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COULN, A PROGRAM FOR EVALUATING NEGATIVE ENERGY COl LOMB FUNCTIONS
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PROGRAM SUMMARY

Title ofprogram: COULN functions, H<~(z) [1] corresponding to negative energy
Coulomb functions. The method employed is most appropriate

Catalogue number: ACCU for parameter ranges which commonly occur in atomic and
molecular asymptotic scattering problems using a close-cou-

Program obtainable from: CPC Program Library, Queen’s Uni- pling approximation in the presence of closed channels [2].
versity of Belfast, N. Ireland (see application form in this issue)

Method of solution
Computer: NAS 7000; Installation: SERC Daresbury Labora- The asymptotic series for the Whittaker function is analytically
tory continued using a continued fraction representation devised by

Nesbet [3]. Functions corresponding to higher orbital angular
Other machines on which the program has been tested: CRAY-IS, momenta are computed by recursion.
IBM 3081

Restrictions on the complexity of the problem
Operating system: MVT Program COULN assumes real negative energies, E = — 1k12,

non-negative real values of orl~italangular momenta, 1 (integer),
Programming language used: FORTRAN 77 (FORTRAN 66 and separations, r. The charge product, Z, must be non-zero.
compatible) The method becomes less efficient for large values of IZI and

small values of the product z = IkIr. It is suitable for z/Z
High speed storage required: 650 K (94 K for run step) greater than 0.5 on IBM computers and greater than 0.1 on the

CRAY-iS in double precision.
No. of bits in a byte: 8

Typical running time

Peripherals used: card reader, line printer The test run required 5.2 s on the NAS 7000.

No. of lines in combined program and test deck: 450 References
[1] M. Abramowitz and l.A. Stegun, eds., Handbook of

Keywords: Coulomb, Whittaker, continued fraction, Padé, Mathematical Functions (Dover, New York, 1965).
asymptotic, atomic, molecular, nuclear [2] C.J. Noble and R.K. Nesbet, Comput. Phys. Commun. 33

(1984) 399.
Nature of the physical problem [3] R.K. Nesbet and C.J. Noble, (1984) to be published.
Program COULN calculates exponentially decaying Whittaker



414 Ci. Noble, Ii. Thompson / Negative energy Coulomb functions

LONG WRITE-UP

1. Introduction particularpropertyhasnot so far beenused,as far
as we are aware, in the calculation of Coulomb

The exponentiallydecayingWhittaker function functions,althoughcontinuedfraction expansions

is a solution of the Coulomb differential equation have been used to compute positive energy
correspondingto negativeenergies,E = — k

2, and Coulombfunctions[9]. The presentcodetherefore
thereforearisesin avariety of different contextsin providesa concreteexampleof thesegeneralmeth-
scattering problems involving charged particles. ods for treatingasymptoticseries.A codecapable
One important application occurs in the solution of treating the entire real parameter range of
of the asymptoticproblem which arisesin atomic physical interestcould be constructedby addinga
andmolecularphysicswhenusinga close-coupling power seriesexpansionof the functions about the
approximationin the presenceof closedchannels origin incorporating,perhapssomeof the sugges-
(seeNoble and Nesbet,accompanyingarticle [1]). tions of Frost and Harper [10]. A comprehensive
Computer codes have therefore been written to code of this kind, allowing general complex
evaluatethesefunctions for both positive valuesof parametervaluesandincluding such continuation
the chargeproduct, Z [2] and also for negative techniquesto provide both the irregular andregu-
values [3]. As in the caseof the positive energy lar solutions,hasin fact beenwritten [11] andwill
solutions [4] E = k2 > 0, a number of different be publishedshortly. However,we believethat the
methodsarenecessaryto cover the full parameter simplicity of thepresentprogramwill bevaluable
rangeswhich may occur in problemsof physical in a numberof applications.
interest.Thus,thereareconsiderabledifficulties in
guaranteeingtheaccuracyof thevaluescomputed
in all cases. 2. Theory

In the presentwork we describea very simple
computercode for evaluatingthe negativeenergy The requiredexponentiallydecayingWhittaker
Coulomb functions and their first derivatives for function is denoted by W~(z) with ic = 1/c =

both positive andnegativeZ values. Even though Z./V_k2, ~ = , + 1/2 andz = in the no-
a single method is used,accurateresults may be tation of Abramowitz and Stegun [12]. It satisfies
obtainedovera very wide region of theparameter thedifferential equation
spaceincluding the region important in the solu-
tion of asymptotic scatteringproblems. In most d2W 2 + — 1(i’~1)1 W= 0, (1)
situations the functions may be obtainedwith an dk2 [ x x i+ —c
accuracywithin three or four digits of machine

wherex = Zr. In theseexpressionsr is the radialaccuracyand in all casesan estimateof theerror
in thecomputedresultsis returned, distance between the two particles with charge

