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ABSTRACT

The program MASTER was written to analyse the experimental data on the
laser multi-photon dissociation of ethyl acetate, and of uranyl and vanadyl
diketonates. The program was written in FORTRAN 1V and executed on an IBM3031
computer. A typical calculation of fraction of molecules dissociated requires
approximately 2 megabytes of storage and an execution time of approximately
1-2 minutes per time step for a grain size of one guarter the laser frequency.
Appendices are presented which contain details of the program coding.
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1. INTRODUCTION

The standard master equation describes the laser multi-photon
dissociation of reactant molecules incorporating reactant/buffer collisions
during the pulse. This technique was applied to the analysis of experimental
data obtained on ethyl acetate, and uranyl! and vanadyl diketonates. The
assumptions of homogeneous absorption of the laser energy, and internal
equilibrium of the reactant molecules proved reasonable.

The master equation technique uses the Gear [1971] algorithm to solve
many coupled partial integro-differential equations. We have restricted the
program to one channel dissociation since this was adequate to analyse the
experimental data. Parameters required for this calculation are the energy
dependent microscopic reaction rate coefficients, k(E), for the reaction
channel, and the density of states, p(E), for the reactant molecule.
Conventional RRKM theory [Robinson and Holbrook 1972] without angular momentum
effects was used for these parameters. Also, we needed the probability per
collision of reactant/buffer energy transfer from energy E' to energy
E,P(E,E'), and the various experimental parameters.

A brief description of the theory will illustrate the assumptions made
and indicate possible areas of change for different experimental conditions.

2. THEORY

If the reactant population function is g(E,t), then

29(Et) ~ , [IP(E,ENG(E") - P(E',E)G(E)] dE' - K(E)g(E)
- 1) + L3(ENIG(E) + LA(E-hv)g(E-hv)

+ 1S(E+hv)g(E+hv) (1)

where

P(E,E') = probability of collisional transition from
E' to E



g
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= gas kinetic collision rate = p2*4.14 E?*dgl

Po = pressure of buffer

dC = collision diameter

T0 = initial temperature

m sm, = mass of reactant, mass of buffer

k(E) = (RRKM)} microscopic rate coefficients
LA(E) = rate of absorption of radiation

LS(E) = rate of stimulated emission of radiation
hv = Tlaser frequency.

MMy

0 m1+m2

We need to solve equation (1) using finite difference techniques with grain

size AE such that hv = g 8E where £ is an integer.

If, for more convenience, we adopt notation g9; = g(Ei,t) for a given

time, t, then equation (1) becomes

dg; A, .S

T - ij(PU. 9; - Py g;) SE - (kg + LY+ L7)g; +
A S
Lice 94-2 F Liep J44g -

The general form of P(E,E') is
P(E,E') = func(E-E') where E<E'
and upward transitions are given by microscopic reversibility
Pij Py exp(—Ej/kBT) = Pyy o0y exp(~E;/kgT)

where

-~
i

B BoTtzmann's constant
“temperature at time, t

—
i}

also

(3)



S . A
Lieg = LisgPig - (4)

The transition probability term in equation (2) can be rewritten to refer
only to downward transitions by use of equation (3) since

2 D) 9; 9
5 (Py5 95 - Pyy 95) = Fei Pyi by EJ."'b_i

J

9; 9
iri J i
where

The rate of absorption of radiation L? is given by

L3 = Toy/hy
where
I = Taser intensity such that laser fluence, F =-[Idt
o, = reactant absorption cross section = d exp{~x nP)
X,8 = input parameters
n = number of photons absorbed.

The set of differential equations given by equation (2) is coupled to the
equation for the buffer temperature

&= B2k g
v
2z b P.s{E; - E;) éi :i wdE]
ARG B A R B i\ Tt :
b, b, (5)
j i
where AH = enthalpy change for the reaction
CV = constant volume specific heat
8; = ¢9y/T9; and bj = ¢bi/uby
i i
& = initial mole fraction of reactant in the mixture.

Note that CV will vary with temperature and with fraction dissociated but this
variation can be ignored for sufficiently dilute mixtures.



Thus equations (2) and (5) describe the absorption of laser radiation
from time t = 0 until the end of the laser pulse. After the laser pulse, the
reactant/buffer mixture is allowed to approach internal thermal equilibrium.

The fraction of reactant molecules dissociated up to time t is simply
given by

2.9;(t)

f(t) = l-m
271
3

where gi(o) is the initial population distribution, which was a Boltzmann
distribution in all our calculations. The calculation is terminated when the
difference in fraction dissociated between time steps tm and tm_1 is within
the Timit set by the input data, or when the total time is 10 us, whichever
occurs first,

3. PROGRAM EXECUTION

Al1 programs are written in FORTRAN IV and the MASTER program was
designed to execute on the AAEC IBM3031 computer.

The program RRKM [Gilbert 1980] creates a data file containing k(E), p(E)
and other data concerning the basic dissociation reaction. The input data are
described card by card in Appendix A, together with a sample input file and a
description of the output data file. This program is executed only once for
each reactant/buffer/grain size calculation. The program MASTER 1is then
executed with the RRKM file as input, plus the details of the particular
experiment. A sample input is given in Appendix A. Because of the full-
format input routine SCAN, the input data are self-explanatory. A listing of
MASTER 1is given in Appendix B. A brief description of the subroutine GEAR
(NAGFLIB : 793/504 : Mk 5 : Nov 74) 1is given in Appendix C together with
details of the input parameters set up by the main program,

4, CONCLUSIONS

The program MASTER was used with outstanding success to analyse
experimental data on the multi-photon dissociation of ethyl acetate [Eberhardt
et al. 198la], uranyl diketonates [Eberhardt et al. 1981b] and vanady!l



diketonates [Eberhardt et al. 1981c]. The limitations of this method are
illustrated in the paper by Eberhardt et al. [1981d] who used it to analyse
data on vanadyl chloride.
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APPENDIX A
PROGRAM RRKM

Card Description

1 Title {20A4)
Number of points in numerical integration (I14)
Laser frequency (F6.0)}
Number of times laser frequency subdivided (F2.0)
Number of pressures {I2)
Number of temperatures (I12)
Number of channels {(up to 5 but restricted to
1 for MASTER) (I2)
3 Number of frequencies for molecule (free)
Number of frequencies for complex 1 (free)

4 Critical energy E0 (channel 1) (kcal mo]'l) {(free)
5 Symmetry number of the molecule (free)
6 Symmetry number of the complex 1 (free)
7 Collision diameter (nm) (F6.1)
Mass of reactant (amu) (F6.1)
Mass of buffer (amu) (F6.1)
8 Frequencies and degeneracies of complex 1
(listed as: f1,d1,f2,d2,...) (15,12,...)
9 Frequencies and degeneracies of the

molecule (15,12,...)
10 Pressures (torr) (free)

11 Temperature (k) (free)
12 Input option: <0 INC is calculated using
the laser frequency and dividing factor
>0 INC equals 100
#0 output file for master equation
program is produced
=) no master equation file
is produced {free)

NOTES: Al1 frequehcies in cm™1.

