 0. 0 10 
1 6 3 0 • 2 4 3 8 4 0 + 01 0 • 2 3 f, 4 f. D + 0 1 l ::' • Q 0 4 3 J • l 0 8? 0 • 2 0 4 3 4 • :':· C 8? 0 . l O 0 • 0 2 0 

1 164 -O .SOS7tHHO l -o. sirn,ç~; +Qi l J . CO 4:1. l1 . '°)() Q;' 0 .1 0 tq ~ . • fo f« '. 0 .1 0 Q. '.;2? 
1 6~ Q.,>7 :·,0 lCHC l 0 . 2 7 HL.c:n+O l l , . 1)0 4~ r, . ;.io ~ .~() .l u ,, -:l ' . ~io f.' :, 0 .1 0 (l . ?11 C:, 
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166 0~1172JD+O O 0.11723D+OO 13.00 43 5.90 82 0.10 43 5.90 82 0.10 0.~28 
1 6 7 -0.14066)+00 -0.13449D+OO 13.00 43 5 .80 8? 0.10 43 5.70 82 o.30 o.168 
1 68 -o. 6 77 59D~o1 -0.6762 10+01 13.oo 43 3.20 82 5.7o 43 3.10 e2 0.20 o.00Q 
169 -0.70336D+OO -0.75 4 7 5D +OO 13.00 43 9.::30 81 59.10 43 _1c.10 - 81 5 9.00 o.035 
170 -0.211020+0 1 -0.217 570+0 1 13.00 43 10.10 81 59 .00 43 10. 9 0 81 5 7. 90 0.0 ? 6 
171 0 . 422030+01 o.4 2 1 360 +01 13. 00 43 l0. 90 a1 57 . 9 0 43 11. 00 a 1 ~ 7.90 o . 2~s 
172 o.1711 eD + o 1 0.1 61690 +01 1 3 . 00 43 11. ao 8 1 55 . 00 43 1 2 . ec s 1 ~3 .70 0.0 2 1 
1 7 3 0. 295420 +01 o. 29H 1 9 r)+o 1 13. oo 4 3 12. eo B ! 5 3.70 43 12. 30 c 1 c;~ .o o o. 0 41 

- - ---- l 74 ·-·--;:o. 4c;,2310 + o-1- -=-6-:5o144rH o 1 1 3 . o o-~C9. o--O-a-i-45; 30 4 3 1 9 .1 o A 1 44. so o. o.., 2 
17 5 o.3 2a25) +oo o. 2 1 47éo+oo 13. 00 43 1 9 .10 s1 44. ~0 4 3 20 . ~o 61 4 3 .70 0.021 
17 6 0.14 302D~O l o.1 32 770 + 0 1 13. 00 43 10. <.10 Bl 5 7. 9 0 43 11. 8 0 ? 1 55 .00 o.013 

( ·. 

111 -o. 635390+0 1 -o.1 0 7 50D+ o1 13. 00 43 1 2 . so A l 53 .7 0 4 3 1 9 . 00 8 1 45.;30 __ 0. 003 .. -··----. 
11 e -o. 5650~0 + 0 1 -o. 6 1 4520+01 13. 00 43 20 . ~o Al 43.70 4 3 24 . 8 0 a 1 42.10 0. 0 01 
179 0.21805D+Cl o. 20235D +Ol 1 3 . 0 0 43 2 ~. 80 8 1 4 2 .10 4 3 26 . ?0 Al 4 2 .00 o.o? O 
l eo 0 .290730 + 0 1 0. 2 1 3300+01 1 3 . o o 43 2t . 20 8 1 4 2 . oo 43 2 1.1 0 s 1 41.80 0.01 9 

--·- __ ___ _ 1 a ! _ __ Q. 2 ç:3 S8D±_Ql.._ Q ~ l c; I 4 on + Q l--1~ Q..Q__t±~ .2 L._.LQ__B L _il ! i:.12 t~ • 2 9 , l 0 8 1 LJ. 1, é- 0 0 • 0 2 0 
18 2 -· 0 .234460 + 0 1 -o. 2 4 ss10 +01 13. oo 43 29. 1 0 s1 4 1. 60 43 30 . 3 0 e1 41. so 0. -02 1, 
1~ 3 o. 3t5 7 to +o1 o. 35 14 99 +01 13.oo 43 30 .~ o s 1 41. ~ o 43 3 1. 5C 01 LJ.1.40 0. 02 4 
1 8 4 -0.1 24260+0 1 -0.1 370tD + Ol 1 3.00 43 3 1. ~0 B l 4l. 4G 43 32.fO 8 1 41.40 0.02 6 
185 0.3 21560 + 0 1 0.3130!r)+Ol 1 3 .00 43 32 . 60 8 1 41 .40 43 33 .70 B l 41. 9 0 0,025 __ -·-·--
1 b é. 0, l O 3 1 f ,) + 0 1 0, 1 0 3 1 6D + 0 i 1 3. 0 0 4 3 3 3 • 7 0 A 1 4 1 • 9 0 4 3 3 3 • 7 0 8 1 4 1 • 9 0 0 • 5 2 8 
1 8 7 -0. 447820+01 -0. 451540+0 1 13. 00 43 33.70 8 1 41 . 90 4 3 34 .10 8 1 42.10 0.0 6 7 
1 8 8 C. 3 9 1 5 5D + 0 1 0 • 3 8 1 2 9 D + 0 1 1 3 • 0 0 4 3 3 4 • 1 0 8 1 4 2 • 1 0 4 3 3 5 • 1 0 8 l 4 2 . 4 0 0 • 0 2 9 
189 -0.1 33640 +01 -0.1 49 01 0 +01 )3.00 43 35. 10 8 1 4 2 .40 43 36.40 81 42.40 0.022 
196 __ __ 0 :-103-350::-0 1 -o. 241 5PfJ+OO 1 3 . 0 0 43 36 ,LJ.O 8 1 4 2 , 40 43 3Q , OO 8Ï 4 2 ,40 0. 0 11 
191 -0. 3~856J~01 -0. 4 1 6850 +01 1 3 . 00 43 39 . 00 8 1 42.40 43 4C. 5 0 8 1 42.40 0.019 
19 2 -0. 5f:>27 1 1) + 00 - O , A'S094fi + OO 13 .00 43 40.50 8 1 42.40 4 3 41. 3C Bl 42.40 Q.'.)l f 
1:): 0 . 5:; <?( ~ ) + 1.)::; '.) . 32'- Jt [ +")O 1 3.C O 4] "1 . :J - l:l l u2 ~ t+'.) 4; t,~· . ~o :: 1 « 2 . 4() .. 0 . 0 1 2 . 
194 o. 63305~+00 o.52t25o +oo 1 3 . oo 43 4J. fo 01 4 2 . 40 4~ 44.s o Bl 4 2 . s o 0. 03 2 
195 0.1 0 0 82~ + 0 1 0 .1 00820+ 01 1 3 . 00 43 44.50 8 1 4 2 . 50 43 44. 50 8 1 4~. 5 0 0. 52~ 
1 96 o.3 6B9 7J•OO o .1 s 1 R1 Q+ oo 3 8.o o 42 ~ . ~0 A2 4~ . 3s L~ 2 . 2c 2: Li . ~u 0 . 2~ 3 
1 9 7 -0 .66040D+O l -0 .665 7 5D •Ol 1 2 .. oo 42 1. 7 0 82 44. 0 0 l.+2 1. 6 0 82 44. 2 0 0.14 3 