The Whittaker functions arecalculatedby ana- productZ, relativeenergyE — k2 <0, andrela-
tive orbital angular momentum 1. In program

lytically continuing their asymptotic expansion
using a continued fraction algorithm devised by COULN the functions are evaluated by analyti-
Nesbet [5]. Continued fractions are of course cally continuing the asymptotic series (Abramo-

witz andStegun[12], eq. 13.5.2)
closelyrelated to Padéapproximants[6] and have
beenfound to provide a useful andpowerful tool ~~71/~ .1+1/2 (2cx)
when dealing with series in many branchesof
physics and mathematics.Referencesto someof ~ x)
this work may be found in thebook by Baker and
Gammel[7]. The useof continuedfractionexpan- e x(2cX)I/~ ~ (/+1— 1/c)~(—1—1/c)~

n=osionsto analyticallycontinueseriesexpansionshas
also beenemphasisedby Hanggi et al. [8]. This X (—2cx)~ (2)
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by meansof a continuedfraction representation L > 0 the orbital angular momentumvalue
devised by Nesbet [5]. The Nth and (N — 1)th required,1;
convergentsof the continued fraction are both Z real thechargeproduct;
evaluatedin the form of a rational fraction allow- E < 0 the energy(rydbergs);
ing derivativesand error estimatesto be calcu- R> 0 the radialseparation(Bohr), r;

lated. F exponentially decaying Whittaker
It shouldbe notedthat the asymptoticseries(2) function valuereturned;

may terminateif 1/c is an integergreaterthan FP derivativeof Whittakerfunctionswith
1 — L as a result of one of the numeratorterms respectto r;
becoming zero. In these cases we evaluate the ACC accuracyrequiredin function value;
series(2) explicitly andbypassthe analyticalcon- EFX estimatedaccuracyof value returned
tinuation. basedon differencebetweennth and

Finally, as in theprogramof Bell andScott [2], (n — 1)th convergents;
we obtain Whittaker functions for higher1 values XG work arrays, theseshouldbe dimen-
usingthe recursionrelations XA sioned in the calling routine to

XC NTERM * KKKMAX + I according
/ ~2 XD to the valuesof theseparametersset

V, ~1— _)l~ +1V,
1 /(1 — ci), (3) by DATA statementsin COULN;

IERR = 0 on returnif estimatedaccuracyis
/ ~2 \ betterthanrequiredaccuracy,

V,’= l1——~V—(1+ci)I’ ~ (4)
~, x / / - = 1 if required accuracy not ob-

tained,
where the prime denotesdifferentiation with re- = 2 if input argumentsare not within
spectto x. Upwardsrecursionon the parameter1 the allOwedranges,
usingtherelations(3) and(4) is stableonly aslong = 3 terminatingseriescase;
as x < 12, as this conditiondeterminesthe sign of N LAST the number of terms of the asymp-
the coefficient (1 — 1

2/x) multiplying the func- totic seriesactually used.The terms
tions.Forx > 0 it is important,therefore,that the are calculatedNTERM at a time and
recursionis startedwith function valuescomputed the accuracyobtained is testedafter
from the acceleratedasymptoticseriesat a value1, eachgroup.Up to KKKMAX groups
chosenso that 1,> y~. may be tried so that NLAST <

NTERM * KKKMAX.
FNORM scalefactor by which resultsF, FP

3. Codedescription shouldbemultiplied.

The programfor evaluatingthenegativeenergy The efficiency of the continuationmethodused
Whittaker functionsand their derivativesconsists by routineCOULN decreasesfor larger valuesof
of a main subroutine COULN and two utility the chargeproduct, Z, and for smaller valuesof
routines, DFRACT and HSUM. Subroutine z = IkIr. Ultimately the accuracy which can be
DFRACT is called by COULN to compute the obtained in these casesis limited by round-off
coefficientsof the continuedfraction correspond- errors or by the permissibleexponent range as
ing to a given numberof termsof the asymptotic increasinglylarge termsin the series(2) must be
series (2). The algorithm used was devised by considered.We haveverified the accuracyestimate
Nesbet [5]. The subroutineHSUM is called by EFX by comparisonwith the generalprogram[11],
COULN to evaluatethe series(2) in the special and find our method is useful for values of the
terminatingcasesandusesHomer’salgorithm, ratioz/Z greaterthan0.5 on IBM computers,and

greaterthan0.1 on the CRAY-iS in doublepreci-
Theargumentsof COULN are as follows: sion. For values outsidetheseranges,alternative
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methods[2,11] must use seriesexpansionsabout 121 K.L. Bell and N.S. Scott, Comput. Phys. Commun. 20

the origin. (1980) 447.
Finally, to improveefficiency, COULN should 131 D.F. Hebbard and B.A. Robson, NucI. Phys. 42 (1963)

563.
be adaptedto return arraysof functions and de-

[4] C. Bardin, Y. Dandeu, L. Gauthier, J. Guillermin, T.
rivatives if a range of i-values are required(keep- Lena, J.M. Pernet, H.H. Wolter and T. Tamura, Comput.

ing all other parametersconstant)by saving the Phys. Commun. 3 (1972) 73.

resultsof the recursionprocedure. [51R.K. Nesbet and C.J. Noble, to be published.
[6] H.S. Wall, Analytic Theory of Continued Fractions (Van

Nostrand, New York, 1948).
[7] G.A. Baker and iL. Gammel, eds., The Padé Approxi-

4. Test deck
mant in Theoretical Physics (Academic Press, New York,
1970).

A small driver routinehas beenaddedto read [81 P. Hanggt, F. Roesel and D. Trautmann, J. Comput. Phys.

input data, call subroutinesCOULN, DFRACT 37 (1980) 242.
[9] AR. Barnett, Comput. Phys. Commun. 27 (1982) 147, and

and HSUM andto print the results. references therein.

