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Two Electron Diatomic Molecules.
I. The James-Coolidge Method and Its Programs
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Computer programs which calculate energies and wave functions
of two electron diatomic molecules by the James-Coolidge method
are given. These programs can be applied to the singlet or the
triplet 2+ states of two electron diatomic molecules of arbitrary
nuclear charges.

§1. Introduction

To investigate various properties of molecules we need to know
the electronic energies and the electronic wave functions of molecules
in the adiabatic approximation scheme. Also to examine the atomic
collision problems the knowledge on the energy correlation diagrams
is very useful. For this purpose many methods, for example,
Heitler-London method,” molecular orbital method,? and configura-
tion mixing method® ete., have been developed. Especially, for two
electron diatomic molecules, the James-Coolidge method is the most
powerful and by this method James-Coolidge,” Kotos-Roothaan,” and
Kotos-Wolniewicz® have examined the hydrogen molecule and obtained
the successful results. To extend their studies, we constructed the
computer programs which can obtain the electronic energies and the
electronic wave functions of the X* states of two electron diatomic
molecules.

In §2 the James-Coolidge method is explained, and in § 3 simple
explanation of the computer programs and how to use them are
shown. In Appendix A the matrix components of the unity and
the Hamiltonian operator are expressed by auxiliary functions
Z"(m, n, 3, k, p; 2) and in Appendix B the method of evaluating the
functions Z*(m, n, j, k, p; 2a) is shown. Furthermore, we give the
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lists of the computer programs in Appendix C.

§ 2. Method of calculation

In this paper we shall always use the atomic units. The non-
relativistic Hamiltonian of two electron diatomic molecules in the
adiabatic approximation is given by

H=T+U,
T=—%Mﬁ4% (1)
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with the notation of Fig. 1, Z, and Z, being the nuclear charges.
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Fig. 1. Coordinates

Putting
N =(Pas i R ’
(7as+730)/ . (2a)
‘ai:(rai—'rbi)/R , (=1, 2) ’
and
o=2r,/k, (2b)

the Hamiltonian (1) is expressed as follows,
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where

T:—éuﬁmma (3b)
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U'D = — 4N, /(N — ) — AN/ — 142) (3¢)

U'® = 4p, /(N — 2) + 448,/ (N3 — 142) (3d)

U'® — 2 ] : (3e)
0

For the X* state, the James-Coolidge wave function is

wzzcmnjkp[mnjkp] ’ ( 4 )
where

[mngkp]= Nonjrp €XD [ — @O +N) [N L5 NN )07 . (5B)

Here m, n, 7, k, and p are a set of numbers each of which takes
zero or positive integer, & is a variation parameter, and N,.,.j., is
a normalization constant. The sign+(or —) corresponds to the singlet
state (or the triplet state). Furthermore, in the case of homonuclear
molecules, the restriction j+ki=even (or odd) is added for the g¢
state (or for the u state).

The electronic energy E and the coefficients C,,,;., are determined
by the following secular equation,

det)Hfg—Eng‘IOy (6)

where, f and g represent sets of m, n, J, k, and p. The Sy, and Hy,
are the matrix components of the unity and the Hamiltonian operator,

fa= S [’m'f'n’fjfkfpf] [mgngjykypy] d Vld V2 ’ (7a)
H;,=R™>*T,

G S S LT A

Tfy S [mf%fjfkfpf T [/m’gngjg ypg] dVde ’ (70)
Ujy = monsdsherps) U0 myn, g ,0ep,) dV.AV, (7d)
Ufy ‘ [mfnfﬂfkfpf] U’(Z)[’m’ ’n’ojg gpy] dVde ’ (76)
and
U= I oy, ] U, Joipe) AV.7, (71)

The method of calculation of the matrix components will be given
in Appendix A.
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§3 Computer programs

We have constructed a set of programs which calculates the
total energies and the wave functions of two electron diatomic mole-
cules by the James-Coolidge method. The lists of programs are
given in Appendix C. These programs are divided into seven parts.
Each part forms one job and the relations among the jobs are shown
in Fig. 2.

Tile
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Data
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Fig. 2. Relations among the jobs.

1. Job JC1

This job calculates the auxiliary functions Z*(m, n, j, k, p; 2@)
for p=—1 and 0. The range of v, m, n, 7, k is

0=v<3,
0<n=m=20—2y, : (8)
0<k<j<20—2v .

The quadruple precision calculation is used for the calculation of the
auxiliary functions W¥(m, n; 2a) because of cancellation due to the
recurrence formulas. For the remaining part, the double precision
is used. As an input datum, the value of a is given. Then the

values of the auxiliary functions Z*(m, n, j, k, p; 2) are written in
the file (No. 20).

2. Job JC2

The values of Z°(m, n, j, k, p; 2a) are evaluated from the results
of the job JC1. The range of m,n, 7, k, p is
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0=n<mg£lé6,

0=k=j=<16, for —1=p=4, (9a)
and

0=n=mgl4,

0<k<j514, for p=5,6. (9b)

The double precision calculation is used. There are no imput data.
The results of this job are written in the file (No. 21).

3. Job JC3

This job calculates the matrix components S;,, T;,, and U, for
the unnormalized bases. The imput data are the nuclear charges Z,
and Z,, the multiplicity, the number of bases adopted, and the sets
of parameters determining the bases. The nuclear charges Z, and Z,
must be given in real type and the multiplicity means 2S+1, namely
1 for the singlet state and 3 for the triplet state. Moreover, the
number of bases can’t exceed 160. Of course, one can relax this
limitation on the number of bases, if available core memories are
increased. Since, however, then the necessary CPU time increases
extraordinary, the practical merit is not expected. The base is de-
fined by m, n, 7, k, and p. The sets of m, n, j, k, and p are put in
one after another according to the order of bases. The range of
m,n, j, k, and p is

0=m,n, j, k=6,
0<p<3. (10)

This program checks whether the base is allowed or not, evaluates
the matrix components, and writes them in the file (No. 22).

4. Job JC4

The normalization of the bases and the rearrangement of the
matrix components are very useful for the later calculation, and are
performed by the use of the job JC4. The matrix components are
written in the file (No. 23). Also they are printed, (or are not
printed) in LP sheets if the input datum is not O(or is 0).

5. Job JC5

In the calculation of the James-Coolidge method, it is desirable
to select the important bases. But, the choice of the bases is very
difficult and troublesome, because the nondiagonal matrix components
of S are considerably large. If the orthonormalized bases are used,
it seems that the bases which have a small coefficient in the wave
function have small effect. Therefore, these bases can be dropped
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out. It is desirable that the bases which are taken off have large
value of m+mn-+j+k-+p, since the matrix components for the bases
with small m+n—+ j5+k+ p can be obtained with small error. For such
reasons, we adopt Schmidt’s orthonormalization.. In the job JC5
Schmidt’s orthonormalization and the transformation of matrix com-
ponents are performed. In the job JC5, the quadruple precision
calculation is used. If the input datum is 0, the unnecessary bases
are taken off in the later calculation, otherwise not. The results
are written in the file (No. 24).

6. Job JC6

This job calculates the total energies and the wave functions by
the use of the results of the job JC5. If the internuclear distance
and the number of order of the considered state counted from the
lowest of the same symmetry are given, the total energy and the
wave function are obtained. The coefficients of the bases are not
for the orthonormalized ones. We can, however, obtain, as the out-
put, the coefficients for the orthonormalized bases by the control of
the input datum. The secular equation is solved with the quadruple
precision.

7. Job JCT7

This job is the additional ones to the job JC5. Because of the
large overlapping of the bases, appreciable amounts of errors may
arise when Schmidt’s orthonormalization is performed. Then, it is
necessary to check the order of this error. We use the job JCT for
this purpose. If the values of the matrix components are required
for selecting the important bases, we can put out the matrix com-
ponents H;, by specifying the control number in the input datum. -
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Appendix A. The matrix components S;,, T';,, Uf;, U, and UF.
Syy=N;N, S exD [ — a(n; -+ No) [N NG a7 157 077 ENTING'S pld ] 7 077)
X exp [ —a(h+N) I oA s oo 070 TN o pefo o 0%0)d VA V,

6
=87t2Nng<§> {S(’m’f%fjfkfpf, mg'n’yjykypy ; (X)

i'5'("7?'f'n’fjfl‘;fpf; ng/m’ykqjypg; a)} ’ (A]-)
where
S(mfnfjfkfpf, mqngjgkg'pg ’ a)
=2 (2) | exp [—atn+ 2y pispror
47*\ R
X exp [ —a(n, +N)INPonpoptiopebsp?ed VAV, . (A2)
Using
dV= (§>S(k2—p2)dxdpd¢, (A3)

and the auxiliary functions
Z*(m, n, 3, k, ; 2a)=1% S exp [ —2a(n, + M) ININE L4 1k 0P
X [O\'f - 1)0“3 - 1)(1 - #f)(l - #g)]u/z cos” (¢1 - ¢2)d7\'1d7\'2dﬂ1d#2d¢1d¢2 ’ (A4)

s(mymys g losD sy My J ok, 0g5 &)
=Z(ms+m,+2, ny+n,+2, 5+ 74 ks +k, 040, 20)
—Z (M +my+2, Np+Ny, s+ g Krt+Ey+2, Ds+2,; 2)
—Z(ms+mg, Npt+n,+2, 5+ 5,2, krt+k, prt+p,; 200)
+ZMyp+ Mg, Mpt+Ny, Jr+T,+2, krt+k,+2, pr+p,; 2a). (A5)

For this expression the following abbreviation is used

s(mfnfjfkfpfv mg%ngkgpg ’ a)
= Z(22000)— Z(20020)— Z(02200) + Z(00220) . (A6)

The method of calculation of the functions Z*(m, n, J, k, p; 2a) will
be given in Appendix B.

Similarly, the other matrix components are represented by using
the same auxiliary functions Z*(m, n, j, k, »; 2a). Namely,

6
Ty =8N Ny 2 ) omymy i s, sy, @)

i"f’(Wl’f'nfjfkfpf, namykyjapgv; th)} ’ (A7a‘)
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6
U7 =8N N2 ) (u(m i lypy, mynyiepy; @)
iu(l)(mfnfjfkfpf; no'm’ykngpg; th)} ’ (A7b)
6
U;;z) = 87T2NfNa<§) {um(mfnfjfkfpf’ ma%gjgkapy ; a)

o %(2)(mfnfjfkfpf: nymykgjgpg ’ a)} ’ (A7C)

R
2
i7"’(3)(W”f/nfjfkfpf: namykgjypy; a)} . (A7d)

(i
U;;a) = 87T2Nng( ) {uw)(mfnfjfkfpf: myngjgkgpg ; a)

Using the same abbreviation of Eq. (A6), the functions t(mn;5:k:p;,
myn,J k0,3 &) ete. are expressed as follows,

t(mfnfjfkfpf’ mgngjykgpy ’ a)

- _% [ — 4a{Z(12000) — Z(10020) + Z(21000) — Z(01200)}

+{(my—me)+(ms+mg)~(G,— 3, —(Is+J0)
+(ps—0,)(my—my— j s+ J,)H{Z(02000) — Z(00020)}
H(np—n,) + (s +n)— (ks — ko) — (ks + k)
+(ps—p)(ns—ny— ks + kg )H{Z (20000) — Z(00200)}
—{(my—m,)*—(ms+m,){Z(—22000)— Z(—20020)}
—{(n;—n,)—(ns+n,){Z(2—2000)— Z(0—2200)}
+{(3,— 3. — 35+ 3,)HZ(02—200)— Z(00—220)}
+{(ky— k.Y — (ks + k,){Z (200 — 20) — Z (002 —20)}
+[2{(ps — 0o)* + (07 + Do)} + (07— Dy)
X(Mg—mg+ns—n,+J,~J,+ks—k,)]

x{Z(2200—2)— Z (2002 —2) — Z (0220 — 2) + Z (0022 — 2)}
— (05— Do) ms—my— J s+ 5, {Z(0400 —2) — Z(0004 — 2)}
—(ps— D)1y —ny— ks + K ){ Z (4000 —2) — Z(0040 — 2)}
+2(p;— v, )my—mNZ(—1311—2)— Z(—1113—2)}
+2(p;—p,)(n;—n NZ(B—111—-2)— Z(1—131—2)}
—2(0s—0)I;— I NZ(18—-11-2)—Z(11-13—-2)}
—2(p;— 0, )k —k)NZ(B11—1—-2)—Z(113—1—-2)}], (ABa)

7"'(1)(’m’f%J"jfl‘;fpf’ mgngjgkgpy; 6()

= —4{Z(12000) — Z(10020) + Z(21000)— Z(01200)} , (A8b)

u(z)(mf'nfjfkfpf’ MMy J kg Dy 5 &)

=4{Z(02100)— Z(00120) + Z(20010) — Z(00210)} , (ASc)
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and

u(S)(mfnfjfkfpf’ 'm’g%gjgkgpg ’ th) :
=2{{Z(2200—1)— Z(2002 —1)— Z(0220 — 1)+ Z(0022—1)} . (A8d)

Appendix B. Auxiliary functions Z*(m, », j, k, p; 2a).
The auxiliary funections Z*(m, n, J, k, p; 2a) are defined by Eq.
(A4). By the relation

O =N+ NS+ S+ 1 — 2 — 2N N\t f2,
—2[(M =D — 1)L — )1 — ¢5)]'* cos (¢, — ¢,) » (B1)
the following recurrence formula is obtained:

Z'(m, n, 3, k, p+2; 2a)=2"(m+2, n, 7, k, p; 2a)
+Z*(m, n+2, 3, k, p; 20)+Z*(m, n, j+2, k, p; 2a)
+Z*(m, n, j, k+2, p; 20)—2Z*(m, n, j, k, p; 2c)
—2Z"(m+1, n+1, 7+1, k+1, p; 20)—2Z"(m, n, j, k, p; 2a) . (B2)

Therefore, Z%m, n, j, k, p;2a) with p=1 can be obtained from
Z*(m, n, j, k, —1; 2a) and Z*(m, n, J, k, 0; 2c).
For p=0, using the Eq. (A4),

Z*(m, n, J, k, 0; 20)=4A,(22)A,2a)/[(7+1)(k+1)], (B3a)
Z'(m, m, j, k, 0, 20)=0 ,

Z*(m, m, §, k, 0; 20)=8[ A,,,(20) — A,.(22)]
X [An+20)— A, Ol/I(7 + D)7 +3)k+1)(k+3)]  (B3c)

and
Z¥m, n, j, k, 0; 2a)=0, (B3d)

when j and k are both even; otherwise the values of these functions
are zero. Here, the function A,(x)” is defined by

A (%)= g“’ Ae—sidn (B4)
and its value is calculated by the following recurrence formaula,
A= e+, (@) (B5a)

Afx)=e""/z . (B5b)

For p=—1, the Neumann expansion® of p7,
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o T N Ny Ay <Ny
Tl= Y 24 : P ()P 2 1 P2) » ’ B6
=5, 502 )P s, (V2 @6
D!=27+1, (B6Db)
D =(—1)y22z+)[(c—v)/(z+V)!]?, for v>0, (Bé6e)

is substituted into the Eq. (A4), and the following expressions are
obtained.

