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A ME’IH3DTO 151’IMATETIIESPECIFICFISSIONS

IN 23% USINGA NsI CRY.’XAL
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8C—O 1.- ‘- A technique is described to assay both the fissions and

3ag’
Z35U content ~ certa~ test samples used for critical assenbly

g~—m studies. Theinethod essentially compares a pulse height anal-
-1=

-m ysis froma Nal well crystal scintillator with an empirical
~mi mathematical model. In the caseof fissions, the analysis can
— be made frm 6 hours to 50 days after irradiation. The list-

1 ings and description are included for the conqmter program
ASSAYthatwas developed to do the ceqmtations. The listings
and brochure are also included for GPLOT,a general subroutine
to plot on film and whichis used extensivelyby ASSAY.

I. IIVI’RODUCTION

This rqxxt describes a simple method to esti-

mate the absolute number of fissions in a small

23% It canpares the shape and intensitysample of .

of the gamna-radiation spectrunfrcin the fission

productsin the sampleby scalingto tkse predict-

ed byan enpiricalmathematicalmodel. Anytime

frcsn6hours to 50 days afterirradiationcanbe

23% in the sampleis similarlyassay-chosen. The

ed by comparingitsgammaspectrumwiththat froma

Ialownmass.

The gamma-radiationenergysp~tra are obtain-

ed with a NaI wellcrystalscintillatingcounter

and storedin a @se heightanalyzer. Thismetkd

takesadvantageof the relativelypoorerresolution

of a NaI crystalccmparedto thatof a Ge(Li)crys-

tal. Fission-productspectrumdetailfromtk MI

crystalis washedout intoa simpler,grosspicture

that

also

trun

that

in a

dWUgeS more slowly in characterwith time~d

whichis not too sensitiveto the energyspec-

of the fissioningneutronflux.

The specificsof the AS.S4Ycanputerprogram

was developedto solvethe problemare treated

seriesof Appendices.AppendixA describes

lmwto structure the problemdeck for the computer

fran&ta cards. AppendixB describesthe ASSAY

routineitselfand itsassociatedsubroutinesand

containsall but one of the FORTRANListings. =b-

routineGPLOTis treatedseparatelyin AppendixC.

This is a generallyusefulsubroutineto ploton

film. Itwas developedby tk authorfor his own

use, and it founditsway naturallyintothe ASSAY

program. It is includedin thisreprt for the con-

venienceof the reader;and becauseof itsmore gen-

eral applicability,it is giventhis specialtreat-

ment.

II. EKPERINENrAL

It has beenconvenientat timesin the critical-

assenblystudiesgroupof this laboratory,when

stud@g neutronactivationprofiles,to prepare

23% by cuttingsuitablelengthsof stand-samplesof

ard alloywire froma supplyespeciallymanufactured

for the ~rpose. l%e wirealloyconsistsby weight

of 90% Al and 10% U that is highlyenriched(93%)in

23% The wirediameteris 0.S1mm..

A sample381nrn(1SinJlongwas spiraledto

fit intoa smallspacenear the centerof the Flat-

top criticalassemblyland then irradiatedwith a

1



high-intensity neutron flux. me sample was after-

wards cut into three lengths in approximate propor-

tion to 0.3, 1.2, and 13.5to providea rangeof

radiatingsourcesfrun1 to 50 in strength.

The analyseswereperformedwitha tiarshaw

t~ 12W12-h’4MI wellcrystaland pktunultiplier

unit. The crystalwas enclosedby lead shielding

more than10 an thick. ‘he outputwas anplified

and storedin a lkwlett-Packard1024channelpulse

heightanalyzerset to counton real time. After

eachanalysis,the data was read OntoPap= tape
and laterconvertedto canputercards. ‘he channels

wre calibratedfor energyusingthe 0.662NeV y-ray

fm 137CS.

The skrtest samplepiecewas analyzedperiod-

ically,beginninga few lmursafterirradiation.

The samplepositioninsidethe crystaluellwas

fixedby scotchtapingthe sampleto the flatbottan

of a plasticcrucibleof a sizeand shapeto fit

snuglyin the Imttanof thewell. Whenthe inten-

sitieshad decreasedsufficiently,the slrntestsam-

ple piecewas analyzedseveraltimesaltematelyby

itselfand togetherwiththe next longerpieceto

normalizethe tvm spectrunsources. Abouta week

later,a similarnormalizationwas possiblealso

betweenthe two samplepiecesand all three. Near-

ly 50 spectralanalyses*remade, subtracting

the backgroundeachtime,coveringaperiodof 53

daysafterirradiation.The time intervalbetween

analyseswas increasedas timemnt on. The entire

set of analysesnormalizedto the intensityof the

canpletesanpleis shownin Fig. 1.

III. ‘llIEFISSIONSPECllUJMMODEL

In structuringthemodel,the timedependence

of the radiationintensityat a givenenergywas ex-

aminedfirstat eachof all values0.02M& apart

frm 0.1 to 2.0MeVo

Becauseof the scatterof countsin thosechan-

nelsnear any selectedenergy,the intensityfor

eachanalysiswas estimatedas follows: Sincethe

gainwas inadvertedlychangedin the courseof tk

mrk, the countsper channelin saneanalyseshad

to be adjustedfirstto reflectthe same intensity

in countsper minuteperWV interval for the gain

originallyset. men the intensitywas estimatalas

the valueof a seconddegreefunctionadjustedfor

best fit to the data frunthe sevenadjacentchan-

nels centerednearestto thatenergy.
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Fig.1. Synthesisof all the normalizedpulse
heightamlyses of the imadiated sample,
takenfroma few lnursto over 50 days
after irradiation.

The resultsat 0.5hleV are typicaland appear

in Fig.2. The intensityestimatesarc shownas

points. The curveresultswhena smoothingspline
2-3

is adjusted with ten knotsfor best fit to the

pints. It wasmore convenientfor thiswurk to fit

the splineto the logarithmsof the ratesand time

lapsesafterirradiationratherthanto thevalues

themselves.The knotsare equallyspacedon the

log-timescalefrom 5 to 1300hours.

Fig. 2. Timedependenceof the radiationintensi-
ty at 0.5VeV.

.
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The shapeof the radiationenergyspectnnncan

now be consmuctd for any timelapsewithinthis

timespan: A valuefor the activityis canputed

fromeachadjustedsplinefor the timelapse,and

thena new splineis evaluatedas a functionof

energywhichpassesthroughtheseactivityvalues.

Figure3 is a setof 50 spectmm constructionsfor

timelapsesincreasingin geometricprogressionfrcm

5 to 1S00hoursafterirradiation.

Themodel is formedby choosingonly the ad-

justedsplinesincludedby the energyrangefrom

0.45to 0.9MeV. Whena spectrumconstructionis

to be comparedwithdata for assay,threepractical

considerationsaremet in thisenergyrange: The

structureis relativelysimpleand yet distinctive

(usefulin curvefitting),the intensityis reason-

ablyhigh,and it is alsocomparativelyfreeof

backgroundfrcmcosmicrays,fromthe 23$Jin the

sample,and fromaluminumactivation.

Thenwdel was finallycalibratedby comparison

withradiochanicalresults: A 23% sampleprepared

frunthe supplyof standardA1-U(93)wirewas ir-

radiatedand thenanalyzedinsidethe w1l crystal

usingan adoptedstandardgeometry. It was after-

wardssuhnittedfor radiochanicalanalysisfor the

numberof fissionsvia a determinationof the g$b

content.

Iv. TIIEAS.%4Y FOR FISSIONS

A sampleis analyzedin the well crystalat

someconvenientlapsedtimeT afterirradiation,

when the radioactivitylevelhas decreasedto some

satisfactorypoint. Generally,T is longcanpared

to the durationsof boththe irradiationand the

analysis,so that it can be measuredfromthe time

centerof one durationto thatof the other.

A fission-productspectrunconstructedfromthe

nmdel for the timelapseT is a splinefunctionof

energy,S(E),whichmust be relatedto the data.

Let Yi representthe countsin the i-thchannel.

The energyis linearwithchannelnumber;i.e.,for

channeli,

Ei=A+B.i (1)

whereA and B are constants.The splineis fit to

the data4by adjustingthreeparametersA, B, and C

so as to minimizetk sumnation

.ZPi[Yi-C*S(A+B. i) ]2 (2)

over all the data. Pi is a weightassociatedwith

Yi and whichis set equaleitherto Yi if the chan-

nel fallswithinthe energyrangeof themodelor to

zero if it doesnot. Thenunberof fissionsin the

sampleis
.—

I
,:. I I

(3)

w \~..——
... . . --—
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Fig.3. Fission-productspectrumconstmctions
for timelapsesincreasingin geometric
progressionfrom5 to 1500hoursafter
irradiation.

wheret is the durationof the analysis~d Kf is

the fissioncalibrationfactorfor the crystal.

An exampleof a splinefranthemodelwhen fit

to the data frcman actualanalysisappearsin Fig.

4. In thisassay,the fissionswere evaluatedat

(1.541fO.016) X109. The assaywas repeatedfrom

the sameanalysisdata,tut thistimeusingonly the

countsin tlmsechannelsbetween0.47Sand 0.59MeV

(aboutone-fourthas many channels),and the result

was 1.587* 0.019x 109 fissions. It is important

to understandthe reasonfor thisdiscrepancy.In

both cases,the adjustedvaluesfor the amplitude

parameterC agreedto withinlessthan 0.2%. The

discrepancybetweenthe assaysresultedalmosten-

tirelyfranthe tw estimatesfor B, whichis the

scalingfactorfor the energyintervalper channel.

In the formercase,the evaluationfor B was

3
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Fig.4. A fission-product spectrumCOnStrUCtf3d

from the model and then fit by scaling to

the data from an analysis.

influenced mostly by the channel locations of the

three major spectral peaks. In the latter case, the

evaluation was forcd to rely onlyon the widthof

the one peak,which is lessreliable. The tm as-

say errorestimatesdo not reflectthe discrepancy

sincetheyare based in parton how well the spline

functioncan be scaledto fit IxWhcoordinatesof

the data. ‘fhemoretrustworthyassayis the former,

when all the datawas used,as willbeen seen in

the discussionbelm.

v. THEASS4Y FOR 23%

A spectrummodel for the radiationfmn
23%

decaywas constructedmore simply. Sincethis spec-

trun is invariantwith time,one wellcrystalanal-

ysisof a previouslyunirradiatedsamplefollowed

laterby a radiochcmicalassayfor the 23% content

canpletedthenecessaryexperimentalvmrk. ‘he

modelws fonneddirectlybya smoothingspline

throughthe analysisdataand selectingknotsequal-

ly spaced0.01~ieVapart. The energyrangeof this
.

model spansthe valuesfran0.135to 0.25MeV in

orderto describethe 0.19-MeVlineand neighhring

lesserlines. ‘1’ hemodelconsistsof avalue for

the intensityand the secondderivativefor eachof

a setof energyvalues.

23% in a sampleis assayedbyThemass of

matchingthe modelto the data frunthe wellcrystal

analysisof the samplebeforeirradiation.As for

the casewith fissions,seeequations(1)to (3);

themass of
23% ~

U=%* (4)

where$ is themass calibrationfactorfor the

crystal.

VI. .5TAlWRDSAMPLEGECMETRIES

Sincethe efficiencyof the crystaldependsto

saneextentupon the locationof the samplein the

wellof the crystal,a standardreproduciblesample

geometryis important.

As a primarystandardgeometry,the wire sanple

was firstroundin the formof a tighthelixroughly

2.3 cm in diameter,usinga mandrel,and then in-

sertedintoa plasticcrucibleso as to fit firmly

againstthe cruciblesidesby springaction. A lid

fittingtightlyinsidethe cruciblehelpedto hold

the samplefixedand alsoreducedthe riskof conta-

minationin the hell. h advantagewiththisgeo-

metry is thatthe lengthof a sampleup to 40 cm is

not critical.