110] PA. Frost and E.Y. Harper, SIAM Rev. 18 (1976) 62.
[11] I.J. Thompson and AR. Barnett, (1984) to be published.

References [12] M. Abramowitz and IA. Stegun, eds., Handbook of
Mathematical Functions (Dover, New York, 1965).

[1] Ci. Noble and R.K. Nesbet, Comput. Phys. Commun. 33
(1984) 399.
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TEST RUN OUTPUT

TEST SUN OUTPUT FOR EXPONENTIALLYDECAYINGWHITTAKERFUNCTION ROUTINE COOLS

ACC — 0.100000000—11

1 5 —0.100000000+02 K — 0.316227770+01 z — 2 ETA — —0.632455530+00 Rho — 0.200000000+02 RATIO — 0.158113880+02

L — 0 FX 0.2553060389020—12 FXP — —0.7912943809260—12 FNORUt — 0.1000000000000+01 EFX —.9610—16 lEER = 0 NLAST — 10
L — 1 IX — 0.2634593415220—12 IXP — —O.817387912238D—12 FNOI*1 — 0.1000000000000+01 SIX —.1120—15 lESS — 0 NLAST 10
L — 2 IX • 0.2805469668370—12 FXP — —0.8721533581080—12 150101 — 0.1000000000000+O1 EFX —.2130—14 lESS — 0 NLAST — 10
L — 3 Ix — 0.3082556291570—12 IX? = —0.9611716530590—12 FNORII — 0.1000000000000+01 SEX —. 1110—15 IERR — 0 NLAST — 20

L — 4 IX — 0.3494549438110—12 IXP — —0.1093972209900—11 FNORN — O.1000000000000+O1 EFX —.9820—16 lESS — 0 NLAST — 20
L — 5 IX — 0.4086908859900—12 FXP — —0.1285724628170—11 FNORII — 0.1000000000000+01 SIX —.98211—16 lESS — 0 NLAST • 20

L 6 FR — 0.4930138961040—12 IXP — —0.1560094726300—11 FNORN — 0.1000000000000+01 EFX .982t~—16 LESS — 0 NLAST — 20
L — 7 IX — O.6133511105900—12 IX? — —0.1954010545940—11 FNORN — 0.1000000000000+01 EFX —.9820—16 lESS — 0 NLAST — 20

L — 8 IX 0.7867909327810—12 FXP — —0.2525659305540—11 FNORM — O.1000000000000+0l EFX —.952I~—16 1555 — 0 SLAST — 20
L — 9 FX — 0.1040432325200—11 IXP — —0.3368075728770—11 15051! — 0.1000000000000+01 EFX —.9820—16 IRkS — 0 NLAST — 20
L — 10 FX 0.1417970248170—11 FXP — —0.4632598562490—11 FNORM — 0.1000000000000+01 SIX —.9820—16 lEss — 0 NLAST • 20
1. — 11 FX — 0.1991153748670—11 FXP — —0.6570069580190—11 15055 0.1000000000000+01 EFX —.98211—16 lESS — 0 NLAST — 20
L — 12 IX — 0.2880078601390—11 IX? — —0.9604521196930—11 FNORN — 0.1000000000000+01 EFX —.9820—16 lESS — 0 NLAST — 20

L — 13 IX — 0.4289788328580—11 FXP — —0.1446745462830—10 FNORSI — 0.1000000000000+01 SEX —.9820—16 lESS — 0 NLAST — 20
L — 14 IX — 0.6577530777960—il FXP — —0.2244722453750—10 FNOSM — 0.1000000000000+01 EIX —.9820—16 lESS — 0 SLAST — 20
L 15 IX 0.1037870400000—10 FXP — —0.3586121154200—10 FNOSN — 0.1000000000000+01 EIX —.9820—16 lESS — 0 NLAST — 20
L — 16 IX 0.1684725786290—10 FlIP — —0.5896738714850—10 15055 — 0.1000000000000+01 SIX —.9820—16 IERR — 0 NLAST — 20
L — 17 IX — 0.2812350869130—10 IXF’ — —0.9975905420550—10 INOSM — 0.1000000000000+01 EFX —.9820—16 lESS — 0 NLAST — 20

L — 18 IX — 0.4826237217240—10 FXP — —0.1735689616720—09 FNOEI1 — 0.1000000000000+01 SIX —.9820—16 lESS — 0 NLAST — 20
L — 19 IX — 0.8511154229210—10 FXP — —0.3104520916900—09 FNORN — 0.1000000000000+01 SIX —.9820—16 IERK — 0 NLAST — 20
L — 20 IX — 0.1541872013070—09 FXP — —0.5706131655240—09 IN0R1i — 0.1000000000000+01 SIX —.9820—16 lESS — 0 NLAST — 20

