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ELECTRONIC BAND SYSTEMS':' 

Richard N. Zare t 
Department of Chemistry and Lawrence Radiation Laboratory 

University of California 
Berkeley, California 

November 19, 1963 

ABSTRACT 

Source -deck listings of two computer programs are given for the calcu­
lation of relative intensities in the vibrational structure of an electronic tran­
sition. The first program finds turning points of an electronic potential­
energy curve by direct numerical evaluation of the Klein action integrals in 
the RKR procedure. The second program uses these turning points to con­
struct an effective potential for the molecule with rotational quantum number 
J. The radial Schrodinger equation then is solved for this potential to yield 
vibrational-rotational wavefunctions from which the program calculates 
Franck-Condon factors, r-centroids, and relative intensities. 

:::~ 

Work done under the auspices of the U. S. Atomic Energy Commission. 

t Now at Harvard University, Cambridge, Massachusetts. 
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INTRODUCTION 

This report supplements a previous paper, 1 hereafter referred to as I, 
which describes the calculation of relative intensities in the vibrational struc­
ture of an electronic transition. All computer programs used in I are docu­
mented herein .. 

Much of the programming was done by Mr. J. V. V. Kasper or in col­
laboration with him. The programs presented are not in final polished form 
and the author assumes the responsibility for all remaining errors that have 
gone undetected._ No systematic attempt has been made to test all possible 
branches in these programs. However, these programs have been running 
successfully for over six months. 

Much of the programming logic has been mentioned before in I. Com­
ment cards have been liberally used in the Fortran source deck listings so 
that a description of the methods used in each program is self-contained . 

. Comment cards also describe fully the preparation of data cards for each 
program. To further aid the user, .sample data decks, which were success­
fully tested, are included. The output from these sample decks is displayed 
in the Appendix. 

These programs are written for an IBM 709/709 0/7094 installation. All 
source decks shown are .photographic reproductions of machine listings. 

PROGRAM FOR FINDING TURNING POINTS OF A 
POTENTIAL BY RKR PROCEDURE 

Remarks 

The input may be either in the form of spectroscopic constants for the 
electronic state, or the actual G ( v) and Bv spectroscopic data. In the 
former case, the program requires about 3 sec per pair of turning points, 
whereas in the latter case2 it is 5 sec. It is also possible to use a combina­
tion of input modes, i. e., vibrational constants and rotational Bv data, or 
vice versa. 

When giving G(v) data, the zero-point energy may be assigned by the 
user, or found from extrapolation by the program. This latter feature allows 
the use of zero -line measurements or tabulated ~G( v) data. 

Lim'itations 

(a) If tabulated G( v) or Bv data are used that have anomalous behavior, it 
is poss~ble for the interpolation procedures NTRPSR or NTRPDP to fail. 

(b) If less than eight G(v) or Bv data points are to be read in, NUST in 
subroutine RKR must be modified. 

(c) Since errors tend to acc~mulate in the calculation of the turning points 
for each higher vibrational level, the potential curve is less accurate as the 
dissociation limit is approached. 

Listing 

Table I lists the source decks and Table II gives a sample data deck for 
the RKR program. 
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CMAIN 
c 
c 
c 

Table I. Source-deck listing for RKR program. 

FINDS TURNING POINTS FOR A MOLECULE BY RYDBERG-KLEIN-REES METHOD 
ALL INPUT IS IN WAVE NUMBERS AND ANGSTROMS. 
USER SPECIFIES CHOICE BETWEEN MASS UNITS BASED ON C12 = 12t OR 
016 = 16. 

MAIN 
MAIN 
MAIN 
MAIN 

c THE FOLLOWING COMMENT CARDS DESCRIBE THE PREPARATION OF DATA CARDSMAIN 
c 

c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

DIMENSION 
z 

XI 12001 tYI !2001 tXOC30001 tV<30001 tSC30001 tKVC 2001, 
ETR I AL< 2 00 I t Q IRA I 2 I, Q I EN I 3 I ,Q I MS ( 2 I, Z I MS I 21 t Z IRA I 2 I , 
ZIEN! 31 ,ECALC I 2001 tXPRN! 51 tVPRN !51 tDTFPMT! 10 I, 
G!2001oBV!2001tFMT!241• U!2001tRMINI2001tRMAX!2001t 
DUFMT!10itBVF!2001 

z 
z 
z 

COM.'•10N 
z 
z 

XItYitXOtVoXHtNSTAoNoMSTAtMtXMINtXMAXtiNSCtMBEGtNUSEDtSt 
NitNStMAXITtFACMtZMUtDEtWEtWEXEtWEYEtWEZEtWETEtBEtALPHAEt 
GAMMAE~DELTAE,AStBS,MQ,STEP,U,BVtGtiCKtHtiTRtHDEStEPSLNE 

FIRST CARD IN DATA HAS A ONE IN COLUMN 1 IF A PROBLEM FOLLOWSo 
VERY LAST CARD IN DATA MUST BE A BLANK CARD••••• 

1 CALL TIME!BEGINl 
WRITEOUTPUTTAPE6t140tBEGIN 

140 

100 
2 

3 
101 

102 

FORMAT (9HO TIME = F10o5) 
READINPUTTAPE5t100tiTEST 
FORMAT !Ill 
IF <ITESTl 3t400t3 

NEXT TWO CARDS IN DATA HAVE NAME OF PROBLEM IN COLUMNS 1-72t 
WHERE CARRIAGE CONTROL IS IN COLUMN 1. NEXT CARD HAS IIMS AND 
MASSES OF THE TWO ATOMSt OR IIMS AND REDUCED MASS IN FIRST MASS 
FIELD WITH SECOND BLANK. 
IIMS = 1, MASS UNITS ARE BASED ON Cl2 12. 
IIMS = 2, MASS UNITS ARE BASED ON 016 = 16. 

READINPUTTAPE5tlOlt!FMT!Ilti=1t24l 
FORMAT !12A6l 
READINPUTTAPE5tl02oiiMS,ZMAS1tZMAS2 
FORMAT !I4t2Fl0e0) 

NEXT CARD IN DATA HAS IQHKt AND NUMBER OF LEVELSt EACH 
IN I4 FORMATt AS WELL AS THE FORMAT STATEMENT WHICH CONTROLS THE 
READING OF THE LEVELS !IN COLUMNS 13-721--FOR EXAMPLE- !4El6e81. 
IQHK = 0 IF THE FOLLOWING CARDS CONTAIN THE TABULATED G CURVEo 
IF A PARTICULAR VALUE IS TO BE INTERPOLATED, SET GCI) = -10• 
IF IT IS DESIRED TO USE CONSTANTS TO GENERATE THE ENTIRE 
G CURVEt IQHK MUST NOT BE EQUAL TO ZERO. 
A HOLLERITH TEXT MUST BE PUNCHED IN COLUMNS 13-72t 
AS IT WILL ~E PRINTED, E.G., !lH l 
THE NEXT CARD IN SUCH A CASE CONTAINS 
WEtWEXEtWEYEtWEZEtAND WETE. 

NtCDTFRMT!Ilti=ltlOI 
103 

5 READINPUTTAPE5t103tiOHKt 
FORMATI2I4t4XtlOA61 

c 

6 
.8 

114 

II EN = 2 
IF I IQHKI 8t7t8 
READINPUTTAPE5tl14tWEtWEXEtWEYEtWEZEtWETE 
FORMAT C5ElO.OI 
GO TO 9 

7 READINPUTTAPE5tDTFRMTtCGCIIti=ltNl 

MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 

000 
001 
002 ' 
003 
004 
005 
.006 
007 
008 
009 
010 
011 
012 
013 
014 
015 
016 
017 
018 
019 
020 
021 
022 
023 
024 
025 
026 
027 
028 
029 
030 
031 
032 
033 
034 
035 
036 
037 
038 
039 
040 
041 
042 
043 
044 
045 
046 
047 
048 
049 
050 
051 
052 
053 
054 
055 
056 
057 

' 
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C THE ZERO POINT ENERGY MAY BE FOUND BY EXTRAPOLATION, OR IT MAY BE MAIN 058 
,.., C FIXED BY THE USER FROM HIS TABULATED G!Vl CURVE. MAIN 059 

C NEXT CARD CONTAINS IOPEV. MAIN 060 
C SET IOPEV = Ot IF THE ZERO POINT ENERGY IS TO BE FOUND BY MAIN 061 
C EXTRAPOLATION, AND THE G<Vl CURVE IS TO BE RAISED OR LOWERED MAIN 062 
C ACCORDINGLY. MAIN 063 
C THIS IS PARTICULARLY USEFUL IF DELTA G<Vl DATA IS TO BE USED. MAIN 064 
C SET IOPEV,= 1t IF THE TABULATED G!Vl CURVE IS TO BE USED UNCHANGEDMAIN 065 
C SET IOPEV = 2t IF THE G!Vl CURVE IS TO BE CONSTRUCTED FROM CONSTANMAIN 066 
C MAIN 067 
9 READ INPUT TAPE 5, lOOt IOPEV MAIN 068 
C MAIN 069 
C THE NEXT SET OF CARDS CONTAINS THE BV CURVE WITH THE SAME MAIN 070 
C RESTRICTIONS AS FOR G CURVE ABOVE. NUMBER OF VALUES HERE MUST BEMAIN 071 
C EQUAL TO THE NUMBER ABOVE MAIN 072 
C MAIN 073 

READINPUTTAPE5t103tiBHK, Nt!DUFMT(I)tl=1t10) MAIN 074 
IIEB = 2 MAIN 075 

30 IF <IBHKI 31t32t31 MAIN 076 
31 READINPUTTAPE5t114tBE,ALPHAE,GAMMAE,DELTAEtEPSLNE MAIN 077 

GO TO 33 MAIN 078 
32 READINPUTTAPE5tDUFMT,!BV<Ilt1=1tN) MAIN 079 

C MAIN 080 
C THE ROTATIONAL CONSTANT BE MAY BE FOUND BY EXTRAPOLATION• OR IT MAIN 081 
C MAY BE FIXED BY THE USER. MAIN 082 
C NEXT CARD CONTAINS IOPA AND BEQUIL. MAIN 083 
C SET IOPA = o, IF THE VALUE OF BE IS TO BE FOUND BY EXTRAPOLATION MAIN 084 
C FROM THE BV DATA READ IN. LEAVE BEQUIL BLANK. MAIN 085 
C SET IOPA = 1t IF THE VALUE OF BE IS TO BE GIVEN BY BEQUILo MAIN 086 
C SET IOPA 2• IF ROTATIONAL CONSTANTS ARE USED. LEAVE BEQUIL MAIN 087 
C BLANK. MAIN 088 
C MAIN 089 
33 READ INPUT TAPE 5t102tiOPAtBEQUIL MAIN 090 
C MAIN 091 
C NEXT DATA CARD CONTAINS RE, THE INTERNUCLEAR EQUILIBRIUM DISTANCE.MAIN 092 
C MAIN 093 

READ INPUT TAPE 5,106tRE MAIN 094 
106 FORMAT!F10.0l MAIN 095 
C MAIN 096 
C NEXT DATA CARD CONTAINS VSTARTtVFIN,AND HOED WHEPE MAIN 097 
C TURNING POINTS ARE CALCULATED FROM VIBRATIONAL LEVEL VSTART TO MAIN 098 
C VFIN IN STEPS OF HOED E.G. FROM 0.5 TO 20e5 IN STEPS OF 1.0. MAIN 099 
C MAIN 100 

READ INPUT TAPE 5t114tVSTARTtVFINtHDED MAIN 101 
C MAIN 102 
C NEXT CARD CONTAINS IOPFGo MAIN 103 
C SET IOPFG = 1, IF INTERMEDIATE STEPS IN THE EVALUATION OF THE MAIN 104 
C KLEIN ACTION INTEGRALS ARE TO BE PRINTED. MAIN 105 
C SET IOPFG = Ot IF INTERMEDIATE PRINT-OUT IS TO BE SKIPPED. MAIN 106 
C NORMALLY THE USER', SHOULD SET I OPFG = O. MAIN 107 
C MAIN 108 

READ INPUT TAPE 5t10CtiOPFG MAIN 109 
C THIS TERMINATES COMMENT CARDS ON THE PREPARATION OF DATAo MAIN 110 
C IF NO FURTHER PROBLEMS FOLLOW, REMEMBER TO ADD A BLANK CARD TO MAIN 111 
C THE DATA DECK. MAIN 112 
C MAl N 113 
C MAIN 114 

•1':, 
QIRAC2l 6HANGST. MAIN 115 
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QIEN!2l = 6H11CM MAIN 116 
QIMS!1l = 6HC12=12 MAIN 117 
QIMS!2l = 6H016=16 MAIN 118 

C MAIN 119 
C PRINT HEADING MAIN 120 
C MAIN 121 

WRITEOUTPUTTAPE6tl01t!FMT!Ilti=1t24l MAIN 122 
C MAIN 123 
C PRINT THE MASSES AND THEIR UNITS. MAIN 124 
C MAIN 125 

10 IF <ZMAS2l 12tl2t11 MAIN 126 
11 WRITEOUTPUTTAPE6t121tOIMS!IIMSltZMAS1tZMAS2 MAIN 127 

121 FORMAT <11140H THE MASSES OF THE TWO ATOMS, BASED ON A6t 6Ht ARE MAIN 128 
Z F10e6t 5H AND F10e6111l MAIN 129 

GO TO 20 MAIN 130 
12 WRITEOUTPUTTAPE6t111tOIMS!IIMSltZMAS1 MAIN 131 

111 FORMAT !II/46H THE REDUCED MASS OF THE TWO ATOMSt BASED ON A6t MAIN 132 
Z 5Ht IS F10.61/ll MAIN 133 

C MAIN 134 
C MAIN 135 
C MAIN 136 
C PRINT G!Vl DATAt OR VIBRATIONAL CONSTANTS MAIN 137 
C MAIN 138 

20 IF !IQHKl 22t21t22 MAIN 139 
22 WRITEOUTPUTTAPE6tDTFRMT MAIN 140 

WRITEOUTPUTTAPE6t116tWE,WEXEtWEYEtWEZEtWETE MAIN 141 
116 FORMAT C63HO THE G!Vl CURVE IS CONSTRUCTED FROM THE FOLLOWING INPUMAIN 142 

ZT DATA. II 1H WE = F10o3t8Ht WEXE =F10o4t8Ht WEYE =E10o5t8Ht WEZMAIN 143 
ZE =E10o5t8Ht WETE =E10o5 l MAIN 144 

GO TO 40 MAIN 145 
21 WRITEOUTPUTTAPE6tl22~QIEN!IIENl MAIN 146 

122 FOR~AT C32H THE INPUT G VALUESt ENERGY IN A6t MAIN 147 
Z 18H, ARE GIVEN SELOWo Ill MAIN 148 

WRITEOUTPUTTAPE6t115t!G!Iloi=1tNl MAIN 149 
115 FORMAT !1X10F11o3) MAIN 150 

WRITEOUTPUTTAPE6t128 MAIN 151 
128 FORMAT !20X48HVALUES OF -10. ARE TO BE FOUND BY INTERPOLATION.! MAIN 152 

C MAIN 153 
C PRINT BV DATAt OR ROTATIONAL CONSTANTS MAIN 154 
C MAIN 155 

40 IF !IBHKl 41t42t41 MAIN 156 
41 WRITE0UTPUTTAPE6tDUFMT MAIN 157 

WRITEOUTPUTTAPE6t120tBEtALPHAEtGAMMAEtDELTAE,EPSLNE MAIN 158 
120 FORMAT C64HO THE BV!Vl CURVE IS CONSTRUCTED FROM THE FOLLOWING INPMAIN 159 

ZUT DATA. 111H BE = 1PE11o5tlOH, ALPHAE E11o4t10Ht GAMMAE = MAIN 160 
Z E11e4t10H, DELTAE = El1o4t 10Ht EPSLNE = E1lo4l MAIN 161 

GO TO 43 MAIN 162 
42 WRITEOUTPUTTAPE6t127tGIEN!IIEBl MAIN 163 

127 FORMAT !33H THE INPUT BV VALUESt ENERGY IN A6t MAIN 164 
Z 18Ht ARE GIVEN BELOWo Ill MAIN 165 

WRITEOUTPUTTAPE6t129t!BV!Ilti=1tNl MAIN 166 
129 FORMAT !1X10F11e6l MAIN 167 

WRITEOUTPUTTAPE6t128 MAIN 168 
C MAIN 169 
C PRINT HEADING MAIN 170 
43 WRITEOUTPUTTAPE6t101t!FMT!Ilti=1t24) MAIN 171 
C MAIN 172 

200 IF CZMAS2l 201t201t202 MAIN 173 
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201 

202 
204 

ZMU = ZMAS1 
GO TO 204 
ZMU = ZMAS1*ZMAS2/IZMAS1+ZMAS21 
ZIMSI11 = loO 
ZIMSI21 = o9996784 
ZIRAI1J = loO 
ZIRAI21 = 1o889766 
ZMU = ZMU * ZIMSIIIMSI 
ZIENilJ = ZMU * 3o643668E3 
ZIEN121 = ZMU * lo6610826E-2 
ZIEN131 = ZMU * 1o339776E2 
FACM = 60.201702/ZMU 

206 XII1J = Oo5 
207 DO 208 I = 2tN 

IL = I - 1 
XIIIJ = XIIILJ + 1o0 

208 CONTINUE 
ZERO = OoO 
WRITEOUTPUTTAPE7t101tiFMTIIJtl=1t24l 
WRITEOUTPUTTAPE7t13BtREtZERO 

138 FORMAT 11XF9o7tF10o3l 

UCRL-1092~ 

210 CALL RKRIRMINtRMAXtVSTARTtVFINtHDEDtNFINtEV1tUtiOHKtiBHKtiOPEVt 

MAIN 174 
MAIN 175 
MAIN 176 
MAIN 177 
MAIN 178 
MAIN 179 
MAIN 180 
MAIN 181 
MAIN 182 
MAIN 183 
MAIN 184 
MAIN 185 
MAIN 186 
MAIN 187 
MAIN 188 
MAIN 189 
MAIN 190 
MAIN 191 
MAIN 192 
MAIN 193 
MAIN 194 
MAIN 195 
MAIN 196 
MAIN 197 
MAIN 198 
MAIN 199 

Z IOPAtBEQUILtiOPFGI 
GO TO 1 

400 CALL EX IT 
END 
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3001 
3000 

114 

182 

183 

184 
185 

186 

187 

188 
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FINDS TURNING POINTS FROM GIVJ AND BV DATA, OR FROM CONSTANTS 
SUBROUTINE RKRIRMINoRMAXoVSTAoVFINoHDEDtMoEV1oUoiQHKoiBHK,IOPEVo 

Z IOPAtBEQUILoiOPFGJ 
DIMENSION UEVI3000J~EV13000JoBVI200JoBII3000Jo 

Z TEMP I 2 0 0 J , U I 2 0 0 l • R M I N I 2 0 0 l , RM A X I 2 0 0 l • Y I 2 0 0 l • Z I 2 0 0 l • 
Z ZOCI9ltMZI5J•IZI5JoiBI40JoiG!40J 

DIMENSION VI200JoGI200Jo801200JoOEVI200J•OVI200JoXGI20JoYGI20lo 
Z Z G ( 2 0 J , E P SH ( 1 l 'AGAUS I 5 • 2 0 J , XGAU S ( 5 • 2 0 J 'VS T A C 1 l • VF INC 1 l • 
Z HDED11loDENQ120J 

COMMON YtTEMPoUEVtEV,Q,NSToN,MSToM,XMIN,XMAX•INSCtMBEG,NUSED,BI, 
Z NI,NSoMAXIT,FACMoZMUoDEoWE,WEXE,WEYE,WEZE,WETE,BE•ALPHAE, 
Z GAMMAE,OELTAE, VNIN,SQ,MQ,SPEP, UoBVoZtiCKtHt KtHDES 
Z ,EPSLNE 

GFUNCF!Xl= (((((!!IWETE*XJ+WEZEJ*XJ+WEYEl*Xl-WEXEl*XJ+WEl*X 
SFUNCF!Xl = ((((((!EPSLNE*Xl+DELTAEJ~XJ+GAMMAEJ*Xl-~LPHAEJ*Xl+BE 

FAC = !HPLANCK*NAV/8*PI**2*Cl**o5*E8/ZMU**•5 
FAC = 4.1057859/SQRTF!ZMUJ 
NPROB = 1 
NUST = 8 
EV1 = 0.0 
CALL TIME!BEGINJ 

TURNING POINTS FOUND FOR V = VSTAtVFIN,HDEDo 

INTERPOLATE GCVJ AND BV DATA 

JJ = 0 
JK 0 
IJ = 0 
IK = 0 
HOES = .01 
MBEG = 1 
IFCIOPEV-1J3000t3001,3000 
EV1 = ZC1J 
WRITEOUTPUTTAPE6,114,NUST 
FORMAT C20HO NUSED IN BESRKR = I2•1Hol 
DO 187 I = 1, N 
IF !ZCIJ + 10ol 182t183t182 
IJ = IJ + 1 
TEMP! I.J J = Y! I J 
UCIJJ = Z!IJ 
GO TO 184 
JJ = JJ + 1 
UEVCJJJ = YCIJ 
IGCJJJ = I 
IF CBVCIJ + 10ol 185,186,185 
IK = IK + 1 
RM IN C I K l = Y I I l 
RMAXCIKJ = BVCIJ 
GO TO 187 
JK = JK + 1 
EV C JK J = Y C I l 
IBCJKJ = I 
CONTINUE 
IF CJJJ 191,191•188 
CALL NTRPSR CTEMP,u,UEV,BI,HDES,IJ,JJ,VNIN,VN•INSC,MBEG,NUSTJ 
LOC = 8 
IF IINSCJ 288,189,288 

RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 

000 
001 
002 
003 
004 
005 
006 
007 
008 
009 
010 
011 
012 
013 
014 
015 
016 
017 
018 
019 
020 
021 
022 
023 
024 
025 
026 
027 
028 
029 
030 
031 
032 
033 
034 
035 
036 
037 
038 
039 
040 
041 
042 
043 
044 
045 
046 
047 
048 
049 
050 
051 
052 
053 
054 
055 
056 
057 

... 

