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Abstract

The Gaussian wavefunctions recently reported by
Kim and Hirschfelder were found to be in error due to
incorrect formulas for two integrals. The interaction
potentials calculated in terms of the corrected wave-
functions are found to be in reasonable accord with the
exact results of Kolos and Wolniewicz .near the equil-
ibrium separation but in relatively poor accord at mod-
erately large internuclear separations, A scaling of the
energy and length to fit the exact curve at its minimum
did not ameliorate the situation. For the H2 isoelectronic
sequence it was found that scaling the H, optimized orbital
exponent by 72 and the internuclear distance by Z allowed
the prediction of the fully optimized energy of other

members of the sequence to within (at worst) 1%.




Statement of the Problem

The study of intermolecular forces is undergoing a
renaissance.’ In principle, one can study the interactions
of atoms and molecules in terms of solutions to the
Schrodinger equati?n

HY=EW 0
where H is the Hamiltonian operator for the system,QV 18
the wavefunction, and E is the total energy. For example,

the non-relativistic, time-independent Hamiltonian for two

H atoms separated by a distance R is (in atomic units*)

H~—V "*?K“L*J“*’l‘ - 4‘ + £2
> L me B (& R
where V' is the Laplacian and the coordinate system is de-

fined as below.

e,(e’,df"on ' r|)_

A
f\ud?w},} 7“\

y Z

(,‘/&(M"f e =
J \/L \(,__ /r-\ n\'kc\‘z/"&b TS
"J ‘R ‘ \/ ¢ 'V\m'sg =<

4
The first two terms of the Hamiltonian are the kinetic energy

operators for electron 1 and electron 2 respectively, The
third term is the nucleus-electron attraction operator and

the last term is the nucleus-nucleus repulsion operator.

* - . -
atomic units will be used COns%gtently in this paper:

1 a,u. of length =-kAL§L; 0-529M R = o
1 a,u. of energy = “/a 277 210 9/\/

where'ﬁ. Planck's constant/2[T ; m, = mass of electron;
e = electronic charge; ap=rudus of first Bo he ol 0 Ho




The practical difficulty is that the Schr@dinger equation
is soluble analytically for only a very few systems,
As noted by Kim and Hirschfelder2 ( hereafter referred
to as HK ) there exist several calculations for the system
of two H atoms which agree with experiment for a limited
range of the internuclear separation R. However, there are
very few theoretical treatments which are good both for
small and large separations. Especially with a small number
of basis functions there is only the work of Hirschfelder
and Lirmott3 which falls into this category. Thus, KH
investigated the interaction of two H atoms using a Gaussian
counterpart of the Hirschfelder-Linnett function., They
hoped to find whether the errors in the molecular energy
might be essentially constant over the whole range of inter-
nuclear separations R, In fact, their results were not too
promising, expecially in the long range situatiom.
It was our initial intention to consider a more flex-
ible variational function than the KH function to learn whether
their disappointing results were due to the simplicity of their

wavefunction. Consider the trial function

{0 4 m

L \{ 7/, () ‘1.‘} : ) G G,

AV (TER A IpH ) o2 )+ o T TN (2 )~ / (
)

JiF Ve ' (‘2.) Vg

where P is the permutation operator, (sce Jo=tnuice
12 P ! ’

- ( =
\ |

Q - B O 3 iy LL S et T : o~ L) b (2 | ¥ 5 = Y Gre
Op Tex AT M) ] T AP 0y G )& tnd] 5,k 1 T30 K iy el Y M2

8

* The variational theorem for trial wavefunctions states that,
in general, any trial function (which is normalizable) leads
to a value of the energy which is Bever lower than the true
ground state energy of the system.




l=m=n=1 and J=),=1,, KH considered the subcases
1_})0 { u)’uQ’.‘-D__ Y= \j = )

'/L)‘ ’\/U“)[\PN(«; ‘{—‘ )] ,J

In the course of treating the wavefunction of Eq.(2)
a serious error was discovered in the KH workf Therefore,
we redirected our efforts to the reconsideration of the simple
KH wavefunction rather than the expanded wavefunction of
Eq.(2), It is important to have correct results for the Xi
function in order to assess the improvements obtained by
using the more complex function of Eq.(2).

Our motivation is also to explore scaling of the wave-
function for an isoelectronic sequence of molecules (H2,
He2+2, Li2+4, and Be2+6). We also wish to'examine the use-
fulness of the Gaussian s, pz, px, and py basis set in the
prediction of ground state energies for the H2 and He2+2
systems, Finally, we wish to see if the Gaussian basis set
will yield the proper shape for the interaction potential

curve of two H atoms as a measure of the usefulness of Gauss-

ians in intermolecular and interatomic force problems.

footnote for page 2: The (1+P;,) term permits the calcula-
tion of thelZE; (ground) state of the system and the (1-P12)
term the *J 't (first excited state) state of the system.

* Tn fact, when the error was found we were well along in the
problem using the wavefunction of Eq.(2) as can be seen from
much of the discussion in Appendices A, B, and C.



Backround Information

In this section we review some backround material
(available in standard Quantum Mechanics texts, see, for
example, ref, 4) largely to establish notation used in
succeeding sections of the paper.

The problem of computing an approximate energy eigen-
value of the Schrodinger eguation may be formulated as

TN L
Wi | ey 3)
. ﬂ) LT I

The problem of computing E thus involves the evaluation

follows

of integrals, the most complex of which involve the l/r12
operator. With Slater orbitals *such integrals often pro-
vide a major roadblock to the computation of molecular
properties.,

Boys5 has proposed the Gaussian basis set

x(ijizk ap(-« r*)

where i, j, and k are integers and where the exponent X
may be varied or fixed. In general, it requires several
Gaussian orbitals to represent a Slater orbital. The Gauss-
ians, however, possess certain transformation properties

which make them convenient in the evaluation of multi-center

integrals (see Appendix A). Several calculations of molecular

One electron wavefunctions of any sort are called orbitals.
Slater type orbitals are eigenfunctions of the H atom
Hamiltonian and have the form

8-l
n,
Ce

The majority of molecular wavefunctions used to date
and built up in some way from Slater type functions.

!‘ “-.



properties using a Gaussian basis set have been carried

6 for recent

out to date (see the compendium by Krauss
references).

The Valence-Bond wavefunction of Eq.(2) is of such
a form that it may dissociate properly to the wavefunc-
tion for 2 H atoms as R7cd, The pz, px, and py functions
are introduced to help take into account the correlation
energy of the systems. The correlation energy * reflects
the fact that in many approximate wavefunctions the coulombic
interaction between electrons (especially those with anti-
parallel spins) is not properly accounted for, The spatial
correlation of electrons in a two-electron diatomic mole-
cule may be thought of as consisting of three parts:4

(1) "in-out" or "radial" correlation, where)when one
electron is close to the bond axis, the other is far away.

(2) "angular' correlation, where the two electrons tend
to stay on opposite sides of the axial ptane.

(3) "left-right!" correlation, where the two electrons
tend to stay near different nuclei.

The pz functions should help tale into account the left-
right correlation and the px and py should take into account
the in-out and angular correlation. It was hoped that the

extension of the basis set to eight s, three pz, and three

ecach of px and py with the consequent increase from 2 to 14

* The correlation energy is properly defined as

Ny MY oS
F’ S \\H 75. \\.H ZHARTQ%: 7 ~-Fools

T CXALT




linear and from 1 to 3 non-linear parameters (see Appendix
B) would produce significant improvement in the potential
curve computed using the Gaussian basis set. All integrals
required to compute the energy have been evaluated and are
listed in appendix A. The computer programs to compute the
eigenvalue and eigenvector are in the final testing stage

(see appendix C).



Method and Results

The three subcases are treated following the method

of KH,
P =0+ B I5,005: () g
e /‘ AT 7 oS —~ / \" f L
IH - (\\J” f')“_ | IL:‘:;'/\\‘ \ ) 2 :;-,“- L) = \/( ‘ ? /\ VR R A{\; f\ 4) =1
/)‘\ ) = (\ ’f_ ) =E ! ( ( ) \ v/‘; (- \ ;I
WA ) B3a0)Sef2) f\rﬂ h@ 0 (Yun M ur{/ ¢ It

The use of these three forms allows one to assess the im- : .
provment obtained by adding pz and then px and py functions
to the simple s wavefunction,
Details of the formulation of the problem are present-
ed in Appendix B. The computer programs used to calculate
integrals and minimize the energy are presented in Appendix

C. For the three wavefunctions of Eq.(4) we minimized the

energy functional / “'zh“
c - QN7
S
with respect to the parametersju\Q/ﬁ as appropriate. Both

the energy and the wavefunction itself are fixed by these
means, In order to assess the various qualities of the wave-
function, we calculated several expectation values other

than the energy ( the expectation value of any dynamical

o Ve
SWIG /7
variable is defined to be 41/< /MWL > ).
o
First let us consider the Virial Theorem which may

be stated in its general form for diatomic molecules as&
’7/:;7 = ~//\/§>\g(€i£16£j (&
’/~~<\1 / =5 \\ / | B d \\,\ N Dl L/

5;7 is the expectation value of the kinetic energy,

where 7

/ A

(V7 is the expectation value of the botential energy.

V
\

AL e

Knowing {7 / and ﬁ\j? one can calculate dE/dR which gives

a picture of the shape of the energy curve,




.
The<;;>ﬁ1ves a measure of the average separation
. \
between the electrons while <F?’gives a measure of the
average separation between a nucleus and an electron.

The results are preSented in the following tables?:

TABLE ;Q%g CONTENTS
A IO R, Energy, 3 sof ™) @rw4x for W, N) V“

the H2 molecule.

| + L . u — +L
G 6,7,6, ! o He, ) Lit Pe,

B (D4 R, Binding Pnergy,<v7 “\VZ/Q)7)
f“l/r*t/ o H,  Ne 3 L* ey %
; - 4(
k |46 ’\G;7 < 17£ﬁ) ) ‘«f;L(Sj Bey”
|
D | 67 Scaled R, Scaled binding energy,
scaled dE/dR (see discussion),
E N2 ZR V@ VﬁibuW,‘T%: ,U\HQ*LI«LLf
:l,“:)ﬁ L.p E L 7
F 13 A Initial guess | used to test

scaling of T and E for H
isoelectronic sequence (sge
discussion).