2 5 — —0.701000000+01 K — 0.264764050+01 1 = 2 ET/t — —0.75538957044.10 10,0 — 0.200000000+02 RATIO — 0.132382020+02

C — 0 IX — 0.6384985440810—10 FXP — —0.1642503847940—09 FNORUL — 0.1000000000000+01 SEX —.2060—15 lESS — 0 NLAST — 10
L — 1 FX — 0.6629552064470—10 FXP — —0.1707896774220—09 15051! — 0.1000000000000+01 SIX —.7950—is lESS — 0 NLAST — 10

L 2 FR 0.7146781342050—10 FXP — —0.1846479726160—09 150KM — 0.1000000000000+01 SIX —.77411—14 LERR — 0 NLAST 10
L — 3 IX — 0.7998243505810—10 IX? — —0.2075392904190—09 15055 — 0.1000000000000+01 SIX —. 1650—15 lESS — 0 NLaST 20
L — 4 lx — 0.9291180284820—10 IXP — —0.2424647683110—0915055 — 0.1000000000000+01 EFX —.00011+00 jELlS — 0 NLAST — 20
L — S IX — 0.1120089948510—09IX? — —0.2943626689620—09 INORN — 0.1000000000000+01 SIX —.00011+00 lESS — 0 ILAST — 20
L — 6 IX — 0.1400988359160—09 IX? — —0.3712555677310—09 FNOSIL — 0.1000000000000+01 EFX —.0000+00 lESS — 0 NLAST — 20
L — 7 IX — 0.1817569570550—09 IX? = —0.4862588958400—09 FNORM — 0.1000000000000+01 SIX —.0000+00 lESS — 0 NLAST — 20
L — 8 IX — 0.2445008883740—09 IX? — —0.6611418010670—09 15055 — 0.1000000000000+01 SIX —.0O01~+00IRKS — 0 NLSST — 20
C — 9 IX — 0.3409140152920—09 FXP —0.9327479187620—09 11101*1 — 0.1000000000000+01 SIX —.0000+00 lESS — 0 NLAST 20
C — 10 FR — 0.4925066206420—09IX? — —0.1364805839490—08 150101 — 0.1000000000000+01 EFX —.0000+00 lESS — 0 NLAST = 20
L — 11 IX — 0.7368805451760—09 FXP — —0.2070117432170—08 FNORII — 0.1000000000000+01 SIX —.0000+00 lESS — 0 SLAST — 20

L — 12 FX — 0.1141310186740—08 IRk’ — —0.3253162028660—08 FNOS~1— 0.1000000000000+01SIX —.0000+00 1555 — 0 NLAST — 20
L — 13 FX — 0.1829051850610—08 IX? — —0.5293740022620—08 FNORI1 = 0.1000000000000+01 SIX —.0000+00 1551! — 0 NLAST — 20
L — 14 IX — 0.3031447647830—08 IX? — —0.891492/560030—08 1501*! — 0.10000000000011+01SIX —.0000+00 lESS — 0 NLAST — 20
L — 15 IX — 0.51934411189911—08 FXP —0.15528079324011—07 FSORM — 0.1000000000000+01SIX =.000D+00 lESS — 0 SLAST = 20
L — 16 Ix — 0.9192116495230—08 IX? — —0.2795791679830—07 1501*1 — 0.1000000000000+01CFX —.0000+00 LESS — 0 NLAST — 20
L 17 FR — 0.1679968389150—07 IXP — —0.5200187422300—07 INOSM — 0.1000000000000+01EFX —.0000+00 lESS — 0 NLAST 20
L • 18 IX — 0.3168666920650—07 IX? — —0.9986175563920—07 15055 — 0.1000000000000+01SIX —.00O04~00LESS — 0 NLAST 20
L — 19 IX — 0.6164755606830—07 IXP — —0.1978720369470—06 15055 — 0.1000000000000+4)1 SIX —.0000*00 lEER — 0 NLAST — 20

L — 20 IX — 0.1236447601420—06 FlIP — —0.4043103635190—06 ENORM — 0.1000000000000+01EFX —.0000+00 lEES — 0 NLAST — 20



418 Ci. Noble, Ii. Thompson / Negative energy Coulomb functions

3 5 — —0.402000000+01K — 0.20049938044)1Z — 2 ETA = —0.997509340+00Ki,O — 0.20000000D+02 ESTIO — 0.1002496911+02

L — I) FR — 0.7791117447880—07 IX? — —0.1484401893590—06 15055 — O.l000000000000+01 SIX —.9370—16 lESS — 0 NL.AST — 10
L — 1 IX — 0.8189368190160—07 IX? — —0.1564357724440—061105k — 0.1000000000000-+{j1 SIX —.0000+00 jERK — U NLAST — 10
L — 2 IX — 0.904690457160D—07 IX? — —0.1737147669820—0615051! — 0.1000000000000+01SIX —.8340—15 155,1 — U NIAST • 10
L — 3 k’X — 0.1050137770260—06 IX? — —0.2031975182060—06 INOSS — 0.1000000000000+01SIX —.2820—13 150! — 0 NLAST — 10