INC is the energy increment used in the numerical integration.

(Continued)



SAMPLE INPLT FILE FCR RRKM FPROGRAM
ool e s ook ool e ok ok o oo ok o o o o ool o o e o ol e

t2322::7 ETHYL-ACETATE + NITROGEN BUFFEP iz isssizzgisszssazocseszsyis:e

8C 1445.44. 1 1 1

12,11

4,452

«333

1.

5.5 88.1 28.0

2AGCG T 2200 1 1450 514G 1 1317 2 1140 5 850 2 716G 3 575 1
400 5 383 32

INES 8 1740 1 14850 ¢ 1397 1 128¢ 1 115¢C 5 900 3 780 3 640 1
400 3 147 2 luv 1 6y 1

Ca.l3

-1

RRKM output file for MASTER

1. Title

2. Grain size, laser frequency (n x grain size}, (actual) laser frequency
(cm™ 1)

3. Critical energy EO (kcal mol'l)

4. Collision diameter (nm), mass of reactant-(amu), mass of buffer {(amu)

5. Number of ki parameters, %

6. Number of channels (1)

7. ki,...k

[

8. Number of pi parameters, r

(Continued)



SAMPLE INPUT FILE FCF MASTzR PROGKAM
ok ok o e ok ook o ok ook ol ot ok kb Aok o ook sk ok ok ot ok ok

NUMBER OF GI PLGTS 20

TIME FOR GI PLOT 45 1la 145 24 2.5 34 3.5 40 445 5, 5,5 64 6,5
Te Te5 Be 85 Sa 945 lide MICROSECONDS

CCNVERGENCE ON FRACTION DISSOCIATED 0.00001

WRITE GI EVERY 10 ITERATION

GI ERROR FACTCR .31

GI MAXIMUM ERROR 1.E-4 -

DELh 1242 KCAL/MIL

ALPHA 700.C WAVENUMBERS

CV 4.947 CAL/MCL/K

PRES .015 TCRR REACTANT 3, TUORR BUFFER

SIGO 3.75E-19 S5SQCH

XX «01

BETA 1.

DELTA TIME IN NUMERICAL INTEGRATION 10.E-9 S

LASER FLUENCE 3.7 J/SQCM

NUMBER OF STEPS IN LASER PULSE TIME PRCFILE 20

LASER POWER FCR EACH STEP L(C6 14 o417 +14 408 .05 (45 .04
o135 2%,02 2%,025 5%,.,%L2 2%.J15

WIDTH FCR EACH STEP 20%1(0.f-9 S
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APPENDIX B
SOLUTION OF MASTER EQUATION

ceeeecceecceccoeacccLcccecrceccrcccccccceccccececccccecccccccececceeceecececece

C
C
C
C
C
C
C
C

SCLUTION OF TS MASTER EQUATICN

INCLUDES MOLECULAR CLLLISICNS DUFING THE LASER PULSE

PRKOGRAM ARITTEN IN COLLABORATION WITH CR RGGILBERT,
CEPARTMENT CF THeCKETICAL CHEMISTRY, THE UNIVERSITY OF SYDNEY.

CCCCCcceceLececccecceececceeccecececccececececececcecccecececcececocccecceccececcececec

COMMUN /81/TTL4NELTDELE,NFEACT,FIN(20),RHOL3C0)AKTI(202)
COMMON /B2ZALIC20C00) ALPUIS0) 4PW(SG) s ALF4NSTER

COMMON /B2/PREBIRTT )y ANIRM27D)

COMMCN /RG/ZINCICD), ENNL3OD0) W DELHSCP,STG(3CC) BI(30D)

COMMON /BS5/ALPHAZNy NI, IMAX, ITIME,LLI

COMMCN /38/NBAND

COMMCN /BS/0MG,CLAC30),CLS(300),£VY(200),AVB{(300),F1(309C0)
EXTERNAL AUX

EXTERNAL AUX1

REAL KB

DATA IKTMaxX/3823C/NIMAX/BLD/S

DATA TS/24)3./74KB/1.38/7

DIMENSICN E{220), TITLE( 2™ )2 GI{300yPRES(2)AKTITL2001,C2A(0300)
ODIMENSICN JGGT{30U0) 42 09493020) »A2{G 4303026300300 IP(2D0),8(323)
DIMENSICN FL3CC),FDPOLOI I STIGAP{L)#TIME(L),IPLT(20),GKI{300)
CIMENSICN PLT{27)

CALL ERRSET(208,10C0000,=14+1)

IC=723

C READ DAT2 IN FROM UMIT 1 AND UNIT 37 {RPKM DATA SET)

REAGI3Q,1COL)TITLE
WRITE(2,1C02)TITLE

CALL SCAN(24+2341CFIN,S)

IKT=FIN{(B)

WRITE{3,1405)

IF(IKT oG TWIKTMAX) KR ITE( 2y 103 YIKT,IKTMAX
CALL SCAN(24+30,1CAKII,IKT)

CALE SCAN{1,32,1CsNIys1)

IFINT oGT SNIMAXIWRITE(Z, 124 NT 4 NINMLX
CALL SCAN{2,204 IC,RHOLWNI)
ICHD=FIN{G)

CaLL SCAN({L,1,IC,NPLT,]1)

CALL SCAN(2,1,IC,PLT¢NPLT)

CALL SCAN(Z2,14+IC,CONV+L)

CALL SCAN{Ll,1,IC,ICPT,1)

CALL SCAN(24,1,1C,ERRQOK, 1)

CALL SCAN(2,1+ICoERMAX,1)

CALL SCAN(2,1,1C,DELH,Y)

CALL SCAN{2,1+1C,ALPHA,]L)

CALL SCAN{(2,1,1C+CPy1)

(Continued)
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C CALCULATE PARAMETERS AND CHFECK PHC VECTCR FRCM RRKM

126

gl

C REARRANGE THE K(I) VECTCR TG CRITICAL ENERGY LEVEL
INITIALISE THE GI+RI AND SIG VECTCRS TC ZERC

C AND
180

163
1C4

1¢2

11

CALL SCAN(2,1,1CsPRES,2)
CALL SCAN(2:1,1C+516GG,1)
CALL SCAN{2+1,5IC ¢XXy1)

