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Abstract

The programme fits a sum of Lorentzian lines to
a given Mbssbauer spectrum by means of the Gauss non-
linesr regression procedure with a facility for con-
straining any set of parameters or linear combinations
of parameters, The results are presented as a table of
the fitted parameters, a typewriter plot of the residual
deviations with an indication of the goodness of the fit
and a plot of the measured points and the fitted lines;
if desired the results of each iteration can also be

printed out,
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INTRODUCTION

The present report d ibes a "Mbssh fitting-progamme” written
in FORTRAN for the Burroughs B 6700 computer at Ris¢. In its present
form it ¢ an handle up to six hundred channels and fit up to eight lines. If

y, the capacity can be increased according to instructions given in
the programme. Except for the plotting procedure this programme is a
modified version of the programme AJSST1 /GCNLR. MS/2. 2 developed by
A.J. Stone for the TITAN. p in Cambridge, England.

In the MBasbauer spectrometers used at Rissg the source is moved with
a censtant acceleration the direction of which is periodically reversed, If
X is the position of the source, theu ils velocity, 3¢, as a function of time,
t, has the well-known form
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The pulses from the detsctor are registered as a function of the source
velocity in a multi-channel analyser; this is, for different spectrometers,
done in different ways and requires different treatments of the data, Sup-
pose the analyser has 2C channels, them

(1) the pulses registered in the half period (x » 0, x * max, x = 0} are
stored in the first C channels, and the pulses in the second helf period



-2

(x=0, x = min, x = 0) are stored in the last C channels; therefore the
Massbauer spectrum is recorded twice, and the two spectra should in prin-
ziple he the mirror image of each other.

{2) The two half periods are not distinguished from each other, and the
pilses are only sorted according to the velocity. In this case only one
spectrum is obtained.

{3) The two half periods are distinguished from each other, but the spec-
trum corresponding to the second half period is stored "backwards" in the
last C channels. As in the first case two spectra are obtained; they are,
however, not symmetrical, but shifted C channels,

7he data are delivered from the multi-channel analysers on tape. In
its present form the programme accept data in 'GIER'-code and *Nuclear
Data'-vode,

The analysers have a limited capacity (IO5 or IO‘i counts/channel), and
if they a-e overloaded, the first digits in each count number are lost. In
this case the correct count bers may be r tructed if the count rate
and the counting time have been recorded. If the overflow is gtored in
separate chinnels, the correct count numbers are constructed by adding
the two sets of data.

Conventional M3ssbauer experiments result in spectra containing

absorption dips, ~hereas scattering experiments or experiments with
resonance detector: result in spectra with peaks. Both types of spectra
can be treated.

DESCRIPTION OF THE FITTING PROGRAMME

In the following a brief description of the programme is given, Its
practical use is described in the next section (pp. 6 - 8) where also the
commands, referred to by number, are treated in detail,

Spectrum Data

If channel numbers® are included in the data, the counts can occur in
any order, provided that each count is preceded by its channel number, and
provided that all counts from fnitial to final ch 1 are pr t. If ch 1
numbers are absent, the counts must occur in order from initial channel to
final channel (see also the TURN command (3)), Spurious counts, which
frequently occur near the beginning and end of a spectrum and are occusion-
ally found elsewhere, can be dealt with in various waye. If a count is read
which is less than or equal to zerv, this channel is ignored in the fitting

process, Consequently a count is effectively deleted by punching a minus
sign before the number, or by editing the data and replacing spuriouns
counts by seros. Alternatively, the LOSE command {4) may be used.
Function

It is assumed that the lines are 'Lorentsian' and the function fitted is

fix) = [1 + B(3)ain{ ZFE)s+ B4) (x - BL2) ] (BO) - EfL)

with the individual lines of index L:

ML) - ——2BELYS
sE(SL+ 3) (1 + 4( )

xt = x i x(B2)+ C
x = 2(B(2)+ C)-x, i x)BER)+C

B(1) is the baseline,

B(2) 18 a parameter which is used if the spectrometer has a symmetrical
gcan, so that chamnels B(2) to B(2) + C contain the sp um, and ch )]
B(2) + C to B(2) + 2C contain a mirror image if 2C is the number of chan-
nels in the analyser., B(2) should in principle be zero, but for instrumental
reasons it often is not, If the two spectra are not mirrored, but translated,
the spectrum in chammels B(2) + C to B(2) ¢+ 2C is turned by means of the
command TURN (3). I there is only one spectrum, C must be set to the
full width of the spectrum, and B(2) must be constrained to gero (or to the
lowest channel number if that is not zero).

B(3) is the fractional sine wave in the baseline,

B(4) is the fractional baseline drift per channel,

B(3L + 2) is the position (in channels) of line L,

B(3L + 3) is the width at half-height (in channels) of line L,
B(3L + 4) is the intensity (in channels x counts) of line L,

Fitting
The fitting of the parameters, B(k), is based on the Gauss non-linear
regreesion procedure with a facility for constraining any set of parsmeters
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or linear combinations of parameters. The success of such a method de-
pends greatly on the ible use of With all but the simplest
spectra, the pr dure will ly diverge if an attempt is made %o fit
a spectrum without constraints. The constraints ma; only be needed in the
early stage, where they effectively increase the radius of convergence, and
they can often be removed for the later stages. The choice of the most
suitable constraints depends very much on the spectrum, but is largely a

tter of The aints are often dictated by physical
considerations, and this is usually the best criterion; for example, one
may expeci a particular line in a complicated spectrum to have a certain

shift b ii is thought to arise from a known chemical species.

Constraints
The constraints are of two types:
{a) B{k) = const,

(b} A(1)B(1)+ A(2)B(2) + ... + A(3N + 4)B(3N + 4) = const.

The value of the 'const.' is implied by the initial values of the parameters,

Of course (a) is only a special case of (b), but it is convenient to
specify (a) separately. These constraints are listed on one card by giving
the parameter numbers, k (cf. (11/a) in the next section),

Each constraint of type (b} will in practice involve either positions only,
widths only, or intensities (areas) only; these constraints are specified on
separate carda as POSN, WDTH or AREA followed by the appropriate coef-
ficienta, It may for example be required that the intensities of the two first
lines should be equal (a quadrupole doublet), i.e.: AREA (1) = AREA (2);
then the constraint required is:

1B+ (-1)-B(lo)y+ ., + 0- B(3N+ 4) =0,

which is specified as {cf. (11 /b) in the next section):
AREA 1. -fe .. 0,

If & centre shift should be kept constant, {,e. POSN(1) + POSN(2) = const,,
the constraint is:

1 «B{35)+ 1-B(8)+ .. + 0 B(3IN+ 2) = const,

which is specified as:
POSN 1. . .. o

The constraints need not be normalized or orthogonal, but thiy must be
linearly independent,

Convergence
The programme is taken to have converged when

2
TEST VALUE = 5 DELT (e,
k (]

where DELTA(Kk) is the last correction to parameter k, and COV(k, k) is
an estimate of its vari The value of & can be reset if required by
means of 'd" in the FIX command {11}, but the standard value of 10”% ahould
be quite adequate. This criterion is simply that the putational error in
each parameter is at most 1073 of the estimated statistical error. At this
stage chi squared usually differs from the minimum value in about the 8th -

10th decimal place.

Divergence
If the process is founa to be diverging, the progr tically
enters a simple damping procedure. This will usually force the process to
ge, but converg may be slow and inefficicnt. The need for
damping can usually be avoided by means of addition of extra constraints in
the initial stages or ur'. of more accurate estimates of the paramet laes,
if that is possible.

Results

The information given in the results appears from the example pp, ¥7-59.

Note that if quantities such as quadrupole splittings or area ratios are
derived from the basic parameters, the calculation of their errors involves
the covariances as well as the variances. Note also that if a parameter or
combination of parameters is constrained, its variance and covariances are
all taken to be zero since the programme cannot estimate them. Since they
will certainly be non-zero, and may be quite large, some allowance should
be made when quoting confidence limits for the unconstrained parameters.
The chi squared percentage puints are given because they are not usually
tabulated for so many degrees of freedom; instruinental deficiencies or



minor impurities may push the chi squared value above the 5-per cent
point quite easily, but values above the 0.1 -per cent point should be re-
garded with great suspicion. One spurious count can lead to a very bad chi
squared; such counts are listed if they occur, and can be discarded. Note
that it is assumed that the number of the counts follows the Poisson-distri-
bution; if this is not the case, the chi squared values are unreliable, and
80 are the calculated variance and covariances.

Preparation of the Data Set

The dats can consist of any number of data aets, one for each spectrum,
A data set starts with a *title card® {1) which is followed by a series of
nds, each isting of one card with a keyword in cols 1 -4 and

possibly some numerical data in F 10,0 format; some commands must be
followed by further data cards. If convenient, the inherent constants in
commands nos. 3, 7, 8, 11 and [ 2 ¢an be changed in the programme. Any
or all of the commands can be present in any logical order and are executed
in that order. The FIX command starts the fitting on the last-read spec-
trum data; several sets of estimates and bers of lines can thus be used
successively for the same spectrum data.

H more than one data - set is wanted to the same fit they may be placed
immediately after each other. The DATA - command (2) and the following
card (2/a) must, however, precede each data - set. The counis of the chan-
nels with the same channel number are added. If one of the counts is less
than or equal to zero the channel is deleted,

List of Commands etc.

(th] A card containing a title in cols 1 - 80.

) DATA a b
{Read the spectrum data from chaanel 'a’ to channel 'b*).

(2/a) Two values read with format 212,
If the first parameter * 0 then the papertape must be punched in
'Gier’ code and if it is 1 the papertape must be punched in
"Nuclear Data" code. The second parameter = 2 means overflow
and a value NEQ 2 no overflow,

{2/v) The papertape containing the spectrum data

9 TURN a
{Turn the spectrum data from channel 'a'),
if *a’ i# zerc or absent, a value of 256 is aseumed. This is used
for analysers of type 3, (see introduction). It this command is

4)

5

(s)

()

®)

(9)

{10/b)

{10/b)

(1)

-7~

used, be careful with the ch 1 bers in the ds LOSE
and SKIP.

LOSE a b

(Throw away ~hannels 'a* through *b* irretrievably).

Any ber of LOSE ds m.y occur.

SKIP a b

{Give temporarily zero weight o channels *a' through 'h')

Thus they are ignored in the first following fitting ant are
restored after the next FIX d. Any ber of SKIP
commands may occur.

ADD a

(Add ’a’ tn each count in the spectrum data).

This is used if the multi-channel analyser has been overloaded,
and the data should be r ed,

JUNMP a

(Correct the spectrum data if there is a discontinuity of *a’ counts).
This may appear in the case of overloading. The first point used
in the fitting is assumed to be correct. If 'a’ is zero or absent,

a value of lo"' is assumed.

PLOL a b

{Plot the spectrum data on line printer from channel 'a’ to channel
).

H 'b* is zero or absent, the whole spectrum is plotted. This plot
can be used for estimates of patameters.

SCAN a

(Set the spectrum scan width C to the value *a’).