L — 4 IX — 0.1280378330540—06 IX? — —0.2502550734440—06 150,0! — 0.1000000000000+01 EFX —.0000+00 lESS = 0 NLAST • 20
L — 5 IX — 0.1639002358710—06 IX? — —0.3243202138390—06 FlOSS — 0.1000000000000+01 SIX —.0000+00 IlK!! — U NL~+ST — 20
L — 6 IX — 0.2201565200120—06 IX? — —0.4419607683910—06 15055 — U.100000000000D+01 SIX —.0000+00 lEsS — 0 NLAST — 20

L — 7 IX — 0.3101115762640—06 IX? — —0.6327891088170—06 FNOICI = 0.10000000000011*01 SIX —.0000+4)0 lESS — 0 NLAST — 20
L — 8 IX — 0.4577511849440—06 IX? — —0.9510628228280—06 15055 — 0.100000000000044)1 SEX —.0000+00 1555 — 0 NL,ST — 20
L — 9 IX — 0.7075031057320—06 IX? — —0.14990406403211—05 FNOKN • 0.i0000000000011-+.01 SIX —.0000+00 lEE!! — 0 NLAST — 20
L — 10 IX — 0.1144072164840—05 IX? — —0.2415297669140—05 15051! — 0.1000000000000+411SIX —.0000+00 lESS — 0 NLAST — 20
C — 11 IX — 0.1933858680970—05 IXP — —0.4277504558540—05INOSS — 0.1000000000000+01 SIX —.00011+00 IS!!!! — 0 NLAST — 20
L — 12 IX • 0.3413878411120—05 IX? — —0.7727358737160—05 FNOSN — 0.1000000000000+01 EIX —.0000+00 IEEE — 0 NL.AST — 20

C — 13 IX — 0.6288093145360—OSIX? — —0.1457713913750—04 INOEN — 0.1000000000000401SIX —.00011+00 IESI! — 1) 501ST — 20
C — 14 IX — 0.1207331956520—04 IX? — —0.2868377402800—04150511 — 0.1000000000000401SEX .0000+00 lESS — 0 NLAST • 20
C — 15 IX — 0.2414111911300—04 IX? — —O.588095691879D—041110KM — 0.1000000000000+01 EFX —.0000+00 lESS — 0 NLAST — 20

L — 16 IX — 0.5022235797180—04 IX? — —0.1254984112130—03 15055 — 0.1000000000000+01 EFX —.0000+00 lESS — 0 NLAST — 20
C — 11 IX — 0.1086010886760—03 FXP — —0.2784492794100—03 15055 — 0.1000000000000+01 SIX —.0000+00 LESS — 0 NLAST — 20

C — 18 IX — 0.2438717363550—03 IX? — —0.6416835592050—0315010! = 0.1000000000000+01 ENX —.0000+00 lESS — 0 NLAST — 20
C — 19 IX — 0.5681695840580-03 IX? — —0.1534346905150—02 INORN 0.1000U00000000+01 SIX —.0000+00 lESS — 0 NLAST — 20

C — 20 IX — 0.1372114262050—02IX? — —0.3803010530130—02 150511 — 0.1000000000000*01 SIX =.000D+O0 1555 = 0 SLAST — 20

TEST sUN OUTPUT 105 EX?ONENTIALLY DECAYING WHITT55ES FUNCTION S0UTINS COULN

— 0.100000000—11

1 5 — —0.21*300000+00K — 0.458257510+00 5 — 2 ETA — —0.436435780+01 5110 — 0.200000000+01 RATIO — 0.229128180400

L — U IX — —0.6706383806580401 FX? — 0.6240180292280+01 FNOS41 — 0.1000000000000+00 SIX —.9210—08 lEER — 1 NL.AST — 70
C — 1 IX — —0.3023876130940400 FR? — 0.1618363074820+02 15055 — 0.10000000000011+01 SIX —.2600—05 lESS — 1 NLAST — 70

C — 2 FR • 0.30431469704011402IX? — —0.299905106783D+02150511 — 0.1000000000000*01SFX —.2600—05 ISRR — 1 NLAST — 70
C — 3 IX — —0.4846106753110+03 IX? — 0.1096525144580+04 15051! — 0.1000000000000+01SEX —.2600—05 lESS — 1 NLAST — 70
C — 4 IX — 0.6690224968750*4)5 IXP — —0.2336934920580+06 INORM 0.1000000000000401 EFX —.2600—05 lESS — 1 NLAST — 70
C — 5 IX — 0.9293965493390407 IX? — —0.4280966063180+0815055 — 0.1000000000000401 SIX —.2600—05 lESS — 1 NLAST • 70
C — 6 IX — 0.7642669511330409 IX? — —0.4338203074960+10 15055 — 0.1000000000000+01 SIX —.2600—05 lESS — I NLAST — 70
L — 7 IX — 0.5488309680520+11 IX? — —0.3690693859360+12 150511 — 0.100000000000044)1 EFX —.2600—05 1555 — 1 NLAST — 70