A secondarystandardgecmetrywas adoptedfor

convenience.The wire samplewas roundin a canpact

spiralresemblinga disc and held firmlyagainstthe

bottctnof the crucibleby the cmcible lid. Al-

thoughthe crystalis lesssensitiveto thisgeane-

try,the differenceis lessthan 2% for 10 mg and

23%, and sometimesworth thesmallersamplesof

conveniencesincethe equipmentto spiralthewire

alreadyexists,and at timesa samplein the formof

a spiraleddisk is desirable.

23$Jwas attemptedon thaWhenan assayfor

1.27-cm-diameterU(93)foils25 pm thickand migh-

ingalxut60 mg each,the resultsfellshortby

about14%due in part to a bad stateof oxidation

thataffectedthe apparent=ight and in partto

self-absorption. lhe latterws shownto be a con-

tributingcauseby assayingthe foilsflatagainst

eachotherand thenseparately.‘lhesum of the as-

saysfromeachwas 7% greaterthan frunthe tw to-

gether. Althoughthe 0.19-MeVradiationfran23$

ismore likelyto be self-absorbedthantk higher

energyradiationfran the fissionproducts,the risk

of errorby departingto otherformsof samples

shouldbe borneinmind.

. .

.

.
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VII. DISCUSSION

A groupof 20 samplesfroma neutronactivation

profilestudyof a criticalassenblywcrespiraled

and thenanalyzedfor relativeactivationin the

programmable,samplecyclingbetacounterknownas

the “jukebox.”sEachsamplewas afterwardsassayed

for fissionsusingthewellcrystal,and thenthey

wereall assayedfor fissionsin tw groupsof ten

eachby the LosA.lamesScientificLaboratoryradio-

chemistrygroupCM-11.

TableI comparesthe fissionassaysfromthe

well crystalwith therelativeactivationsfromthe

beta-counterresults. lhesesampleswereprepared

frcmfour identical,longwiresthathad beenplaccxl

sideby sideduringthe irradiationand afterwards

cut intofivelengthseach. Ml the sampleswith

the sameletterwereof the samelengthand ex~sed

to the sameneutronfluxand sbuld thereforehave

the sameactivationexceptfor possiblesmallvari-

23$Jcontent.ationsin In general,the like-letter

groupsof resultsslwwstandarddeviationsthatare

precentagewisemailer for the wll crystalassays

than for the activationratiosfromthe beta-count-

er measurements.Ibwever,the individualerrores-

timatesfor the latter,whichare basedon reproduc-

ibilityfromrepeatedobservations,are smaller. A

likelyexplanationfor the discrepancy,although

the discrepancyis small,is that the =11 counter

is lesssensitiveto sanpleformfor smallsamples

thanthe betacounterof the jukebox. In support

of this,onc notesfrcanthenormalizedratiosin the

lastcolumnof Table I that thesetendto be lower

for the “A” and “E”groups. And indeed,the length

of thesewireswas 30% shorterthan the uniform,19-

an lengthfor the others.

TABLEI

(XMPARISONOF ’IWENIYREL4TIVEACTUATIONSDE’I’ERMI~BY THE CYCLIFJ3BETACCLMT4R

WITH THE WMBEROF FISSIONS ESTMTEDUSIM ‘lliENaI-CRYSMLW ELLC~

Wire NaI CrystalAssay, RelativeActivation, Nmnalized a

w Fissionsx 10-9 BetaCounterResults Ratios

1-A 0.8954t .0093 0.6550* .0029 0.963t .011

B 1.441 .015 1.0000 .0054 1.015 .012

c 1.236 .013 0.8602 .0035 1.012 .011

D 0.8185 .0086 0.s750 .0029 1.002 .012

E 0.2214 .0024 0.1559 .0011 1.000 .013

2-A 0.8938 * .0093 0.6403 i .0020 0.983 * .011

B 1.420 .015 0.9916 .0037 1.008 .011

c 1.249 .013 0.8829 .0039 0.996 .011

II 0.8270 .0086 0.5810 .0033 1.002 .012

E 0.2240 .0025 0.1588 .0012 0.993 .013

3-A 0.8849 + .0092 0.6415 * .0022 0.971 * .011

B 1.404 .014 0.9860 .0043 1.003 .011

c 1.228 .013 0.8694 .0041 0.995 .012

D 0.8091 .0084 0.5610 .0032 1.016 .012

E 0.2202 .0025 0.1526 .0012 1.016 .014

4 -A 0.8943 t .0093 0.6385 t .0024 0.986 i .011

B 1.404 .015 0.9876 .0044 1.001 .012

c 1.254 .013 0.8594 .0041 1.028 .011

D 0.8207 .0085 0.5569 .0033 1.038 .012

E 0.2254 .0024 0.1579 .0012 1.005 .013

a Wtio of fission assay to beta counter results multiplied bya factor to nozmalize
the average to unity.
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TA8LE II

CCMPARISONOF FISSION ASSAY RESULTS USIM ‘1111 NaI -CRYSTAL ASSAY

ME’lllOD WITH TIIE RAD10CJIR41CALRESULTS FRCNCM-11.

Sunof MI CM-11
Wire CrystalAssays, Assay,
Samples Fissions Fissions

All of

Wires1 & 2 (9.226t .033)x109 9.225X 109

All of
Wires 3 G 4 (9.143t .033)x 109 9.065X 109

The resultsof the fissionassaysfranthe well 2.

crystaland radiochenistryare comparedin TableII.

The elapsedtimebetweenirradiationand wellcrys-

tal assayvariedfrcm6.8 to 11.8hours. Thisde-
3.

greeof goodagreementhas beenobtainedin other

instanceswhenelapsedtineshereas longas 42 4.
hours.
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STR[JC’lllRTNl THF PRfIRI,lWDECKFCIRTHEASSiYR~TINE

Generally,the experimentermay ask the follow- the informationconcerninga

ingthreequestionsconcerninga sampleof 23%: heightanalysis. Cne or tm

1. hhat is the 23$Jcontent? controlcardto completethe

w1l crystalpulse

A-decksfollowthe

problemdeck. When

2. }bwmany fissionsoccurredin it? finished,the canputerwillread the next control

3. Whatare the specificfissions(fissions card for the nextproblsmdeck. A blankcardcauses

per gramof zs~)? the conp.merto return.

23% contentor the fis-The canputercan redirectedto answerall or To solveonly for the

partof thesequestionsby meansof entriesin a sions,the appropriateA-deckfollow the control

controlcard,which is read first. AnA-deckwill card. Wt if the specificfissionsare desired,

referto a deckof can~ter cardsthatcontainsall threechoicesexist:

6
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1. The 23% pre-irradiationA-deckis read

firstfollowedby the fissionA-deck. The solution

producestm assayresultsand the specificfissions

togetherwithan estimateof the propagatederrorin

thisratio.

2. Chly the fissionA-deckis read,and the

assayis relatedto the resultsof a previous
235U

assayof a representativesamplethatare stillin

canputermemy. Afteroncemade,the resultsfrcsn

23$Jassayrenainavailableinmemery fromproblena

to problemuntilreplacedwith new valuesfroma

subsequentassay.

3. Chly the fissionA-deckis read,but the

assayis relatedto an assumedmass of
23$.

A-deckStructure

The A-deckis structuredas follo=:

1. FirstCard: Titlecardcontainingthe

analysisdescription,10A8format,

2. A seriesof clatacardsfollowthe title

card. The formatis lX, 14,1X, 10F6.O, 6X,A8.

The firstentryis the numberof a channeland is

mandatory. The subsequententriesare the contents

of thatchanneland of the nextnine,follomd by an

identification(ID)for the analysis;entrieshere

are not mandatory. If the card for channelzero is

included,itmust be the firstcard. The otherscan

followin any order.

3. LastCard: Terminationfor the A-deck,

must be blankin spaces2-5. The remaining10F6.O

fieldsare used to recordthe followinginformation:

Spaces7-12,countdurationin minutes.

Spaces13-18,analyzerdead timein percent.

Spaces19-24,estimatedchannelnumberfor zero

energy;the iteratingroutinerequiresthisesti-

mate to startwith.

Spaces25-30,estimatedchannelnumberwherethe
137

Cs, 0.662-MeVgamna-ray peak would be centered

for this gain setting; the iterating routine also

requires this estimate to start with.

Spaces 31-36, minimun channel to be used.

Spaces37-42,maximumchannelto be used. Ifno

entry,the value1000willbe substitutedby the

program.

Control Card ——
The control card is prepared as follows (obvi-

ously,not all entriesare alwaysmandatory):

Space 1 entries:

23$1assayis to be made.O=NJ

1 = The deck that followsis frcxna 23$Janal-

ysis.

23% analysisdata in2 = Also listthe

output.

23+ resultsinmemry frcnn3 = Use the

earlierassay.

Space2 entries:

the

the

O = M fissionassayis to be made. (Ifkth

spaces1 and 2 are zero,the canputerre-

turns.)

1 = A fissionassayis to be made.

2 = ~so listthe fissionanalysisdata in the

output.

Space3 ertries:

O = The fissionspectrumanalysishasnot had

the backgroundsubtractedfran it. (The

programwill correctfor it.)

1 = The fissionspectrunanalysisdata is cor-

rectedfor background.

Spaces7-10,timewhen irradiationstarted;2:38

p.m. is written1438, andrnidnight is 2400; 14

format.

Spaces13-16,

14 format.

Spaces19-26,

format.

Spaces31-34,

duration of the irradiationinminutes;

irradiationdate, i.e.,10/18/74;A8

timewhen the hell crystalfissionan-

alysisstarted;14 format.

Spaces37-44,datewhenwell crystalanalysisstart-

ed; A8 format.

Spaces46-48,nunberof calendardays betweenirrad-

iationdate and analysisdate,regardlessof the

timesof day; 13 format. (Ifthe datesare 10/

18/74and 10/19/74,thisentryis 1.) The can-

puteruses this informationand the timesof day

to ccsnputethe timeelapsedafter irradiation.

Spaces49-54,optional,defaultentryfor an assuned

23% for the irradiatedsample;mass in mg of

F6.O format. (Thisentrywillnot affectthe

value inmenory froma previousassay.)

7



APPENDIXB

ASSAYPRCGRAVAM) A.SfZCIATEDEUBRCUTINES

The main PRCGRAMreadsthecontrolcardand

proceedsaccordingto the entriesfor themajorcon-

trols (NC)in spaces1-3. Themain functionis to

understandtheMC directives,conductthe computa-

tionsthroughsubroutinesand printthe fiml re-

sults. The principalvariablesused throughoutare

definedin thislisting.

subroutineAS.SAYZis a blockof data that is

structuredas a subroutineand calledonce early

fromthemain program. (Asa subroutine,it can be

includedin one’sUSHILIB file.) It containsthe

23% modeland thecosnic-rayinformationfor the

backgroundmodel. Eachmodel is describedfirstby

a listingof themodel identification,the numberof

splinepoints,and severalessentialparameters.

This is followedby listingsof the abscissa,the

ordinate,and the secondderivativefor eachpoint

foruse by splineroutines.

SubroutineFS1klPE contains the fissionmodel

and constructsthe shapeof the fissionspectrum

from it for any timelapseafterirradiation.The

blockof data in thissubroutineis headedby a

listingof themodel identification,sixparameters

essentialto it, thenumberof knotson the time

axis,and the numberof pints on the energyaxis.

‘Ibisis followedby data arraysfor 24 splineswith

10 knotseach,describingthe logarithmsof the in-

tensity(CFMK~and times [CIMT)and theassociated

secondderivatives(CH’4W)for eachof the 24 energy

values (FX). ‘l’hesubroutinesolvesfor the inten-

sityof themodelat the lapsedtimefor eachenergy

valueand thenpassesa splinethroughthesevalues.

SubroutineMAD [~ rindsand storesthe A-deck

contents,liststhan if directed,and plotsthe data

on film.