A value of 256 is assumed if no SCAN command occurs,

ESTM a b

(Read the initial estimates of the parameters for *a‘ lines).

'y = 1 if spectrum with negative i
Otherwise b’ = 0 (or absect).
Parameters B(1) - B{4) on one ¢ard in F10. 0 format. B{2), B(3),
and B(4) can usually be set to zero initially and left unconstrained.
Cne card for each line, L, with three parameters, B(3L+2),
B{3L+3), B(3L+4) on each (F10.0 format). Instead of the Intensity
B(3L+*4) one may insert the dip in counts, preceded by a minus;
the programme will then calculate the intensity.

FIX a b c d

(Read the constraints specification with 'a' constraint).

ity {or dip) is wanted.




(11/a)

(11/v)

(12)

(12/a)

(13)

(14)

Allow 'b' iterations to reach convergence (i.e. TEST VALUE {'d'),

Print the results according io 'c'.

¢ = 0: Print the resulis and the variance-covariance matrix.

¢ = 1: Print full details of the changes to parameters etc. at last
iteration.

¢ = 2: Print no results at all,

¢ = 3: Print full details of the changes to parameters etc. at each
iteration.

c = 4: Printas for ¢ = 3 and ¢ = 0).

If 'b' is zero or absent, a value of 10 is assumed. If *d* 15 zero

or absent, a value of 1778 18 assumed,

A card with ail constraints of type (a), cf. 'description', given as

a lisi of parameter numbers in £3.0 format. If there are no {a)

constraints, but some (b) coastraints, a blank card must be put in,

One card for each constraint type (b); specified as POSN, WD'ITH

or AREA, followed by the appropriate coefficients in F6, 0 format,

one coefficient for each line the spectrum

PLOT a b c d

{Flot the spectrum from channel 'a' to channel 'b' with ‘¢!

millimetres per channel and 'd’ millimetres for the largest

amplitude).

If 'b' is zero or absent, the whole spectrum is plotted.

If 'c’ is zero or absent, a value of 1 is assumed, If 'd' is zero

or absent, a value of FU is assumed.

A card with the numbe> 9 or 1 in column 2, If 0 is punched the

plot is dr: wn without : tandard deviation, If 1 is punched the plot

will contain standard deviation.

CONC a

(Add the counts of 'a’ successive channels to form a new channel

where
new ch(®) = ch(0) + ch{l} + ... + ch(a-?)
new ch{l) = ch(a) + chla+1) + ... + ch(2a2-1)

etc., where ch{x) mears the covat of channel number z,

'f one of the 'a' channels is deleted the new channel will be deleted.
The parameters in the command- TURN (3), SCAN {9) and ESTM(10)
are adjusted automatically,

EXIT

{Resct the scan width C to 256 and read a new title card),

Appendix 1. Programme pp. 47-59%

The programme is shown in the version for the B §70% computer and the
plotter-routines that are used at Risg.

In order to run the programme which is stored on the disk you must have
the following control cards

A JOB MOSSPEC ; CLASS=2; CHARGE=130102 %FENGER

A PROCESSTIME=100 ; IOTIME=100 ; PRINTLIMIT=2500 ;

A BEGIN RUN OBJECT/MOSSPEC

» FILE FILE10{TITLE=PLOTFIL/23 , KIND=DISK, MYUSE=OUT, MAXRECSIZE=15, -
BLOCKSIZE=30, AREASIZE=20, AREAS=402, PROTECTION=PROTECTED)

A FILE FILES(KIND=DISK, MAXRECSIZE=14, AREASIZE=1, AREAS-=1)

A DATA MOSSPEC

Data as illustrated nt PP. 47-49

» END JOB

Appendix 2. Example of Run PP. 47-59

As a demonstration of the operation of the programme {he analysis of a
spectrum containing two doublets is shown. One of the doublets is composed
of two lines of equal intensity and width, the other dcublet is composed of
two lines which have equal intensity, but different widths. The spectrum was
recorded on a spectrometer of type 2 (cf. 'Introduction’); therefore the 'scan
reverse' is constrained througiout the calculations ( ¢f. 'Function'), The
data, shown on p. 49, were punched in 'GIFR'-code.

First the 'base line drift' the 'sine wave component' and all the poeitions
of all four lines are constrained, In the second stage only the positions of
one set of doublet lines are constrained, In the third and last stage all positions
are left free. Only results of the last stage computations are printed out.
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LT HaAlN 158
AD)R=CC MAIN LS7
IF (U) «EQ¢ N} DUnY, Maln 15a
STRCA4=DD HAIN 159
WHi{TE (6801) FFoAaoBN»CCHDL MAIN 1a0
STAGE=D MAIN lai
C MAIN 162
¢ HEAU TESTWTEST2
L maf{N 164
HEAD(S»202) TEST.TEST2
n2 FUKRAT(2]2)
WRITECAN02) TESTLTEST?
Pelu=lAel MaIN 168
[4 MaIN 169
[ REAU SPECTRUMs WITH DR WITHOUT CHANNEL NUMBERS ACCURDING AS MaIN 170
< ADDH = 1 OF 0 MalN 171
[4 w1l INPUT FROM PAPER TAPE ADDR MUST BE O MAIN 172
c MaIN (72
213 1F (ADDR)Y 20m.202,208 MAIN 173
208 REAU (STREAA, FMT) (20J)s WiJ)» JmieP) MAIN L74
0u 209 Js).P MAIN \75
209 Y(J)aD, MAIN 178
OU 2u5 Je1.P MAIN 177
18Ztd)=Fasl Haln A78
205 Y(1)raNly) MalnN 179
G0 TO 214 MAIN 180
202 CALL LAESCYsPoTESYIERT2) Malti 131
214 READ (995812 FFLA24HReCC D Halt fde
IF (FF JEQ. NATA) GO TO 215 MAIN 182
1F C(IVATA LE0, 1) 6D TN 218 MAIN 184
60 TQ 203 MalN 185
SUUBROUTINE LISIING PaGt 6

215 CALL NASUCToZeP,FF AAslAsIBaIUATA) MAIN 1n6
LF (I9ATA 4EQ. 1) 60 TO 20§ LIYEIRY 14

¢ sesssvenaustsancce MAIN 108
[ REJECT CNUNTS ¥ UNDER 1 s CALCULATE WELGHMTS W MAIN Lévy
¢ LT Sesnusceesee HAIN 190
2031 Pguy LYYLERY 2]
DY 204 Jsi.P NaIN 192

1F (Y(J)) 207,207,204 HAIN 193

207 Y¥(J)=0, MAIN 194
wtJ)e0, MaIN 195
Pyerges] MAIN 196

du Tu 204 NAIN 19/

208 w(Jlal ./ SINT(Y(J)) MAlN 198
2046 CONTINNE MRIN 199
{F (5TaGE LE0. 0) GO TN 420 MaIN 200

IF (FF.EQ. EXIT) GO TO 1 MalN #01

Gy Tu Sou MaAIN 402

¢ LTI YT EY T T TY YT MAIN £20)
c TURN SPECTRUM FROM CHANNEL AA MAIN 208
t tescvccaunessssnes MAIN 405
230 IF {AA EQs 0,) AASTURNA Ma N ¢0¢
ANITE (60.801) FFoAA MalN 207
ITURNEAA HaIN <408
1SCaN®SCaN MAIN 209

IF (IH=ITURN®] JEwe I1SCAN) N YU 232 HAIN 410
Pare} MAIN 211
IB815CANS I TURN=] Maln 212
rafgelas] MAIN 213

) 231 lue]v.e HAIN 414
YCl)e0. MalN 215

23l (im0, MAIN 21
232 CONYINUE MAln 217
Ka]TuRN=]As] MAIN ¢1&

Kia} Maln 219

VD 250 lsKaP MalN 220
Z(xkn)ev(]) MalN 221
KReaR« MalN 227
ZAiRKIBM(]) MalN 223

250 WKeKKel HalN 224
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ESREEAERESEASNEINENISIARNSRIENNSENErI 0SS NUUNERSSRANSRANSRNASRSRARSEITARSASERAERA

PaGE r

pu 251 TaKP M5
KK=KK=1 Aln 226
al1)e2(xK) MalN 227
Maln 228
bhibae HAlW 229
251 TL1I=2(xK) A
Gu Ty So0 ::}: ::?
P cececcaavemvmcann
c GIVE ZERD WEIGHT Tu SPECIHIED CHANNELD MAIN 232
¢ sscasveasnmtcccnne 13}N ;g]
HALN 4
300 Luas Haln 235
WHITE (6,801) FFiAABR ::i: ::g
T
DU S71 Kelsd MAIN 239
IF ¢W(K)) 572,573,572 MAIN 240 :
572 WlK)s0. natn 2“; 2
POuruel ALN 24 7
573 IF (FF.ERe SKIP) GuU TO 571 ::}: :::
YiK)=0.
571 CUNTINGE AAIN 245
G0 1D 509 ::}: ﬁ:;
¢ wesconsscsanasran v
AA T3 SPECTRUM MAIN 248
P T 4RIN 249
210 00 211 deew MaIN 250
1F (Y(1) +EQ. 0.) GA Tn 211 Maln 251
YULISYCT)+AA MAIN 252
IF (w(I) «Ed. G.) GO 70 211 MAIN 253
Wll)ele/ SANTIYLL)) :Ai“ i?;
211 CONTINUE nain <3
WRITE (6,801) FFsAA AIN 256
Gy Tu 500 ::{: :;:
c mevesmcmesmacsane
PARANE IE TINATES MAIN 259
¢ mearmmAmIIELER daln 250
P MalN ¢61
NE=AA
21e VRae N HAlW 262
viss Ha.id 263
SOUHMROUTINE LISTING PAGE B
S RN NS R TR S AN A E N R S A I N E R E RSN PR E NSNS S AN NSRS U N SR INSEERSA DRSS RARUERE RERAR
REAL (55283) (BCI)s InlsV) MaIN 264
283 FORAAT (FL0.0 » (3F1040)) MAIN 265
WRITE (60801) FFaAA+BR HAIN 266
WRITE (6:804) (8(1)sln1,V) MAIN 207
00 280 la7,v,3 Haln 268
2084 1F (BOT) olTe 04) HOI)m=BUI=1)eB([)*P[/20 MAIN 269
IF (8n «E9¢ 04) 60 TO SO0 MAIN 270
ugQ 285 Ia7,%,3 MaAIN 271
285 B(L)==R(1) MAIN 272
60 TD 500 Maln 273
¢ SasastnuaStsdesaw maln 274
c REAY CONSTRAINT SPECIFICATION AND SET UP MATRIX T "AlN 275
[+ Sesesatenetcuwwnew HAEN 276
585 IF (HB +EQ. 0.) BB=FIX@ MAIN 277
IF (DD «£3s 0.) DDSFIXD MAIN 278
WHITE (64805) FF,AAsAB»CCoDD MAIN 279
STAGE2STAGE+1 Maln 280 .
CONSTRuAG MAIN 281 3
NITsgd HAlN 282 '
[ceuce aaln 283
IF (1CC JE@, 0) ICCma MAIN 284
TRACE®Q. MAIN 285
IF 4CC oGEs 34} FHACESL. “AIN 286
CRITSDD MAIN 287
L0 Y MAln 288
ASSIGN 83 T) MESS2 MAIN 289
Quy=CONSTR MaIN 290
509 00 %02 Iwlev MAIN 291
502 R{I)=0 MAl 292
1F (CONSTR) 99.3,501 MAlN 293
5S¢l IF (U oLE+ d4¢) 6O Tu 99 MAIN 294
< MaIN 29>
] LAY CONSTRAINED PARAYETERS. ZERO UR BLANK IMPLIES THAT A LINEAPAAIN 296
v CONYINATION FOLLOWS, Maln 297
¢ MaAlN 298
READ (5+582) (A(1)s I21,CONSTR) MALN 299
502 fURMAT (22F3.0) MAlN 300
LCa0 MAIN 301