" .. 
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189 DO 190 I = 1tJJ 
IJ = IGCIJ 
ZCIJJ = BICIJ 

190 CONTINUE 
191 IF CJKJ 196t196t192 
192 CALL NTRPSR CRMIN,RMAXtEV,BI,HDEStiK,JK,VNIN,VN,INSC,MBEG,NUSTJ 

LOC = 9 
193 IF CINSCJ 288,194,288 
194 DO 195 I = 1tJK 

IK = IBCIJ 
BV C I K J = 8 I ( I J 

195 CONTINUE 
196 IF ( IQHK) 204,203,204 
204 EV1 = -GFUNCFCOo5J 

IOPEV = 0 
DO 170 I = 1tN 
ZC I) = GFUNCFCYC I J J + EV1 

170 CONTINUE 
GO TO 211 

203 INTG = INTQ 
MBEG = 1 
M = 1 
UEVCll = Oo 
HDES = 1. 
EVl = -EVl 
IF CEV1J 211,206,206 

206 CALL NTRPSRCYtZtUEV•EVtHDEStNtMtVNINtVN,INSC,MBEGtNUSTJ 
LOC = 1 

208 IF CINSCJ 288,210,288 
210 EV1 = EVC1J 

C EV1 NOW CONTAINS THE ZERO POINT ENERGY BY EXTRAPOLATION. 
211 IF CIBHKJ 171,207,171 
171 EVC1J =BE 

DO 172 I = 1, N 
BVCIJ = BFUNCFCYCIJ) 

172 CONTINUE 
GO TO 205 

207 IF CIOPAJ 2071t2072t2071 
2071 EVC1J = BEOU!L 

GO TO 205 
2072 CALL NTRPSR CYtBV,UEVtEV,HDES,NtMtVN!NtVNtiNSCtMBEGtNUST) 

C EVC1J NOW CONTAINS BE BY EXTRAPOLATION 
LOC = 7 
IF CINSCJ 288t205t288 

~05 VCl) =C. 
:::; ( l ) = 0. 
" .. ~(]) = "V(ll 

'J \ i ·~ ~- ! ";:: ':' t T 1 
G<I+ll = Z<I> 
BO < I+ 1 l = B V C I J 

209 CONTINUE 
NP = N + 1 
IF CIOPEVJ 2091•2092,2091 

2091 CONTINUE 
EV1 = EV1 +·GC2J 

2092 DO 213 I = 2tNP 
G C I J = G C IJ - EV 1 

RKR 058 
RKR 059 
RKR 060 
RKR 061 
RKR 062 
RKR 063 
RKR 064 
RKR 065 
RKR 066 
RKR 067 
RKR 068 
RKR 069 
RKR 070 
RKR 071 
RKR 072 
RKR 073 
RKR 074 
RKR 075 
RKR 076 
RKR 077 
RKR 078 
RKR 079 
RKR 080 
RKR 081 
RKR 082 
RKR 083 
RKR 084 
RKR 085 
RKR 086 
RKR 087 
RKR 088 
RKR 089 
RKR 090 
RKR 091 
RKR 092 
RKR 093 
RKR 094 
RKR 095 
RKR 096 
RKR 097 
RKR 098 
RKR 099 
RKR 100 
RKR 101 
RKR 102 
RKR 103 
RKR 104 
RKR 105 
RKR 106 
RKR 107 
RKR 108 
RKR 109 
RI(R 110 
RKR 111 
RKR 112 
RKR 113 
RKR 114 
RKR 115 
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Y(IJ =VII! RKR 116 
Z<IJ = GIIJ RKR 117 
BV!IJ = BO!IJ RKR 118 

213 CONTINUE RKR 119 
IF !IOPEVl 2131t2132t2131 RKR 120 

2131 EV1 = -G!2l RKR 121 
2132 IF (NPROB-171 2133,2134,2133 RKR 122 
2134 M = 1 RKR 123 

EV!1J=DE RKR 124 
CALL NTRPSR !ZtYtEVtUEV,HDES,NPtMtVNINtVNtiNSCtMBEGtNUSTl RKR 125 
LOC = 2 RKR 126 
IF IINSCJ 288t2135t288 RKR 127 

2135 NP = NP + 1 RKR 128 
YINPl UEV RKR 129 
VINPJ = UEV RKR 130 
ZINPl = DE RKR 131 
GINPJ = DE RKR 132 
BO!NPJ = Oe RKR 133 
BV!NPl = o. RKR 134 

2133 Y!l l = 0. RKR 135 
Z(l l = o. RKR 136 
BV(1l =BOll! RKR 137 
VMIN = VSTA RKR 138 
VN = VFIN RKR 139 
HOES = HOED RKR 140 
M = 0 RKR 141 
WRITEOUTPUTTAPE6 tl13, ( Y (I l ,z (I l, I =1 ,NPl RKR 142 

113 FORMAT !33HO T~E GIVJ VALUES USED BELOW ARE I 6(4X1HV10X1HG4Xl II RKR 143 
Z 611XF7e3tF12.4)) RKR 144 

WRITEOUTPUTTAPE6tl08,(Y(IltBVII!tl=1,NPJ RKR 145 
108 FORMAT !33HO THE BVIVl VALUES USED BELOW ARE I 6!4X1HV9X2HBV4Xl IIRKR 146 

Z 6<1XF7e3tF12e7ll RKR 147 
IF (IQHKl 215t212t215 RKR 148 

215M= XFIXF<<VFIN-VSTAJ/HDEDl + 1 RKR 149 
DO 217 I = 1tM RKR 150 
OEV!Il = VSTA + FLOATF!I-1l*HDED RKR 151 
OV!Il = GFUNCF<OEV<Il l RKR 152 

217 CONTINUE RKR 153 
INSC = 0 RKR 154 
GO TO 218 RKR 155 

212 CALL NTRPDP!VtGtOEVtOVtHDED~NPtMtVSTAtVFINtiNSC,MBEG,NUSTl RKR 156 
LOC = 2 RKR 157 
WRITEOUTPUTTAPE6t106tHDEStVMINtVNtMBEGtNUSTtiNSCtNPtM RKR 158 

106 FORMAT <6HOHDES=1PE15.7,7H, VMIN=E15.7t5Ht VN=E15e7t7Ht MBEG=I51 RKR 159 
Z9X7H, NUST=I5t7Ht INSC=I5,4H, N=I5t4Ht M=I5l RKR 160 

218 WRITEOUTPUTTAPE6o109 RKR 161 
109 FORMAT !54HO OUTPUT VtG--LEVELS AT WHICH TURNING POINTS ARE FOUNDIRKR 162 

Z 6 ( 4X1HV10X 1HG4X J I I) RKR 163 
WRITEOUTPUTTAPE6t107,(0EV<IJ,OV!llti=1tMl RKR 164 

107 FORMAT (6(1XF7e3tF12.4ll RKR 165 
214 IF .(INSCJ 288,216,288 RKR 166 
216 DO 219 I = ltM RKR 167 

TEMP!Il = OEV!IJ RKR 168 
U(Il = OV<Il RKR 169 

219 CONTINUE RKR 170 
C RKR 171 
C INTEGRATION CONSTANTS RKR 172 
C RKR 173 
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\ '. . .. 
STEP = .9 RKR 174 
MZ<1J = 101 RKR 175 ""• 
MZ!2J = 81 RKR 176 

·.J MZ<3J = 61 RKR 177 
r z < 1 > = 8 RKR 178 

D XGAUS<1.ll = .019855071751232 RKR 179 
D XGAUS<1,2J = .101666761293186 RKR 180 
D XGAUS<1,3! = .237233795041836 RKR 181 
D XGAUS<1,4J = .408282678752175 RKR 182 
D XGAUS<1t5l = 1. - XGAUS!1t4l RKR 183 
D XGAUS<1t6) = 1. - XGAUS!1t3l RKR 184 
D XGAUS(1,7l = 1. - XGAUS(1t2l RKR 185 
D XGAUS<1t8) = 1. - XGAUS!1t1l RKR 186 
D AGAUS(1,1) = .050614268145188 RKR 187 
D AGAUS<1,2J = .111190517226687 RKR 188 
D AGAUS<1,3) .156853322938944 RKR 189 
D AGAUS<1,4) .181341891689181 RKR 190 
D AGAUS!1,5J = AGAUS(1,4) RKR 191 
D AGAUS!1t6) = AGAUS<1,3J RKR 192 
D AGAUS!1,7J = AGAUS!1t2l RKR 193 
D AGAUS!1t8) = AGAUS!1,1) RKR 194 

r z < 2 > = 6 RKR 195 
D XGAUS!2.1J .033765242898424 RKR 196 
D XGAUS!2,2l .169395306766868. RKR 197 
D XGAUS!2t3! = .380690406958402 RKR 198 
D XGAUS!2,4) :: 1. - XGAUS!2t3l RKR 199 
D XGAUS!2t5! = 1. - XGAUS!2t2l RKR 200 
D XGAUS!2,6J = 1. - XGAUS ( 2 t1 l RKR 201 
D AGAUS! 2.1 l = .085662246189585 RKR 202 
D AGAUS(2,2l = .180380786524070 RKR 203 
D AGAUS!2,3! = .233956967286345 RKR 204 
·o AGAUS!2t4l = AGAUS!2t3l RKR 205 
D AGAUS!2t5l = AGAUS!2t2l RKR 206 
D AGAUS!2,6l = AGAUS!2t1l RKR 207 

r z < 3> = 4 RKR 208 
D XGAUS!3,1J = .069431844202974 RKR 209 
D XGAU$(3,2) = .330009478207572 RKR 210 
D XGAUS!3t3l :: I. - XGAUS!3t2l RKR 211 
D XGAUS!3,4l 1. - XGAUS(3t1l RKR 212 
D AGAUS(3,1! .173927422568727 RKR 213 
D AGAUS!3t2l .326072577431273 RKR 214 
D AGAUS!3t3J AGAUS!3t2J RKR 215 
D AGAUS!3,4J = AGAUS < 3 tl l RKR 216 
D ZG! 1 J = ZG<3J RKR 217 

WRITEOUTPUTTAPE6t100 RKR 218 
100 FORMAT !1H1J RKR 219 
224 DO 280 r = 1 tM RKR 220 

D TEMPI = OEVCIJ RKR 221 ... ,,.. 
~· NUS2 = NU~T/2 RKR 222 

w 

NB = NUS2 + 1 RKR 223 
NF = N - NB + 1 RKR 224 ., DO 225 J = NBtNF RKR 225 • .;f) 

IF !TEMPI - V!JJ J 235t235t225 RKR 226 
225 CONTINUE RKR 227 

ISG = NF + 1 RKR 228 
,.. 

GO TO 237. RKR 229 
235 I SG = J RKR 230 
237 NSTA = ISG - NUS2 RKR 231 

\p' 
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D VMI N = o. 

c 

FEG = O. 
GEG = o. 
LT = 1 
IZGD = 0 
GDO = o. 
FDO = O. 
I SG = 0 
ISB = 0 

C COMMENCE FINDING TURNING POINTS BY INTEGRATION 
c 

CALL TIME CBEGIA) 
D 226 BS = VMIN + !TEMPI - VM!N) * STEP 

227 IF <LT-31 228,228,301 
228 MQ = MZCLT) 
223 KM = CMQ-1)/2 

TMIN = VMIN 
TS = BS 
A= CTS-TMINJ/FLOATFCM0-1) 
MX = 0 
IF CIOHKl 401,229,401 

229 CALL NTRPSRCYtZtUEV•EVtAtNP,MXtTMINtTS,INSC,MBEGtNUSTl 
230 LOC = 3 
231 IF CINSCl 288,232,288 
232 IF CGDOJ 236t233t236 
233 MX = 0 

IF CIBHK) 403o239,403 
239 CALL NTRPSRCYoBVoUEV,BI,AoNP,MX,TMIN,TS,INSC,MBEG,NUSTl 

LOC = 4 
234 IF CINSCl 288,236,288 
236 DO 238 J = 1tMO 

DENQ = UCI) - EVCJ) 
IF CDENQl 292,292,241 

241 UEV(Jl = 1e/SQRTFCDENQJ 
EVCJl = BICJl * UEVCJl 

238 CONTINUE 
FSUM = UEV<1l + 4.*UEVI2l + UEVIMQJ 
GSUM = EVCll + 4.*EVC2l + EVCMQJ 

240 DO 242 J = 2tKM 
FSUM = FSUM + 4o*UEVC2*Jl + 2.*UEVC2*J-1l 
GSUM = GSUM + 4o*EVC2*Jl + 2.*EVC2*J-1l 

242 CONTINUE 
FEG2 = A*FSUM/3o 
GEG2 = A*GSUM/3o 

250 IF CLT - ll 262t262t254 
301 IZDO = ILT-11/3 

IF CIZDO- 31 304,304.303 
303 IZDO = 3 
304 NGAS = IZCIZDOl 

DO 306 J = 1tNGAS 
D XGIJJ = IBS-VMINJ * XGAUSIIZDOtJ) + VMIN 

UEVIJl = XGIJl 
306 CONTINUE 

MST = 1 
D EPSH = TEMPI - XGINGASl 

FEPS = EPSH 
IF CEPSHC1ll 276,307,308 

UCRL-10925 

RKR 232 
RKR 233 
RKR 234 
RKR 235 
RKR 236 
RKR 237 
RKR 238 
RKR 239 
RKR 240 
RKR 241 
RKR 242 
RKR 243 
RKR 244 
RKR 245 
RKR 246 
RKR 247 
RKR 248 
RKR 249 
RKR 250 
RKR 251 
RKR 252 
RKR 253 
RKR 254 
RKR 255 
RKR 256 
RKR 257 
RKR 258 
RKR 259 
RKR 260 
RKR 261 
RKR 262 
RKR 263 
RKR 264 
RKR 265 
RKR 266 
RKR 267 
RKR 268 
RKR 269 
RKR 270 
RKR 271 
RKR 272 
RKR 273 
RKR 274 
RKR 275 
RKR 276 
RKR 277 
RKR 278 
RKR 279 
RKR 280 
RKR 281 
RKR 282 
RKR 283 
RKR 284 
RKR 285 
RKR 286 
RKR 287 
RKR 288 
RICR 289 
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307 
308 
309 

310 
311 
312 
314 

315 

316 
318 

D 317 
718 
323 

320 

321 
D 322 

D 

324 

340 

341 

342 

254 
255 
256 
257 
258 
259 
260 
261 
262 

264 
266 
268 
269 
270 

D 272 

273 
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IF IEPSHI2l) 276o276o308 
IF CIQHKl 405o309o405 
CALL NTRPDPIVoGoXGoYGoEPSHoNPoNGASoVMINoBSoiNSCoMSToNUSTl 
LOC = 5 
IF IINSCl 
IF I IZGDl 
IF I GDO l 
MST = 1 

288o3llt288 
312o312t340 
318t314o318 

IF CIBHKl 407o315o407 
CALL NTRPSR IYoBVoUEVoBioFEPSoNPtNGASoTMINtTStiNSCtMSTtNUSTl 
LOC = 6 
IF IINSCl 288o318t288 
FSUM = o.o 
GSUM = 0.0 
DO 320 J = 1oNGAS 
IF IIQHK) 718o317o718 
DENQCJ) = OV!Il- YG!Jl 
IF IDENQIJll 292o292t323 
XGIJ) = AGAUSIIZDOoJ)/SQRTFIDENQIJ)) 
YGIJ) = BICJl * XGIJ) 
FSUM = FSUM + XGIJ) 
GSUM = GSUM + YGIJ) 
CONTINUE 
IF IBICNGASl-BII1ll 322t321t322 
IZGD = 1 
BSV = BS - VMIN 
FEG2 = BSV * FSUM 
GEG2 = BSV * GSUM 
GO TO 254 
FSUM = 0.0 
DO 342 J = 1oNGAS 
DENQ = OVII) - YG!Jl 
IF CDENQ) 292,292,341 
XGIJ) = AGAUSIIZDOoJl/SQRTFIDENQ) 
FSUM = FSUM + XGIJ) 
CONTINUE 
GSUM = BIINGASl * FSUM 
GO TO 322 
IF IFEG2/FEG - 1.E-6l 255o255o256 
FDO = 1. 
IF IGEG2/GEG - leE-6) 257o257o258 
GDO = 1. 
IF IABSFCFEG2/FEG1l - .9) 260o260t259 
FDO = 1. 
IF IABSFCGEG2/GEG1l - e9l 262t262t261 
GDO = 1. 
LT = LT + 1 
FEG 1 = FEG2 
GEG1 = GEG2 
IF CFDOl 269t266o269 
FEG = FEG + FEG2 
IF IGDOl 272o270o272 
IF IGDOl 276t270o276 
GEG = GEG + GEG2 
VMIN = BS 
IF CIOPFG) 273t274o273 
CALL TIME CAFTEAl 
XTIQ = IAFTEA-BEGIAl*60e 

UCHL-10926 

RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 

290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 
336 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
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BEGIA = AFTEA 
WRITEOUTPUTTAPE6t110tFEGtGEGtXTIQ 

110 FORMAT !6X6HFEG = 1PE15o7t 8Ht GEG = E15o7t10X9HPEQUIRED OPF8o5t 
Z 9H SECONDSol 

274 IF !LT-20> 226t226t290 
276 F = FEG * FAC 

GF = GEG I FAC 
RMAX!Il = SQRTFIF*F + FIGFl + F 
RMIN!Il = RMAX!Il- 2o*F 
CALL TIME!AFTERl 
XTI~ = 60o*IAFTER-BEGINl 
BEGIN = AFTER 
WRITEOUTPUTTAPE6t104tTEMPitU!IltRMIN!IltRMAX!IltXTIQ,BIINGASl 

Z tFtGF 
104 FORMAT !10HO FOR V = F7o3t6H, G = F10e3t14H 1/CMt 'RMIN = F10o7t 

Z 12H AND RMAX = F10o7t27H ANGSTROMS. THIS REQUIRED F8o5t 
Z 9H SECONDS. I 20X12H ALSOt BV = F'l2e7 120X49H THE KLEIN 
ZCTION iNTEGRALS F AND G ARE EQUAL TO 2E15e8/lll 

WRITEOUTPUTTAPE7tl05,RMINIIltUIIltRMAXIIltUIIl 
105 FORMAT 11XF9o7tF10e3 I 1XF9o7tF10e3) 
280 CONTINUE 

DO 284 I = 1tN 
ZIIl = ZII+ll 
Y!Il = YII+ll 
BVIIl = BV!I+ll 

284 CONTINUE 
WRITEOUTPUTTAPE6t100 

286 RETURN 
288 ZOCI1l 6H EV1 

ZOCI2l = 6HG!LEVl 
ZOC!3l = 6HSoPeEV 
ZOC(4) = 6HS.P.BV 
ZOC!5l = 6HD.PeEV 
ZOCI6l = 6HDoPoBV 
ZOCI7l = 6H BV1 
ZOCI8) 6HG FILL 
ZOC!9l = 6HBVFILL 
WRITEOUTPUTTAPE6t102tZOCILOCltUIIl 

102 FORMAT !26HO NTRPDP UNSUCCESSFUL FOR A6t 11Ht WHEN U = E16o8l 
TNTG = 1 
GO TO 286 

290 WRITEOUTPUTTAPE6t103 
103 FORMAT 120HO TEG REACHED MAXIT 

INTG = 1 
GO TO 286 

292 INTG = 1 
WRITEOUTPUTTAPE6t111 

111 FORMAT 122HO DENQ IS NOT POSITIVE> 
GO TO 286 

401 MX = MQ 
DO 402 J = 1tMQ 
UEVIJl = TMIN + FLOATF!J-11 *A 
EVIJl = GFUNCFIUEV!Jl l 

402 CONTINUE 
GO TO 232 

403 MX = MQ 
DO 404 J 1tMQ 
UEV!Jl = TMIN + FLOATF~J-11 *A 

RKR 
RKR 
RKR 
RKR 
RK~ 

RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 

ARKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 
RKR 

348 
349 
350 
:'\51 
352 
353 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 
366 
367 
366 
369 
370 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
381 
382 
383 
384 
385 
386 
387 
388 
389 
390 
391 
392 
393 
394 
395 
396 
397 
398 
399 
400 
401 
402 
403 
404 
405 

lo 
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BICJ) = BFUNCFCUEVCJ!l 
404 CONTINUE 

GO TO 236 
405 CALL DGUNC CXGtDENOtNGAStTEMPil 

GO TO 311 
407 DO 408 J = ltNGAS 

BICJ) = BFUNCFCUEVCJ)) 
408 CONTINUE 

GO TO 318 
END 

UCRL-10926 

RKR 406 
RKR 407 
RKR 408 
RKR 409 
RKR 410 
RKR 411 
RKR 412 
RKR 413 
RKR 414 
RKR 415 
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CNTRPSR 
c 

~NTERPOLATION PROGRAM !BY SUCCESSIVE RANGES! SINGLE PREC. NTRPSOOO 
NTRPS001 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 

c 

200 
201 

202 

203 

204 

205 
206 

207 

THE METHOD OF LAGRANGE IS USED. THE INPUT POINTS NEED NOT BE NTRPS002 
EQUALLY SPACED. THERE ARE TWO MODES OF INPUT 1AVAILABLEe THE NTRPS003 
FIRST OCCURS WHEN M = o. THE ABSCISSAE ARE THEN GENERATED FROM NTRPS004 
XM!NtXMAX,AND XH. AT EXIT M = NO. OF POINTS FOUND, AND XO NTRPS005 
CONTAINS THE ABSCISSAE. M WILL BE CHECKE~ TO INSURE THAT THE NTRPS006 
DIMENSION IS NOT EXCEEDED. MDIMM = THE DIMENSION OF THE XOt YO NTRPS007 
ARRAYS. THE SECOND MODE OCCURS W~EN M IS POSITIVE. THE ~ NTRPSOOB 
ABSCISSAE AR£ THEN ASSUMED TO HAVE BEEN GENERATED PRIOR TO NTRPS009 
ENTRY. THE STARTING INDEX FOR THE OUTPUT ARRAY MUST BE• NTRPSOlO 
SPECIFIED. THE FIRST POINT FOUND WILL BE AT XOCMBEG!. XH MUST NTRPSOll 
BE GIVEN SINCE THE ORDINATE FOR ANY POINT CLOSER THAN .Ol*XH TO NTRPS012 
AN INPUT POINT IS TAKEN AS THAT FOR THE INPUT POINT. -NUSED- IS NTRPS013 
THE NUMBER OF POINTS USED FOR EACH INTERPOLATED POINT. *NUSED* NTRPS014 
MUST BE EVEN AND LESS THAN OR EQUAL TO -N-. NUSED = 8 IS NTRPS015 
SUGGESTED. ANY POINT FARTHER THAN NUSED/2 POINTS FROM EITHER ENDNTRPS016 
IS FOUND FROM THE NUSED/2 ON EACH SIDE. NTRPSR WILL SCALE AND NTRPS017 
RESCALE IN ORDER TO AVOID OVERFLOW. IF THE FIRST SCALING DOES NTRPS018 
NOT SUCCEED• NTRPSR WILL TRY UP TO 7 TIMES MORE BEFOR~ RETURNING NTRPS019 
IN THE ERROR MODE. CINSC = 11 NTRPS020 
INPUT IS XItYidXO!oXHtNtM.!XMIN!.!XMAX!oMBEG!NUSED. NTRPS021 
OUTPUT IS CXO!oYOt!NSC. NTRPS022 
INSC = 0 IF PROGRAM WAS SUCCESSFUL. IF NOT, INSC = 1. NTRPS023 

SUBROUTINE NTRPSRcXJ,yJ,XO,YOtXNtNtKtXNINtXNAXtiNSCoMBEG,NUSED! 
DIMENSION X I ( 2 00 I , Y I ( 2 00 I , XO ( 3 00 0 I , YO ( 3 00 0 I , XJ ( 2 00 I , Y J ( 2 0 0 I , 

Z NUMBC200! 
~DIMM = 3000 
XMAX = XNAX 
XMIN = XNIN 
XH = ABSFCXNI 
M = K 
!REV = 0 
!REX = 0 
M IS ZERO, IF XH, XM!Nt XMAX ARE TO BE USED. IF M IS NOT 
ZERO, THEN XOCI!t I= 1,M WILL BE USED AS ABSCISSA. 
IF CMI 270t2C1t206 
M = XINTFCABSFCCXMAX-XMINl/XH!l + 1 
IF M IS MORE THAN DIMENSION OF xo, RETURN IN ERROR MODE. 
IF CM+MBEG-MDIMM-21 202,272,272 
MF = MBEG + M - 1 
IF CXMAX - XMINI 2Q3,204t204 
XMIN = XNAX 
XMAX = XNIN 
IREV = 1 
DO 205 I = MBEGtMF 
XOCil = FLOATFCI-MBEGI * XH + XMIN 
CONTINUE 
DO 207 I = ltN 
XIII!= XJ(Il 
CONTINUE 
MF = MBEG + M - 1 
MSTA = MBEG 
NUST = NUSED/2 
NS = NUST + 1 
NF = N - NS + 1 
NFP = NF + 1 