_____ __,198 0 ~327661)~·01 0.2 92650 +01 1 2.0-0 42 o-.:eo 82 49. 50 42 o .o 82 so . 50 o.0 ~2"""3~-----
1 99 0.91 4 40J+01 0.?6 94 1 0 + 0 1 1 2.00 4~ o.o 82 50. 50 41 59.10 82 5 1.90 O.OlA 
200 - 0 .60 1980 +01 -0. 6507 00 •01 12.00 41 S9~10 82 51.90 41 5 9.20 82 54 .90 0.012 
201 Q.640080 + 0 1 .. . . Oo6 1 5f.. 1 D+O l 12.00. __ _lt} 59.20 84 ~4.90 ___ 41 !;i9 _. ::i o .. 62. 56.50 ·- Q.0 2 2 ___ _____ . _ ___ _ 
202 o.1101~J+01 0.112 1 90~0 1 12. 00 41 59 .30 82 ~6.so 41 59 . 9 0 a 2 51.30 0.030 
203 -0. 37339~+0 1 -0 .37881D+O l 12e 0 0 41 59.SO 82 5 7.30 42 1. 5 0 83 0. 20 0.009 
20 4 -o. 64 77 00 +01 -0. 62546D•o 1 12. 00 42 i.so 83 o. ~ o 4 2 3 . 5o a3 · 2 .40 0.009 
205 o.24s920+0 1 o .?42~4~+ 01 i 2.oo 42 3.6o R3 2.40 42 3. e o 83 3 . 20 0. 0 41 

--------- 20_6 __ --:::-ê)" ;5 1722BT-oï - -o .:-63SOSD"+ Ol 1 2 . 0 0 42 3 . 80 83 3 . 20 42 3.00 B? 4. 6 0 0 . 025 
207 -0.4 06400 +0 0 -0 .781 1 40+0 0 1 2 .0 0 42 3.90 83 ~. 6 0 42 3.70 83 6 . 80 0. 0 16 
208 0.2 03200+0 1 o.23 e2so+o 1 12.00 42 s .1 0 83 6 . 8 0 42 6 .3o 83 6. f o 0.020 
209 -0 .561340+01 -O. S3 1510+0l _ lZ .0 0 42 89 1 0 . s:.~ _9. 9 0 .-42 .9d.O . _83 _ 6,f0 ___ .Q. _.Q 2t~ ------
210 -0. 11963D~02 -0 .113110+02 12.00 42 9.10 83 6. 6 0 42 11.20 83 5. 6 0 0.011 
211 o.33 020D+O O o. 843 700+00 12.00 42 ll.2 0 83 5 . 6 0 4 2 13.60 83 6.20 0.01 0 
212 - 0.6 85800 +00 -o~~ 8294D+O O 12.00 42 1 3w60 83 6.20 ~2 15. 30 83 6.20 0.01~ 
g_! _3 __ :·_Q_d .1:2_g_11~:f""O l __ =-9-.!l!+?.~~D +Ol 12.00 42 15 ,30 83 6.20 4 2 15.30 8:-=i 6.20 0.4 5 0 
21 4 0.32 7 660+01 0 4379410+ 01 12.00 42 15.30 B3 6. 2 0 42 17.10 83 5.20 0.013 
?.15 -0 ~ 127 000+0 1 -O. A703 7 D+O O 1 2 .00 42 17.1 0 83 5c20 42 18. 50 83 4o30 0.016 
216 002 79400+ 01 0. 360 170+01 12. 00 42 1 8 .50 83 4. 3 0 42 19.70 82 58.60 0.006 
2 1 7 - 0 o l 7 2 7 2 D t- 0 1 -0 , 1 4 l 7 5 D + 0 l _ _ l 2 • 0 0 4 2 l 9 • 7 0 8 2 5 8 . 6 0 _ 4 2 2 0 • 4 0 _.6 2 . 5 6 • 8 0 ·-- ___ O • 0 1 7 __ 
218 0.51 3 0 8 Ji0 1 O o52 1 9 1 D+O l 1 2 . 00 42 2 0.40 82 56.60 42 20. 3 0 82 5 5 .70 0.0:2 
219 -0 .271780+01 - 0. 292 0 8D+ Ol 1 2 . 0 0 4 2 20.30 82 55.70 42 20.00 82 57.20 0.0 23 
22 0 o.2911ao+o1 o. J133!D+o 1 i2 .oo 42 20 .00 s2 s 1. 2 0 42 18.10 02 sJ.20 o.oo a 