CALL SCAN(2,1,sIC+BETA,1)
CALL SCANI(24,14IC4DELT,1)
CALL SCAN(L.1,1C,a01F,1)
CALL SCAN{241,ICsNSTER, 1)
CALL SCAN(2415I1C,ALP,NSTEP)
CALL SCAN(Z2,1,ICsPWeNSTEP)
DELH=DFELH*1,.E+3

DO 13¢& K=1,NPLT
IPLTIK)=PLTHK)*L E-6/DFLT
LI=FIN(2)/FIN{L)
DELF=FIN(1)}

EO=FIN{4)

NREACT=EG%*34G .,8/DELFE
IF(REHC(L1)aNEaGL}GC T3 10D
NI=NI-1

DO 1C1 I=1.NI
RHO(I)=REC(I+1])
NRELCT=2NREACT-1
EG=EC-DELE*2.,86E-2

CONTINUE

DO 102 1=1,NI

IF{TIGT.NREACT)IGO TO 1413
AKI(I)=¢(.

GO TC 104

AKI{II=AKII{I-NREACT)

GItI )=,

SIG{I)=0.

BI(I)=D.

CONT INUE

I1T=1

N=NT+1

IMAX=NT~L1]
AMOLF=PRESTLI/(PRFS{LI4+PRES(2))
CLl=(PRES(2} )1 %4, 41313E+7%(FIN(5)*%2,)
C2=FIN(O)*FINCT)/IFINLEI#FINIT))
OMGLl=Cl/SQRT(TO=C2)
EOC=FIN(4}%4,1812
PR1=PRES(1)%133,23
PR2=PRES{2Z2)*123,32

WRITE(3,10906)
WRITE(341C07)FIN(E)sFIN(TIZFIN(S)
WRITE(3,10405)

WRITE(3,1008)
WRITE(341209)PR14PRES(L),PR2,PRES(2),0MG1
WRITE(2,1008)

(Continued)
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SET
AND

105

1Cé6
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WRITE(3,1010)
WRITE{3,101L)ALF,FINE3),FINLL)
WRITE(3,1305)

WRITE(2,1012)
WRITE{3,1713)NSTEP,DELT,ICHD
WRITE(3,41005)

ARITE(3,1C014)
WRITE(2, 1015) KTy NI, ERROR
WEITE(3,10003)

WRITEL3,10316)
WRITE(2,1C17IDELHALPHALCP
WRITE(3,1005)

WEITE(32,1018)

WRITE(3,1C05)

WRITE(3,1019)
WRITE{(3,1022)SIGT+ XX BETA
wRITE(3,1032)

WRITE(3,125)
WRITE(Z41226)FIN{4),ECC
WRITE{2,10C5)

INITIAL CISTRIBUTIGN

Co
5 J=1sNI

ENCJI=FLCAT{J)}*DELE
ENN{JY=EN(J)}*1,98E/KB

NPHT=

JrLI

SIGIJ)I=SICUXFEXP (-XX*{NPHT }*%RETA)
GIUJ)=FEXPLALCGLRHC{I)I-ENNIIM/TL)
C2A0J)=SIGIUI/{FIN(2)*1.986E~23)

SUMG=
SMAX=

SUMGHGIC(S)
S1GU

ENMAX=ENINT )
PLOT ABSCRPTICN CROSS SECTION

CALL
CALL
CALL
catlL
CrtL
caLL

XYPAPE (—Bay~foyildeyENMAX,CaySHAX)

XYHEAD(TITLE)
XYTLEN(* $" )
XYNARX{*ENERCY LEVEL (CM-1)%"')

XYNAMY (YABSOFPTICN CROSS-SECTION (CMaz2a1s?)

XYLINETEN,SIGyNI)

WRITE(3,1033)
WRITE(3,1034)(SIG(Jd)sJ=1lyNT}
GMAX=T,

DR 106 J=1,N1
GI{JI=GI(J)/5ULMG

IF{GI(J) GTGNAXIGMAX=GIJ)

E{J)=

AMAXL{EZRROE*GI(J)y EEMAX)

CONTINUE

GI(N}=TO
E{N}=TO*ERROR
WRITE(3,1035)GIIN)

TO THEPMAL BCLTIMANN OISTRIBUTION
CALCULLATE CRCSS SECTICN PROFILE VECTCR SIG(I)

SUMG=
oC o o17

(Continued)
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WRITE(3,1034)(GI(J)sd=L,NI)
WRITE(3,1736)
WRITE(3,1034)(RHC{J)yd=14NT)}
WRITE{(3,1037)
WRITE(341034)(AKI{J)eJ=1,NI) .
C CALL SUBRDUTINE LASERP TO CALCULATE LASER PCWER TIME PROFILE
CALL LASERP
NTIME=TTI/DELY
SUMT=0.
IFAIL=C,
TIME=C,
HO=DELT
H=HG/4,
IWRITE=]
WRITE(3,1038)INTIME
VAX=EN(NI}/1C.
VAY={.18
XMAX=ENINT)
C PLOY THE DISTRIBUTICN &7 TIME ZFRC
Cl&LL XYPAPE(-léo1—7.51;201XMAXI:3- 9.2)
CALL XYHEAD(TITLER)
CALL XYNUMB{VAX,VAY ,PFES{L1),"("*PRESSURE CF REACTANT'?,G10.3,*tTORL
IR Y }¥,0.0740.)
CALL XYNUMBIVAXyVAY=-,024PPES{2) " {*"PRESSURE COF BUFFFR ¥9,510,.,3,"'1¢(
LTORRO T} A, 0T 404
CALL XYNUMB{VAXyVAY—o i4sALF P {* Y LSER FLUENCEY® ,GlD 3,5t J/CM20 )0 7
10.07,0.)
CALL XYTLEN{*g')
CALL XYMAMX{PENERGY (CMa2=-lal)s$')
CALL XYNAMY([*POPULATICNSY)
CALL XYLINELEN,GI,NT)
WRPITE(3,1C39)
SUMC =0,
SuML =0,
DG ICT ITIME=14NTIMFE
SUMB=C.
TEMP=GI {N)
OMG=CLl/SQRT(TEMP*C2)
C CALCULATE ABSORPTION AND EMISSIOM KATES LITI) AND LSLI)
DO 1CB I=l14N1
CLALT)=ALT{ITIME}HC2A(T)
CLS(I}=3,
IFCIWGTLIICLS(I)=CLALTI-LI)*RHO{1-L])/RHO(L)
BI{I)=FEXPLALGGIRRCL{I))-ENN(I)/TENMP)
108 SUMB=SUMB+BI(T)
OO0 109 [=1,N1
109 BI{I}=BItI)/SUMB
CALL SUBROUTINE ENEXPT T0 CALCULATE THE TRANSITICON PRCBABILITTY
C VECTOR PROB(I)Y ANDO NORMALISATION FACTCR ANORM{I)
CALL ENEXPT
IJ=Q