Z(m, n, J, k, —1; 2a):§‘, Cz+1DCUAHNCA)WAm, n; 2a) , (B7a)

Z¥(m, m, §, b, —1; 20) = — 33 [@c + 1)/ + LFICHGCR) Wim, m; 2a) ,

(B7D)
Z(m, m, 4, &, —1; 200= = 3 [(2e+1)/(c+ 2}z +1)eH(c 1]

X CHA)CHOW im, n; 200+ = 3, (2e+1){CXd) —CXi +2))

X {CYk) — CYk+2)H WA m 42, n+2; 20) — WAm+2, n; 2a)

— Wi(m, n+2; 2a)+ Wim, n; 20)} , (B7c)

and
Z¥(m, n, 3, k, —1; 2a)
— _% 2 [(27+1)/(z +8)(z +2)(c +1)e*(z — 1)c —2)]

X CHI)CH O W(m, m; 20)— = 31 [(2e+1)/e*(z + 1PHCH(I) — Ci(i +2)

X{CUk)—CYk+2){Wim+2, n+2; 2a)— Wim+2, n; 2a)
—Wim, n+2; 2a)+ Wim, n; 2a)} , (B7d)

where CYk)” and W¥m, n; x)" are

Ci=" dua -y Prt (BS2)
2r+1k'(r+v)1(_llg_l_l)' k+7+vyv=even y
= - , TV, _ (B8b)
N (EZ=N ety pzroy,
2 =
=0, otherwise , (B8e)

and
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Wi(m, n; x)
ES d)\q S dhz[(kf—l)(Ng—l)]sz; N Q: \ M"N;e‘”‘lﬁh) . ( )
1 1

2 1
The auxiliary functions W¥m, n; x) are familiar in the literatures
of molecular integrals and the method of their calculation is given
by Kotani, Amemiya, Ishiguro, and Kimura.”
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APPENDIX C LISTS OF PROGRAMS « 1

PROGRAM JC1 1000801

3630 330 36 3030 3030 33 3 36 36 38 2 3036 30 3030 2030 30 303036 30 30 303 30 0 30 30 33030 30 30 30 33 3 33030 300 00 36 3 36 330 300036 3034 30303630 3636363596 10 00 0 0 2
C3¢ PROGRAM JC1 #10000030
Cx TWO ELECTRON SYSTEM IN DIATOMIC MOLECULES #10000040
Cx SIGMA PLUS STATE #10000050
C JAMES~COOL IDGE'S METHOD #10000060
C3t AUXILIARY FUNCTION Z(NUsMsN,J,KsP) #10000070
C 3 0.LE.NU,LE.3 #10000080
C 0.LE.N.LE.M.LE,20-Ny¥*2 %10000090
C3 0.LE.K,LE.J.LE,20-NU3#*2 #10000100
C% p=~1 AND 0 #10000110
C3 INPUT DATA #10000120
Cx ALPHA #10000130
3634363636 36 36 363 3636 36 36 3303630 33036 36 30 36 38 30 36 3630 34 36 3 3036 36 3 36 3636 36 3036 3836 36 3030 330 363030 363630 36 36 36 36 336 3¢ 3¢ 3636 36 36363634 10 000 1 4 0
IMPLICIT REAL®8(A-H,0~2) 10000150
REAL%16 QALPH2 : 10000160
DIMENSIQN £(720) 10000170
COMMON /FACTOR/FCHFD 10000180
111=720 10000190
FC=1.D-60 10000200
FD=1.D0/DSART(FC) 10000210
C363¢343¢ INPUT 36363636336 303636 330 33030303636 3030 30336 3030 3636303630 330 330330 330 336 3036 3030363633836 3636363 1000 0 220
READ(551000) ALPHA 10000230
WRITE(6,2000) ALPHA . 10000240
ALPHA2=ALPHA+ALPHA 10000250
QAI.PH2=ALPHA2 10000260

CALL QW(1723>14,QALPH2:QALPH2) 10000270

CALL DA(ALPHA2) 10000280
2(1)=ALPHA 10000290

I1=1 . 10000300

C 2363633 Z(0sMsNsJsKs=1) FIIEEHHOHHHBOHOHEUGHOBHB00HE000 % 10000310
DO 40 JUP1=1,21 10000320
J=UP1-1 100600330
L=J,AND, 1 10000340

DO 40 KP1=1,JF1 ) 10000350
K=KP1l-1 . 10000360
IFCC(J+K) \AND, 1> NE,0) GO TO 40 10000370
NG 30 MPl=zi,21 10000380
M=MP1-1 10000390

DO 30 NP1=1sMP1 10000400
N=NP1-1 10000410

1=1+1 10000420
IF(IL.LE,I1D) GO TQ 10 ' 10000430
WRITE(20) Z 10000440

=1 10000450

10 22=0.D0 10000460

DO 20 IT=LsKs?2 10000470
22=2Z+DFLOAT(IT+IT+1)%C(CosITodIHC(O» IToKIXW(IT>0sMsN) 10000480

20 CONTINUE 10000490
Z(1)=22 10000500

20 CONTINUE 10000510

40 CONTINUE 10000520

(e 3Y2-372") 201 sMaNsJdsKs-1) 33 36 306300630 A0 S0 203030 3 36 6 95 3036 3 36 36 34 303363636 3636 3030313036331 1 0 00 0530
DO 80 JP1=1,19 10000540
J=JP1-1 10000550
L=(J.AND,1)+1 10000560

DD 80 KP1=lsJP1 10000570
K=KP1l-1 10000580
IFCCCJ+K) ,AND,1).NE,0) GC TO 80 10000590
MM=K+1 . 10000600

DO 70 MPL=1,19 10000610
M=MP1-1 10000620

DO 70 NP1=1sMP1 10000630
N=NP1-1 10000640

1=1+1 10000650
IF(I.LE,I11l)Y GO TO 59 : 10000660
WRITE(20) Z 10000670

1=1 10000680

50 22=0.D0 10000690
DO 60 IT=LsMM,2 10000700
22=22-DFLOATCIT+IT+1)%C(LaIT9J)3CCLlaITsKItW(ITs1sMsN) 10000710

2 JOFLOAT(CITH(IT+1))%%2) © 10000720

60 CONTINUE 10000730
2(1)=22 . 10000740

70 CONTINUE 10000750
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APPENDIX C LISTS OF PROGRAMS « 2
80 CONTINUE 10000760
Caedesedest ZL29MaNy JysKy=1) FHEHSHBEHSHHOEORHEBHHOROHO0H80Re0e0eseE6: 10000770
L0 130 JP1=1,17 10000780
J=JP1-1 : 10000790
L=J.AND, 1 10000800
DO 13C KP1=1,JP1 10000810
K=KP1-1 ’ 10000820
IFC((J+K) LAND,1).NE,DQ) GO TO 130 : 10000830
MiM=K+2 10000840
DO 120 MP1=1,17 10000850
M=MP1-1 10000860
DO 120 NP1=1,MP1 10000870
N=NP1-1 10000880
I=1+1 10000890
IFCILLE,IIT) G0 TO 90 10000900
WRITE(20) Z ‘ 10000910
1=1 10000920
90 22=0.D0 10000930
DO 100 1T=LsMMs2 ) 10000940
ZZ=ZZ+DFLOAT(IT+IT+1IH(C(0s1TsJ+2)=C(O0sITsJ)I%(C(O>ITK+2) 10000950
2 =ClOs ITHKIIH#(WCITo0aM+2sN+2)=-W{IT>0,M+2sN)~W(ITs0sMy4N+2) 10000960
3 +W(ITs0aMaN)) 10000970
100 CONTINUE 10000980
DO 110 IT=L+2sMMs2 10000990
ZZ=Z2+DFLOAT(IT+IT+1)I%C(25s 1Ty IHC(2sITHKI¥W(ITH>25MsN) 10001000
2 /DFLOAT((CIT+2)%(IT+1)RITHOIT-1))%#%2) - 10001010
110 CONTINUE ) 10001020
Z(1)=22%0,5D0 10001030
120 CONTINUE 10001040
130 CONTINUE 10001050
Cae3edes Z(3,3MsNyuysKy=1) 333036303 330303063030 3O 0303830362636 10001 060
DG 180 JP1l=1,15 10001070
J=JP1-1 . 10001080
L=(J,AND. 1) +1 10001090
DO 180 KP1=1,JP1 10001100
K=KP1-1 10001110
IF(((J+K) , AN, 1) .NE,OQ) GO TO 180 10001120
MM=K+3 10001130
DO 170 MP1=1,15 10001140
M=Mp1-1 10001150
DO 170 NP1l=1,MP1 10001160
N=NP1-1 . 10001170
I=1+1 10001180
IFCILLE,ITIY GO TO 140 10001190
WRITE(20) 2 10001200
1=1 10001210
140 72Z=0,DC 10001220
DO 150 IT=L,MM»2 10001230
ZZ=ZZ2-DFLOAT(IT+IT+1IH(C(LaITsJ+2)-C(LlsITod)IN(C(1y1TsK+2) 10001240
2 SCLLoITHK) I H(W(ITs1oM+2sN+2)=W(ITo1sM+25N)=W(IT515M,N42) 10001250
3 +WCITa1oMaN))/DFLOAT(CCITHL)®IT)%%2) } 10001260
150 CONTINUE 10001270
Z2=27%2,D0. 10001280
D0 160 [T=L+2:MM,2 10001290
ZZ2=Z22-DFLODATCIT+IT+1)%C(35ITyJ)C(3, ITHKIMW(ITH3,M5N) 10001300
2 ZDFLOAT (((IT+3) 3 (IT+2) % (IT+H1IHITHCIT-1)3%(1IT=-2))%%2) ©10001310
160 CONTINUE 10001320
2(1)=223%0,25D0 10001330
170 CONTINUE 10001340
180 CCONTINUE 10001350
C33438343¢ Z(CyMaNyJsKs0) T IEEOHOEHRIEOHOHHIEIOIHHHIO08HsH0E1 0001 360
00 200 JP1=1521,2 10001370
J=JP1-1 10001380
DO 200 KP1l=1sJP1,2 10001390
K=KP1~1 10001400
D0 200 MP1=1,21 10001410
M=MP1-1 10001420
DO 200 NP1=1,MP1 10001430
N=NP1~-1 © 10001440
1=1+1 . . 10001450
IFCIL.LE,IIL) GO TO 190 10001460
WRITE(20) Z : 710001470
I=1 10001480
190 Z(I)=4.DO%A(MIKA(N)/DFLOAT((J+1)%(K+1)) 10001490

2G0 CONTINUE 10001500
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DO 220 JUPl1=1,17s2

J=JP1-1

DO 220 KPl=1-JP1s2

K=KP1-1

00 220 MP1l=1,17

M=MP1-1

00 220 §NPl=1,MP1

N=NP1-1

I=1+1

TF(I.LE,III)Y GO TO 210

WRITE(20) 2

=1
2(I1)=8.D0¥(AIM+2)~A(MIIH(A(N+2)-A(N))
2 /DFLOAT((J+3)%(J+ 1% (K+3)3(K+1))

220. CONTINUE

WRITE(20) Z
STOP

1000 FORMAT(D20.0)
2000 FORMAT(1H1»10Xs'AUXILIARY FUNCTION Z(NU>MsNyJsKsP)

10

20

2//716Xs 'ALPHA =',F10,55/1H1)
END

REAL FUNCTION A%8(N)

IMPLICIT REAL%8(A-H,0~2)
COGMMON /AD/AA(21)

DIMENSION AAACL)

EQUIVALENCE (AAA(1),AA(2))
A=AAA(N)

RETURN

END

SUBROUTINE DA(ALPHA2)

IMPLICIT REAL#8(A-H,0-2)
COMMON /AD/AA(21)
ALI=1.D0/ALPHAZ2
EXPMAL=DEXP(-ALPHA2)
AACLY=EXPMAL®ALL

DO 10 N=1,20

AA(N+1) = (EXPMAL+DFLOAT(N) #AA(N) ) %ALI
CONTINUE

RETURN

END

REAL FUNCTION CB(NUsITAUsM)
IMPLICIT REAL#B(A-H,0-2)
COMMON /FACTCR/FCsFD

COMMON /FCTRL/DFCT(57)
DIMENSION DFCTRL(L)
EQUIVALENCE(OFCTRL(1)»DFCT(2))
I=NU+ITAU+M

JzM+NU-1TAU

IFCCCTLANDL 1) WREL0) ,ORL(J.LT.0)) GO TO 20
C= DFLOAT(Z‘*(ITAU+1))*DFCTRL(M)/DFCTRL(X+1)

P=-150"'>

2¥DFCTRLCITAU+NU) /DFCTRLUITAU-NU)#DFCTRL(I/2)/DFCTRL(J/2)%FD
10 RETURN

C=0.00

GO To 10

END

REAL FUNCTION WiB(/TAU/s/NU/s/M/s/N/)Y

47

FHHHHHHEHE0R0HHENHDNGHBHEORGHEORGHN0% 10001510

10001520
10001530
10001540
10001550
10001560
10001570
10001580
10001590
10001600
10001610
10001620
10001630
10001640
10001650
10001660
10001670
10001680
10001690
10001700
10001710
10001720
10001730
10001740
10001750
10001760
10001770
10001780
10001790
10001800
10001810
10001820
10001830
10001840
10001850
10001860
10001870
10001880
10001890
10001900
10001910
10001920
10001930
10001940
10001950
10001960
10001970
10001980
10001990
10002000
10002010
10002020
-10002030
10002040
10002050
10002060
10002070

Coed i uMOLECULAR INTEGRAL(KAS) AUXILIARY FUNCTION W 363636263636 363636 363 36 3636 3636343636343 10002080
Q3

PICK QUT ROUTINE (W,DUOUBLE PRECISION)

%10002090

363636 36303036 3 33030303630 303036 30 303030 3030 3303303036 30 36303630 3030 3003030300 3030363636 330 36 % 4 BY T TAKE?ANA**%*¥*10002100

REAL#16 WTN
COMMON/WC/WTi(42356) s TAD(72) 5NT(5) s ITNM1
INTEGER TAU

I=NT(NU+1)+TAU

I=TARCI)+ (ITNM1-TAU=-NU) tN+M

W=EWTNCTD)

RETURN

END

SUBROUTIHE GW(ITXsINX» IMNXyALPHASBETA)

10002110
10002120
10002130
10002140
10002150
10002160
10002170
10002180
10002190

C3333t#MOLECULAR INTEGRAL (KAS) AUXILTARY FUNCTION W 3363636363636 36363636 3636 36303636 3343636100 0220 0
W TAUSNU(MsNsALPHASBETA) COVERING W0s0(050>,ALPHASBETA) 3#10002210