YU 504 J=lsCONSTR

MaIN 302
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PaGE

v

ASSIGN 87 Ty MESS2 MAIN 303

IF (ACLY)  #9.50%.%4) MaIN 304

53l w=atl]) HAIN 305

IF (v=M) 99,542,542 HalN 406

542 ASSIGN B& T MESS2 MaIN 307

IF (R(M) (€94 1) GI TD 9% MalN 308

c MaIN 309

c RUL) §5 1 IF PARAMETER ! I3 FULLY CUNSTRAINEQ MAIN 310

[ MAIN 311

Rim)a] MaIN 412

40 TO S04 MAIN 313

5095 LCaLC+1 HAIN 410

S04 CUNTINUE MAIN 315

ICOaCUNSTR=LC MaIn 316

IF (ICO oEQ. 0) WXITE (6,810) HaIN 317

IF CICO «GTe 0) wWRITE (64810) (ACL)»l=1,1C0O) MAIN 318

C Haln 319
c SET L® T WITH CONSTRAINTS IN 801TOM RIWS MAIN 320 A
c MAIN 321 ?

Ley MAIN 322

DU 9511 Mmley MAIN 323

IF (R(4))518,511+524 MaIN 324

523 ud 512 I=}ev MAIN 325

512 T(Lal)=0, MAIN 326

TlLsM)=1, MAIN 327

Lag=1 NAIN 328

510 CUnTINHE MalN 329

£ MAIN 330

[ HEAL THE LC CONSTRAINTS WHICH ARE SPECIFIEDLD AS LINEAR MalN $31

[ CUNHIWATIONS AND STOHE THEM IN T» AFTER NURMALEISING NAIN 332

¢ Maln 333

{F (LC) $30s 530» 532 MaAIN 334

532 ASSIGN 88 1O MESS2 MalN 33%

0u 507 LCI=)stC MalN 338

READ (Se583)AAAs (0(M)s Mm1,N) MAIN 337

S8 FORAMAT (A& 10F6.0 7 (48X 10F6,0)) MAIN 138

WRITE (68113 AAAS(U(M),Mel,N) MAIN 33¢

Fag, MAaIN 340

00 531 Talsn MAIN 341

SDUDAQUTINE LISTING PaGE 10

T R Y R LR L AR RS IR RO R EY I FRRRURERER R R AR AR TR R ENRRLRE]ERT])

S31 Fared(l2e0(]) HAIN 342

Fu1.007 SORT(F) MAIN 343

LCQ=0 MAIN 344

IF (AAMNGEQs PDSN) LCQuV1 MATN 345

IF CAAALEQs WDTH) LCQ®YieY MAIN Jao

IF CAAALEQ. AREA) LCosV1e2 MAIN 347

IF (LCQ) 99,999,534 MAIN 348

S38 V0 535 [=lsv MAIN 149

535 TdL»1)=0, MAIN 350

Jut KAIN 351}

DO %36 1=LCQ»Ve) MAIN 352

T(Lsl)aFeDl ) MAIN 3%)

536 Jujel MAIN 384

507 Lap= MAIN 153

¢ cenumcnsunnasssne MAIN 3§98

[ QRTHOGINALISE: ANU THEN ADD ONE UNCONSTHAINEU ROW AT A TIME ANU MalN 357

[ URTHOGANALISE TO CUNSTRAINTS AND OTHER UNCUNSTRAINED VARIABLES MalN %0

¢ eccascasscanannce MAIN 359
530 ASSIGN 86 Tu MESSZ MAIN 380 !
Muys] MATN 361 P

LliayelCe] MAIN 362

LClaLl=] MAIN 361

D0 St JmlslCI MAlN s04

Lispl= MAIN 3165

537 xupiel MalN 386

1F (L1=0) S27., %27, 810 MAIN 467

527 Wau=) HAlN J6b

IF (UN)) 528, 528s S27 MaIN J6%

528 00 529 I=lsv Maln 370

929y T(L1s1)mQ, MAIN 47}

TLlsMiu), MalN 472

c RaIN 3473

C I¥ THERE ARE NO LINEAR COMSINATIONS, URTHUGONALISATION MAIN J74

[+ 15 UNNECESSARY MAIN 375

c MalN 378

IF (LE) S134515s810 MAIN 77

51V 1F (K 4GTe v) GO TU %19 MAIN JT8

D0 S18 L2mKeV MAIN 479

Geg. Haln J8V




SOUUROUTINE LISTING

Page

1!

Ji 916 [=dev LITL T}

316 GageldLtsldeT(L2s 1) Maln 382

IfF ( ARS(GI=EPSILU) S18+514.517 Haln 383

517 1F t1,00eEPSILO = ABS(G)) S18s S260 3206 MAIN 364

4 LTS L INT T

4 1F us1s AND LY JGTe G» VTHEN THE CUNSTRAINTS ARE NOT INDEPENDENT, MAIN 3886

4 1t usl. AND L) oLke 0 THEN THE CURKENT ROW MUST gE REPLALED HalN 3n7

¢ HalN gho

519 It (LI=W) 937,937,999 MAln 149

526 NE]1,00, SQRT{1.,0026+G) WAIN 300

DU 526 lalav Mafn 391

538 TCLIsldome(T{LY D2 2GeTC(L2s])) MAIN gui

S14 COUNTIMUE malN 30

515 ConiInug MAIN 3V

r Sesnewvesscagense MAlN J4b

< CACULATE maTAlx Cuv OF DERIVATIVE PRYDULCTS MalN 3ve

[4 AND VECTOR O NF DENIVAT(VES # DLVIATIONY MAIN 397
¢ cavsscsssceaessee MalhN 398 L
s Sus Haln 399 v

17e} MAIN 400

J00 ChiSIs0, MaAlN 401

UU 302 [alav MAIN 402

DU 303 Ledey MAIN «QJd

3D3 COv(Ial)n0. MaAIN 404

02 D=0, HalN 4«08

AAR2,00%85AN HalIN 408

ueo,. HAIN b7

Led & (H(3) (EQeOe) oANU,y (REI) JEQ. 1) MaIN 48

Ly = (N JEN. O) Malm 4OV

Ae A MAIN 430

A2} ®aln 411

30Y [F (W(M}) D0|s3uk,30) MAIN 412

301 GU 1u 3%0 MAIN #1)

306 2{N}antn)slY()=F) BAIN wid

CHISQUCHLSQe2tM)eZ(M) MalN 813

0D Juh Kslaey MalIN 416

LF (R(M) JEQ. 1) GO TO 403 MAIN )/

00 397 Leisn MAIN 418

307 COVI(KoLIWCOVIKaLICA(K)I®ACL) MAIN 41¥

SOUHNOUTINE LISTING raet 12

Oim)aptK)eZ(n)eain)
309 CONTINUE
308 gexsl.

IF (» ,€q. P) GO TO a0V

MaNs)
G 10 309

ne o

escnmncansssncnas
I5u XMsX

Hal,
36l Eaxm=ut?2)

CALLULATE FUNCTLON AND UERIVATIVES

3%2 IF (XMeR(2)) 3532351,354

3I%3 XMEAMeAR
G0 TO 352

354 IF (XM=AA=B(2)) 351,351,353

355 XMaxM=AA
G0 TD 3%

351 IF (XMeB(2)=SCAN)} 362,362,38)

o3 XMan(2)eAA=f

HasH
362 LF (Ln3) G YO 365
304 GePlaE/SCAN

us SIN(G)

365 HEE( 140048 3)eeBla)el)

397 A(2)m0.
Fauptl)d
tF (LN} GO TU 3680
U 348 Iaviev,3

Clug 0Ne(XU=R{]))/B(Te))
C2mmga0D/7C1400C1*CY)

(laC/7(Plen(]el))
Al[e2)en(M)eC3enB

Can=2,0Ueal]e2)eoB({*2)/U(101)

A(1)=C1e(2eCn

AL]%1)30,9500e(CleA(])ela)

FaFeCleH(T+2)

MAIN
MAlN
LT$1]
HalN
MAIN
HalN
MAIN
MAlN
MAIRN
MalN
MAIN
MalN
MAIN
HalN
HALIN
MAlN
MAIN
MAIN
Maln
HaIN
MAIN
HAIN
MAIN
MAIN
MAlM
MALN
MAIN
MAIN
MalN
MalN
HalN
MaAIN
MAIN
HalN
MAIN
Haln
Haln
Maln
MAlN

w20
421
“24
423
42h
2%
Y 1
4a?
428
a2
+30
W3
“32
433
4348
435
LR
437
4JU
43y
(11
[}
“4d
el
wah
4ad
“hb
“u7
whb
44y
450
w51
w52
453
494
455
1]
4S7
«58

-2
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S IR IR ASEENESSERS IR R AE R I C AU A SN R AN AR SN ENAE RN RS RAUSS SIS AEESESA LRI A ST AN