Many of the results are also summarized in Figs.(1-8),

The binding energy is defined as

E - REC s [F s g
REF he t(:(( t\‘{{‘? o
At infinite separation the (E 4 for Eq.(4) is given by

with : G-
)

That is, Eaﬁ is twice the variational energy of the hydrogen

atom (when Z=1) calculated with the s Gaussian function,

:

I

b

8

L———_———__
1 '
G i



Discussion

In this section we discuss the approximate ground-
state wavefunctions and energies of the first four members
of the H2 isoelectronic sequence in order of increasing

atomic number,

The H2 Molecule

The binding energies for the wavefunction of Eq.(4) for
H, over the range 0.1 “ R < 6 bohrs are plotted in Fig.(1l).
There they are compared with the exact results of Kolos and
WOlniewicz7 who used an 80 term correlated wavefunction., A
comparison of the results for Qujand Uﬂ in Fig.(1) shows
that the addition of pz character to . improves the binding
energy by ,00766 a.,u., at the calculated equilibrium separa-
tion R=1,55 a.u. The addition of px and py character tol})I
further improves the binding energy at R=Re by an additional
0,00842 a,u, and also shifts the minimum from R=1,55 bohr
to R=1,53 bohr. This significant energy improvment due to
the addition of px and py functions is in direct contridic-
tion to the statement by KH that "...the addition of px and
py functions gives very little influence to the overall pic-
ture of the potential curve.,"

One should also note thagﬁasing the wrong integral form-
ulas (see Appendix A) KH obtained binding energies forruﬂ and
lJ, at the equilibrium separation of -.282953 and -.290025
respectively, values very far below the true binding energy
reported by Kolos and Wolniewicz’. of -.1744 a.u, This fact

alone shows the great discrepaney introduced into the KH

results by using the improper integrals.
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A central question is whether the potential curves
obtained from the simple KH wavefunctions are of the pro-
per shape. It is difficult to answer this question on the
basis of Fig.(l) alone. Following KH we scaled the units

of length and energy as follows

‘VF)‘Hr'k
(, \Mu\‘uiu M CNELGS
\5‘ AT {/\y 2 ‘
MOAN I WLy (Q(\ GY (6)
_’—'ljl 2\ y - yk):', X
2 = L2
A tﬂ =, b A‘t LN
—~JCALED (= N == { =
A{— MY AL b

The results of the scaling torky are presented in Fig.(2).

According to Eq.(5) it is easy to calculate the slope
of the potential curve from Virial theorem considerations.
Values of dE/dR are listed in Tables Bl-B3, Values of dE/dR
for . scaled according to Eqs.(6)are compared graphically
with the Kolos-Wolniewicz exact values.’ in Fig.(3). There

it is seen that '} yields a potential curve of the

incorrect shape (as seen in FigS(1l) and (2) as well), es-
pecially at intermediate to large separations. It is not
certain whether one should ascribe this defect entirely to
the use of a Gaussian basis set (as K appear to imply) or
whether the form of the wavefunction may be partially at
fault. Note that none of the KH functions contain ionic
terms (ANAZ) ~ELIB(L) ) which are known to be important
at small separations.3

It is immediately obvious from Fig.(2) that the two-
parameter scaling scheme of KH is 'inadequate, since the

scaled & P'ls not sufficiently "fat'. For the sake of

(- b\ 5
argument let us assume that bothixhgand Al )Jare represent-
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- Figure 2 -
Scaled Binding energy for'H%h(\Uab. Also

included in this figure is e exact curvye
of Kolos and Wolniewicz (not scaled).
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ed by the Morse potential8
— 1. - "
AE = e(x 2K )

e et e [~

As plotted in Fig.(2), both curves have the same values
(respectively) of the equilibrium separation R, and 5 ,

the binding energy at R=R_. Clearly, however, a(¥, )7 a(exact).
Thus to make the two curves coincide, a()) would need to be
scaled by a factorcﬂiﬁclﬁjuij. The investigation of such a

scaling scheme is beyond the scope of the present work and

so will not be pursued further here,

+%J Li2+4, and Beg+6 Molecular Ions

The He
£

The results for the He2+2 system which was treated
in terms of the HK W, are reported in Tables A4,B4,C4,El,
The binding energy curve is plotted in Fig.(4).

It is known that the He2+2 molecule is metastably bound.9
Thus, the binding energy curve shown in Fig.(4) is qualita-
tively correct, Its shortcomings are revealed by a comparison
of our calculation with a more nearly exact configuration
interaction calculationg(in terms of Slater orbitalé}summar-
ized on page 12. Bess and R . refer to the R values at which

the curve exhibits a maximum and a minimum respectively.




IO (AE),a.u.

[IA

R, bohr

- Figure 4 -
Binding energy of He2+2 calculated using W, -

Inset provides additional detail of potential
well.




Summary of Heq+2 System
&

a .
CI Calc. Gaussian %LCalc.
Rin 1.34 a,u, 1,35 a.u.
Rmax 210 Ay, 1,70 a,u.
E(Rmax) -3,6162 a.,u. -2.9195 a,.,u,
Z‘mﬂiq
4his oorke

If we were to scale the binding energy and distances

(the latter according to R i

in OF Rmax) we should f£ind the

"potential well" for themgl curve to be too narrow compared
to the CI curve (this is evident by comparing the Rmin and
Rmax values for the CI and Gaussian calculations). Recall

that the Gaussian functions gave too narrow a scaled poten-

tial curve for the H2 system as well,
+6

No stable species are predicted for Li2+4 and Be,
However, the real reason for studying higher member§of the
isoelectronic sequence was to search for a relationship
between the H2 wavefunction parameters and those for systems
with higher Z values. We attempted to predict Y wvalues for

high Z cases by scaling the H, minimized Y by 72 and the

internuclear distance by Z so that
T (®)

and R(Z)

il

z2y(z=1)
ZR(Z=1%

(7)

il




The justification for this attempt is that if all dist-

ances were scaled by Z then

exp(-J¢-) = exp(-ZzsfHJ

The scaled 3(Z) calculated as in Eq.(7) were given
as input to the energy minimization program, The initial
value of the energy computed was noted and the minimization
was allowed to procede., A comparison of the initial guess
:}, finalis, initial E and final E is given in Table F. It
can be seen that evenfthe worst cases (very low R), the
predicted energies using scaled‘j%‘are correct to within
1% of the final minimized values. As one approaches ZR=6 bohr,
the energy can be predicted to 5-7 places and the final.ﬁ
can be predicted to 2-3 places. The increase in the accur-

acy of the scaledi]as R becomes large is expected because

for the separated atoms J scales exactly as 22

3E"
t&g,;df‘ iiff .

o

It was unexpected that this Z-scaling ofi? should persist

to such small separations.

The behavior of the T parameters corresponding to
the fully optimized’wﬁ is seen in Fig.(5) to indicate 72
i scaling for the majority of R walues shown. Also note that
) the scaling between higher members of the sequence is better
i than the scaling for any high member with H .
ﬁ, We also investigated possible scaling of the linear
parameters of'l@. The numerical results are given in Tables

y E, and are presented graphically in Fig§.(6,7). It is clear

that simple Z scaling works quite adequately for ‘X, the




TABLE F

Scaled H2 parameters for He

Liz*“, and Be,*6

HE2+2 (2=2.)

ZR J@)£"TE=\)  Finall
0.1 3,061 3,734
0.2 2,991 3,642
0.5 2.621 3.168
1.0 1,988 2.310
1.2 1.777 2.009
1.4 1,592 1.759
2.0 1,206 1,288
3.0 1,005 1,027
5.0 1.1186 1.1169
7.0 1.13146 1.13163
LI2+4(z =3)
0e3 6.492 8.387
0.6 5.586 7.133
1.2 3.999 4,671
1.8 2.940 3,234
2.4 2,411 2,576
3.0 2,261 2.323
6.0 2.5422 2.5428
0.4 11,032 14,634
0.8 8.385 11,409
1.2 7.109 8.430
2.8 4,046 4,237
4,0 4,294 4,229
6.0 4,5194 45204

| B

2 ?

A

Initial E Final E
683,827 68.726
28,936 28.838
5:565 5.480
-1,069 -1.,117
=1,877 -1,908
=2,339 -2,359
-2,848 -2,855
-2,92319 -2,92359
=2,9999944 -2,9999961
-3.,1096376 -3,1096368
64,086 63,707
20,844 20,528
2,281 2.164
-1,979 -2,013
-3,4316 -3 .4434
-4,0894 -4,0908
-5,64020262 -5.64020272
113,639 112,826
38,372 37.804
16,500 16,243
-1.,7289 -1,7373
-4,75800 -4,75869
=7 .58254419 =7 58254435

Note: Scaled—% is obtained by multiplying the H, minimized
7 by 2°. The initial E 1s obtained by cofiputing the
energy using the initial guess scaled H2“§ with no
minimization.
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Scaling of the orbital exponents for the H2
Isoelectronic Sequence
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Attempted scaling of optimized pz coefficient
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Scaling of the optimized coefficient of the
px and py terms.
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coefficient of the px and py terms, at all R. However,
it appears that'gxcoefficient of pz terms) fails to scale
very well at any R shown.

The ZR scaling is not new and has recently been
noted by several authors in various situations.lo’ll’12
However, the ability to predict orbital expénents and
energies so accurately using 72 scaling for the exponent
and Z scaling for the internuclear distance seems to be
anmes smE cxciting discovery. As a practical consequence
it enables a significant decrease in the length of time
necessary to compute the energy minimum at any R, With
large wavefunctions such as Eq.(2) this will result in
a substantial saving# of computer time.(if the Z2 scaling
still persists for this function). Such scaling also en-
ables the computation of a good guess at the energy (to
within about 1%) with no minimization at all.

Finally, we should note the general behavior of
the expectation value of 1/r;, for the H, molecule as
reported in Table C. One can see by looking at these
tables that generally the addition of pz to theihfproducos

i\~ iy
a decrease in the “ ) and that the addition of px and py

\
/

further decreases<f*\). This indicates that on the average
the electrons are farther apart when the wavefunction is
assumed to have the form of ', VG.fPlorTLJ V$'7V«- Thus

t -

our hopes of being able to account to some degree for

electron correlation by addition of p character appear to

have a foundation in fact.
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Conclusions

The Gaussian wavefunction for the ground 'ilg)state
of H2 recently reported by Kim and Hirschfelder 2 was
found to be in error due to errors in two of their integrals.
The interaction potential calculated in terms of the correct-
ed approximate wavefunction is now found to be in reasonable
accord with the (essentially) exact results of Kolos and

7 near the equilibrium separation but in relative-

Wolniewicz
ly poor accord at moderately large separations. A scaling of
the energy and length to fit the exact curve at its minimum
did not ameliorate that situation.

For the H2 isoelectronic sequence scaling of a differ-
ent sort was investigated. We found that scaling:X and R
as follows allows one to predict the ground-state energy

S r | » i
of a member of the sequence to at worst l%ﬁ&’ﬂw quQ quﬂkéﬁjrﬂifﬁ
d {

T (2)

and R (2)

q(2z=1)g2

R(zZ=1)Z .

We note that the addition of p character to a simple
s-type Gaussian wavefunction appears to increase the wave-
functions ability to correlate the motions of the two-elec-
trons in the H, molecule.

Future work is planned to finish the study of the
wavefunction of Eq.(2) which provides an increased flex-
ibility in the number of variational parameters and the
representation of the long range potential curve., We al so

hope to assess the usefulness of simply adding an ionic

term to the Kim-Hirschfelder wavefunction.
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Introduction

The following section is based in large part on an
article by Shavitt.!3 This section is presented to famil-
iarize the reader with notation and to develop some of the
basic integral formulas involving Gaussian-type functions.

The reader should note that no further reference to
Shavitt will be given in this appendix although much of

the material is taken from his paper.