C
C3%
Cit

3#*

Cs

TO W3217(14514,ALPHASBETA)
QUADRUPLE PRECISION

MAX(TAU=205 MAX(NU)=3, MAX(M)=MAX(N)=34

MAX{TAU+NU) =205 MAX(TAU+NU+N)=34

#10002220
#10002230
#10002240
#10002250
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ALPHA.GT.0.0s BETA,GT.0.0 5 ALPHA+BETA,LE,.88.7 #10002260
CAR 363030303030 3 303030303030 30 30060 30 30HI00O0HHHHOHHH0HR0Hs0aea0 s %1 BY . T. TAKEZAWAR#33%3¢10002270
IMPLICIT REALX16(A-H-0-2) 10002280
REALX16 NU 10002290
LUGICAL NEZ 10002300
COMMON/4WC/WTN(42350) 5 TAD(T72)sNT(5) 5 I TNML 10002310
NIMENSION FOA(35),F0B(35),F1A(35)sF18(35),F0AB(70)sF1AB(70), 10002320
1 §1(35535)952(355325)553(35,35)954(35,35)52T(13896),1AW(77) 10002330
EQUIVALENCE (WTN(4465)551(1)) 9 (WTN(5720),S2(1))s(WTN(6945)+53(1))»10002340
1 O (WTN(BL70) 554 (1))» (WTN( 93295)sFOACL)) s (WTN( 9430)5F0B(1))» 10002350
2 (WTNC 9465)sF1ACL) ) s (WTMC 9S500)sFLIBCL))» (WTN( 9535),F0AB(1))» 10002360
3 (WTM( 9605)sFLAR(1I)) s (WTN(13896),2T(1)) 10002370
DATA ZERC>OKE s TWO s THREESFIVEsC1l5C25C39C45KTHNNsNM,AO,BO / 10002380

C

[

299
3434

50
W

10
15

o
#3%

100

26

sey
ki34

1 C.8091.5092.Q8C53,0095.0035.25Q05.75009.444444444444404444444464444410002360
244444444400, ,5555555555555555555555565555555555555Q09~19-19~190,50.100024C0
3/ 10002410
TATA 1A/151226+238223471+449555456+635617197579819871029386» 10002420
1 100115105637511116911600512041212441+12802513126513415513671> 10002430
2 1389691469555160092169705178709187119194955202245,209002215259 10002440
3 22101-27-620522114923555,23955,24316524640524929,251855,25410, 10002450
4 2H371927271925811292R896529625530301530926231502532031532515 10002460
5 329565%235693%3717534041534330,34586,34811,35652,36436,37165, 10002470
é 37841,26466539042239571,40055540496+40896541257,41581541870> 10002480
7 4212651521939455/ 10002490
33NN CHECK ARGUMENTS 3% 10002500

s YRR VEVEVEUIN
Y3

TFCITX LT, 0, URVITX.GT.20,0R, INX,LT.0,0R, INX.GT,3,0R, IMNX.LT.O, 10002510
20RVIMNX,GT, 234 ORLITX+INX,GT,20.0R, ITX+INX+IMNX.GT.34) GO TO ‘500 10002520
IFCALPHA.LE %, ,CR. RETA,LE,C,)GC TO 501 10002530
TF(KT.GE.ITX AND, NN,.GE,INX ,AND. NM.GE.IMNX [AND, 10002540
' AD.FQ.ALPHA (AND, BO.EQ.BETA) GO TO 200 10002550
KT=1TX 10002560
Na=INX 10002570
Nz X 100025890
AO=ALPEA 10002590
RU=BETA 10002600
NEZ=INXL.EG.D 10002610
RC 80C [=1+77 10002620

TAD(I)=TAWCD) 10002630
63634363030 36 30 0 34 33020 21 30 3 3 30 34 3¢ SO(MINsALPHALBETA)»S1(MsNsALPHASBETA) #3#3%10002640
FI NN SO(NsMsBETESALPHA) sS1(NsMsBETA,ALPHA) #3#3%10002650

TWEND=TTX+] 10002660
MEND = IWEND+ I MnNX 10002670
ITTHMI=MEND 10002680
CALL QF (MEMD,ALPHASFOASF1A) 10002690
CALL QF (HMEWD+MEND~1»ALPHA+BETA>FCABSF1AB) 10002700
R =0NE/BETA 10002710
EB= EXP(-BETA) 10002720
H=ZEFO 10002730
IF(ALPHA.ER.BETAYGD TO 300 10002740
EA= EXP(-ALPHA) 10002750
Al=0NE/ZALPHA ) 10002760
CALL QF(MEND,BETALFCBIF1IR) 10002770
DO 15 NzlyMEND. 10002780
Nl=N-1 10002790
DO 10 ™M=laMFND 10002800
MN=MaN1 10002810
SLIMyN)=(HXSL(MsN1)+EBXFOA(M)-FOAB(MN) IXBI 10002820
S2(MaN)(HHS2(MHIN1)+EBHFLA(M)~F1AB(MN) )%B] 10002830
SE(MaN)=(HRSS5 (M1 )+EARFOB (M) -FOAB(MN) ) 3tAI 10002840
SG(MaN)=(HXSG (M NL)+EAXFIB(M)-F1AB(MN) I#AI 10002850
HEONE 4+ 10002860
303303033 W NN R W0s0(MsNyALPHASBETA) 333t 10002870 .
I=TAD(1) 10002880
D0 20 MN=lsMEND 10002890
PO 20 MzalsaMEND 10002900
WINCIISSL( My )+33 (N M) 10002910
I=1+1 10002920
IF(NEZ AND, ITX.ER.0) GO TO 200 10002630
3636363363 369 36 34 343030 3 330 36 303430 3¢ W1sC0(MsNsALPHASBETA) #3% 10002940
MEND=MERD-1 10002950
I=1AD(2) 10002960
DO 30 N=zl,vEND 10002970
NP1=N+1 10002980
N0 30 M=1sMEND 10002990

WINC T)=S2(MsNF1)+S4(NsM+1) 10003000
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30 I=I+1 ‘ 10003010
IF(NEZ ,AND, ITX.ER,1) GO TO 200 10003020
C R3O0 30300 33030330 Z0(MsNsALPHAZBETA) s W2,0(MsNyALPHASBETA)#3#3%10002030
=1AD(3) 10003040
K=TAD(1) 10003050
L=TAD(2)+MERND 10003060
MEND=MEND~1, 100032070
DO 45 N=1lsMEWND 10003080
NP1=n+1 10003090
MP2=NPl+1 10003100
N0 40 MzlsMERD 10003110
ZT(1)=S1(MeNP2)+S3(NaM+2)+S2(M+1sN)+S4(NP1sM)-THREE#WTN(L+1) 10003120
WINCI)=CLRTH(K)-C2%ZTC 1 ) 10003130
1=1+1 10003140
K=zK+1 10003150
40 L=L+1 . 10003160
K=K+2 10003170
45 L=L+]1 10003180
IF(NEZ ,AND, ITX.EZ.2) GO TO 200 10003160
MEND=MEND-~1 10003200
3343303030630 3 3330334 30330 3630303 3¢ Z1(MsNs>ALPHASBETA) sW350(MsNs»ALPHASBETA) #3%10003210
IR2A=1AD(2) 10003220
IR1A=IR2A+(MEND+2) %2 10003230
TR3A=TAD(1)+MEND+3 10003240
IR4A=TAD(3)+MEND+L 10003250
IRS5A=IAD(4) ) 10003260
DU 55 N=lyMEND 100032270
DC 50 M=1>MEND . 10003280
ZT(IRSAY=THREE#(WTN(IRLIA)+WTN(IR2A+2))=-WTN(IR3A+1)-WTN(IR2A) 10003290
~ “FIVERXWTN(IR4A+1) 10003300
WIN(IRSA)=C3#WTN(IR2A)=C4XZT (IR5A) 10003310
IR1A=IR1A+1 : 10003320
[H2A=IR2A+1 10003330
IR3A=]R3A+1 10003340
© 1R4A=IR4A+] . 10003350
50 IR5A=1R5A+]1 10003360
IR1IA=[R1A+2 10003370
1R2A=2IR2A+2 10003380
IR3A=IR3A+3 10003390
55 IR4A=IR4A+) 10003400
IF(NEZ AND, ITX.EG,.3) GO TO 200 10003410
C E3SEE3 3003630 20 3 3436 30336363034 3¢ W TAUsO0 22 TAU F 33 10003420
TAU=THREE 10003430
N0 65 I=551WERD 10003440
MEND=MEND~1 10003450
TAU=TAU+ONE 10003460
IR1A=IAD(D) 10003470
IR2A=1AD(1-2) 10003480
IR3A=IRZA+MEND+MEND+4 10003490
IR4A=TAD(I=3)+MEND+3 10003500
IRSA=IAD(I~1)+MEND+] » 10003510
T2I=0NE/(TAUXTAU) 10003520
CO1=TAU+TAU-THREE . 10003530
Cl2=C01-TWC 10003540
C03=CO1+TwC 10003550
C04=TAU-ONE 10003560
CO4=C04xCO4%T21 10003570
CO5=(COL+TwWO)I%T21 10003580
DO 65 N=zlsMEND 10003590
DA 60 M=1sMEND 10003600
ZT(IRIA)=ZT(IRZA)+COL#(WTN(IR2A+2)+WTN(IR3A))-CO2%WTN(IR4A+]1) 10003610
1 ~CO3%ATN(IRS5A+]) 10003620
WTIN(IR1A)=CO4¥WTN(IR2A)~COS#ZT(IR1A) 10003630
IR1A=zIR1A+1 10003640
IR2A=IR2A+1 10003650
IR3A=IR3A+1 10003660
IR4Az[R4A+] 10003670
60 TR5A=IR5A+} 10003680
IR2A=IR2A+2 10003650
IR3A=[R3A+2 10003700
IR4A=IR4A+3 10003710
- 65 IRS5A=IR5A+] 10003720
TF(NEZ) GO TO 200 10003730
C o 383303030 0 3030303030 00 330 33836 34 3¢ W TAU,NU 3363 : 10003740

L1=TWEND-2 10003750
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DO 85 JnU=1sINX 10003760
Nu=JNU 10003770
TWEND=IWEND-2 10003780
MEND=IWEND+ I MNX 10003790
DO 80 JTAU=UNUsL1 10003800
TAU=JTAU 10003810
IWISNTCUNU+1)+JTAU 10003820
IWIL=NT (JINUY+JTAU 10003830
IR1A=TADC(IW]) : 10003840
TR2A=TAD(CIWIL ) +MEND+1 10003850
TR3A=TAD(IWIL=-1) 10003860
IR4A=TAD(IWIL+1) ) 10003870
CO4=TAU+NU 10003880
H=TAU+ONE i 10003890
CO5=H~NU 10003900
CC6=H+TAU 10003910
CO1==C043¢C05 10003920
C02=(CO4~0NE ) %%2%CA4/COB 10003930
CO03=(CO5+0NE )y %3#2%CG5/C06 10003940
N0 75 N=1sMEND 10003950
DO 70 M=1sMEND 10003960
ATNCIRIA)=CO1#WTN(IR2A+1)+CO2#WTNC(IR3A)+CO3%#WTN(IR4A) 10003970
IR1A=IR1A+] 10003980
IR2A=IR2A+] 10003990
1R3A=1R3A+] 10004000
70 IR4A=IR4A+1 10004010
IR2A=1R2A+] 10004020
75 IR3A=IR3A+2 10004030
80 WEND:MEND~1 . 10004040
85 L1l=L1-1 10004050
200 RETURN 10004060
300 DO 95 N=1s#END 10004070
NMl=N-1 10004080
DO 90 M=1,MEND 10004090
MN=M+NM1 10004100
SL(MaN)I=(KRSI(MINML)I+EBXFOA(M)-FOAB(MN) ) %BJ 10004110
S2(MaNI=(HHS2(MHNMIY+EBHFLIA(M)-F1AB(MN))%BI 10004120
S3(MyNI=S1(MHN) 10004130
90 S4(MsIN)I=S2(MsN) 10004140
95 H=0NE+H 10004150
GO TO 100 10004160
T 33030303036 00 300630330030 30 30 36 3038 3343 ERROR MESSAGE 3363 10004170
500 WRITE(65600) ITX>INXsIMNX 10004180
STOP 10004190
501 WRITE(6,601) ALPHA,BETA 10004200
STOP 10004210

6006 FORMAT(1HO>15H(SUBR, BW) TAU=51655Xs3HNU=»>1655X,2HM=,16 /12X260HTAL10004220
1U AND NU AND M SHOULD BE SATISFY THE FOLLOWING INEQUATIONS /16Xs 10004230

2 73H0.GE.TAU.LE.20s O0.GE.NU.,LE.3s C.GE.M.LE.34, TAU+NU,LE.20 10004240
INU+MLLE. 34, /) . 10004250

601 FORMAT(1H0),17H(SUBR, QW) ALPHA=,1PE23.15:5Xs5HBETA=,E23,15,5X, 10004260

1 25HARGUMENT OF W IS INVALIOD,/) 10004270

END 10004280.
SUBROUTINE GF(MsALPHASFO,F1) 10004290
CuudduMOLECULAR INTEGRAL(KAS) AUXILIARY FUNCTION F 3636363636336 3636363636 30263 363 3636343 10004 300
C3¢ F 0(MsALPHA)» F 1(MsALPHA) #10004310
Cst QUADRUPLE PRECISION (36 DIGITS) #10004320
C M,GE.1s ALPHA.GT,0 #10004330
Ca63303630300:000HEHH0EHH0HOEHEBHH0HGHHROsHNE0eNe0NEeRsOBY T TAKEZAWAX##%%10004340
IMPLICIT REAL3#16(A-H»0-Z) 10004350
REAL#8 FCsFD 10004360
NIMENSION FO(M)sF1(M) 10004370
COMMON /FACTOR/FCHFD ) 10004380

DATA EULER/.577215664901532860606512090082402431/ 10004390
EM=EXP(~ALPHA)#*FC 10004400
X2=ALPHA+ALPHA 10004410
EI2X=QETE(~X2) 10004420
EOGC=EULER+ LOG(X2) 10004430
FO(1)=EM®(EQGC+EI2X) /X2 10004440
XI1=1,Q0/ALPHA 10004450
4=2,Q90 10004460
AQ=EM®X] 10004470
Al=(EM+AD)X] 10004480