______ _....21. - o ., 1..625Q + Ql -o • 152-1 ~D..:U2.1 1.2..t..J)Q-5.Ll .B.-"- 7Jl__8Z--5l...2lL_~ 2--1 fh-1...Q___ft.2._5.2._,2 O o '"-'0~3~5,__ ____ _ 
222 o.l 6695D+O l 0.1 249 8 D+O l 44 . 00 44 ~ 9 . 00 81 12.70 44 52.10 81 1 4 . 2 0 o. 062 
223 - 0 .137J6D • Ol - 0.2 l dR5n+O l 44. 00 44 52. I U 8 1 1 4.20 44 58 . 2 0 81 17. 3 0 o. 032 
2 2 lJ 0 , l 0 é, 6 2) ·t 0 i. 0 • 9 5 4 ·1 ~ D .; 0 0 4 4 • 0 0 11 4 :) 8 • 2 0 P, l l 7 • 3 0 t; 5 1 • 4 0 8 1 :? 2 • 1 0 0 • 0 4 4 
2 .~ 5 0 • l :3 '":> 0 (< ! ) ! (; l 0 • 1 0 !:.: 0 ; [) ~ 0 l ti 4 • 0 0 i~ 5 l 8 4 0 11 1 2 2 • l 0 4 5 (~ • ?. 0 F: 1 :: 11 • f 0 c • () F; ::' 

2 t' -- Q • :) 5 ( I ; ' ;. ") t Q l - Q • 1i Ü ' \ -::, 7 r ) } () } 1, li • Ü 0 4 '-.. li • ~ Ù ':S J ? 4 • f Q 4 ~ 7 , C::, ('; f3 1 ? 1
; , 7 Q 0 0 J r.> 
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227 -o. 257b~o +o1 -0.257670+01 44.oo 45 7.5o 8 1 25.70 45 l0.40 81 31.10 0.043 
228 -o.4 f22ao+o1 -o.463160+01 6.oo 42 35 .40 81 31.ao 42 34 . a o 01 32.70 0.007 
229 -o.7416 eo +o1 -o.74347~+ 01 6.oo 42 34 . 80 8 1 32 .7 0 42 34.10 81 33.e~ c.006 
230 -O.l 8 796D +Ol -0. 188640+01 6.00 42 34 .10 8 1 33.f.30 42 33 . 20 . 81 34.<?0 0.005 
231 0.203200+01 0.1996 10+01 6 .0 0 42 33 . 20 81 34 . 90 42 32 . 20 81 36.40 0.004 
232 o.13 2 oeo+o1 Od30 71 0 +01 6 . oo 42 32 . 20 ~1 3F.> . 40 42 2 1. 20 et 37.50 o . ooc:; 
233 -0.1 61800+02 -0.177510+02 12. 00 42 13.20 92 9 . 50 42 9 . 4C 8é 1 8 .7 0 0.003 