TO 

NTRPS024 
NTRPS025 
NTR 0 S026 
N TRPS027 
NP~PS028 
NTRPS029 
NTRPS030 
NTRPS031 
NTRPS032 
NTRPS033 
NTRPS034 
NTRPS035 
NTRPS036 
NTRPS037 
NTRPS038 
NTRPS039 
NTRPS040 
NTRPS041 
NTRPS042 
NTRPS043 
NTRPS044 
NTRPS045 
NTRPS046 
NTRPS047 
NTRPS048 
NTRPS049 
NTRPS050 
NTRPS051 
NTRPS052 
NTRPS053 
NTRPS054 
NTRPS055 
NTRPS056 
NTRPS057 

. .. 
-~· 

'• 
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DO 208 I = NStNFP 
NUMB! I I = 0 

208 CONTINUE 
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IF !XO!MFI- XO!MBEGII 209t211t211 
209 M2 = M/2 

M2F = MBEG + M2 - 1 
DO 210 I = MBEGtM2F 
K = MF + MBEG - I 
TEMP = XO!II 
XO! I I = XO!Kl 
XO! K I = TEMP 

210 CONTINUE 
IREV = 1 

211 IF !XI !NI-X I !111 212,216,216 
212 N2 = N/2 

DO 214 I = 1tN2 
K = N + 1 - I 
TEMP = XJ!Il 
TEMS = YJ!II 
XJ( I I XJ!Kl 
YJ!Il = YJ!Kl 
XJ!KI =TEMP 
YJ!KI = TEMS 

214 CONTINUE 
IREX = 1 

216 IF !NF-NSI 236t218t218 
218 DO 226 J = MBEGtMF 

DO 224 I = NStNF 
220 IF !XO!JI- XI!IIl 222t222t224 
222 NUMB!Il = NUMB!II + 1 

GO TO 226 
224 CONTINUE 

NUMB!NFPI NUMBINFPI + 1 
226 CONTINUE 

GO TO 238 
236 NUMB!NFPI = M 
238 M = 0 
239 DO 250 L = NStNFP 

IF !NUMB!Lll 250t250t242 
242 M = NUMB!Ll 

NSTA = L - NUST 
GO TO 100 

246 IF IINSCI 274t248t274 
248 MSTA = MSTA + M 
250 CONTINUE 
240 K = MSTA - MBEG 

IF !IREVI 256t256t252 
252 M2F = K/2 + MBEG - 1 

DO 254 I = MBEGtM2F 
J = MF + MBEG - I 
TEMP = XO (I I 
TEMS = YO!II 
XO!Il XO!JI 
YO ( I I = YO ( J I 
XOIJI = TEMP 
YOIJI = TEMS 

254 CONTINUE 
256 IF !IREXI 262t262t258 

U(.;RL-10925 

NTRPS058 
NTRPS059 
NTRPS060 
NTRPS061 
NTRPS062 
NTRPS063 
NTRPS064 
NTRPS065 
NTRPS066 
NTRPS067 
NTRPS068 
NTRPS069 
NTRPS070 
NTRPS071 
NTRPS072 
NTRPS073 
NTRPS074 
NTRPS075 
NTRPS076 
NTRPS077 
NTRPS078 
NTRPS079 
NTRPS080 
NTRPS081 
NTRPS082 
NTRPS083 
NTRPS084 
NTRPS085 
NTRPS086 
NTRPS087 
NTRPS088 
NTRPS089 
NTRPS090 
NTRPS091 
NTRPS092 
NTRPS093 
NTRPS094 
NTRPS095 
NTRPS096 
NTRPS097 
NTRPS098 
NTRPS099 
NTRPS100 
NTRPS101 
NTRPS102 
NTRPS103 
NTRPS104 
NTRPS105 
NTRPS106 
NTRPS107 
NTRPS108 
NTRPS109 
NTRPSllO 
NTRPSlll 
NTRPS112 
NTRPS11'3 
NTRPS 114 
NTRPS115 



258 DO 260 I = 1tN2 
J=N+1-t 
TEMP= XJCil 
TEMS = YJCII 
XJCil XJCJ) 
YJCil = YJCJI 
XJCJ) = TEMP 
YJCJl = TEMS 

260 CONTINUE 
262 RETURN 
270 WRITEOUTPUTTAPE6t2101 

-16-

Table I. ( Contd.) 

2101 FORMAT C44HO ERROR IN INPUT TO NTRPSRo M IS NEGATIVE. 
INSC = 1 
GO TO 240 

272 H = CXMAX-XMINl/FLOATFCMDIMM-MBEGl 
WRITEOUTPUTTAPE6t2102tH 

UCRL-l092g 

2102 FORMAT C58HO ERROR IN INPUT TO NTRPSRo MINIMUM ALLOWABLE SPACING 

NTRPS116 
NTRPS117 
NTRPS118 
NTRPS119 
NTRPS120 
NTRPS121 
NTRPS122 
NTRPS123 
NTRPS124 
NTRPS125 
NTRPS126 
NTRPS127 
NTRPS128 
NTRPS129 
NTRPS130 
NTRPS131 
NTRPS132 
NTRPS133 
NTRPS134 
NTRPS135 
NTRPS136 
NTRPS137 
NTRPS138 
NTRPS139 
NTRPS140 
NTRPS141 
NTRPS142 
NTRPS143 
NTRPS144 
NTRPS145 
NTRPS146 
NTRPS147 
NTRPS148 
NTRPS149 
NTRPS150 
NTRPS151 
NTRPS152 
NTRPS153 
NTRPS154 
NTRPS155 
NTRPS156 
NTRPS157 
NTRPS158 
NTRPS159 
NTRPS160. 
NTRPS161 
NTRPS162 
NTRPS163 
NTRPS164 
NTRPS165 
NTRPS166 
NTRPS167 
NTRPS168 
NTRPS169 
NTRPS170 
NTRPS171 
NTRPS172 
NTRPS173 

SIS 1PE12o3l 
INSC = 1 
GO TO 240 

274 WRITEOUTPUTTAPE6t2103tL 
2103 FORMAT C43HO INTRl WAS UNABLE TO INTERPOLATE IN PANGE I3l 

GO TO 240 
100 NCON = 1 

REFA = 1.414214 
NFIN = NSTA + NUSED - 1 
DO 98 I = NSTAtNFIN 
XICil = XJCil 
YICil = YJCil 

98 CONTINUE 
NSTAl = NSTA + 1 
XSCALE = CXICNFINl - XICNSTAll/10o 
YMAX = YICNSTAI 
YMIN = YICNSTAl 

1001 DO 1002 I = NSTAltNFIN 
YMAX = MAX1FCYMAXtYICill 
YMIN = MIN1FCYMIN,YICill 

1002 CONTINUE 
91 YSCALE = YMAX - YMIN 

1003 DO 1004 I = NSTAtNFIN 
XIII> = XI!Il/XSCALE 
YICil = !YI!Il-YMINI/YSCALE + o5 

1004 CONTINUE 
XH = ABSF!XNI/XSCALE 
MFIN = MSTA + M - 1 
MTA = MSTA 

1005 EPSIL = o01*XH 
101 DO 110 II= MTAtMFIN 

XO!III = XO!IIl/XSCALE 
YO!III = 0.0 
PNUM = 1o0 

1011 DO 107 I = NSTAtNFIN 
C FIND XO!II!-XI!Il FOR NUMERATOR AND CHECK FOR NEARNESS. 

XNUM = XO ( I I l - X I C I l 
1012 IF !ABSF!XNUM l-EPSIL! 102t102t103 

102 YO! III = YICI l 
GO TO 109 

C PNUM = PRODUCT OF ALL XNUM 

-: .... 
'. 
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Table I. {Contd,) 

103 

104 
1043 

105 
1051 

106 

PNUM = PNUM*XNUM 
CONSTRUCT DENOMINATOR AND SUM 
PDEN = 1o0 
DO 106 J = NSTAtNFIN 
IF II-Jl 105t106o105 
PDEN = IXIIIJ- XI!Jll*PDEN 
IF QUOTIENT OVERFLOW 1103t106 
CONTINUE 
DEN = PDEN*XNUM 
YOIIIl = YIIIl/DEN + YOIIIJ 
IF ACCUMULATOR OVERFLOW 1121t 107 

107 CONTINUE 
YO ( I I l = YO ( I I l *PNUM 

109 YOIIIl = IYOIIIl-o5l*YSCALE + YMIN 
XOIIIl = XOIIIl * XSCALE 

110 CONTINUE 
INSC = 0 
GO TO 246 

1103 WRITEOUTPUTTAPE6t1104oNCONtXSCALE 
WRITEOUTPUTTAPE6o1108oiioioJ 

1104 FORMAT C8H NCON = I3t 11Ht XSCALE Fl0o7l 
1108 FORMAT C26H OVERFLOW OCCURRED AT II= I4t4H I= I3t4H J= I3l 

NCON = NCON + 1 
110~ DO 1106 I = ~STAtNFIN 

XICil = XICil/REFA 
1106 CONTINUE 

XOCIIl = XOIIIl * XSCALE 
MTA = II 
XH = XH /REFA 
XSCALE = XSCALE*REFA 
IF CNCON-8l 1005t1005t1107 

1107 INSC = 1 
GO TO 246 

1121 WRITEOUTPUTTAPE6t1122 
1122 FORMAT C48HO ACCUMULATOR OVERFLOWo DEN MUST BE TOO SMALLo 

INSC = 1 
GO TO 246 
FREQUENCY 1051C1t9ltl001C50ltl003C50Jtl01C500ltl011C50l, 

1 1012C0tOtllo104C50lt10431ltOtll 
END 

UCRL-10926 

NTRPS174 
NTRPS 175 
NTRPS 176 
NTRPS177 
NTRPS178 
NTRPS179 
NTRPS180 
NTRPS181 
NTRPS182 
NTRPS183 
NTRPS184 
NTRPS185 
NTRPS186 
NTRPS187 
NTRPS188 
NTRPS189 
NTRPS190 
NTRPS191 
NTRPS192 
NTRPS 193 
NTRPSl94 
NTRPS195 
NTRPS 196 
NTRPS197 
NTRPS198 
NTRPS199 
NTRPS200 
NTRPS201 
NTRPS202 
NTRPS203 
NTRPS204 
NTRPS205 
NTRPS206 
NTRPS207 
NTRPS208 
NTRPS209 
NTRPS210 
NTRPS211 
NTRPS212 
NTRPS213 
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UCRL-10925 

CNTRPDP 
c 

INTERPOLATION PROGRAM!BY SUCCESSIVE RANGES! DOUBLE PRECISION. NTRPDOOO 
NTRPD001 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

D 

D 
D 
D 

c 

D 
c 

D 

D 

200 
201 

202 
203 

204 
205 

206 

207 
209 
210 

THE METHOD OF LAGRANGE IS USED. THE INPUT POINTS NEED NOT BE NTRPD002 
EQUALLY SPACED. THERE ARE TWO MODES OF INPUT AVAILABLE. THE NTRPD003 
FIRST OCCURS WHEN M = Oo THE ABSCISSAE ARE THEN GENERATED FROM NTRPD004 
XMINtXMAX,AND XHo AT EXIT M = NO. OF POINTS FOUND, AND XO NTRPD005 
CONTAINS THE ABSCISSAE. ~ WILL BE CHECKED TO INSURE THAT THE NTRPD006 
DIMENSION IS NOT EXCEEDED. MDIMM = THE DIMENSION OF THE XOt YO NTRPD007 
ARRAYS. THE SECOND MODE OCCURS WHEN M IS POSITIVE. THEM NTRPD008 
ABSCISSAE ARE THEN ASSUMED TO HAVE BEEN GENERATED PRIOR TO NTRPD009 
ENTRY. THE STARTING INDEX FOR THE OUTPUT ARRAY MUST BE NTRPDOlO 
SPECIFIED. THE FIRST POINT FOUND WILL BE AT XO!MBEGlo XH MUST NTRPD011 
BE GIVEN SINCE THE ORDINATE FOR ANY POINT CLOSEP THAN .01*XH TO NTRPD012 
AN INPUT POINT IS TAKEN AS THAT FOR THE INPUT POINT. -NUSED- IS NTRPD013 
THE NUMBER OF POINTS USED FOR EACH INTERPOLATED POINT. *NUSED* NTRPD014 
MUST BE EVEN AND LESS T~AN OR EQUAL TO -N-. NUSED = 8 IS NTRPD015 
SUGGESTED. ANY POINT FARTHER THAN NUSED/2 POINTS FROM EITHER ENDNTRPD016 
IS FOUND FROM THE NUSED/2 ON EACH SIDE. NTRPSR WILL SCALE AND NTRPD017 
RESCALE IN ORDER TO AVOID OVERFLOW. IF THE FIRST SCALING DOES ~TRPD018 
NOT SUCCEED• NTRPSR WILL TRY UP TO 7 TIMES MORE BEFORE RETURNING NTRPD019 
IN THE ERROR MODE. <!NSC = 1l NTRPD020 
INPUT IS XI,Yit!XOltXHtNtM,!XMINlt!XMAXltMBEG,NUSED. NTRPD021 
OUTPUT IS IXOltYOtiNSC. NTRPD022 
INSC = 0 IF PROGRAM WAS SUCCESSFUL. IF NOT, INSC = 1. NTRPD023 

NTRPD024 
SUBROUTINE NTRPDP<XJ,yJ,xo,yo,xN,N,K,XNIN•XNAXtiNSCtMBEG,NUSEDl NTRPD025 
DIM ENS I ON X I ( 2 00 l 'Y I ( 2 00 l •.XJ ( 2 00 l • Y J ( 2 00 l , XO ( 2 00 l , YO I 2 00 l , XM IN ( 1 l , N TR PD 026 

Z XMAXI1ltXNUMI1ltEPSILI1l NTRPD027 
DIMENSION NUMBI200l NTRPD028 
MDIMM = 200 NTRPD029 
XMAX XNAX NTRPD030 
XMIN = XNIN NTRPD031 
XH = XN NTRPD032 
M = K NTRPD033 
M IS ZERO, IF XH IS TO BE USEDo IF NOT, XH=!XMAX-XMINl/IM-1). NTRPD034 
IF !Ml 270t201t205 NTRPD035 
M = INTF!!XMAX- XMINl/XHl + 1o NTRPD036 
IF M IS MORE THAN DIMENSION OF xo, RETURN IN ERROR MODE. NTRPD037 
IF <M+MBEG-MDIMM-2l 203,272,272 NTRPD038 
MF = MBEG + M - 1 NTRPD039 
DO 204 I = MBEGtMF NTRPD040 
XOII l = FLOATF( I-MBEGl * XH + XMIN NTRPD041 
CONTINUE NTRPD042 
DO 206 I = ltN NTRPD043 
XI (I l = XJ( I l NTRPD044 
CONTINUE NTRPD045 
MF = MBEG + M - 1 NTRPD046 
MSTA = MBEG NTRPD047 
NUST = NUSED/2 NTRPD048 
NS = NUST + 1 NTRPD049 
NF = N - NS + 1 NTRPD050 
NFP = NF + 1 NTRPD051 
DO 207 I = NS,NFP NTRPD052 
NUMB!Il = 0 NTRPD053 
CONTINUE NTRPD054 
IF INF-NSl 236,210,210 NTRPD055 
DO 226 J MBEG tMF NTRPD056 
DO 224 I = NS, NF NTRPD057 
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214 IF IXO!Jl - XI!Ill 216t215t224 
215 IF IXOIJ+20 l-XIII+200ll 216t216t224 
216 NUMB!Il =NUMB!!)+ 1 

GO TO 226 
224 CONTINUE 

NUMBINFPl = NUMBINFPl + 1 
226 CONTINUE 

GO TO 238 
236 NUMBINFPl = M 
238 M = 0 
239 DO 250 L = NStNFP 

IF !NUMB!Ll l 250,250,242 
242 M = NUMB!Ll 

NSTA = L - NUST 
GO TO 100 

246 IF I INSCl 274t248t274 
248 MSTA = MSTA + M 
250 CONTINUE 
240 K = MSTA - MBEG 

RETURN 
270 WRITEOUTPUTTAPE6t2101 

2101 FORMAT !44HO ERROR IN INPUT TO NTRPSRo M IS NEGATIVE. 
INSC = 1 
GO TO 240 

272 H = !XMAX-XMINl/FLOATFIMDIMM-MBEGl 
WRITEOUTPUTTAPE6t2102tH 

UCRL-1092o 

2102 FORMAT !58HO ERROR IN INPUT TO NTRPSRo MINIMUM ALLOWABLE SPACING 

NTRPD058 
NTRPD059 
NTRPD060 
NTRPD061 
NTRPD062 
NTRPD063 
NTRPD064 
NTRPD065 
NTRPD066 
NTRPD067 
NTRPD068 
NTRPD069 
NTRPD070 
NTRPD071 
NTRPD072 
NTRPD073 
NTRPD074 
NTRPD075 
NTRPD076 
NTRPD077 
NTRPD078 
NTRPD079 
NTRPD080 
NTRPD081 
NTRPD082 
NTRPD083 
NTRPD084 
NTRPD085 
NTRPD086 
NTRPD087 
NTRPD088 
NTRPD089 
NTRPD090 
NTRPD091 
NTRPD092 
NTRPD093 
NTRPD094 
NTRPD095 
NTRPD096 
NTRPD097 
NTRPD098 
NTRPD099 
NTRPD100 
NTRPD101 
NTRPD102 
NTRPD103 
N TR PD 104 
N TRPD105 
NTRPD106 
NTRPD107 
NTRPD108 
NTRPD109 
NTRPDllO 
NTRPD111 
NTRPD112 
NTRPD113 
NTRPD114 
NTRPD115 

SIS 1PE12o3) 
INSC = 1 
GO TO 240 

274 WRITEOUTPUTTAPE6t2103tL 
2103 FORMAT 143HO INTR1 WAS UNABLE TO INTERPOLATE IN RANGE 

GO TO 240 
100 NCON = 1 

D 
D 

REFA = 1.414214 
NFIN = NSTA + NUSED - 1 
DO 98 I = NSTAtNFIN 
X I I I l = XJ I I l 
YI!Il = YJ!Il 

98 CONTINUE 
NSTA1 = NSTA + 1 
XSCALE = IXIINF!Nl- XIINSTA)l/10o 
YMAX = YI!NSTAl 
YMIN = YIINSTAl 

1001 DO 1002 I = NSTA1tNFIN 

1002 
D 91 

1003 
D 
D 

1004 
D 

YMAX = MAX1F!YMAXtYI!Ill 
YMIN = MIN1FIYMIN,YI!Ill 
CONTINUE 
YSCALE = YMAX - YMIN 
DO 1004 I = NSTAtNFIN 
XIII! = XI!Il/XSCALE 
YI!Il = IYI!Il-YM!Nl/YSCALE + o5 
CONTINUE 
XH = XN /XSCALE 
MFIN = MSTA + M - 1 
MTA = MST.A 

D1005 EPSIL = o01*XH 
101 DO 110 II= MTAtMFIN 

I 3 l 



D 
D' 
D 

1011 
c 
D 

1012 
1013 

D 102 

c 
D 103 
c 
D 

104 
1043 

D 105 
1051 

106 
D 
D 

D 
107 

D 109 
D 

110 

1103 

1104 
1108 

1105 
D 

1106 
D 

D 
D 

1107 

1121 
1122 
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XOCII! = XOC!Il/XSCALE 
YO C I I l = 0. 0 
PNUM = 1o0 
DO 107 I = NSTAtNFIN 
FIND XOCII!-XICI! FOR NUMERATOR AND CH~CK FOR NEARNESS. 
XNUM = XO C I I l - X I C I l 
IF CABSFCXNUM l-EPSIL! 102,1013tl03 
IF CABSFCXNUMC2ll-EPSILC2l! 102t102t103 
YO C I I l = Y I C I l 
GO TO 109 
PNUM = PRODUCT OF ALL XNUM 
PNUM = PNUM*XNUM 
CONSTRUCT DENOMINATOR AND SUM 
PDEN = 1.0 
DO 106 J = NSTAtNFIN 
IF CI-Jl 105t106tl05 
PDEN = CXICI!- XICJl!*PDEN 
IF QUOTIENT OVERFLOW 1103tl06 
CONTINUE 
DEN = PDEN*XNUM 
YO C I I l = Y I C I l I DEN + YO C I I l 
IF ACCUMULATOR OVERFLOW 1121, 107 
CONTINUE 
y·o C I I l = YO C I I l *PNUM 
YO!II!·= CYOiii!-.5l*YSCALE + YMIN 
XOCII! = XOCIIl * XSCALE 
CONTINUE 
INSC = 0 
GO TO 246 
WRITEOUTPUTTAPE6t1104,NCON,xstALE 
WRITEOUTPUTTAPE6t1108tiitltJ 
FORMAT !8H NCON = I3t llH, XSCALE F10e7l 
FORMAT C26H OVERFLOW OCCURRED AT II= 14t4H I= I3t4H J= I3! 
NCON = NCON + 1 
DO 1106 I = NSTA,NFIN 
XI!Il = XI!Il/REFA 
CONTINUE 
XO! I I l = XO C I I l * XSCALE 
MTA = II 
XH = XH /REFA 
XSCALE = XSCALE*REFA 
IF CNCON-8) 1005,1005t1107 
INSC = 1 
GO TO 246 
WRITEOUTPUTTAPE6t1122 
FORMAT C48HO ACCUMULATOR OVERFLOW. DEN MUST BE TOO.SMALLe 
INSC = 1 
GO TO 246 
FREQUENCY 1051! 1t9) tl001C50! t1003C50! tl01 !500! tl011C50l, 

1 1012!0t0t1!tl04!50! tl043Clt0tll 
END 

UCRL-1092o 

NTRPD116 
"lTRPD117 
NTRPD118 
NTRPD119 
NTRPD120 
NTRPD121 
NTRPD122 
NTRPD123 
NTRPD124 
NTRPD125 
NTRPD126 
NTRPD127 
NTRPD128 
NTRPD129 
NTRPD130 
NTRPD131 
NTRPD132 
NTRPD133 
NTRPD134 
NTRPD135 
NTRPD136 
NTRPD137 
NTRPD138 
NTRPD139 
NTRPD140 
NTRPD141 
NTRPD142 
NTRPD143 
NTRPD144 
NTRPD145 
NTRPD146 
NTRPD147 
NTRPD148 
NTRPD149 
NTRPD150 
NTRPD151 
NTRPD152 
NTRPD153 
NTRPD154 
NTRPD155 
NTRPD156 
NTRPD157 
NTRPD158 
NTRPD159 
NTRPD160 
NTRPD161 
NTRPD162 
NTRPD163 
NTRPD164 
NTRPD165 
NTRPD166 

.) 
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CDGUNC FINDS G!Vl - GCV-Xl 

D 
SUBROUTINE DGUNC CXG,DENOtNGAStTEMPil 
DIMENSION XGC20ltDENQ!20l 
DIMENSION UEVI3000l•EVI3000ltBVI200ltBI13000l•TEMPC200ltUC200lt 

Z YC200ltZI200) 
COMMON YtTEMPtUEV,EVtOtNST,N,MSTtMtXMINtXMAX,INSCtMBEGtNUST tBit 

Z NitNStMAXITtFACM,ZMUtDEtWEtWEXEtWEYEtWEZEtWETEt8EtALPHAEt 
Z GAMMAEtDELTAE, VNINtBOtMOtSPEPt UtBVtZtiCK,Ht KtHDES 
Z ,EPSLNE 

V = TEMPI 
VA = V*V 
VB = VA*V 
VC = VB*V 

205 DO 210 I = 1tNGAS 
D 

z 
z 

Y =TEMPI- XG!Il 
X = y 
XA = X*X 
XB = XA*X 
XC = XB*X 
DENQ I I l = WE*X + CXA-2o*V*Xl*WEXE + CCVA*X-V*XAl*3o+XBl * WEYE 

+ ICVB*X+V*XBl*4o-6o*VA*XA-XCl * WEZE 
+ CIVC*X-V*XCl*5o+IVA*XB-V9*XAl*lOol * WETE 

210 CONTINUE 

CTIME 
c 
c 

1 

RETURN 
END 

DISCARD THIS SUBROUTINE IF YOUR 709/7090/7094 INSTALLATION HAS 
AN ON-LINE CLOCK ADDRESSABLE BY CALL TIME!Xl 
SUBROUTINE TIMEIXl 
X = OoO 
RETURN 
END 

DGUNCOOO 
DGUNC001 
DGUNC002 
DGUNC003 
DGUNC004 
DGUNC005 
DGUNC006 
DGUNC007 
DGUNC008 
DGUNC009 
DGUNC010 
DGUNCOll 
DGUNC012 
DGUNC013 
DGUNC014 
DGUNC015 
DGUNC016 
DGUNC017 
DGUNC018 
DGUNC019 
DGUNC020 
DGUNC021 
DGUNC022 
DGUNC023 
DGUNC024 

TIME 
TIME 
TIME 
TIME 
TIME 
TIME 
TIME 

000 
001 
002 
003 
004 
005 
006 
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Table II. Sample data deck for RKR program. 