(Continued)
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00 110 T=1,NI
AVY LT )=GI(TI)tAMILF
AVB{ I)}=BI(1)»AMTLF
JMIN=MAXJ{lyI=NBAEND+])
IF{JMIN,EQ.TICGC TC 111
DO 112 J=JMIN,I
Id=1J+1
FLUTIJ)=FEXPL{ALCGIRHCCOLI Y ) —ALCGURHCOS) F )+ CCENNTJ)-ENNLINY/TEMP))
112 CONT INUE
111 JMAX=MINO(NI, T+NBANC-1)
IFIJMAXLGEQ.IIGC TC 113
0C 114 J=1,JdM8X
IJ=1J+1
FLOTJI=FEXPLLALCG(FRHOUJI)Y ) =ALOGIRRC{ I I I+ CLENN(T)-ENNCJ) )/ TEMP))
114 COMTINUE
113 CONT INUE
110 CONTINUE
CALL SUBROUTINE GEAR TH STLVE THF N CCUPLED DE?*S
CELL GEAR(TIMEWGIgEy ITyNsHOyHyAUX s AyAL3GoIPyBFoX,IFAIL)
N0 115 I=14NI1
TR{GI(I) 4L TZa)GILT =0,
115 CUNT INUE
WRITE THE G(I) VECTOE EACH NPT TTERATICN
IF(ICPT.EG.IIGE TC 116
CALL XYLINE(ENsGISNI)
IWwR=ITIMZ/(IOPT*IWRITE)
IF(IWR.“E.I)GC TC 116
WRITE{3,10340)ITIME
ARTTEL3,10343(GT (T} I=14NI}
WRITE(3,1239)
IWRITE=IwWRITE+]
GO TC 117
116 CONTINUE
117 SGT=¢.
RE-CALCULATE THE ERROR VECTOR AND CALCULATE THE FRACTION
DISSOCTATED AND CALCULATE THE APPRARENT CROSS-SECTION
GKIMAX=C, ’
DO 118 I=1,yNI
F(U)=AMAXI(ERRORIGI(] ),y ERMAX)
SUMC =SUNMCH{GI(T)*SIGCI)IALTI(ITIMEIADELTY)
GKI(T)=GI(I)*AKI(]}
IFIGKI{T) 4GToCKIMAXIGKIMAX=GKI(T)
118 SGT=SGT+GI(I}
FD=14-5G7
SUML=0.
PO 119 I=1,ITIME
119 SUML =SUML+ALT{I}*DELT
SIGAP(L1)=5MC/SUML
ALFD =0,
IF{FEWGT+CoJALFD=ALCGIFD)
558Z=1.

(Continued)
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SS1=C.

582=C.

GIMAX=0Q,

DO 120 I=14NI
GKICI)=GKI(I)/{GKIMAX*20),)
IFIGI{I)uGTLOIMAXIGIMAX=GI(])
SSZ=SSZ+GI(I)

FLT=FLOATI(I)
SS51=SS1+FLT*GI(])

120 SS2=SS2+FLT*FLT*GI({TI)
BARI=851/5S5Z
SOT=(SS2/SSZ-SS1%%2,/S5S2%%2,)#%,5
WRITE(341021)ITIME,TIME,GI{N}4FC,ALFO,SUMLsSIGAP(1}4+BART,SDI

C TEST FOR PLOT REQUEST
DO 121 I=14NPLT
IPLTT=1PLT(I)
IFUITIMELNELIPLTTIGO TO 121
VX=BARI%DELE/LI
SDP=SDI*DELE/LI
PLYY=PLT{TI)
CALL XYNUMBIVXyGIMAX+o023VXy (" "MEANTY Y 3 F7 024" Y (CM=1)"*)"%,,07,0.)
CALL XYNUMB(VX GIMAX+.OLySDP ¥ {*0SD* " ,F8,3,Y7(CM=1)T"7 )", ,G7,.0)
CALL XYNUMB{VXyGIMAX+. 3,3PLTT, (Y ITIMEY Y, F4,1,49%]1C~6 SECS'*)',.07,
1.0)
CALL XYSETLA(1)
CALL XYLINEAENSGI NI}
CALL XYSETL{2)}
CALL XYLINE(EN,GKI,NTI)
GO TQ 107

121 CONTINUE

167 CONTINUE
WRITE(3,1C22})

IK=1

FOP{IK)=FD
135 SUMB=QC.,

TEMP=GI{N])

OMG=C1/SGRT(TEMP*C2)

DD 122 T=14M1

BI(I)=FEXP(ALOG(RHOR(I)J—ENNCTI }/TEMP)
122 syMB=3SuMB+BI( 1)

DG 123 I=1,NI

123 BI{T)=BI{1)/SUumMB
CALL ENEXPT
1J=0
DO 124 I=14NI
AVYLT)=GI(I }J*AMOLF
AVB(I)=BRI(I)*ANMCLF
JMIN=MAXT{1l,1-NBAKND+]1}
IF(JVMINGJEQLTIGO TC 125
DG 126 J=JMIN,I
1J=1J+1

{Continued)
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128
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129

WRITZ THE G(I) VECTCR EACH 10PT

13¢
121

RE-CALCULATE THE EFRKOR VECTOR

132

133
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FLCIJ)=FEXPLLALOGIRHCEII I -ALCG{RHCL ) DI+ LCENNGII-ENNLT) I/ TEMP )

CONT INUE

JMAX=MIND{NI, I+NBAND=-1)
IF(UMAX.EG. TGO T 127
DG 128 Jd=T,JMAX

Id=1J+1

FI{IJ)=FEXP{LALCGIRHCIJ )} =2LCG(RRCITII) I+ CCENNCII-ENNCJ) }/TEMP))

COMT INUE
CONT INUE
CONTINUE

CALL GEAR{TINMEZGI B4 ITyNyHOyH,AUXLA9AA+GsIPyByFoKy IFAIL)

DO 129 I=1,NI
IF{IGI{I)LTL0LIGIT =D,
CONTINUE

ITIME=ITIME+]

IF{ICPT.EQ.J)GC TC 139
IWR=ITIME/(IOPT*IWkITE)
IF(IWRLNELLIGC TS 130
WRITEL3,1040)1ITIVE
WRITE(3,1034)0(GI{I},1=1,NI)
WRITE(2,1022)
IWRITE=I®RRITE+]

GO TC 131

CONTINUE

SGT=C.