Some Properties of the Gaussian Function

Consider the three-dimensional Gaussian function which

we will write in any one of the equivalent forms

G;(ry) = GOLy; ry) = exp(-o;ry ). (A1)
Here di is a parameter (&;> 0), the index i referring to
its position in an independently specified ordered list of
X 's. The argument Ty is the magnitude of the vector‘?; from
a given fixed point A to the variable point P(x,y,z). The
fixed point A, having the Cartesian coordinates.Ax,Ay,Az,
is referred to as the '"'center'" of the Gaussian., Different
subscripts A,B,... Will be used to distinguish different
centers; thus Gj(r,) is a Gaussian centered on the point A

and having the paramter &j..It can be written as a function

of the coordinates of P(x,v,z),
G;(ry) = exp{-o ; [GemA )2+ (y-A )2+ (z-4 )77} (a2)

Ve shall also use the abbreviations

X, = X - A_,
> L

A =y o= Ay, and z, = z - Az‘ (A3)

A

YA




When the center designation ( the A of ry ) is omitted,
it can be assumed that the Gaussian is centered on the
origin of the coordinate system.

We derive the following theorem:

THEOREM, The product of two Gaussians having different
centers A and B is itself a Gaussian ( apart from a constant

factor ) with a center somehwere on the line segment AB,

Specifically
Gi(rA)Gj(rB) = ka(rc), (AL)
where k is the constant
k = exp( - fﬁLﬂL_ Kﬁz) (A5)
i
and
\ — , -
oy = o 4 * K5 s (A6)
xATa B, re A B, of Mo +of i Pn
C - AL/A“, A X A ; C — A / fd t:\ ; C - )(; -t | L/C’w (A7)
- X+ ¥ Tl = o+oly U

o
PROOF: (refer to figure ¢ ) 1If the point C is placed

in accordance with eqs, (A7), then

“'L\J
(A8)
oAU ¢ 1
b —( 0(,'_.'4' X )R
where R = AB, Using the law of cosines we have

r2 = AG? + r2

A G + ZKCfccos e

2 —_—D 2 =5
Ty CB™ + rC - 2CBrCcos (a]

I

and thus
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The values of the following Gaussians along the z axisﬁ

Gy = exp(-z2)
G, = exp(~0.5(z-1)?)
G. = G.G_

3 175
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| /-}i(AC BT )
'“ Substituting for AC and CB from eqs.(A8) and multiplying
‘i throughout be (d;rd,)/R we get

‘Y’Q/}.
~J

= (3(' o 5 ool N 5 O(:, o i L N
a s SO R [ R (= - r<‘7 / - (( & ) /
< 0»(“( +d.4 )K h KD{L +()"\’ ) B % e &

7 7/ / s, L ‘ . - <L
, et A AR s (el ol X
0(_\ K'AZ' —+ A ( l% — K"“‘“—“’"A 5(\ L \1) <
or ot N f oy ey
- oA ] i “(Di*‘\&‘i’ : \)KL /——L"\ &g )
g - he B g 2 0.E.D.

Integrals of Gaussians

We will now consider some basic Gaussian integrals
which are necessary for the evaluation of the matrix elements

in the energy calculation. The most elementary of these is

00
LexPc-cxchx LT («o) (A7)
The proof is

0

{ gw@(?(—dxz)i \ B 2p (\'“O<><L> @/\p(“‘\‘JL>d’<"{ \3




Putting r2=s, 2rdr=ds, we get

- A — 9 e o0 o /i_ B
f ' = ¥ S - 2 I
1 ',‘\ l o ﬂ ( ~ Sl =iy o T R A ‘
2 S aq,;’XA“)ixf ey ) < as>= 1~ |17 T4 ;
L R J H o8 IR LPEE
L X
So
A
e T e -
} _ AKX J_ﬁ . _E_ 1_1_ Q E D
.“y\ C (/ K o \ ‘—-——-".,\“ — \ ‘li '\\ - - - -
.", \‘ PAA \
Q

We shall now consider the class of integrals

|
2
F(t) = | u™e ™ au  (tv0; w=0,1,2,..) (A10)

o)

which can be considered as a reduced form of the incomplete

gamma function,

, 4 \ e N
e

They are closely related to the error function and its deriv-

atives, for by making the substitution tu2=v2, we find

i
N+

Fo(t) = _\T: S,"?X 1\7&"\/:') {‘_\ = —l' ‘*t: /’(ﬁ \R— ) H-*[\ )

L@

where erf(x) is the error function,
A

erf(x) = | o "

Furthermore, by differentiating with respect to t under the

integral sign of Eq.(Al0), we get
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—_ -+
dt o) = VMH\ 2

Integration by parts yields the following recurrence relation,

o =
\ — - (

Fl) = p\iﬁmu\) + (A3

Eq.(Al13) provides a way of computing Fm(t) for a seq-
uence of values of m. Choosing F_ (t) = 0 for some large m
and uses Eq.(Al3) to go from high to low m with accuracy in-
creasing as you proceed. For our purposes it is more profit-
able to compute Fo(t) from Eq.(All) using an I.B.M. function
subroutine to compute erf(x) to sixteen places. The backward
recursion formula is particularly useful for a large sequence
of m, bBut necessitates special formulas for very large and
very small t. As a test, the values of F_,(t), m = 0,1,2,3,4
were computed by the backward recursion method assuming F

100(t)
equal to 0 and by using the recursion formula from low to

high ‘m computing F,(t) by Eq.(All). For 50t ) 107> both




\of

Let

methods yielded identical results to at least ten places.
For t .50 the backward recursion yielded 0 for all Fo(e).

We will now derive the transformation

A=l ,o<r

0 |

o T 500(

which will be useful in evaluating basic nuclear-attraction

dd  A¥O,T>o  (A)

and electron repulsion integrals.

Proof: Consider the integral representation of the

Gamma function

NOBNREE Y

K= ‘/\/L o0

/\/ g -5 )\/z—lcl

01y [ ity

o0

18]

Rearranging yields Eq.(Al4),

Energy Integrals

: E
The following formulas were derived by Boys for the

integrals between basic ( ls-type ) Gaussian orbitals,

(aA) = exp(-arlﬁ),

ete. ,
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The points P and Q lie on AB and CD respectively, and are

given by
A 0 ':—" { 3 \ ‘P
; 5 a Agt K ox ) Afii&j;ﬁgf%'m
: - = MR i e = L-/\ e = cC Q:{'\: (£ ] ‘\
i 'K 4 Py R S ) 8 3 b .

All formulas are valid when two or more centers coincide,

1 As examples, we shall now derive Eq.(Al5) and Eq,(Al8).

Eq.(Al6) is a straightforward integral which may be evaluated
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To derive Eq.(Al8) we consider the transform of Eq.(Al4)

with A = 1,
_/2_

(ig

Fis

Introducing this transform into the integral of Eq.(Al18) and

|
(i

factoring the integral into x, v, and z parts gives
(0.0

_— — (:l/z
40" ds
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Putting u = X =P, 0 V = X,=0Q,, X = PyeQy and using Eq.(A9),
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class of functions
; xky?zﬁ exp(-arﬁ)
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A collection of formulas for overlap, kinetic energy,
nuclear attraction, and electron repulsion integrals over
s and p type Gaussians is presented by Clementi and Davis.I
The integrals in the following table are derived from the
Clementi-Davis expressions by introducing the coordinate

system below.
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Integral Formulas

Overlap Integrals
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Kinetic Energy Integrals

Define
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Nuclear Attraction Integrals

Integrals are defined in terms of the function Fm(t) of

Eq.(A10). We also define the function
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Electron Repulsion Integrals

Define i
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Error in Kim-Hirschfelder Integral Tables
. An error has been found in the computation of Kim
) gt .
| and Hirschfelder. which changes the major part of the
results reported in their pnaper. The error involves the
integrals
- \ / 3
(CﬁA\ ;g! bize
and EeT ~
@5/\‘&34‘)??9
| which are given to be equal in the Kim-Hirschfelder paper.
One may evaluate these integrals in a simple manner by con-
sidering Eq.(Al7) and the fact that
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In both cases AB=R so g axh
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which is not equivalent to Eq.(A21)., The recomputation and

extention of the Kim-Hirschfelder worl with the correct in-

tegral forms is a major topic of discussion in this thesis.
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Computer Programs (Program listings are found in Appendix C)

The problem of computing the lowest eigenvalue and it$§
corresponding eigenvector was programmed in FORTRAN IV for
the I.B.M. System 360/Model 40 at the State University of
New York at Binghamton Data Processing Cenfer. Several sub-
routines were obtained from the Quantum Chemistry Program
Exchange, Indiana University, Bloomington, Indiana (Q.C.P.E.),
A description of these routines follows (also see comments
within the program listings in Appendix C):

SUBROUTINE CEIG, Q.C.P.E. Program # 97,

Authors: H.,H.Michels, C.P.VanDine, and P.Elliot, United
Aircraft Research Laboratories.

Purpose: This routine solves the secular equations of the
form
(H-AS)C=0

where H and S are real symmetric matrices. The
procedure is;

define A by S = ATA

then (HA=1-XaT)Ac=0

and (A~Tma~1_ \1)Ac=0

but B=A-THA-! is symmetric therefore

(B-\I)AC=0 is a symmetric eigenvalue problem
which is diagonalized by SUBROUTINE NESBET,

Comments: The program was transformed from single-precision
to double=precision floating point arithmetic.

SUBROUTINE NESBET, Q.C.P.E. Program # 93,

Authors: H.H.Michels, P, Elliot, United Aircraft Research
Laboratories.,

Purpose: This subroutine is a FORTRAQ;coding of a FAP
routine due to R.K., Nesbet, = The routine




40

computes the lowest eigenvalue and eigen-
vector of a real symmetric matrix using the
second order matrix diagonalization algorithm
of Lowdin.“The procedure involves fixing one
eigenvector component at unity while the other

components c¢,; are incremented as follows:

V;*: Z H/uL C( “E‘ el S’«(CC; )
. ¢

K

ACM: m/(E—()uu—'Hu“\) )
L\D: (9\23 (L 4= S “uy "AL/—&7/\("(_(

8= AC, [(D+AD)
This unit step computes (.+8C,as an exact sol-
ution of the linear equation of index u, given
current values of E and the coefficients (cj),
and computes &=+AE as the current second order
eigenvalue estimate. The Eqs. above are repeated
for the index u in increasing sequence with apnro-
priate convergence criteria. After a complete
iteration (all values of u), the computation
terminates if the largest 1ncrement Au( is lees
than a preset tolerance. Hes

The program is particularly suited for
large matrices because

(a) the time required to compute a single eigen-
vector of an nxn matrix is proportional to n2
not n” as in most standard diagonalization
methods.

(b) the eigenvalue convergence is 2nd order.

(c) the lowest eigenvalue converges monotonical ly,
Comments: The program was transformed from single-precision

to double-precision floating point arithmetic. The

tolecrance for the eigenvalue convergence was set
at 10=12

SUBROUTINE SIMPLEX, Q.C.P.E. program # 67,

Author: J.P,Chandler, Physics Department, Indiana University,
Bloomington, Indiana.47401,

Purpose : Simplex is called to find the local minima of
real functions of several wvariables (up to 20),

The program is _a coding of the method

of Nedler and Mead.' ' The only requirement is
that the function to be minimized is continuous
and is defined on a continuous domain, and that
all of its derivatives are continuous.




i

The first derivatives do not have to be
computed explicitly.