A2z (EM+A1+A1)%XI . 10004490

EEX=EI2XHEM#X] 10004500
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FL(1)=(EDGCH#AL-EEX+XI*EEX) /H-AD 10004510
F1(2)=(EOGCHA+EEX) /H-(EEX=-XIREEX+EM+HXXIHEM) %X ] 10004520
FL(3 )=F1(1)+(3,Q0%F1(2)-FQ(1))InX] 10004530
F0(2)=F1(1)+AQ 10004540
FU(3)=F1(2)+AL 10004550
00 10 I=4.# 10004560
FOCIY=FL1(I-1)+A2 10004570
H=1,Q0+H 10004580
A2= (EM+H#*A2) %X] 10004590
10 FLCI)=F1(I-2)+ (3, QU%F1([=~1)-FOCI=2)-(2.Q0=-H)X(F1(I-1)=-F1(¢(I~-3)))%X110004600
RETURN 10004610
END 10004620
REAL FUNCTION GEIE#16(X) : 10004630
CuudnEXPOMENTIAL INTEGRAL EI(XIREXP(=X)s <~ET(-X)IHEXP (X)#3#3633¢33¢ 3634 #4343 %% %1 0006640
C GUADRUPLE PRECISIQN (36 DIGITS) #10004650
363030 30 3830 303020 303040 330 200 30303030 33 33033000030t 6BY T, TAKEZAWAR#%3%%#10004660
IMPLICIT REALX16(A-H»0-2) 10004670
DIMENSION XO0(18),TABLEP(18)sTABLEM(18) 10004680
C 3t ZERQD POINTS 3¢ 10004690
DATA X0/3.3Q0u94,Q20+4.8Q0,5.8Q027.1Q00+8.6QR0510.480+12,5Q0:15.2Q8051810004700
1.4Q0,22,2R80+,26.900532.500539.400,47.6Q0557.6Q0:69.700,832.Q00/>» 10004710
2C106/100.80/5C1-C2/1.680,2.Q0/ 10004720
C %3t MASTER VALUES OF EI(X)IREXP(=X) st 10004730
NATA TABLEP 10004740

' /44 ,8537724756737459666837503688703855535.9552007863620610004750
196177421675826607445,28,555485679592444356020188296843875,22.2830410004760
2130069319214.:557583172208597,17.150837621207652885138170998453615910004770
3,13,5265041139175554681803929873875053,10.81282973538745844707760910004780
4433066202,8,78190202117854440846780270607684429,7,084719123528884310004790
55210684346370704404, 10004800
6 5.76911530203858726665652398512543158:4.72874671023767410004810
183837309792258654404,3.8673006094414383778382836153502167553.1780410004820
203547728408193519960754004772722.60603712949385051753123062834257610004830
317+2,1469579435134789629974881859707721,1.76735714626929724128145910004840
48962750212551.455922099180754360150726387052129951.21969824417642010004850

543671159294416866409/ 10004860

Cow# MASTER VALUES OF -ET1(=-X)#EXP(X) ¥} 10004870
NATA TABLE:® 10004880
1

/24,236103273851717984280290330013846,20.63456499010558310004890
13102545758276857809517.6553899922275490844225877258125266,14.9678910004900
272506024076(37257532006592657,12,504018238713862459421003255044820810004910
3,10.5136538324982612526442436790694708+8.830924437781962276738399510004920
42840940368,7.4435275189775051256377627556441844556.19408382644356810004930
523471326330680039114» 10004940
6 5.16718724165552396801215909735572161,4.31777404330991710004950
14476547464357425211153.588549395492134178108601205002846752,98759410004960
24116365818248965104960822360112,476696474779806275434329427614726410004970
3652,0584514873171346408106854456742809251.70696582852447115244268210004980
480473572445,1.41470260005955216:3693738100710450251.1906410951618110004990

5287339459137226850272/ 10005000

C %33t FULER CONSTANT 333t 10005010
DATA EULER/,577215664901532860606512090082402431/ 10005020
ABSX=ABS(X). . 10005030

IF¢C ABRSX ,GE/! 90. ) GO TQ 11 10005040

[F( ABSX ,GE. 3, ) GO To 3 10005050

o 33303630008308383¢3¢. POWER SERIES EXPANSION 333 10005060
I8=1 10005070
REIE=X 10005080
TERM1=X 10005090
TERM2=X . 10005100

H=C2 10005110

1 TERMZ=TERM2¥X/H . 10005120
TERMI=TERM2/5 10005130

GO TO 16 10005140

2 REIE=s EXP(-X)#(QEIE+EULER+ LOG(ABSX)) 10005150

Go T2 14 ) 10005160
Ceesestsaestsset INTERPOLATION (EXP(-X)IREI(X)sEXPIX)#(=EI(=X))) 3¢ 10005170
3 1B=2 10005180

N 4 I=19128 10005190

TFC JS5#(XOCTI+1)+XD(I))~ABSX ) 4,445 10005200

4 CONTINUE 10005210
1=18 10005220

S IF(X)6s657 10005230

& XX==-X0(I)-X . 10005240

XAI=Cl +X/X0(1) 10005250
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TERM1I=TABLEM(I)/C1C)
GO To 8

RK=X0(1)=-X
XXI=XX/X0C1)
TERM1=TABLEP(])/C100
REIE=TERM]1

XI=Cl /X0(I)

H=C1

TERM2=H

TERML=XXH¥(TERMI-TERM2#X])/H

GO TO 16
TERM2=TERM23#XX1
GO T 9

OF PROGRAMS « 2

C HMIIHOBBOH6E ASYMPTSTIC EXPANSTON st
11 XI=Cl/X

36283838 38 3030 30 30 303030 230 2 30 303030 30 306 3 338 30 00 30 30 30 30 3438 36 30 30 36 3636 30 26 38 38 3 33 34 34 34 3 3434

Ci
C

¢
C
C3t
Cx
el '
[ -3
3
ot’d
SO
rak's
o
o

3

33 3 303 3 30 3303 33 3330 30 3 3 030 303030 3030 300 2 3030 30 3030 3330 330 3000 3 3030 3008 30 36 36 36 36 3 36 38 3¢ 38336

12

13
14
15

16

O OVVONNCOIN PSP WWNN =

16=3

RETE=C1

H=C1

TERM1=C1l
TERM]=TERMI%H®X]

GO TO 16

REIE=QEIE/X
IF(X.LT.0.) QREIE==-QEIE
RETURN

REIN=QETE+TERM1

IF(QELIE JEQ, QFIN) GO TO(2,15513) » IB

QETE=QEN

H=H+C1

GO TO(ls1Cs12) s 1B

RETURN

END

BLOCK DATA

IMPLICIT REAL#8 (A-H»0-2)

COMMON /FCTRL/DFCT1(57)

NATA DFCTL/
Z41100G0602000060600s  24110000000000000
Z4163000000000000s 24218000000000000,
Z432D0000020000000s Z4413B00090000000
Z4556980000000000,  Z246375F0000000000,
Z431C8CFCO0000000, 74917328CC0000000,
24213077775800000s Z24C13077775800000,
24T 16BEECCA730000s Z4F1B02B930689000,
2512C5077036B8C40s Z523CEEA4C2B3EQDS,
25483629343D30CD1s ZS55CD4A0619FB0906,
Z58232F0FCBB3E62As 72593D9258A47AD2C9,
Z58D13F637GF96856s Z5D1956AN0AAE33A2,
15F668589CCOE94FCy Z60DELBC4D1I9EFCI7,
26344530ACB7BA832y Z2649F0008F68DF4F3,
Z67392AC33E£351CC0» Z6B8FEEAER1B84C7EQ,
Z683L15810491B285,° Z26CA179CCEB478FC5,
L6F4EQEACCEBRD78Ds Z70E06A0E525C0C3F,
273789A6GE35CB2BNDs 27517A88E4484BE36,
L7755A8F9LEB23EARs Z792FDES29A3274BA,
Z7C217277F77EQL4F s Z7D72F97C62C1247F,

END

PROGRAN JC2

PROGRAM JC2

TWO ELECTRCN SYSTEM IN DIATOMIC MOLECULES

SIGMA PLUS STATE

JAMES-COOLIDGE®S METHOD
AUXTLIARY FUSCTION Z(NUsMaNyJsK,P)

NU=0

C.LE,M.LE.M.LE. 16

0.LE.N,LE.M.LE, 14

0.LE.K.LE.J.LE. 16

0.LE.K,LE.J.LE, 14
INPUT DATA

NOME

IMPLICIT REAL®B(A-H,Q-2)
IMPLICIT INTEGER(I-P)
COMMON /ZB/Z(89155)

FOR
FOR
FOR
FOR

-1,LE.P.LE.4
P=5 QR 6
-1.LE.P.LE.&
P=5 QR 6

NSR. 0.U., Vol. 27

10005260
10005270
10005280
10005290
10005300
10005310
10005320
100053320
10005340
10005350
10005360
10005370
10005380
10005390
10005400
10005410
10005420
10005430
10005440
10005450
10005460
10005470
10005480
10005490
10005500
10005510
10005520
10005530
10005540
10005550
10005560
10005570
10005580
10005590
10005600
24120090000000000210005610
24278000000000000,10005620
2449D800000000000510005630
24726115000000000510005640
Z4A144C3R280000005,10005650
24D1437EEECD80000510005660
25021C3677C82B400+10005670
25357970CD7E29336>10005680
2571409849EA37EEA»10005690
Z5A6F99461A1E9E0C»10005700
Z5E32AD5A155C6744510005710
Z621E5DCBEBABBC88,10005720
2661774015499125C+10005730
Z6A16E39F2C684402510005740
Z6E1BCOEF38704CB5510005750
272293378A11EE63F»10005760
27649EEBC961ED268510005770
Z7A9E90719EC722A8,10005780
Z7F192693359A3FFB/10005790
10005800

20000010

3¢ 3¢ 3¢ 336 2636 34 3636 36 4 363636343636 20000020

#20000030
#20000040
#20000050
#20000060
#20000070
#20000080
%#20000090
#20000100
#20000110
#20000120
#20000130
#20000140
¢33 363636%20000150
20000160
20000170
20000180
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DIMENSION Z0(720) 20000190
111=720 20000200
C3etse INPFUT FROM THE FILE 20 FIHEE0HEHH000HH0HHHHHHEEORNss00:436 20000210
READ(20) 20 20000220
ALPHA=Z0(1) 20000230
WRITE(651000) ALPHA 20000240
J=1 20000250
DO 20 I=1589155 20000260
J=d+1 20000270
IF(J.LE,III) GO TD 10 20000280
READ(20) 290 20000290
J=1 20000300
10 2(1)=20(J) 20000310
20 CONTINUE 20000320
Z0(1)=ALPHA 20000330
I=1 20000340
N0 90 PP2=1,8 20000350
pP=pp2-? 20000360
GO TO (60+60:30:60:30960:30+960)5PP2 20000370
TN Z(0 M s, isKaP) 3350 3303030303030 303030 330 30330 330 3333030003036 3630363646 20 000 380
30 11=0 20000390
NUP1IMX=3-P/2 20000400
No 50 PPP=1,2 20000410
PR=P+PPP-1 20000420
PPM2=pPP-2 20000430
DG 50 NUP1=1-NUPLIMX 20000440
Ny=Nyrl-1 20000450
MPIMAX=20-P-NU#2 20000460
00 50 JP1=1,MP1MAX 20000470
J=JP1-1 20000480
DG 50 KP1=1,JP1 20000490
K=KP1-1 20000500
IFCC(J+K) LAND, 1) NELO) GO TO 50 20000510
00 40 VMpl=1,MplMAX 20000520
M=MP1-1 20000530
DO 40 NP1=1,MP1 20000540
N=NP1-1 20000550
IT=11+1 20000560
ZCITY=ZZANUM+25Ns JsKaPPM2)+ZZ(NUsMsN+2,JsKsPPM2) 20000570
2 +ZZ(MUsMsfs J+¥29KaPPM2)+ZZ(NUsMsNs JsK+25PPM2) 20000580
3 -2.D0%(ZZ(NUsMsNsJsKsPPM2)+ZZ(NUsM+1sN+] 5 J+1sK+1sPPM2) 20000590
4 +ZZ(HU+1sMaN>» JsKsPPM2)) 20000600
40 CONTINUE 20000610
50 CONTINUE . 20000620
Cyesesese DUTPUT TC THE FILE 21 B3I M 3363630363330 1636 200006 30
60 MP1IMAX=17 20000640
IF(P.GT,4) MPIMAX=15 20000650
DO 90 JP1=1,MP1MAX 20000660
J=JP1-1 20000670
20 90 KPl=1,UPl 20000680
K=KP1-1 20000690
IF((CJ+K) L ANDL 1) UNELO) GO TOQ 90 20000700
DD 80 MP1l=1,%P1MAX 200007.k0
M=EMP1-1 20000720
N0 80 NPl=1,%P1 20000730
NzNP1-1 20000740
I=[+1 20000750
IFCILLE,I!I) GG TO 79 20000760
WRITE(21) Zo 20000770
[=1 20000780
70¢ ZOC1)=ZZ(0sMyNsJsKHP) 20000790
80 CONTINUE 20000800
90 CONTINUE 20000810
WRITE(21) Z0 20000820
STOP 20000830
1000 FORMAT(1H151%Xs> "AUXILIARY FUNCTION Z(0sMsNsJsKsP) 'y 20000840
2//716Xs'ALPHA =',F1C.5+/1HL) 20000850
END : 20000860
REAL FUNCTION ZZ#8(NUsMsNs JsKsP) 20600870
IMPLICIT REAL#EB(A-H,Q-2) 20000880
IMPLICIT INTEGER(I-P) 20000890
COMMON /Z2D/2(89155) 20000900
DIMENSION L(455),LL(4) 20000910
DATA L/1+27952946952259345,670255028227150> 20000920

1919001+3139490939074,58074+7046750»