. ' , 

2J ~---~o. 14935) + 02---=-0 .d 65_52D+ 02 12 • .QJ) 4 2 _.9 .4 o 82-.l__!l_.___I_Q___ 4 2 5 . 9 o 8 2 ? f") .t3 o"--_ _,,o'-' • ._ ;0~0"""'4'--------
235 -0 .248920+01 -0. 2596 70+01 1 2 . 00 42 5.90 a2 26. e o 42 5 . eo a2 27 .40 o. o~ 7 
236 -o .497840 +01 -o. 518370+0 1 1 2 . 00 42 2 . eo e2 36 .1 0 42 l.7o R2 36 . 20 0 . 022 
237 0.5 2324~+0 1 0.53171 ~ +01 12.00 42 lo70 A?. 36 . 20 ü2 1 . ~O 82 35 . 50 0.047 
238 -o.3C4 8co-100 -0. 270280+00 _12.00 42 1.so 82 :;s. s o 42 1. 20 a2 35 . 00 __ 0.053 ___________ _ 
239 -0.233 6ED1 0l -0. 233470+01 12.00 42 1. 20 82 35 .00 42 o . é O 82 34.40 o.033 
240 o.~01600+00 o.12 6 12 D+OO 12.00 42 0 . 60 82 34 . 40 41 5~ .7 0 f2 33 .4 0 0.021 
241 0.5334 00 +00 0.5432 é0 +00 12. 00 41 sc ~70 52 33 . 4 0 41 =8 . S O 82 32 . F- O 0.025 
2 4 2... _ _ -_ Q_. l CS 22 Sl + 0 L __ - Q_.__l l LI lD + QJ____l_2_. 0 Q__ A 1 _5 .g . 9_.o__ 3.2 3 2 ._6_o__4 1 ~ 8 ._2._Q 8 2 3 2 • I Q a •. Jl.ll 
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_ _ __ e'l~ __ - Q_it.5791_2~!..Q l -0 •ll -~ 1..5..Q.:':fil--1..~Q O 4~&Q. 78 52 , 00 41 3Q.OO 81 38.00 0. 079 
a ~ s -o. 609600 +00 -0. 35375 0+01 100.00 41 3 0 .00 e1 3 a.oo 42 s2.Ao 79 1 5 . 20 0.080 
84 6 -0.2072 6 0+02 - 0. 285 070+0 1 1 00 . 00 46 1 5 .20 83 33.10 43 44.80 81 43.70 0.075 
84 7 O.O 0.31 9650+0 1 100.00 46 1 5 . 20 83 33.10 44 30 . 30 AO 1 3000 0.133 : . . 
a4e __ -o.i 92 0 2D+o2 o.211 ~e o+o1 .. 10 0 . 00 _ 46 is.20 _ 8~ ~ -)..10 __ ~3 _s s.oo .... _ez. 45 •. oo ____ o.o73 _ ~~---
a4 9 -o.11 sB20 +02 o.343 94 0+0 1 1 00.00 46 1 5 .20 83 33 ~ 10 4~ 47.oo 84 47.oo 0.076 ' 
85 0 0. 2 0 4220~ 02 0.574 240+01 100.00 43 44 . 8 0 81 4 3. 70 4 4 3C.30 8 0 13.00 0.049 
85 1 0.1 52 4 0.) + 01 O e49 7050 ~01 100.00 43 44. 8 0 8 1 43. 7 0 43 5 5 .00 82 45.00 0.077 
8 5 2 Q • 9 4 If 13 e.D H H O ~ -6 5 9 '1 9 D .! Q l _____l__Q__Q_ .__ OJ)_A_3_ A._4_ ._ a.o________a L ...5. 3 • 7 0 4 5 4 7 Dl o 8 4 4 7 • o 0 0 &-"'---'--------
853 -0. 192020+ 0 2 -0.107 670+0 1 1 0 0 . 00 44 30.30 ~o 1 3.00 43 55 .o o 82 A5 .oo 0.301 
854 -0.11 2 7 BD+02 0.5 4 77 2 0+00 10 0 .00 44 3 0.30 80 1 3 .00 45 47.00 84 47.00 0.07 5 
8 5 5 -0.7 62 00n+ Ol -0.131 960+ 01 100.00 4 5 47.00 8 4 47.CO 43 5 5 . 00 82 45.00 0.074 
85 6 0 ~$ 7 9 1 2.) + 0 1 -0 .54 1 0 1 D+ü0 1 0 0.QO _. <H5 29 ,QO 84 40,_00. 4 o 24.éO 8 9 1 3 . 00 _ 0.073 --·-----·---
85 7 0. 2895fD+ 02 0.1 55 170 +01 1 0 0.00 4 é 29 .00 84 40.00 47 57.70 84 54 .00 O ol31 
858 -0.1 2 1 q2D+0 2 0. 285 71 0 -01 lC 0 .00 4~ 20 .00 8 4 40.00 4 6 32 .00 8 7 2 7.00 0. 2S 9 
85 9 - 0 . 23470~ + 02 0. 34 7 23D • OO 10 0 .00 4 6 29. 00 84 4C.OO 46 4 5 .0 0 92 6 .00 0.074 
fr.._Q_ __ -_\.2. _o'-~\ ?;;j ,-_y~~·:;·_,....:_7 u .. ~ .Ql l_Q_Q_!QQ 47 __ ç,.r_,_IQ___îL 54 ,0 Q 48 2 4, 6 0 89 1 3 . 00 0.0~------
86 1 -0.~084~0+ü 2 -0.1 21840+ 01 10 0 .00 47 5 7 . 70 8 4 54.00 46 3 2 . 00 8 7 27.00 0.128 
86 2 -o . ~2121:H· o2 -o~ S99 71 D+oo too. o o _. 4 7 s 1.10 8 4 54.00 46 45.oo 92 6 . oo o.046 
8~3 -0 . 1 76780 • 02 0. 8 7 4380+00 1 00 .00 48 24 . 6 0 8 9 1 3. 00 46 32.0 0 S 7 2 7.00 0.074 
86 4 - o . 2egsl:o +o2 o.11 93 0 D+o1 io o .oo 4 8 t-'-4.-. 60 _8 9 13 .__oo 46 45 . 00 92 6 .oo_. _0.012 -- -- .. ·----·--
86 5 o. 1 1 27ED+ 02 -0. 3 1 8660+ 00 100.00 46 4E . OO 92 ~.oo 46 32 . 00 8 7 2 7.00 C .1 33 
56G 0 . 23652~~02 J. 3295~0 ~02 1 00 .00 4 2 1.60 b 2 44.10 42 52 .40 79 15.20 O.üJl 
86 7 0. 79246.) +0 0 -0. 534690 +01 1 0 0. 0 0 4 3 14. 2 0 79 13. 2 0 43 38 .40 79 22 . 80 0 . 0 17 
86 8 ____ o ~2 1 s4c:;._o + 04 __ 9. 5823~Q__± _QQ___1 o o ! o o 4 ..J.....J .~'!...~___1_<2.. 1 ~_.LZ.Q_~-------1.3.. · 1 o 7 6 3 1 .! l o o. Q..Q 9 
869 0 . 3C4d0'.J+OO -0. 6'"'C:'5 4 D+Ol 1 0 0 . 0 0 4f. l'.;, . ?'J 3 3 37 . l C t: :; 20 . ? 0 L S : . 2': ' . ;y 
870 -0. 2 07 2 ~0+01 0. 8 4 2 410+01 1 0 0.00 45 20.30 80 2.20 44 30 . 30 80 1 3 .00 o . oos 
8 71 -0.7 95530 •01 0.11 22 10+02 100.00 45 2 0~3Q 8 0 2 . 20 ~3 44. 8 0 8 1 43.70 0. 0 0 1 
872 0.1 3 1 0 é9+02 o.23775 0.+02 lQO.C Q . 4 4 .L d;iQ 132. .. 4 4 .10 __ 4.2 .. 39 . 50 ._ fi l l2a 8Q ._ .. .O..OQl -- - ·- __ _ 
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(iii) 4-th Order Surface 



', 1 

-·-------

OB SER. OBSER . RESIDUAL - TIME -· PHI ~ - L,AM_D A _A Pli_! . B • ___ l,,.A,MQ~- A .. WE IGHJ ..... __ 
NUMBER VEC TOR SPAN 

-
1 0. 638350+ 00 o.823440+00 53 . 00 48 47 . 30 87 1 1 • 0 0 48 47.40 87 14.20 0.215 
2 -0 .115020+01 -0.9 87540+00 53 . 00 4 8 30. 6 0 86 16. l 0 48 39 . 30 8r 1 7. l 0 0.6:'1 
3 0 • l 0 2 0 f:D + 0 2 0 • l 3885D+ 02 53.00 48 52 . 90 88 23 . 60 4 8 4t- . AO BA 33 .1 0 o.os3 
4 -0. 8 f",8 39r)+01 -0.7 95980+0 1 5~ . oo 49 1 . 2 0 sa 15.00 48 c:.s . 30 R C: 1 5 .7 0 (1 . 242 
5 C • 2 ':) r , •J: J + 0 l 0 . 275570+0 1 S::: . G 0 4 0 ç • <' () o~ 1 2 . r::: ,_. 4~ 1 • ;. c ~t: :. ! '- . \.,') c , 2~;: 