1# (4) 359+358.1354 MAIN 459
359 A(2)8A(2)*2.00¢4(]) MaIN 460
35n CONTINUE MaIN 461}
36U Clan(K)oF MaIN 482
AtllaW(m)edd MaIN 48]
AL2)=A(2)=C)+B(4) MaIN 464
I (BUI)) 366s 267, 66 MalN 465
366 A(2)sA(2)=CLeP]al(3)% CUSLGI/SCAN MAIN 468
367 A())= Cley MaAIN 467
Al4)a Clef MalN 458
FafFeng MAIN 489
GO TC 308 MAIN 470
¢ MAIN 471
400 1F(1Y .EQs 1) GD Y0 424 MAlN 472
c moPaneaewseadsscaws e “llN 4?3
C IF (D «FEs 1 RETURN TO UVAMPING PROCEDURE MAIN 474
¢ mesecaceueacnana MAIN 47S
G TU (454.45204513), 1D MAIN 476
4 MAIN 477 4
< tEnmscusensnsvana MAIN ard ’.\*
4 TESY FOM DIVERGENCE MaIN 479
[ LIVERGIN ENTER DAMPING PROCEDULRL MAIN 480
c maswevecasuvassan MA’N “81
458 IF (¥SQ()1)=CH]IS@) 451, aS1s a2t MAIN 482
c MAIN 483
451 DFL(1)=0, MAIN 484
OFLC ) =IF HAIN 485
XSe(3)aChISQ N&IN 4lb
OFL(2)a DF/3.00 MAIN 487
1022 HAlN 88
AAs OFLL2)=UF MAIN 489
45¢ 00 44T Ialsv MAIN 490
447 HUL)=BCI)+AASCELTACI) HaIN 49]
ad TQ Y00 MaAIN 492
L MalN 493
452 XSQ(2)=CHISW MAIN 494
Ivay MAIN 495
¢ [P y——. MATN 496
¢ ESTIMATE VALUE OF OF TD MINIMIZE CHISQ MalN 497
SOUBRAYTINE LISTING Paut ta
IR R EE AN SR AR A I R AN R A N S F AN RN T R s S AR SN S RSN E AR S NS IR NI SIS SE A EEEREERREER
c temasnasavransans MaIN 498
ClaxSQ(I)=x5a(2) MaIN 499
C2ax5Q(2)=x5Q(1) HAIN SO0
DFL(a)=DFLI2)2(C1=0.,002C22/12,000(C1=2.00+C2)) MAIN 501
AAROFL(A)=CFLL(2) MAIN 502
60 TO ase MaIN 203
¢ cenecseenvoccanua MAIN 504
C FINU UF WHICH GIVES REST CHISQ MalN 50%
c weneecasensesasenaw MAIN 90¢
453 &A=aCHISQ HaIN 507
Keg HAIN S0#
ASQ(K)I=CHISA MAIN 509
DO 455 I=3,3 MalIN 510
LF (AA=XSULI)) 455,855.456 MaAIN 311
456 AAaxSQCI) maln 512
Kaj MAIN 513
455 CUNTFINDE MalN 9514 i
IF CTRACE) 458,457,458 Halh 215 5
453 WRITE (6,481) (DHLUTI)s XSQ(I), [=1,4) MaIN Sl6 !
481 FORMAY (32HODAMPING FACTOR CHI SQUARED o/ MalN 217
*(IH » OPF11.4s 7Xs JPE10648)) MaAIN 518
457 G0 TU [412+,862+46208861)5 K Haln 519
[4 Scswnsancsevsvassa MAIN 920
[ K=1, CHI SQUARED CANNOT RE IMPROVED, EXIT MAIN 92]
¢ Ke2 OR 3, RECOMPUTE MATHIX (WHILH HMAS HEEN GUVERWRITEN) Malh 222
4 AND CONTINUE Maln %23
C LAST VALUE OF DF wAS BES1Ts CONTINUE IF 1T 1S PDSITIVE MAIN 24
[ HAIN 925
maAln 526
60 fu 32 MAIN 327
et] UFRUFL(4) MAIN 528
IF (UF) al12. 412, 323 MAIN 52¥
462 10s) Maln 930
AASDFL{K)=DFL(A) Malh 531
OF=uFLIX) /3400 Malh 332
G2 Tu eS¢ MaAIN 533
¢ esecacennessasene MAIN D3
c CONVERGING MAIN 535
[ eescssessscccwscs Maln 536
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S ESITASSSNEITRANSTIIIASAAASLRASNASSEIANFEZENANEEEEARREREICNAZEZEANGIARaANARuzARR

421 UFm3,00¢DF MaIN 37
IF (OF=1,) 423.423.4a24 MAIN 938
424 DFs=y. Maln 339
423 1D’} MAIN 540
1SgltialHIsu MalN 3481
c esmuNGasesascaans MAIN 582
4 JulAlN UPPER HALF ')Ff COV FRUM LUNWENW MA[NW 283
C cesenvevmegacavee MAIN Y84
afil YC 492 T=l.v MAIN 245
on 402 Jals] MAIN 586
au2 CCV{Js1)mCUV(IaY) MAIN 547
[ Cssvesemesanncans Maln 948
¢ TeANSFORPM MATRIX Cuv ENTO VECTOR SPACE OF UNCDNSTRAINED PARAMETERSMAIN 349
¢ ssvacsscscncsauas MAIN 350
1F (CONSTR) 403,403,308 MAIN 251
404 DO 40D Jal,v MAIN 552
GO 495 Lu).g MAIN 9553

AAWO, NaIN 954 '

DU 431 Kal,v MaIN 355 w

Q31 AASAALCOVIJsK)2T(LsK) MAIN 556 '
409 CCJsl)mAn MAIN 957
[ MAIN 558
00 4ue Islew MAIN 59
DD 436 L=lel MAIN 560
AABO. MalN 261
LU 832 Jel,y MAIN 962
43¢ AABAACT(1,4)*Clusl) HAIN 583
Covilasldana MAIN 566
406 CuviLsldemaa MAIN 565
C sesccsnsanuanssse Maln 560
[ INVERT €OV TU GET VARIANCE=COVARIANCE MATHIX HAIN 587
C mavassevasacsenssss HAln 568
403 CALL MA0IH (COVeQsSW) MATWN 69
IF (SW) 43,334,437 MAIN ST70
437 ASSIGN M3 Tu ®ESS] Maln 571
Gy Td 99 MalN 572
4 cesencansmsaneasus Malw 573
[ THANSFOR® MACK T GET COVARIANCE NATRIK WeReTs URIGINAL PARAMETERSMAIN 374
C avsesSsccavacsaaa . NMAIN 9275

SOUBROUTINE LISTING Rage 18

436 IF (CONSYR) 407.407.,a08
408 D0 409 U=,y

DU aU9 LajsV
AARD .
DU 433 ¥uisq

433 AARAACCOV(JoK)eT{XKsL)
409 ClJsiL)=an

UU 410 lat.v
D% 410 L=}
Ahey,

0U 334 Jum}1.0

434 AARAA+T(J 1)eC(J0L)

COVIiLel)man

a4l CuUvVIileL)man

OPTAIN DELTA = CaV » N

an? vuU all I=1.v

DELTA(T1)nQ,
0U 835 Jmp,v

435 DELTACTImQELTAL[)COVILsddo0( )

a1

R Xa

413

“15
LR

RXaN:]

ale
499

CUNTINUE

avescscwsavcancann
TEST FOR CONVERGENCE

esmeseaenseasscas

TEST=U,

00 &la Jap,yv

I COELTACI)) 419,818,315
TESTRTESTDELTACLI)IS0ELTALTI)/ ARSCCOV(IaL))
CUnTINBE

SunQ

IF (TEST oLV CRIT) Swu=l

“ecsscccennuscnnce

TrACE PROGAESS OF CUNVFRGENCY
mescesaancceascane

IF (TRACE) 414,019,418

IF (]T=1) aj?.4004017

ARLTE (AeBO) TITLES STAGE

MalIN 576
MaAIN 577
MaAIN 578
MaAlN 579
MAIN 580
MaAIN 581
MAIN 382
MaAIN 983
Mol 584
Maln 585
WAIN 586
Maln 587
Maln 586
Maln 589
MAIN 590
Maln $91
Maln 592
MAIN 293
HAIN 598
Maln 995
MaAIN 598
HaAIN 597
Maln 998
MAIN 599
Main 000
MalN 601
Maln 602
MAIN 603
Maln 604
MalN 405
MAIN oVl
Haln 607
Maln 608
HaIN s0Y
Naln 810
MalN o1l
Maln o2
MAIN 013
Male old
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oo

EYe TS

Moo

417
w30

ARITE (65430) T{eCHISQTEST. F,(ls
FORMAT (/7 124 ITERATIUNS 13 /

«lsM  CH1 SAUARED ® » 1PELGH s)bN

3
.
-

aly
25

vEs

L DAMPING FACTOR e QPF7,4s /
laun  PARPAWMFIER VALUE. CORR
75%s 130 F12+30F15.3 7/ 9K

1F (TRACE +EQu Q4) GD TU 9B}

canvacsnevennccnn
AUJUST PARANETERS
seesscucsccnsnces

D0 225 layev
BCI)aY(1)+DF«DELTACTL)

VALUES (F Su 0 NORMAL 1 CiINVERGEDRs

Ty LOUNVERGEs ) DIVERGINGe OH OVERFLON IN MATRIX INVERSTUN

1F (5W) Se4,%
IF VIT*NIT) 6707
1TalTey

escsssvanascan
PRINT RESULS

GD TO (988,983,981,985)»1CC
I¥ (S¥ +E0s 3} GO TU 983
WRITE (62980) STAGE

FORMAT C(1HOeSHSTAGE»12)

IF CICC +EQ¢ 1) GO TO a17
GO 10 (9B6+9874985) ¢Sk
WRITE (6.61)

G0 Tu sas

WRITE (6,82)

IF (ICC oNEe 2) GO TD 990
WHITE (6,6%) 1TsCONSTRaTEST
WNITE (6.813)

50 10 203

W [TE (6,80) TITLEs STAGE

HCI)e OELTACI)S
TEST VALUE =,

ECTIuUN

2 FA[LED

Ao

SQUYROUTIN

E LISTING

Y

T3s F1246» F15.00
€e(IUXeTIaF 1o PeF15e¢9)/CoXs2¢T2,F12065F1%46s10X)0]132F1240sF1501))

{=lsV)

£1648

MAIN
MAIN
Maln
Malwn
Maln
MalN
Malh
Maln
Haln
HalN
MalN
MalN
Maln
MAIN
MalN
MAlIN
MalN
MAlN
HAIN
HAlN
RAIN
MAIN
MAIN
MAIN
Haln
Main
MAIN
MAIN
MAIN
MAIN
MalN
HAIN
MAIN
MAIN
MAIN
MAIN
MALN
MalN
Maln

6}5
816
ol?
olb
aly
620
u2l
0. ¢
023
Y1)
v2h
026
(Y14
023
by
[X1Y]
CED
632
633
034
435
636
637
638
63y
449
a4l
o042
o83
644
04S
(L] ]
6a?7
[17.)
049
850
051
652
abl

-gz-
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53

35
Sa

b2
Y9y

9
a0

LT
43
b4

1.3

73
s

Gd Td (536584255),5w

MRITE (be61)

GO TN Se

WRITE (€.62)

6V TU Se

WRITE C6,63)

WRITE (6,64) JV.CONSTRSTEST
GU T (52:52s79)s SW

WRITE (6,999) SCAN
FURMATCIHO»7THSCAN =4F74277)
CALL RESULT(ARsHsCaCUVINGZ)
wHITE (e,812)

g To 203

ceensemcancereane

EHRUR “MESSAGES
cessssancanecccane

wRITE (6,5U) TITLEs STAGE
FURMAT (1H1, 20A4 7/ 6HOSTAGE., [2)
GO TU MESS1s (B2.8))

WRITE (6e42)

GO TO MESS2e (Rart6rb7,38)
WRITECS.,4])

Ly TQ 79

nRl1TE (6.aa)

60 10 79

WRITE (8.48)

Gy fu 7v

WRITE (6.a7)

G Ty 79

WRITE (6243) AAA

WRITE (6.8%)