20000930
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151239450502200745,324675050> 20000940
150509027681 20:090/ 20000950
NATA LL/231,190,153,120/ 20000960
22=0.D0 20000970
IF(M,GT,N)Y GJ TO 10 20000980
MM=N 20000990
NN=M ) 20001000
GO0 TO 20 20001010
MM=M 20001020
NN=N 20001030
IF(J.GT.K) GO TO 39 20001040
JJ=K 20001050
KK=J 20001060
G0 TO 40 20001070
JJd=J 20001080
KK=K 20001090
pP2=p+2 20001100
NUP1=RNU+1 20001110
[F(P,NE,Q0) GO TQ 50 20001120
[FO(KU.AND, 1) RELD) GU TO 70 20001130
TFCC(JI L AND, 1)+ (KK, AND. 1)) . NELO) GO TO 70 20001140
[SCJIH(II+2) /8+KK/2)¥LL (NUP L) +MM# (MM+1) /2+NN+L (NUP1,sPP2) 20001150
GO TGO 60 20001160
IFCCCJ+K) ,AND. 1) NE,0) GC TG 70 20001170
1= ((JIH(II+2)+KK#2) /4IRLL(NUP1+(P+1)/2)+MM3t (MM+1)/2+NN+L (NUP1,PP2)20001180
22=2(1) 20001190
RETURN 20001200
END 20001210
PROGRAM JC3 30000010
(3 363030303 30 3003 36 3 91 S48 1 30 31 3000 38 3030 3 E 030 0303630 3030 30330 303030 350300 NINEHBHNHHsHNHHNNHHNee# 30000020
¢ PRUGRAM JC3 ' #30000030
TWN ELECTRON SYSTEM IN DIATOMIC MOLECULES #30000040
SIGMA PLUS STATE : %¥30000050
JAMES-COCLIDGE'S METHOD #30000060
CALCULATION OF MATRIX ELEMENTS #30000070
UsNORMALIZED BESES %#30000080
INPUT DATA #30000090
NUCLEAR CHARGE ZA-ZB #30000100
MULTIPLICITY #30000110
NUMBER 0OF BASES #30000120
BASE (MsNsJsKsP) #30000130
C.LE.MoNsJsK,LE.6 #30000140
0.LE.P.LE.3 #30000150
33NN 3363636 34 30396 30 303030 303303000 EHEHHHHHEHORBHOBHEHOHH000e6t 30000 16 0
IMPLICIT REALXB(A-H,Q-2) 30000170
IMPLICIT INTEGERCI-P) 30000180
" LOGICAL HMPLR,TRPLT 30000190
DIMENSION “M(16D)sNN(160)5JJ(160)sKK(160)>PP(160),FF(720) 30000200
COMMON /ZQD/ 72C(89718) 30000210
COMMON /AZHT/ALPHA,Z1522,HMPLRsTRPLT 30000220
[11=720 30000230
NBSMAX=1690 30000240
MNMAX=6 30000250
JKMAX=6 30000260
PMAX=3 30000270
INPUT 3363626 336 3633036 30 3030 30 3630 33 3 363030 3 3 300 30 3 363036 30 36 3030 30 30330 30 30 33 2 3 363636 343636300 00280
READ(55100%) ZA>ZBsMLTPLT>NBASES> 30000290
(MM s (T)sJJCT)YaKK(I)sPP(I)s1=15NBASES) 30000300
21=(ZA+ZB) e .50¢ 30000310
22=(2A-2B)3#0.500 30000320 -
HMPLLR=Z2.E9.0.00 30000330
TRPLT=MLTPLT.EQ,3 30000340
IF (NBASES,GT.NBSMAX) GO TO 70 ' 30000350
DO 20 1=1,NBASES 30000360
IF(MMCI)=NM(T)) 391,55 30000370
IF(JJCII-KK(I)) 43255 30000380
IF(TRPLT)Y GC TO 7¢C 30000390
GO T3 5 30000400
JEMMCD) 30000410
MMOTY=MNCTD) 30000420
NNC(IY=J 30000430
J=JJd(n ‘ 30000440

JJ(Iy=KK(I) 30000450
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KK(I)y=J 20000460
IFC(NNCTD) WLTL0) . O0R(MMC(T) .GT ,MNMAX)) GO TO 70 30000470
IFOKKCD) W LT.0) . CRL(JICT).GT,UKMAX)) GO TO 70 30000480
TF((PPCLI)Y W LT.D).ORL(PP(I).GT.PMAX)) GO TO 70 30000490
J=0 30000500
J=J+1 30000510
IF(J.ER. 1) G2 TG 20 30000520
TEFC(MMOTI) JFEQ MMOJ)Y) JAND L (NRCID)VERLNNCI) ) LAND, (JJUCTD) VER.JJ (I 30000530
JAUD L (RKKCOT) LEQLKK ) ) LAND L (PPCD) LEQ,PP(U))Y) GO TO 70 - 30000540
G0 TO 10 30000550
CONTINUE 30000560
INPUT FROM THE FILE 21 IG00HH0HH0HBHHHOEHRHNHIR00H0H 30000570
READ(21) FF 30000580
ALPHA=FF (1) 30000590
WRITE(652000) ALPHA,ZA>ZBsMLTPLTsNBASES, 30000600
(TaMMUT)Y > NNCT )9 JJ(T ) aKK(T)sPP(1),1=1,NBASES) 30000610
J=1 30000620
DO 40 1=152971%& 30000630
d=J+1 30000640
IF(JLLE.ITTY GD TG 30 30000650
READ(21) FF 30000660
J=1 30000670
Z0CI)=FF (D) 30000680
CONTINUE 30000690
CALCULATION OF MATRIX ELEMENTS AND OQUTPUT TO THE FILE 22. #30000700
YURITE(22) ALPHASZA>ZBsMLTPLT yNBASES sMMaNN»JJsKK PP 20000710
L==2 30000720
B0 60 J=1sNRASES 30000730
MB=MM(d) 300007490
NBENN(J) 30000750
JB=JJtI 30000760
¥B=KK(J) 30000770
pB=pp(d) 30000780
Nad 60 I=1,4 30000790
MAEME (] ) 30000800
MASNNCT) 30000810
JA=gJ(1) 30000820
KA=KK () 30000830
PA=PP(I) 30000840
L=L+3 30000850
IF(L.LELIII)Y GG TO 50 30000860
WRITE(22) FF 30000870
L=1 ' 30000880
FF(L )=5S5(MAsNA>JASKAPASMBINB»JBIKBsPB) 30000890
FFL+1)=TTT(MASNA>JASKASPASMBINRB»JBKB,PB) 30000900
FROL+2)=UUU(“AsnAs JAIKASPASMBINB» JBIKBSPRB) 30000910
CUNTINUE 30000920
WRITE(22) FF 30000930
G0 TO RO 30000940
WKITE(E53000) MBASES» (MMUIDIsNNLI) o JJ(T)sKK(1)sPP(I)5]1=15sNBASES) 30000950
WRITE(4000) 30000960
STOP 30000970
FORMAT(2P10,55155/155/(515)) ) 30000980
FORMAT(1H1s10X> 'CALCULATION OF MATRIX ELEMENTS', 30000990
/716Xy "ALPHA ='3F10,5, 30001000
/716X ' THE CHARGE OF THE NUCLEUS A'3F10.2, 30001010
/716X 'THE CHARGE OF THE NUCLEUS B',F10,2, 30001020
/716X "MULTIPLICITY 110, 30001030
/716Xy ' NUMBER OF BASES'SI10, 30001040
/721Xy 'NUMBER M N J K D'y /(21X5[551Xs514)) 30001050
FORMAT (1H0 12X *ERROR IN BASES'H/11Xs155/(11Xs515)) 30001060
FORMAT(1H1) 30001070
END 30001080
REAL FUNCTICN SSSHB(MAsSNA»JASKA>PASMBINB» JBIKBsPB) 30001090
IMPLICIT REAL %5 (A~H»Q-2) 30001100
IMPLICIT INTEGER (I-P) 20001110
LOGICAL HMPLRSTRPLT . 30001120
COMMON /AZHT/ALPHA2Z152Z23HMPL RS TRPLT 30001130
55S5=5S(MAsNAs JASKASPAINBIMRSKBsJBIPR) 30001140
IF(TRPLT) SS8S=-S8SS 30001150
SSS85=SS(MASNALJASKASPAIMBINB s JBIKRIPR)Y+SSS 30001160
GO TO 10 30001170
ENTRY TTT(HA>SNASJASKAIPASMBINBsJBIKR,PB) 30001180
SSS=TT(MAsNAL JASKAIPAINBIMB KB JBHIPR) 30001190

IF(TRPLT) §85=~S55

30001200
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SSS=TT(MAsMNAs JAsKASPASMB,NBs JRBsKRsPB)Y+SSS

GO To 10 .

ENTRY UUU(MASNASJASKASPA,MBINBYUBIKB,PR)

SSS=UL(MAINAS JAIKASPASNB,MBsKB»JR»PB)

IF(TRPLT) $85=-S5SS

SSS=Z1#(UL(MAINAsJAKASPASMBINB>JBsKBsPB)+5SS)

ASUS(MAINASJASKASPALNB ’MBQKB’JB,PB)

IF(TRPLT) A=-A

S5S5=SSS+ (U3 (MAINASJAIKASPAIMRINBy JJBIKBIPR)+A)

IF(HMPLR) GO TO 10

A=ZU2(MA,NA> JASKASPASNBIMBIKD»JB,PB)

IF(TRPLT) A=~A

SS5S=SSS+223(U2(MAsNA»JASKAIPAMBNBy JRsKRIPB)Y+A)

RETURN

END -

REAL FUNCTION SSH8(MAsSNAsJASKAsPAsMBINB,JBsKBsPR)

IMPLICIT REALHB(A-H,Q-2)

IMPLICIT INTEGER(I-P)

LUGICAL HMPLRsTRPLT

COMMON /AZHT/ALPHASZ15Z2,HMPLRYTRPLT

I=1

g0 TO 10

ENTRY TT(MASNA>JASKASPASMAINE,JBKB,PB)

I=2

GO TC 10

ENTRY UL (MAINAS>JASKASPASMBINR s JBsKBSPB)

=3 ’

G0 TO 10

ENTRY U2(MAsMA»JASKASPASMBINB,JBsKB>PB)

1=4

G0 T0. 10

ENTRY U3 (MA,A>JA>KASPASMBING, JBHKB,PB)

1=5

MAB=MA+NMB

NAB=NA+NB

JAB=JA+ B

KAB=KA+KB

PAB=PA+PB

MABP2=MAR+2

NABP2=NAB+2

JABP2=JAR+2

KABP2=KAB+2

IF(1.GT.1) G2 TQ 20

SS= Z(MABP2,NABP2,JAB,KAB>PAB)-Z(MABP2,NAB, JAB,KARP2,PAB)

-2(MABINARF29JABP2>KABPAB)+Z (MARINAR Y JABP2 s KARP2sPAB)

G0 TO 70

MABP1=MAB+]

NABPL1=NABR+1

JARP1=JAB+1

KABP1=KAB+1

GO TO (70930+4C550:60)>1

MABP4=MAL+4

NABP4=NAG+4

JABP4=JAR+4

KABP4=KAE+4

HABP3=MAR+3

NABP3I=NAB+3

JABP3=JAB+3

KABP3=KAF+3

MABMI=MAR-1

MABMLI=RABR~1

JABM1=JAB-1

KABM1=KAR-1

MABM2z=MAB=2

NABM2=NAB-2

JABMZ2=JAR-2

KABM2=KAR =2

PABM2=PAR -2

MMAB=MA-MB

NNAB=NA-NB

JIAB=JA-UB

KKAB=KA~-KB

PPAB=PA-PB

§$S=~4,D0*ALPHA .
#(Z(MABP1sNABP2>JAB>KABIPAB) -Z(MARP1NAB,JABKARP2,PAB)