GKIMAX="T,

00 122 J=1,4NI
E{J)=AMAXL{ERRECRYGI(J) ERMAX)
GKI(J)=CI(J)*AKI(J]
IFIGKILJ) e GTWGKIMAX)GKIMAX=GKTLJ)
SGT=SGT+GI{J)

IK=IK+1

FOP{IK)i=1s=5GT

ALFDP=3.
IF{FOPUIK) e GT oo JALFIP=ALOG(FCPL{IK)]
$82=G,

Ssl=(.

§S82=Ca.

GIMAX=0,

10 133 I=14NI
GKI{I}=GKI{T)/{GKIMAX%2D,)
IF(GIQT) oGT o GIMAXFGIMAX=GI(T])
SSZ=SSZ+G1{1}

FLT=FLCATI(I)

SSI=SS1+FLT*GI(])
SS2=SS24FLTAFLT*GIL])
BARI=5S1/55¢Z
SDI={SS2/552-SS1%%2,/S5S2%%2.)%%,5

WRITE(341024)ITIMEZTIME,GI(N)FCPLIK)ALFDP4BARTI,SD]

ITERATILCN

AND CALCULATE THE FRACTION CISSCCIATED

(Continued)
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C TEST FOR PLOT REQUEST

DO 124 J=1,NPLT
ITEST=NTIME+IK
IPLTT=IPLT(J}
IF(ITESTLNELIPLTTIGO TO 134
XMN={BARI-50, ) *CELE
XMX={BARI+50,.,}*DELE
VX=BART*DELE
PLTT=PLT(J)
CALL XYPAPE(-B.,-&.'XMNyXMX,O.,.Oél
CALL XYHEADLTITLE)
CALL XYNAMX('ENERGY {(CMaz2-las')
CALL XYNAMY(*POPULATICNS')
CALL XYNUMBIVXyGIMAX#22,BART y P (Y I MEANT T JF T, 2,4 {CNM=1 )00 )1, 0T4.7)
CALL XYNUMBIVX GIMAX+,1ySDI, (P "SEY Y, FB34 " {CM=1)"1)1,,07,.0)
CALL XYNUMBUIVXoGIMAX+ 3 ,PLTT ¥ (PP TIMEI® £4,1,%%]10-6 SECS1Y),,07,0
1.)
CALL XYSETLI(1)
CALL XYLINE{L{EAN,GI4NI)
CALL XYSETL({(Z2)
CALL XYLINE{EN,GKI,NI)
GO0 7C 137

134 CONTINUE

137 CONT INUE
DIFF=FDP({TI)~FOP{ IK-1)
IFIDIFFoGT.CONVRFCPIIK=-1) ANDJTIMELLTL10.E-6)CGD TO 135
CalLL XYEND

1001 FORMAT(20A4)

1002 FORMAT({L1X20R4,/)

1003 FORMAT(S5Xs" INCEX IKT{',I6,")}HAS EXCEEDED THE DIMENSION IKTMAX(',16
1y*) %)

1004 FORMAT(S5X,*INDEX NI(',16,%) HAS EXCEEDED THE DIMENSIDON NIMAX{ ', 16,1
1v)v)

1005 FORMAT(1X,'::

- - - .
. - -

)
[ ]

HE S AN :

1006 FORMAT{1X,*:! t "MASS OF REACTANT® 44X V2% ,5X,*MASS OF BUFFER"+5X 4,
12 X, 'COLLEISTON DIAMETER'13X,':'./,1X,'=',9X,'(AMU)',lOX,':'.QX,
2ULAMUDN T 510X 2 210Xy {A) Y 411iX, %2 Y)

10CT7 FORMAT (I Xy ? 21 38Xy FTa299X g2 ) 8XsF7a2e9X 3 48X4FT742,9X%21")

1008 FORMAT{LIX,?2%,2X, *PRESSURE (F REACTANTY,2X,%2%,2X,'PRFSSURE OF BUF
IFERY 33X g P2 yOX o "CNMEGAT y 10Xy "2y /91Xy 20, 2Xs P (PA}T 39X "(TORR) ", 3K, "2
22Xy VU PAYT SNy P {TORR) "y 3X " 2"y BX9 " (SEC-1)74SX 121

1609 FURMAT (IX "2 4 2XoF5a0eBXeFToa392Xy 232Xy FSa09EXsFTa342X9"27,5%,1PG
11346 96X,73")

1010 FORMAT(LXy" 2% y5X"LASER FLUENCE' y6Xy 2% 34Xy YLASER FRFQUENCY?* 15X, %
19 TXy"GRATIN STZE*yTXe T30/ 31X 9% 2%48Xy"(J CHM-2)1,8Xy"27,9X,"{CM=-1)"
299K V2 33Xy T {CM=-1)",9Xy"2 ")

1011 FORMATIIX "2 y8X FB8a398Xs 2%, 8XyFEa338X9" 27 ,8XsFB8.3,8X,%1219)

1512 FORMAT{IX4%2%,3Xy 'NUMBER LASER STEPS" 93X "2V 46X, " TIME STEPY 9,220
1,3Xy "NUMBER JF CHANNELS'.BX,'t',!,IX.':',24X,'=',9X.‘(SEC"leX.’:
2Vy24%X,0:0)

(Continued)
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1013 FORMAT{1IX," 20 11‘3)( 31491‘,-")(’ TV, TX, 1P01“-:3|31 ?X,': ‘yl‘CXv Ifnlflx,':')

1014 FORMAT{LX ' 235Xy "NUMBER OF KT} ",5X,*%2%,4X, "NUMBER 0OF RHO(I)" 14X,
1420 ,2X,%G(I) ERRNKR FACTNRY,4X,73")

1315 FURMAT{LX,%:!? 11;1(,14,1.!)(, tpe, 10X [&4 310Ky 02 3 BXsFTaD 49Xy "2t}

LC16 FORMATILIX 12 44Xy YENTHALPY CHANGE ¢ SX o V28 3 TX s "SE(I#14 1024 7Xy"%2%,:5
IXe PSPECIFIC FEATY 46Xy 020y /X P2y TX e Y {CAL/MCL) 28X, 27 ,9X, " (CM~-1)
2V yGX g It EXyt LCALZMOL/KYS 4 TX, %2 0)