SubroutineBPART. If the fissionanalysisdata

has not had a backgroundsubtractedfrom it, this

subroutinecorrectsfor it.

WbroutineWfCI1adjuststhe scalingof the

splinefunctionfor bestfit to the data. It ccnn-

putesan assayfromthe scalingparametersP and

alsoan estimateof precisionfrcm thegoodnessof

fitand the estimatedcalibrationaccuracyfor the

model. It plotsthe dataand the fittedsplineon

film. This subroutinemakesrepeateduse of the

subroutinefi%yp.

SubroutineAS.S4YPis an iterativeprogramthat

adjuststhe threescalingparametersP of a spline

functionto fita setof data by the leastsquares

criterion.The argumentsIXland IX2are optional

entriesfor indi~s of parametersto be keptcon-

stantduringadjustmentof theothers. Thisversion

was adaptedfor the problemfroma more generalrou-

tinedevelopedfor the leastsquarestreatmentdis-

cussedin Ref.4 of thisreport.

AbroutinesSPLIM and SPLIN2are old subrou-

tinesno longeravailableexceptfran thearchives,

and thereforetheyare listedhere for the conven-

ienceof theuser. The identificationlabelis EZ02.

SPLIM solvesfor the secondderivativesof the

splinegiventhe coordinatesof the points,and

SPLIN2solvesfor thevalueof the functionfor a

givenargument.

SubroutineGPLOT: SeeAppendixC.

.

.



IASL Identification:LP-0274

● PROGRAM ASSAY [ INP, OUT, PUN, FILM,

P FSET9=OUT9 FSETIO=INPJ FSET1l=PUN, FSET12=FILM )
C- VERSN = CURRENT VERSION OF THE ASSAYING CODE
C-UMODEL = LABEL OF THE URANIUM SPECTRUM MODEL USED

C-BMOi2EL = LABEL OF THE BACKGROUND SPECTRUM MODEL USED (IoEo COSMIC
C-FMODEL = LABEL OF THE FISSION SPECTRUM MODEL USED
c- MC = MAJOR CONTROL NUMBERS
C- ID235, IDFISS = A-DECK LABEL CARD CONTENTS

c- ASMG, ASSO = WT AND SD OF THE URANIUM-235 ASSAY

c- Ui2T = COUNT DURRATION FOR THE U-235 ASSAY

c- UWT = WT OF U-235 IF ENTERED WITHOUT ASSAY
C- RATIO = AMPLITUDE RATIO OF DATA TO THE CURVE SHAPE MOOEL
C-IRDATE, IRTIs IRT2 = IRRADIATION DATE, START TIME AND OURATION
C-WLDATE, IWLT = WELL COUNT DATE AND START TIME
C- NDAYS = NUMBER OF CALENDAR DAYS WLDATE FOLLOWS THE IRRADIATION
c- UCS = CS-137 CHANNEL NUMBER FOR THE U-235 ASSAY
c- FCS = CS-137 CHANNEL NUMBER FOR TI-E FISSION ASSAY
C-MINUCH, MAXUCH, MINFCH~ MAXFCH = MIN AND MAX CHANNELS FOR ASSAYS

ASSAYOO1
ASSAYO02
ASSAYO03
ASSAYO04

RAYSASSAYD05
ASSAYD06
ASSAYO07

ASSAYO08

ASSAYO09

ASSAYO1O
ASSAYO1l
ASSAY012
ASSAY013
ASSAY014
ASSAYD15
ASSAY016
ASSAY017
ASSAY018

c-
c-
c-
c
c
c-
c-
c-
c-
c-
c-
c
c

NUCHS NFCH = NUMBER OF CHANNELS QUALIFYING FOR U AND FISSION ASSAYS ASSAY019
FISS$ FISSSD = NUMBER AND SD OF FISSIONS ASSAY020

NUK, NFKs NBK - UX, UYJ UW - Fx, FY, FW - BXS BY* BW - ASS,4Y021
= NuMBER OF SPLINE POINTS* ABSCISSAE, ORDINATES* ANO SECOND ASSAY022

DERIVATIVES, REsPECTIVELY, FOR U-235, FISSION, AND BACKGROUNDASSAY023

FPG, FPGSD = FISSIONS PER GRAM AND SO OF THE ASSAY ASSAY024
UPAR, FPARv I=1J2 = ENERGY LIMITS FOR u AND FISSION SHAPE COMPARISONASSAY025

3 = MOEL COUNT TIME ASSAY026
4 = MODEL QUANTITY, I.E.* MG OF U-235 ASSAY027
5 = CS-137 CHANNEL FOR THE MODEL ASSAY028
6 = UNCERTAINTY PLACED ON THE MODEL QUANTITY ASSAY029

BPAR, 1=1, MODEL COUNT TIME ASSAY030
29 CS-137 CHANNEL FoR THE MODEL AS.5AY031

DIMENSION ID235(10)s IDFISS( lo), MC(3), JOB(4) ASSAY032

COMMON /DATA/ N, X(103O), Y(103O)J DUM(10) ASSAY033

cOMMON /NODEL/ UMOOEL,FMOOEL,BMODEL
COMMON

ASSAY034
/USPLIN/ NUKS UPAR(6)* UX(501$ UY(50)$ UW(50)

COf4MON
ASSAY035

/FSPLIN/ NFK, FPAR(6)9 FX(50), FY(5b)~ Fw(501 ASSAY036
LOGICAL ASSAYUV ASSAYF, OLDWT, AR3WT, NET ASSAY037

OATA vERsN/8HFEB 1974/ ASSAY038

DATA ZERO/loE-6/ ASSAY039

2 FORMAT( 311s3X,14J 2XS 14, 2xs A89 4x* 14s 2xJ A8s lx, 13, F6-O ) ASSAY040
3 FORMAT(lH1////* wELL CouNTER AssAy suM~ARy~ AsSAy RoUTINE VERSION ASSAY041

x*A8/+1 RUN ON * A8 * AT * A8 *$ JOB * AlO * SERIAL* 13 / ) ASSAY042
4 FORMAT( *OORALLOY SAMPLE -*/ 1X1OA8 ) ASSAY043

5 FORMAT( *OORALLoy SAMPLE WEIGHT IS CHOSEN AT *1PE1OO3* MG U-235*)ASSAY044

6 FORMAT( *IRRADIATION -*/ 1x1OA8 ) ASSAY045
7 FORMAT(/6X44(lH* )/ 6X1H** 19X$ 14HvALuli SD ~ 9X lH* ) ASSAY046
8 FORMAT(6XlH*,42XlH*/6X16H* FISSIONS = * 1PE12c4, E1OC29 5X1H*)ASSAY047

9 FORMAT(6XlH*S42XlH*/6X16H* MG U-235 = t 1PE1204, E10e29 5X1H*)ASSAY048

1(I FORMAT(6XlH**42XlH*/6X16H* FISS/GM = s 1PE1204, E1OQ2, 5X1H*)ASSAY049

11 FOR14AT( / * IRRADIATION STARTED ON *A8* AT *14*9 LASTED*13 ASSAY050
X* MINuTES*/* WELL COUNT STARTED ON *A8* AT *14** LASTED*14* MINAssAY051
xuTEs*/13x*wITH *12* PERCENT DEAD TIME,* F7el* HOURS LATER*/ ASSAY052
X12X,14* CHANNELS WERE USEO BETWEEN *13* AND *13/ AS5.AY053
x 13X*WITH THE CS–137 LINE FALLING ON * F701 ) ASSAY054

12 FORMAT( * FISSION MODEL *A8* WAS USED ON A NET SPECTRUM*) ASSAY055
13 FORMAT( * FISSION MODEL *A8* WAS USED ON A GROSS SPECTRUM*I ASSAY056

x 13X*AFTER CORRECTING IT WITH BACKGROUND MODEL *A8) ASSAY057
14 FORMAT( / * U-235 WELL COUNT LASTED *13* MINUTES*/ ASSAY058

X12X,14* CHANNELS WERE USED BETWEEN *13* AND *13/
X 13X*WITH THE CS–137 LINE FALLING ON

ASSAY059
* F701 / ASSAY060
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* UKANIUN MUUtL *A8* WA> UStU* )
15XFORMAT( 6X1H*, 42XlH*/ 6XJ 44(1H* ) )

CALL ASSAYZ
CALL DATE1 ( JOB(1) )
CALL CLOCK1 ( JOB(2) )
CALL JOBNAME( JOB(3) )
JOB(4) = o

99 ASSAYU = ●FALSEO
ASSAYF = ●FALSEO
0L2WT = ●FALSE.
ARBWT = ●FALSEO
NET = ●FALSEO
JOB(4) = JOB(4) + 1
READ(lo*2) MCS IRTl~ IRDTs IRDATEs IWLTS WLDATES NDAY-SS UWT
IF ( MC(1) ●EQO O ●AND. MC(2) .EQ. O ) RETuRN
IF ( MC(1) .GT. O ) ASSAYU = .TRUEO
IF ( MC(1) ●EQO 3 ) OLDWT = ●TRUE.
IF ( MC(2) ●GTO O ) ASSAYF = ●TRUE.
IF ( MC(3) ●GTO O ) NET = ●TRUEO
I}: ( OLDWT ) GO TO 200
IF ( ASSAYU ) GO TO 110
IF ( UWT ●GT. ZERO ) ARBWT = ●TRUEO
GO TO 200

110 CALL READ HP ( 10235, MC(1), JOB )
UDT = DUM(l)
CALL MATCH ( NUCH$ NUKS Ux9 UY~ UW~ UPARS AsMGs ASSD9 ID235s JOB
Ucs = DUM(4)
MINUCH = DUM(5) + 005
MAXUCH = DUM(6) + 0.5
IF ( .NOT. ASSAYF ) GO TO 300

200 CALL READ HP ( IDFISS, MC(2)S JOB )
IF ( NET ) GO TO 205
CALL BPART

205 NH = IRT1 / 100
M= IRT1 – NH * 100
T = FLOAT(NH) + ( FL0AT(M)+005*FL0AT (1RDT ) ) / 60.0
NH ❑ IWLT / 100
M= IWLT - NH * 100

DECAYT = FLOAT (NDAYS) *2400-T+FLOAT (NH)+FLOAT(M)/60.0+
x DuM(l)/(1.o-DuM(2) *o.ol)/120.o

210 CALL FSHAPE ( DECAYT )
CALL MATCH ( NFCHsNFKsFXsFy~Fw~FpAR ~FISSsFISSSDs IDFISSsJ06 )
FCS = DUM(4)
MINFCH = DUM(5) + 005
MAXFCH = DUM(6) + 005
IF ( ARBWT ) GO TO 220
IF ( .NOT. ASSAYU ) GO TO 300
FPG = FISS / ASMG * 1000oO
FPGSD = FPG*SQRT( (FISSSD/FISS)**2 + (ASSD/ ASMG)**2 )
GO TO 300

220 FPG = FISS / UWT * 1000.0
FPGSD = FISSSD/ UWT * 1000.0

300 WRITE(9S3) VERSN~ JOB
IF ( ASSAYU .ORe OLDWT ) WRITE(9S4) ID235
IF ( ARBWT ) WRITE(995) UWT
IF ( ASSAYF ) WRITE(9S6) IDFISS
wRrTE(99-/)
IF ( ASSAYF ) WRITE(998) FISSS FISS SD
IF ( ASSAYU ) WRITE(999) ASMGS ASSD
IF ( ASSAYF ●ANDo (ASSAYU.OR.ARBWT) ) WR1TE[9J1O) FPG, FPGSD

AS.SAYU61

ASSAY062
ASSAY063
ASSAY064
ASSAY065
ASSAY066
ASSAY067
ASSAY068
ASSAY069
A.S.SAY070
ASSAY071
ASSAY072
ASSAY073
ASSAY074
ASSAY075
ASSAY076
ASSAY077
ASSAY078
A.S.5AY079
ASSAY080
ASSAY081
ASSAY082
ASSAY083
ASSAY084
ASSAY085