· UCRL- 10926 

1 RKR PROCEDURE APPLIED TO THE X STATE OF SILICON NITRIDE TEST PROGRAM 
MOLECULAR CONSTANTS ARE TAKEN FROM JENKINS AND DE LASZLO 

2 9.33526 
1 10 (42H TURNING POINTS ARE GENERATED BY CONSTANTS! 

1151.680 6.560 
2 

1 10 
0.7310 

2 
1.5718 
0.5 

!42H TURNING POINTS ARE GENERATED BY CONSTANTS! 
0.00567 
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PROGRAM FOR CALCULATING RELATIVE INTENSITIES 

Remarks 

The input to this program is extremely flexible. The potential may be 
generated by subroutine POTGEN or may be read in. The output is Franck­
Condon factors, relative intensities (quantum/sec) scaled to ten, relative 
intensities (energy/ sec) scaled to ten, and the off -diagonal matrix elements 
(v'J'Ir lv"J")/(v'J'iv"J") and (v'J'ir 2 iv"J")/(v'J'I~ 11 J 11 ), commonly known 
as the r -centroid and the square of the r -centroid. The heart of this program 
is subroutine SCHR which solves the radial Schrodinger equation for its 
eigenvalues and wavefunctions. This program has been described in detail 
elsewhere. 3 About 0. 9 min is required to calculate all the above -named quan­
tities for ten vibrational levels of the lower state with four vibrational levels 
of the upper state.2 

Limitations 

Presently the program will calculate at one time the Franck-Condon 
factors, etc., of only four specified vibrational levels of the upper state with 
the vibrational levels of the lower state. Also the same (J', J 11

) pair must be 
used for each transition. This is due to lack of additional space in core 
storage. The program may be easily modified to allow more flexible usage. 

Listing 

Table III lists the source decks. and Table IV gives a· sample .data deck 
for the relative -intensity program. 
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Table III. Source -deck listing for relative -intensity program. 

CMAIN COMPUTES INTENSITY DISTRIBUTION FOR ELECTRONIC TPANSITIONS. MAIN 000 
C THIS PROGRAM USES D2 NU SCHR AND SIMPSON$ RULE TO FIND MAIN 001 
C THE FRANCK CONDON OVERLAP FACTORS AND CORRECTS FOR MAIN 002 • ..... 
C FREQUENCY DEPENDENCE AND SCALES TO TENo MAIN 003 
C THE POTENTIAL MAY BE GENERATED INTERNALLY. OTHEPWISE MAIN 004 
C POINTS ON THE POTENTIAL CURVE ARE READ INo THEY ARE lNTERPOLATEDMAIN 005 
C TO ANY DESIRED SPACING !LESS THAN 2000 POINTS!. D2 NU SCHR MAIN 006 
C IS USED TO FIND THE.ENERGY LEVELS. NTRPSR IS USED TO INTERPOLATEMAIN 007 
C THE GIVEN POTENTIAL POINTS. THE 2 POINTS AT SMALLEST R ARE MAIN 008 
C FITTED EXACTLY TO A FUNCTION OF THE FORM A/X**12+ Co SIMILARLY MAIN 009 
C THE TWO POINTS AT GREATEST R ARE FITTED EXACTLY TO A FUNCTION OF MAIN 010 
C THE FORM A/X**B• THESE ARE THEN USED TO EXTRAPOLATE THE MAIN 011 
C POTENTIAL TO THE GIVEN LIMITSo A SUBROUTINE POTGEN MUST BE MAIN 012 
C INCLUDED. THIS WILL COMPUTE THE POTENTIAL CURVE OR WILL BE A MAIN 013 
C ~UMMY TO SATISFY ENTRY REQUIREMENTS. MAIN 014 
C MAIN 015 

DIMENSION XI!200t2l•YI!200o2loX0!2000)oV!2000o2l•S<2000! MAIN 016 
Z oSU!2000o4loETRIAL<200o2l ,QIRA!2ltQIEN!3!oOIMS!2l MAIN 017 
Z .ZI~S!2!tZIRA!2loZIEN!3loECALC!200o2loXPRN!5loVPRN!5l MAIN 018 
Z oDTFRMT!10!oDUFMT!10loBVF!100o2loRESULT!100o4) MAIN 019 
Z oKV!l00o2loN!2loNL!2ltDE!2!tPRFMT!10loPNFT!4l MAIN 020 
Z oDIV!4loWE!2loRE!2!tRCNTRD!100t4loRRCN!100o4l MAIN 021 
Z oDDIV!4) MAIN 022 

COMMON XIoYioXOtVoXHoNSTAoNoMSTAtMtXMINoXMAXtiNSCoMBEGtNUSEDoSt MAIN 023 
Z NitNStMAXIToFACM,ZMUtDEoWEtWEXEtSU MAIN 024 

C MAIN 025 
C THE FOLLOWING COMMENT CARDS DESCRIBE THE PREPARATION OF DATAo MAIN 026 
C MAIN 027 
C FIRST CARD lN DATA HAS A ONE IN COLUMN 1 IF A PPOBLEM FOLLOWS. MAIN 028 
C VERY LAST CARD IN DATA MUST BE A BLANK CARD..... MAIN 029 
C MAIN 030 

1 CALL TIME!BEGIN! MAIN 031 
WRITEOUTPUTTAPE6t160tBEGIN MAIN 032 

160 FORMAT (9HO TIME = F10o5) MAIN 033 
READINPUTTAPE5t100tiTEST MAIN 034 

100 FORMAT !Ill MAIN 035 
2 IF !!TEST> 3o400t3• MAIN 036 

C MAIN 037 
C NEXT CARD IN DATA HAS NAME OF PROBLEM IN COLUMNS 1-72, WHERE MAIN 038 
C CARRIAGE CONTROL IS IN COLUMN 1. SECOND CARD HAS IIMS AND MAIN 039 
C MASSES OF THE TWO ATOMS. MAIN 040 
C IF ZMAS2 = Ot ZMAS1 IS TAK~N AS THE REDUCED MASS IN THE IIMS UNITSMAIN 041 
C IIMS = 1t MASS UNITS ARE BASED ON C12 = 12o MAIN 042 
C IIMS = 2, MASS UNITS ARE BASED ON 016 = 16. MAIN 043 
C MAIN 044 

3 READINPUTTAPE5tl01 MAIN 045 
101 FORMAT !72H1 PROBLEM NAME DATE MAIN 046 

Z ) MAIN 047 
READINPUTTAPE5t102tiiMStZMASltZMAS2 MAIN 048 

102 FORMAT ! I4,2Fl0o0) MAIN 049 
C MAIN 050 
C NEXT CARD IN DATA HAS IIRAt IIENt AND THE NUMBEP OF POINTS, EACH MAIN 051 \.'. 

C IN I4 FORMATt AS WELL AS THE FORMAT STATEMENT WHICH CONTROLS THE MAIN 052 
C READING OF THE POINTS !IN COLUMNS 13-72!--FOR EXAMPLE- !4E16o8lo MAIN 053 
C liEN= 1t ENERGY IS IN ATOMIC UNITS. !1 AoUo = 27.1Cl61 EoVol MAIN 054 
C IIEN 2, ENERGY IS IN 1/CM. MAIN 055 
C liEN 3t ENERGY IS IN ELECTRON VOLTS. 1 E.v. 8065.68 1/CM! MAIN 056 
C !IRA = lt DISTANCE IS IN ATOMIC UNITS. 1 A.U. .529166 ANGol MAIN 057 
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C liRA = 2t DISTANCE IS IN ANGSTROMS. MAIN 058 
C FOLLOWING CARDS CONTAIN THE INPUT POTENTIAL POINTS. MAIN 059 
C IF IT IS DESIRED TO USE A FUNCTION TO GENERATE THE WHOLE MAIN 060 
C POTENTIAL CURVEt THE FIRST 12 COLUMNS OF THE IIPAt ETC. CARD MAIN 061 
C MUST BE BLANK. A HOLLERITH TEXT MUST BE PUNCHED IN 13-72• AS MAIN 062 
C IT WILL BE PRINTED. THE NEXT CARD IN SUCH A CASE CONTAINS MAIN 063 
C XMINtXMAXtETC. MAIN 064 
C FIRST TIME THROUGH IS THE GROUND STATE MAIN 065 
C THE SECOND TIME THROUGH IS THE UPPER STATE MAIN 066 
C A MAXIMUM OF FOUR LEVELS OF THE UPPER STATE CAN BE USED IN MAIN 067 
C COMPUTING INTENSITIES AT ONE TIME. MAIN 068 
C THE SAME VALUE OF IIENtiiRAtNDEtXHtXMINtXMAXtiiRA1tNET MAIN 069 
C tiiEN1 MUST BE USED FOR BOTH THE GROUND AND UPPEP STATE MAIN 070 
C MAIN 071 

IKON = 1 MAIN 072 
5 READINPUTTAPE5t103tiiRAtiiENtNCIKONltiDTFRMT!Ilti=1t10l MAIN 073 

103 FORMAT (3I4t 10A6) MAIN 074 
6 IF !IIRAl 7t8t7 MAIN 075 
7 NIKON = N!IKONJ MAIN 076 

READINPUTTAPE5tDTFRMTt!XI!ItiKONltYI!ItiKON!ti=1tNIKONl MAIN 077 
C MAIN 078 
C NEXT CARD CONTAINS NDE AND THE DISSOCIATION ENERGY WHERE NDE IS MAIN 079 
C ZERO IF ZERO PT OF POTENTIAL CURVE IS AT R=INFINITYt OR ONE IF ATMAIN 080 
C R=REQUILIBRIUMo DISSOCIATION ENERGY HAS SAME UNITS AS POTENTIAL.MAIN 081 
C MAIN 082 

READINPUTTAPE5t105tNDEtDECIKONl MAIN 083 
105 FORMAT CI4,F10.0l MAIN 084 

GO TO 17 MAIN 085 
C MAIN 086 
C NEXt DATA CARD CONTAINS XMIN,XMAXtXHtiiRAt WHERE liRA GIVES THE MAIN 087 
C UNITS FOR THE MIN AND MAX DISTANCES AND THE SPACING XHo MAIN 088 
C MAIN 089 

8 READINPUTTAPE5tl04tDE<IKONltWEIIKON),RECIKONJ MAIN 090 
17 READINPUTTAPE5t104tXMINtXMAXtXHtiiRAl MAIN 091 

104 FORMATC3F10o0ti4J MAIN 092 
C MAIN 093 
C NEXT CARD HAS NO. AND liEN OF EXPECTED ENERGY LEVELSt AND NET MAIN 094 
C WHICH HAS THE SAME INTERPRETATION FOR ETRIALIIJ AS NDE DOES FOR MAIN 095 
C THE POTENTIAL CURVE ABOVE. MAIN 096 
C IT ALSO CONTAINS THE VARIABLE FORMAT FOR READING ENERGY LEVELS MAIN 097 
C MAIN 098 

READINPUTTAPE5t106tNLCIKON!tiiEN1tNETt!DUFMTCI!ti=1t10J MAIN 099 
106 FORMAT C3I4, 10A6J MAIN 100 

IF CNLl 15,15t14 MAIN 101 
14 NLIKON = NLCIKONJ MAIN 102 

C MAIN 103 
C READ IN ENERGY LEVELS MAIN 104 
C MAIN 105 

READINPUTTAPE5tDUFMT,CKV!ItiKONltETRIAL!ItiKON!ti=1tNLIKONJ MAIN 106 
C MAIN 107 
C GO BACK TO STATEMENT 5 AND READ IN UPPER STATE MAIN 108 
C MAIN 109 

15 GO TO !1501t1502lt IKON MAIN 110 
1501 IKON = 2 MAIN 111 

GO TO 5 MAIN 112 
C MAIN 113 
C AFTER BOTH THE LOWER AND UPPER STATES ARE READ INt MAIN 114 
C D2 NU SCHR MODIFIED FOR THE 709/7090/7094 IS DESCRIBED IN MAIN 115 
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R. Ne ZARE AND J. K. CASHION, UCRL-10881t 1963 MAIN 116 
FOR THIS PROGRAM THE CONSTANTS ARE USED AS FOLLOWS MAIN 117 
IF NI = 1t PRINTS ITERATIONS, OTHERWISE NOT MAIN 118 
IF NS = 1t PRINTS WAVEFUNCTION EVERY IPSIQ POINTSt OTHERWISE NOT MAIN 119 
IF NS = 33, PRINTS EIGENVALUES AND NODE COUNl MAIN 120 
EPS IS THE CONVERGENCE CRITERION MAIN 121 
EPS IS IN THE SAME UNITS AS THE POTENTIAL CURVE MAIN 122 
MAXIT IS THE MAXIMUM NUMBER OF TIMES SCHR WILL TPY TO SATISFY THE MAIN 123 
CONVERGENCE CRITERION MAIN 124 

MAIN 125 
LLIM = 100 MAIN 126 
KLIM = 2 MAIN 127 
READ INPUT TAPE 5,107tN!tNStiPSIQ,MAXITtEPS MAIN 128 
FORMAT14I4,E10e0l MAIN 129 

MAIN 130 
NEXT TWO CARDS ARE THE VALUES OF J_FOR THE LOWER AND.UPPER STATE MAIN 131 

MAIN 132 
READ1NPUTTAPE5t144tJROTLtJROTU MAIN 133 
FORMATII3) MAIN 134 

MAIN 135 
NEXT SIX CARDS ARE THE ROTATIONAL CONSTANTS, BEt ALPHAE, GAMMAEt MAIN 136 
FOR THE LOWER AND UPPER STATES• MAIN 137 
THE ROTATIONAL CONSTANTS ARE IN WAVE NUMBERS MAIN 138 

MAIN 139 
READ INPUT TAPE 5t2000,BE1tAE1tGE1tBE2tAE2tGE2 MAIN 140 
FORMAT!E20e8l MAIN 141 

MAIN 142 
NEXT DATA CARD CONTAINS TEo OR THE CORRESPONDING QUANTIT~ IF THE MAIN 143 
FIRST POTENTIAL IS NOT THE GROUND STATE. TE IS IN WAVE NUMBERS MAIN 144 

MAIN 145 
READ INPUT TAPE 5o2000oTE MAIN 146 

MAIN 147 
NEXT CARD CONTAINS NPOT. MAIN 148 
THE POTENTIAL IS PRINTED AT EVERY NPOT POINT. MAIN 149 
NPOT = 5 IS SUGGESTED TO THE USER. MAIN 150 

MAIN 151 
READ INPUT TAPE 5t144oNPOT MAIN 152 

MAIN 153 
THIS TERMINATES COMMENT CARDS ON THE PREPARATION OF DATAe MAIN 154 
IF NO FURTHER PROBLEMS FOLLOWt REMEMBER TO ADD A BLANK CARD TO THEMAIN 155 
DATA DECK MAIN 156 

QIRA(l l = 
QIRA!2l 
OIEN(l) 
OIEN!2l = 
QIENI3l 
QIMSI1l 
OIMSI2l 
PRFMTI1l 
PRFMTI2l 
PRFMTI3l = 
PRFMTI4l = 
PRFMTI5) = 
PRFMTI6l = 
PNFT!1l 
PNFT I 2 l = 

6HA.Ue 
6HANGST. 
6HAeUe 
6H1/CM 
6HE.Ve 
6HC12=12 
6H016=16 

6H ( 1H06X 
6H3HV--4 
6Hl11X5H 
6HV- = I 
6H3t11Xl 
3H//) 
6H3HV--1 
6H3HV--2 

MAIN 157 
MAIN 158 
MAIN 159 
MAIN 160 
MAIN 161 
MAIN 162 
MAIN 163 
MAIN 164 
MAIN 165 
MAIN 166 
MAIN 167 
MAIN 168 
MAIN 169 
MAIN 170 
MAIN 171 
MAIN 172 
MAIN 173 

) 

.., ..... 
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PNFTC3l 
PNFTC4l 

= 6H3HV--3 
= '6H3HV--4 

Table III. { Contd.) 

OUTPUT IS IN WAVE NUMBERS AND ANGSTROMS 
PRINT HEADING 

WRITEOUTPUTTAPE6t101'~-

PRINT THE MASSES AND THEIR.UNITSo 

10 IF IZMAS2l 12t12t11 

MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 11 WRITEOUTPUTTAPE6t12l,QIMSCIIMSltZMAS1tZMAS2 

121 FORMAT I///40H THE MASSES OF THE TWO ATOMS, 
Z F10o6t 5H AND F10o6///l 

GO TO 20 

BASED ON A6t 6Ht ARE MAIN 
MAIN 
MAIN 

12 WRITEOUTPUTTAPE6t111,QIMSCIIMSltZMAS1 
111 FORMAT I///46H THE REDUCED MASS OF THE TWO ATOMS• BASED ON A6t 

Z 5H, IS Fl0o6///l 

PRINT THE INPUT POTENTIAL, THE DISSOCIATION ENEPGYt AND UNITSt 
IF READ IN. 

IKON = 1 
20 IF IIIRAl 21t22t21 
21 WRITEOUTPUTTAPE6t122,QIRACIIRAl,QIENCIIENl 

MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 

122 FORMAT 135H THE INPUT POTENTIAL POINTS, R IN A6t 15H AND 
ZN A6t 18H, ARE GIVEN BELOW. // lX 516X1HR10X1HV4Xl //l 

N IKON = N I IKON l 
WRITEOUTPUTTAPE6t114,CXIIItiKONltYICitiKONlti=1,NIKONl 

ENERGY IMAIN 
MAIN 
MAIN 

114 FORMAT C1X F10o6tF12.4,F10o6tF12o4tF10o6tF12o4tF10o6tF12o4t 
Z F10.6,F12.4l 

WR!TEOUTPUTTAPE6t123,DECIK0Nl 
123 FORMAT 147HC DISSOCIATION ENERGY IN SAME UNITS AS ABOVE IS 

GO TO 23 
22 WRITEOUTPUTTAPE6t127 

127 FORMAT 150H THE POTENTIAL FUNTION IS GENERATED INTERNALLY. 
WRITEOUTPUTTAPE6tDTFRMT 

PRINT RMINt RMAX, THE SPACING• AND THE UNITS. 

23 WRITEOUTPUTTAPE6t124,XMINtXMAXtXHtOIRACIIRA1l 

MAIN 
MAIN 
MAIN 
MAIN 

E20o8lMAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 

124 FORMAT 1//// 9H RMIN = F10o7t 9Ht RMAX = F10o7t 12H, SPACING = 
MAIN 
MAIN 
MAIN Z F10o7t 9Ht ALL IN A6l 

PRINT THE TRIAL ENERGY LEVELS AND THEIR UNITSo 
MAIN 
MAIN 
MAIN 

IF !Nll 25,25t24 MAIN 
24 NUKON = NLCIKONl MAIN 

WRITEOUTPUTTAPE6t125,QIENCIIEN1ltiKVCI,IKONltETRIALIItiKONlti=1tNLMAIN 
1IK0Nl MAIN 

125 FORMAT I////29H THE TRIAL ENERGY LEVELS IN A6t16HARE GIVEN BELOWoMAIN 
Z //1X 515HLEVEL3X6HENERGY6Xl// 11H I4t1PE16.7ti4tE16o7t MAIN 
Z I 4, E 16 • 7, I 4, E 16 • 7, I 4, E 16 • 7) l MAIN 

GO TO 18 MAIN 
25 WRITEOUTPUTTAPE6tl61,DECIKONltWECIKONltRECIKONl MAIN 

174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 

c 
c 

161 FORMAT C7H DE = F10.2t7H, WE = F10o3t11Ht AND RE F10o6l MAIN 

PRINT THE CONVERGENCE CRITERION. 
MAIN 
MAIN 



c 

c 
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18 GO TO !1801t1802ltlKON 
1801 IKON = 2 

GO TO 20 
1802 WRITEOUTPUTTAPE6tl26,EPStOIENIIIENJ 

126 FORMAT (////43H CONVERGENCE CRITERION 
Z 2XA6 l 

PRINT HEADING 
WRITEOUTPUTTAPE6t101 

MAIN 232 
MAIN 233 
MAIN 234 
MAIN 235 
MAIN 236 

IS ERROR LESS THAN E9o2t MAIN 237 
MAIN 238 
MAIN 239 
MAIN 240 
MAIN 241 
MAIN 242 

200 IF !ZMAS2l 201t20lt202 MAIN 243 
201 ZMU = ZMAS1 MAIN 244 

GO TO 204 MAIN 245 
202 ZMU = ZMAS1*ZMAS2/!ZMAS1+ZMAS2l MAIN 246 
204 ZIMS!1l 1o0 MAIN 247 

ZIMS!2l = .9996784 MAIN 248 
ZIRA!1l = 1o0 MAIN 249 
ZIRA!2l = 1o889766 MAIN 250 
ZMU = ZMU * ZIMS!IIMSl MAIN 251 
ZIEN<1l = ZMU * 3o643668E3 MAIN 252 
ZIEN!2l = ZMU * 1o6610826E-2 MAIN 253 
ZIEN!3l = ZMU * 1o339776E2 MAIN 254 
FACM = 60.201702/ZMU MAIN 255 
IPOTGN = 0 MAIN 256 
N2 = N!2l MAIN 257 
NL2 = NL!2l MAIN 258 

210 IF !IIRAl 214t212t214 MAIN 259 
POTGEN MUST GENERATE THE ENTIRE POTENTIAL CURVE. IN ADDITION, MAIN 260 
IT MUST SET THE VALUES OF IIRA,IIEN,M,NDE, AND DE. NDE WILL BE MAIN 261 
USED TO SET THE HEIGHT OF THE POTENTIAL CURVE. MAIN 262 

212 CALL POTGEN !IPOTGNtDEtNDEtiiRAtiiENtREtETRIALtKVtNLtliEN1tNETtWEtMAIN 263 
1ZMU,XMAXtX~IN,XHtFACMtXOtVtMl MAIN 264 

IF!IPOTGN-101213•213,1 MAIN 265 
213 CALL POTGEN I IPOTGN,DE !2ltNDE,I IRA •I IEN,RE! 21 tETRIAL I 1t2 l tKV! 1t2 l, MAIN 266 

lNL!2ltiiEN1tNEToWE!2) tZMUtXMAXtXMINoXHtFACMtXOtVI1t2ltMl MAIN 267 
IF I IPOTGN - 101 226,226.1 MAIN 268 