30001210
30001220
30001230
30001240
30001250
30001260
30001270
30001280
30001290
30001300
30001310
30001320
30001330
30001340
30001350
30001360
30001370
30001380
30001390
30001400
30001410
30001420
30001430
30001440
30001450
30001460
30001470
30001480
30001490
30001500
30001510
30001520
30001530
30001540
30001550
30001560
30001570
30001580
30001590
30001600
30001610
30001620
30001630
20001640
30001650
30001660
30001670
30001680
30001690
20001700
30001710
20001720
30001730
30001740
30001750
30001760
30001770
30001780
30001790
30001800
30001810
30001820
30001830
30001840
30001850
36001860
30001870
30001880
30001890
30001900
30001910
30001920
30001930
30001940
30001950
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3 +Z(MABP2sNABP1+JABKABPAR)~Z(MABsNABP1, JABP2KABsPAB)) 30001960
4  +DFLOAT(MMABXMMAB+MAB-JJAB#JJAB~JAB+PPABX(MMAR-JJAB)) 30001970
5 ¥(Z(MARINABP2yJAB,KABSPAB)~Z(MABsNAB» JAB»KABP2sPAB)) 30001980
6  +DFLOAT(NNAB#NNAB+NAB-KKABXKKAB~-KAB+PPARS (NNAB~KKAB) ) 30001990
7 3% (Z(MABP2sNAB» JABsKAB>PAB)-Z(MABsNABs JABP2sKABsPAB)) 30002000
1=MMABXMMAR-MAR 30002010
IF(I.NE, Q) SS=SS-DFLOAT(1) 30002020
2 % (Z(MABM2 > NABP2» JAB»KAB»PAB) -7 (MABM2 s NAB » JAB KABP2 s PAB) ) 30002030
I=NNAB®NNABE-NAB 30002040
IF(I.NE,C) S5=SS~-DFLOAT(I) 30002050
2 #(Z(MABP2>NABM2> JABSKABsPAB) -2 (MABsNABM2, JABP2,KAB,PAB)) 30002060
1=JJAB®JJAR-JAB 30002070
IFCIL,NE.C) SS=5S+DFLOAT(I) 30002080
¥(Z(MAB>NASP2,JABM25KABSPAB)-Z(MARsNAR, JABM2,KABP2,PAB)) 30002090
1=KKAB#KKAB-KAB 30002100
IF(I.NE,0) SS=SS+DFLOAT(I) 30002110
%(Z(MABP2,NAB > JAB,KABM2,PAB) -Z (MABsNAB » JABP2,KABM2,PAB)) 30002120
I=2#(PPABXPPAB+PAB)+PPAR® (MMAB+NNAB+JJAR+KKAB) 30002130
IFCI,NE.C) SS=SS+DFLCAT(I) 30002140
2 H(Z(MABP2>NABP2>JABsKARsPABM2) - Z(MABP2,NAB,JABsKABPZ,PABMZ) 30002150
3 =2(MABsNABP2>JABP25KAB,PABM2)+Z (MARsNABR s JABP2,KABP2 s PABM2) ) 30002160
[=PPAB#(MMAB-JJAB) . 30002170
IF(I.NE,0) SS=SS~DFLOAT(1) 30002180
2 %(Z(MABsNABP4 s JABSKAB s PABM2)~Z (MABsNAB s JABsKABP4 s PABM2)) 30002190
[=PPAB3* (NNAB-KKAB) 30002200
IF(I.NE,0) SS=SS-DFLOAT(I) 30002210
2 #(Z(MABP4sNAB > JABsKAB s PABM2) =2 (MAB>NAB» JABP4 s KAB» PABM2) ) 30002220
1=2%PPABX*MMAS 30002230
IF(I.NE,0) S5=SS+DFLOAT(I) 30002240
2 #(Z(MABML >NABP35JABP1,KARPL sPABM2) 30002250
3 -Z(MABM1>NARP1sJABP1,KABP3,PABM2) ) 30002260
[=2%PPABXNNAS 30002270
IF(I.NE,Q) S5=SS+DFLCAT(I) 300022890
2 %(Z(MABP3,NABMLs JARBP1,KABPLsPARM2) 30002290
3 -Z(MABP1sNABML s JABP33KABP1sPABM2)) 30002300
[=2%PPAR*JJAB 30002310
IFCILNE,Q) S$=SS-DFLOAT(L) 30002320
2 %#(Z (MABPLsMNABP3s JABM1 sKABP1 s PABM2) 30002330
3 -Z(MABP1>NABPLsJABM1>KABP3»PABM2)) 30002340
[=2%PPAB*KKAB 30002350
IF(I.NE,0) SS=SS~DFLDAT(I) 30002360
2 #(Z(MABP3,NABP1sJARP] sKABM] s PABM2) 30002370
3 -Z(MA3P1sNABPL1»JARP3KABM1PABM2)) 30002380
§5=~5S8%0.5D0 30002390
GO TO 70 30002400
$8=+-4,00 30002410
2 %#(Z(MABP1sNABP2sJABKARPAB)-Z (MABP1 sNAB»JABKABP2,PAB) 30002420
3 +Z(MABP2sNABRP1 Y JABIKABIPAB)-Z(MAR>NABPl s JABP2,KAB2PAR)) 30002430
GO TO 70 30002440
$S= 4.,D¢ 30002450
2 #(Z(MABINABP2 s JABP1,KABsPAR) -Z(MABsNAB s JABP1sKABP2sPAB) 30002460
+Z(MABPZ2,NAR s JABIKAEP1,PAB)~Z(MABINAB» JABP2sKABP1sPAB)) 30002470
GO TQ 70 30002480
PABM1=PAL~1 30002490
8§5=2.00 30002500
2 ¥(Z(MAZP2sMABP2s JABIKAB»PABML ) -Z (MABP2,NAB> JABsKABP2 >PABM1) 30002510
3 =Z(MAR,NABP2,JABP2,KAB,PABM1)+Z(MAB>NAB,» JABP2,KABP2,PABM1))30002520
RETURN 30002530
END 30002540
REAL FUNCTIQN Z%8(M,NsJsKsP) 30002550
IMPLICIT REAL%E(A=-H,Q=2) 30002560
IMPLICIT INTEGER(I-P) 30002570
COMMON /Z0D/20(89718) 30002580
DIMENSICN L(8) 30002590
DATA L/1512394524787,37180:49573,61966574359582039/ 30002600
TF(((J+K).AND.1).NE,O) GO TO 60 30002610
IF(M,GT,N) GO TO 10 30002620
MMzN 30002630
NN=M 30002640
GO TO 20 30002650
MM=M 20002660
NiN=N 30002670
IF(J.GT,K) GC TO 3¢ 30002680
JJd=K 30002690
KK=J 30002700
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GO TC 40 : 30002710
3¢ JJd=J 30002720
KK=K 30002730
40 LL=153 . 30002740
IF(P,.GT.4) LL=12C. . ) 30002750
S(JIR(JI+2) +KK#2) /74 ) #LL+MM (MM+1) /2+NN+L (P+2) ‘ 20002760
: Z=20(1) 30002770
50 RETURN 30002780
60 Z2=0.00 ) 30002790
GO TC 50 30002800
. END 30002810
PROGRANM JC4& 40000010
€36 363 30 30 36 38 30030 36 3036 30 3030 34 30 3030 3030 30 336 3030 3 36 30 3030 36 30 36 3630 3 30 34 30 3036 26 36 36 3 3630 36 363630 36 36 30 36 36 303636 343636 36 34 34343636364 0000 020
C3 PROGRAM UC4 %40000030
it TWO ELECTRCN SYSTEM IN DIATOMIC MOLECULES #40000040
C SIGMA PLUS STATE #40000050
3 JAMES-COOLIDGE'S METHOD #40000060
[ NORMALIZATION AND REARRAMNGEMENT QF MATRIX ELEMENTS #40000070
T INPUT DATA #40000080
3 PRINT #40000090
Tt PRINT CQUT WHEN PRINT.NE.O #60000100
3 038 303 3 33 338 36 38 30 30 3 34 3 36 30 3630 30 3030 3030 30 30 3 30 30 3630 30 30 30 30 30 36 3 36 36 33635 6 30 30 0 330 303636 3 36 3 3030333330336 3836 ¢4 00001 10
IMPLICIT REAL% B (A-H,0-27) 40000120
IMPLICIT INTEGER(I-P) 40000130
DIMENSIQN “w(lba),mm(léo),JJ(lbo),KK(léo)sPP(lbo),FN(léo), 40000140
2 S(12880),T(126880)sU(12880)sFF(720) 40000150
111=720 40000160
C33¢3¢ 3¢ INPUT 363636303 3636 3 26 3 3036 330 3020 3020 30 3 336 328 3636 35 30 26 3430 363636 26 36 20 336 3336 3333 N34 40000170
READ(551000) PRINT 40000180
Ce3e3est INPUT FRUM THE FILE 22 IO I H I NN MR XH40000190
READ(22) ALPHASZASZBsMLTPLT sNBASESsMMaNNs JJsKKsPP 40000200
WRITE(652000) ALPHASZA»ZBsMLTPLTHINBASES, - 40000210
2 CLoMMCI) oNNCIY s JJC(I)sKKC(I)sPP(I)sI=19NBASES) 40000220
NMX=NBASESH#(NBASES+1)/2 40000230
J=111 ’ 40000240
N0 20 T=1,NMX ’ 40000250
J=J+3 : 40000260
CIFCJLLELTIDY GO TO 1¢C 40000270
READ(22) FF 40000280
J=1 40000290
10 SC(=FF () 40000300
T(I)sFF(J+1) 40000310
UCI)=FF(J+2) 40000320
20 CONTINUE 40000330
C 36343438 3¢ NORMALIZATION FHEHHEHEHOHOGHEEHOERHOHRHRNHHENHeHUNNHNNHO0 40000 340
DC 30 I=15%BASES 40000350
Il=Ix(I+1)/2 40000360
FNCIY=1,D0/D05QRT(S(IT)) ) 40000370
30 CONTINUE 40000380
1J4=¢ ‘ 40000390
DO 40 J=1-4BASES 40000400
NG o4g I=1,J 40000410
1J=1J+1 40000420
ANF=FNCI)RFN(J) : 40000430
SCLUY=S(TUYRANF 40000440
TCID) =T (1) #ANF 40000450
BCTIJ)=U(TJ)HANF 40000460
40 CONTINUE 40000470
C3e3en QUTPUT TC THE FILE 23 63636363636 303036 3 3630 336 3303636 36 36 3026 326 363430334 3330363¢363¢4 00 004 80
WRITE(Z23) ALPHASZA-ZBsMLTPLT HNBASES sMMyNN s JJsKK PP 40C00490
J=0 40000500
NO 60 I=lahMX 40000510
J=J+1 ) 40000520
IF(J.LE,TIT) GC TO 5¢ 40000530
WRITE(23) FF ) 40000540
J=1 40000550
50 FF(JH)=S(D 40000560
60 CONTINUE 40000570
WRITE(23) FF 40000580
J=0 40000590
NG 8¢ I=1,NMX 40000600
J=J+1 40000610

O IFCJLLETITY 6D TO 70 40000620
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WRITE(23) FF 40000630
J=1 40000640
70 FF(H=T(D) 40000650
80 .CONTINUE 40000660
WRITE(23) FF 40000670
J=0 40000680
DO 100 I=1,NMX 40000690
J=J+1 40000700
IF(J.LE,III) GO TO 90 40000710
WRITE(23) FF 40000720
J=1 40000730
90 FF(J)=UCD) 40000740
100 CONTINUE 40000750
WRITE(23) FF 40000760
IF(PRINT.EQ,0) GO TQ 120 40000770
WRITE(653000) 40000780
1J=0 40000790
DO 110 J=15NBASES 40000800
D0 110 I=1.d 40000810
1J=1J+1 40000820
ARITE(654000) I5JsSC(IJ)»T(IN)HUCLY) 40000830
110 CONTINUE 40000840
WRITE(655000) 40000850
120 STOP 40000860
1000 FORMAT(15) 40000870
2000 FORMAT(1H151GX> '"NORMALIZATION AND REARRANGEMENT OF MATRIX ELEMENTS40000880
2'5//16Xs 'ALPHA ='3F10.5, 40000890
3 /716X '"THE CHARGE OF THE NUCLEUS A',F10.2s 40000900
4 /716X ' THE CHARGE OF THE NUCLEUS B'yF10,2s 40000910
5 /716Xy *MULTIPLICITY'» 110, 40000920
6 //16Xs "NUMBER OF BASES'»110, 40000930
7  ///21X5'NUMBER M N J K P's/(21Xs1551X9514)) 40000940
3000 FORMAT(1H1,15Xs" I JrallXs'SCIsJ) 914Xy T(IsJ)'s14Xs'UCIsJd)') 40000950
4000 FORMAT(16Xs21423F20.10) 40000960
5000 FORMAT(1H1) 40000970
END 40000980
PROGRAM JC5 50000010
333 33 3 333 30 330 3 3 D3 3 330 3 30 30 330 32 3030 30 30 30 36 30 3036 3 36 36 30 36 36 3636 36 336 330 3036 3 36 3 34 36 36 3638 30 336 26 3 343436363450 000020
C PROGRAM J(C5 #50000030
T3 TWO ELECTRCN SYSTEM IN DIATOMIC MOLECULES #50000040
O SIGMA PLUS STATE #50000050
&% JAMES~COOQOL IDGE'S METHOD #50000060
ot’3 SCHUMIDT'S ORTHONORMALIZATION #50000070
C3 AND TRANSFORMATION OF MATRIX ELFEMENTS #¥50000080
3 INPUT DATA #50000090
C3¢ NBS(1) #50000100
C3¢ TAKE IN THE BASE [ WHEN NBS(I)=}1 #50000110
G 3 33 3 0 3 33 3 33 33 3 3330 3033 S 30 306 330 30 330 30 30 30 30 30 3 30 34 36 30 36 334 36 36 3 30 30303630 330303630 38366 4500001 20
IMPLICIT REAL 316 (A-~H»Q-Z) 50000130
IMPLICIT INTEGER (I-P) 50000140
DIMENSION MM(160)s8NN(160)sJJ(160)sKK(160)2PP(160)sNBS(21601) . 50000150
2 AC12880) s W (1605160) 50000160
REAL #8 5(1288C)>T(12880),U(12880),TA(12880)5UA(12880)sFF(720)>» 50000170
2 ALPHA>ZA527B 50000180
FEQUIVALENCE (SC1)sT(1)sUCL))s(TACL)H>UACL)sFF(1)) 50000190
111=720 50000200
Caeseaestse INPUT 33T 330 13030 30 3630 330 3 336 38 30 30 3 30 6 3363038 30 30030 36303030 6 330 363033634 363¢50 00021 0
READ(551000) NBS ) 50000220
3363t INPUT FROM THE FILE 23 SEHIEIIE IO 33033036 33636 336 33630 33 4 4450000230
READ(23) ALPHASZA,ZBsMLTPLTsNBASESsMMaNNsJJIKKsPP 50000240
NBSOLD=NBASES 50000250
NMXOLD=NBASES%(NBASES+1)/2 50000260
1=0 50000270
DO 10 J=1s8BSOLD ) 50000280
IF(NBS(J),LE.Q) GO TO 10 50000290
I=1+1 50000300
MMCIY=MM(D) : 50000310
NN(I)Y=NNCD) 50000320
JI(Iy=JdJd) 50000330
KK{T)Y=KK(J) . 50000340
PP(I)Y=PP(J) 50000350
10 CONTINUE 50000360

NBASES=1 50000370
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NMX=MBASESK (NBASES+1)/2 50000380
ARITE(6,2000) ALPHASZASZB>MLTPLTSNBASES, 50000390
2 CIoMMOL) s NN(T) s JJCT) sKK(I)sPP(I) 3121 ,NBASES) 50000400
C3e3e3638 3¢ INPUT QF S SEFEEIIEIE3E 236 3 303030 303030 36336 34 3333 I3 3343033303 363 36:36:3333034343¢ 500004 1 0
J=111 50000420
DU 3¢ 1=1+%MX0OLD 50000430
J=J+1 ) 50000440
IF(J.LEL,ITIY GC TO 20 50000450
READ(23) FF 50000460
J=1 50000470
20 S(L)Y=FF() 50000480
30 CUNTINJE 50000490
1=0 50000500
J=0 50000510
NG 40 L=1,2850L0 50000520
NG 40 K=lsl 50000530
J=J+1l 50000540
TFCONBS(K) LLELGY . O, (NBS(L)Y.LE.0)) GO To 40 50000550
I=1+1 50000560
S(I)Y=5Cy) 50000570
4G CONTINUE 50000580
LA SCHUMIDT*S GRTHONORMALIZATIGN 3363303030 33634 3303 3436 2630303633436 3450 000590
NU 50 I=1saMA ) 500006060
ACD)I=0 Q0 50000610
5¢ CONTINVE 50000620
A(1)=1.Q0 . 50000630
NG 96 1=237BASES 50000640
TImMi=13(l-2)/2 50000650
ACTTY)=1,Q0 50000670
NG76 Jslsl-1 50000680
JIM1=dN(d-1)/2 50000690
SS=0.Q¢ 50000700
0 60 K=lsJ 50000710
KI=[1F1+K 50000720
KJI=JIML+K 50000730
S5=SS+A(KJIHS (K] 50000740
60 CUNTINUE 50000750
00 70 K=1,4 50000760
KI=IIM1+K 50000770
Kd=JdJMl+K 50000780
A(KI)=A(KI)I=35SHA(KY) 50000790
70 CUNTINUE 50000800
55=0.80 50000810
KJ=§ 50000820
00 8¢ J=1s1 50000830
JI=11M1+J 50000840
D0 80 KzlsJ 50000850
KJ=KJ+1 50000860
Ki=IIM1+K 50600870
WEACKIIRACIT) #S(KD) 50000880
TF(K.NE  J) Woid+w 50000890
S5=8S+« 50000900
8¢ CONTINLE 5000091¢
W=l ,QG/USART(SS) 50000920
00 90 J=lsl 50000930
Ji=1IMl+J 50000940
ACIIy=A(J]) 3w 50000950
93 CONTINUE : 50000960
ek CUTPUT TS THE FILE 24 3HHHHHHEHEHEHEHEHNBHHHNOHHNsHH6OGE 50000970
WRITE(24) ALPHA>ZA>ZBsMLTPLT sNBASES sMMsNNsJJsKKHPP 50000980
J=0 50000990
NG 110 I=1,nMX 50001000
J=J+1 50001010
IF(J.LE.IIT)Y GG 7O 100 50001020
WRITE(Z4) FF 50001030
J=1 50001040
120 FF(J)=A(D) 50001050
110 CONTINUE 50001060
KWRITE(24) FF 50001070
(€3 23T INPUT OF T S350 3030 303830 30 300 3 33303 3633030 3 303633636 363636303438 3¢363¢ 3650001080
J=111 50001090
DG 130 I=1>N#MXOLD 50001100