)ASSAY086
ASSAY087
AssAYo138
ASSAY089
ASSAY090
ASSAY091
ASSAY092
ASSAY093
A.SSAY094
ASSAY095
ASSAY096
ASSAY097
ASSAY098
ASSAY099
ASSAY lOO
ASSAY101
ASSAY102
ASSAY103
ASSAY104
ASSAY105
ASSAY106
ASSAY107
ASSAY108
AS5AY109
ASSAY11O
ASSAY1ll
ASSAY112
ASSAY113
ASSAY114
ASSAY115
ASSAY116
ASSAY117
ASSAY118
ASSAY119
ASSAY120



WRITE(9915)
IF ( .NOT. ASSAYF ) GO TO 310
IT = DUM(l) + 0.5
1P = DUM(2)+ 0.5
WRITE(9tll) IRDATEs IRT19 IRDT9 WLDATE9 IWLTS ITS

x NFCH, MINFCH, MAXFCH, FCS
IF ( NET ) WRITE(9t12) FMODEL
IF ( ●NOT. NET ) WRITE(9*13) FMODEL, BMODEL

310 IF ( ●NOTO ASSAYU ) GO TO 99
IT = UDT + 0.5
WRITE(9!14) ITJ NUCH~ MINUCHS MAXUCH~ UCS~ UMODEL
GO TO 99
END

IP~ DECAYT~

ASSAY121
ASSAY122
AssAY123
ASSAY124
ASSAY125
ASSAY126
ASSAY127
ASSAY128
AssAY129
ASSAY130
ASSAY131
ASSAY132
ASSAY133

SUBROUTINE ASSAYZ ASAYZ 01
c BLOCK DATA FOR THE ASSAY CODE ON USERLIB TAPE ASAYZ 02

COMMON /MODEL/ UMODEL,FMODEL,BMODEL ASAYZ 03
COMMON /USPLIN/ NUK9 UPAR(6)* UX(5U)S UY(50)J UW(50) ASAYZ 04
COMMON /BSPLIN/ Ni3K~ BPAR(2), BX(5U)S BY(50)s BW(50) ASAYZ 05

c URANIUM SPECTRUM SHAPE ASAYZ 06
DATA uMODEL/8HMAY 1974/sNUK/15/>UPAR/. 135s.25, 1.s9.8s662.,0. 1/ ASAYZ 07
DATA (UX(l)~I=lJ15) / .12~.13, .14,.15,e169.17 s.18, .19s.2, .21>.22sASAYZ 08

x .23v.24,m25~.26/ ASAYZ 09
DATA ( UY(I)~ I = l? 15 ) / 1.4564E2, le0975E2> 1*2200E2,ASAYZ 10

x 1.9492E2, 2.1683E2, 2.1895E2, 307518E2* 6.5999E2~ 7.2401E2,ASAYZ 11
X 4.6409E2v 1.9829E2, 609214E1* 2.5461E1, 1.3728E1, 1.3728El/ASAYZ 12

DATA (UW(1)9 1=1! 15 ) / 3.2945E2, 4.6906E5g 1.0121E6,ASAYZ 13
x -807748E5v -5.6306E5v 1.9427E6s 2.0988E6v -2.7432E6~ -4.3136E6,ASAYZ 14
x 5.6139E5> 1.7150E6, 7.827VE5, 2.6750E5, 8oO1O6E4S 9.0 /ASAYZ 15

c COSMIC RAY BACKGROUND ASAYZ 16
CATA 6MODEL/8H031270 /9 NBK/6/9 BPAR/le9?31./ ASAYZ 17
DATA. ( BX(I),I = lJ 6 ) / 0.25, 0.59 00759 1.0s 1.59 200 / ASAYZ 18
DATA (BY(I),I=l~6)/1.1679~ ●47823~.26427s .17725s .073422se024707/ ASAYZ 19
DATA (BW(I),I=l~6)/8.9926 s8.9926s .7U303S.3815 ,.18919,.18919/ ASAYZ 20
RETURN $ END ASAYZ 21

SUBROUTINE FSHAPE (T)
COMMON /FSPLIN/ NFKs FPAR(6)9 FX(50)~ FY(50), Fw(50)
COMMON /MODEL/ UMODEL~FMODEL~BMODEL
DIMENSION CPMK(10, 24), CPMW(10, 24)$ CPMT(lo)s TEMP(24)
DATA FMOI)EL/8HU40171 /sFPAR/e45s09sl.91.499El 1*31505,1.499E9/
DATA KNOTS /10/s NFK /24/
DATA ( CPMT(I), I =1> 10 ) / 1.609s

X 2.2279 2.845v 3.463* 4.081s 4.6999 5*317s 5.934* 6.552v 7.170/
DATA (FX(I), I = 1, 24 ) / .44* .46v0489.50v052 vo54*e56g058v.60q

x .629 .64,.66,.68,.70, .72,. 74,076v078v.80, .82,084,.S6,.38e.’3O/
DATA ( CPMK( I), I = 1S 172 ) / 11.480s

X1Q0664S 9.899, 90031J 8.109~ 7.261s 6.710s 6.1569 5.527s 4.826s
X1l.417S1U0620S 9.857s 9.005s 8.126s 7.328s 6.801s 6.280s 5.677s’
X 4.973 s1Io458s1O.7U2 ~ 9.996* 9.255* 8.361s 7.6359 7.173s 6.7479
X 6.1899 5.520s11.698s 11.100 s1O.487S 9.8289 8.843s 8.004s 7.541s
X 7.191$ 6.682s 60048~120031 s11.531, 10.999s10.3329 9.325, 8.197s
X 7.575s 70218~ 6.715s 6.070*120 1O9S11.652S 11.148t10.394~ 9.4479
X 6.223s 7.418s 6.953s 6.371s 50589~11.882s l10395 ,1008529 9.981s

FSHPE 01
FSHPE 02
FSHPE 03
FSHPE 04
FSHPE 05
FSHPE 06
FsHPE 07
FSHPE 08
FSHPE 09
FSHPE 10
FSHPE 11
FSHPE 12
FSHPE 13
FSHPE 14
FSHPE 15
FSHPE 16
FSHPE 17
FSHPE 18
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X 9.@36g 7.907, 7.155s 6.638* 5.946, 4.955 *11.508s1OO882J 100269J
X 9.322s 8.286s 7.271s 6.676s 60129t 5.411* 4.425, 11.373s10.577s
X 9.8799 90033s 7.885* 6.852, 6e25~+v 50636v 4.928, 4.087sl10594~
X1O.819$10.164J 90435s 8.231s 6.994s 60215~ 50515s 40770s 3.989s
X11.801 J11.155,1O.598S 9.91OS 8.778J 7.400s 6.447, 5.598, 4.728,
X 3.895 s11.769911.214s 10e719slo.028s 9.0729 7.724$ 60680~ 5.678,
X 4.660s 30815 s11.56O*1OS999* lo.480s 90774s 8~949* 7.782s 60792~
X 50734t 40713, 4.037* 11.494~100892s 10.294t 9.567s 8.650s 7.631s
X 6.7499 5.839* 5.lU4~ 4e677*110604 t11.054s 10.466s 9.759* 8.689,
X 7.55~+s 6.725s 5.098s 50661J 5.379 sll.612$11.084* 10.567s 9.850s
X 8.870t 7.654s 5.861, 6.395s 6.1939 5.905911.422 s10.844s 100334J
X 9.598* 3.789v 7.730* 60996~ 6.547* 6.316s 6.173s11.228s10.464/

DATA ( CPMK(I)S I = 173J 240 ) /
X 9.843v 9.075* 8.4379 7.638, 7.015s 6.4999 6.259, 6.127s11.188s
x1OO233S 9e400s 8.574s 7.9799 7.430* 6.895$ 6.304s 5.945, 507199
X11.259S1O.153S 9.218s 8.322* 7.6469 7.2oo~ 6.752s 6.130s 5.562s
X 5o006S110302 S10*l199 9.177s 8.2739 705339 7.U37S 6.6339 600319
X 5.282$ 4.313 sll.280t10e107~ 9.149s 8.27Q~ 7.510, 6.948s 6.485*
X 5.862$ 5.028s 3.874s11. 209s1U.1199 9.1619 8.282s 7.5279 6.878,
X 60328J 5.591s 4.7U2S 3.472911. 132s10=1259 9.197* 8.265s 7.536s
X 6.8729 6.235, 5.376, 4.4259 3.238/

DATA ( CPXW( I), I = 1, 172 1 / .246,
x .246v -04409 -01U59 .012, 1,228, –.273, -.175, -.196s -.196s
x .185s ●1859 -0393, -.0209 ●048~ 10106s -0202s -,207s -a274~
x -.2749 ●1559 .1559 .0179 -.767, .635, .870, .036, -.457,
X -.262s -.262s -oo89~ -6089s .214s-10494~ ●638s le242s .297,
x -.638, -.265s -.265s -o053~ ‘.053J ‘.2429-l~loo* -.699s 10987*
x .7139 -e673s -03119 -03119 .0459 .045s –*9599 -o142s-1o495s
X 10753s 1.085s -.659s –.480s ‘.480s ●1019 .1019-1.404$ .368,
X-10221* 106139 96869 -.654, -.812s -.812, .322v ●322s-10417o
x .103J -0394, 10791s -.150, -.448s ‘.751s -.751s ●386J .386,
x -.386$-10168? ●3089 10749s —0480~ -e134J —.394, -.394, .359*
x .3599 ●O87S-10859J -.129, 10861s –.123s –.123, -.0909 -0090,
x .329, ●329g –0246,-l.~04,-l.ills 1.968s -.063s -0097s .134,
x .1349 .3459 ●345, –.762, -.383s-1.875s 10721s ‘.231, -.1489
x .577, .5779 ●3U79 ●3079 -.8599 .175s-1.702, 1.2639 -.586s
x ●024t 1.078s 1.078J ●0910 .0919 -.3969 -.5329 –.4629 ●7719
X -.458* .598, .8449 ●844v ‘aiOls -.101s –.104,-1.348s -.208,
X 10163J 9359, .567, .374* ●3749 .176+ .176, -.696, -.549*
x-10233s 1.785, .726, ●4549 ●2023 .2029 .429v
x

●429v-lm079v
●344t-10446, 10498~ .575* .6829 ●1360 .136s .633, .633/

DATA ( CPPI’d( I)? I = 173s 240 ) /
X -0974s 1.033,-1.142s .9999 -.094s 1.072, ●128~ .128* ●456y
x .456, -.3499 1.0349 -.139* 92229 —9518* .983, ●2219 ●221J
x .572, .572v -.168$ .720, .725v ●0069 -.788, ●422~ –.0509
x -.050, .7909 .790! –.172, ●5019 ●7409 ●3799 -.8159 -.217s
x -.6469 -.6469 ●658g ●658v ●082~ .290s .610s .3899 -0613~
X -0448~ -.918s -.918s .4659 ●465g .046s ●4379 .165* .564,
X –.352, –ol16~-10@51~-10051s .3149 ●3149 –0319, .890, -.0549

-.9779 .066, -.7519 -0751/
~25xaA”?6::(3G( T )

DO 130 J = 19 NFK
CALL ..SPLIN2 ( CPMT~ CPMK(19J), KNOTSS CPMW(l~J)~ AAs TEMP )