214 DO 216 I = 1tN MAIN 269 
Y I I I l = Y I I I l *Z I EN I I I EN l MAIN 270 
XI!Il = Xl!ll*ZIRA!IIRAl MAIN 271 

216 CONTINUE MAIN 272 
DE = DE*ZIEN!IIENl MAIN 273 
DE!2l = DE!2l*ZIEN!IIENl MAIN 274 

220 DO 222 I = 1tN2 MAIN 275 
YI!It2l = Yl!It2l *ZIEN!IIENl MAIN 276 
XI!It2l = XI!lt2l*ZIRA!IIRAl MAIN 277 

222 CONTINUE MAIN 278 
226 XMIN = XMIN*ZIRA!IIRA1l MAIN 279 

XMAX = XMAX*ZIRA!IIRA1l MAIN 280 
XH = XH *ZIRA!IIRA1l MAIN 281 
EPS = EPS * ZIEN!IIENl MAIN 282 
NL2 = NL!2l MAIN·283 
DO 235 I = 1tNL2 MAIN 284 
ETRIAL!lt2l = ETRIAL!lt2l*ZIEN!IIENll MAIN 285 

235 CONTINUE MAIN 286 
236 DO 238 I = 1tNL MAIN 287 

ETRIAL!Il = ETRIAL!ll*ZIEN!IIENll MAIN 288 
238 CONTINUE MAIN 289 

. \ 

j 

. ·~ ·.;. 
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C CHECK FOR RESCALING OF POTENTIAL TO ZERO AT R=INFINITY MAIN 290 
239 IF INDEl 308t244t240 MAIN 291 
240 IF IIPOTGNl 244t241t244 MAIN 292 
241 DO 242 I = 1tN MAIN 293 

YIIIl = YI!Il- DE MAIN 294 
242 CONTINUE MAIN 295 

DO 243 I = 1tN2 MAIN 296 
YIIIt2l = YIIIt2l- DEI2l MAIN 297 

243 CONTINUE MAIN 298 
244 IF !NET> 300t247t245 MAIN 299 
245 DO 246 I = 1tNL MAIN 300 

ETRIAL!Il = ETRIAL!Il-DE+IBE1-AE1*1FLOATFII-1l+e5l+GE1*1FLOATFII-1MAIN 301 
1l+o5l**2l*FLOATFIJROTL*IJROTL+1ll/FACM MAIN 302 

246 CONTINUE MAIN 303 
DO 2461 I = 1tNL2 MAIN 304 
ETRIALIIt2l = ETRIAL!It2l-DE12l+IBE2-AE2*1FLOATFII-1l+o5l+GE2*1FLOMAIN 305 

1ATFII-1l+o5l**2l*FLOATFIJROTU*IJROTU+1ll/FACM MAIN 306 
2461 CONTINUE MAIN 307 

247 DO 248 I = 1tNL MAIN 308 
ECALCIIl = ETRIAUil MAIN 309 

248 CONTINUE MAIN 310 
DO 2481 I = 1tNL2 MAIN 311 
ECALCII,2l = ETRIALI!t2l MAIN 312 

2481 CONTINUE MAIN 313 
IFI IPOTGNl 250t249t250 MAIN 314 

249 NUSED = 8 MAIN 315 
CALL TIMEIAFTERl MAIN 316 
XTIQ = 60. * !AFTER-BEGIN> MAIN 317 
SEGIN = AFTER MAIN 318 
WRITEOUTPUTTAPE6t131,XTIQ MAIN 319 

131 FORMAT 123HO TIME BEFORE POTFIT = F10.5l MAIN 320 
IKON = 1 MAIN 321 

2490 CALL POTFITIXII1tiKONltYII1tiKONltNIIKONltXO,VI1tiKONltMtXH, MAIN 322 
Z XMIN,XMAXtiNSCtNUSEDtFACMl MAIN 323 

IF IINSCl 1t2491tl MAIN 324 
2491 CALL TIMEIAFTERl MAIN 325 

XTIQ = 60. * !AFTER-BEGIN> MAIN 326 
SEGIN = AFTER MAIN 327 
WRITEOUTPUTTAPE6t132,XTIQ MAIN 328 

132 FORMAT 120HO TIME FOR POTFIT F10o5l MAIN 329 
C MAIN 330 
C PRINT THE POTENTIAL CURVE GENERATED !ANGSTROMS AND 1/CMl MAIN 331 

250 WRITEOUTPUTTAPE6tl08 MAIN 332 
108 FORMAT 137HO THE POTENTIAL FUNCTION GENERATED IS /// MAIN 333 

Z lX 513X 4HRIAl 6X 7HVIl/CMl 2Xll MAIN 334 
252 NPOT4 = NPOT*4 MAIN 335 

NPOT5 = NPOT*5 MAIN 336 
254 DO 270 I = 1tMtNPOT5 MAIN 337 
256 IF IM-I-NPOT4l 258t262t262 MAIN 338 
258 JFIN = IM-Il/NPOT MAIN 339 
260 IF IJFINl 272t272t264 MAIN 340 
262 JFIN = 5 MAIN 341 
264 DO 266 J = 1tJFIN MAIN 342 

IPRN = I + NPOT*IJ-11 MAIN 343 
XPRN!Jl = XOIIPRNl*o529166 MAIN 344 
VPRN!Jl = IYIIPRN,IKONl+DEIIKONll*FACM MAIN 345 

266 CONTINUE MAIN 346 
IF IVPRNI1l - 1oE6l 268,269,269 MAIN 347 
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269 WRITEOUTPUTTAPE6t141tiXPRNIJltVPRNIJltJ=1tJFINltiPRN 
141 FORMAT 11XOPF10o6t1PE12o5t410PF10o6t1PE12o5lt4XI5l 

GO TO 270 
268 WRITEOUTPUTTAPE6tl09tiXPRNIJltVPRNIJltJ=l•JFIN!,IPRN 
109 FORMAT llX FlOo6tF12o4,FlOo6tFl2o4tFlOo6tFl2o4tFl0.6,Fl2o4t 

Z FlOo6tF12o4t4XI5l 
270 CONTINUE 
272 CALL TIMEIAFTERl 

XTIQ = 60o * IAFTER-BEGINl 
BEGIN = AFTER 
WRITEOUTPUTTAPE6tl35,XTIQ 

135 FORMAT !32HO TIME FOR PRINT OF POTENTIAL 
GO ~0 12721,2729), IKON 

2721 IKON'.= 2 
WRITEOUTPUTTAPE6,101 
GO TO 2490 

F9o4t9H SECONDSol 

2729 DO 2728 J = 1•M 
VIJtll = FLOATFIJROTL*IJROTL+lll/XOIJl**2+VIJtll 
IF ACCUMULATOR OVERFLOW 2724,2725 

2724 VIJ,ll = loOE+30 
2725 VIJt2l = FLOATFIJROTU*~JROTU+lll/X01Jl**2+VIJ•2l 

IF ACCUMULATOR OVERFLOW 2727,2728 
2 727 
2728 

2722 

V(J,2l = 1oOE+30 
CONTINUE 
MTEMQ = M 

c 

LLK = 0 
KLK = 0 

FIND THE ENERGY LEVELS THROUGH USE OF SCHR. 
274 NLIKON = NLIIKONl 

DO 285 I = 1tNLIKON 
276 IF ISCHRINitNStMAXIT,EPStiPSIOtVI1dKONltXO,S ,M ,xMINt 

Z XMAXtKVIItiKON!tECALCfitiKONltFACMl-lol 284t278t300 
278 LLK = LLK + 1 
280 IF ILLK-LLIMl 284,284,304 
284 M = MTniQ 

DO 281 J = 1tM 
XOIJl = FLOATFIJ-1l*XH + XMIN 

281 CONTINUE 
BVSUM = Sl1l**2/XOI1l**2 + 4o*SI2l**2/XOI2l**2 + SIMl**2/XOIMl**2 
KSIMP = M - 1 
DO 287 J = 3tKSIMPt2 
BVSUM = 2o*SIJl**2/XOIJl**2 + 4o*SIJ+1l**2/XOCJ+1l**2 + BVSUM 

287 CONTINUE 
GO TO 12875t2871lt IKON 

2871 DO 2872 J = 1tM 
su ( J ,r J = s ( J) 

2872 CONTINUE 
GO TO 2878 

2875 DO 2877 IK = ltNL2 
DO 2876 J = 1•M 
XO(Jl = IFLOATFIJ-1l*XH+XMINl*SUIJtiKl 

2876 CONTINUE 
2879 CONTINUE 

CALL SIMPCSoSUiltiKloMtXHoRESULTCioiKll 
CALL SIMPCSoXOoMoXHoRCNTRDCioiKll 

2877 CONTINUE 
DO 2882 IK = 1oNL2 
DO 2881 J = 1oM 

MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
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MAIN 
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MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
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357 
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359 
360 
361 
362 
363 
364 
365 
366 
367 
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370 
371 
372 
373 
374 
375 
376 
377 
378 
379 
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XO!J) = !FLOATFCJ-11*XH+XMIN1**2*SU!JtiKI 
2881 CONTINUE 

CALL SIMPCStXOtMtXHtRRCN!ItiKll 
2882 CONTINUE 

2878 BVF!ItiKONI = FACM * BVSUM * XH I 3o 
ECALCCitiKONl = DE!IKONl * FACM + ECALC!ItiKONl 
CALL TIMECAFTERl 
XTIQ = 60. * !AFTER-BEGIN! 
BEGIN = AFTER 
WRITEOUTPUTTAPE6t162tECALC!ItiKON!tBVFCitiKONltXTIQ 

162 FORMAT C30HO SCHR FINDS ENERGY LEVEL G = Fl1o5t15H 1/CM AND BV = 
Z F11o7t9H 1/CM IN F7.4,9H SECONDS. I 

285 CONTINUE 
GO TO C2852t2851ltiKON 

2851 IKON = 1 
GO TO 2722 

2852 WRITEOUTPUTTAPE6t101 
WRITEOUTPUTTAPE6t110tLLK 

110 FORMAT C38HO PROGRAM SUCCESSFUL. !MAXIT REACHED I2, 7H TIMES! 
WRITEOUTPUTTAPE6t128 

128 FORMAT C35HO THE BELOW IS FOR THE LOWER STATE. l 
WRITEOUTPUTTAPE6t133 

133 FORMAT C54HOVIB. NO. GIVEN ENERGY CALC. ENERGY DIFFERENCE 
Z 13X43HGIVEN DELTA G CALC. DELTA G DIFFERENCE /44X 
Z 26HDIFFERENCE = CALC. - GIVEN //l 

286 DO 288 I = 1tNL 
ETRIALCil = CETRIALCil +DEl* FACM 
DIFF = ECALCCil - ETRIALCil 
IF CI-11 290t290t292 

292 DGT = ETRIALCII - ETRIALCI-1! 
DGC = ECALC!Il - ECALCCI-11 
DIFDE = DGC - DGT 
WRITEOUTPUTTAPE6t136,DGTtDGCtDIFDE 

136 FORMAT C 64X3F15o5l 
290 WRITEOUTPUTTAPE6t134tKVCIItETRIAL!IltECALC!IltDIFF 
134 FORMAT CIS, 3F15o5l 
288 CONTINUE 

WRITEOUTPUTTAPE6t130 
130 FORMAT !1H128X8HVIBo NOo3X9HCALCo BV //1 

DO 294 I = 1tNL 
WRITEOUTPUTTAPE6t129,KV!IltBVF!Il 

129 FORMAT !28XI7,3Fl5o8l 
294 CONTINUE 

WRITEOUTPUTTAPE6t101 
WRITEOUTPUTTAPE6tl37 

137 FORMAT !35HO THE BELOW IS FOR THE UPPER STATE• l 
WRITEOUTPUTTAPE6t138 

138 FORMAT !54HOVIBo NO. GIVEN ENERGY CALC. ENERGY DIFFERENCE 
Z /44X26HDIFFERENCE = CALC. - GIVEN //l 

DO 388 I = 1tNL2 
ETRIALCit2l = !ETRIAL!It2l + DEC2ll * FACM 
DIFF = ECALC!It2l-ETRIAL!It2l 
WRITEOUTPUTTAPE6tl34,KVCI,2l,ETRIAL!It2ltECALC!It2ltDIFF 

388 CONTINUE 
WRITEOUTPUTTAPE6t130 
DO 394 I = 1tNL2 
WRITEOUTPUTTAPE6t129tKV!It2ltBVF!It2l 

394 CONTINUE 
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DO 510 J = 1tNL 
DO 510 IK = 1tNL2 
RCNTRDIJtiKI = RCNTRDCJ,IKI*Oo529166/RESULTCJtiKI 
RRCNCJtiKI = RRCNCJtiKI*Oo529166**2/RESULTCJtiKl 
RESULTIJtiKI = RESULTCJ,IK1**2 

510 CONTINUE 
WRITE OUTPUT TAPE 6t500 

500 FORMATC24H1 FRANCK-CONDON FACTORS 
PRFMTC21 = PNFTINL21 
WRITE OUTPUT TAPE 6tPRFMTtCKVCJt21tJ = ltNL21 
DO 520 J = 1tNL 
WRITE OUTPUT TAPE 6t508tKVIJ)tCRESULTCJtiLKltiLK = ltNL21 

508 FORMATC6Xti4t4ClOXtE10o4t10XIl 
520 CONTINUE 

WRITE OUTPUT TAPE 6t514 
514 FORMATI32H1 R-CENTROID FACTORS !ANGSTROMS! I 

'WRITE OUTPUT TAPE 6tPRFMTtiKVCJt2ltJ = ltNL21 
DO 516 J = 1tNL 
WRITE OUTPUT TAPE 6t508tKVCJ)tCRCNTRDCJ,ILKltiLK = 1tNL21 

516 CONTINUE 
WRITE OUTPUT TAPE 6t517 

517 FORMATC17Hl R**2-CENTROIDS I 
WRITE OUTPUT TAPE 6tPRFMTtiKV~Jt2ltJ = 1tNL21 
DO 518 J = ltNL 
WRITE OUTPUT TAPE 6t508tKVIJ)tiRRCN!JtiLKltiLK = 1tNL21 

518 CONTINUE 
c 
C CORRECT'FOR FREQUENCY DEPENDENCE 
C AND SCALE TO TEN 
c 

DO 5121 IK = ltNl2 
DIVIIKI = OoO 
DD IV I I K I = 0 • 0 
DO 5121 J = 1tNL 
RESULTCJtiKI = RESULT!JtiKI *CTE+ECALCIIK,21-ECALCCJt111**3 
RCNTRD(J,IKI = RESULTCJ,IKl*ITE+ECALCIIKt2l-ECALCIJt111 

5121 CONTINUE 
DO 5022 IK = 1tNL2 
DO 5022 J = 1tNL 
DIVIIKI = MAX1FIDIVIIKltRESULTIJtlKll 
DDIVIIKI = MAX1FIDDIVIIKltRCNTRDCJ,IKII 

5022 CONTINUE 
DO 5023 IK = 1tNL2 
DO 5023 J = 1tNL 
RESULTCJtiKI = RESULTIJtiKI/DIVIIK1*10oO 
RCNTRDIJtiKI = RCNTRDIJtiKI/DDIVIIKI*10o0 

5023 CONTINUE 
WRITE OUTPUT TAPE 6t5024 

5024 FORMATC48H1 RELATIVE INTENSITYIQUANTUM/SECI SCALED TO TEN 
WRITE OUTPUT TAPE 6tPRFMTtiKVIJt2ltJ = 1tNL21 
DO 5026 J = 1tNL 
WRITE OUTPUT TAPE 6t509tKVIJltiRESULT!JtiLKltiLK = 1tNL21 

509 FORMATI6Xti4,4112XtF&o3t12Xll 
5026 CONTINUE 

WRITE OUTPUT TAPE 6t5030 
5030 FORMATC47Hl RELATIVE INTENSITYIENERGY/SECl SCALED TO TEN 

WRITE OUTPUT TAPE 6tPRFMT,CKVIJt2ltJ = 1tNL21 
DO 5027 J = ltNL 
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WRITE OUTPUT TAPE 6t509tKVIJltiRCNTRD!JtiLKltiLK = 1tNL2l MAIN 522 
5027 CONTINUE MAIN 523 

WRITE OUTPUT TAPE 6t5031 MAIN 524 
5031 FORMAT!12Hl CONSTANTS l MAIN 525 

WRITE OUTPUT TAPE 6tl44,JROTLtJROTU MAIN 526 
WRITE OUTPUT TAPE 6t200dtTEtBE1tBE2tAEl,AE2tGEltGE2 MAIN 527 
GO TO 1 MAIN 528 

300 KLK = KLK + 1 MAIN 529 
301 IF !KLK-KLIMl 284,302t302 MAIN 530 
302 WRITEOUTPUTTAPE6t112tKLIM MAIN 531 
112 FORMAT !26HO SCHR NOT SUCCESSFUL FOR I2t 28HTH TIMEt GO TO NEXT PRMAIN 532 

ZOBLEM. MAIN 533 
GO TO 1 MAIN 534 

304 WRITEOUTPUTTAPE6t113tLLIMti MAIN 535 
113 FORMAT 128HO SCHR DID NOT CONVERGE FOR I2tl7HTH TIME WHEN I = I3l MAIN 536 
306 GO TO 1 MAIN 537 
308 WRITEOUTPUTTAPE6t120tNDE MAIN 538 
120 FORMAT 125HO ERROR IN INPUTo NDE = I10l MAIN 539 

GO TO 1 MAIN 540 
400 CALL EXIT MAIN 541 

END MAIN 542 

CPOTFIT USING NTRPSRtMINFITtMAXFIT 
SUBROUTINE POTFIT IXItYitNtXOtVtMtXHtXMINtXMAXtiNSCtNUSEDtFACMl 
DIMENSION XII400ltYI!400ltX0!2000ltVI2000l 

248 MBEG = 1 
XMAXT = XMAX 
XMINT = XMIN 

C CHECK FOR EXTRAPOLATION AT SMALL R. 
250 IF IXMIN- XIC1ll 252t254t254 
252 XMAX = XICll 

CALL MINFIT IXItYitNtXOtVtMtXHtXMINtXMAXtiNSCtFACMl 
IF IINSCl 712t253,712 

253 MT = M 
XMIN = XOCMTl + XH 
MBEG = M + 1 

C PREPARE TO INTERPOLATE. 
254 M = 0 

XMAX = XMAXT 
NL = N-1 

256 IF I XMAX-XICNLll260t260t258 
258 XMAX = XIINLl 
260 CALL NTRPSRIXItYI,xO,VtXHtNtMtXMIN,XMAX,INSC,MBEGtNUSEDl 

C CHECK FOR EXTRAPOLATION AT LARGE R. 
IF IINSCl 712,262,712 

262 IF IXMAXT-XMAXl 267t267,264 
264 MBEG = M + MBEG 

XMIN = XO!MBEG-1) + XH 
XMAX = XMAXT 

266 CALL MAXFIT IXI•YitN,XOtVtMtXHtXMIN,XMAXtiNSCtFACMtMBEGl 
267 XMIN = XMINT 

M = M + MBEG - 1 
712 RETURN 

END 

POTFTOOO 
POTFT001 
POTFT002 
POTFT003 
POTFT004 
POTFT005 
POTFT006 
POTFT007 
POTFT008 
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POTFT016 
POTFT017 
POTFT018 
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POTFT020 
POTFT021 
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POTFT023 
POTFT024 
POTFT025 
POTFT026 
POTFT027 
POTFT028 
POTFT029 
POTFT030 
POTFT031 
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CMINFIT Y = A/X**12+ C 
SUBROUTINE MINFIT IXtYtNtXOtVtMtXHtXM1NtXMAXtiNSCtFACMl 
DIMENSION X 1400ltY 1400ltX0!2000ltV!2000l 
R12FUF!Xl = A/X**12 + C 
M = XFIXF<<XMAX-XMINl/XHl + 1 
A= !Y!1l-Y!2ll/!1o/X(ll**12- 1o/XI2l**12l 
C = Y!1l - A/XI1l**12 

212 DO 214 I = 1tM 
XO!Il = FLOATF!I-1l*XH + XMIN 
V Ill = R12FUF!XO!Ill 

214 CONTINUE 
A = A*FACM*o529166**12 
C = C*FACM 
WRITEOUTPUTTAPE6t101tAtC 

101 FORMAT !70HO LEFT END OF POTENTIAL FUNCTION IS FOUND FROM 
Z2+Ct WHERE A = 1PE14o7t 9H AND C = f14.7 l 

RETURN 
END 

CMAXFIT Y = A/X**B 

UCRL-10926 

MINFTOOO 
MINFTOOl 
MINFT002 
MINFT003 
MINFT004 
MINFT005 
MINFT006 
MINFT007 
MINFT008 
MINFT009 
MINFT010 
MI NFTOll 
MINFT012 
MINFT013 

Y=A/X**1MINFT014 
MINFT015 
MINFT016 
MINFT017 

SUBROUTINE MAXFIT !XtYtNtXOtVtMtXHtXMINtXMAXtiNSCtFACM,MBEGl 
DIMENSION X !400ltY !400ltX0!2000ltV!2000l 

MAX FTOOO 
MAXFT001 
MAXFT002 

R6FUNF!Xl = A/X**B 
L N - 1 
B = LOGFIY!Ll/Y!Nll/LOGF!X!Nl/X!Lll 
A = Y!Nl * X!Nl**B 
M = XFIXF<IXMAX-XMINl/XHl + 1 
MFIN = MBEG + M - 1 

202 DO 204 I = MBEGtMFIN 
XO!Il = FLOATFII-MBEGl*XH + XMIN 
V ! I l = R 6 F U NF I X 0 I I l l 

204 CONTINUE 
A~ A*FACM*o529166**B 
WRITEOUTPUTTAPE6t206tAtB 

206 FORMAT 168HO RIGHT END OF POTENTIAL FUNCTION IS FOUND FROM 
ZBt WHERE A = El4o7t 9H AND B = E14.7l 

RETURN 
END 

MAXFT003 
MAXFT004 
MAXFT005 
MAXFT006 
MAXFT007 
MAXFT008 
MAXFT009 
MAXFT010 
MAXFTOll 
MAXFT012 
MAXFT013 
MAXFT014 

Y=A/X**MAXFT015 
MAXFT016 
MAXFT017 
MAXFT018 

1 
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CNTRPSR 
c 

INTERPOLATION PROGRAM !BY SUCCESSIVE RANGES> SINGLE PREC. NTRPSOOO 
NTRPS001 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

THE METHOD OF LAGRANGE IS USED. THE INPUT POINTS NEED NOT BE NTRPS002 
EQUALLY SPACED. THERE ARE TWO MODES OF INPUT AVAILABLE. THE NTRPS003 
FIRST OCCURS WHEN M = Q. THE ABSCISSAE ARE THEN GENERATED FROM NTRPS004 
XM!NtXMAX,AND XH. AT EXIT M = NO. OF POINTS FOUND• AND XO NTRPS005 
CONTAINS THE ABSCISSAE. M WILL BE CHECKED TO INSURE THAT THE NTRPS006 
DIMENSION IS NOT EXCEEDED. MDIMM = THE DIMENSION OF THE XOt YO NTRPS007 
ARRAYS. THE SECOND MODE OCCURS WHEN M IS POSITIVE. THE M NTRPS008 
ABSCISSAE ARE THEN ASSUMED TO HAVE BEEN GENERATED PRIOR TO NTRPS009 
ENTRY. THE STARTING INDEX FOR THE OUTPUT ARRAY MUST BE NTRPS010 
SPECIFIED. THE FIRST POINT FOUND WILL BE AT XOIMBEGJ. XH MUST NTRPSOll 
BE GIVEN SINCE THE ORDINATE FOR ANY POINT CLOSER THAN .01*XH TO NTRPS012 
AN INPUT POINT IS TAKEN AS THAT FOR THE INPUT POINT. -NUSED- IS NTRPS013 
THE NUMBER OF POINTS USED FOR EACH INTERPOLATED POINT. *NUSED* NTRPS014 
MUST BE EVEN AND LESS THAN OR EQUAL TO -N-. NUSED = 8 IS NTRPS015 
SUGGESTED. ANY POINT FARTHER THAN NUSED/2 POINTS FROM EITHER ENDNTRPS016 
IS FOUND FROM THE NUSED/2 ON EACH SIDE. NTRPSR WILL SCALE AND NTRPS017 
RESCALE IN ORDER TO AVOID OVERFLOW. IF THE FIRST SCALING DOES NTRPS018 
NOT SUCCEED• NTRPSR WILL TRY UP TO 7 TIMES MORE BEFORE RETURNING NTRPS019 
IN THE ERROR MODE. CINSC = 1l NTRPS020 
INPUT IS XltY!t!XOJ,XHtN,M,(XMINJ,(XMAXltMBEG,NUSED. NTRPS021 
OUTPUT IS IXOJ,YOt!NSC. NTRPS022 
INSC = 0 IF PROGRAM WAS SUCCESSFUL. IF NOT, INSC = 1. NTRPS023 