6 0.30480)+01 0.367 3 7 îH 01 3.oo 49 51.80 91 21 . ')0 49 52 . fO 93 2 1 .1 0 0 . 0 ::> l 
7 0.1!7d t0 + 02 0.1211 5[H02 3.00 49 5<î . 1 0 93 2 1. f 0 49 ~4 . ':;-0 <;>3 2 1 • 50 0 . 002 
8 O.Sl31CO+O l 0 . 5833 50 +01 3.00 49 5 t ; • 0 0 0 3 21 • Sù 49 ~' .:s . ~ ( <.] 2 j • 1 c o . '.) 0 3 
9 0. 52&3?0 +01 o. 52 7510+01 3 . oo 49 5 5 . 4 0 q .1 21 • l 0 49 56 . !:;0 <; _; <:: 1 • 4 0 0 . 001 

10 o. 5oaooô-+o o 0·~816140+ OO 3-;;oo ~ <) 5tÏ-4 51) 9 -3 21 • 4 0 49 57 . 50 93 2 1. 50 0.0 0 1 
1 1 - 0 • 3 l 4 9 t;.) + 0 l -0. 328 1 60+01 3.oo 49 5 7. 60 93 21 • 5 0 49 57 . 90 <; 3 21 . 70 0.005 
1 2 0.139 190 +02 0.127610+0 2 J.oo 4 9 50.50 93 20.BO 49 50 . 90 93 21 . s o 0.002 
13 _ _ 0 • 1 3 7 1 6D + 0 2 Oel2 229D +02 -· 3 • o o ____ 4 9 5') ~ l Q 9~ 19.50 4 9 5 Q~, 5 0 9 J .2 0 • é S,) . - Q .. Ç) 0 2 .. -- -
14 0. 8940ff)+O l o.74 8 7 20 +-01 3.00 49 4 9 . 60 93 l A.20 4 c; 50.10 93 1 9 . 5 0 0. 00 1 
15 O.lll76D i02 0.931840 -~· 01 3. oc 49 4 8 .90 9J 1 6 . 50 49 4 9 . 60 93 ! 8 . 20 0. 0 '.) 1 
1 6 -0. 294é40~-01 -0. 434.2RD+01 3.00 4 9 4 B .50 93 1 5 . 20 49 42' . S:. O 93 1 6 . 50 o . oo .~ 
17 0. 8128C~+O O 0. 28484!:>+0 0 3.00 4 9 (~ 8. 3 0 q) 14.7 0 4~ 4f . 50 <,.] 15.20 0 . 004 ----- - -----1 9--0 :-s 4û64-0+0 1 0 • 3 8 7 86 D + 0 l 3. 00 4 9 4 8 . 50 93 1 3 . 2 0 49 46 . 30 9 -~ 14. 70 0.0 0 1 
l 9 0. l 3 4 l 1 D + 02 0.11 2 140+0 2 3.oo 49 48. 5 0 93 1 1 • 1 0 49 4 8 . 50 93 l '! . 20 0 . 001 
20 0.192020+02 •) ~ 1 8 J 7 7D + 0 2 3.oo 4 9 4 "3 . 5 0 93 10.30 <î9 48 . 50 93 1i.10 0.003 
2 l -o. 924560+01 -Q ' 1 06 740+02 3.00 4 9 .4e. 50 _ 9 3 8.90 --- ~.9 __ 43_, 50 __ 'iJ 1. 0 ' 3_Q _ _ Q .. 0 0 2 · ·--·-'- -·-·-. 
22 0. 67056D +Ol 0. 58983D+ 01 3.00 49 4 8 . 50 93 8. 1 0 49 48 . 50 93 8 . 90 0.003 
23 o.79248:)t 01 0~6014 9D+ Ol 3 . 00 4q 4 B . 6 0 93 6.20 49 4 8 .50 93 8 . 1 0 0.001 
24 0.113790+02 0.101040+02 3.00 49 48.60 93 4 . 90 49 48.60 93 6 . 20 0.002 
25 o .254 0CO+O l o. 324860+ 00 3.00 49 46.60 93 2.60 49 48. 60 93 4.90 0 . 001 
26 - o ;J. 12 72 o +01 - =-0-.:305020+ o i 3~00 49 ll.ë46Q 93 1. 20 49 4 8 . 60 93 2 . 6 0 0.002 
2 7 -0. 802640+01 -o.1o e2oot-0 2 3. 00 49 4 8 .. 60 92 55 . 80 49 48 . éO 92 58 . 90 0.001 
28 -0.17272D+ Ol -0.283330 +01 3 .00 49 4 8 .60 92 58 .90 49 48. f, 0 93 0 ol 0 0.002 