1
o1 50001110
(JLLE.IIT) GG TO 120 50001120



July 1976 Two Electron Diatomic Molecules. 61
APPENDIX C LISTS OF PROGRAMS ( 17)
READ(23) FF 50001130
J=1 : 50001140
120 T(1)=FF(J) 50001150
130 CONTINUE 50001160
1=0 50001170
J=0 50001180
DO 140 L=15NBSOLD 50001190
N0 140 K=1,L 50001200
J=d+1 50001210
IF((NBS(K).LE,0).0R,(NBS(L).LE.0)) GO TO 140 50001220
I=1+] 50001230
T =T 50001240
140 CONTINUE ) 50001250
C34363433¢ TRANSFORMATICON OF T 3630323634 36 36 2 34 36 30363 36 3030 30 3 3 06 3334 3643 363634383636343450001 260
DO 180 I=1,NBASES 50001270
IIMI=]#(1-1)/2 50001280
DO 180 J=1,NBASES 50001290
W=0.Q0 50001300
DO 170 K=1»1 50001310
KI=1IM1+K 50001320
IF(K.GT,J) GO TQ 150 50001330
KJ=J%(J=1)/2+K 50001340
GO TO 160 50001350
150 KJ=K#(K=1)/2%J 50001360
160 WEW+A(K[)I¥T(KJ) 50001370
170 CONTINUE 50001380
WW(IsJ)=W 50001390
180 CONTINUE 50001400
lu=o0. =~ 50001410
DO 200 J=1sNBASES 50001420
DO 200 I=1sJ 50001430
1IM1=1%(1-1)/2 50001440
IJ=1J+1 50001450
W=0.00 50001460
DO 190 K=1,1 50001470
KI=TIM1+K 50001480
WEWHACKT ) #WW (2 K) 50001490
190 CONTINUE 50001500
TACLY) =W 50001510
200 CONTINUE 50001520
C3e38363¢3¢ OUTRPUT TO THE FILE 24 3636363436 3 36 36 36 36 36 36 3636 3636 36 36 3 3¢ 3 36 36 6 3638 263630 34303134364 450001 530
J=0 50001540
D0 220 1=1,NMX 50001550
J=J+1 50001560
IF(J.LE.I11) GC TO 210 50001570
WRITE(24) FF 50001580
J=1 50001590
210 FF(J=TACI) 50001600
220 CONTINUE 50001610
WRITE(24) FF 50001620
C3363436 3 INPYUT QF U SIS 3030 30 30 36 6 30 3 36 30 36 36 30 30 6 3 36 36 303 3636 30 36 36 34 36 3 3¢ 3 I 3 R INIUX50001 630
J=111 50001640
DO 240 [=1,NMXOLD. 50001650
J=J+1 50001660
IF(J.LE.II1) GO TO 230 50001670
READ(23) FF 50001680
J=1 50001690
230 UCI)Y=FF(J) 50001700
240 CONTINUE 50001710
1=0 50001720
J=0 50001730
DO 250 L=1sNBSGLD 50001740
D0 250 K=1sL 50001750
J=J+1 50001760
IF((NBS(K),LE.C).OR,(NBS(L).LE.0)) GO TO 250 50001770
[=1+1 ’ 50001780
U =uey) 50001790
250 CONTINUE 50001800
36369636 3¢ TRANSFORMATICN QF U JE3ETEIE 0336 36 36 26 36 36 36 3363036 36 30 3 36 26 4 34 336 38 3 36 3 3¢ 36383636363¢50001 81 0
DO 290 I=1,NBASES 50001820
TIMI=I%(1-1)/2 50001830
DO 290 J=1sNBASES 50001840
W=0.Q0 50001850
DO 280 K=1»1 50001860
KI=1TM1+K 50001870
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IF(K.GT,.J) GO TO 260 50001880
Kd=J(J=1)/2+K - 50001850
GO TQ 27¢ 50001900
260 Kd=K#(K-1)/2+J 50001910
270 W=W+A(KI)3#U(KI) : 50001920
280 CONTINUE 50001930
WW(Isd)=W 50001940
290 CONTINUE 50001950
1J=0 50001960
D0 310 J=1,NBASES 50001970
DO 310 I=1sJ 50001980
TIMI=I%(I=-1)/2 50001990
1Jd=1J+1 50002000
W=0,Q0 50002010
DO 300 K=1,1] 50002020
KI=TIM1+K 50002030
WEW+A(K] ) RHW(JsK) 50002040
300 CONTINUE 50002050
UACTJ) =W 50002060
310 CONTINUE ) 50002070
Capae3e3e3t OUTPUT TC THE FILE 24 363636363630 30303036 336 34 3026 36 3 36 30 3433630 330 33330 30N A U50002080
J=0 : 50002090
D0 330 I=1sNMX 500021¢0
J=J+1 50002110
IF(J,LE,III) GG TO 320 50002120
WRITE(24) FF 50002130
J=1 50002140
320 FF(J)=UA(D) 50002150
330 CONTINUE 50002160
WRITE(24) FF 50002170
WRITE(6,3000) 50002180
sSTOP 50002190
1000 FORMAT(80I1) 50002200
2000 FORMAT(1H1s10Xs'SCHUMIDT 'S ORTHONORMALIZATION AND TRANSFORMATION 50002210
20F. MATRIX ELEMENTS*,//716Xs*ALPHA =',F10,5), 50002220
3 /716X 'THE CHARGE OF THE NUCLEUS A',F10.2» 50002230
4 //16Xs'THE CHARGE QOF THE NUCLEUS B',F10.2» 50002240
5 /716Xy "MULTIPLICITY', 110, 50002250
[} //1.6Xs "NUMBER 0OF BASES',110, 50002260
7 /7/21X5 ' NUMBER M N J K P's/(21Xs1551X2514)) 50002270
3000 FORMAT(1HL) 50002280
END 50002290
PROGRAM JC6 60000010
O3 333638 303 330 36 30 3 3038 3630 30 20 3630 30 3 3030 3030 3 303030 30 30 3000 30 303030 30 30 3030 30 330 30 36 30 3136 30 363030 34 336 30 303830 3¢ 34363036 3636343¢6 0000020
C¥% PROGRAM JC6 #60000030
C3t TwO ELECTRGN SYSTEM IN DIATOMIC MOLECULES #60000040
C3# SIGHMA PLUS STATE #60000050
Cx JAMES~-COOLIDGE'S METHOD #60000060
Ci CALCULATION DF ENERGIES AND WAVE FUNCTIONS #60000070
T3 INPUT DATA #60000080
T PRINT L. R#60000090
Ci PRINT OUT THE COEFFICIENTS OF THE ORTHONORMALIZED 360000100
Ci BASES WHEN PRINT.NE.O #60000110
C#% INTERNUCLEAR DISTANCE #60000120
Cst NUMBER OF THE STATE ¥60000130
383636 3630 20 30 338 26 36 3436 30 26 28 30 U038 30 2030 30 36 303000 346 26 30 3 3036 3 6 30 24 33626 300036 30 3 2 30 06 36 336 36 36 63 36 6 36 24 303223660000 140
IMPLICIT REAL #16 (A-Hs@-2) 60000150
IMPLICIT INTEZGER (I=-P) 60000160
REAL %8 A(12880),TA(12880),UA(12880),FF(720), 60000170
2 ALPHASZA»Z2B5RsRR 60000180
DIMENSION “MM(160)sNNCL160)9JJ(160)9KK(160)sPP(160)9X(160),Y(160)s 60000190
2 HH(1602160) . 60000200
111=720 60000210
Cae3desesn INPUT 3333363336 3063036 30 0 30 36 30 3636 306 36 30 36 34 36 36 36 33630 3 3 36 3636 36 36 30 3343636 363636 363636343446 0000220
READ(551000) PRINT 60000230
3336343 INPUT FROM THE FILE 24 3OO0 630038003646 000024 0
READ(24) ALPHAsZAsZ3sMLTPLTsNBASESIMMINNsJJsKKsPP 60000250
NMX=NBASES:* (NBASES+1)/2 60000260
J=I11 60000270
DO 20 I=1,NMX 60000280
J=Jd+1 60000290
IF(J.LE,TIT)Y GC TO 10 60000300

READ(24) FF 60000310
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J=1 60000320
ACI)Y=FF () 60000330 -
CONTINUE 60000340
J=111 60000350
DO 40 I=1,NMX 60000360
J=J+1 60000370
1F(J,LE,ITI) GO TO 30 60000380
READ(24) FF 60000390
J=1 60000400
TACI)Y=FF (D) 60000410
CONTINUE 60000420
J=111 60000430
DO 60 1=1,NMX 60000440
J=J+1 60000450
[F(J,LE,ITI) GG TO 50 60000460
READ(24) FF 60000470
J=1 60000480
UACD)=FF () 60000490
CONTINUE 60000500
WRITE(652000) ALPHA,ZAsZBsMLTPLT>NBASES, 60000510
2 CTsMMCI) aNNCI ) s JJCI)sKK(T)sPP(1)51=1+sNBASES) 60000520
IF(PRINT.EQ,C) GO TO 80 60000530
WRITE(653000) 60000540
L=0 60000550
DG 70 I=1sNBASES 60000560
K=L+1 60000570
L=L+1 , 60000580
WRITE(654000) 1s(A(JI)»J=KsL) 60000590
CONTINUE 60000600
3 CALCULATION OF TOTAL ENERGY FEIIEIIOIE IGO0 3033636836 00006 1 0
READ(555000,E80=130) RsNSTATE 60000620
RR=R#R 60000630
K=0 60000640
DO 90 J=1,NBASES 60000650
D0 90 1=1,J 60000660
K=K+1 60000670
HH(I,J)=TA(K)/RR+UA(K) /R 60000680
HA(Js 1) =HH(T5J) : 60000690
CONTINUE 60000700
CALL SQEQ(NBASES>HH>NSTATE>ENERGY) 60000710
K=0 60000720
DO 100 J=1>NBASES 60000730
DG 100 I=1»J 60000740
K=K+1 60000750
HH(I,J)=TA(K) /RR+UA(K) /R 60000760
HHC(Js 1) =HH(T s J) 60000770
CONTINVE 60000780
CALL VECTOR(NBASESsHH>ENERGY»X) 60000790
TTLENR=ENERGY+ZA%ZB/R 60000800
IF(PRINT.NE.0) WRITE(6356000) (IsX(I)5I=1,NBASES) 60000810
DG 120 I=1,NBASES 60000820
W=0,Q0 60000830
NG 110 J=L,NBASES 60000840
K=J#(J-1)/2+] 60000850
W=W+X(J) ¥A(K) 60000860
CONTINUE 60000870
YD) =W 60000880
CONTINUE 60000890
WRITE(6,7000) ALPHA»ZA»>ZBsMLTPLT>RsNSTATE»NBASES>TTLENR, 60000900
2 CIaMMOT)oNNCI) 9 JJCI)sKK(T)sPP(I)sY(I)s1=1,NBASES) 60000910
GG TO 80 60000920
WRITE(6358000) 60000930
STOP 60000940
FORMAT(I5) 60000950
FORMAT (1H1510X» 'CALCULATION OF ENERGIES AND WAVE FUNCTIONS', 60000960
2 7/16X5"ALPHA ='3F10,5, 60000970
3 //16%>'THE CHARGE OF THE NUCLEUS A',F10,2, 60000980
4 //16Xs ' THE CHARGE OF THE NUCLEUS B'»,F10.2, €0000990
5 //16Xs "MULTIPLICITY',110, 60001000
6 //16Xs *"NUMBER OF BASES'»>110, 60001010
7 ///21X5'NUMBER M N U K P'5/(21X»1551X5514)) 60001020
FORMAT(1H1,10X>'GRTHONORMALIZED BASES BY SCHMITZ''S METHOD', 60001030
2 //11Xs "NUMEER'>10Xs 'COEFFICIENTS') 60001040
FORMAT(//11X,1556X55D20,10,5/(22X»5020.10)) 60001050
FORMAT(D20.0+15) 60001060
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6050 FORMAT(1H1s1CXs'THE WAVE FUNCTION',

2
3

//11X5'ORTHONORMALIZED BASES BY SCHUMIDT''S METHOD',
//11X5 "NUMBER'>10Xs '"COEFFICIENT s/ (11X51556X5D20,10))

7020 FORMAT(1HLs10Xs'ALPHA ='5F10.5»

FoRVolo e JEN o RV BNV TR V)

//11Xs'THE CHARGE OF THE NUCLEUS A'5»F10,2,
//11Xs'THE CHARGE OF THE NUCLEUS B',F10.2»

/711X "MULTIPLICITY! 110,

/711X ' INTERNUCLEAR DISTANCE'sF10.5,
//11Xs'"THE' 2135 'TH STATE",

//11X5"NUMBER OF BASES'»110,

//711X5 ' TOTAL ENERGY',F15.10,

///711Xs ' THE WAVE FUNCTION'>»

/11X "NUMBER M N J K P's10Xs'COEFFICIENT',
/(11X51554X5513,5X5D020,10))

8000 FORMAT(1H1)

10

- 20

40

50

70

80

90

100

110

END

SUBROUTINE SQEQ(NNsAsNSTATESEE)
IMPLICIT REAL #16 (A-H»0-2)
DIMENSICN A(160,160)sP(160)5U(160)
CUMMON /QSQD/AA(160)9BB(160)sEsDETININD
EQUIVALENCE (P(1)»AA(L))»(UCL1)2BB(1))
=N ’

NMlzR-1

NM2=N-2

D0 99 K=1ahM2

KP1l=Kk+1

N0 10 I=KP1,n

UlIy=A(Ks )

CONTINUE

W=0.Q0

00 20 1=KPl,v

WalW+y (1 )n%2

CONTINUE

S=QSART (W)

[F(U(KP1),GT,.0.0C) §=-S
UUD2=W-U(KP1)#S

U(KP1)Y=U(KP1)-S

DO 50 I=KP1,N

w=0,Q0

DD 40 J=KPLlyN

WzW+A (I J)RUCY)

P(I)=W/UUD2

CONTINUE

W=0.Q0

DO 60 I=KP1lsN

VsW+U(TIRP (D)

CONTINUE

W=W/ (ULD2+UU2)

GO 70 [=KPl,XN

P(I)=PC1)=uku(l)

CONTINUE

DO 80 J=KPlsN

N0 80 [=KPl,J

ACTs D) =ACTs ) =UCDH#P NI =P (TI*UC)
ACJsI)=ACT s )

CONTINUE

BB(KP1)=5S

CONTINUE

20 100 I=1.N

AACTY=A(TIH])

CONTINUE

BBIN)=A(K=1sN)
EMIN=-(QABS(AA(L))+QABS(BB(2)))
N0 110 1=2,nNil
W==(QABS(AA(]))+QABS(BB(1))+QARS(BB(I+1)))
IFCEMIN,LT. %) GO TO 110