130 FY(J) = EXP( TEMp(l) 1
CALL sPLIN1 ( FXS FYs NFKs FWS TEMP* 2* 1.0s 1.0 )
RETURN
END

FSHPE 19
FSHPE 20
FSHPE 21
FSHPE 22
FSHPE 23
FSHPE 24
FSHPE 25
FSHPE 26
FSHPE 27
FSHPE 28
FSHPE 29
FSHPE 30
FSHPE 31
FSHPE 32
FSHPE 33
FSHPE 34
FSHPE 35
FSHPE 36
FSHPE 37
FSHPE 38
FSHPE 39
FsHPE 40
FSHPE 41
FSHPE 42
FSHPE 43
FSHPE 44
FSHPE 45
FSHPE 46
FsHPE 47
FSHPE 48
FSHPE 49
FSHPE 50
FsHPE 51
FSHPE 52
FsHPE 53
FSHPE 54
FsHPE 55
FSHPE 56
FSHPE 57
FSHPE 58
FSHPE 59
FSHPE 60
FSHPE 61
FSHPE 62
FSHPE 63
FSHPE 64
FSHPE 65
FsHPE 66
FSHPE 67
FSHPE 68
FSHPE 69
FSHPE 70
FsHPE 71
FSHPE 72
FSHPE 73
FSHPE 74
FSHPE 75
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SUBROUTINE READ HP ( 109 LSTS JOB )
COMMON /DATA/ NS X(103O)S Y(103O)9 DUM(10)
DIMENSION ID(l)~ IH(lO)~ IC(lO)t JOB(1)
DATA ( IH(I)sI=l,lO)/lHO,lHl, 1H2s1H3, 1H4,1H5,1H6,1H7, lH891H9/
DATA ZERO/1.E-6/, SPACE/loE6/, FOLD/9.85E5/
LOGICAL LIST

1 FORMAT( 10A8 )
2 FORMAT( lXS 14s lXS 10F6oOS 6XS A8 )
3 FORMAT( 1H1,1OA8 // 3x, 4H IND, 8X, 10A1O )
4 FORMAT( lH )
5 FORMAT( 1X* 169 loIl~t 4XS A8 )
6 FORMAT( 16X, 10A8 / 86X3Alo * SERIAL* 13 )

READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ

7 FORMAT(/* COUNT TIME * F700~6X* DEAD TIME * F700 READ
x /* zERo ENERGy AT * F7.096X * CHANNEL FOR CS-137 * F7e0
x /* MINIMuM cHANNEL * F700s6X * MAXIMUM CHANNEL * F7.O )

LIST = ●FALSE.
IF ( LST .GTo 1 ) LIST = .TRUEO
READ(10,1) ( ID(I)o I = 1, 10 )
IF ( LIST ) WRITE (9,3) ( ID(I)* 1=1s10 )? IH
N=O
NG=O
IL=O
READ(1OS2) 11s DUMS IE
GO TO 120

110 READ(I092) 11s DUMS IE
IF ( 11 ●LTO 1 ) GO TO 180

120 K2 = ( 11/10 + 1 ) * 10 - 11
DO 130 I = 1, K2
JJ = 11 - 1+ I
IF ( JJ cGT. 1023 ●0R0 N ●GT. 1024 ) GO TO 135
N= N+l
X(N) = JJ
Y(N) = DUM(I)

130 IF ( DUM(I) ●GTO FOLD ) Y(N) = DUM(I) - SPACE
135 IF ( ●NOTO LIST ) GO TO 110

DO 140 I = 1* 10
140 XC(I) = DUM(I) + ZERO

IF ( NG ●NE. 5 ) GO TO 150
wRITE(9s3) ( ID(I), 1=1,10 )9 IH
NG=6

150 IF ( IL ●LT, 10 ) GO TO 160
WRITE(994)
IL=O

160 wRITE(9s5) 11s ( IC(I), I = 19 10 ), IE
IL = IL+l
IF ( IL ●EQO 10 ) NG = NG + 1

GO TO 110
180 IF ( DUM(6) ●LE. ZERO ) DUM(6) = 100000

IF ( DUM(l) .LE. 0.0 ) DuM(l) = 1.0
IF ( LIST ) WRITE(99 7) (DUM(I)S 1=1s6 )
NN=N
N=o

DO 190 I = 1, NN
IF ( X( I).LTODUM(5) ●OR. X( I)OGT.DUM(6) ) GO TO 190
N= N+l
X(N) = X(I)

READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
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Y(N) = Y(I)
190 CONTINUE

CALL GPLOT ( 1S NS X, Y~ 38, 0 )
CALL WLCV ( 60s 91O,18,18HCOUNTS PER CHANNEL, 1 )
CALL WLCH ( 896, 945, 7, 7HCHANNEL9 1 )
CALL LINCNT (60)
WRITE(12,6) I ID(I)~ I = It 10 ), [ J05(I),I=1,4 )
RETURN
ENCI

SUBROUTINE BPART
COMMON /DATA/ N, X(103O), Y(103O), DUM(10)
COMMON /BSPLIN/ NBK, BPAR(2), BX(50), BY(50), Bw(50)
DIMENSION TEMP(3)
SPA = DUM(l) * BPAR(2) / BPAR(l) / (DuM(4)-DuM(3))
SPB = OC662 / DUM(4)
DO 110 1 =l,N

EE = lx(I) - DUM(3) ) * SPB
CALL sPLIN2 ( Bx~ BYs NBK~ BWS EE , TEMP(2) )

11OY(I) =Y(I) - TEMP(l) * SPA
RETURN
END

READ
READ
READ
READ
READ
READ
READ
READ
READ

57
58
59
60
61
62
63
64
65

BPART 01
BPART 02
BPART 03
13PART 04
BPART 05
BPART 06
BPART 07
BPART 08
BPART 09
BPART 10
BPART 11
BPART 12

SUBROUTINE MATCH ( NCH~ NK~ xKs yK~ WK* pARs AsSAyt sDEVS IDsJOB )MATCH 01
DIMENSION XX(l(132),YY (lo32),pAR (1) 9XK(1),yK(1)SWK(1) ,1D(1)9J013( l)MATCH 02
COMMON /PAUX/ P(3) sSP(3)sBM( 3J4)JNp9Ep (2) *XP(50) sYp(50)>WP(50 ) MATCH 03
COMMON /DATA/ iq~ x(103O)S Y(103OIJ DUM(10) MATCH 04
DIMENSION IND(2) MATCH 05
DATA [IND(I )91=192) / 9HCONVERGED 9 6HFAILED / MATCH 06

1 FORMAT( 16x*ADJUSTED FIT*/ 16X10A8/ 81X2A1O*A12* SERIAL* 13 ) MATCH 07
2 FORMAT(lH1////lXlO4X4HP4X4HP (l) $8x4HP( 2) s8X4Hp(3)S5XloHI TERATIONS)MATCH 08
3 FORMAT( / 2xtlPE10.2J 2E1204~ 17s 2XS A9 ) MATCH 09
4 FORMAT( /4X 39HP(3) * sPLINE( P(2) * ( x - P(l) ) ) ) MATCH 10

NP = NK
EP(lI = PAR(1)

MATCH 11
MATCH 12

EP(2) = PAR(2) MATCH 13
DO 105 I = 1, NK MATCH 14
XP(I) =XK(I) MATCH 15
YP(i) = YK(I) MATCH 16

105 WPII) =WK(I)
P(l)

MATCH 17
= DUM(3)

P(2) = 0.662 / ( DUM(4) - P(1) )
MATCH 18
MATCH 19

P(3) = 1.0 MATCH 20
WR[TE(9*2) ( ID(I)~ I = 1, 10 ) MATCH 21
WRITE(993) P
CALL

MATCH 22
ASSAYP ( lS 2s ITs II ) MATCH 23

wRITE(9s3) P~ ITJ IND(II) MATCH 24
CALL ASSAYP ~ lS 3s IT~ 11 ) MATCH 25
wRITE(9J3) P~ ITJ IND(II) MATCH 26
CALL ASSAYP ( 29 3J ITs 11 ) MATCH 27

14



WRITE(9,3) Ps IT, IND(II)
CALL ASSAYP ( 1, OS ITS II )
WRITE(9,3) P, ITt IND(II)
CALL ASSAYP ( 0, OS IT, 11 )
WRITE(9S3) P9 ITs IND(II)
WRITE(994)
DUM(4) = (1.662 / P(2) + P(1)
NCH = O
ASSAY = PAR(4)*PAR(3)/DUM(l)*O. 662/p(2)*P(3)/pAR(5)
SDEV = ASSAY*SQRT( (1.O/P(2))**2*BM(2,3) + (loO/P(3))**2*BM(3S4)

x +1.O/P(2)/P(3)*BM(2 s4) + (PAR(6)/PAR(4))**2 )

MATCH 28
MATCH 29
MATCH 30
MATCH 31
MATCH 32
MATCH 33
MATCH 34
MATCH 35
MATCH 36
MATCH 37
MATCH 38

DO 110 I=ltN
x(I) = ( X(I) - P(l)) * P(2)
IF ( X(1) .LT. PAR(1) .OR. x(I) .GT. PAR(2) )
NCH = NCH + 1
XX(NCH) = X(I)
YY(NCH) = Y(I)

110 CONTINUE
CALL GPLOT ( 1* NCHS XXS YYs 38s O )
XMIN = XX(1)
XMAX = XX(1)
DO 120 I = 19 NCH

120 IF ( XX(I) .GTo XMAX ) xMAX =Xx(r)
IF ( xX(I) .LTo XMIN ) xMIN = XX(I)
DD = (xMAX - XMIN ) / 101oO
XX(1) = XMIN
DO 125 I = lS lol
CALL SPLIN2 ( XK, YKs NKs WKS XX(I)S YY(I) )
YY(I) = YY(I) * P(3)

125 XX(I+l) = XX(I) +DD
CALL GPLOT ( 209 lU1, XX, YY, 48s 1 )
CALL WLCH ( 896, 945* 79 7H MEVS1)

MATCH 39
MATCH 40

GO TO 110 MATCH 41
MATCH 42
MATCH 43
MATCH 44
MATCH 45
MATCH 46
MATCH 47
MATCH 48
MATCH 49
MATCH 50
MATCH 51
MATCH 52
MATCH 53
MATCH 54
MATCH 55
MATCH 56
MATCH 57
MATCH 58
MATCH 59

CALL WLCV ( 60, 91O,18,18HCOUNTS PER CHANNEL, 1 ) MATCH 60
CALL LINCNT (60) MATCH 6~
wRITE( 12,1) ( ID(I) sI=l,lO)t(JOB(I )tI=1s4) MATCH 62
RETURN MATCH 63
END MATCH 64

SUBROUTINE ASSAYP ( IXIS IX2S ITs IND )
C PARAMETER ADJUSTING SUBROUTINE MODIFIED ESPECIALLY FOR ASSAY

COMMON /DATA/ N, X(103O), Y(103O)S DUM(10)
COMMON /PAUX/ p(3) ssp(3)sB~(3 s4), Np9Ep (2) 9xp(50) 9Yp(50),Wp(50 )
DIMENSION DYDP(3) 9AN(3~,TMp(loO) sIx(2)~W( 1030),AM(3S3) ,DY(103o)
LOGICAL NOFIXS DONE, KLT2
GATA H/1.O/S TEST/OOoOOOOl/

L

100 DONE=.FALSEO
IM=O
IF ( 1X1 ,LTo 1 ) GO TO 105
IM=l
IX(1) = 1X1

105 IF ( 1X2 ●LTO 1 ) GO TO 110
IM = IM + 1
IX(IM) = 1x2

110 K = 3 - IM
NOFIX=IMOLTO1

ASAYP
ASAYP
ASAYP
ASAYP
AsAYP
ASAYP
ASAYP
ASAYP
ASAYP
ASAYP
ASAYP
ASAYP
ASAYP
ASAYP
ASAYP
ASAYP
ASAYP
AsAYP

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
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KLT2=K.LT02
IT=O
IND = 1
KP=K+l

150 IT=IT+l
DO1601=ls3
D0160J=1$4
IF(JoLToKP )AM(I~J)=O.O
IF(I+lOEQCJ) GOTO155
BM(IsJ)=OCO
GOT0160

155 BM(IsJ)=l.O
160 CONTINUE

DUM(5) = EP(l) / P(2) + P(l)
DUM(6) = EP(2) / P(2) + P(l)
DO 180 I=lsN
W(I) = Y(I)