C — 8 IX — 0.3814571485210+13 IX? — —0.2960180037910+14 15051! — 0.100000000000044)1 SIX —.2600—05 LESS • 1 NLAST — 70
C — 9 FX — 0.2672703979400+15 IX? — —0.2348635898510+16 1505!! — 0.1000000000000+0l SEX —.2600—05 lESS — 1 NLAST — 70
C — 10 IX — 0.1923616724200+17 IXP — —0.18869037173411+18 FNORM — 0.1000000000000+O1 SIX —.2600—05 lESS — 1 NLAST — 70

2 5 = —0.110000000400K — 0.331662480+00 1 — 2 ETA — —0.603022690+01SILO — 0.2000000004431 RATIO — 0.165831240+00

C — 0 IX — 0.5290229530900+01IX? — 0.1990713970650+03 INOSN — 0.1000000000000+01 SIX —.1170—05 LEER — 1 SLAST — 60
C — I IX — 0.1224941783040+03 IX? — 0.1101591036750+03 FNORM — 0.1000000000000+01 LIX —.3970—07 LESS — 1 NLAST — 60
C — 2 IX — —0.184563551236u+02 FX? — —0.1446645460240+03FNOSN — 0.1000000000000+01 EFX —.3970—07 lEER — 1 NLAST 60
L — 3 IX — —0.3032789474100403 IX? — 0.7260763945330+03 FNOSM — 0.1000000000000+01 EFX —.3970—07 lESS — 1 NLAST — 60
L — 4 IX — 0.1061886084710405 IX? — —0.3691378724360+05 150104 = 0.1000000000000401. SIX —.3970—07 1555 — 1 NLsST — 60
C — 5 IX — —0.1254955490480407 FXP — 0.5765025834160+07 15051.! — 0.1000000000000401 LIX —.3970—07 15511 — 1 NLAST — 60
L — 6 IX — 0.77065009781111+10 IX? — —0.4366933766920+11 1505+4 — 0.1000000000000*01 LIX —.3970—07 lESS — 1 NLAST — 60

L — 1 IX — 0.2076534030980+13 FX? — —0.1394720059410+14 FNORM• 0.1000000000000+01 EFX —.3970—07 tARS — 1 NLAST — 60
C — 8 IX — 0.3678597525930+15 IX? — —0.2852120924530+16 150511 — 0.1000000000000+0l SEX —.3970—07 1555 — 1 NLAST — 60

C — 9 IX — 0.5556558677080+17 IX? — —0.4879461246550+18 INORM — 0.I000000000000+01 EFX —.3970—07 lESS — 1 NLAST — 60
L — 10 IX — 0.7841937069490+19 IX? — —0.7688052541860+20 FNORIt — 0.1000000000000401 SIX —.3970—07 lEE!! — 1 NLAST — 60
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TEST SUN OUTPUT 105 EXPONENTIALLY DECAYING W*IITTAKES FUNCTION SOUTINE COILS

ACC — 0.100000000+11

1 E — —0.253979580+01K — 0.1593673704015 — 22 ETA — —0.138045830402SIlO — 0.550000000+02RATIO — 0.181099280+00

C — 0 IX — —0.7080848097050+10 IX? — —0.3943118295170+10 150511 — 0.1000000000000+01SEX —.1220—13 1555 — 0 NLAST — 40
C — 1 FX — —0.7688274446730+10 IXP — 0.9964913362480+09 FNOSM — 0.100000000000D4O1 SEX —.2670—13 lESS — 0 SLAST — 40

C — 2 IX — —0.8231046360790+10 IX? — 0.1286694666850+11 1505+4 — 0.1000000000000+01 SIX —.3770—13 LESS — 0 NLAST — 30
C — 3 IX — —0.6553838837330+10 IX? — 0.3328173039340+11 INO!*1 — O.1000000000000+01 EFX —. 187D—12 lESS — 0 NLAST — 30
L — 4 IX — 0.1976731664500+10 IX? — 0.5420004755850+11 1505!! — 0.1000000000000401 SIX —.4280—12 LESS — 0 NLAST — 30
L — 5 IX — 0.2100404473440+11 IX? — 0.3856182281120+11 150511 — 0.1000000000000+01SIX —.4750—13 LESS — 0 NLAST — 30
C — 6 IX — U.314361633527D+11 lxi’ — —0.7066928372340+11 ENO1*1 — 0.1000000000000+01SIX —.26~D—l2LESS — 0 NLAST — 30
C — 7 IX — —0.3865983082730+11 IXP — —0.1621531558300+12 FNORII — 0.1000000000000+01 SIX —.4950—15 lESS — 0 NLAST — 50