FORAAT (19HOSPECTHUM ABANDONED)

ABANDONED SPECTHA = SEf WHETHMER ANY MORL SPECTRA REMAIN

WNITE (6.59)

QEAS (55M2.ENDE24D,ERRATS) FFoAAsBE

IF (FF <EQ. ESTM) g0 TO 212
ARLTE (6,8915 FF

MAIN
MaIN
MaIN
MAIN
MAIN
MAIN
MAIN
MAIN
HAIN
HAIN
MalN
MaAIN
MATN
MAIN
MAIN
MALN
MaIN
MAIN
MAIN
MAIN
MAIN
MaIN
MAlN
MaIN
Maln
LIS
MAlN
MAIN
MalN
MAIN
MalN
MAIN
MAIN
MATN
MAIN
MaIN
Maln
MAIN
MAIN

854
63%
656
657
654
859
bbu
[1}]
ob6d
663
[.Y.1)
66%
666
(Y24
66H
069
679
671
672
673
eTu
675
676
677
078
6l9
640
681
L1: ¥4
6h3
2.1}
685
[-1-1.]
a8?
648
689
690
691
[1F]

~i2-



SOUBROUTINE LISTING

PaGE

19

IF (FF «EQ« EYIT) Gu TA 2Q) MAIN 493
G0 TU 78 MAIN 694
[ mesesscassescsnven MAIN 695
41 FORMAT (22MOPROCESS HAS CONVESGED) MAIN 696
62 FUNMAT (3IIHOPRNCESS HAS FAYLEU TU CONVERGE) MAIN 697
63 FORMAT (21HOPRUCESS 1S DIVERGING) MalN 098
64 FORMAT (6H AFTER»I3s16H JTERATIUNS wITHeI13s12H CONSTRAINTS, MaIN 699
14X 12HTEST VALUE ®sE164613 MaIN 700
42 FURMAT (34HOERROR IN CONSTRAINT SPECIFICATION) MaIN 701
43 FORMAT (29HOOVERFLOW IN MATRIX INVERSIUN / MAIN 702
*38KH URASTIC DIVERGENCE OR PROGRAM ERROR) MAIN 703
44 FONMAT (87H NUMBER OF CDNSTRAINTS 1S NEGATIVE or TOOU LARGE) MAIN 704
a6 FORMAT (32H CONSTRAINTS ARE NOT INDEPENDENT) MAIN 705
a? FORMAT (33H PARAMETER NUMBER 1S OuT OF RANGE) MAIN 706
48 FURMAT (17H CONSTHAENT NAME » A4s 15H WUT RECOGNIZED) HAIN 707
4% FURHAT (28HOCOMMANO CARD BEGINNING WITHsIXsA4532H NOT RECOGNIZEODMAIN 708
*» CARU IGNORED ) MAIN 7G9 '
S0 FURMAT C1HO//77/7 MAIN 710 3
+50n SEE WHETHER ANY MORE ESTIMATES Dr SPECTRA RLMAIN /) MaIN 711
8600 FORMAT (Trilwns s204A8) MAIN 12
501 FONMAT (7H eue sA8,4F1040) MaIN 713
802 FORMAT(TH #as »SHTESTas [4s6HTESTZwe 14)
303 FORMAT (7H wae 2A8,2F10,0,F13415F1040) MAIN 715
805 FORMAT (TH wxe »AG53FL104001PEL01) MaAIN 716
Y08 FORMAT (7TH eae sF10e0sF1002,2F10487(7H 2na 22F1042+F1040)) MAIN 717
8n9 FURMAT (7H 220A4) MAIN 718
01V PURHAT (TH wwe »22F3.0) HaTN 719
411 FOMMAT (7TH see sAB,10F6,2/(8H *e2s?%Xs10F8,2)) MAlN 720
812 FURNAT (1W0//777) MAIN T21
413 FORMAT (1KQ) MAIN 722
[ Maln 23
[ MAIN 724
(4.1} HAIN 725
SUBROUTINE DASUCYsZoPoFFsAA»TALIBIIDATA) 0ASyY 1
[ DASUY 2
C 1) xx(L) » L = MAXIMUM NUMBER OF CHANNELS 0ASU 3
UINENSICN Y(600),2(600) DASUY 4
[4 sSruanszuzaassswany 0aSy 5
[4 DaSvy 6
SOUBROUTINE LISTING PaGE 20
IIII.II.ll.lIl.III.I.-I..IIIIIIII..II.Il.I.l..l..'.l..IIIIIIIIIIIIIIII.I..III..I
[ DaASY 14
INTEGER P DASY ®
Dara DATA /4HOATA/ DASY [
¢ Nasu 10
IF CIDATA (EQ. 0) GO TN 10 vasy 11
IF (P 4GTs IP) Pu]P 0asu 12
1F (FF (EQ. DATA) GO 10 70 0ASU 13
40 Tu 0 LASU 14
1 20 20 Js),pP VASU 15
0 2t11mY()) UASYU te
T1As(A Dasv 17
30 K=aa=1la DASU 18
IF (X) 40.50.50 DasSy 19
40 Laex Dasu 20
KuQ Dasu 21
GU T A0 Dasy 22
b0 L=0 DaSu 23
60 1iAm]lAex DASYU 24
fPap UASU 25 .
1DATAS} 0aSU 26 ¥
dETURN DaSy 27
70 DO du ley.p DASYU 28
1F CLUTex)} JLE, O¢) Y(IeL)oU, DASYU 29
IF CYQTeL) JLE. Do} 2CI+K)IwQ, UasSy 30
89 L(1)aZ(lendev([eL) DASYU 31
%9 TU VASU 32
¥ )0 190 lal.e vasy 1)
IF C2CTeK) oLEs Q) Y(loL)WUO, DASU 34
IF (YClel) oLEe N4) 2¢TeN)my, VASY 35
100 YCIDIa2(TeK)eY (1oL ) VASU 38
famll]d VASYU 37
{dalasn=y UASU 38
Iualasn DASU  3Y
nt Tudn UASU w0
Ty UASY 4]
SUBRJUTINE JUNMCR(Ysa,Pen)ParQ) Junp 1
{ JuMp ']
¢ (R S 1 I L 2 MAXIMUM NUMBER OF CHANNELS JuMP 3
AN NS TUN Y(A00}emlo0G) Jumnp “



SUUBRULTINE LISTING

PaGt

el

oMo

INTRGER P:P0

L} 10 J= P
1F (18J) Jtue 02 U TH
is9+]
ALAST=Y(J)
Gu (U}

19 CONTINUE

1 DU 2 JnlsP
IF (Y¥(Jd) «EQe 0¢) GUL TH
IF ¢ ARS{Y(JI=ALAST}*2,
(F CYCJI=ALAST) 4esarS

4 Y{J)=Y(J)*HUP
IF CLALAST=Y(Jy))a2,eGTs

7 IF (nlJ) oEQe 0.3 GU TN
wi{Jlele/ SQRTCY(N))
60 TL 3

S YC(I)aY(J)=HUP
IF ((Y(J)=ALAST )82,4GTs
Gu T3 7

6 ¥(J)=0,

LESPLL I

POsPe]

GU Tu 2

ALASTeYC))

CUNTINUE

RETURN

EHY

SUBRUDUTINE PLNTOLCY»PolA

N o

c 1) XX(L) »
OIMENSTUN ¥(600C)

[ AZNAVETRRRAETTZIR

HEAL TITLEC

?
oLTs nOPY GO TG 3

HOP) GO TU &

3

HUP) GO TU &

sAASBBLTITLE)

L = MAXIMUM NUMBER OF CHANRELS

20),Y1(150)

SOUBROUTINE LISTING

JimMp
JuMP
JuMp
JyMe
JUMP
JuMP
JUMP
JuMp
JuMP
JUMP
JUMP
JUMP
JUMP
JumMP
JUMP
JUMP
Jump
JUMWP
JUMP
JuMP
SUMP
JuMP
JuMp
JuMP
Juhp
Jynp
JUMP
JuMP
Jumnp
JUMP
JuMP
PLoL
PLOL
PLOL
PLOL
PLOL
PLOL
PLOL
PLOL

PaGE

22

INTEGER

P
UATa SYMBOL»BLANK /1M®alN /

90 AlA=]A
I1=AA=AlAelL.
I2sBU=AlA+]l,
FIND MAX AND MIN
YHAX=OQ,
YMINEL.EL10
00 110 I=I1sf2

one

IF (Y(I) +€&e 04) 60 TO 110
IF CYCT) oGV YHMAX) YMAX=Y(])
IF (YUE) oLTa YMIN) YMIN=Y(])

110 COnNTINUF

NRITE TITLE

WRITE (621) TITLE

Ooo0

o
-

[ PLOT POINTS ON LINKE

¢ accescssscansusas
Uu 120 1=1.150

120 Y1(l)=BLANK

KNEAA
X2]1104/7(YMAX=YN]IN)
DU 130 [=]i,.12
KCNaY (1)
IXmCYC(T)=YMIN)ax4]1ls

FURMAT C(1M1o20A8/1K0,133Xs11HCHAN CUUNTS)

IF (IX «GT. 0) GO Tu t2s

WRITE (bs4) (Y1(J)sJu}s

112)sKNsKCN

4 FURMAT C1Xelh(s112810K3s18)

Gu TU 130
12% [y=112=]x

WRITE (653) (Y1UJ)odelalY)sSYHAOL S (YI(K)sKN1,1Y)aKNSKCN

3 FORMAT (1xs13341s13518)
13y xNeRN4)

PLUL
PLOL
PLOL
PLOL
PLOL
PLOL
PLOL
PLOL
FLOL
PLOL
PLOL
PLUL
PLOL
PLOL
PLOL
PLOL
PLOL
PLOL
PLOL
PLOL
PLOL
PLOL
PLOL
PLOL
PLOL
PLUL
PLOL
PLOL
PLOL
PLUL
FLOL
PLOL
PLOL
PLOL
PLOL
PLOL
PLOL
PLoL
PLOL
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SOUBROGTINE LISTING

re Tunn

€Ny

SUdeBUTINE CUNCXCYaMaPelAs1HIPOsNUMM)

1) XXC¢L) o L = MAZIMUM NUMHER UF CHANNELS
DIMENSTNN Y{400)sW(%500)

INTEGER PaP0O

Mual

LU}

Posy

NUMENYMM=]

KKmjAeP

D0 3 I=0,KKsNUMM

1F (1 #GEe JA) GO TU 4
CONTINUE

KKml=lasl

1f (KK oNEs 1) Y(1)80,
Y{timrry)/2.

Tas]/NUMM

UQ a0 IwkKsPoNUMM

N0 20 JmOsNUM

If (l1e4 GTe P) GU TO SO
IF (Y(TeJ) oNE. 0Us) GO TO 10
Y{K)=0.

wiK)eg,

PoarQeq

60 Ta 30
YIKIBY(KIeY(1eJ)

TF (MW +FG. 0) 40 TD 20
IF {w(1+J) «NEe 0e) GO TO 20
MNuul

W{K)w0.