C NTRPS024 

c 
c 

200 
201 

c 

202 

203 

204 

205 
206 

207 

SUBROUTINE NTRPSRCXJ,yJ,xo,yo,xN,N,K,XNIN,XNAXtiNSC,MBEGtNUSEDl NTRPS025 
DIMENSION XII400ltYI!400ltX012000ltYOI2000)tXJI400ltYJI400ltNUMBI4NTRPS026 

100) 
MDIMM = 2000 
XMAX = XNAX 
XMIN = XNIN 
XH = ABSFIXNl 
M = K 
!REV = 0 
!REX = 0 
M IS ZERO, IF XHt XMINt XMAX ARE TO BE USED. IF M IS NOT 
ZERO, THEN XCI I l • I = 1tM WILL BE USED AS ABSCISSA. 
IF !Ml 270,201t206 
M = XINTFIABSFIIXMAX-XMINl/XHl l + 1 
IF M IS MORE THAN DIMENSION OF XOt RETURN IN ERROR MODE. 
IF CM+MBEG-MDIMM-2) 202t272t272 
MF = MBEG + M - 1 
IF CXMAX - XMINl 203,204t204 
XMIN = XNAX 
XMAX = XNIN 
!REV = 1 
DO 205 I = MBEGtMF 
XOI!l = FLOATFII-MBEGJ * XH + XMIN 
CONTINUE 
DO 207 I = 1tN 
X I I I l = XJ I I l 
CONTINUE 
MF = MBEG + M - 1 
MSTA = MBEG 
NUST = NUSED/2 
NS = NUST + 1 
NF = N - NS + 1 
NFP = NF + 1 

TO 
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DO 208 I = NStNFP 
NUMB (I l = 0 

208 CONTINUE 
IF CXOCMFl - XOIMBEGl l 209~211•211 

209 M2 = M/2 
M2F = MBEG + M2 - 1 
DO 210 I = MBEGtM2F 
K = MF + MBEG - I 
TEMP = xo·c I l 
XOC I l = XOCK) 
XOIKl = TEMP 

210 CONTINUE 
!REV = 1 

211 IF CXICNl-XII1ll 212,216,216 
212 N2 = N/2 

DO 214 I = 1tN2 
K = N + 1 - I 
TEMP= XJIIl 
TEMS = YJIIl 
XJIIl XJCK) 
YJCil = YJ(K) 
XJIKl = TEMP 
Y J I K l = TEMS 

214 CONTINUE 
IREX = 1 

216 IF CNF-NSl 236t218t218 
218 DO 226 J = MBEGtMF 

DO 224 I = NStNF 
220 IFIXOIJl-XJIIll222o222o224 
222 NUMBCil = NUMBCil + 1 

GO TO 226 
224 CONTINUE 

NUMBINFPl NUMBINFPl + 1 
226 CONTINUE 

GO TO 238 
236 NUMBCNFP~ = M 
238 M = 0 
239 DO 250 L = NSoNFP 

IF CNUMBILll 250t250o242 
242 M = NUMB ILl 

NSTA = L - NUST 
GO TO 100 

246 IF IINSCl 274o248o274 
248 MSTA = MSTA + M 
250 CONTINUE 
240 K = MSTA - MBEG 

IF CIREVl 256o256o252 
252 M2F = K/2 + MBEG - 1 

DO 2 54. I = MBEG tM2F 
J = MF + MBEG - I 
TEMP = XOCil 
TEMS = YOIIl 
XOIIl XOCJl 
YO I I l = YO I J l 
XOIJl = TEMP 
YOIJl = TEMS 

254 CONTINUE 
256 IF CIREXl 262o262o258 

UCRL-1092o 
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258 DO 260 I = 1tN2 
J=N+1-I 
TEMP = XJ!Il 
TEMS = YJ!Il 
XJ!IJ XJ!Jl 
YJ!IJ = YJ!Jl 
XJ!JJ = TEMP 
YJ!JJ = TEMS 

260 CONTINUE 
262 RETURN 
270 WRITEOUTPUTTAPE6t2101 
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2101 FORMAT !44HO ERROR IN INPUT TO NTRPSR. M IS NEGATIVE. 
INSC = 1 
GO TO 240 

272 H = !XMAX-XMINl/FLOATF!MDIMM-MBEGl 
WRITEOUTPUTTAPE6t2102tH 

UCRL-10925 

2102 FORMAT !58HO ERROR IN INPUT TO NTRPSR. MINIMUM ALLOWABLE SPACING 

NTRPS116 
NTRPS 117 
NTRPS 118 
NTRPS119 
NTRPS120 
NTRPS121 
NTRPS122 
NTRPS123 
NTRPS124 
NTRPS125 
NTRPS126 
NTRPS127 
NTRPS128 
NTRPS129 
NTRPS130 
NTRPS131 
NTRPS 132 
NTRPS133 
NTRPS134 
NTRPS135 
NTRPS136 
NTRPS137 
NTRPS138 
NTRPS139 
NTRPS140 
NTRPS141 
NTRPS142 
NTRPS143 
NTRPS144 
~TRPS 145 
NTRPS146 
NTRPS147 
NTRPS148 
NTRPS149 
NTRPS150 
N TRPS 151 
NTRPS152 
NTRPS153 
NTRPS154 
NTRPS155 
NTRPS156 
NTRPS 157 
NTRPS158 
NTRPS159 
NTRPS160 
NTRPS161 
NTRPS162 
NTRPS163 
NTRPS164 
NTRPS165 
NTRPS166 
NTRPS167 
NTRPS168 
NTRPS169 
NTRPS170 
NTRPS 171 
NTRPS172 
NTRPS173 

8IS 1PE12.3l 
INSC = 1 
GO TO 240 

274 WRITEOUTPUTTAPE692103tl 
2103 FORMAT !43HO INTR1 WAS UNABLE TO INTERPOLATE IN PANGE I3l 

GO TO 240 
100 NCON = 1 

REFA = 1.414214 
NFIN = NSTA + NUSED - 1 
DO 98 I = NSTA,NFIN 
X I I I l = XJ! I l 
YI!Il = YJ!Il 

98 CONTINUE 
NSTA1 = NSTA + 1 
XSCALE = !XI!NFINJ- XI!NSTA!l/10o 
IF !XSCALEl 995t99lt995 

991 XSCALE = 1. 
995 YMAX = YI!NSTAl 

YMIN = YI!NSTAl 
1001 DO 1002 I = NSTA1,NFIN 

YMAX = MAX1F!YMAX,YI (Ill 
YMIN = MIN1F!YMIN,YI!Ill 

1002 CONTINUE 
91 YSCALE = YMAX - YMIN 

IF !YSCALEJ 915t915t1003 
915 YSCALE = lo 

1003 DO 1004 I = NSTAtNFIN 
XIII! = XI!Il/XSCALE 
YI!Il = IYI!Il-YMINl/YSCALE + e5 

1004 CONTINUE 
XH = ABSF!XNl/XSCALE 
MFIN = MSTA + M - 1 
MTA = MSTA 

1005 EPSIL = eOl*XH 
101 DO 110 II= MTAtMFIN 

XO!IIl = XO!Ill/XSCALE 
YO I I I l = 0 • 0 
PNUM = leO 

1011 DO 107 I = NSTAtNFIN 
C FIND XOCIIl-XI!Il FOR NUMERATOR AND CHECK FOR NEARNESS. 

XNUM = XO C II l - X I C I l 
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1012 IF IABSFIXNUM l-EPSILl 102t102t103 
102 YOIIIl = YIIIl 

GO TO 109 
C PNUM = PRODUCT OF ALL XNUM 

103 PNUM = PNUM*XNUM 
C CONSTRUCT DENOMINATOR AND SUM 

PDEN = 1.0 
104 DO 106 J = NSTAtNFIN 

1043 IF <I-Jl 105t106t105 
105 PDEN = IXIIIl- XI!Jll*PDEN 

1051 IF QUOTIENT OVERFLOW 1103t106 
106 CONTINUE 

DEN = PDEN*XNUM 
YO!Ill = YI!Il/DEN·+ YO!Ill 
IF ACCUMULATOR OVERFLOW 1121, 107 

107 CONTINUE 
YOIIIl = YOIIIl*PNUM 

109 YOIIIl = IYOIIIl-.5l*YSCALE + YMIN 
XO<IIl = XOIIIl * XSCALE 

110 CONTINUE 
INSC = 0 
GO TO 246 

1103 WRITEOUTPUTTAPE6t1104,NCONtXSCALE 
WRITEOUTPUTTAPE6t1108tiititJ 

1104 FORMAT 18H NCON = I3, 11Ht XSCALE = F10e7l 
1108 FORMAT 126H OVERFLOW OCCURRED AT II= I4t4H I= I3t4H J= I3l 

NCON = NCON + 1 
1105 DO 1106 I = NSTAtNFIN 

XIII>= XI<Il/REFA 
1106 CONTINUE 

XOIIIl = XOIIIl * XSCALE 
MT A = I I 
XH = XH /REFA 
XSCALE = XSCALE*REFA 
IF !NCON-81 1005,1005,1107 

1107 INSC = 1 
GO TO 246 

1121 WRITEOUTPUTTAPE6t1122 
1122 FORMAT 148HO ACCUMULATOR OVERFLOW. DEN MUST BE TOO SMALL. 

INSC = 1 
GO TO 246 
FREQUENCY 105111t9lt1001150lt1003150)t1011500lt1011150J, 

1 1012(0,0,1) t104!50l tl04311t0tll 
END 

UCRL-10926 • .~ 

NTRPS174 
NTRPS175 
NTRPS176 
NTRPS177 
NTRPS178 
NTRPS179 
NTRPS180 
NTRPS181 
NTRPS182 
NTRPS183 
NTRPS184 
NTRPS185 
NTRPS186 
NTRPS187 
NTRPS188 
NTRPS189 
NTRPS190 
NTRPS191 
NTRPS192 
NTRPS193 
NTRPS194 
NTRPS195 
NTRPS196 
NTRPS197 
NTRPS198 
NTRPS199 
NTRPS200 
NTRPS201 
NTRPS202 
NTRPS203 
NTRPS204 
NTRPS205 
NTRPS206 
NTRPS207 
NTRPS208 
NTRPS209 
NTRPS210 
N TRPS211 
NTRPS212 
NTRPS213 
NTRPS214 
NTRPS215 
NTRPS216 
NTRPS217 

~-. ... 
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CSIMP 
C INTEGRATION OF A PRODUCT'S*SS BY SIMPSONS RULE. 

SUBROUTINE SIMPI~tSStNtHtRESULTl 
DIMENSION Sl2000ltSSI2000l 
SUM = 0.0 . 
DO 1 J = 2tNt2 

1 SUM = SUM+ 2•0*SIJl*SSIJl + 4•0*SIJ-1l*SSIJ-ll 
RESULT = SUM*H/3.0 

CTIME 
c 
c 

1 

RETURN 
END 

DISCARD THIS SUBROUTINE IF YOUR 
AN ON-LINE CLOCK ADDRESSABLE BY 
SUBROUTINE TIMEIXl 
X = 0.0 
RETURN 
END 

CPOTGEN THIS IS A DUMMY SUBROUTINE 
C POTGEN GENERATES THE POTENTIAL• 

709/7090/7094 INSTALLATION HAS 
CALL TIMEIXl 

SUBROUTINE POTGENIIPOTGNtDEtNDEtiiRAtiiENtREtETRIALtKVtNLtiiENlt 
Z NETtWEtZMUtXMAXtXMINtXHtFACMtXOtVtMl 

1 IPOTGN = 10 
RETURN 
END 

SIMPSOOO 
SIMPS001 
SIMPS002 
SIMPS003 
SIMPS004 
SIMPS005 
SIMPS006 
SIMPS007 
SIMPS008 
SIMPS009 

TIME 
TIME 
TIME 
TIME 
TIME 
Tl ME 
TIME 

000 
001 
002 
003 
004 
005 
006 

POTGNOOO 
POTGN001 
POTGN002 
POTGN003 
POTGN004 
POTGN005 
POTGN006 
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CSCHRV PRINTS EVERY -IPSIO-TH POINT OF THE WAVE FUNCTIONS. SCHRVOOO 
C RADIAL SOLUTION TO SCHRODINGER EQUATION SUBROUTINE SCHRVOOl 

c 
c 
c 
c 
c 
c 

c 
c 
c 

4 

5 

3 

6 

8 

12 
c 

30 
32 
34 

c 

35 
899 

c 

36 
38 
40 

44 
46 
48 
50 

c 
52 

c 
54 

55 
56 
58 
60 

FUNCTION SCHR INitNS,MAXITtEPS•IPSIQ,V,PtStNtRM!NtRMAXtKVtEOtFACMlSCHRV002 
'DIMENSION V12000t2l •S<2.000J,P!2000J ,y(3J 

USE UNITS SUCH THAT SCHR E~N IS-PSI2 + IE-VJPSI = 0 
NI=1• PRINT ITERATIONS 
NI=OTHERWISEt DONT PRINT 
NS=1, PRINT SOLUTIONS WITH EACH ENERGY LEVEL 
NS=33, PRINT ~NERGY LEVELS ONLY 
NS=OTHERWISE• DONT PRINT 
IF!NI-ll6t4t6 
EPRIN = tO*FACM 
WRITEOUTPUTTAPE6t5tKVtEPRIN 
FORMAT !47H1SCHR- SOLUTION OF RADIAL SCHR. EQUATION FOR V= I3t 5X 

Z 7HETRIAL= 1PE15.7, 9H 11/CMJ 
WRITEOUTPUTTAPE6t3 
FORMAT!70HO ITER ~ F!EJ DFIEJ 

X D < E J J 
CALL EFMT!KJ 
H = !RMAX-RMINJ/FLOATF<N-1J 
H2=H**2 
HV=H2/12. 
E=EO 
TEST = -1. 
DE=O. 

START ITER LOOP 

DO 171 IT=ltMAXIT 
••••• START INWARD INTEGRATION 
P!NJ=l.E-30 
GN=V!NJ-E 
GI=V!N-ll-E 
•••••TEST IF E TOO HIGH 
IFIGIJ 35t 36, 36 
WRITEOUTPUTTAPE6t899 
FORMAT!50H DIFFERENCE EQUATION SOLUTION TECHNIQUE FAILS 
SCHR = 2. 
GO TO 250 
P!N-1J=P!NJ*EXPF<RMAX*SQRTF!GNJ-(RMAX-HJ*SORTF!GIJJ 
Y=ll.-HV*GNJ*PINJ 
YI2J=Il.-HV*GIJ*P<N-1J 
••••• INTEGRATE 
K=O 
M=N-2 
Yl3l=Y!2l+!IY(2J-Yl+H2*GI*PIM+lll 
GI=V!Ml-E 
P!MJ=Y!3J/(lo-HV*GIJ 
••••• TEST FOR OVERFLOW 
IFIKJ54,70,54 
••••• OVERFLOW 
K=O 
M1=M+1 
PM=P!Mll 
DO 56 J=Ml,N 
P!Jl=PCJJ/PM 
Y=Y/PM 
Yl2l=Y!2J/PM 

SCHRV003 
SCHRV004 
SCHRV005 
SCHRV006 
SCHRV007 
SCHRV008 
SCHRV009 
SCHRVOlO 
SCHRVOll 
SCHRV012 
SCHRV013 
SCHRV014 
SCHRV015 
SCHRV016 
SCHRV017 
SCHRV018 
SCHRV019 
SCHRV020 
SCHRV021 
SCHRV022 
SCHRV023 
SCHRV024 
SCHRV025 
SCHRV026 
SCHRV027 
SCHRV028 
SCHRV029 
SCHRV030 
SCHRV031 
SCHRV032 
SCHRV033 
SCHRV034 
SCHRV035 

lSCHRV036 
SCHRV037 
SCHRV038 
SCHRV039 
SCHRV040 
SCHRV041 
SCHRV042 
SCHRV043 
SCHRV044 
SCHRV045 ' 
SCHRV046 
SCHRV047 
SCHRV048 
SCHRV049 
SCHRV050 
SCHRV051 
SCHRV052 
SCHRV053 
SCHRV054 
SCHRV055 
SCHRV056 
SCHRV057 

... ... 
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1,' 

,., 62 Y!3l=Y!3l/PM SCHRV058 
GI= V!M+1l - E SCHRV059 

l GO TO 46 SCHRV060 ,, c •••••TEST FOR CROSSING PT. SCHRV061 
70 IF!ABSF!P!Mll-ABSF!P!M+1ll ) 90, 90• 72 SCHRV062 

72 IF!M-2! 90,90,81 SCHRV063 
81 Y= Y!2l SCHRV064 
82 y ( 2) =Y! 3) SCHRV065 
84 M=M-1 SCHRV066 
86 GO TO 46 SCHRV067 

c SCHRV068 
90 PM=P!Ml SCHRV069 

MSAVE = M SCHRV070 
92 YIN=Y!2l/PM SCHRV071 
94 DO 96 J=M,N SCHRV072 
96 P!Jl=P!Jl/PM SCHRV073 

c SCHRV074 
c •••••START OUTWARD INTEGRATION SCHRV075 
c SCHRV076 

100 P!1l=1.E-20 SCHRV077 
102 Y=Oo SCHRV078 
104 GI=V-E SCHRV079 
106 Y!2!=11.-HV*Gil*P SCHRV080 

K = 0 SCHRV081 
108 DO 132 I=2,M SCHRV082 
110 Y! 3 l =Y I 2 l +! I Y I 2 l -Y l +H 2*G I *PI I -1 l l SCHRV083 
112 GI=VI I l-E SCHRV084 
114 PII!=YI3l/l1o-HV*Gil SCHRV085 

c ••••oTEST FOR OVERFLOW SCHRV086 
116 IFIK!118,130t118 SCHRV087 
118 K=O SCHRV088 

I1=I-1 SCHRV089 
PM=P!I1l SCHRV090 
DO 120 J=1, Il SCHRV091 

120 PIJ!=P!Jl/PM SCHRV092 
122 Y=Y/PM SCHRV093 
124 Yl2l=Y12l/PM SCHRV094 
126 Y13l=YI3l/PM SCHRV095 

GI=V!I1l-E SCHRV096 
GO TO 110 SCHRV097 

c SCHRV098 
130 Y=Y ( 2 l SCHRV099 
132 Y!2l=YI3) SCHRVlOO 

c SCHRV101 
c ••••oFINISHED OUTWARD INTEGRATION SCHRV102 

134 PM=P!Ml SCHRV103 
IFIPM!135tl49t135 SCHRV104 

• 135 YOUT=Y/PM SCHRV105 
_,.. 136 YM=Y!3l/PM SCHRV106 

138 DO 140 J=1tM SCHRV107 
140 P!Jl=P!Jl/PM SCHRV108 . ' c SCHRV109 ·- c ••••• CORRECTION SCHRVllO 

c SCHRV111 
142 DF=O. SCHRV112 
144 DO 146 J=l•N SCHRV 113 
146 DF=DF-PIJl**2 SCHRV114 
148 F=I-YOUT-YIN+2o*YMl/H2+1VIMl-El SCHRV115 

-{ 



DOLD=DE 
IFCKJ149t150t149 

149 F=9o999999E+29 
DF=-F 
DE=ABSFCo0001*El 
GO TO 152 
DE=-F/DF 
IFCNI-1!164,162,164 
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SCHRV116 
SCHRV117 
SCHRV118 
SCHRV 119 
SCHRV120 
SCHRV121 
SCHRV122 
SCHRV123 

150 
152 
156 FORMAT< 1HO 14t 2Xt 1P4E16o7t5Xt29H THE CROSSING PT. OCCURS ASCHRV124 

SCHRV125 
SCHRV126 
SCHRV127 
SCHRV128 
SCHRV129 
SCHRV130 
SCHRV131 
SCHRV132 
SCHRV133 
SCHRV134 
SCHRV135 
SCHRV136 
SCHRV137 
SCHRV138 
SCHRV139 
SCHRV140 
SCHRV141 
SCHRV142 
SCHRV143 
SCHRV144 
SCHRV145 
SCHRV146 
SCHRV147 
SCHRV148 
SCHRV149 
SCHRV150 
SCHRV151 
SCHRV152 
SCHRV153 
SCHRV154 
SCHRV155 
SCHRV156 
SCHRV157 
SCHRV158 
SCHRV159 
SCHRV160 
SCHRV161 
SCHRV162 
SCHRV163 
SCHRV164 
SCHRV165 
SCHRV166 
SCHRV167 

1 T I 4 l 
162 EPRIN = E*FACM 

DEPRIN = OE*FACM 
WRITEOUTPUTTAPE6t156,1TtEPRIN,F,DFtDEPRINtMSAVE 

164 EOLD = E 

166 
168 
170 
171 

c 
172 
173 

174 
176 
177 

178 
c 

180 
182 

c 
184 
186 

c 
270 
280 

190 
192 

c 
200 
202 
204 

c 
208 

210 

214 

218 
220 
222 
224 

E=E+DE 
TEST=MAX1FCABSFCDOLDJ-ABSFCDEJ tTESTJ 
IFCTESTJ171t170t170 
IFC ABSFC E-EOLDJ - ABSFCEPS)) 172.172,171 
CONTINUE 
SCHR=1o 
GO TO 173 
••••• CONVERGED-COUNT NODES 
SCHR=O• 
KV=O 
NL=N-2 
DO 192 J=3,NL 
IFCPCJJJ178t177t177 
IFCPCJ-1JJ180t192,192 
IFCPCJ-1JJ192t270,184 
POSe NODE 
IFCPCJ+1JJ192t182t182 
IFCPCJ-2JJ190t192t192 
NEG. NODE 
IFCPCJ+1ll186t192,192 
IFCPCJ-2J J192ti90t190 
FALSE NODE DUE TO UNDERFLOW 
IFCPCJ+1lJ280t192t192 
IFCPCJ-2Jl192t192t190 
KV=KV+1 
CONTINUE 
••••• NORMALIZE 
SN=SQRTFC-H*DFl 
DO 204 J=1tN 
SCJJ=P<Jl/SN 
•••••PRINT SOLUTION 
E = E*FACM 
IFCNS-1J236t210t236 
IPSIA IPSIQ * 300 
IPSIB = IPSIQ * 49 
IPSIC = IPSIQ * 250 
IPSID = IPSIQ * 50 
DO 234 JF=1tNtiPSIA 
FORMATC47H1SCHR- SOLUTION OF RADIAL SCHR. EQUATION FOR V= I3t 

X E= 1PE15.7 /20HO I SCI! 5C20H I SCI> 
WRITEOUTPUTTAPE6t214tKVtE 
JL=XMINOFCJF+IPSIBtNl 
DO 234 J=JFtJLtiPSIQ 
IL=XMINOF<J+IPSICtNl 