C — 8 IX — —0.1251863159390+12 IRk’ — 0.2242595318300+12 FNORI! — 0.1000000000000+01 SIX —.4950—15 LESS — 0 NLAST — 50
C — 9 IX — 0.4336294691110+12 IX? — 0.4434189306810+10 111051! — O.100000000000D+O1SIX —.4960—15 IS!!!! — 0 NLAST — 50
C — 10 IX — —0.1280001923330+13 IX? — 0.6589547579270+12 150511 — 0.1000000000000401 SIX —.4950—15 LESS — 0 NLAST — 50

L — 11 IX — 0.9182175003440+13 IX? — —0.174373107854D+14 15010! — 0.1000000000000+01 SIX —.49~D—15lESS — 0 NLAST — 50
L — 12 IX — —0.1864217141770+15 IX? — 0.5215837072530+15 150511 — 0.1000000000000+01 EFX —.4950—15 lESS — 0 NLAST — 50
C — 13 IX — 0.1191773201580+17 IX? — —0.4119115863660+17 INOSI! — 0.1000000000000401 SEX —.4950—15 lESS — 0 NLAST — 50
C — 14 IX — 0.4009986776850+19 IX? — —0.1619223899860+20 150511 — 0.1000000000000+01SIX —.49~D—l5LESS — 0 NLAST — 50
L — 15 FR — 0.2706216347900+21 IRk’ — —0.1239090002040+22 FNORII — 0.1000000000000+01 SIX —.49~D—15IERR — 0 NLAST — 50

C — 16 IX — 0.1188512358060+23 IX? — —0.6052613331690+23 INOSU! — 0.1000000000000+01SIX —.4950—15 lESS — 0 NLAST — 50
C — 17 IX — 0.4205030492760+24 IX? — —0.2349562075170+25 150kM — 0.1000000000000401 EEX —.4950—15 1555 — 0 NLAST — 50

C — 18 IX — 0.1309252057010+26 IX? — —0.7944827133230+26 INORI! — 0.1000000000000+01 SEX —.4950—15 lESS — 0 NLAST — 50
C — 19 IX — 0.3758595255200+27 IX? — —0.2457351593670+28 150511 — 0.1000000000000+0I SEX —.4960—15 LESS — 0 NLAST — 50
C — 20 IX — 0.1023101396530+29 FXP — —0.7160643927210+29 FNOR1I — 0.1000000000000+01 SIX —.495D—15 IS!!?. — 0 NLAST — 50
L — 21 IX — 0.2688902220140+30 IX? — —0.2004006449410+31 150kM — 0.1000000000000101SIX —.4950—15 lESS — 0 SLAST — 50

C — 22 IX — 0.6908425142720+31 IX? — —0.5458312960500+32 15051! — 0.1000000000000401 SIX —.4950—15 lESS — 0 SLAST — 50
C — 23 IX — 0.1750486419950+33 IRk’ — —0.1460627509040+34 INORN — 0.1000000000000+01 SIX —.4950—15 IESR — 0 NLAST — SO
C — 24 IX — 0.4402662241330+34 FXP — —0.3866921546430+35 111051! — 0.1000000000000+01 SIX —.4950—15 lESS — 0 NLAST — 50
C — 25 IX — 0.1104447274100+36 IX? — —0.1018146663690+37 INOSM — 0.1000000000000+01 SIX —.4950—15 lESS — 0 NLAST — 50
C — 26 IX — 0.2773596769650+37 IX? — —0.2676798291620+38 FNOR1I — 0.1000000000000+01 SIX —.4950—15 lESS — 0 NCAST — 50

L — 27 IX — 0.6992648179010+38 IX? — —0.7049090459330+39 1501*1 — 0.1000000000000+01SEX —.4950—15 LESS — 0 NLAST — SO
C — 28 IX — 0.1773781474040+40 IX? — —0.1863904929460+41 15051! — 0.1000000000000+01 SIX —.49’SD—lS lESS — 0 NLAST — 50
C — 29 IX — 0.4534956162340+41 IX!’ — —0.4958242552930+42 150PM — 0.1000000000000401 SIX —.4950—15 lESS — 0 NLAST — 50
C — 30 IX — 0.1170191137580+43 IX? — —O.132896822313D+44 150511 — 0.1000000000000401 SIX —.4950—15 LESS — 0 NLAST — 50

TEST SUN OUT?UT FOR EXPONENTIALLYDECAYINGW!!ITTAKES FUNCTION SOUTINS COUCN

5CC — 0.100000000—11

1 S — —0.480000000401K — 0.219089020+01Z — 2 ETA — —0.912870930+00RHO — 0.300000000+01RATIO — 0.164316770+01

L — 0 IX — 0.2110792532250400IX? — —0.3356543691110+00 FNOSM — 0.1000000000000*01SIX —.1750—15 LESS — 0 NCAST — 30
C — 1 IX — 0.2840133033840+00IX? — —0.5059255755860+00FNOS1.! — 0.1000000000000+01SIX V.3910—15 lESS — 0 NLAST — 30
C — 2 IX — 0.5043258073450400IX? — —0.1074363877410+01 ENOSM — 0.1000000000000+O1SIX —.3220—14 lESS — 0 NLAST — 30