-- .. 29 -0.1 42248+02 -o .1 42240+02 . .. 3.00 49 48.60 02 5~.90 __ 49_ 48.16Q ___ 92 ~'3 . 9Q _ Q • Q 2 9 - - ---- -
30 - :.:.. 0. 1 0 4 6 5D + 0 2 -o. 117 1:340+ 02 3a00 49 48.60 9 2 54 .30 49 48.60 92 55 . 80 0.001 
31 0.13 20eD+O l -0.2 35100+ 00 3 .. 00 '1 9 '~P.60 92 !'32.50 49 48.60 92 54 . 30 0. 001 
32 Oe8 l2 6 0 D H 'J O 0~2 15 7 70+00 3~00 49 48.60 92 5 1. 80 49 4 8 . 6 0 92 52.50 0.003 
~3 - Q_<t? 7'4 3:"!) t0l___::Q • 2?5 ? 1 Dt_QJ ___ :2• ÇS} __ 4 2__~J';y B Q_ _ _2 .~--~_, _'S_Q 42 4 7. ti.Q 92 5lt0Q Q,Q Q l 
34 - 0 • 1 -~ 5 l 3D + 0 2 -0 s 1 43 770+ 02 3.00 49 46. '70 92 49.50 49 46.80 92 50. 6 0 O oOOr! 
35 0.3 75920+01 0.31 3 35D l· Ol 3. 1) 0 ~9 4 6. 9 0 9 2 4 8 . 80 4 9 46.70 92 0.9. 5 0 0.0 03 
3A -0 47213 t. D+C1 -0.'32l7l D+O! .3. 0 ù ~"' 4 F.AO 92 '• 7. ~ 0 49 46 . 90 92 4 8 . 0 0 0.002 
3 7 -0 . 1 2 1 92)~ 0 2 - () • l 3 .:: , 7 l' + c ?. 3 . 00 40 4 ( . C:I) r --•c •+ ') • 7 ') 49 4 t: . ::: O 9 2 4 7 . c::. J 0 . ) ù l 
_; f - ü • l /-< :-, <:1 -, ~j +- c-? -0.l GI?,' r, 1 , ) '-~ 

, 
~ () 0 '• 9 (~{ ,·-l ') I'' 11 l j • l 0 ,.,, h F- • 1.1 G Q? ' i '.:. . 7 .J G . ')iî l 



39 0. 9753éD+Ol 0.8 84390+01 3 . 00 49 46 .9 0 92 4 2 .9 0 49 46.90 92 44.10 0.002 
40 o.3149fD+Ol Oe25904D+Ol 3.oo 49 46.60 92 42 . 00 49 4~.90 92 42.90 0.00 2 
41 -0.599440+01 -0.64065D+Ol 3o00 49 45 .7 0 9 2 41 . 00 49 4é . 60 92 4 2 000 0.001 
42 0.1 5 240D+Ol 0.79 '5 73D+OO 3,00 49 45.30 92 39 . 8 0 49 45 .7 0 92 41.00 _ Q,002 .. -··--
43 o.1219 2 J+o1 o.6 43350+0 0 3.oo 49 44.90 92 3~ . s0 4 9 4 5 . 30 92 39 . eo 0 . 002 
44 -o .~5 7 2 C D +Ol -0. 5ù 41 2D + Ol 3 . oo 49 44 . 4 0 ç2 3 7 . 9 0 4 9 44 . 90 92 3 8 . ~ 0 0 . 0 0 2 
4 5 -0. 30480D +OO -0.7 436SD+ OO 3 . 0o 4 9 4 3 . 80 92 37 . 00 4 ~ 44 . 40 9 2 37 . 9 0 o . 00?. 

___ _9o __ ~O.t 3352e) +O l.._-_QJ _35?~7 f.ill.±...Q l 3._0_Q 49 43i .2_Q__ ;t_z._iQ_,c::. o 4 ~ 4 3 , HO 9 2 17 , 00 0,002 
47 - 0.7 5 1 840 + 0 1 -0.777 5 1 0 +01 3.00 49 4 2 . 9 0 9 2 3é . OO 4 9 4 3 . 2G 92 3 6 . 5 0 0.003 
4 8 o. 548t4D + o 1 o . 49 7 3 7 0 +01 3.00 4 9 4 2 . co 92 3 4 . 90 4 9 4 2 . s o 9 2 36 . oo 0 . 00 1 
49 0.284480 + 0 1 0. 235 110 +01 3. o o 4 9 41 . 60 92 34 .0 0 49 4 2 . 00 92 34 . 00 0.002 
50 - 0 . 9 753tt)+O l -0.1 02 1 8D+02 3. 0 0 4 9 4 1 .4 0 9 2 3 3 . 2 0 Çt9 41 o QC 92 3'f.a00 . _ 0.003 ·--·-·-· 
5 1 -0. 568960 + 0 1 -0. 6 41 510 +01 3.00 4 9 41. 3 0 9 2 32 . 0 0 49 41.40 9 2 33 . 20 0 . 002 
5 2 -0. 396240+0 1 - 0 .4 493 7 0+ 01 3 .0 0 4 9 4lo 20 g 2 3 1.1 0 49 41 , JO 9 2 3 2 00 0 Oo002 
53 - 0~35560) + 0 1 -0.4 2t:54D + Ol 3. 0 0 49 41.40 9 2 3 0.0 0 4 9 41. 2 G 92 31 .1 0 0.00 2 

_________ 5 4_ ____ 0 d 4 2.2 4 '.H : 02_ __ O.d 4 2 2 6Q + .Q 2 _ ___i~ o o 4 9 4 0 • 5.J)_-3 ::> -2.'i.1.L O 4 9 4 l.. 4 o g 2 3 Q_..__Q_Q_~_QJl_? _ ____ _ 
55 0 ~1 1 2 7 eD + C2 0.11 3030 ~ 02 3 . 00 4 9 4 0 .00 92 29 . èO 4 9 4 0 . 5 0 9 2 2g . 70 0. 0 01 
56 o. 3 2 5 1 2)+0 1 0. 289930 + 0 1 3. oo 49 39 . 20 92 2e . Ro 49 4 0 .o o 9 2 29 . 6 0 0 . 00 2 
5 7 -0. 802640+0 1 -0. 844820+0 1 3 . 00 4 9 38 . 90 92 28 . 00 49 39 . 2 0 92 28 . êO Oo00 2 
58 0 .17 2720 + 0 1 0.11 ~220+ 01 J.oo . 4 9 J ? , 50 92 26 . 90 .. 99 ::e . 9 0 _ 9 2 2 e. . oo __ 0. 0 02 ____ _ 
59 -0 . 2194~0+02 -0 $2 1 8 260+02 3. 0 0 49 3 ~ .7 0 9 2 26 .9 0 49 3~ . 5 0 9 2 26 . 9 0 0.001 
6 0 0 .2 7432D~O l 0.21 59 10+0 1 3.00 4 9 36 .2 0 9 2 2 5 . 80 4 9 3 6.70 92 26 . 90 0. 0 0 2 
6 1 -0.7 4 1 68D+O l -0. 804990+0 1 3.00 49 35 .50 9 2 24. 60 49 36. 2 0 92 2 5 . 8 0 0.001 