PO=PO+)

CUNT INUE

”

¢

¢

¢
3
L]
1
20

[ PR

Ex N el

©

30

av
S

3

32

33

ja
5

SOUMRUUTINE LISTING

[P (Ml oNEe O0) w(KImle/ SQRI(Y(K))
L1 LYY

KaKe]

Y{K)s0,

Pagey

1BalA+P=]

RETuRM

END

SUBRUUTINE MBOLBCAsNSH)

1) xxeL) » Lo® & ¢ 3 » (MAXIMUN NUMBEN uf LINES)
VIMENSTON A{28+28)0 IND(28)0C(28)
Tzessmassassvaass

INTEGER Sa

Sney

MluMet

AMAXEO,

JO 32 [=1.m

INDCT )]

IF ¢ A9SCACL+1)) ABSCAMAX)) 32,232,311
ANAXwA(TSY)

Imaxs]

CUNTINUF

ASSI6N 33 Tu Juw¥
DU 41 Jeled)

1F (IMay=0)35,3%,33
las [NOCIMAX)
INO(IHAX )R IND(J)
INDKCJ)m )N

DU 34 We) M

ARA( [MAXIK}
AC]lmaXer)uwA(Jar)
A{Jen)un

CONTINUE

JinJe}
PUBRAINTILL SN ST RY D]

PaGt 23

SEEx3X
PLOL 48
PLOL 4y
PLOL S0
CUNC 1
CuNc 2
CunC 3
CuUNC 4
CONC -
CuNC [
CunC 14
CyNC []
CONC [
CunC 10
CuNe t1
Cunt 12
CuNC 13
CONC 14
CuNC 15
CuNC 16
CuNC 17
CuNC 18
CuNC 1y
CONC 20
Cune 21
CONC 22
Cune 23
CunNt 24
CuNC 2%
CuNC  2¢
CynNC 27
CunNC 28
CUNC 29
CUNC
ConC 31
Cunt 232
CONC 33
CunC 34
CuNC 3%
CunC 3¢

PAGRL
I IR A NN I N I NN NN N E N ARG NS S A RSN AN NS S REN RS AR N AN RN RaAgNa Rl

Cune
CUNL
Cunt
Cung
Cune
Cune
CUNC
CaNe
LT 3
LT 31
LETH
ME0}
MHO}
LT ]
LT1H
LLT2]
LIT])
LIT1]
Nt}
LT 2Y
LT
LT 2]
LET )
Hyo1
LT HY
NHO!
LI TN
L0
LET N
LET D)
LET])
LT
Mol
LET'3S
LT 2}
LITT2]
LET 1}
"n0l
LEL2Y

24

37
38
v
L1
L] ]
42
3
as

-
COENDG RS W R =

-
5

13
14
19
14
V7
14
19
249

22
23
24
2%
26
F14
F{ )

30
n

1
N
Y

]

-ye-




SUUBROUTINE LISTING

PAGE

2%

Jo Jimgey M40} 32
na 37 1sJla.m #4001 33
UL L S Y] M401 34

@S AQJallimAtlaldor(dox)nnin,]) LET } k)]

32 SOnTINUE My0l  J6

38 OLVAnax M40 37
A4As00, LT JU ']
ASSIGN 38 TU Juwre Mu01 3v
IT (UIv) 60a61.80 My0l 40

60 00 a0 TuJl.d LI Y
Alled)ed(ladd/n]yY My0l  «2
VU 42 xel,y M0l &)

4l Alledo1dmA( o de)=AC oK )PACKSJo)) MOl 44
IF ¢ ARSCACL J)))= ADSCAMAXD) a0sau,dY LT 3 I 1)

31 AMALmA()adY) LTI T Y
IETY LY Ma0) 47

89 CONTINUE LEL T Y ] '

&1 CONTINGE M0l 49 2
U0 19 listemt LT 2 -1 1
ILLEIE S 8] LLT' 2 X
l2w]=} M0l s2
20 11 Jiwla[? Mgol 83
Jufgey=Jt MpOl  Se
J2uye] g0y 85
dim=all.J) LLT' FRN.-T ]
(F (12°d2)10,9.9 "0 87

¥ 00 &) XeJ2.12 LT TR 1]

&) Wimal=alReJ)eC(K) LTI

10 ClJ)mw] LET I Y]

11 CONTINUE LI T IO ¥}
DU 12 Xel.l2 MUy 62
ACl.R)uClik)} MgUl o)

12 CONTINNE LT TR Y]

13 CUNTINUE MHO1 &5
DO 22 Tialem MHOl 66
laMel=]] LET TR 1
1281+ LET 29 Y]
weA(l]) MR01 6%
LU 20 JelaM widy 70

SOUHROUTINE LISTING PaGk 26
BN N N ENAIE SR I I VAN S SN N IS ENASEUE UV EINE RS T RN N EEAINAREASINUSSANREROEEEES
1F L1=9)18015:1¢ Muuy 71
14 wisy wHoy 72
wy Tu 17 Myol 73
19 wisel.0 Mpdl 7
GL TU 17 Mho1 75
14 Wima(l-I MyGi Te
v2 1F (11°1)19:19.18 MyoL 77
13 DU 48 Ku]2,M MyoL 78
du NlanloA(lsXKI*A(KIJ) LI'T' 294
19 CtJ)swl LT 29 1]
20 CONTINUE My0} Al
IF (w) 62+810082 MuQl 82
62 00 21 J=1l.mM Myol 83
ACL»J)sClJa/m Myo§ B4
e1 CunTINUE LET Y 1)
22 CUNTINUE LCL R -1
00 <26 I=l.m Hull 87
€3 IF CINDUI)*1)2402602a MpQL 88

24 JeINDK(T) M0l 8y N

LU 25 Wmi.M neol  vo 7
SToeat(xe]) Mu0l 91
AlRaD)BALKSJ) Mp0l 92
AiKed)aSTO Myl 93
2% CUNTINUE Myl vé
ISTUmINDLY) M0} 95
inped ey Myol 98
INDCLImISTU LT TS Y 4
Gy T ) HuQl 9B
26 CUNTINUE Mq01 99
¥ RLTUHN M0l 100
&1 Sws} M0l 101
RETURN Mydl 102
ENG My01 103
SUBKQUTINE RESULTUA#BsCCUVONNDZ) NESUV 1
¢ ReSu I
< 1) XL o L o MAXIMUM NUMBER UF CMANNELD RESL 3
UIMENSIUN alh0C2e2i000C) HESY 4
C ReSu S
¢ 2) xx(iL) » L = & ¢ 3 o (MAXIMUM NUMBER OF LINES) KeSu &
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SOUBROUTINE LISTING PaGE 27

RIS EZIAZEES TR AR ANNTIZE S IR E IR E AT RS AN EE NS SEANRIRAYASENGARENAITINEIAGAgUSI AR

DIMENSION AC28)sB(28)sCOV(28428) Re Sy 4

¢ maszETmaxzacscE=x RESY 8
[4 RESU 9
GIMENSION CC200),CHARC10) RESU 10

4 RESU 11
REAL MINUS RESU 12
INTELGER CONSTHoP»POIGaVIVL RESU 13
Cunmos CHISAsPTIsCONSTRITASPSIPOIVIVI RESU 14

LATA CHARC1)sCHAR(2) s CHAR(IISCHARL &) CHARC D) s CHARCB) W RESU 15

. CHAR(T)aCHAR(E) s CHAR(S)»CHARCL1G) s MINUSSPLUS RESU 18

. SPACE /1HLs IH2s1HIs 1HUS 115 IHEs RESYU 1F

. TH? s 1HB2 1HO IR0 IR =2 H* s 1H / RESU 148

c RESU 19
L cncsssacncuasnane RESU 20
r WRITE PARAMETERS MaM, RESU 21
4 seesmmecsmncannan RESU 22
Y04 S0 962 Iml,y RESU 23
Y02 ACL)= SORT(COV(I»1)) AESU 24
WNITE (64964) (H(I)s ACI)e I=1e4) HESU 2%

v64 FURRAT C(11HOUNSELINE =+F9,0,36Xs 18HSTANDARD DEVIATIONs F8.2 / RESU 24
«25HUSCAN REVERSES AT CHANNELs FB43023%» LAHSTANDARD DEVIATIOUN He Sy 27
«FBa3s / 3I1HUBASELINE SINE=HAVE COMPONENT =s 2PF6.3» RESU 28

*37H PER CENT STANOARD CEVIATION, FBs3» RESY 29
¢/17HOMASELINE DRIFT = 6PF742+ 19H PePoMs PER CHANNEL, RESVU 30
*13Xs 1BHSTANDARD DEVIATION: FB.2 /) RESy o 31
WRITE (6.982) RESU 32

Y82 FUKMAT (45HULINE POSITION SuD, WloTH RESV 33
“37H SeDs INTENSITY SaDoy ’ RESU 34

*4GH . RELSINT. AMPL) RLSU 35
SUN=0,. RESU 36

DO $01 I=Vi,Vs) RESU 37

901 SUMESUMeH(T+2) RESU  Jb
L=Q RESU 39

DO 906 IavieVed RESU 4G

LaLe] HESU 41
Kale2 RESU 42
RELINT=1Q0.#B(K)/SUN RESU 43
ARMELE(2./7P1)eBIN)/AC]+]) RESU 44

906 WRITE (6.965) La(8(J)sALU)sdmI,KIsRELINTIAMPL HESU 45
SUUYROUT INE LISTING PaGt 28

965 FORMATCINOeI362(F18¢35F1143)eF15000F1340510Xs1HwsF150102H 52F12.0)RESU 4B

c sesscsansssguusan RESU 47
[ UHTAIN CHI SQUARED PERCENTAGE PUINTS RESL 48
c aSseseusanaaensmew RESU 49
269 Lalbk=PO*v+CONSTR) RESU 50
1F (L=100) 910»,9105911 RESU 51

911 Gs( RgSU 52
Fa3uRT(G) RESU 53
C(1)wG42,3264F 40,853 HESU S
C(2)8G+3 . 2892F «2,205 RESU S5
CCAaGea,37eF14,41D RESY 56

WRIE (6.968) CHISGs L» C{1)s CC2)a CCI) RESU 57

960 FURMAT (14HOCH] SQLAREN =, FEé.2s 5H WNITHs las12H DEGHEES UF » HESU 54
«THFHEEDON /7 33H %> 1 AND 041 PER CENT PUINTS AREs HESYU 59
*F7ols 1Hss F7ole SH AND » FPals 13H RESPECTIVELY) RESU &0

Gu Tu 712 RESU 61

910 wRITE (64989) CHISAs L RESY 62
969 FIORHAT (18440CHT SQUARED =4 F8.2s SH WITHs las 1ZH DEGRELS OF » RESU &3
cabHt REEDON (REFER TU STATISTICAL TaBLES)) RESU 64

T Muesesssseesuccew RESU 65
[ FINO POINTS WHICH DEVIATE SIGNIFICANTLY FkUM CunvE HESU 66
I wemavnsessesasvas RESY 67
Y12 J=g HESU 68
UU 913 I=1.P RESYU 69