EMIN=W

CONTINUE

W=~ (QABS(AA(N) ) +QABS(BBIN)))
IFCEMIN,GT.W) EMIN=W

E=EMIN

CALL S8SuB

IF(DET.EQ.0.QQ) GO TO 170
NDS=KD-NSTATE
DELTA=QABS(EMIN)%0,3Q0

60001070
60001080
60001090
60001100
60001110
60001120
60001130
60001140
60001150
60001160
60001170
60001180
60001190
60001200
60001210
60001220
60001230
60001240
60001250
60001260
60001270
60001280
60001290
60001300
60001310
60001320
60001330
60001340
60001350
60001360
60001370
60001380
60001390
60001400
60001410
60001420
60001430
60001440
60001450
60001460.
60001470
60001480
60001490
60001500
60001510
60001520
60001530
60001540
60001550
60001560
60001570
60001580
60001590.
60001600
60001610
60001620
60001630
60001640
60001650
60001660
60001670
60001680
60001690
60001700
60001710
60001720
60001730
60001740
60001750
60001760
60001770
60001780
60001790
60001800
60001810
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120 E=E+DELTA
CALL SQSUB

130

140
150
160

170

10

20
30

10
20
30
40

10

20

IF(DET.EQ.0,80) GO TO 170
IF(NDS-ND) 12021405130
E=E-DELTA

DELTA=DELTA%0.5Q0

GO 'TO 120

ISND=ISN(DET)

EE=E

DELTA=DELTA%C,5Q0
E=EE-DELTA
IF(QABS(E-EE),LT.0.5Q-10) GO TO 170
CALL SQsuB
IFCISN(DET)#ISND) 16051705150
EE=E

RETURN

END

SUBROUTINE SQSUB

IMPLICIT REAL #16 (A-H»0-2)
COMMON /QSQD/AA(160)sBB(160)>EsDET»NHIND
ND=0

IDFX=0

n2=1.,Q0

DET=E-AA(L)

ISND=ISN(DET)

IFCISND,LT.0) ND=1

DO 3p K=2,N

D1=D2

N2=DET

IFCISND,NE,Q) ISN2=ISND
DET=(E-AA(K))#D2-BB(K)¥#3%23D1
ISND=ISN(DET)
ADET=QABS(DET)
IF(ADET,LT.1.010) 60 TO 10
D2=D2%1.Q~10

DET=DET%1.8-10

IDFX=IDFX+10

GO To 20

IF(ADET,GT,1.8-10) GO TO 20
D2=D2#1.010

NDET=DET%#1.810

IDFX=IDFX-10
IF(ISND#ISN2.LT.0) ND=ND+1
CONTINUE

RETURN

END

FUNCTION ISN(X)

IMPLICIT REA[ %16 (A-H»0-2Z)
IF(X) 10+,20,30

[SN=-1

GO TO 40

ISN=9

G0 TO. 40

ISN=]

RETURN

END

SUBRQUTINE VECTOR(N,AsE,X)
IMPLICIT REAL %16 (A-H»0-2)
DIMENSICM A(1605160)sX(160)
NM1=N-1

J=1

A(ls1)=A(151)-E
W=QABRS(A(1s1))

DO 10 I=2,N

ACTs1)=A(I»I)=-E
Y=QABS(ACISI))

IF(Y,GE W) GO TO 10

J=1 :

WsY

CONTINUE

DO 20 1=1,N

W=A(1sJ)

ACTa0I=ACTHND

A(TaN)==k

CONTINUE

65

60001820
60001830
60001840
60001850
60001860
60001870
60001880
60001890
60001900
60001910
60001920
60001930
60001940
60001950
60001960
60001970
60001980
60001990
60002000
60002010
60002020
60002030
60002040
60002050
60002060
60002070
60002080
60002090
60002100
60002110
60002120
60002130
60002140
60002150
60002160
60002170
60002180
60002190
60002200
60002210
60002220
60002230
60002240
60002250
60002260
60002270
60002280
60002290
60002300
60002310
60002320
60002330
60002340
60002350
60002360
60002370
60002380
60002390
60002400
60002410
60002420
60002430
60002440
60002450
60002460
60002470
60002480
60002490
60002500
60002510
60002520
60002530
60002540
60002550
60002560
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CALL CFLNEQ(NMIsNsA) 60002570
DO 30 I=1,nNM] 60002580
X(IY=A(1sN) 60002590
30 CONTINUE 60002600
X(N)Y=X(J) . 60002610
X(J)=1.60 60002620
W=0.Q0 60002630
0O 40 I=1,N 60002640
WX (T Y®%2 - 60002650
40 CONTINUE 60002660
W=1,80/QSQRT (W) 60002670
DO 59 I=1ynN 60002680
XCIy=XC1)#A 60002690
50 CONTINUE 60002700
RETURN 60002710
END 60002720
SUBROUTINE CPLNEG(MsNsA) 60002730
NIMENSION A(1605160) 60002740
IMPLICIT REAL ¥*¥16 (A-Hs0-2) ’ 60002750
N0 60 K=1aM 60002760
L=0 60002770
W=0.Q20 60002780
NQ 10 I=K™ 60002790
Y=QABS(A(IsK)) 60002800
IFCY.LE.®W) GO TO 10 60002810
L=1 60002820
W=y 60002830
12 CONTINUVE ) 60002840
[F(L,ER.K) G2 TO 30 60002850
D0 20 J=KM 60002860
W=A(Ksd) 60002870
A(KyJ)=ACL ) 60002880
AlLsJ)=w . 60002890
25 CONTINUE 60002900
30 W=1,00/A(KsK) 60002910
0O 48 J=KaN 60002920
A(KsJ)=AK s J) 3w 60002930
40 CONTINUE 60002940
DO 60 I=lsM™ 60002950
IF(I.EG,.X) GG TO 69 60002960
”-A(l,&) 60002970
N0 50 J=Xok 60002980
A(TIsJY=A(TsJ)=A(KsJ)RW 60002990
50 CONTINUE 60003000
60 CONTINUE 60003010
RETURN 60003020
END 60003030
PROGRAY JC7 70000010
330383383630 36 30 26 30 3030 303030 30 30 30 30 30 203630 303030 3630 3630 3030 30 36 30 336 303036 36 36 3631 36 30 336 336 3036 3 34 36 3 36 36 3636 3634 30363634 34343626 70000020
C PROGRAM JC7 %#70000030
C* TW® ELECITRGN SYSTEM_IN. DIATOMIC MOLECULES #70000040
Cat SIGMA PLUS STATE #¥70000050
T JAMES-COOLIDGE'S METHOD #70000060
C SCHUMIDT'S QORTHONORMALIZATION AND PRINTING OUT #70000070
C THE MATRIX ELEMENTS #70000080
e INFUT DATA #70000090
Cst PRINT ¥70000100
€3 PRINT QUT THE MATRIX ELEMENTS WHEN P.NE.O ¥70000110
(& [NTERNUCLEAR DISTANCE ¥70000120
SR 230303 20 3036 33030630 30 38 30 0 303030 2036 3030 30 3000 3030 30 30 30 3030 3 330 3030 3 330 330333036 363 363636 33 336363634 36 30343636343¢ 700001 30
IMPLICIT REAL %16 (A-HsQ-Z) 70000140
IMPLICIT INTEGER(I-P) 70000150
DIMENSION W(160),\N(160>’JJ(lbo),KK(lbO):PP(lbo), 70000160
2 A(12380),WW(160,160) 70000170
QEAL 8 3(12580),T(12880),U(12880),H(12830),HA(12880),FF(720)s 70000180
ALPHASZASZB R 70000190
FQUIVALENCE (S(1)sH(1M)s(T(L)sHACL))»(FF(1)5A(1)) 70000200
111=72¢ 70000210
SERR=1.8-6 ’ 70000220
Cas 3333t INPUT 3633633036 3633050303030 30 3636 36 3630 3303030 363630 30 30 330 36 30 3 34 303030 33 3344347000023 0
READ(5+1000) PRINTSHR 70000240
C3243¢3 3t INPUT FROM THE FILE 23 ****%****%*******************%*****70000250

READ(23) ALPHA>ZA>ZB>MLTPLTsNBASESsMMsNN>JJ2KKIPP 70000260
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NMX=NBASESH# (NBASES+1)/2 70000270
J=111 70000280
DO 20 I=1sNMX 70000290
J=J+l 70000300
IF(J,LE,III) GO TO 10 70000310
READ(23) FF 70000320
J=1 70000330
10 S(IY=FF () 70000340
20 CONTINUE 70000350
J=111 70000360
DO 40 I=1,NMX 70000370
J=J+1 70000380
IF(J,LE,II1) GO TO 30 70000390
READ(23) FF 70000400
J=1 70000410
20 T(1)=FF(J) 70000420
40 CONTINUE 70000430
J=111 70000440
DO 60 [=1sNMX 70000450
J=Jd+1 . 70000460
IF(J,LE.III) GO TO 50 70000470
READ(23) FF 70000480
J=1 70000490
50 U(I)=FF(J) 70000500
60 CONTINUE 70000510
Caseadtie SCHUMIDT'S ORTHONORMALIZATION B IR B HIHEIOE 70000520
WRITE(652000) 70000530
DO 70 I=1sNMX 70000540
A(1)20.Q0 70000550
70 CONTINUE 70000560
A(1)=1.Q0 70000570
DO 130 1=2,NBASES 70000580
TIM1=I%¢1-1)/2 70000590
T1=1IM1+] 70000600
A(I1)=1,Q0 70000610
$58=1.60 70000620
DO 90 J=1lsI-1 70000630
JIM1=JK(J-1)/2 70000640
$5=0.Q0 70000650
DO 80 K=1,J 70000660
KI=TIM1+K 70000670
KJ=JIML+K 70000680
$S=SS+A(KJ)%#S(KI) 70000690
80 CONTINUE 70000700
$55=555-55#55 70000710
NO 90 K=1,J 70000720
KI=TIM1+K 70000730
KJ=JIML+K 70000740
A(KIY=A(KT)=SS*A(KJ) 70000750
90 CONTINUE 70000760
$$20.Q0 70000770
KJ=0 70000780
0O 100.J=1>1 70000790
JI=ZTIMI+J 70000800
DO 100 K=1,J 70000810
KJzKJ+1 70000820
KI=1IM1+K 70000830
W=ACKI)#ACJIT IS (KJ) 70000840
IF(K.NE,J) WaW+W 70000850
S5=55+# 70000860
100 CONTINUE 70000870
W=QABS(S5/555-1,90) 70000880
WRITE(693000) IsMMCI)sNNCI)»JJCI)sKK(I)sPP(1)355555SsW 70000890
IF((SS.LT.0,D0).0R.(W.GT.SERR)) GO TO 110 70000900
W=1,Q0/QSQRT(SS) 70000910
GO TO 120 70000920
110 WRITE(6,54000) 70000930
w=0.Q0 70000940
120 DO 130 J=1»1 70000950
JI=1IM1+y 70000960
ACIII=ACIT) %W 70000970
130 CONTINUE 70000980
IF(PRINT.EQ,0) GO TO 230 70000990
336333t TRNSFORMATION OF MATRIX ELEMENTS HIHEHEHOOHGHOEHEOI%7 0007 000

RR=R#R

70001010
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N0 140 I=1>NMX 70001020
HOD)=T(I)/RR+U(I)/R 70001030
140 CONTINUE 70001040
DO 180 I=1>NBASES 70001050
IIM1=I%(I-1)/2 70001060
D0 180 J=1>NBASES 70001070
W=0,00 70001080
0O 170 K=1s1 70001090
KI=TIM1+K 70001100
IF(K.GT,J) GC TO 15¢ 70001110
KJ=d3#(J-11/2+K 70001120
GG TO 160 70001130
150 KJsKg(K-1)/2+J . 70001140
160 WsW+ACKIIHN(KY) 70001150
170 CONTINUE 70001160
W (ToeJ) =t 70001170
180 CONTINUE 70001180
1J=0 700011990
00 200 J=15NBASES 70001200
DG 200 1=1,J 70001210
TIMI=I%(I-1)/2 70001220
IJs1J+1 70001230
Ww=0.00 70001240
D0 190 K=1,sI 70001250
KI=TIM1+K 70001260
WaW+A (KT RWW(JsK) 70001270
190 CONTINUE 70001280
HA(IJ) =W 70001290
200 CONTINUE 70001300
WRITE(6s5000) ALPHASZAsZBsMLTPLT»RINBASES 70001310
2 CIaMMCOT) S ANCI) 9 JJCT) s KK(T)sPP(1),1=1,NBASES) 70001320
WRITE(656000) 70001330
L=0 70001340
DO 210 I=1,NBASES 70001350
K=L+1 70001360
L=L+1] 70001370
WRITE(657000) Is5(A(J)2J=KsL) 70001380
210 CUNTINUE : 70001390
WRITE(6,8000) 70001400
L=0 70001410
K=0 70001420
N0 220 JU=1sNBASES 70001430
DO 220 1=1,J . 70001440
K=K+1 70001450
L=L+1 i 70001460
MMLY=T : 70001470
NN(L)Y=J 70001480
S(L)=HA(K) 70001490
IF(L.LT.5) GO TO 22¢ 70001500
WRITE(6:9000) (MM(L)sNN(L)sS(L)sL=155) 70001510
L=0 70001520
220 CONTINUE" ) 70001530
TF(L.NE,0) WRITE(659000) (MM(I)SNNCI)s»sS(I)sI=1,L) 70001540
WRITE(E51000C) 70001550
230 STOP . 70001560
1000 FORMAT(15,/D20.0) 70001570
2000 FORMAT(1H1510Xs'CHECK OF SCHUMIDT''S ORTHONORMALIZATION®, 70001580
2 //11Xs'"BASE' 25X, ! M N J K P's16Xs'(1/N)3#32") 70001590
2000 FORMAT(11Xs1455X5514510X,2020.105D20.1) 70001600
4000 FORMAT(15X,'CMIT') 70001610
5000 FORMAT(1H1,15Xs"ALPHA =',F10.5, 70001620
2 /716X 'THE CHARGE OF THE NUCLEUS A',F10.,2, 70001630
3 /716Xy ' THE CHARGE QF THE NUCLEUS B'3F10.2, 70001640
4 /716X "MULTIPLICITY! 110, 70001650
5 //16Xs ' INTERNUCLEAR DISTANCE'sF10.5, 70001660
6 /716X *NUMBER OF BASES'»110> . 70001670
7 ///721Xs " NUMBER M N J K P's/(21X51551X5514)) 70001680
60050 FORMAT(1H1,5///711Xs'ORTHONORMALIZED BASES!' 70001690
2 /711Xy "NUMBER' 210X, *COEFFICIENTS") 70001700
7000 FORMAT(/11X,1555X55D20.105/(21X,5D20,10)) 70001710
8000 FORMAT(1Hls///11Xs"MATRIX ELEMENTS OF HAMILTONIAN OPERATOR', 70001720
2 //3X55(3Xs" 1 J H(IsJ)'53X)) ) 70001730
9000 FORMAT(3X,5(3X52145F15.8)) 70001740
10000 FORMAT(1H1) 70001750

END 70001760