C — 3 IX — 0.1146024985580+01IX? — —0.29691730030611+01 INOR1.! — 0.1000000000000+01EEX —.3220—14 lESS — 0 NLAST — 30
L — 4 IX — 0.3224471371160+01 IX? — —0.1007018207460402 15051! — 0.1000000000000+01 EIX —.3220—14 lESS — 0 NLAST — 30
C — 5 IX — 0.1090442680550+02 IX? — —0.4034057000200+02 FNOR11 — 0.1000000000000+01 SIX —.3220—14 IESR — 0 NLAST — 30
L — 6 FX — 0.4324145786980+02 IX? — —0.1860772232760403 15051.1 — 0.1000000000000401 SIX —.3220—14 lESS — 0 NLAST — 30
L — 7 IX — 0.1971030508800+03 IX? — —0.9705910698750+03 1505+4 — 0.1000000000000+01 SIX —.3220—14 lESS — 0 NLAST — 30

C — 8 IX — 0.1016302492540+04 IX? — —0.5647311248280+04 1505+4 — 0.1000000000000401 SIX —.3220—14 LESS — 0 NLAST — 30
C — 9 IX — 0.5851307157710404 IX? — —0.36260004666804435 INOSM — 0.1000000000000+431 SIX —.3220—14 LESS — 0 NCAST — 30
L — 10 IX — 0.3721875596280+05 IX? — —0.2546711216760406 INORI! — 0.1000000000000+01 EFX —.3220—14 lESS — 0 NLAST — 30

C — 11 IX — 0.2592448684610+06 FXP — —0.1942302860100+07 ENOS?! — 0.1000000000000+01 SIX —.322D—14 lESS — 0 NLAST — 30
C — 12 IX — 0.1962754708340+07IX? — —0.159860964096D+08 INORM — 0.1000000000000+01SIX —.3220—14 LESS — 0 NLAST — 30
C — 13 IX — 0.1605005769630408 IX? — —0.1412334027660+09 INORM — 0.1000000000000+01 SIX —.32R0—14 LESS — 0 NCAST — 30
L — 14 FX — 0.1409845757320+09 IX? — —0.1333172166470+10INORI.! — 0.l000000000000+01 SEX —.3220—14 lESS — 0 NLAST — 30
C — 15 IX — 0.1324007119680+10IX? — —0.1339121658720+11 INOSM — 0.1000000000000+01 EFX —.3220—14 lESS — 0 NLAST • 30
L — 16 IX — 0.1323809847670+11 IX? — —0.1426178765950+12 INOSM — 0.1000000000000+01 EIX —.3220—14 IESR — 0 NLAST — 30
C — 17 IX — 0.1404042902570+12 IX? — —0.1605291115080+13 INOS1l — 0.1000000000000+01 SFX —.3220—14 1555 — 0 NLAST — 30
C — 18 IX — 0.1574466293890+13IX? — —0.1904186569190+14 INOIIS — 0.10000000000004(11 SEX —.3220—14 IEEE — 0 NLAST — 30
L — 19 IX — 0.1861280601850+14IX? — —0.2374181829440+151505+4 — 0.1000000000000+01SIX —.32211—14 1585 — 0 NLAST — 30
C — 20 IX — 0.2313500930420+15FlIP — —0.3104172793380+16INOKI! — 0.1000000000000+01SIX —.32~D—1415*15 — 0 NLAST — 30
C — 21 IX — 0.3016264316420+16IX? — —0.4246933316240+17FNORII — 0.1000000000000+01SIX —.3220—14 lESS — 0 NLAST — 30
C • 22 IX — 0.4115926043960+17IX? — —0.606809912034D+1815051! — 0.1000000000000+01SIX —.322D—14 lESS — 0 NLAST — 30
C — 23 FX — 0.5866817481570+18IX? — —0.9038525488590+1918051.! — 0.100000000000044)1SIX —.32~D—14lESS — 0 NLAST — 30
L — 24 IX — 0.87193581071611+19IX? — —0.1401173619950+211505)4 — 0.1000000000000+01SIX —.3220—14 lESS — 0 NLAST — 30
C — 25 IX — 0.1348921153810+21IX? — —0.22572112589311+22FNORII — 0.1000000000000+01SIX —.3220—14 lESS — 0 NLAST — 30
C — 26 IX — 0.2168891288400+22IX? — —0.3773318800840+23150511 — 0.1000000000000+01SIX —.3220—14 lESS — 0 NLAST — 30
L — 27 IX — 0.3619236010190+23FXP — —0.65369402761911+24150511 — 0.1000000000000+01EFX —.32~D—14IERS — 0 NCAST — 30
C — 28 IX — 0.6259606422060+24IX? — —0.1172176583680+2615055 — 0.100000000000D+Ol EFX —.3220—14 lESS — 0 NLAST — 30
C — 29 IX — 0.1120704318270+26IX? — —0.21731118275811+2715010! — 0.100000000000D+Ol SIX —.3220—14 1555 — 0 NLAST — 30
C — 30 IX — 0.20746635043711+27IX? — —0.4160796456330+2815051! — 0.1000000000000+01SIX —.3220—14 lEER — 0 NLAST — 30