1017 FORMAT (1Xa? 2% s TXaFLNa3y TXy 20 3 TXgFL0a30TX 30 47X FL0a3, X, 030 )

1518 FORMAT(IXsT1:7 42X YABSCRPTION CRLSS SECTION =3 SIGUTI=SIGUO)Y*EXP{-X
1T %%BETA)Y,15X,"2")

1019 FURMET(1Xe?20 98Xy *SIGMALD) 48Xy 130y 11Xy "X 412Xy "2 %, 10X, *BETA? 410X,
1930/ 1Xy? sy St ICM2) g 10X, 27, 24X 2% 424Xy "3")

1020 FORMATELIX 720 30X 9 1PGLl2.0s6Xs 235X 0Ll2eb9EX9" 235X 1G12,696Xe"%2")

1923 FURMATILX,*CRCSS SFCTICN VECTCR®)

103234 FCRMAT(1X,12E1C.32)

AZE FCRMATIIX,*CISTRIBUTICN AT TIME L AND TEMPERATURE PLFI0.24%'KY)
10%¢ FORMATLLIX,'2ENSITY OF STATES, RHC(I}')

1727 FORMAT{L X, YRATE CONSTANTS, K{T) ")

1028 FORMAT(1 Xy *NUMBER NF TIMF STEPS=%,110)

1739 FORMAT(2X,1STEPY LI X, TTIME {SECIY1X,'BUFFER T (K)"y 99Xy " F'y6X,'LNAG
1 Ft L 8Xy "FLUSNCE " y8Xy YEXP SIGY 3%y "MEAN ['42X,°" chrv}

1040 FOARMAT{LIX'LISTING 7F GI VECTPR ',117,* ITERATION?Y)

1021 FOPMAT{IXy 14y I1X,1PGL0.3,32X,610.395X9G104342X30610,293X40PF543,6Xy1P
161l e 1XyLPFTa2y1XsF8.2)

1022 FORMATI{1X,? s e sk e ok o st ok o ot ol e o ok of e e ool o e ot ol e o ol o ool ol ok e 3k o e o ofs o ek ok e ol ofe e ki e e ok
19,/ 1Xs *LASER TURNED OFF AND PRUCEELY o/ 5 ¥ dokok s shokoodoojokop ook sk ok sjok ok o o o
pi T ST TSRS SRS EE RS ELEANYE

1023 FORMAT(LXy*STEPYy1Xs'TIME (SEC)' 11X "BUFFER T (K) 99X 'F?*46Xy LG
1 F1,3Xy "MEAN T¥,2X," SpY)

1224 FORMATILX 14,3 1Xs 1PGLl a2 32X s0Ll0 e 395X s4G1l04342X9G10.3,1X0PFT.241X+FB
i.3) :

1025 FORMAT(1Xe"2t 44X *CRITICAL ENERGY',bX:’:'124Xv':"24X1':"/,1X1'3'
1o2X e "(KCAL/MOLY Yy 2Xy VHRI/MOL) g 2X 9P 3V 4240903 324XK,113Y)

1026 FORMATILIX " 2" 42X 9 F G a3 32X FFa342X e M3 V424X 20 ,24Xe%20)

STCP
END
SUBRCUTINE AUX(X,YsF)

C SUBRIUTINE AUX SETS UP THF COUPLED DE'S FOR SUBRCUTINE GEAR

C
C

THIS ROUTINE CONTAINS THE BASIC THECRETICAL EQUATICNS

COMMON /31/TTI4DELT4DELEGZNREACT,,FIN(2C) 4RHO(3GN),AKI(20D)
COMMON /B2/ALTI(2.200)4ALP(5Q) yPWIEQ)y ALF4NSTEP

COMMCN /B3/PRCB{Z{T) fANORME3TT)

COMMON ZB4/7EN(30CC)ENN(ANN) ,NELH,CPL,SIG(300),BI(300)

COMMCN /7BS5/7ALPHA Ny NI IMAX,ITIME,LI

COMMCN /B8/NBAND

COMMCN /BY/70OMG,CLAL3CN) ,CLSI3T0) ,AVY{350),AVE(300),F1(30000)
DIMENSION Y(300),068B1{305)F300)

SUM4 =0,

[J=¢

{Continued)
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4
3
55

11

13
12

i9

DO 5 T=14NI1

ANORFMI=ANGRM{T)

YI=Y{I)

ENT=ENI(LT)

ENNI=ENN(I)

AVYI=AvY(])

SUM1=90.

SuUM2=0.,

SuM3l =0,

JMIN=MAXS(1,1-NBAND+1)

IFCJMINLEG.IIGO TD 44

DO 2 Jd=JdMIN,I

I1J=1J+1

FlIJ=F1(1J)
S1=PROB{I=-J+1I*ANORMIR(Y[J)%F11J-Y]}
SA=PROBLI-J+1LI¥ANDRMI®R(AVY{J)AF1ITJ-AVYT ) H(ENCJ)-ENI)
IFIJNELIMINLANDLJLNELT)IGO T 6
51=51%3.,5

S$3=83%),5

SUM3=SUMZ2+S53

SUM1 =SUMLI+S1

JMAX=NMINGINI, [+NPAND=-1)

IF{JVAXLEQ.I}GD TO %55

DO 3 J=1,JMAX

[J=1J0+1
S2=PROB(J-T+#1)*=ANCRM{J)*{Y(J)-YI*F1(1J))
IF(J.NELTJANDaJaNEoIMAX) GO TO 4
52=52%0,5

CONT INUE

SUMZ2=5UM2+52

SUM=SUML+SUN2

TERMI=0OMG*DELE%*SUNM
IF{ILLELLILORGILGTLIMAX)GG TO 11
TERMZ2==~{AKTLI)I+CLACTJ4CLSCINV2#Y T+ CLA(I-LT )Y {T-LI}+CLSUT+L T IRY{T+L
11)

GO TC 12

ITF{I.GTLIMAX)GG TC 13
TERMZ2=={AKI{I}+CLACTI#CLS(T))I YT +CLSU{T+LE)*Y{I+LT)
GO TG 12
TERMZ2==(AKT{IJ+CLACT)+CLSITIISYTHCLA(TI-LTI)*YLI-LI)
TERMI={ 2, B6*ENTI)-NELHIHAKTI LT }xAVY (1)
TERMG=2 J*OMGADELERSUMZ* 2,859
SUM4=SUM4GETERMI+TEFRE M4

F{I)=TERML+TERM?