IF CWl1)) 9192913,919 HESU 70

#19 1F (3.6 ABS(Z(]))) 914,913,913 RESU 71
Y14 J=Je?2 HESU 72
ClJ=1)slelr=] RESU 73
C(II=2(1) RESY 74

I+ (U=200) 913.916,%16 RESYU 7S

919 CunTiNuE RESU 78
IV (J) 91%+915.918 4ESY 77

415 AR Tt (6.971) RESYU 78
V71 YURMAT (A7HOND PUINTS DEVIATE SIGNIFICANTLY FRUM THE CUNVE) RESU 7v
30 19 917 RESY 8¢

W1s WRITE (6s972) (CC1)» [®m)ed) RESU 81
W72 FUNMAT  (Q7HOTHE CUUNTS FOR THE FULLOWING CHANNELS DEVIATE » HESu B2
*20n5iGNIFICANTLY FRO® Tre CURVE // HESY  ¥3

020 sSUIH(,FR.001HsoF6.258H) ) . ReSU B4
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SOUHRDITINE LISTING

raGke

29

312N ZANSINSESNSUSISANNZINICNSE I AN IR NNNASSUENISZANGEAZIIIZIIZSERANRILIREIANG

R T

23

o

“ig
w'e

"’
LV

921
v2e
121

v2é
w2y

{F (J=200) 917,918,918

ARETE (849786)

VIRMAT (QHQETCETENRA )

PLOT RESTNDUAL DEVIATIUNS ON LINE HRINTENX
WRITE (65989)

FOuMAT (1H1}

AAap

HEQ0e/AA

Pr=3.5

U 923 ls1.r”

IF tat])) 921,4923.92)

IF (F= ARSIZ(1))) 922+923,92)
Fa AuSC2t1))

CONTINUE

ROuNy NF F

FaO 1 eAINT(1040F 214}
FLUTY LA

UsfFe0.%0G

Uus=y=y
QuTh/F)+0,%

IHE FOLLUMING LOOP PRINIS ONE LINE OF THE PLUT AT A TIME

20 925 LL=i»S1

LeLl=26

'L VRS

5YMaSPACE

2220

IF CLARS(L)=25) 926.927+926
SYmePLYS

L2uy+045+6

IF CIARS(L)=Q) 928¢929,928
SYMeMINUS

223 1GN( 3 0U)

FeXaXsl

SUUMROUTINE LISTING

SET 4P A LINE UF CHARACTERS SYM, TFZEI) LIES BETWEEN U AND UUs

OVERARITE W(TH THE LAST DIGIY OF [<¢lA=l,

w2da C{l)aPLuS

ST IRL LINTE]
DLYIL 12,100

Y3 C(1IsSYN

Aau,

U 932 et

Anxels

(M (AC1)) 931,932.93)

431 IF (2(1)=U) 932,935,935
93 Katei4v1,5

JEMUUCCIARSCI+[A=1)+9)010)1
Clr)aCHARLY)
(AR RLLIY;

Wil CUNTINUE

PRINT LINE

IF (5YY ,EQ. SPACE +ANDs L JNE, O0) GO TO 936
ARITE (6,973)2%4, (C(K)» Kulsi01)

973 FORMAT CLlH o F741s 2Xs 101A1)

G TU 92%

136 ARTTE (6,274)CC(K)» KulslU})
376 FURMAT (10Xs 1014A1)
+2% CUNTINUE

425 FORHMAT (1HD422%39nPL0T OF RESIUVUAL DEVIATION (IN STANDARD

esawcsmavecmsssen
PRRINT CAPTION

arnlTe (6,979)

*36H VFEVIATINY UNITS) V&e CHANNEL NUMHAER / 28X,
*35HALL BUT UNE UR Tun FUINTS SAUULD LIE BETWEEN »
#20MTAY MORTZONTAL LINES 3

AHINT  vaRlanCE=CUvVARTANCE MATRILX

ANITE (GaV0b6)

RESY
RESY
ReSu
RESU
RESUL
AESV
RESY
RESUY
RESU
RESU
AESy
RESU
HESU
RESU
HESY
RESY
RESU
RESV
RESU
RESU
RESU
RESU
He Sy
RESU
RESU
HESV
RESU
RESU
RESU
RESV
RESU
RESV
RESU
RESU
RESVY
RESU
RESU
RESU
RESY

no
86
24
LT}
ay
90
91
2
93
94
39
ve
[ 24
0
99
120
101
102
193
104
1us
1vé
1w
108
109
110
111
112
112
114
115
116
17
118
11y
120
121
122
123

PaGE 30

SR AN AR N AT NAS NI IS A AN A NS EIRSNSTANEINE AR A E NS NENESSERSIANASENEgRZRUAS

RESU 124
RESU 125
RESYU 126
RESU 127
RESU 128
RESH 129
RESU 130
HgSU 131
RESU 132
RESU 133
NESU 134
RESU 135
RESU 136
RESV 137
RESU 138
RESU 139
MESU 140
RESV fel
RESU 142
ReSU 143
ReSU l4e
RESU 145
RESU 146
RESU 147
RESY lasb
ReSU 149
ResSy 150
RESU 151
ReSU 152
RCSu 153
NESu (34
RESY 155
RESU 156
RESU 197
RESU 158
RESU 159
RESU L6Y
RESU 161
Re S0 162

-5¢-



SUUHROUTINE LISTING Fautk 31

A6 FUdMuT (274]1VARIANCE=COVARIANCE MATRIX) HeSu 183
Ul 908 Jel,y jLSu 184
913 AT (6:967) (CUJ(Esd)e I210d) HESU 165
987 FNAAT (1hn, FPIOEN243/ ()W » YPI0EN2.3)) HESU 166
. NESH 187
ETUN RESU 168
F i) RESU 169
S2BRINTINE PLATPEsvaSCAliaYonaPslAsAASBBICCoUDsTITLESPOLY) p
I LoT 2
u 1y &AfL) L a 4AXImMuM WUMBER 0NF CHANNELS rear 3
DIMENS TUN (8002 Y(500) PLaT &
r PLat ]
i 2) KAL) o L & § # (NAX[4UM NUMBER OF CHANNELS) PLar 6
QIMENS [ON CYS DL PLat 7
' PLar -]
' 31 akfLY . L s a+ 3 « (MAXIMUM NUMHER UF LINES) eLar 9
MIMENSTUN H(2R) PLatT 1o
. PLOT 11
R 4)  XX{L) » L = 2 + (MAXIMUA NUMBER UF CHANNELS) LUT 12 '
JIMENSION Fr1200) PLOT 13 &
[ TEaaIARTARTASEAES PLor 14 '
c PLOT 15
DIMENSTRN TITLEC20) PLOT 16
INTEGER Var,ABSP(3)sPNTY
COMMaN /XXX SPLUT PLOT 1B
EQUIVALENDE (SPLITSS) PLOT 1Y
2414 BLANCK 74M / PLUT 20
0 PLor 22
¢ emecsceanascancone PLOT 23
4 CALCULATE DIMENSIUNS PLOT 24
¢ cemcssnsnnuvssnan PLUl 25
3 IF (UD «AT, 125) DU®125. PLOT 26
ARLELEASAA®S )20 B eCC PLaT 27
NYREUL L *N) YLOT 208
PALBIAXL #+)YK80,05 PLoT 29
PAH® ] 498 e YR PLOT 3D
LAFmpYK AN, 8% fLatr o 31
AMAX2R(1) PLOT 32
AMINSYLE1D . fLoT 33
SUNGROUTVINE LISTING PaGr 32
SENAZZANSZANERIEAZEEES RGN ENASRANRNEESE R AUl R RSN R USRS ERNEZASSSSREZUREREREAR S
Tlmaa=FL)AT(IA)¢], PLOT 34
12udd=AasFLUAT(LY) PLOT 35
Ol 200 [=1i.12 PLOT 36
IF (YU1) +Eue 04} G2 TO 200 PLOT 37
IF (YC1) oLTe AMIN) ANINmY(D) PLOT 38
IF (YC1) oGTs AMAX) AMAX®Y(L) PLOT 39
200 CUNTINHE PLOT &0
YOYR®AMAX=ANIN PLUT %1
XMAALECC/10, PLOT 42
YHAALEDYK/YDYK PLOT 43
AXAF 22 { (AMAX®BL1))oYHAAL+DYR#Q, 1) PLOT 44
BOYK®SAXAF +DYK*0e 387 PLOY 45
XMuAA PLOT 46
¢ S ITTTT TR Y LY T Y} PLut ar
c MOVE CN=ARDINATE SYSTEM PLUT 40
[ chmemcsccwancensaa PLAT 49
CALL PSTaRT PLOT 50
[ PLOT S}
c cesencessnesannas PLOT 73
[ MUVE COSRDINATE SYSTEM PLAT 73
¢ [N PR, PLOT 75 L
CALL PARIGO (BDYK»XAF) PLOT 78 h
C PLOT 77
¢ esscemaccescvsavas PLOT 78
t URAm AXIS PLOT 79
¢ crscsmsccenseases PLOT 80
HEDYK/S0, PLOT &1
XXEAXAF =S, PLOT ©82
XizakAF~n/4, PLOT B3
A2ux1+H/2, PLOY 44
YT2U. PLOT 8%
INTEAA PLUT 86
1) Yieyy=w/2, PLOT a7
CALL PLOT (xlaYYel) PLOT A9
CALL PLUT (x2.YYsD) PLOT 90
IF (YY .GEe AXL=045¢CC) GO YO 105 PLOT 91
CaLL FLUT (aXAaF,YY,0) PLDT 92
Yrayye(C PLOT 93

CALL PLUT (AXAFWaYY,0) PLOT 94



SOUBKDUTINE LISTING PaGE 33

INT2INT+10 PLOT 95
60 TC 103 PLoT 96
305 AFxel00./¢YHAAL*HEL)) PLut 97
NG S PLOT 9B
110 ANmZe*Xh PLar 9y
ANFm=xN/xF PLOT 100
IF UxNF (LT. TYKZ54) GN TO 110 #LOT 101
lensxN FL0T 102
LXNWY, PLOT 103
120 axx=ax¥+xNf FLOT 104
1F CAXX LLY. DYR) GO TD 120 PLut 105
IF LaXX (GTe PAHSBUYK) AXXSAXX=XNF PLUT .06
Ha( YKela¢3 PLOT 107
Xx=0, PLOT 108
Yia=uYn/1% PLOT 1ue
YYSVA"HED, PLOT 110
Yimy ieN/a, T 111
v2xRY3+H/3, HLOT 112 )
INTaY PLOT 113 3
100 X1sXX™Hr) ¥ PLOT 114 i
CALL PINT C(INTo3af1sy¥ah) PLUY 115
CALL PLOT (XX,¥1s1) PLOT 116
CALL PLOT tXX»Y2,0) Pt 117
CALL PLUT (XXaY3000) BPLOT 1l
AXmAX*XNF PLOT 119
IF (XX «GT. AXX) GO TO 108 PLUT 120
CALL PLOT (XX»Y320) PLOT 128
INTSINT#IXN PLOT 122
G0 0 106 ¥L0T 123
108 LONTINVE rLat 124
4 messeaasgsmancess PLDY 125
[ WRITE TEXT PLOT 126
N mrssecsscseacnanen PLOT 127
YYRTY=He2, PLUT 128
HaYKe*0a0& fLOoT 129
RRADIK 2D, ) *BIYY PLOT 13}
YYSYKeD 4 =XAF PLUT 132
HapYKe0e0a9 PLaY 133
Kez}) ) PLUT 134
SQUBROUTINE LISTING PaAGE 38