180 IF ( X( I)OLT.DUM(5) .ORO X( I)OGT.DUM(6) ) W(I) = 000
200 D0230L=1,N

ARG = ( X(L) -P(1) ) * P(2)
CALL SPLIN2 ( XPS YP, NP9 WP, ARG~ TMP )
2YDP(1) = - TMP(2) * P(2) * P(3)
DYDP(2) = TMP(2) * (X(L)-P(l)) * P(3)
DYDP(3) = TMP(l)
DY(L) = Y(L) - TMP[l) * P(3)
J=O
D0215JUK=1S3
IF(NOFIX)GOTO 210
D0205JOKE=l~IM

205 IF(JuKoEQ. Ix(JOKE))GOT0215
210 J = J+ 1

AN(J) = DYDP(JUK)
215 CONTINUE

D02251=l~K
DO 225 J=IsKP
IF(J.EQ.KP)GOTO 220
AM(I~J)=AM (19J)+AN(I)*AN (J)*W(L)
GO TO 225

220 BM(I~l) =BM(Isl)+AN(Il*DY( L)*W(L)
225 CONTINUE
230 CONTINUE

AM(291) = AM(192)
AM(391) = AM(1,3)
AM(392) = AM(2s3)

300 IF ( KLT2 ) GO TO 305
CALL LSS ( K, KPs 3, AM, BM, TMP, DET )
GOTO31O

305 BM(ls1) = BM(l,l)/AM(lsl)
BM(1s2) = l.O/AM(lSl)

310 J = O
DO 330 1=1s3
IF(NOFIX)GOTO 320
D0315JOKE=191M

315 IF(I*EQ. IX(JOKE))GOT0330
320 J = J + 1

IF ( ABS ( TEST * P(I) ) ●LT. ABS( BM(J,l) ) ) GO TO 325
DONE = ●TRUEO

325 P(I) = P(I) + H * BM(J~l)
330 CONTINUE
400 IF ( cNOT. DONE sAND. IT ●LT. 25 ) GO TO 150

ASAYP 19
ASAYP 20
ASAYP 21
A.SAYP 22
ASAYP 23
ASAYP 24
ASAYP 25
ASAYP 26
ASAYP 27
ASAYP 28
ASAYP 29
ASAYP 30
ASAYP 31
ASAYP 32
ASAYP 33
ASAYP 34
ASAYP 35
ASAYP 36
ASAYP 37
ASAYP 38
ASAYP 39
ASAYP 40
ASAYP 41
ASAYP 42
ASAYP 43
ASAYP 44
ASAYP 45
ASAYP 46
AsAYP 47
ASAYP 48
ASAYP 49
ASAYP 50
ASAYP 51
ASAYP 52
ASAYP 53
ASAYP 54
ASAYP 55
ASAYP 56
A!5AYP 57
ASAYP 58
ASAYP 59
ASAYP 60
ASAYP 61
ASAYP 62
ASAYP 63
ASAYP 64
ASAYP 65
ASAYP 66
ASAYP 67
ASAYP 68
ASAYP 69
ASAYP 70
ASAYP 71
ASAYP 72
ASAYP 73
ASAYP 74
ASAYP 75
ASAYP 76
ASAYP 77
ASAYP 78

,
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IF ( ●NOTO DONE ) IND = 2
IF ( IM ●GT. 1 ) GO TO 425
VAR = 0.0
WVAR = 0.0
IF ( N ●LTO 4 ) GO TO 410
DO 405 L=lsN

405 vAR = VAR + W(L) * DY(L) ** 2
WVAR = VAR / FLOAT(N-3)

410 DO 420 I = 1s3
DO 415 J = 2J 4

415 BM(I~J) =BM(I~J) * WVAR
420 SP(I) = SQRT (BM(Is I+l) )
425 RETURN

END

SUBROUTINE SPLINl( X~FSNSWSGSIND>XMl sXMN)
DIMENSION X( l) 9F(l)~W(l)sG(l)
GCI TO (15?169200)sIND

15 w(l) =(X(2)-X(l))/30
G(1) =((F(2)-F(l))/(X(2)-X(l ))-XMl)/W(l)
NDIC =1
GO TO 17

16 W(2) =((X(2)-X(l))*(le+XMl/2c )+X(3)-X(2))/30

G(2) =((F(3)-F(2))/(X(3)-X( 2))-(F(2)-F(l))/(X(2)–X( 1)))/W(2)

NDIC =2

GO TO 17
200 G(l)=XM1

W(l)=l.
W(2) =(x(3)-x(l))/30
G(2) =[(F(3)-F(2))/(X(3)-X( 2))-(F(2)-F(l))/(X(21-X (1))
l-(X(2)-X(l))/6.*G(l)) /M(2)
NDIC =2

17 K =N-NDIC
J =NDIC+l

30 DO 165 I=JsK
W(I) =(x(I+l)-x(l-1))/3.-( (x(I)-x(I-1))**20)/36. /W(I-1)

165 G(I) =((F(I+l)-F(I))/(X(I+l )-X(I))-(F(I)–F(I–l))/ (x( I)-X( I-l))
1-(x(I)-x(I-1))/6e*G(I -1))/w(I)
GO TO (53954955) 91N9

53 W(N) =(x(N)-x(N-1))/30*(le- (x(N)-x(N-1))/12*/w(N-l ))
W(N) =(xMN-(F(N)-F(N-l))/ (X(N)-X(N-l))-(X(N)-X (N-l))*G(N-1)/6.
1)/W(N)
GO TO 18

54 W(N-1) =((X(N)-X(N-l))*(le+XMN/2 ●)+(X(N–1)-X(N-2)1)/3 ●

l-(X(N-1)-X(N–2))/36.* (X(N-l) -X(N–2))IW(N-2 )

ASAYP 79
ASAYP 80
ASAYP 81
ASAYP 82
ASAYP 83
ASAYP 84
A.sAYP 85
ASAYP 86
ASAYP 87
ASAYP 88
ASAYP 89
ASAYP 90
ASAYP 91
ASAYP 92

SPLN1 1
SPLN1 2
SPLN1 3
SPLN1 4
SPLN1 5
SPLN1 6
SPLN1 7
SPLN1 8
SPLN1 9
SPLN1 10
.SPLN1 11
SPLN1 12
SPLN1 13
SPLN1 14
SPLN1 15
SPLN1 16
SPLN1 17
SPLN1 18
SPLN1 19
SPLN1 20
SPLN1 21
SPLN1 22
SPLN1 23
SPLN1 24
SPLN1 25
SPLN1 26
SPLN1 27
SPLN1 28
SPLN1 29
SPLN1 30

W(N-1) =((F(N)-F(N–1))/(X(N) -X( N–l))–( F(PJ-1)-F(N-2 ))/(X(N–1)-X(N-2SPLNl

1))-(X(N-1)-X(N-2))/60 *G(N-2))/W(N-1) SPLN1
GO TO 18 SPLN1

55 IF(NDIC-1)60S60S56 SPLN1
56 J =N-1 SPLN1

K .N-l SPLN1
NDIC =1 SPLN1
GO TO 30 SPLN1

60 G(N)=l. SPLN1
w(N)=XMN SPLN1

18 I =N-NCIC SPLN1

31
32
33
34
35
36

37
38
39
40
41



19 K=2*NDIC
20 DO 156 J=KsN

w(I) =G(I)-( X( I+l)-X( I)) /W(I)* W(l+l)/60
156 1=1-1

GO TO(22s52~57)sIND
57 W(l)=XM1

GO TO 22
52 W(1) =XM1*W(2)

W(N) =XMN*W(N-1)
22 RETURN

END

SUBROUTINE SPLIN2( XSFSNSWSYSTAB)
DIMENSION X( N) JF(N)SW(N)9TAB(3)
DATA T/O.33333333/
IF ( N ●LT. 2 ) GO TO 80
11=
K=N

10 J= ( I +K ) /2
IF ( I ●EQe J ) GO TO 70
IF ( X(J) ●LT. Y 1 GO TO 20
K=J

GO TO 10
20 I=J

GO TO 10
70 EL =X(K) -X(I)

DX1 = X(K) - y
REL = 1.0 / EL
EL = EL * 0.16666666666667
DX2= Y-X(I)
F1 =DX1 *W(I) *REL
F2 = DX2 * W(K) * REL
TAB(3) =F1+F2
F3 = -F1 * 0.5 * DX1

F4 = F2 * 0.5 * Dx2
F5 = F(I) *REL– EL *w(I)

F6 = F(K) *REL - EL * W(K)
TAB(2) =F3+F4-F5+F6
TAB(1) = ( F5’ - F3 * T ) *Dxl + ( F6 + F4* T ) *DX2

RETURN
80 TAB(1) = F(1)

TAB(2) = 0.0
TAB(3) = 0.0
RETURN
END

SPLN1 42
SPLN1 43
SPLN1 44
SPLN1 45
SPLN1 46
SPLN1 47
SPLN1 48
SPLN1 49
SPLN1 50
SPLN1 51
SPLN1 52

SPLN2 01
SPLN2 02
SPLN2 03
SPLN2 04
SPLN2 05
SPLN2 06
SPLN2 07
SPLN2 08
SPLN2 09
SPLN2 10
SPLN2 11
SPLN2 12
SPLN2 13
SPLN2 14
SPLN2 15
SPLN2 16
SPLN2 17
SPLN2 18
SPLN2 19
SPLN2 20
SPLN2 21
SPLN2 22
SPLN2 23
SPLN2 24
SPLN2 25
SPLN2 26
SPLN2 27
SPLN2 28
SPLN2 29
SPLN2 30
SPLN2 31
SPLN2 32
SPLN2 33

.

.
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APPENDIX c

SJBRCUTINE GPLOT

.

his is a generalsubroutinedevelopedby the

authorto plot on film. It becameincorporated

naturallyintotheASEi4Yprogram,and thereforea

listingand brochureare includedfor convenience

to the reader.

=
The subroutinewill drawa suitablyscaledrec-

tangulargrid and plot Npoints on filmto any com-

binationof log and linearscales. The controlling

programcan eitherassignaxialbounda~ valuesor

let the subroutinedeterminethemfor optimumuse of

the plottingspace. Severalsetsof pointscan be

plottedon one grid.

ULJ

CALL GPLOT ( IOP, N, X, Y, ICH4R, ICON )

where IOP s 1 plotslinear-linear,

= 2 plotslinear-log,

= 3 plotslog-linear,

= 4 to 9plots log-log;

add 10 fornew plotwithpreviouslyused

boundaries,

20 to plot anotherset of pointson the

previousplot;

= 30means to findthe rangesof coordi-

natevalues;

N= numberof pointsto be plotted;

X and Y are the single-indexedcoordinatesof

the points;

ICHkRis the decimalintegercode for the plot-

tingsymbol;

ICON= O meansdo not connectthe points,

= 1 meansconnectthepoints.

GeneralInformation—
By makingappropriateuse of IOP,thepmgram-

mer can alsoplot severalsetsof pointson one

grid,or on separatebut identicalgrids,or plot

pointswithouta grid. A simplifiedflowchart is

includedas a quickguidein Fig.C-1.

The fourinterdependenttaskassignments(TA)

forwhichthe subroutinecan be employedare indi-

catedby the tensdigitof IOP.

TA-1 (O s IOP s 9) will advancethe filmone

frame,adjustboundaryvaluesforbestuse of the

plottingarea,drawand scalea grid,and plot N

points. The frameis leftin readinessfor additio-

nal plotsvia TA-3,writingon film,etc. See the

templatein Fig.C-2. The boundaryvalueswill be

determinedby the resultsfrcmTA-4only if TA-1 is

assignednext afterTA-4.

TA-2 (lO,SIOPS-19) differsfrcmTA-1 only in

thatthe boundaryvaluespreviouslystoredin the

subroutinememorywill be used. The programmercan

plot varioussetsof pointson severalidentical

gridsby successivere-entrywith TA-2 and choosing

the sameplottingmode each time.