3 Comments: A double precision version of Simplex

I8 prepared by Mr,W.H.Barker, Science Division
\ Programmer, S.U.N.Y. at Binghamton was used.
Convergence criteria for Simplex will be
discussed below,

Formulation of the Problem

The wavefunction we use in its most general form is
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These ratios were determlned by 00n51der1nd the orbital ex-
. I :
ponents found by Longstaff and Singer, who used an eight term

T/
iy, ratlos

Gaussian s expansion to treat the H atom., Fixing the [, Fa

at the Lonstaff-Singer final H atom results ( leaving [ free)
should then provide a wavefunction which dissociates to give
the Longstaff and Singer H atom result 0f -,4999 Hartrees as

.E R20 ( exact = -,5000 Hartrees ). The Lu)andwfyg were fixed
as follows to give a good spread in the D, and px,py Gaussians;
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We therefore now only have 3 non-linear parameters, The minim-

ization of the energy with respect to these parameters will

take from 1-3 hrs./ R value on the I1.B.M. 360/40, The comp-




utation is carried out as follows.
We write the wavefunction in the form
14

( ~

lp: Z",/J('l&g(.
We need to determine the 14 linear ¢; and the three non-
1inear'3n. The (c£> are the eigenvector components corres-
ponding to the lowest eigenvalue of the Schrodinger equation
in matrix form

(H-E8)C;=0

( {

where H is the matrix representation of the Hamiltonian

in terms of the basis ([fi) and is given by

H={I}{d) and
S=(dld>
whee 43 = [(Pl W, e j

With the Q.C.P.E. programs available, it is only necessary
to compute the matrices H and S in order to determine E; (lowest
eigenvalue) and Cl (corresponding eigenvector). The problem is
further simplified by noting that for our wavefunction of Eq.(Bl)
and Hamiltonian of Eq.(l), the H and S matrices are real and
symmetric. Therefore, one needs to compute only n(n+l)/2 elements
of the nxn matrix rather than n? elements.

The S matrix is computed in SUBRQUTINE OVERIA (see appendix
C for listings of computer programs). Special attention was given

to preventing exponential underflows which occur when e~¥* ¢ i

lig8




A cutcff criterion of e ¢ 10"%’vas used such that when
we set e™*=0, This criterion was found not to
effect the energy until the 15th place and increased the
speed of the computation ( especially at large R).

The computation of the H matrix was divided for con-

venience into three separate steps

where HA:—Qb\’%:“§§\¢>
1y = (pIT |7

the speed of the computation is further improved by noting
that ) : ’ 2

o3 Oy -\7—'1//’ Vi

(|- f:_lcp = 2 (4L |

f = -; -+ 5 P + J_ | _ ~ ., ~ .3*, .—.
<q> A Tg) V\L CD7 "L/\QL | Ty l@?
The matrices HA’HB’HC are computed in SUBROUTINES
FAMTRX, HBMIRX, and HCMIRX respectively.

In order to compute the mimimum energy it was found
that for 3 non-linear parameters it takes Simplex about 200
energy computations, and with 1 non-linear parameter (the
Kim-Hirschfelder function) about 60-70 computations, (For
the Kim-Hirschfelder function this involwved about 80 secondsy
per R wvalue),

The final accuracy of the non-linear parameter of the

Kim-Hirschfelder function was set at 1072 for Simplex which
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gives ten figures in the energy,
is complete, the normal-

Once the energy minimization
ized eigenvector is returned to the calling program and

several other quantities of interest are computed., They

are :
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All computed quantities are printed out and punched

fed into PROGRAM OQUTPUT

on cards. The cards may then be
are produced.

and the various tables in the thesis
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PROGRAM TO COMPUTE ENERGY EIGENVALUE
AND EIGENVECTOR FOR THE WAVEFUNCT ION
OF EQUATION
2




;L

-~ c1 L#é

1, MOD 3 MAIN DATE = 69131 17/11/31

IMPLICIT REAL*8(A-H,0-2)
EXTERNAL TOTAL

MAIN INPUT AND OUTPUT ROUTINE
GAUSSTAN WAVEFUNCTION FOR H2 ISOELECTRONIC SEQUENCE
ENERGY CALCULATION AND MINIMIZATION

COMMON/S1/CHISQ,X(20)
COMMON/S2/XMAX(20) yXMIN(20) yDELTAX{20) DELMIN(20)yNV4,NTRACE,

b MASK{20)

COMMON/AL/PIyRyS(14414)yH(14914)4XPL(8)4yXP2(3),XP3(3),COF(14),42,
1 ISTATE

COMMON/A2/HA(14414) yHB(14414)4HC(14,14)

DIMENSION KP(20),COFN{20)4SMAT(105)

SET DSIMPX PARAMETERS

READ(5,500)CUTOFF
FORMAT(D20.10)
NTRACE=1

NV=3

DO 11 I=1,3
XMAX{1)=25D0
XMIN{I)=1D-5
DELMIN(I)=CUTOFF
MASK(I)=0

READ NUCLEAR CHARGE, INTERNUCLEAR DISTANCE, AND GROUND OR TRIPLET STATE

READ(5,1)Z 4Ry ISTATE
IF(Z.LT.0DO)GO TO 999

FORMAT(2F10.0,12)

WRITE(6,5)

WRITE(646)Z,R

IF(ISTATE.EQ.0)GO TO 7

WRITE(6,9) |
GO TO 10 |
WRITE(6,8)

CONTINUE |

READ ORBITAL EXPONENTS

READ(542)(X(1)41I=1,3)
FORMAT(3F10.0)

READ INITIAL STEP SIZES ON EXPONENTS !
READ(542)(DELTAX{I),1=1,3)

CALL SIMPLEX TO MINIMIZE ENERGY FUNCTION

CALL DSIMPX(TOTAL)



2 47

1, MOD 3 MAIN DATE = 69131 17711731

COMPUTE THE OVERLAP INTEGRAL — INTEGRAL OF PSI*PSI

SUML=0D0

SUM2=0D0

SUM3=0D0

SUM4=0D0

DO 100 I=1,8

DO 100 J=1,8

SUML = SUML + COF(I)*COF(J)*S(I,4J)
DO 101 I=1,8

. DO 101 J=9,11

101 SUM2= SUM2 + COF(I)%COF(J)*S(1,J)
~ SUM2=2DO0*SUM2

DO 102 [=9,11

DO 102 J=9,11

SUM3 = SUM3 + COF(I)*COF(J)*S(I4J)
DO 103 I=12,14

DO 103 J=12,14

SUM& = SUM4 + COF(L)*COF(J)*S(1,4J)
PSISQ= SUML + SUM2 + SUM3 + SUM4

OUTPUT SECTION

WRITE(646)Z4R
IF{ISTATE.EQ.0)GO TO 77

WRITE(649)

GO TO 80

77 WRITE(6,48)

180 CONTINUE

. 5 FORMAT('1'44X,' GAUSSIAN WAVEFUNCTION FOR THE',/5X,' H2 ISOELECTRO
INIC SEQUENCE'y//5Xy"' SeLo.BRENNER',/5Xs* SUNY AT BINGHAMTON',/5X,"
2NEW YORK?)

6 FORMAT(/6X,'NUCLEAR CHARGE',F10.0,/5X,' INTERNUCLEAR DISTANCE',F10
1.5)

FORMAT( 5X,' GROUND STATE®)

FORMAT( 5X,' TRIPLET STATE')

WRITE(64301)

WRITE(64300) (COF(I),1=1,14)

FORMAT(/{3D25.16))

FORMAT(3D25.16)

FORMAT(14HO EIGENVECTORS//)

WRITE (6,401)

WRITE(6,4300) (X(I)yI=1,3)

FORMAT(11HO EXPONENTS//)

WRITE(6,303)

FORMAT(19HO LOWEST EIGENVALUE//)

WRITE(64304)CHISQ

FORMAT(10XD25.16)

WRITE(6,110)PSISQ

FORMAT(21HO INTEGRAL OF PSI*PSI,/D25.16)

WRITE(6,1000)




VEL 1, MOD 3 MATN

1000 FORMAT('1")
P GO0 TO 2000

DATE

69131

Y‘r

¢3

17711/31

43




2 ch Z*?

BVEL 1, MOD 3 TOTAL DATE = 69131 17/11/31

SUBROUTINE TOTAL

IMPLICIT REAL*8(A-H,0-2)

COMMON/AL/PI yRyS(144514),H{14414)4XP1(8B)4XP2{3),XP3(3),COF(14),2,
1 I STATE

COMMON/AZ2/HA(L14414) yHB(144+14) 4HC(14,14)

COMMON/S1/CHISQyX(20)

DIMENSION KP(14),HMAT(105),SMAT(105)4yE(14),COET(14414),VEC(1445),
1 ITIME(2)

PI=3.14159265358979320D0

N1=1

NN=14%

N=14%

INITIALTIZE EXPONENTS WITH CURRENT X VALUES

XP1l(1l)= X(1)
XP1(2)= 2DO *X(1)
XP1(3)= 3DO EX 1)
XP1(4)= 5DO0 #*X(1)
XP1(5)= 1000 *X{1)
XP1l(6)= 20D0 *X{1)
XP1(7)= 100D0 *X{(1)
XP1(8)= 500D0 *X(1)
XP2(1)=X(2)
XP2(2)=10D0%X(2)
XP2(3)=100D0%X(2)
XP3(1)=X(3)
XP3(2)=10D0*X(3)
XP3(3)=10000%X(3)

CALL ENERGY MATRIX ROUTINES

CALL OVERLA
CALL HAMTRX
CALL HBMTRX
CALL HCMTRX

COMPUTE HAMILTONIAN MATRIX

DO 10 J=1,N

DO 10 I=1,J

H{TyJ)= HALI,J) + HB(I,J) + HC(I,J)
10 CONTINUE
' DO 12 I=1,N
12 KP(I)=(I*%(1-1))/2

TAKE MATRIX WHICH IS STORED IN UPPER TRIANGULAR FORM AND
STOURFE IN A VECTOR COLUMN BY COLUMN

DO 13 J=1,N
DO 13 I=1,J
ITI=KP(J)+I




# C5 50
fEveL 1, MOD 3 TOTAL DATE = 69131 17/11/31

HMAT(III)=H(I,J)
SMAT(TIIT)I=S(I,J)
IF(DABS(HMAT(III))«LT41D=-10)HMAT(III)=0DO

. IF(DABS(SMAT(III)).LT.1D-10)SMAT(III)=0DO
13 CONTINUE

OBTAIN EIGENVLAUE AND EIGENVECTOR
CALL CEIGINyN1yNNyHMATySMAT,ECOET,VEC,KP)

TOTAL ENERGY = ELECTRONIC ENERGY + NUCLEAR REPULSION ENERGY

~ CHISQ=E(1) + Z%%2/R
B DO 15 I=1,N
15 COF(1)=COET(I,1)
; . RETURN
. END

Gl g o
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L EVEL 1, MOD 3 FT DATE = 69131 17/11731

SUBROUTINE FT

IMPLICIT REAL*B(A-HsN-2)

CCMMON/AL/PT yR9yS(14414) yH(14414),XPL(8)yXP2(3)4XP3(3),COF(14),2,
1 ISTATE

COMMON/F/T4FT14FT2,FT3,FT4,FTO

IFIT«LTe1leD-15)Y60 TO 10

FTO=(1D0/2D0) *DSQRT(PI/T) *DERF{DSQRT(T))

YY=DEXP(-T)