FAN}=SUMLG/CP

RETURN

END

SUBRUOUTINE AUXI(XsY,F}

C SUBROUTIKE AUX1 SETS U® THE COUPLED [CE*S FOR SUBRCUTINE GEAR
C THIS ROUTINE CONTAINS THE BASIC TH+ECRETICAL ECQUATIONS

(Continued)
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C FCF CONDITICNS AFTER THE LASER PULSE

C

(6. SN 8

CCOMMGN /B1/TTI40CLY DELE,NREACT,,FIN{20)yPHOI2CO)} 4 2AKT (300)

COMMON FB2/ALTI(207CT) JALP(5C) +PWISO )y ALF,NSTESP
COMMON /B3/PRCBE3CC), ANORM(3{ )

COMMEN /B4/EMN{3COY, ENN(30U2),0ELH,CPySIGL20G),81(300)
COMMON fBS/ALPHAOZNGyNT ,IMAX, ITIMF, L]
COMMCN /BB/NBAND

COMMON /78S/70MGy CLAC3001,CLST30U) »AVYI30D),AVBL300),F1{300C0)
DIMENSICN Y579 «0GRIT3I0),FL200)
SUM4=(.,

ITd=2

DO 5 I=1,4NI

ANORFI=ANCRM(]T)

YI=vy(l}

ENT=ENCT

ENNT=ENKIT)

AVY T =8VY (1)

SUM1=C,

SUMZ =i,

SUM3=¢,

JMIN=MAXT {1y ] -NBAND+1)

IFUUNMINGEGQ.TIGE YO 44

DG 2 J=JMIN,]

Id=1J+1

F1IJ=F1(14)
S1=PROBLI-J+ 1 )FANCRMIF(Y{JIRFL]J-Y])
SZ=PROBAI-J+1IXANCRMIN(AVY(JI*FLITJ-AVYI )X (EN(JI-ENT)
IF{J JNELIMINJANDLJGNELTIGOD TC 6
51=51#%0,5

$3=8z2Z*7,5

SUM3=SUNM2+53

SUM1=5UML+351

JMAX=MINCANT, [+NBAND=-1)

IFLUMAXLEG.I)GC T 55

DO 3 J=1,JMaX

li=1J+1

SZ2=PROB{J=T+1 )HANCEM{JIRIY(IY=YIBFL(IJ))
IF(JNESTLANDGJWNFLUMAX) GO TO 4
52=52%0,5

CONT INUE

SUM2=5UN2+S2

SUM=SUM1+SUM2

TERM1=OMC#*DELE*SUNM

TERMP2=-AKI{I)*Y!]
TERM2={2.86%EN(T)~DEZLHI*AKI (] )%2VYL])
TERM4=2 ,*CMGHCELEXSUM 2% 2,859
SUM4=SUNM4G+TERM3I+TERNVG

FUI)=TERM1+TERM2

FIM}=SUN4G/CP

RETUERN '

(Continued)
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END
FUNCTION FEXPULEX)
FEXP=0,
IF{ABSIEX) LT W150L)FEXP=EXP(EX)
RETURN
END
SUBROUTINE LASERP
C
C SUBRDUTINE LASERP CALCULATES THE LASER POWER ALI(TIME) FROM
C THE INPUT STEP FUNCTICN
C
COMMCN /Bl/TT1,CELT,DELESNREACT,FIN(Z0) yRHO{2C0) 42KT{300)
COMMCN /B2/7ALTI20 000 ) yALP(5M) ,PW{50 ) yALF(NSTEP
DIMENSION NCH(5()
NCH{Y}=Pwll}/CELT
TTI=PW{l)
I=0
J=0
DO 1 K=2,NSTEP
NCH{K)=NCHIK=1)+PWl{K) /DELT
1 TTI=TTI+PW{K)
SumM=0.
DO 2 M=1,NSTEP
2 SUM=SUM#ALP(M}®PH(M)
5 I=1+1
4 J=4+1
ALI(JI=ALP(I)*%ALF/SUM
IF{JLTLNCHIINICGO TO 4
[F(T.LTWNSTEP)IGE TC 5
JMAX=NCHINSTEP)
RETURN
END

(Continued)
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SUBRCUTINE ENEXPT
C COMPUTES CCOLLISICH PRCBABILITY ARRAY PR(CB.
€ TO CHANGE THE PEDBARILITY FUNCTIOMN,(1) CHANGE FCRMAT STATEMENT;
C (2} CHANGE FUNCTIUNAL FCRM
COMMCN /B3/PRECB(3003), ANURMIE3D40)
COMMON /S81/TTI4DELToDELEYyNPELCT, FIN(Z20) 4REOU3CND) JAKI(3C0D)
COMMCN /B4/7EN{2C0O)ENN{3GO) DELHyCP,SIGI2CG)BIL300)
COMMON /BS/ALPHAYNeNIy IMAX, [TIME, !
COMMGN /BB/NBAND
NBAND =,
DO 8U9 I=14NI1
PROB(I)=C.
8(9 CONTINUE
C  GENERATE UN-NORMALILIZED PROBARILITY MATRIX,
DO 1 T=1.0N]
DE=FLOAT(I~-1)*0ELE
X=DE/ALPHA
IF{XeLTolZe ) PROESALI)=FEXP{-X]
IF{X.GEL12.)GC TC 2
1 CONTINUE
2 CONTINUE
C  GENERATE ANORM, THE VECTOR OF N2IPMELLIZERS,INITIALLY AS CoITS RECIPROCAL.
NBANG=1-1
TF(NBANDSEWQ.1) NBAND=T
IF{MNBAND.EQ D} RETURN
CCMMENCE FINITE CIFFERENCE SOLUTICN OF TNTEGRAL EQUATION FOR C.
J=NT+1
00 5 JJd=1sNI
J=J-1
IF{J.GELINREACTY) GO 7O 4
TO AVOIC NCCASINNAL PROBLEMS WITH NCRMALIZATION ALGCRITHM FDOR STATES
WITH VERY LOw ENERGIT™S, &bl STEATES wWITH ENERGIES BELOW EZ/2 ARE GIVEN THE
SAME NORMALIZATICN o THIS HAS
NO PHYSICAL EFFECT,SINCE THESE fLwlYS HAVE THEIR EQUILIBIRIUM POPULATIONS
ANORMIUJ ) =ANORM{ J+1)
GU TC 5
4 CONTINUE
ANGRMIJ )=
IF{J.5Q.1) GO TC 2
DE=C.
IMIN=MAXZ(1,J-NBAND+1)
DO T I=IMIN,J
A=pe{E{J-T+1)
IFITacQedsIRaILEGGIMIN) 2=0%0.5
DE=CE+A
7 CONT INUE
ANOCRNM{ J) =DEXCELE
CONT INUE
IFTJ.EQ.NI} G2 TN 5

[ NeNelwl

|89

(Continued)
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21
132

23

IUP=MINCINI y J+NdAND-1)

DE=0 .