TA-3 (20s IOP s 29)willplot an additionalset

of pointson the existingframeif it followsTA-1,

-2,or -3, and the unitsdigitof IOPwillbe ignor-

ed. On entrynext afterTA-4,thepointswill be

plottedon anew framewith a gridand scalingsub-

jectto the resultsfromTA-4,and the unitsdigit

of IOPwill be observed,as if enteredwith TA-1.

TA-4 (30s IOP)will selectand retainmaximum

andminimumcoordinatevalueswithoutplotting. k

unbrokensuccessionof entrieswith TA-4 for several

setsof pointswill adjustthe valuesto accommodate

all the sets. Thesevalueswill be used on first

entrywith any otherTA and then forgotten.

Whenevera pointwith a zeroor negativecoor-

dinatevalue appears,the subroutinewill generally

veto a log scalerequestand programa linearscale

for thatcoordinate.An exceptioncan occurwith

TA-3 afterTA-1,-2,or -3 withoutthe benefitof

resultsfromTA-4,and whichmuld leadto a job

abort.

Pointsfallingoutsidethe outerboundarywill

be plottedon thatboundary.
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DATAPASS/.F./,JOPOK/.F./

T 80
Set TENPto span thepoints

I

T

I Set XYLIMto spanthepoints

I

Cmplywith log scalingdemand
wherepossible,roundout
boundaryvaluesfrom
XYLIMvalues

Adjustscalingfactors
Advancefilmone frame
Set PASS= .F.
Set finalplottingmodeJOP
Set JOFt3K=.T.

I hnvandscale the grid I

I PlotNpoints
in JOP plottingnwde I

T

.%X XYLIM= TEMP
PASS = .T.

&
-1-J
AdjustXYLIM
to include new

TEMPvalues

a,.I
\

& FIG, C-1, FLOW CWART FOR

SUBROUTINE GPLOT,

.

.

,
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c
c
c
c
c
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SUBROUTINE GPLOT ( IOP, N, Xs Y~ ICHARS ICON ) GPLOTOOl
GPLOT -- GENERAL PLOTTING SUBROUTINE F4 VERSION DEC. 19 1966 GPLOTO02
THE SIX ASSOCIATED SUBROUTINES ARE GPLOTO03

10 GPLOTA, FOR MAXIMUM AND MINIMUM VALUES OF COORDINATE GPLOTO04
2* GPLOTB> TO ROUND OUT LOGARITHMS OF THE PLOTTING LIMITS GPLOTO05
3. GPLOTC, TO ROUND OUT THE LINEAR PLOTTING LIMITS GPLOTO06
4. GPLOTD, TO DRAW AND LABEL THE GRID GPLOTO07
59 GPLOTES TO KEEP THE PLOTTING POINT WITHIN THE OUTER FRAMEGPLOTO08
60 GPLOTF, TO INSCRIBE A LOGARITHMIC SCALING GPLOTO09

ALL THE OTHER SUBROUTINES ARE CONTAINED IN THE LA-FLM1 PACKEAGEO GPLOTO1O

DIMENS~ON x(N)~ Y(N)~ XYLIM(4)S TEMP(4)
LOGICAL PXLIN, PYLINs PASSS JOPOd
DATA PASS/OFALSEO/~ JOPOK/OFALSEO/
DATA IXL/12U/s IXR/980/S IYT/50/s IYB/910/
IF ( N ●LTC 1 ) RETURN
IF ( IOP ●GE. 30 ) GO TO 80
IF ( PASS ) GO TO 9
IF ( IOP ●LTO 20 ) GO TO 8
IF ( JOPOK ) GO TO ( 41J 519 61s 71 )sJOP

8 IF ( IOP ●GE. 10 ●ANDo JOPOK ) GO TO 9
CALLGPLOTA(NSXSXYLIM(l )sXYLIM(2))
CALLGPLOTA(N9Y *XYLIM(3 )*XYLIM(4))

9 JOP = IOP - (IOP/lo) * 10
10 PXLIN=OTRUE.

PYLIN=oTRUEO
IF(JOP,GT02 )PXLIN=.FALSEO
IF(JOP.EQe200ReJOPOGTe3 )pYLIN=cFALSEO

12 IF(PXLIN)GOT014
IF IXYLIM( l).LE.000)GOT013
CALLGPLOTB (XYLIM(2)*XYLI M(1) 9XR9XL9JX)
GOT022

13 PxLIN=oTRUEe
14 cALLGPLoTC (XYLIM(2)JXYLIM( l),xR,xL,NxsKx~Jx)
22 IF(PYLIN)GOT024

IF(xYLIM( 3)oLEaOOO)GOT023
CALLGPLOTB( XYLIM(4)9XYLIM( 3)9YT9YB9JY)
GOT030

23 PYLIN=oTRUEO
24 CALLGPLOTC (XYLIM(4)SXYLIM (3)sYT,YBsNYsKYsJY)

30 IF ( JOPOK ) GO TO 32
SPANX = FLOAT( IXR – IXL )
SPANY = FLOAT( IYB - IYT )
BIASX = FLOAT( IXL ) + 0.4995
BIASY = FLOAT( IYT ) + 004995

32 AX = SPANX / ( XR - XL )
AY = SPANY / ( YT - YB )
CALLADV(l)
PASS = .FALSEO
JOP=4
IF(PXLIN)JOP=2
IF(PYLIN)JOP=JOP-1
JOPOK = .TRUEO
CALL DGA (IXLs IXR~IYTsIYBsXLsXR sYT9YB )

GPLOTO1l
GPLOT012
GPLOT013
GPLOT014
GPLOT015
GPLOT016
GPLOT017
GPLOT018
GPLOT019
GPLOT020
GPLOT021
GPLOT022
GPLOT023
GPLOT024
GPLOT025
GPLOT026
GPLOT027
GPLOT028
GPLOT029
GPLOT030
GPLOT031
GPLoT032
GPLOT033
GPLOT034
GPLOT035
GPLoT036
GPLOT037
GPLOT038
GPLOT039
GPLOT040
GPLOT041
GPLOT042
GPLOT043
GPLOT044
GPLOT045
GPLOT046
GPLOT047
GPLOT048
GPLOT049
GPLOT050
GPLOT051
GPLOT052
GPLOT053

CALL GPLOTD (IXLSIXRS IYTSIYBSXL9XRJYT sYBsJOP~NXSKXSNYSKYSJX~JY) GPLOT054
GOTO(41S51 S61~71)~JOP GPLOT055 .

41 NN = N GPLOT056
IF(ICONOGTSO)NN=l GPLOT057
DO 42 I = 1, NN GPLOT058 ,
IX= BIASX+AX* ( X(I) -XL ) GPLOT059
IY = BIASY+AY* ( YT-Y(I) ) GPLOT060

22



CALL GPLOTE ( 1X9 IY )
42 CALL PLT( IX, IY, ICHAR )

IF ( NN ●EQ. N ) RETURN
DO 43 I=29N
11X = IX
IIY= IY
1x =BIASX+ AX* ( X(I) –XL )
[Y =BIASY+AY* ( YT-Y(I) )
CALL GPLOTE ( IX, IY )
CALL PLT( IXS IY* lCHAR )

43 CALL DRV( 11X9 IIYs IXS IY )
RETURN

51 NN=N
IF(ICONOGTOO)NN=l
D0521=1,NN
IX= BIASX+AX* ( X(1)-XL )
IY = BIASY + AY * ( YT - ALOG1O( Y(I) ) )
CALL GPLOTE ( Ix~ IY )

52 CALLPLT (IX,IY, ICHAR)
IF ( NN ●EQO N ) RETURN
Do53!=2*N
11X=1X
IIY=IY
IX= BIASX+AX* ( X(I) -XL )
IY = BIASY + AY * ( YT - ALOG1O( Y(I) ) )
CALL GPLOTE ( IXS IY )
CALLPLT (lX,IY~ICHAR)

53 CALLDRV( IIX~IIY~IX,IY )
RETURN

61 NN=N
IF(ICONOGTOO)NN=l
D0621=l~NN
1x = BIASX + AX * ( ALOG1O( X(I) ) - XL )
IY=BIASY+AY* ( YT-Y(I) )
CALL GPLOTE ( Ixs IY )

62 CALLPLT( IX,IY,ICHAR)
IF ( NN ●EQo N ) RETURN
D0631=2~N
11X=1X
IIY=IY
IX = BIASX + AX * ( ALOG1O( X(I) ) - XL )
IY = BIASY+AY* ( YT-Y(I) )
CALL GPLOTE ( 1X$ IY )
CALLPLT (IX,IY,ICHAR)

63 CALLDRV( IIXSIIY,IXSIY )
RETURN

71 NN=N
IF(ICON.GT.O)NN=l
D0721=1sNN
Ix = BIASX + AX * ( ALOG1O( X(I) ) - XL )
IY = BIASY + AY * ( YT - ALOG1O( Y(II ) )
CALL GPLOTE ( IXS IY )

72 CALLPLT (IX91YS ICHAR)
IF ( NN ●EQe N ) RETURN
D0731=2sN
11X=1X
IIY=IY
IX = BIASX + AX * ( ALOG1O( X(I) ) - XL )
IY = BIASY + AY * ( YT - ALOG1O( Y(I) ) )
cALL GpLoTE ( IX* IY )

GPLOT061
GPLOT062
GPLOT063
GPLOT064
GPLOT065
GPLOT066
GPLOT067
GPLOT068
GPLOT069
GPLOT070
GPLOT071
GPLOT072
GPLOT073
GPLOT074
GPLOT075
GPLOT076
GPLOT077
GPLOT078
GPLOT079
GPLOT080
GPLOT081
GPLOT082
GPLOT083
GPLOT084
GPLOT085
GPLOT086
GPLoT087
GPLOT088
GPLoT089
GPLOT090
GPLOT091
GPLoT092
GPLOT093
GPLOT094
GPLOT095
GPLoT096
GPLOT097
GPLOT098
GPLOT099
GPLOTIOO
GPLOTIO1
GPLOTIO2
GPLOTIO3
GPLOTIO4
GPLOTIO5
GPLOTIO6
GPLOTIO7
GPLOTIO8
GPLOTIO9
GPLOT11O
GPLOT1ll
GPLOT112
GPLOT113
GPLOT114
GPLOT115
GPLOT116
GPLOT117
GPLOT118
GPLOT119
GPLOT120
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CALLPLT( IXSIY~lCHAR)
73 CALL3RV( IIXSIIYSIXSIY )

RETURN
80 CALL GPLOTA ( N, X, TEMP(l)~ TEMP(2) )

CALL GPLOTA ( N, YS TEMP(3)s TEMP(4) )
IF ( PASS ) GO TO 82
DO 81 I = 1s 4

81 XYLIM(I) = TEMP(I)
PASS = .TRUEe
RETURN

82 DO 83 I = 19 39 2
IF ( TEMP(I) ●LT. XYLIM(I) ) xYLIM(I) = TEMP(I)

83 IF ( TEMP(I+l) .GTo XYLIM(I+l) ) XYLIM(I+l) = TEMP(I+l)
RETURN
END

SUBROUTINE GPLOTA ( N? X, XMIN, XMAX )
DIMENSION X(N)
XMIN=X(l)
XMAX=X(l)
D021=19N
IF(X(I) OGEOXMIN)GOTO1
XMIN=X(I)
GOT02

1 IF(X(I) .GT.XMAX)XMAX=X( I)
2 CONTINUE

RETURN
END

SUBROUTINE GPLOTB ( xRR, XLLS XRS XLS J )
IF ( xRR ●LT. XLL ) GO TO 4

lc = 0.9999

IF ( xRR ●LTo 1.0) C = -0.0001
TR= ALOGlo( XRRI
J = TR+ C
XR=J
c = 000001
IF ( XLL ●LT. 100) C = -0.9999
T = ALOG1O( XLL)
J=T+C