FT1=(FTO-YY ) 7 (2D0%*T)
FT2=(3DO*FT1-YY )/ (2D0*T)
FT3=(5D0*FT2-YY )/ (200%T)
FT4=(7DO*FT3-YY )/ (2D0*T)
RETURN

10 FT0O=1DO

FT1=1D0/300
FT2=1D0/5D0
FT3=1D0/7D0
FT4=100/90D0
RETURN

END
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LEVEL 1, MOD 3 OVERL A DATE = 69132 10/45/24
SUBROUTINE OVERLA
COMPUTE OVERLAP MATRIX S(I,J)

IMPLICIT REAL*B(A-H,N-2Z)
CUMMON/AI/PIvRvS(14714)QH(14914}vXPl(8)0XP2(3),XP3(3)1COF(l4)va
1 ISTATE

DIMENSION VLAP(8)

NEXyY)=(PI/(X+Y))%%(3D0/2D0)

IF(ISTATE.NE.O)GO TO 1000

COMPUTE S-S ELEMENTS

DO 10 1
DO 10 J
] A=XP1(1)
4 B=XP1(J)
b VLAP(1) = N(A,B)
TEST= A%B*R*%2/(A+B)
IF(TEST.GE.25D0)G0O TO 30
VLAP(2)=VLAP(1)*DEXP(-TEST)
GO TO 40
30 VLAP(2)=000
40 CONTINUE
3 SUT9J)=2D0%(VLAP(1)%%2 + VLAP(2)%%2)
SUSs IV=80T yd}
10 CONTINUE

1,8
1,1

COMPUTE S-PZ ELEMENTS

i DO 11 I=1,8
¥ DO 11 J=1,3
! A=XP1(1)
U=XP2(dJ)
TEST=A*U*%R%%2/ (A+U)
[FITEST.GE.25D0)G0O TO 31
VLAP(5)=(A/(A+U) )*R*N(A,U)*DEXP(-TEST)
GO TN 41
31 VLAP(5)=0D0
41 CONTINUE
[J=J+8
SCIyIJ) = 2D00%( - VLAP(5)%%2)
SUTIJsI)=S(1,1J)
11 CONTINUF

COMPUTE S-PX ELEMENTS

DO 12 1=1,8
D0 12 J=12,14
S(1,4)=0D0

: S{Jy1)=0D0

L 12 CONTINUE
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1y MOD 3 OVERL A DATE = 69132 10/745/24

COMPUTE PZ—-PX ELEMENTS

DO 13 I=12,1%
DD 13 J=9,11
S(IyJ4)=0D0

| S(JyI1)=0D0

13 CONTINUE

COMPUTE PZ-PZ ELEMENTS

DO 14 I
DO 14 J
[1=1+8
JJ=J+8
U=xP2(1)
D=XP2(J)
VLAP(3) = N(U,D) * (1DO/(2D0O*(U+D)))
TEST=U%D*R*%2/ (U+D)
IF(TEST.GE.25D00)G0 TO 33
VLAP(7)=N(U D) *DEXP (=TEST )% (1D0/ (2D0% (U+D) ) ~U*D*R* %2/ ((U+D)%%2))

, GO TO 43

33 VLAP(7)=000

43 CONTINUE

' S(IT14Jd)= 2D0 * ( VLAP(3)%%2 + VLAP(7)%%2 )
Sl dds TTT =561 'y J o)

14 CONTINUE

1,3
1,1

COMPUTE PX-PX ELEMENTS

DO 15 I=1,3
DO 15 J=1,I
F=XP3(1)
F=XP3(J)
VLAP(4) = NIE,F)*(1D0/(2D0*(E+F)))
TEST=E*F %R *%2/ (E+F)
IF(TEST.GE.25D0)G0 TO 35
VLAP (B)=VLAP(4)*DEXP(-TEST)
i GO TO 45
35 VLAP(8)=000
. 45 CONTINUE
' [1=1+11
JJ=J+11
S(IT9dJ) = 4DO % (VLAP(4)%%2 + VLAP(8)%k%2 )
‘ Sl Jda TI ¥=34 E 1 o)
. 15 CONTINUE

RETURN AFTER GROUND STATE CALCULATION
RETURN

EXCITED STATE SECTION — ELEMENTS COMPUTED IN SAME ORDER AS ABOVE
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JEVEL 1, MOD 3 OVERL A DATE = 69132 10745724

1000 CONTINUF
! DO 20 I=1+:8
DO 20 J=141
A=XP1(1)
B=XPL(J)
VLAP(1) = N(A,B)
TEST= AXB*R%%2/(A+B)
IF(TEST.GL.2500)G0 TO 50
VLAP(2)=VLAP(1)%DEXP(-TEST)
; GO TO 60
~ 50 VLAP(2)=0D0
60 CONTINUE ?
S(19J)=2D0%(VLAP(1)#%2 = VLAP(2)%%2)
S(JyI)=S(1,4J) |
20 CONTINUF |
DO 21 I=1,8 ]
DO 21 J=1,3
A=XP1(1)
U=XxP2(J)
TEST=A®U*R*%2 / (A+U)
IFITEST.GE.2500)160 TO 51
VLAP(S5)={A/(LA+U) ) *R*N(A,U)*DEXP(=TEST)
: GO TO 61
L 51 VLAP(5)=000 |
61 CONTINUE a
1J=J+8
S(Iy1J) = 2D0%( + VLAP(5)*%2)
_ SUIJyI)=S(1,1J)
} 21 CONTINUE
- DO 22 1=1,8
B 22 J=12,1%
S(1,J)=0D0
S(JyI1)=0D0
122 CONTINUE
DO 23 I=12,14
DO 23 J=9,11
S( I vJ)=O[)O
S(J,y1)=0n0
. 23 CONTINUE
DO 24 I=1,3
DO 24 J=1,I
[[=1+8 *
JJ=J+8
U=XP2(1)
D=XP2(J)
VLAP(3) = N(U,D) * (1DO/(2D0*(U+D)))
TEST=U*D%*R*%2/ (U+D)
IF(TEST.GE.25D0)G0O TO 53
VLAP(T)=N(U,D) *DEXP(=TEST)*(1DO/(2D0*(U+D))=U%D%R*%2/ ((U+D)*%2))
| GO TO 63
. 53 VLAP(7)=0D0

P ST ma———
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63
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1, MOD 3 OVERLA DATE = 69132

CONTINUE

SUTTJdJd)= 2D0@ % ( VLAP(3)%%2 = VLAP(T)Y#%x2 )
S(JJy11)=S(I1444)

CONTINUE

DO 25 I=1,3

DO 25 J=1,1

E=XP3(I)

F=XP3(J)

VLAP(4) = N(E.F)*(1DO/(2D0*(E+F)))
TEST=E*F *xR¥Xx2/(E+F)
IF{TEST.GE.25D0)G0O TO 55
VLAP(8)=VLAP(4)*DEXP(-TEST)

GO TO 65

VLAP(8)=00D0

CONTINUE

L=k

JJ=J+11

S(ITyJdJ) = 4DO * (VLAP(4)*%2 — VLAP(8)*%2 )
S(JJ»IT)=S(11,JJ)

CONTINUE

RETURN

END

c10 55

10/745/24
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ffVEL 1, MOD 3 MATN DATE = 69132 10745724

KINETIC ENERGY MATRIX

SUBROUTINE HAMTRX
IMPLICIT REAL*8(A-H,N-2)
REAL*8 K14K2yK3,K4
CGMMDN/AI/PI;R’S(14vl4’1H(14114)vXPl(B)vXP2(3)9Xp3(3)vCOF(14’129
1 LSTATE
COMMON/A2/HA(144914) yHB(14414) yHC(14,14)
DIMENSION VLAP(8),EKIN(10)
NIXeY)=(PI/(X+Y))*%(3D0/2D0)

DEFINE AUXILIARY K FUNCTIONS

KLOXyY) = 3DO%RX*Y/(X+Y) = 2DO*({XKY%RR) X%/ ( (X+Y )%k%2)
K2{XyY) = 3DO%X%kY/(X+Y)

K3(XyY) = 2DORYRR%kX%%2 /( (X+Y)%%2)

KalXyY) = XRY/((X+Y)*%2)

IF(ISTATE.NE.O)GO TO 1000
5-S ELEMENTS

DO 10 I=1,8 l
DO 10 J=1,I r
A=XP1(1) |
B=XP1(J) '
VLAP (1)=N(A,B)
EKIN(L)=K2(A,B)*N(A,B)
TEST=A*B*R¥%2/ (A+B)
IF(TEST.GE.25D0)G0 TQ 20 }
VLAP(2)=VLAP(1)*DEXP(-TEST)
EKIN(2)=K1(A,B)*VLAP(2) .
- GO TO 30 x
L 20 EKIN(2)=0D0 ,
3 VLAP(2)=0D0 ?
| 30 CONTINUE |
| HA(T 3 J) =4D0%(EKIN(L)*VLAP(1) + EKIN(2)%VLAP{2)) |
HA(J y 1) =HA(T 4 J) |
10 CONTINUE

S-PZ ELEMENTS

DO 11 I=1,8

DO 11 J=1,3

A=XPL1(I)

CEXRP2(.J)

TEST=A*C*R*%2/(A+C)
IF(TEST.GE.25D0)G0 TO 21
W=N(A,C)*DEXP(~-TEST)
VLAP(S5)=(A/(A+C) ) %R*W
EKINE3)=wW*K3(A,C)+K1(A,C)*VLAP(5)
GO TO 31




21

31

11

167

43

24

34

14
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VLAP(5)=0D0
EKIN(3) =000

CONTINUE

JJd=J+8

HA(T,JJ)= — 4DO%XEKIN(3)%*VLAP(5)
HA(JJ s T)=HA(T,JJ)

CONTINUE

5-PX ELEMENTS

DO 12 1=1,8
DO 12 J=12,14
HA(T »J)=0D0
HA(J,1)=000
CONTINUE

PZ-PX ELEMENTS

DO 43 [1=9,11
DO 43 J=12+14
HA(T ,J)=000
HA(J,1)=0D0
CONTINUE

PZ—PZ ELEMENTS

DO 14 I=1,3

DO 14 J=1,I1

II=1+8

Jd=J+8

C=XP2(1)

D=XP2(J)

NN=N(C,D)

VLAP(3)=NN*(1D0O/(200%(C+D)))
EKIN(6)=K&(C4D)%ENN+K2(CyD)*VLAP(3)
TEST=C*D*R**2/(C+D)

IFI(TEST.GE.25D0)G0O TO 24

W=NN*DEXP(-=TEST)
VLAP(7)=wX*{1D0/(2D0*(C+D) ) -C*D%xR*¥%2/( (C+D)*x*%2))
EKIN{S)=WkK4(CyD)=WHkR*(C/(C+D) I (K3(CyD)+K3(DyC))+K1(CyDI%VLAP(T)
GO TO 34

VLAP(7)=0D0

EKIN(5)=0D0

CONTINUE

HACTT 3y JJ)=4DO0*(EKIN(6)*VLAP(3) + VLAP{T7)*EKIN(5))
HAC(JJI»yIT)=HA(IT,JJ)

CONTINUE

[

PX-PY ELEMENTS




LEVEL

50

- 60

40
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II=I+11

Jd=J+11

E=XP3(1I)

F=XP3(J)