130 Kage} FLOT 139
IF (TITLECK) «EQ+ BLANCK) GO TD 130 PLOT 136
Nay ey PLOT 137
1F (FLNATIN)OH LTs PAH®0,49) G TU 139 PLUT 138
HEPAHEN ,9/FLNATIN) PLOT 139
135 oD 1800 131K PLUT 140
LALL PSTRNGCTITLECL) saeXXoYYoH) PLOT 141
149 AXeXX+8,eH PLOT 142
¢ PLOT 143
c DRAW BASEL INE PLOT 144
¢ ceceuSeeavssenssn "L'-” 149
CALL PLUT (04s040)) PLOT 146
RMAALSCHH=AL)(C/ 10, PLaT La?
CALL PLOT (OesRAMAAL,O) PLOT L&d
c vsceescnsscancsan HLOT 149
¢ CALLULATE AND DRAW CURVES PLOT 190
¢ ~ecuoeusgueEnaeeuan PLul 151
JimQ PLOT 152
JIs0 PLOT 183 4
Jas(np=and)ed el PLUT 194 i
It tad ,GTe SCAN®B(2)) GU TD 270 PLUT 159
Jiw} PLOT 156
It (BB GT, SCAN®B(Z)) uwU TO 210 PLUT 197
42w Ju PLOT 158
G0 TH 230 HLOT 199
210 JEe(SCANCB(2)=AA)*9,¢]1, PLOM 160
NELNPIS] PLOT 16])
Gu Tu 230 PLUT Lok
PRI INELYY PLOT 163
210 00 2145 leleJb PLUT 164
Z35 S(li=Q, PLOT 165
FEFray.07207NYK PLOT 166
il 270 Lmbeved PLUT 167
FALB=2.,0B(L*+2)/7C03.141592%B(L*]1)) PLUT 108
NmQ PLUT 169
IX=u eLQT 170
IF (1 JEWe 0) wU 0 2%0 PLUT ATL
Uil 240 (eJled2 PLUT 372

tXExNeN,2eF L DAT(]*)) PLul 1.3
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SOUBRMUTINE LISTING

FAGE

35

RZIEII IR IR TAN I AR AARANE RN A NN ANEC AN ANENEgNES AR ARG NSNNNARS: SENNENRASEENNER

FEobAC/ U evd e ({XX®H{L})/B(Let))"e2) PLOT 174
IF (AHSUHF) oLTe FFF) GU TO 240 PLOT 179
IF th LuTe 1000) GO TO 240 PLOT 176
Nupel PLLT 177
FAN)aFF PLOT 178
IF (IX «EQe 1) Gu Ty 240 PLOT 179
Xuxx PLUT 1480
1x=] PLUT 181
C49 SCLIaSCL)IFF PLOT 182
1IF (n «Fue 0} GO Tu 24% PLOT 181
LALL KURVE(XoFaliol o XMAAL s YHAAL s XHs0ar=100s04) PLAT 1A4
789 NEO PLOT 1A%
IF (3 EQs 03 GO T 270 PLOT 186
Ix=0 PLOT 187
25C DD 260 TsJisrde PLOT Lad
AXmXDeO 2aFLOMTII>L) PLOT 189
FFBFAC/(1ev@ev((2.#(BC2)+SCANI=XX"BIL))/HCLO1))a2) FLOT 190
If (ABS(FF) +LT. FFFY GU TO 260 PLOT 191
IF (N «LTe 1000) LU TD 260 PLOT 192 A
NEAe] PLOT 193 ¥
F(N)=EF FLUT 194
IF (1% «EQ. 1) GO TN 26V PLOT 195
Xmxx FLUTl 1906
1x=} FLOT iv7?
260 SC1)aS5C))+FF PLUT 198
IF (N +E@e 0) 60 TQ 270 PLOT 19¢
CALL KURVYE(XoFoNolsXMAALSYMAALsXMsO0ss®12000,) PLOT 200
270 CUNTINUE PLOUT 201
X=XH PLUT ¢u2
CALL KURYE(XsSaJs1aXMAAL s YHASL s XHs0e»™1+0s04) PLUT 203
[ ccensansstcssnens PLOT ¢ue
[4 CALCULATE POQINTS PLUT ¢uS
¢ esassagsseswsswass PLUT cUB
K=} PLOT 207
(V.03 PLUT ¢08
KKKm} PLOT 2u9
ub 330 I=I1.12 FLUY ¢10
S(MKK)I=S(K) FLUT 211
FURKYm1.E610 FLOT 212
SOUBROUTINE LISTING PaGge 36
A AR XAt R AR E S IR S F S S I N I C R A CR A R S E R NS SN S NN A A S EE RO S ISR ERSESEENSAER=RESES
1F (Y(]) .Eu. Q0,.) 40 TO 310 FLOY 213
XxmxmeFLOAT(T=1) PLOT 214
SCANHESCAN PLUT €15
PARSXX=H(2) PLLT 216
PAKEL14¢B(3I2STN(Ie1a15922FAK/SCARH) ¢B(a)oFAK PLUT 217
NIFaY(1)=FAKS{R(L)I+S(K)) PLUT 218
FUKr)anIF+S{x) PLUY 219
IF (W(I) «Ewe 04) GO TH 310 PLOT 220
S{KKK)I=F (KK) PLUT 22)
Jlu KKzKKe) PLOT 222
320 KKK2KKK*) PLOT 223
33V KmKe5 PLOT 224
c - asaessEseaw FL(]T 225
4 UMAw PUINTS FLOT 226
[ L LT L Y T pLQT ¢27
Xzxm FLOT ¢28
LETTTS] PLUT 22¢
SC=ni 1) PLOT 230 y
IF (PUTV «EQs D) OD T2 500 &
CALL KURYVE(KoFoNohoaXMAAL» YMAAL »AM»04900135S0) FLOT 231 !
C PLOT 233
500 RETURN
tivu PLOT 235
SUBRUUTINE KURVE (XaYsNsKsXMARAL e YMAALSXNULP s YNULPSLITYPEsNRSYMHB»MJIRURY 1
4 KuRY e
[ 1) Xx(L) » L= 5 » (HAXIMUM NUMBER OF CHANNELS) KURY 3
CIMENSTUN 1{3900) RURY 4
C EZZSEZEBEXSSEERZIRE KURY LY
C KURY [
INTEWLR Tey) KURV 7
DATA AR W4 Kuky 8
r KyRY 9
Tra{X=XPULP)«XMAAL Kyrv 10
LY (LITYPE) 10430439 Kuky 11
[ KuRY 12
10 KXmev(})aYHAAL KuRvV 13
CALL PLUOT (XXaYYal) KURvV 14
QU 24 Im2eN KyRvV 15
As=Y(])eTMAAL KyRv 16



MIUBRNDUTINE LISTING PaGE 37
IIIII.'IS‘HIIII.II.ISIIIIIl=lISIIIISIIUIHIIIII-.IIII.‘---lIIII‘lISII‘l’I.IIII=l=
YYRYYe0 20 XHMAAL KuRvy 17
2C CALL PLOT (XXoYY30) KuRY 18
RETukN KURY 19
t KuRv 20
30 IF INRSYMB JEG. 13} 6U T0Q 50 Kuky 21
YYeYY=H/2, KyRY 22
VU wu IsfsN Kuwv 23
XXS®Y(T)oYHAAL=RYZa /S, KuRv 24
CALL PSTRNG (TolaXXaYYer) KuRvy 25
40 YYmYYeXMAAL KURV 26
RETUKN KyRvV 27
C KURV 28
SU DU et Imien KuRv 29
IF (Y(]) +EQs 1.E10) GO TD 60 KyRv 30
1F (HeYCD) LLEe Oe) GO TD 60 KuRY 31
HI1ZSQRT(HSY(I)InvHAAL*2, KyRv 3¢
XKmoY([)oYMAAL=H1/2, Kuky 33
CALL PLOT (XXeYYsl) KuRv 34 '
AXEXX+H] KURvV 35 &
CALL PLDT (XXs¥Ya0) KyRY 36 '
U YYRYYeXMAAL Kukv 37
RETURN KJyRY 38
C KuRvY 39
END KyRY 40
SINCLULE 'SF/7150°
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GA2 IX? & Ynachp
P mind 1 Donmae

EM | TORTAAN Coting Form
’ HOSSPEC g e

LENUE] PYNRRFYIESIER
. . N R
E ! . 4 ' ‘ i
{
) ' ) ; ; R I -
' ; i e 0 . v
; . i i ) . RN |
. , ; : R R R R B et
R e
b | ’ :
g \ | b : ’ S 1 N R “T‘fﬁlf
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1 S I A R RO i
- ' . [ i . t i
‘ | R SRR .
e i ! | N
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33405, 34202,35170,33922, 35220, 35211, 33947,33650,34290,33257,33724, 34634, 34049, 34091, 34107 ,34257,20
32275,33749, 54487, 34441 ,34345,33224,35512,3334y 33000, 34410, 53074%,32945,34347,33362, 33140, 34421 2]
33234,32765,32132,33954,33700,32183,33692, 31118, 32405,32756,31765,32377,32000,31361, 32983, 3221322
323922,32714, 33064, 31953, 32847, 31869, 31470,41128,32732,32211,31778,32095, 30907, 30937,31477, 31251, 23
31765,30622,31425,30784,32572,30982,31545,30342,31419,31471,30369,30870,31476,30474, 302863004724
30277,30568,29579,29384,29851,28311,28745,29741, 28486 , 25248 (28190, 28415 ,27345,27450,27256,27370, 25
25457,28145,25956,26900,25133,26503,26253,25812,25668,25977,25860,26365, 25349, 25404 24416 26927 | 26
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27460,26901,25366,26755,28372,29672,28563,28462, 30601 ,28831,30146,30587,30705,30736, 311233106132
31335,30885,32503,33179,31876,32233,31100,32371,32641,32537,33126,33263,33419, 33104, 33610, 32506, 33
32254,33899,33505,33483,32492, 33645,33996,33173,33960,335627,33930,32827,32925, 3343433808, 33330 34
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33860,32113,34722, 34467,53904,33350,33366,33486,5%346, 33016, 36346, 34404, 36217 ,335148, 35194, 14260 50
34063,34047,34572,33159,33990,32974, 54251, 34039,33392,36679,34127,33672,34557,33767, 3383534345, 37
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