XL=J

IF ( XR - XL ●GT= 400 ) GO TO 3

IF ( XR - TR .LEo 0.522878 ) GO TO 2
XR=XR-00522878

2 IF(T-XLOLEO00477121 )GOT03
XL=XL+O0477121

3 IF(xR-xLoGT.2500 )XL=XR-25 .0
IF ( XR ●LTO XL + 0.0001 ) XR = XL + 0.477122
RETURN

4 T=xRR
XRR=XLL
XLL=T
GOTO1
END

GPLOT121
GPLOT122
GPLOT123
GPLOT124
GPLOT125
GPLOT126
GPLOT127
GPLoT128
GPLOT129
GPLOT130
GPLOT131
GPLOT132
GPLOT133
GPLOT134
GPLOT135

GPLTAOO1
GPLTAO02
GPLTAO03
GPLTAO04
GPLTAO05
GPLTAO06
GPLTAO07
GPLTAO08
GPLTAO09
GPLTAO1O
GPLTAO1l
GPLTA012

GPLTBOO1
GPLTBO02
GPLTBO03
GPLTBO04
GPLTBO05
GPLTBO06
GPLTBO07
GPLTBO08
GPLTBO09
GPLTBO1O
GPLTBO1l
GPLTB012
GPLTBOL3
GPLTB014
GPLTB015
GPLTB016
GPLTB017
GPLTB018
GPLTB019
GPL7’B020
GPLTB021
GPLTB022
GPLTB023
GPLTB024
GPLTB025

,

.
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SUBROUTINE GPLOTC ( xRR9 XLL9 xR9 XL9 NX* KS J )
IF ( xRR ●LTO XLL*l.COl ) GO TO 7
XR = XRR

1 XL = XLL
KADD = O
T=ALOG( XR-XL)*O0434294
IF(T.LEoO.0) KADD = 1
J=T–FLOAT( KADD )
IF ( T ●LTO 100 ) KADD = 1
TtN=10.0**(-J+l)
IR = 00999999 + XR * TEN
IL=XL*TEN+ 0.0000001
IF(XL.LTOOOO)GOT05
IL=IL/5

2 IR=(IR+4)/5
3 NX=(IR-IL)

IF(NX.GT.1O)GOTO6
4 AR=IR*5

AL=IL*5
XR=AR/TEN
XL=AL/TEN
A=XR
IF(XL+XR.LTOO.O)A=-XL
K = KADD
IF(JoLE.O )K=-J+KADD
c = o.o~~ol
IF ( A .LTo 100 ) c. -0.99999
J= ALOG1O( A ) + C
IF(JoLT.50AND.KoLT05) RETURN
K = 10+ K
IF ( J ●LT. O ) K=K+J

RETURN

5 IL=(IL-5)/5

IF(XR*GTOOOO)GOT02

IR=IR/5

GOT03

6 IF ( (IL/2)*2 ●NE. IL ) IL = IL - 1
IF ( (IR/2)*2 ●NE. IR ) [R = IR + 1
NX = ( IR-IL ) / 2
KADD = O
GOT04

7 IF ( xRRoLTo XLL) GO TO 9
8 XR = XLL * 10001

GOTO1
9 T = XRR

XRR = XLL
XLL = T
IF ( XRR ●LT. XLL*l.ool ) GO TO 8
GO TW 1
END

GPLTCOO1
GPLTCO02
GPLTCO03
GPLTCO04
GPLTCO05
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GPLTCO07
GPLTCO08
GPLTCO09
GPLTCO1O
GPLTCO1l
GPLTC012
GPLTC013
GPLTC014
GPLTC015
GPLTC016
GPLTC017
GPLTC018
GPLTC019
GPLTC020
GPLTC021
GPLTC022
GPLTC023
GPLTC024
GPLTC025
GPLTC026
GPLTC027
GPLTC028
GPLTC029
GPLTC030
GPLTC031
GPLTC032
GPLTC033
GPLTC034
GPLTC035
GPLTC036
GPLTC037
GPLTC038
GPLTC039
GPLTC040
GPLTC041
GPLTC042
GPLTC043
GPLTC044
GPLTC045
GPLTC046
GPLTC047
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SUi3ROUTINE GPLOTD ( IXLS IXR9 IYTs IYBs XL? XRS YT9 YBs
x NXS KXS NYs KYs JXS JY )

DIMENSICN G(80)9 IG(171)s NG1(5)$ NG2(5)
DATA ( G(I)9 I = lS 16 ) /

x .00000s .07918s ●14613~ .20412s ●25527~ .30103~ ●39794J
x .54407s ●602U69 .65321s .698979 ●77815* .845109 .90309s

DATA ( IG(I)s I = lS 27 ) /
X lsl$2*3s4~5s6s7s8s$ s10~ll>12s13s14915s 16s
X lsl~6s8~10s12s13s14s15 J16/

DATA ( NGl(i)~ I = 1s 3 ) / Is 189 1 /

DATA ( NG2(I)9 I =193 ) / 179 279 1 /
IF ( JOP .GT* 2 ) GO TO 10!)

CALL EXL
R= FLOAT( IXR - IXL ) / FLOAT (NX)
K2 = NX + 1
DO 20 LAP=1s2
X = IXL
DO 10 I = 19 K2

Ix = x + 0.4999
X=X+R

10 CALL GYA ( IYT~ IyBs IX )
IF ( NXOGE.5 ) GOTO 30
K2 = Nx*5 + 1

20 R = R*O.2
30 CALL EXH

CALL SBLIN ( NX, KX )
GO TO 200

100 CYC = XR - XL
T=JX
R= FLOAT( IXR - IXL ) / CYc
NL = CYC + 1.9999
ING = 1
J=l
IY = IYB + 20
IF ( CYC ●GT. 109 ) GO TO 115

K1 = NG1(2) + 2
K2 = NG2(2)
CALL EXH
TT=T
DO 111 LAP = 1S NL
DO 110 I = Kl~ K2
J.J+l

K= IG(I)
x = TT+ G(K)
IF ( X ●LT. XL - 0.0001 ) GO TO 110
IF ( X .GTo XR + OCoOOl ) GO TO 115
IX = ( X- XL ) * R + FLOAT( IXL ) + 0e4999
CALL PLT( IXS IY~ J 1

110 CONTINUE
J=l

111 TT = TT + 100
115 IF ( CYC ●GTO 1s9 1 ING = 2

IF ( CYC ●GTO 4.1 ) ING = 3
K1 = NG1(ING)
K2 = NG2(ING)
DO 135 I = 19 NL
IF ( T ●LT. XL - 0.0001 ) GO TO 122
CALL ExH
IX = ( T- XL ) * R + FLOAT( IXL) + 004999
CALL GPLOTF ( IXS IYs JXS 2 )

JOP~ GPLTDOO1
GPLTDO02
GPLTDO03
GPLTDO04

.47712, GPLTDO05

.95424/ GPLTDO06
GPLTDO07
GPLTDO08
GPLTDO09
GPLTDO1O
GPLTDO1l
GPLTD012
GPLTD013
GPLTD014
GPLTD015
GPLTD016
GPLTD017
GPLTD018
GPLTD019
GPLTD020
GPLTD021
GPLTD022
GPLTD023
GPLTD024
GPLTD025
GPLTD026
GPLTD027
GPLTD028
GPLTD029
GPLTD030
GPLTD031
GPLTD032
GPLTD033
GPLTD034
GPLTD035
GPLTD036
GPLTD037
GPLTD038
GPLTD039
GPLTD040
GPLTD041
GPLTD042
GPLTD043
GPLTD044
GPLTD045
GPLTD046
GPLTD047
GPLTD048
GPLTD049
GPLTD050
GPLTD051
GPLTD052
GPLTD053
GPLTD054
GPLTD055
GPLTD056
GPLTD057
GPLTD058
GPLTD059
GPLTD060
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CALL EXL
122 DO 125 J = KIs K2

K = IG(.J)
x= T + G(K)

, IF ( X ●LTO XL - 000001 ) GO TO 125
IF ( X ●GTO XR + 0.0001 ) GO TO 200
IX = ( X- XL ) * R + FLOAT(IXL) + 004999
CALL GYA ( IYTs IYBs IX ).

125 CONTINUE
130 JX = JX + 1
135 T = JX
200 IF ( JOP ●EQm 2 ●0R0 JOP cGTa 3 ) GO TO 300

CALL EXL
R = FLOAT( IYB - IYT ) / FLOAT( NY )
K2 = NY+l
DO 220 LAP=1s2
X = IYB
DO 210 I = 1, K2
IY = x + 0.4999
X=X-R

210 CALL GXA ( IXRS IXL9 IY )
IF ( NYoGE05 ) GOTO 230
K2 = Ny*5 + 1

220 R = R*O02
230 CALL EXH

CALL SLLIN ( NY, KY )
RETURN

300 CYC = YT - YB
T = JY
R= FLOAT( IYB - IYT ) / CYC
NL = CYC + 1.9999

ING = 1
J=l
IX = IXL - 10
IF ( CYC ●GT. 109 ) GO TO 315
K1 = NG1(2) + 2
K2 = NG2(2)
CALL EXH
TT=T
DO 311 LAP = lS NL
DO 310 I = KIs K2
J= J+l
K= IG(I)
x= TT+ G(K)
IF ( X .LTo YB - 0.0001 ) GO TO 310
IF ( X .GTo YT + 0.0001 ) GO TO 315
IY = FLOAT( IYB ) + 004999 - ( X - YE ) * R
CALL PLT( IXS IYs J )

310 CONTINUE
J=l

311 TT = TT + 100
315 IF ( CYC ●GT. 109 ) ING = 2

IF ( CYC ●GTO 401 ) ING = 3
K1 = NE1(ING)
K2 = NG2(ING)
DO 335 I = 1, NL
IF ( T .LTo YB - 0.0001 ) GO TO 322
CALL EXH
IY = FLOAT(IY13 ) + 004999 - ( T -YB ) * R
CALL GPLOTF ( IX~ IYs JY~ 3 )

GPLTD061
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322

325
330
335
400

1

2

3
4

5

6
7

8

9

L.ALL tAL

DO 325 J = Kl~ K2

K = IG(J)
X = T + G(K)
IF ( X ●LTO YB - o*OOOl ) GO TO 325
IF ( X .GTo YT + 060001 ) GO TO 400
IY = FLOAT( IYB ) + 0.4999 - ( X - YB ) * R
CALL GXA ( IXL~ IXRS IY )
CONTINUE
Jy = Jy + 1

T = JY
CALL EXH
RETURN
EN O

SUBROUTINE GPLOTE ( IX~ IY )
IF ( IX ●LTO O ) Ix=o
IF ( IX ●GT. 1023 ) IX = 1o23
IF ( IY ●LTO O ) IY=O

IF ( IY ●GTO 1023 ) IY = 1023
RETURN
END

SUBROUTINE GPLOTF ( IXS IY~ J~ IS )
IYY = IY - 12
JJ=J
M=O
IF ( J ●GE. O ) GO TO 1
JJ=-J
M=l
K=l
L=1O
IF ( JJ ●LTO L ) GO TO 3
L=L*lo
K=K+l

GO TO 2
IF ( Is -2 ) 49 5* 6
IXX = IX
GO TW 7
IXX = IX - ( 8 + 7* ( K+M) ) / 2
GO TO 7
IXX = IX - 8 - 7 * (K+M)
CALL TSP ( IXXS IY~ 2J 2H1O )
[xx = xxx + 14
IF ( M ●EQ. O 1 GO TO 8
CALL TSP ( IXX~ IYYs lS lH- )
Ixx = IXX + 7
DO 9 I=l~K
L=L/10
M =JJ/L
CALL PLT ( IXXS IYY9 M )
JJ = JJ -M*L
IXX = IXX + 7
RETURN
END
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