7H SCHRV168 
l JSCHRV169 

SCHRV170 
SCHRV171 
SCHRV172 
SCHRV173 

-·· ...,_ 
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228 FORMATC6CI5t1PE15.711 SCHRV174 
232 WRITEOUTPUTTAPE6t228tlltSIIIti=JtiLtiPSIDI SCHRV175 
234 CONTINUE SCHRV176 
236 EO=E SCHRV177 

IFCNS-331 874,875,874 SCHRV178 
875 WRITEOUTPUTTAPE6t876tKVtE SCHRV179 

876 FORMATCSOHO SOLUTION OF RADIAL SCHRODINGER EQUATION FOR V = I3t SCHRV180 
1 7H E = 1PE15e7 I SCHRV181 

874 CONTINUE SCHRV182 
250 RETURN SCHRV183 

FREQUENCY 52COtltOit70!0t0tllt7210tOtllt94!1001,55!501tl0811001tllSCHRV184 
16!0tlt01t13811001tl44!2001tl52CltOtOit 20212001 SCHRV185 

END SCHRV186 
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COUNT 80 EFMT 000 ''. \ LBL EFMT EFMT 001 
REM NU EFM,EFM AND LFM FOR FORTRAN 2 EFMT 002 •· REM EFMT 003 

.ENTRY EFM EFMT 004 ( 

ENTRY EFMT EFMT 005 
_.,_ 

LFM OCT 476000000004 EFMT 006 
TTR 1,4 EFMT 007 

EFMT CLA 1 '4 EFMT 008 
STA SETN+1 EFMT 009 
CLA TTR EFMT 010 
TXI EFI•-1+1 ,4, -1 EFMT 011 

EFM CLA HPR EFMT 012 
STO OVER+2 EFMT 013 
OCT 476000000002 EFMT 014 

SET CLA X TTR ANALY EFMT 015 
STO 8 EFMT 016 
TTR 1,4 EFMT 017 

X TTR ANALY EFMT 018 
ANALY SXD SAVEX,1 EFMT 019 

LXD Otl EFMT 020 
TTR *+14,1 EFMT 021 
TTR MQO MQ OVER EFMT 022 

SAVE X PZE SAVE XA IN DECo, THEN Ace. EFMT 023 
TTR ACMQ 11 EFMT 024 
TTR AC 10 EFMT 025 
TTR MQ 9 EFMT 026 

ZERO PZE EFMT 027 
TTR ACMQO AC AND MQ OVER EFMT 028 
TTR ACO EFMT 029 

AC CLA ZERO EFMT 030 
TTR RETRN EFMT 031 

ACMQ CLA ZERO 3 EFMT 032 
TTR MQ EFMT 033 

MQ LDQ ZERO 1' MQ UNDER EFMT 034 
RETRN LXD SAVEX,1 EFMT 035 

STO SAVE X EFMT 036 
CLA 0 EFMT 037 
STA *+2 EFMT 038 
CLA SAVE X EFMT 039 
TTR ** EFMT 040 

ACMQO ORA MAX EFMT 041 
MOO STO SAVE A EFMT 042 

LLS 0 EFMT 043 
LDQ MAX EFMT 044 
LRS 0 EFMT 045 
TTR OVER+1 EFMT 046 

ACO ORA MAX EFMT 047 
OVER STO SAVE A EFMT 048 

CLA 0 EFMT 049 .. _ 
HPR 63 PAUSE OVERFLOW EFMT 050 

,• 

CLA SAVE A PRESS START TO CONTINUE EFMT 051 
TTR RETRN EFMT 052 

SAVEA PZE EFMT 053 ;'il ~ • 

THREE-' PZE o,o,3 EFMT 054 
TTR TTR SETN EFMT 055 
HPR HPR 63 EFMT 056 
SETN ANA THREE EFMT 057 

STO - EFMT 058 
TTR OVER+3 EFMT 059 

MAX OCT 377777777777 EFMT 060 
END EFMT 061 
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Table IV. Sample data deck for relative -intensity program. 

* DATA 
1 
1 SILICON NITRIDE INTENSITY DISTRIBUTION 

2 9.33526 
2 2 25 !2F10o0) 

1.3613170 12376.760 
1o3686189 11369o400 
1.3764643 10348.920 
1.3849046 9315.320 
1.3941121 8268.600 
1.4041987 7208.760 
1.4154399 6135.800 
1.4281304 5049.720 
1.4428560 3950.520 
1.4605683 2838.200 
1o4834289 1712o760 
1o5188710 574o200 
1.5718000 o. 
1.6311431 574.200 
1.6788244 1712.760 
1o7140474 2838o200 
1.7442476 3950.520 
1.7715936 5049.720 
1.7970281 6135.800 
1o8211572 7208.760 
1.8442578 8268.600 
1.8666328 9315.320 
1.8883695 10348.920 

·1.9096753 11369.400 
1.9305798 12376.760 

1 50488.0 
1.100 2.100 Oo001 2 

10 2 1 !8XI2tF10oOl 
0 574.200 
1 1712.760 
2 2838.200 
3 3950.520 
4 5049.720 
5 6135.800 
6 7208.760 
7 8268.600 
8 9315.320 
9 10348.920 

2 2 25 !2F10o0) 
1.3841050 10068.404 
1o3882994 9287o577 
1.3935768 8499.421 
1o3999376 7699.832 
1.4074129 6885.047 
1o4160805 6051o643 
1.4261043 5196.535 
1.437724q 4316.981 
1.4514711 3410.577 
1o4682963 2475o260 
1o4903674 1509o307 
1.5254273 511.333 
1.5800000 o. 
1.6445856 511.333 

TEST PROGRAM 
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1.6996278 1509.307 
1.7421381 2475.260 
1.7798702 3410.577 
1.8149804 4316.981 
1.8484052 5196.535 
1.8806691 6051.643 
1.9119547 6885.047 
1.9423804 7699.832 
1.9719579 8499.421 
2.0006375 9287.577 
2.0283271 10068.404 

1 15872.0 
1.100 2.100 Oe001 2 

4 2 1 (8XI2oFlOeOl 
0 511.333 
1 1509.307 
2 2475.260 
3 3410.577 

6 6 10 10 o.oo1 

0.7310 
o.oo567 

0.7235 
o.o1o31 

24300.0 
5 

UCRL-10925 

•" .. ,.. 



• 

;. ·• 
.. •, .... 

-47- UCRL-10925 

APPENDIX: COMPUTER OUTPUT OF SAMPLE DATA DECKS 

Table V shows the computer output when the sample data deck given in 
Table II is run with the RKR program compiled from Table I; Table VI shows 
the computer output when the sample data deck given in Table IV is run with 
the relative -:intensity program compiled from Table III. 



Table V. RKR program output. 

RKR PRCCEDURF AFPLIEC 10 THE X STATE OF SLLICCN NITRIDE TEST PROGRAM 
MOtEOLtAR CCNSlAhTS ARE TAKE~ FROM JENKINS ANC CE LASZLO 

lHE REC~CHC ~~S~ Cf THE T~C ATOMS, BASEC ON 016=16, IS 9.315260 

lUR~ING FCtNTS ARE GENEHATEC BY CONSTANTS 

lHE GtV~ C~NVB IS C(NSTRUCTED FROM THE FOLLOWING INPUT DATA. 

WE ~ ll5I.63CJ ~EX~ = 6.56CC9 WEYE =. , kEZE =· , WETE =· 
TURNING PC~NlS ARE GENERATEC BY CCNSTANTS 

lHE BVtV) CURVE IS Cf.~STRUCTEC FROM THE FOLLOWING INPUT DATA. 

BH ~ 7.3100GE-Ol- ALPHAE = ~.670CE-01 1 GAMMAE =-0. , DELTAE =-0. 

RKR PRCCEOURE APPLIEC TC THE X STArE CF SILICON NITRIDE TEST PROGRAM 
MOtEOUUAA CGNSTANTS A~E TAKEN FMCM JENKINS AND DE LASZLO 

NUSBC JN Btt9R~R ~ B. 

J~f Gt~l VALLBS USEC BELCW ARE 
\1 G v G v G v G 

€.: c;. 0.5GC 574.2COO 1.scc 1712.7599 2.500 2838.1999 
')~50() 6tv;. H'i9 6.500 7208.7599 7.500 8266.5997 8.500 9315.3197 

l~H 8V(Vl VALUES USEC BELCW ARE 
'i B\1 v BV v BV v BV 

a: 0.73tCCCO 0.500 0.7281650 1.500 0.7224950 2.500 o. 7168250 
5~500 0~69':18150 6.500 0.6941450 7.500 0.6?84750 8.500 0.6828050 

OUTRLl V,G--Le~ELS AT ~HfCH TURNING PCINTS ARE FOUND 
~ G v G v G v G 

0~500 574~20GO r. 500 1712.7600 2.500 2838.2000 3.500 3950.5199 
t:.'iOC 7208~7'i'i9 L500 826S.599'J fl. 500 9315.1198 9.500 10348.9198 

•' -~- '·'· 
..,._ .. 

, EPSLNE =-0. 

v G v 

3.500 3950.5199 4.500 
9.500 10348.9197 

v BV v 

3.500 0.7111550 4.500 
9.500 0.6771350 

v G v 

4.500 5049.7199 5.500 

G 

5049 .• 7196 

BV 

0.7054850 

G 

6135.7999 

~ 
• ' f .• ... 

c:: 
0 
~ 
t"' 
I ..... 
0 
-.!) 

N 
U1 

I 
~ 
00 

~ 
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F!!R V ~ G.SGCr G ~ 574.200 1/CM, RMIN = 1.5188710 ANO RMAX = 1.6311431 ANGSTROMS. THIS REQUIRED O. 
~LSC; ev = 0.7281650 
TH~ KLEIN ACTION INTEG~ALS F AND G ARE EQUAL TO 0.56136035E-01 0.22658374E-Ol 

FOR V " t.~GC, G ~ 1712.760 1/CM, R~IN • 1.4834289 AND RMAX = 1.6788244 ANGSTROMS. THIS REQUIRED 0. 
ALSC; ev = 0.7224950 
THE KLFI~ ACTION INTEGRALS F AND G ARE EQUAL TC 0.97697736E-01 0.39229474E-01 

~CR V " 2:~001 G = 2~38.2CO 1/CJ-1, Rl". IN = 1.460~683 AND RMAX = 1.7140474 ANGSTROMS. THIS REQUIRED o. 
ALSC, ev = 0.7168250 
THE KLE)N ACTICN I~TEGRALS F AND G ARE EQUAL TC 0.12673954E-OO 0.50625280E-01 

f'I!R V " ~.sec, c = 3950.520 l/(11, RMIN = 1.442~560 ANO RMAX = 1.7442476 ANGSTROMS. THIS REQUIRED o. 
lLSC,. ev = 0.7111550 
THE KLEIN ACTION I~TEGRALS F AND G ARE ECUAL TG O.l5069580E-OO 0.59878376E-Ol 

FOR V " 4:50Ci G • 5049.720 1/CM, R~IN • 1.4281304 AND RMAX = 1.7715936 ANGSTROMS. THIS REQUIRED 0. 
ALSC, ev = 0.7054R50 
TilE KLEIN ACTION INHGRALS F AND G ARE EQUAL TO O.l7173158E-OO 0.67876304E-01 

IHiR V " 5~5CC; G • ~135.800 1/CM, R~IN = 1.4154399 AND RMAX = 1.7970281 ANGSTROMS. THIS REQUIRED 0. 
ALSC, BV = 0.6998150 
T~E KLEIN ACTION INTEGRALS F AHO G ARE ~QUAL TC 0.19079412E-OO 0.750099l3E-Ol 

FGR V ~ 6.500~ G = 7208.760 1/CH, RMIN = 1.4041987 ANn RMAX = 1.R211572 ANGSTROMS. THIS REQUIRED 0. 
AlSC, ev • 0.6941450 
THE KLEIN ACTir.N I~TEGRALS F AND G ARE EQUAL TO 0.20847923E-OO O.Bl524249F-01 

FCR V " 7~5CCi G = 8268.600 1/CM, R~IN = 1.3941121 AND RMAX = 1.8442578 ANGSTROMS. THIS REQUIRED O. 
ALSC, EV = 0.6884750 
T~E KlEIN ACTIO~ INTEGRALS F ANn G ARF EQUAL TO 0.22507283E-OO 0.87539440E-Ol 

f;QR V " ~~500~ G • 9315.320 1/CM, R~IN = 1.3849045 ANn RMAX = 1.8~6632R ANGSTROMS. THIS REQUIRED 0. 
ALSC; BV = 0.6828050 
THE KLEI~ ACTION INTEGRALS F ANO G A-E FQUAL TO 0.24086412E-OD 0.9Jl73706E-01 

t;GR V " 9~5001 G • 1C14S.920 1/CM, R~IN = 1.1764643 ANO RMAX = 1.8881695 ANGSTROMS. THIS REQUIRED o. 
dtsc; ev • o.6771J50 
I~E KLEIN ACTION INTEGRALS F AND G ARE EQUAL TO 0.25595257E-OO 0.98~70822E-Ol 

,.,... 
• 

SECONDS. 

SECONDS. 

SECONDS. 

SECONDS. 

SECONDS. 

SECONDS. 

SECONDS. 

SECONDS. 

SECONDS. 
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Tal:iie 'vi. Relative ~intensity program output. 

SILICCN NITRIDE INTF~~ITY OISTKIHUTION TEST PRnGKAM 

THE RE:OUC:En ~ASS DF THE TWII ATO!":S, B~SEO O'·J 016=16, IS 9.335260 

THE INPUT PIIT 0 •~TI1\L pni~TS, R I'' t.'<GS T. A'W EqERGY IN 1/I.M ' ARF GIVEN HELDW. 

R v K v R v R. v R 

1.161317 12371,. 7S9'J 1.168619 11369.3999 1. 376464 1014A.9199 1.184905 9315.1199 1.394112 
1.404199 7202 .• 7'iJ9 1.415440 613'i.rooo 1.428 13(1 504<J.7200 1.442856 3950.5200 1.460568 
1.4tl3429 17u.nnc !. 51 '~811 "74. 2000 1.5712.00 o. 1.631143 574.2000 1.678824 
1'.-1140'·7 ~fnH.2!JOO l. 7442 1t8 "'950.5?00 1.771594 5049.7200 1. '(97028 6135.8000 1.821157 
1.8442?R e~6r:. 600C' 1.B666'l3 9315.31"9 l,88B369 10348.9199 1.909675 11369.3999 1.93051'10 

DISSOCIATION (NF~GY IN SAME UNITS AS ABOVF IS 0.50488000F O<; 

RMIIJ 1.10000()0, R~'.\X 2.1000000, SPAC: ING 0.00!0000, ALL IN ANGST. 

THE TRIAL ~NERGY LEVELS Ill! l/01 4RE GIVHI Uf'LrJfl, 

LEVEL ENERGY LEVEL E:NFRGY Lf'VFL FN~RGY LEVFL ENEi~GY LEVEL ENERGY 

0 5.741999<) 02 I 1. 7i2760f1E 01 2 2.R382000E 03 3 1.950~200E 03 4 5.0497200E 03 
~ 6.1158COO 01 A 7.2081600E 03 7 B, 26%000E 03 8 9.3151199E 03 9 1.0348920E 04 

THE INPUT POTEN IAL PnHHS, R I'l A'IGST. ,\'Jfl E'JF=RCY I'll 1/C:I1 ' ARF GIVEN BELOW. 

R v k v R v R v R 

1,3P4105 1006f.4039 ).3SH2.99 92e7, ">7A9 1.393577 8499.4209 1. 399938 7699.8320 1.407413 
1.416090 6C51.6429 1.4?1>104 '>196.5'3SO 1.437725 4311>.9810 1.451471 3410.5 770 1.468296 
1.490367 1509.1070 1. 525427 511. 331r 1.~80000 o. 1.644586 511-3330 1. 699628 
1. 742l.lA 24 75.2600 1.779870 1410. ~770 1.fl14980 '<316.9810 1.848405 5196.5350 1.88066'1 
1,911955 hllR'5,0470 1.942380 7o<J<J,RVO 1.97l<J')q 8499.4209 2.000637 9287.5769 2.028327 

DISSr:JCIATif1N EN[~GY IN SAME UNITS AS A8DVE IS O.l5871999E O'i 

RMIN 1.1000000, R,'1AX 2.1000000, SPACING 0.0010000, ALL IN ANGST. 

THE TRIAL E'l!f'~GY LFVFLS IN 1/C:M A~E GIVEN BELOW, 

LEVEL ENERGY LEVEL E"JERGY LEVEL E'JEKGY LFVEL E'JFRGY LEVEL ENERGY 

n 5.ll"·3299E 02 1.so·=no1nE o3 2 2.4752600E 03 3 3.4105770E 03 

CONVFRGF'JCF. SRITERION IS E~R[Ji{ LESS TIIMI l.OOE-03 1/CI-' 

.-' ' ,, ~ ... -· .. ") . 

v 

8268.6000 
.1838.2000 
1712.7600 
7208.7599 

12376.7599 

v 

6885.0470 
2475.2600 
1509.30'70 
6051.6429 

10068.4039 

...... 

c:: 
() 

:0 
1:" 
I ... 

0 
..0 
N 
U'l 

• ,r· '\ ... 

"' 

I 
1.11 
0 
I 

,;;. 
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Table VI. (Contd.) 

SILICON MllRICE INTF~SITY O!STRIHUTI~N TEST PROGRIIN 

TIMF BEFORf DOTFIT = 0. 

LEFT F.MJ OF PIJH.\ITI!\l FUt·\CriO'J !S FOU\:Il FRr"\ Y=i\/X*"l2+C, WHFIH A 

RIGHT END OF POT~~Hii\L FU'!CTJC.'J !S FnlJNr; FPOM Y=A/X*"B• WHERE A 

TIME FOR PnTFIT = n. 

THE POTI:f\ITIAL FlJ\ICTWN GF~JERATED IS 

R (A l 
1.100000 
1.125000 
1.1~0000 

1.175000 
1.200000 
1.225000 
1.250000 
1.275000 
1.300000 
1.325000 
1.150000 
1.175000 
1.400000 
1.425000 
1.450000 
1.4 75000 
1.~00000 

1.525000 
1.550000 
1 •. 575000 
1. 600000 
1.F,25000 
1.F,50000 
1.675000 
1.700000 
1. 125000 
1.750000 
1.775000 
1.'300000 
1.825000 
1.1350000 
1.il7'5COO 
1. 900000 
1.nsooo 
1. 95!JCOO 
1.97'>000 
z.ooocoo 
2.02'5000 
2.05'JOOO 
2.')75000 

Vl1/Cr~l 
20£)274 .r)t02 
15 5ll 1t'.>. 4<JG2 
l !f!H'll. 890t. 
C)0~'Jl2.l')~J 

A'l777.1774 
"d64-'t. o:v.o 
4l2n.ozor, 
'~173"1. 757r1 
.?4'14,?.5>\52 
1!-1586.9')(,6 
140fl1.8391 
10535.2166 
!63'l.O~'i9 

530';. 64 P,h 

"14 7~'. 454., 
2 0 R ·~. 102 2 
109·>.0l2d 
44"1.907'~ 

<J2.4P44 
t.67l't 

136.6'116 
466.5'i07 
961.711~ 

1601.6760 
2 'I(,.',. 6 9 3 5 
1227. 737'5 
'+175.0'>09 
5192.0091 
626'i.A502 
7 38 3. l 76!> 
853'5.4229 
'1711.50'1? 

1<)90~.1)4'>3 

1illl.'i0'til 
l'l27'l.9'>98 
l'd9;l.62'll 
1'1470.~19~ 

16't97. 21>'•'• 
l7'dL'.l1~() 

l~42l.04q 

R (A l 
l. 10~000 
1.1"10000 
1.15:0000 
1.180000 
1.20?000 
1.2<0000 
1.2rj~Qf)Q 

1.280000 
1.305000 
l. BOOOO 
l. Vi5000 
1.~80000 

1. 1•0'>000 
1.'•'nooo 
[.4~')000 

l.4RCO')O 
1.5~5000 

1.530000 
l.S55000 
l. 5:10000 
1.60'5000 
1.1-.'10000 
1.6S5000 
1.6~0000 

1.705000 
1. noooo 
1.755000 
1.780000 
J. 1105000 
1.8'10000 
[.R5SOOO 
1.8'\0000 
1. 'Jc1'>000 
1.930000 
1-95'>000 
1.9~0000 

2.005000 
?.030000 
2.055000 
2. 0'30000 

Tl'~': Fl;>< PRI'·ll' 1)<' POTE"JTIAL = 

V( 1/Ui l 
l'l419'l.l'l92 
147'>74.';'171 
112609.6572 
8~,224. "f27'i 
6 !'ol 9 ~; • 0 1fil 
C,(J'l02.559l 
"19162.6240 
.,0102.3035 
71074.4841 
17596.5881> 
11306.7396 

990'7. )490 
7-128.5466 
4900.7443 
'\ [A'+• 407 9 
1860.5940 

91!3.!!09'1 
350.9660 

'>4.f>443 
11.653., 

1ill3. OOt,<l 
'553. 1t224 

1081.0151 
1746.84'17 
25?9. -rl26 
3411.0101 
4'173.233"1 
5402. 7f,'" 
h4S6.0li1fl 
7611.1''>73 
H76?..7h!18 
9949. 3'>'•4 

11145. 1tl 72 
1234'1. 3149 
13507.5~~0 

14h16.62Sfl 
1°>679.1121 
l66'l7.53'l3 
l7674.24'i4 
1;•611.417;> 

R (A l 
1.110000 
1.135000 
l. l 60000 
1.lfl5000 
1.210000 
l. ;>35000 
1.260000 
1.28'>000 
1.310000 
1.3"15000 
1.360000 
l.'IA5000 
[.410000 
1.415')00 
1.460000 
1.485000 
1.510000 
1.535000 
1.560000 
1.585000 
1.610000 
[. 6.'35000 
1.660000 
[. 6>35000 
1.710000 
1.735000 
1.760000 
1.78';000 
1.groooo 
1.R1'i000 
l.A60000 
l. 885000 
[.910000 
1.9,5000 
1.960000 
1.93'i000 
7.010000 
2.035000 
2.060000 
2.035000 

0. St:C0'1DS. 

V(l/CM) 
18'1756.4551 
139762.1484 
106727.9414 
81769.5977 
62800.RlPfl 
48.'302.1587 
37159.6997 
28551.6296 
21867.9981 
16651.4219 
12566.036'• 
9304.04!H 
6041. 156H 
'•515.9~11 

2870.5124 
1647.3567 
N5.9440 
269.667? 