______ Ç 2 0 ~ 3 0tt__e OD + O_O--=-Q~J3 ?~3 7 0_±..Q 0 3 . OO 49 3 ? . 1.Q __ _ 92 22_'! .. .'~ ~2.__;2_5 . 5 0 92 24 • 6 0 Q • 0 0 1 
63 0.22657D+02 0 . 2 1 560D + 02 3. 00 49 34 . 90 92 20 . 20 4 9 35 .1 0 92 22 .4 0 0. 0 01 
64 o.l f96 7) +0 2 0 .164800 + 02 3. oo 49 3 4 . 90 9 2 1 9 . 20 4 9 3 4. ç o 92 20. 2 0 0.00 2 
6 5 0 • 4 5 7 2 C 0 + 0 l 0 • 4 0 o 0 2 D + 0 1 3 • 0 0 4 9 3 l1 • 9 0 9 2 1 8 • 2 0 4 9 3 4 • q C 9 ?. 1 o • 2 0 0 • 0 0 ? 
f. F - Ü • ~ 3 P <4 ~ J ~ 0 l - Ü • 6 3 c:. .; 7 .' + Ü l 3 •. C 0 4 q l_ 5 • 0 ') . <;l 2 l (. • ~ :; 4 <;· ".: 1, • r: 0 S- 2 1 ;-; • 2. 0 . (; • 'J J 1 
6 7 - 0.508000+0 1 -0. 525720 +0 1 3.00 49 3 4 . 50 92 1 5 .7 0 4 9 35 . 00 9 2 1 6 .10 0 . 003 
6e 0. 2611 10 + 02 0.2 55620 + 02 3.00 4 9 3 3 , 90 9 2 1 4 . 5 0 4 9 3 4. 5 0 9 2 1 5 . 70 0. 00 1 
69 0.1950Ç)+ 0 2 O ol 920 9D +02 3 . 00 4 9 ~~ .1 0 92 1 2 . CO 4 9 33 . 4G Ç2 1 2 . ~U 0 . 002 

---~7SL _ _ Oa35560Q ~Ol 0 .22_§.12D_±O l 3.00 49 32..!._Q_Q__ 9 2 J_Q_.7 0 4 9 33.1 0 9 2 2 2 .00 o •. o o_.__ _____ _ 
71 -0. 853440+ 01 -0 .90 1 410+0 1 3. 00 49 32.20 92 9. 60 4 9 3 2 . 6 0 9 2 10.70 0.00 2 
7 2 o . 11 48 1)+02 o.1 09000+0 2 3.C O 4 9 3 2. 10 92 8 .2 0 4 9 32 . 2 C 92 9 . f O 0.002 
73 o.2844PD + o 1 0. 245370+0 1 3 ~oo 49 3 2.50 9 2 1. 20 4 9 3 2 .10 92 s .20 0.00 2 
74 o.509000+0 1 o .4722é D+O l : .• 3 .00 .. _ .. ~ .9 JJ. ~60 ..... 92. 6 .'i0 . 4 9 3 2 . 5 0 __ ..9 2 7 . 2 .0 ____ O. OOL _____ _ 
; s - o. 2 84 4 eo ... o 1 - o • 3 4 1 6 5D + o t 3. o o 4 9 3 \ • 2 o 9 2 5 • o o 4 9 3 1 • é o 9 2 6 • 4 o o • o o 1 
76 - 0 . 5892 8 0+0 1 -0. 63Q59D+Ol 3 . 0 0 49 3 0 . 6 0 9 2 3 . 8 0 49 31 . 2 0 ~ 2 5 . 00 0.001 
77 - 0 . 6 197éD+O l -0. 66637 0 +0 1 3.0 0 49 3 0 . 00 9 2 2.70 49 3 0 . é O 92 3 . 80 0 . 002 

------~7 s __ -:...0...t 1 ~ 1_32 n± .Q 2 - o • 1 ~ Q B ?J2 ± Q 2 3 . o o 4 9 2 CJ . • e o 9 2 1_,, g o 4 2 3 o • o Q_ 2 2 2 • 1 o o • o o 2. 
79 - 0 . 233 680 +0 1 - 0. 3035 2D t-O l 3.0 0 49 29 . 3 0 92 o. o 4 9 29 . BC 92 l. e o 0.001 
8 0 - Oü l 5240)+0 l -o.1 a2130 + 0 1 3. oo 4 9 2 2 .10 9 1 59 . 20 49 29 . 30 9 2 o.o 0.003 
8 1 -0 . 1 47320+0 2 -0.1 52590 + 02 3.00 49 2 9 . 0 0 91 57 .7 0 49 29 .1 0 91 59 . 2 0 0.001 
82 - 0.833l~D+O l __ :-0. 88560D+O l . .. _ 3a0 0 .. 1t9 2P. .3 Q __ 9 l 56 ... ~. 0 - .... ~ 2_ 29 .. 0 .. 0 .... ..9 1 .. 5 7 •. IQ. .. -1l ... OO.l. ___ _ 
83 -0 .34544D+0 1 -0 .449330 + 0 1 3.00 49 2 7 . BO 91 5 3 . 40 49 28.30 9 1 5 6.40 Oo001 
84 o.7 5 1 S40~o 1 0.11 6220 + 0 1 3 . 0 0 49 27.s o 91 s2 .4 o 49 27 . eo 91 53 .40 0. 0 02 
85 O.S4326Di0 ! Oc8065 1 D+ Ol 3o 00 49 27. 3 0 91 5 1.30 49 27.50 9 1 52.40 Oo 002 