NN=N(E,F)
VLAP(4)=NNX(1DO/(2D0*(E+F)))
ERINCT)=K4(EF)AXNN+K2(EoF)%VLAP(4 )
TEST=E*F %R*%2 /{E+F)
IF(TEST.GE.25D0)G0 TO 25
W=NN*DEXP(-TEST)
VLAP(8)=W*(1D0/(2DO*(E+F)))
EKIN(9)=K4(E,F)*W+KL(E,F)%*VLAP(B)
GO TO 35

VLAP(8)=0D0

EKIN(9)=000

CONTINUE

HACTT yJJ)=BDO*(EKIN(7)*VLAP(4) + EKIN(9)*VLAP(8))
HA(JJS»IT)=HA(TII4JJ)

CONTINUE

RETURN AFTER GROUND STATE CALCULATION
RETURN

EXCITED STATE - MATRIX ELEMENTS COMPUTED IN SAME ORDER AS ABOVE

CONTINUE

DO 40 I=1,8

DO 40 J=1,I1

A=XPL1(I)

B=XP1(J)

VLAP(1)=N(A,B)
EKIN(L)=K2(A,B)%*N(A,B)
TEST=A%BxR*%2 /( A+B)
[F(TEST.GE.25D0)G0O TO 50
VLAP(2)=VLAP(1)*DEXP(-TEST)
EKIN(2)=K1(A,B)%VLAP(2)
GO TO 60

VLAP(2)=0D0

EKIN(2)=0D0

CONTINUE

HACT y J)=4D0*(EKIN(L)*VLAP(1) - EKIN(2)%VLAP(2))
HA(Jy T)=HA(IL ,J)

CONTINUE

DO 41 1=1,8

DO 41 J=1,3

A=XP1(1)

C=XP2(J)
TEST=A*C%R*%x2/(A+C)
IF{TEST.GE.25D0)G0 TO 51
W=N(A,C)*DEXP(-TEST)
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VLAP (5)=(A/(A+C) ) %¥R*W
EKIN(3)=wW*K3(AsC)+KL(A,C)*VLAP(5)
GO TO &1
. 51 VLAP(5)=000
A EKIN(3)=0D0
| 61 CONTINUE
! JJ=J+8
HAGT,JJ)= + 4DOXEKIN(3)%VLAP(5)
HA(JJ 1) =HA( T 4 JJ)
41 CONTINUE
DD 42 1=1,8
DO 42 J=12414
HA(T,J)=0D0
HA(J, 1)=0D0
42 CONTINUE
DO 13 1=9,11
DO 13 J=12,14
HA(T,J)=000
HA(J,1)=0D0 |
13 CONTINUE r
] DO 44 I1=1,3
| D0 44 J=1,I
II=1+8 !
JJ=J+8 ?
C=XP2(1) |
D=XP2(J) |
NN=N(C,D) |
VLAP(2)=NN*(1D0/(2D0*(C+D)))
EKIN(6)=K4(CyD) %*NN+K2 (Co0)*VLAP(3)
TEST=C*D*R*%2/ (C+D)
IF(TEST.GE.25D0)G0 TO 54
W=NN#*DEXP (-TEST)
VLAP(7) =W*(1D0/(200% (C+D) ) —C*D%R%%2/ ( (C+D ) %%2))
EKIN(S5)=W*K4(C 3D ) =W R*(C/(C+D) )% (K3(CyD)+K3(DyC)) +K1(CyDIXVLAP(T) '
GO TO 64 }
54 VLAP(7)=0D0 i
: EKIN(5)=000
. 64 CONTINUE
HACTT 9JJ)=4D0* (EKIN(6)XVLAP(3) — VLAP(7)*EKIN(S))
; HACJJ 3T 1) =HA(IT,JJ)
| 44 CONTINUE
, DO 45 1=1,3
D0 45 J=1,1
[1=1+11
Jd=J+ 11
E=XP3(1)
F=XP3(J)
NN=N(EyF)
VLAP(4)=NN*(1D0/(2D0% (E+F)))
EKIN(T)=K4(E,F)*NN+K2(E,F)*VLAP(4)
TEST=E*F*R*%2/ (E+F)
IF(TEST.GE.25D0)G0 TO 55
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W=NN%DEXP{-TEST)
VLAPIB)=WX(1D0/(2D0*(E+F)))
EKINC9)=K4(E4F) kW+KL(E,F)%VLAP(8)
GO TO 65
55 VLAP(8)=0D0
EKIN(9)=0D0
. 65 CONTINUE
HACIT yJJ)=8DO*(EKIN(T)XVLAP(4) - EKIN(9)*VLAP(8))
g HA(JJI 91T )=HACIT,,JJ)
. 45 CONTINUE
- RETURN

END
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SUBROUTINE HBMTRX
IMPLICIT REAL*8(A-H,N-2)

ELECTRON REPULSION MATRIX

COMMON/AL/PL yRyS(14414) yH(14y14)4XPL(8)4XP2(3)4,XP3(3),COF(14)42,
1 ISTATE

COMMON/A2/HA(14414) yHB(14414) 4HC(14414)

3 COMMON/F/T4FT14FT2,FT3,FT4,FT0

; OIMENSION REP1(4),REP2(4)REP3(4),REP4(4),REP5(4),REPA(4)
N{XyY)=(PI/(X+Y))%%(3D0/2D0)

GIWsXyYyZ)=2D0%DSQRTULW+X)X(Y+Z)/ (PIX(W+X+Y+Z)))

TEST FOR GROUND OR EXCITED STATE

[FI(ISTATE.NE.O)GO TO 1000

COMPUTE S-S ELEMENTS

DO 10 I=1,8
DO 10 J=1,1 ?
A=XP1(1)
R=XP1(J)
C=A
i D=8
f SI=A+B
3 §2=$S1
S4=S1+S2
T=S1%S2%R**2/S4
CALL FT
NN=N(A,B) ‘
GG=G(AyB4C,D)
REPL(2)=GG*NN**2*FTQ
TEST=A%B*R*%2/ (A+B)
IF(TEST.GE.25D0)1G0 TO 11
REPL(3)=GG*(NN*DEXP(=TEST) ) %% f
GO TO 12 i
11 REP1(3)=0D0 -
12 CONTINUE I
HB(I,J)=2D0%(REP1(2) + REP1(3))
HB(Jy 1) =HB(T,J)
10 CONTINUE

COMPUTE S-PZ ELEMENTS

DO 20 1
DO 20 J
JJ=J+8
B=XP1(I)
A=XP2(J)
C=A

1,8
1,3




ULEVEL

21

22
f 20
pC

3l
32
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D=R

S1=A+8B

$2=S1

S4=S1+S2

T=S1%*S2%R*%2/S4

CALL FT

NN=N(A,B)

GG=G(A+B,4C,4D)
REP6(1)=GG*NN*%2/S4%(FT1/2D0-S1*S2%FT2%R*%*2/54)
TEST=A%B*R*%2 /(A+8)

[F(TEST.GE.25D0)G0D0 TO 21

PQ=R*(B/(A+B)-C/(C+D))

T=S1%S2%PQ**2/S4

CALL FT

W=NN*DEXP{(-TEST)

REP6(3) =GG*Wxk%2%( (B*R/(A+B) ) *(-B%xR/{C+D)*FTO+S1*PQ*FTL1/S4)+FT1/{2D
I 0% S4)—S1*S2%PQ*%2%FT2/54%%2 — B¥R*S1*PQ*FT1/((A+B)*S4))
GO TO 22

REP6(3)=0D0

CONTINUE

HB(I,JJ)=2D0% (REP6(1) + REP6(3))
HB(JJyT)=HB(I,JJ)

CONTINUE

COMPUTE S-PX ELEMENTS

DO 30 I[=1,8
DO 30 J=1,3
JJ=J+11
A=XP3(J)
B=XP1 (1)
C=A

D=8 |
S1=A+R
$2=51
S4=S1+S2
NN=N(A,B) I
GG=G(AyB,C,yD) I
T=S1%S2%R*%2/S4 !
CALL FT |
REPS(1)=GGXNN**2%FT1/(2D0%S4)

TEST=A%B%R*%2/(A+B)

IF(TEST.GE.25D0)G0 TO 31

T=S1%S2%R*%2/S4* (B/(A+B) —C/(C+D) )*%2

CALL FT

W=NN*DEXP(=TEST)

REPS(2)= GGHxWX#*2%FT1/(2D0%*S4)

GO TO 32

REP5(2)=0D0

CONTINUE

HB(T,JJ)=4D0%(REP5(1) + REP5(2))

HBUJJy I)=HB( 1 ,JJ)
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30 CONTINUE
COMPUTE PZ-PZ ELEMENTS

DO 40 1
DO 40 J
II1=1+8
JJ=J+8
A=XP2(1)
B=XP2(J)
C=A
D=B
S1=A+8B
$2=C+D
S4=S1+S2
T=S1%S2%R*%2/S4
CALL FT
NN=N(A,B)
GG=G(A4B,C,4D)
SAA=NN/(2D0%*(A+B))
SBB=SAA
GOZZ=(S1/S4)*((S1/S4)*FT2%R*%2-(100/(2D0%*S2) )%FT1)
G210=60217
GZZZ=(1D0/(S4%%2) ) *( (S1*S2%R%%2/S4) *%2%FT4=-S1%S2%3DO*FT3%R*%2/S4
1 +3D0%FT2/4D0)
REP2(1)=GG*( SAA%(SBB*FTO+NN*GOZZ) +NN* (SBB*GZZO+NN*GZZZ)) ¥
TEST=A%B*R*%2/ (A+B) 1
IF(TEST.GE.25D0)G0 TO 41 i
W=NN%DEXP (-TEST) |
SABL=(1D0/(2D0*( A+B) ) —A%B%kR*%2/ ({ A+B) %%2) ) %W
i PQ=(B=C)/(B+C)*R ,
4 T=S1%S2%PQ**2/S4 W
CALL FT i
GOODO=FTO |
GOOZZ=S1/S4%(S1/S4*PQ*%2%FT2-1D0/(2D0%*S2)%*FT1)
GZZZ77=1D0/S4*¥2%(S1%%2%S2 4%k QkPQ¥KR4GRFT4/S4%%2=3D0OKS1%S2*%PQe%x2%kFT3/
1 S4 +3D0%FT2/40D0)
REP2(2)=GG*(SAB1**2%G0000+2D0%*W*SABL1*GO0ZZ+W%*2%GZ2227) I
GO TO 42
41 REP2(2)=00D0
42 CONTINUE
HBII1,JJ)=2D0%(REP2(1) + REP2(2))
HB(JJ s IT)=HB(II,JJ)
40 CONTINUE

1,3
1,1

T

COMPUTE PZ—-PX ELEMENTS

f DO 50 1
: DO 50 J
[1=1+8

[l

1,3
1,3

Jd=J+11
A=XP2(1)
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B=XP3(J)
C=A
D=B
S1=A+8B
S2=S1
S4=S1+S2
T=S1%S2%R*x%2/S4
CALL FT
NN=N(A,B)
[ GG=G(AyB4C4D)
ZW REP&4(1)=GGHNN*%2%{1D0/S4%*%2%(FT2/4D0—-S1*S2%R%x%2%FT3 /(2D0%S4)))
1 TEST=A%B*R*%2/{A+8)
I[IF(TEST.GE.25D0)G0 TO 51
PQ=R*(B/(A+B)-C/(C+D))
T=S1%S2%PQ*%*2/S4
CALL FT
{ W=NNXDEXP(-TEST)
1 REP4(2)=GG*W*%2%(1D0O/(16D0*S1%%2) *(-S1*PQ*x*2%FT3+FT2)-(B*R/(A+B) ) *
1 ¥2%FT1/(2D0%*S4))
GO TO 52
51 REP4(2)=000
52 CONTINUE
HB(II,JJ)= 4DO*(REP4(1) + REP4(2))
HB{JJ»IT)=HB(IT,JJ)
50 CONTINUE