IFCIUPLLELJ) GG TO 5

DO 6 I=J,1UP
A=(PROBII-J+1}*BI(L}/ENCGRM(T})
IF(I'EQ.JIDR'I.EQDIUP) A=A%D,. 5
DE=DE+A

CONT INUE

IFIBI(J)EQ.LL)IG0 TO 26
ANORM{JY=ANORM{J) /{1~ (DELEXDE/BILJ) })

G0 TC S

ANGRM(J) =ANCRM(I)

CONT INUE

DC 12 J=1,4NI

IFCARORMJ) 2EQ.Z. GO TO 21
ANORM{J)I=1./7ANCRM(J)

G0 7C 13

ANGRMUJ)}=1./ALPHA

COMTINUE

RETURN

END
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APPENDIX €
SUBROUTINE GEAR (NAGFLIB : 793/504 : Mk 5 : Nov 74)

Cl. PURPOSE

GEAR integrates a system of first order ordinary differential equations
over a range [Gear 1971].

C2. SPECIFICATION (FORTRAN IV)

SUBROUTINE GEAR (X,Y,E,T,N,HO,H,AUX,A,AA,G,IP,B,F K, IFAIL)
INTEGER T,N,IP,K,IFAIL

REAL X,Y,E,HO,H,A,AA,G,B,F

DIMENSION Y{N),E(N),A(9,N),G(N,N),B{(N),F(N),AA(9,N)
EXTERNAL AUX.

C3. DESCRIPTION

GEAR integrates a system of ordinary differential equations

ik R .
rral 1.(x,yl,yz,...,_yn),1 = 1y0as,l

from X to X+HO. The method is based on ideas given by Gear [1971], and is
primarily intended for 'stiff’' systems of equations. Most stiff systems can
be characterised as having complementary functions (transient) which decay
more rapidly than the free solution y ,yz,...,yn. In most cases we can
quantify the degree of stiffness of the system of differential equations by
the size of the stiffness ratio (the larger the ratio, the stiffer the
system). If the eigenvalues of the Jacobian matrix Iafi/ay.l are
Apshpseneshy, then the stiffness ratio is defined by max. (Re(Ai))/min.
(Re(xi)). Note that, in general, the values A will depend on x and on the
sotution Y1s¥pseees¥y and hence the degree of stiffness of a problem may vary
across the range. The subroutine chooses the step length h and the order of
the method so that the specified accuracy {is obtained with minimum
computation. The methods used vary in order of accuracy, with a maximum order
of six (that is, the local error is of order hs). The differential equations
are defined by a subroutine AUX which evaluates the derivatives fi in terms of
x and yl,yz,...,yn.
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C4. PARAMETERS

X - real

-
1

imn
1

-
1

Before entry, X must be set to the initial value of the independent
variable x, and on exit it will contain X+HO, unless an error has
occurred, in which case it will contain the Tast calculated value of
the independent variable. Not to be disturbed between steps if the
integration is to continue.

real array of dimension (N)

Before entry, Y must be set to the values of yl,yz,...,yN at X, and
on exit it will contain the computed values at X+HO, unless an error
has occurred in which case it will contain the last calculated
values of YisYoseeesYy- Not to be disturbed between steps if the
integration is to continue.

real array of dimension (N).

Before entry, £ must be set to the error bounds for each component
of the solution. The type of error test required (relative,
absoTute or mixed) is specified by the paraméter T. Ilinchanged on
exit.

integer.

Before entry, T must be set to a value, the modulus of which defines
the error test to be applied. If the estimate of the local error is
TR(1), then

[T| =1 gives a mixed error test : [TR(I)| < E(I) (1+]|Y(I}|),
|T| =2 gives an absolute error test : [TR(I)| < E(I),
|T| =3 gives a relative error test : |TR(I)| < E(I) [ Y(1)]

This is used to determine the step-Tength and order of the method.
For most cases T=1 is satisfactory. The sign of T is used in the
subroutine to distinguish the first entry. T should be positive on
the first entry and should not be altered between steps when
integration is to be continued. On first exit, the sign of T will
be changed but thereafter it will remain negative.
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N - integer
On entry, N specifies the number of equations. Not to be disturbed
between steps if the integration is to continue. Unchanged on exit.

HO - real

On entry, HO specifies the interval over which integration is
required. Unchanged on exit.

H - real
Before entry, H must be set to an estimate of the step-length needed
for integration, although the subroutine will modify this if
necessary to maintain local accuracy. If H is zero on entry it will
be set initially to HO/4. On exit, H will contain the current
step-length. Not to be disturbed between steps if the integration
is to continue.

AUX - subroutine, supplied by the user, with specification:
SUBROUTINE AUX(X,Y,F)
real F(n),Y(n),X
where n is the number of equations being solved. It evaluates the
derivatives of Y(1),Y(2),...,Y(N) at a general point X and places
them in F(1),F(2),...,F(N). AUX must be declared as EXTERNAL in the
(sub) program from which GEAR is called.

A ~ real array of dimension (9,N)
Used as working space. Not to be disturbed between steps if the
integration is to continue.

AA - real array of dimension (9,N)
Used as working space. Not to be disturbed between steps if the
integration is to continue.

G - real array of dimension (N,N) -
Used as working space. Not to be disturbed between steps if the
integration is to continue.

IP - integer array of dimension (N)
Used as working space. Not to be disturbed between steps if the
integration is to continue.
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B - real array of dimension (N)
Used as working space. Not to be disturbed between steps if the
integration is to continue.

F - real array of dimension (N)
Used as working space. Not to be disturbed between steps if the
integration is to continue,

K - integer
Used for working space - contains the current order, Not to be
disturbed between steps if the integration is to continue.

IFAIL - integer .
Before entry, IFAIL must be assigned a value. For users not
familiar with this parameter the recommended value is 0. Unless the
routine detects an error, IFAIL contains O on exit.

C5. ERROR INDICATORS

Errors detected by the routine:

IFAIL

=1 This indicates that the step-length has been halved repeatedly
until it is less than 10'4(1n1t1a1 step-length); or too many
steps are required to reach the end of the range.
IFAIL = 2 This indicates that the subroutine is unable to perform the

corrector iterations, probably because of an unfortunate choice
of H.

If the program fails with IFAIL = 1 or IFAIL = 2 then, as a first strategy,
the subroutine should be called again with a smaller value of H starting with
the Tast reliable values of the solution. If the program fails continually
then it is likely that the solution of the differential system is ill-behaved
(e.g. it is discontinuous or singular).