___ 8-6. __ .::.o. ~ 117.e.6.D± 02 ... _-::...Q.,_l 2.l.6.3D±J1.2. 3,00 42__2_-Z..2..Q..__'21 s o.10 4 9 27 .3 0 91 51.30 o.oo_ . .__ ____ _ 
8 7 -0. 508000+0 0 -0. 879160+0 0 3.00 4 9 2 7.30 91 4 8 .8 0 49 27.20 91 5 0. 10 0.002 
88 O. ll1 7fD+Ol 0 .269600 +00 3o 0 0 4 9 27.00 91 46.00 4 9 27.30 91 48 . 80 0.001 
89 0. 8 1 2800+0 0 O a4300 10+0 0 3.00 49 2 6 .30 91 4 5 .00 49 27.00 91 4 6 . 00 0.002 
9 0 - 0.1 7 272D+O l - 0 .20386D+O l ...... 3 . 0 0 4 9 25 . 9 0 ._.9 1 44 .1 0 .. 4 9 26 .30 _ _91 4 5 .0.Q __ _o. 0 02 __ ______ _ 
91 o.s12 s0)+0 1 o .? 866 10+0 1 3.00 4 9 2ë .10 91 4 3 .o o 4 9 2 5 . 9 0 9 1 4 4 .10 0.002 
9 2 - 0.2 1 33 6 0•0 1 -0. 265430+0 1 3,00 4 9 25.8 0 91 41. 2 0 4 9 2 6. 10 91 4 3 .00 0.0 0 1 
93 0.2t41 ~ 0+0 1 0 .241670•0 1 3.0 0 49 2 5 . 1 0 9 1 4 0 . 8 0 4 9 25 . BO 9 1 41. 2 0 0.0 02 
9-1._ _ __::Q,_ l 4 1 2,r:·L) t Ç4_ __ "'.:"_Q.t J. .~ 47]r,J:_Q.('~--~1LQ Q _1-9-_ .. .2.'.'.1. ! QQ.__2.1._~_!_t~Q__'l.9_~5-'2 Q 9 1 3q • .lLQ___Q_til_Q.~-----
95 -0.40640D+OO -0~ 69ô590+ 00 3.00 49 23n9 0 91 38 .00 4 9 2 4 . 6 0 9 1 38 . 6 0 0. 002 
96 - 0.457ê00+01 -0.49693f'l+ Ol 3 . 00 4 9 2 3 d SO 9 1 36 . .... 0 4 9 2 3.90 91 3f'l.O O 0 .002 
97 -0.14 224D~ 02 -0.14 57 10 +02 3.00 ~ 9 2~ .c o 9 1 ?~ . 70 49 2J . ~O 9 1 ]A . f Q 0 . 002 
9"3 -0.1~ .· C t)+C l - o.24(··,71t.) l J.oo 4r. 2 ~.4 t; 9 1 5,· . c.J 4 0 2 :: . c1., c;, 1 3"' .70 o. J ) l 
9 q - 0 • i "'· i :' ) t (1 2 -· 0 • 1 -~ h ' , ( 1 H 0 ? 3 • 0 0 4 ' J .:? C .<,, Q '·! l ., 1 • ..'. 1) 11 " 2 1 • 4 U <; l °" :; , 11 C 0 , 0 0 ~ 



~ 1 

----- Too 0.1 4 2 2 4 0 +01 o .i oe89cf+ o 1 3.o c 4 c., 2 0.60 91 30 .10 4 9 20. 9 0 91 31.::.0 0.00 2 
10 1 -0. 50800)+01 -0.5 4 4 86D + 0 1 3 .00 4 9 2 0.30 9 1 2cl .7 0 49 20.60 91 30.10 0.002 
10 2 - 0 . 2580~0+02 -0 .264650 + 02 3 .00 49 1 9 . 6 0 91 2é . 40 49 2 0 .30 91 2 8 .70 0.0 0 1 
103 -O .J25 l t='l)+01 -0. 362320+0 1 3 .0 0 49 19. 30 9 1 2 4. 9 0 4 9 1 9 .• ~ 0 91 2 6 .40 __ 0,001 
104 0.101~ 00 +02 o . 984960 + 0 1 3 . 00 4 9 18 . 90 Q l 23 . 90 4 9 1 ~ . 30 9 1 2 4. 9 0 0. 002 
2os -o.1 s2ef .)+01 - 0 . 23444 '.HO l 3 . 00 4 9 1 6 . ::o '=;) 1 22 .1 1J 4 9 1 8 . 0 0 0 1 ?1 . ço 0. 00 1 
106 - o. soeooo+ o! - o. s4 0J PD + c 1 3 . 00 4 9 1 6 . BO 0 1 17 . 40 4 9 17. 30 9 1 l B . 3 0 o. oo? 

___________ lQ? - Q.h~OJ19D +O l _ __ __Q_. I3Q J~Q +QJ 3.oo 49 16 . C.Q __ _2_1__10 . :io 4 9 1 6 . 8 0 9 1 1 7 .40 c. oo? 
!Ob - 0.1107 40+ 02 - 0.1134 9D +02 3 . 0 0 4 9 J5 . 80 9 1 1 5 . ~ 0 4 9 1 6 . 2C 9 1 l f . 30 0. 002 
109 - 0. 66 040'.)+01 - o . 6861 1 c +o 1 3 . 00 49 15 . 2 ~ 9 1 i2 . oo 4 9 1 5 . 40 9 1 l J . 30 0 . 002 
110 - 0.13 2 0BD•02 - 0 . 13 4 1 80 +02 3.00 49 1~ . 30 9 1 1 0 .1 0 49 1 5 . 20 9 1 1 2 . 00 0 . 00 1 
111 -0. 6 70 5é'.J+O l -0. 6 7 29f-.[H-Ol 3.00 49 1 5 . f.0 91 9.oo 4 9 1 5 . 3C Ç l 1 0 .i p ____ o. 002 _ 
112 - Oe 8)4 0 8) +0 1 - 0 . 952830+01 3 . CO 49 14 . 80 9 1 6 . 5 0 4 9 1 ~ . ~0 9 1 9 . 00 0. 00 1 
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