COMPUTE PX-PY ELEMENTS

DO 60 I=1,3

DO 60 J=1,I

II=1+11

Jd=J+11

A=XP3(1)

B=XP3(J)

C=A

D=8

S1=A+8

$2=§1

S4=S1+S2

T=S1*S2*R*%2/S4

CALL FT

NN=N(A,B)

GG=G(A,8,C,4D)
REP3(1)=GG*NN**2%x{FTO/(4D0*S1*S2)-FT1%*( S1 /{2D0%S1%S2%S4) )+
1 3DO%FT2/(4D0%S4%%2) )
REP3({2)=GGX*NN*%2%FT2/ (4D0%S4%%2)
TEST=A*B%R**2/(A+8B)
IF{TEST.GE.25D0)GO TO 61
W=NN*DEXP(-TEST)
T=S1*S2%R*%2/S4%{(B/(A+B)—-C/(C+D) ) *%x2
CALL FT
REP3(3)=GGX*WXx*x2%{(100/(2D0%(A+B)) )*(FTO/ (2DO*(C+D))-S1*FT1/(2D0*S2
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1 #54) ) +3D0*FT2/(4D0*S4*%2)-FT1/ (4D0%S1%S4))
REP3(4)=GG*Wk*2%FT2%(1D0/ (4D0%S4%%2))
GO TO 62

61 REP3(3)=00D00
REP3(4)=00D0

62 CONTINUE
HBIIT,JJ) = 4DO*(REP3(1)+REP3(2) + REP3(3) + REP3(4))
HB(JJ»IT)=HB(II,JJ)

60 CONTINUE

RETURN AFTER GROUND STATE CALCULATION

RETURN
1000 CONTINUE

EXCITED STATE CALCULATION

COMPUTATION OF MATRIX ELEMENTS IN SAME ORDER AS FOR GROUND STATE

DO 70 I=1,8
DO 70 J=1,I
A=XP1(1)
B=XP1(J)
C=A

D=B

S1=A+8
S2=S1
S4=S1+S2
T=S1%S2*%R*%2/S4
CALL FT

; NN=N(A,B8)

1 GG=G(A,8,C,4D)
REPL(2)=GG*NN*%2%FTQ
TEST=A%B*R*%x2/(A+B)
IF{TEST.GE.25D0)G0O TO 71
REPL(3)=GG*(NN*DEXP(=TEST) ) *x*x?2
GO TO 72

71 REP1(3)=0D0

72 CONTINUE
HB(I,J)=2D0%(REP1(2) — REPL1(3))
HB(Jy I)=HB(I yJ)

70 CONTINUE

DO 80 I=1,8
DO 80 J=1,3
JJ=J+8
B=XP1(I)
A=XP2(J)
C=A

D=8

S1=A+8
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82
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91
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90
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$2=S1

S4=S1+S2

T=S1%*S2%R*%*2 /S4

CALL FT

NN=N{A,B)

GG=G(AyB4C,4D)

REPOH(L)=GGERNN*%2/S4%(FT1 /2D0=S1*S2%FT2%R*%2/S4)
TEST=A*B*R**2/ (A+B)

[IF{TEST.GE.25D0)G0 TO 81

PQ=R*(B/(A+B)=C/(C+D))

T=S1*S2%PQ**2/S4

GALL FT

W=NN®DEXP(-TEST)

REPH(3) =GG*WHk%2%{ (BXR/(A+B)) X (=B*R/(C+D)*FTO+S1*PQ*FT1/S4)+FT1/(2D
1 O0%S4)=S1*kS2HxPQ*k%2%FT2/S4%%2 — BRR¥S1¥PQ*FT1/((A+B)*S4))
GO TO 82

REP6(3)=0D0

CONTINUE

HB(I,JJ4)=2D0* (REP6(1) - REP6(3))
HB{JJyI)=HB(I,JJ)

CONTINUE

DO 90 I=1,8

DO 90 J=1,3

Jy=J+11

A=XP3(J)

B=XP1(I)

C=A

D=8

S1=A+8

S2=S1

S4=S1+S2

NN=N(A,B)

GG=G{AyB4C,4D)

T=S1%S2%R**2/S4

CALL FT
REP5(1)=GG*NN**2xFT1/(2D0*S4)
TEST=A%B¥*R*%*2/ (A+B)
IF(TEST.GE.25D0)G0 TO 91
T=S1%S2%R*%2/S4*(B/(A+B) —-C/{(C+D) )**x?2
CALL FT

W=NN*DEXP(-TEST)

REP5(2)= GG*W**x2%FT1/(2D0%*S4)
GO TO 92

REP5(2)=0D0

CONTINUE
HB(IT,JJ)=4D0*(REP5(1) — REPS5(2))
HB{JJ I )=HB(I,JJ)

CONTINUE

DO 100 I=1,3
DO 100 J=1,1
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1I=1+8
JJ=J+8
A=XP2(1)
B=XP2(J)
C=A
D=8
S1=A+RB
S2=C+D
S4=S1+S2
T=S1%S2%R**%2/S4
CALL FT
NN=N{A,B)
GG=G(A181C)D)
SAA=NN/Z(2D0%{A+B))
SBBE=SAA
GOZZ=(S1/S4)*({(S1/S4)*FT2%R%*%2—=(1D0/ (2D0%S2))*FT1)
GZ170=G0212
GZZZ=(1D0/(S4%%2) )% ((S1*S2%kR*%2/S4) *%2*FT4=S1%S2%3D0O*FT3%R%*x2/S4
1 +3D0*FT2/4D0)
REP2(1)=GG*({SAA*(SBB*FTO+NN*GOZZ)+NN* (SBB*GZZO+NN*GZZZ))
TEST=A%BXR*%2/(A+B)
IF(TEST.GE.25D0)G0 TO 101
W=NN*DEXP(-TEST)
SABL={1D0/(2D0%(A+B) ) —A%BXR*x%2/ ( ( A+B) %%2) ) %W
PQ=(B-C)/(B+C) *R
T=S1%S2%PQR**2/S4% ;
CALL FT ]
GO00OO0=FTO
GOOZZ2=S1/S4*({S1/S4*PQ*%2%FT2-10D00/(2D0%S2)*FT1)
GZZZZ=1D0/S4*¥2%(S1*%2%S2%k2%PQ¥k*4%kFT4/S4%%2-3D0*S1*S2%PQ**2%xFT3/
1 S4 +3D0%FT2/4D0)
REP2(2)=GG*( SABL**2%G0000+2D0*WxSAB1*GO0OZZ+W*x%2%GZ72717)
GO TO 102
101 REP2(2)=0D0
102 CONTINUE
HB(II JJ)=2D0%*(REP2(1) - REP2(2))
4 HB(JJ Sy IT)=HB(II,JJ)
;}100 CONTINUE !

DO 110 1
DO 110 J
I1=1+8
JJ=Jd+11
A=XP2(1)
B=XP3(J)
C=A

D=R
S1=A+8B
$2=S1
S4=S1+S2
T=S1%S2*%R%%*2/S4
CALL FT

I

1,3
1,3




111
112

110

121

122

120

1

1

1
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NN=N(A,B)
GG=G(A,B,C,4D)

DATE

e

= 69131

c23

[£3

17/11./31

REP&4(1)=GG*NN*%2%{ 1DO/S4**2% (FT2/4D0—-S1%S2%R*%2%FT3 /(2D0%S4)))

TEST=A%BXR*%2/ (A+B)
IF(TEST.GE.25D01G0 TO 111
PQ=R*(B/(A+B)—-C/(C+D))
T=S1%S2%PQ**2/S4

CALL FT

W=NN*DEXP(-TEST)

REP4(2)=GG*Wx%2%(1D0/(16D0%*S1*%2)*(-S1*PQ*%2*FT3+FT2)—(B*R/{A+B) ) *

*2%FT1/(2D0%*S4) )
G T 112
REP4(2)=0D0
CONTINUE

HB(IT,JJ)= 4DO*(REP4(1) - REP4(2))

HB(UJJ»IT)=HB(II,JJ)
CONTINUE

DO 120 I=1,3
DO 120 J=1,1
II=I+11
Jd=Jd+11

A=XP3 (1)
B=XP3(J)

C=A

D=8

S1=A+8

S2=S1
S4=S1+S2
T=S1%S2%R*%2 /S4
CALL ET
NN=N(A,B)
GG=G(A,B,C,D)

REP3(1)=GG*NN**2*%(FTO/{40D0*%S1*S2)-FT1*( S1

3DOXFT2/(4D0*S4%%2))
REP3(2)=GG*XNN**2%FT2/(4D0*S4%*2)
TEST=A*B*R*%2/(A+B)
IF{TEST+«GE+25D0)G0 TO 121
W=NN*DEXP(-TEST)

T=S1%S2%R*%2/S4%{B/(A+B)-C/{C+D) ) **2

GALL. FT

/{2D0*S1*S2%S4) )+

REP3(3)=GG*Wk*2%((1D0/(2D0*(A+B)))*(FTO/ (2D0*(C+D))-S1*FT1/(2D0*S2
*¥S4) ) +3DO*FT2/(4D0*S4%%2)-FT1/(4D0%S1*S54))
REP3(4)=GG*W*x*2%FT2%(1D0/(4D0*S4%*%2))

GO TO 122

REP3(3)=0D0

REP3(4)=0D0

CONTINUE

HB(II,JJ) = 4DO*(REP3(L)+REP3(2)
HB(JJ s I T)=HB(II,JJ)

CONTINUE

RETURN

= REP3({ 3)

- REP3(4))
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SUBROUT INE HCMTRX
COMPUTE NUCLEAR ATTRACTION MATRAIX

[IMPLICIT REAL*8(A-Hy,N-Z)
COMMON/AL/PIsR9S(14414)3H(14,14)4XPL(8B)yXP2(3),XP3(3),COF(14),2,
1 LSTATE

COMMON/A2/HA(14414) yHB(14414)4HC(14414)
COMMON/F/T+FT14FT2,FT3,FT4,FTO

DIMENSION VLAP(8),ATRAC(16)

N{XyY)=(PI/(X+Y))%*%(3D0/200)

THIXyY)=Q*DSQRT (X+Y)

Q=(2D0/DSQRT(PI)