26.9235 
30.3970 

246.8704 
646.7746 

1203.8379 
1R94.6728 
2698.6600 
3597.5085 
'•574.1024 
5615.6')92 
6707.3674 
7R40.8148 
9003.0f>02 

101&7.8752 
11385.3303 
12585.0 1t42 
13733.2465 
14832.7671 
15A86.2't6'J 
l68'i6.145H 
17864.7749 
18794.289"1 

6.5624240f 05 A~D C = -5.4312680F. J4 

-0.184'150'>E 06 ANO B 

R (A l 
1.115000 
l. 140000 
1.165000 
1. r·~oooo 
1.215000 
1.?40000 
1.265000 
l. 290000 
1.315000 
1.340000 
1.365000 
1.390000 
l. 41')000 
1.440000 
l. 465000 
[.490000 
1.515000 
1.540000 
1.565000 
l. 590000 
1.61'5000 
1.640000 
1.1>1>5000 
1.690000 
l. 71'>000 
1.740000 
1.765000 
1.790000 
l.H15000 
1.840000 
1.86'5000 
1. 8')0000 
1.915000 
1.940000 
1.965000 
1. <1'10000 
2.015000 
2.040000 
2.065000 
2.0'l0000 

V( 1/C~I) 
173907.6738 
132384.6191 
10111>6.7441 

77552.2 588 
59584.12fl4 
45835.0869 
352~7.4858 

27077.4470 
20719.9128 
157'i5.0769 
11859.6443 
8725.9846 
6175.7377 
4150.61'164 
25'11.6631 
1448.9069 
666.0608 
l 99. 69't4 

9.0185 
')7.6488 

313.0620 
746.4041 

1332.0043 
2047.0255 
2871.4026 
'1787.1060 
4777.57(:.3 
5830.'5624 
6931.3579 
!!071.4157 
9238.2977 

10426.'1159 
11629.5367 
12818.7108 
11956.9574 
15047.0646 
16091.6366 
1709'3.1035 
18053.7412 
1B'l75.6775 

0.2396292E 01 

RIAl 
1.120000 
1.145000 
1.[70000 
1.195000 
1.220000 
1.245000 
1.270000 
1.295000 
1.320000 
l. 345000 
[. 370000 
1.395000 
[.420000 
1.445000 
[. 470000 
1.495000 
1.520000 
1.545000 
1.570000 
1.595000 
1.620000 
1.645000 
1.670000 
1.6'l5000 
1.720000 
1.745000 
1. 770000 
1.795000 
1.820000 
1.845000 
l. 870000 
1.89'5000 
1.920000 
1.945000 
1.970000 
1.995000 
2.020000 
2·. o4sooo 
2.070000 
2.095000 

V( l/CMl 
164616.6484 
125415.9451 

9590 7. 3340 
73559.1143 
56535.0068 
43494.0078 
33450.5459 
25675.7041 
19627.2021 
14899.2701 
11185.7922 
8171.7239 
5730.6632 
3804.0929 
2333.3247 
1264.9209 
548.8205 
140.7352 

0.7111 
93.16D8 

386.3606 
852.1140 

1465.3398 
2203.7491 
3047.8218 
3979.6739 
4983.5575 
6047.3519 
7156.4438 
8303.0166 
9474.4625 

10666.2990 
11871.5869 
13050.3424 
14178.7441 
15259.5416 
16295.3030 
17288.4270 
18241.1592 
19155.5991 

,, ..... .... ,, 

21 
It& 
71 
96 

121 
146 
171 
196 
221 
245 
?11 
296 
321 
34S 
371 
396 
421 
446 
471 
496 
521 
546 
571 
596 
621 
646 
671 
616 
721 
746 
771 
H!> 
821 
846 
871 
816 
921 
946 
9H 
9~5 

c:: 
() 

~ 
t" 
I .... 

0 
-.D 
N 
V> 

.._ 

I 
\JI ..... 
I 

""'' 
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Table VI. (Contd.) 

S!L!CIJ"J ~IT:UPE P:r~··'SITV DISTi<IGUT!'1'J TEST PROGt(,\M 

LF.FT 'E!•J'l f!F PIJTC'HlAL FU.'ICT!flr' IS FOLJ-'ID F 0.fl~i Y=A/X**l2+C, WHERE 1.0924779~ 06 A~D C • -2.7700926E 04 

RIGHT E'JD r"' POTF~IT[:,L FU\!CT!n\1 lc F!lU'J!l FROM Y=.\/X••H, WHERE A -0.3?30!80E 07 AND B 0.9l83305E Ol 

TIME FOR POfFlT = 0. 

THE POTlNTL\L Ft!'!(T{C••'J c;Ei·JE~IITt!l IS 

RIAl 
[. 100000 
l. 1<,0('() 
1.1'>0000 
1.17']000 
1.200000 
1.22'>'101) 
1.250000 
1.275000 
1.30000(1 
1.125000 
[. ~501)00 
1.375000' 
1. 400000 
1.42~·000 
1.450000 
l. 4 75000 
1.?00000 
1.525000 
l. 5'50000 
1.57500(1 
l. 600000 
l.62'i000 
l.I>5(,0(JI) 
1.1>7<;000 
1.700000 
l. 725000 
[,750000 

. t. 77';000 
1.800000 
l.H2)0(10 
1.~150000 

l.87"iC>OC 
l. 900000 
1.92'>000 
1.950000 
1.9'h000 
2.000000 
2. ·12500() 
2.050000 
2.075000 

v 1 ur.r• 1 
··L\ ?.Oe 2. 3f<3" 
2" l '55':). 0()~~\ 
J0049~.2t8f' 

ll~4'• 71. ~41P. 
lri'h7P.3477 
ii2'l6C.3320 
h2 5 5f.. 4 ')')() 
lftlf~2'"). 0~ 7q 
:l.4t·,):3.21?7 
?: l3Q.1l..35 
17711.'3440 
llf7'.19R7 
H·92. 54f'l 
5?3S. 9l!f· 1 
1501 .!172 
2151.8147 
ll -,-,, H4C 

51'1. 93v7 
l't- ~-1 • or~' 1 

-::, .. f17qt) 
5S. 15'15 

Zhi.(l4l•e 
591. 7~1 40 

1(117.744(' 
1517.1861 
207!. 5Ail7 
26h'). 5164 
12a1 .OS'•'' 
\927. 254~ 
'· 5 .,'I. 52 r,·\ 
!)21S.694'> 
S90!.0767 
(.56')· 1 \2lt 
7l3'J. 71<•" 
7'l0't. 9041 
(I<Je?..2"'l7 
'JZ 6'l. R649 
998(1 • 2 1-t4l 
l"60P..09~A 
11. 16~.6021 

K I •\ I . VI l/Ct·• I 
I.!OSCOO 'l48l3.2P'l1 
1.!30000 23790S.~766 
1. l 'i51l00 18.0210. 5fl79· 
1.tRoono 1167011.402~ 

1.20~0!)0 

l. 2100~0 
1. 25'>000 
l. 2 P,(1JOO 
1. 30~COO 
1.1:10Ci00 
1.3550!)0 
1.3%000 
1.40~000 

I. 4 3CG·~G 
1. 1-t55000 
1.480000 
1.505000 
1.530000 
[,555000 
t.5P.COOO 
1.605000 
l.6WOOO 
1. h5 ,,ooo 
l. 681'000 
1.7C5000 
l. T\00('0 
1. 7'i'•O'l0 
1.78000(1 
1.805000 
1.830000 
l.iJS5000 
1. M:oooo 
l,'l0'>1'00 
l. 'l30000 
1..9'>'>000 
l.'lROOOO 
2.005000 
2.030000 
2.0<;')(1()0 
2.0~0000 

lf'l6na.2"'i 1 
7 8 It~ ~~ • 16 l 1 
~0('7q.C308 

'+413'\,'1478 
.12 5t. 1. 4():>t1 
2?5o:,.~c;t,:, 

1b429.5ll0 
1081.·2.9611 

7t:ll>.34l'J 
'ies9.3l'J14 
3199.1'l60 
19(7.9107 
tOt7.e'is<. 
424.1486 

'l9.l. 53'l 
-o. 
8~.1637 

318.9180 
670.0799 

1112 ·'•0 I fJ 
11>?4.2l'i'i 
?lU7. 6221> 
r/87.9460 
3413.875'> 
4056.0111 
l.7l0.'1673 
'J370.()S54 
1>033.t11>47 
{;(,')9.4464 
111,1. r, 164 
B039. 7771> 
l17lK.fl4R8 
"4l7.9n4 

10112.1746 
10724. 54?.2 
1121>5.5474 

K {A I 
1. 110000 
l.135Q00 
l. lt·OGOO 
l. lH<;OOO 
1.210000 
1. 235000 
l. 260000 
1.285000 
1.310000 
1.3'5000 
l. 360000 
!.3R5000 
1.410000 
1.435000 
1.46001)0 
1.485000 
[.510000 
1.515000 
l.56CCOO 
1.':·85000 
1.610000 
1.63'>000 
l. 660000 
l.hB5000 
1.710000 
1.735000 
1.760000 
1.785000 
1.810000 
L 835000 
1.%0000 
[,(185000 
1.910000 
1.935000 
1.96POOO 
1.<JR5000 
2.010000 
2.035000 
2.060000 
2.085000 

T!~F FnR P~I~T ~· Pnr•~TIAL 0. ·SECO'JDS. 

SCHR FINnS E~EKGY LEVEL G 510.74768 l/CM A'JD bV 

SCHR F1'J~S E~ERGY LFVEL G 1508.87561 1/CM A~O BV 

SCHR F!~DS E~FRGY LEJEL G 247'>.04663 l/CM A~D BV 

;• 
.... 

·~ 
J). 

,. 'I .. ,, D 

v ll/£:'·1 I 
297587.81\28 
2?5018. 8730 
170528.6445 
12930,9.6/60 
9POI0.4'il2 
741?4. 770.4 
5'J775.1PA'i 
41?76.0977 
30?51.3?.60 
21949.8940 
15207.7144 

'1884. 9(,02 
662<;. 4 777 
4~L3.517Z 

29ll.760l. 
1718.4811 

R75.21>1'1 
339.1136 

62.900? 
3. 4ll3R 

12l.095S 
3B0.&70e 
752.0042 

l?09.H2i>P, 
1713.2920 
2105.1423 
2911.1916 
.>54!. :ns1 
41 H7. 0065 
4842.6164 
5503.3289 
6166.7785 
6f<32.R605 
7'>01.6541 
8174.9232 
8A55.838'l 
9563.'1174 

10240.8367 
11)~38.1436 

11366.0016 

I({~ I 
1. 11 r,ooo 
l. 1't00il0 
l. 165000 
l. I. 'lC'OOO 
l.2l5COO 
1.240000 
1.265000 
l. 2 'JOOOO 
1.315000 
1.340000 
[. 31.5000 
1.390000 
1.415000 
[. 44 0000 
1,46'i000 
1.4'lOCOO 
l. ,, 15000 
1.540000 
1.565000 
1.590000 
l.H?OOO 
1· (·40000 
1. i.t>'>OOO 
1.6'10000 
1. 71?000 
l. 740000 
l. '165000 
1.790000 
l.fJ1?000 
l. t•40000 
[,R65000 
1.£>90000 
l. 91500() 
[.940000 
1.965000 
1.990000 
2.0!50QO 
2.040000 
2.065000 
2.0'10000 

VI l/CMI 
2H 13<t2. 234'• 
<'12R49.56f>4 
161355. ·1~65 
122403.0869 

Y276'•.4902 
70085.j184 
526 37. 46fl8 
39144.4199 
286S7.6079 
2046fl.0662 
14042.9445 
'l0l6.0759 
hl50.2122 
41~7.~465 

26 1t4, 3413 
15<'3.1176 

11+4. 9872 
264.4812 

35.0074 
14.0346 

lh2. 6'J06 
446.8798 
83 7. >'752 

1309.8631 
1844.2899 
2424.0285 
3035.7765 
366q.4lRO 
4317.4925 
4974.50!6 
')635.8088 
629'1.7972 
6966.3719 
7635.861>9 
A110. 3715 
8993.3083 
9701>.2119 

10366.3202 
10948.9719 
ll46'•· :J34l 

R {A I 
1.120000 
1.145000 
[.170000 
1.19?000 
1.220000 
1.745000 
1.270000 
l. 295000 
1.320000 
1.345000 
[.370000 
1.395000 
1.420000 
1.445000 
t.<t70000 
1.495000 
1.520000 
1.545000 
1.570000 
t. s·~sooo 
1.620000 
l. 6'>5000 
1.670000 
l. 695000 
1.720000 
1.745000 
l. 770000 
1.795000 
1.820000 
1.845000 
1.870000 
1.895000 
l. 920000 
1.945000 
[.'170000 
l. 9'J5000 
2.020000 
2.045000 
7.070000 
2.095000 

0.7183'>88 l/CM IN 0. SECONDS. 

0.707'1762 1/CM IN 0. SeCONDS. 

0.697'>725 l/~M IN 0. SfCONOS. 

VI l/CMI 
266011:-.6016 
201354.6758 
152679.9531 
115816.3584 
87734.9346. 
66223.6875 
49656.9048 
36832.2319 
26855.1719 
1'1056.4048 
12932.3400 
8309.4109 
5705.0557 
3820.1700 
2390.4904 
1341.4402 
626.6684 
199.8984 

15.4422 
31.3561 

209.6907 
517.3263 
926.0130 

141?.3639 
1957.0878 
2?44.1825 
311->1.0305 
3798.0745 
4448.3563 
5106.5333 
5768.3916 
6432.'1152 
7099.9904 
7770.2760 
8446.1519 
9131.3016 
9844.9547 

10488.7103 
ll057.l008 
11559.706<t 

..., 

21 
46 
7l 
96 

121 
146 
171 
196 
221 
2~& 

271 
2'16 
321 
34> 
37l 
396 
421 
446 
471 
496 
521 
546 
571 
596 
621 
6'+6 
671 
696 
721 
746 
771 
796 
821 
846 
8ll 
896 
n1 
946 
H1 
996 

c:: 
() 

::0 
t" 
' ... 
0 
..0 

"' "' 

C i,.Z ~ 

~ 

I 
Ul 
N 
I 

/.,; 
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Table VI. {Contd.) 

SCHR FI~OS E~EMGY LEVEL G 3410.~~P~B 1/CM AND HV 0.6871?91 1/C~ I'J o. SECO"JOS. 

Sf.HR t tNC E'JERGY L~Va G 574.28~0A 1/CM AND DV 0.7281663 1/CM IN O. SECO"JOS. 

SCH~ FII~OS ·;'JFRGY L~VEL ,, 17l?.Q5~13 1/CM 'NO BV 0.7224968 1/CM I'J 0. SECONDS. 

SCHR FI'J~S ENfMGY LEV~L G 283~.49242 1/CM AND OV 0.7168278 1/CM IN 0. SECONDS. 

SCHR FINOS EN~Rr;Y L~VEL G 19~0.9?54~ 1/CM AND BV 0.7111584 1/CM IN 0. SECONOS. 

SCH~ FINDS ~~ERGY LFVFL G 5050.12109 1/(M AND BV 0.7054850 1/CM IN O. SECONOS. 

SCH~ F!'IIOS E~ER~Y LEVFL r, 61~6.206~4 1/CM AND 8V 0.6998171 1/CM I'J 0. SECONDS. 

SCHR FINDS ENER~Y LFV~L G 720Q.21094 1/CM AND BV o.6941557 1/CM IN 0. SECONDS. 

SCHR FINOS E'JERGY L~1~L G n269.12012 1/CM A'JO BV 0.5084710 1/CM IN O. SECONDS. 

SCHR FINDS ENERGY LEVEL G 1315.~9746 1/CM AND RV 0.6R27R40 1/CM I'J 0. SECONDS. 

SCHR FINDS F.•~EI{,;y LEiffL G l0149.A7~78 1/CM AN~ BV 0.6770849 1/CM IN O. SECONOS. 

SILICON NIT~IDF INTE'JS!TY DISTRIBUTION TEST PROGRAM 

PRnGRAM SUCC~SS~UL· IMftXIT REAf.HCO 0 TIMFSl 

THE BELOW IS FU~ TH~ LOWER STATE. 

Vl8. '110. GIVF'J E"'[i\(,y CALC. F:.!F.R~Y f1IFFERENCE 
DIFFERENCE 

GIVroN OELTA G CALC. DELTA ~ 

CALC. - GIVEN 

0 57'·. 70011 5 74.2 H9·J6 0.>18895 
ll3fi.S6004 1138.66406 

17l2. 76016 1712.95113 0.19296 
1125.44006 1125.52930 

2 2fH8.20023 2831l.4fl242 0.28220 
1112.31970 1112.39307 

3 3950. 51'19'1 3950.t17549 0.~5556 

1099.20010 1099.24561 
4 50'+9.721103 5050.12109 0.40106 

1086.07971 10.86.08545 
5 035. 79'H4 f>l3fl.20654 0.40680 

1072.96014 1073.00439 
6 noe. 7S9il9 7209.71094 0.45105 

1059.113972 1059.90918 
7 11268.59961 0269.12012 0.52051 

1046.72021 1046.77734 
8 '1'11'5. 31987 93I5.!JC)746 0.57764 

1033.'59985 1033.77832 
9 10Vt8.'1196!! 10'149.67578 n.7561C 

.~ 
'if 

DIFFERENCE 

0.10402 

0.08923 

o •. o7H6 

0.045SO 

0.00574 

0.04425 

0.06946 

0.05113 

0.17847 

.... .. ..... (, 

c: 
C'l 
::0 
t"' 
I ... 
0 

"' N 
\II 

"'' 

I 
U'l 
~ 
I 

...... 
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Table VI. (Contd.) UCRL-10926 

VIB. ~1r1. 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

THE BELOW IS Fr!l~ TilE UPPCR STI\TF. 

VI B. '!0. GIVE~ ~N~RGY CALC. ENCKGY 

0 r, 11. n:llz '510.7476H 
l i c,og. ~069(, l 50 8. H 7 'i (• l 
2 2475.26004 2475.04663 
3 1410. 576"4 3L!l0.8'\il3fl 

VJB. 'JO. 

0 
1 
2 

' 

Cf,LC. P.V 

0.72P.1h626 
o. 7224067fl 
o. 716P.2784 
0."111151'41 
('.70548503 
0. (,'~981 70!3 
0.1.•9'tl5566 
0.68fl47096 
O.A827R404 
0.677(18492 

T <:: S T PROGRAI~ 

DIFFFRI'-NCE 
T' I F F ~ R f' !K E 

-0.58544 
-0.43135 
-0.21341 

0.26154 

CALC. BV 

0.7lR35BRO 
0.70797616 
0.697572'•5 
C'.6R7129:'13 

CALC. - G!VCN 

\..! 



I •\ n· 

~. 
~·I ,, -+ 

FRANCK-CCNOON F~CTORS 

v• I 

a 
l 
z 
3 
4 
5 
6 
7 
s 
9 

R-CENTROIC FACTO~S 

v•' 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

R••2-CENTRG I r·S 

VII 

0 
1 
2 
3 
4 
5 
6 
7 
ll 
9 

v. 0 

0 .'!812E 00 
O.l691E-01 
0.176"!=-02 
O.f11f!5E-04 
0.4064E-05 
o,155lE-06 
O.lZIBE-07 
0. H51E-09 
0.15011:-09 
0.'•10010-09 

( A\IGSTRQr;,s) 

v• = 0 

0.1'i82E 01 
O.l906E 01 
0.1 733E 01 
0.1911E 01 
0.189410' 01 
0.20fi9E 01 
0.11<88E 01 
0.2056E 01 
0.1321f 01 
Cl.1439E 01 

v• = (l 

0.2'i03E 01 
0.3532E 01 
0.10441' 01 
0.35P.7E 01 
0.1615E 01 
O.J9HE 01 
0.1616F nt 
0.4176F 01 
O.lh26E 01 
G.208flt 01 

Table VI. (Contd.l 

VI = 

O.l862F-01 
0.9232E 00 
0.5015E-Ol 
0.74Z7E-02 
O.'i441E-03 
0 •. 3818E-04 
O.ZlBOE-05 
O.l336f-Oh 
O.l471E-0"1 
0.3401E-O!l 

v• = 1 

0.1300E 01 
0.159::\E 01 
0.1864F 01 
O.l763E 01 
0.1898( 01 
0.1904E 01 
0.1980E 01 
0.1994E 01 
0.183BE 01 
0.1261E 01 

v• = 1 

0.1611E 01 
0.2542E 01 
O.::I406E 01 
0.3137F 01 
0.1560E 01 
G.3640F 01 
0.3890E 01 
0.3977E 01 
0.1451E 01 
0.1449F 01 

>J I : z 

0.911!lf-04 
0.5CJ66E-01 
O.fll'l.3E 00 
0.9868E-01 
0.1995E-01 
0.2149E-02 
0.2003E-03 
0.1AllE-04 
0.8705E-06 
0.1A01E-06 

v• = 2 

0.2791E 01 
0.13l33E 01 
0.1603E 01 
0.1842E 01 
0.1786E 01 
0.1892E 01 
0.1915E 01 
0.1962E 01 
0.207BE 01 
0.178BE 01 

v• = 2 

0.6121E 01 
0.1872E 01 
0.2579E 01 
0.1341E 01 
0.3209F 01 
0.3550E 01 
0. 3673E 01 
0.3838E 01 
0.4265E 01 
0.3291E 01 

-·-.; . ./;; ~ 

v. = 3 

0.4651E-04 
0.2365E-07 
0.1274E-DD 
0.66BDE DO 
0.1549E-OO 
0.4233E-01 
0.6418E-D2 
0.765BE-03 
0.8276E-D4 
D.4551E-D5 

v• = 3 

O.l710E 01 
0.1489E 03 
0.1442E 01 
0.1611E 01 
0.1830E )l 

0.1804E 01 
0.1890E 01 
0.1927E 01 
O.l953E 01 
0.2129E 01 

v• = 3 

0.2761E 01 
0.4512E 03 
0.20HE Ol 
0.2609E 01 
o.3311E :n 
0.326BE 01 
0.3552E 01 
0.3711E 01 
0.3812E 01 
0.4440E 01 

"""'111111 

... 

I 
\Jl 
\Jl 
I 

c:: 
C"l 
~ 
t"' 
I ... 
0 
-D 
N 
U' 
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RELqiV~ I•'ITF'JS I TV( ')UfiNTUfi/>EC l 

VI I v~ = 0 

0 10.000 
1 o. l't'l 
2 0.011 
3 0.1)01 
4 o.~oo 

5 0.000 
6 o.:)Oo 
7 0.000 
r. 0.000 
~ 0.000 

RELATlVE INTFNSITY!E~E~GY/SFC) 

VII 

0 
1 
2 
3 
4 
5 
6 
7 

B 
9 

CONSTANTS 
0 
0 

0. 2't2999'19E ns 
0.71100000E 00 
0. 72~50000E QO 
0.5669Y9'l9E-02 
0.10170000E-01 

-o. 
-0. 

TIME = o. 

\..' + ! 
... 
I) •' ~ 

VI = 0 

10.000 
0. 142 
0.01? 
0.000 
o.ooo 
0.000 
(),1)00 
o.ooo 
0.000 
o.ooo 

. 

SC~Lfl) Tn HN 

SCALED Tn HN 

Table VI. (Contd.) 

VI = 1 v~ = 2 

o. 232 0.001 
10.000 0.836 
0.4 71 10.000 
0.060 1.044 
0.004 0.182 
o.ooo 0.017 
o·.ooo 0.001 
0.000 0.000 
o.ooo o.ooo 
o.ooo o.ooo 

VI = 1 VI = 2 

0.243 0.002 
10.000 0.875 
O.'t49 10.000 
(1.054 0.9'16 
0.003 o. 165 
o.ooo 0.014 
0.000 0.001 
o.ooo o.ooo 
0.000 o.ooo 
o.ooo o.ooo 

v~ = 3 

0.001 
o.ooo 
2.188 

10.000 
2.011 
0.47't 
o.Oo2 
0.006 
0.001 
0.000 

VI = 3 

0.001 
o.ooo 
2.291 

10.000 
1. 910 
0.431 
0.053 
0.005 
o.ooo 
o.ooo 

_....., ~· 

c:: 
() 

~ 
t"' 
I .... 
0 
-D 
N 

"' 

•: t,:: ~., 
... 

I 
\.]1 

0' 
I 

;-.:.....! 



1. 

t -. 
2 . 

• 3. J~ 

-f.> 

:i 

-57- UCRL-10925 

REFERENCES 

R. N. Zare, Lawrence Radiation Laboratory Report UCRL-11110, 
November 1963, J. Chern. Phys. (to be published). 

All timing information refers to IBM 7094. 

R. N. Zare and J. K. Cashion, Lawrence Radiation Laboratory Report 
UCRL-10881, July 1963 (unpublishe~). 

,, 
I 

' . 

• .. 
~_,· .. 



1" 

~<.. 

This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com­
m1ss1on, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor­
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com­
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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