IF{ISTATE.NE.O)GO TO 1000

COMPUTE S—§ ELEMENTS

2 4
DO 10 J=1,
A=XP1(I)
B=XP1(J)
NN=N(A,B)
VLAP{ 1)=NN
THETA=TH(A,B)
ATRAC(1)=THETA*NN
T=(A+B) *R*%*2
CGALL FT
ATRAC(2)=ATRAC(1)*FTO
TEST=A*B*R%**2/(A+B)
IF(TEST.GE.25D0)G0 TO 11
W=NN*DEXP(-TEST)
VLAP(2)=W
T =(B*R ) *%2/(A+8B)
CALL FT
ATRAC(4)=THETA*W*FTO
T=(A*R) *%2/(A+B)
CALL FT
DTRAC=THETA*W*FTO
GO T0O 12
- 11 VLAP(2)=0DO
ATRAC(4)=0D0
DTRAC=0DO
12 CONTINUE
HC(T+J)=4D0*(VLAP(L1)*(ATRAC(L)+ATRAC(2))+VLAP(2)%(ATRAC(4)+DTRAC))
HC(JyI)=HC(I,J)
© 10 CONTINUE

COMPUTE S—-PZ ELEMENTS

DO 20 I=1,8
DO 20 J=1,3
JJ=J+8

61
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30

P 31

1, MOD 3 HCMTRX DATE =

A=XP1(I)

C=XP2(J)
TEST=A%C*R*%2/(A+C)
IF(TEST.GE.25D0)G0 TO 21
NN=N(A,C)

THETA=TH({A,C)
W=NN*DEXP(-=TEST)
VLAP(6)=—(A/(A+C) ) *R*%W
T=(A%R) *%2/( A+C)

CALL FT
ATRAC(13)=THETAXWx (A%R/(A+C) )% (FTO-FT1)
T=(C*R) %%2/( A+C)

CALL FT

ATRAC(1S5)=THETA*WXR/(A+C) *(A%FTO+C*FT1)

GO TO 22

VLAP(6)=0D0

ATRAC(13)=000

ATRAC(15)=0D0

CONTINUE

HC(TyJJ)=+ 4DO*VLAP{6)*( ATRAC(13) +ATRAC(15))
HC{JJ I )=HC(I,JJ)

CONTINUE

COMPUTE S-PX ELEMENTS

DO 30 I=1,8
DO 30 J=12,14
HC(I,J)=0D0
HC(J,1)=0D0
CONTINUE

COMPUTE PZ-PX ELEMENTS

DO 31 I=9,11
DO 31 J=12,14
HC(T1,J)=00D0
HC(J,1)=0DO
CONTINUE

COMPUTE PZ/PZ ELEMENTS

DO 40 I=1,3
DO 40 J=1,I
JJ=J+8
II=1+8
C=XP2(1)

e
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LEVEL

R 41

42

40

- 51

L 52

A Cc26 ‘)/] |
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D=XxP2(J)

NN=N(C,D)

VLAP(3)=NN*(1D0/{2D0%(C+D)))

THETA=TH(C,D)

THN=THE TA*NN

ATRAC(6)=THN*(1DO/(3D0*(C+D)))

T=(C+D) *R*%2

CALL FT

ATRAC(7) =THN*(FT2%R%%2-1D0/(2D0%(C+D) )*FT1+1D0/(2D0%(C+D))%FTO)
TEST=C*D*R*%2/(C+D)

[FOTEST.GE.25D0)G0O TO 41

W=NN*DEXP(-TEST)

T=(D*R) *%2/(C+D)

CALL FT
ATRAC(B)=THETA*W/(C+D) *(( (D*R)*%2/(C+D))*FT2=FT1/200+(1D0/2D0-C*D
1 ¥R*x*2/(C+D))*FTO)
VLAPUT7)=W*(1DO/(2DO*(C+D) ) —-C*D*R*%2/( (C+D) *%2))

GO TO 42

ATRAC(8)=0D0

VLAP(T7)=0DO

CONTINUE

HC(OIT +JJ)=4D0*(VLAP(3)*(ATRAC(6)+ATRAC(7)) + VLAP(T7)%2D0%ATRAC(8))
HC(JJ oI T)=HC(II,JJ)

CONTINUE

COMPUTE PX-PX ELEMENTS

DO 50 I=1,3

DO 50 J=1,I

Jd=J+11

IT=1+11

E=XP3(1I)

F=XP3(J)

NN=N(E,F)

THETA=TH(E,F)

THN=THE TA *NN
VLAP(4)=NN*(1DO/(2DO*(E+F)))
ATRAC(6)=THN*(1DO/ (3DO*(E+F)))
T=(E+F) %R *%2

CALL FT
ATRAC(10)=THN/(2DO*(E+F))*(FTO-FT1)
TEST=EXF %R %%2 /(E+F )
IF(TEST.GE.2500) 6B TO 51
W=NN*DEXP(-TEST)
VLAP(8)=W*(1DO/(2DO0*(E+F)))
T=(FX*R)*%2/(E+F)

CALL FT
ATRAC(9)=THETA*W/(2D0*{E+F))*(FTO-FT1)
GO TN 52

VLAP(8)=0D0

ATRAC(9)=0D0

CONTINUE
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HC(ITyJJ)=8DO*(VLAP(4)*(ATRAC{6)+ATRAC(10))+VLAP(8)*2D0O*ATRAC(9))
HC(JJ I T)=HC(II,JJ)
CONTINUE

MULTIPLY MATRIX BY -Z(NUCLEAR CHARGE)

DO 200 I=1,14

DO 200 J=1,I

HCUI yJ)==Z*HC(I,4J)
HC(J s I)=HCI(I,J)
CONTINUE

RETURN AFTER GROUND STATE CALCULATION

RETURN

EXCITED STATE COMPUTATION - ELEMENTS COMPUTED IN SAME ORDER AS ABOVE
CONTINUE

DO 60 I=1,8

DO 60 J=1,I

A=XP1(1I)

B=XP1(J)

NN=N(A,B)

VLAP(1)=NN
THETA=TH(A,B)
ATRAC(1)=THETA*NN
T=(A+B) %R *%%2

CALL ET
ATRAC(2)=ATRAC(1)*FTO
TEST=AXB*R*%2/(A+8B)
[F{TEST«.GE.25D0)G0O TO 61
W=NN*DEXP{-TEST)
VLAP(2) =W

il =(B*R)*x%2/(A+B)
CALL FT
ATRAC(4)=THETA*W*FTO
T=(A%R) **%2/(A+B)

CALL FT
DTRAC=THETA*WXFTO

GO TO 62

VLAP(2)=000
ATRAC(4)=0D0
DTRAC=0D0

CONTINUE
HC(I4J)=4D0%(VLAP(1)*(ATRAC(1)+ATRAC(2))-VLAP(2)*(ATRAC(4)+DTRAC))
HC(J s I)=HC(I,J)
CONTINUE

DO 70 I=1,8
DO 70 J=1,3




11
p 72
70

80
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JJ=J+8

A=XP1(1I)

C=XxP21(J)

TEST=A*C%kR%%2 /(A+C)
IF(TEST.GE«25D0)G0 TO 71
NN=N(A7C'

THETA=TH(A,C)
W=NN*DEXP(-TEST)

VLAP (6)==(A/ (A+C) ) *R*W
T=(A%R) *%2 /{ A+C)

CALL FT
ATRAC(13)=THETA*WX{A%¥R/ (A+C) ) *(FTO-FT1)
T=(C*R) *%2/(A+C)

GALL FT

ATRACILS)=THETA%*W*R/ (A+C) *(A*FTO+CxFT1)

GO TO 72

VLAP(6)=0D0

ATRAC(13)=0D0

ATRAC(15)=0D0

CONTINUE

HC(TyJJ)=— 4DO*VLAP{6)*(ATRAC(13)+ATRAC(15))
HC(JJyI)=HC(I,JJ)

CONTINUE

DO 80 I=1,8
DO 80 J=12,414
HC(I,J)=0D0
HC(J,1)=0D0
CONTINUE

DO 81 I=9,11
DO 81 J=12,414
HC(I,J)=00D0
HC(J,1)=0D0
CONTINUE

DO 90 I=1,3

DO 90 J=1,I

JJ=J+8

II=I+8

C=xP2(1)

D=XxP2(J)

NN=N(C,D)
VLAP(3)=NN*(1D0/(2D0O*(C+D)))
THETA=TH(C,D)

THN=THE TA*NN

e

69131

c28 3

17/11/31




QEVEL

91

92

90
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ATRAC(6)=THN*(1DO/(3D0*%(C+D)) )

T=(C+D) *R*%2

CALL FT
ATRAC(7)=THN*(FT2%R*%2-10D0/(2D0% (C+D) )*FT1+1D0/ (2D0*(C+D))*FT0)
TEST=C*D*R*%2/(C+D)

IF(TEST.GE.25D00)G0 TO 91

W=NN*DEXP(-TEST)

T=(D*R)*%2/{C+D)

CALL FT
ATRAC(8)=THETAXW/ (C+D) % ( ( (D*R)*%2 /(C+D))*FT2-FT1/2D00+(1D0/2D0-C*D
1 #*R*%*x2/(C+D) ) *FTO)
VLAP(T)=W*(1D0/(2D0%(C+D) ) =CxD*R**x2/( (C+D)*%2))

GU TO 92

ATRAC(8)=0D0

VLAP(7)=000

CONTINUE

HC(IT,JJ)=4D0%(VLAP(3)*%(ATRAC(6)+ATRAC{T)) = VLAP(T7)%2D0OXATRAC(8))
HC(JJHIT)=HC(II,JJ)

CONTINUE

DO 100 I=1,3

DO 100 J=1,1

Jd=Jd+11

[I=1I+11

E=XP3(1)

F=XP3(J)

NN=N(E,F)

THETA=TH({E,F)

THN=THE TA *NN
VLAP(4)=NN*(1D0/(2D0O*(E+F)))
ATRAC(6)=THN*(1DO/ (3DO*(E+F)))
T=(E+F) %R %*2

call F3
ATRAC(L1O)=THN/{(2DO%{E+F))*{FTO-FT1)
TEST=EXF*R*%2 /{E+F)
IF(TEST.GE.25D0) GO TO 101
W=NN*DEXP(-TEST)
VLAP(8)=Wx*{1DO/(2D0*(E+F)))
T=(F*R)*%2/(E+F)

CALL FT
ATRAC(9)=THETAXW/(2D0*(E+F))*(FTO-FT1)
GO TO 102

VLAP(8)=0D0

ATRAC(9)=0D0

CONTINUE

HCUT T 3JJ)=8DO0*{VLAP(4)%{ATRAC(6)+ATRAC{10))=VLAP(8)%2D0O*ATRAC(9))
HC(JJsI1)=HC(II,JJ)

CONTINUE

DO 300 I=1,14
DO 300 J=1,I
HC({IsJ)==Z%HC(I,J)

e,
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HC(Ja L)=HC(I gJ)

- 300 CONTINUE
' RETURN

END
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MATIN INPUT ROUTINE

IMPLICIT REAL*B(A-H,0-2)
COMMON/NEW/CUTOFF 4NNy N

DIMENSION NCSE(100),ISTE(100),ZCHAR(100),RDISTC(100),XVAL(100),
3! DXVAL(100)

DIMENSION IDATE(3),ITIME(2)

CALL DATEA(IDATE)

CALL TIMEA(ITIME)

WRITE(641122)

FORMAT('1"')

WRITE(6,345) IDATE, ITIME

FORMAT(50X,' DATE ',3A4,/50X," TIME ',2A4)

READ INPUT DATA FOR TOTAL RUN

READ(5,9)CUTOFF
FORMAT(F10.0)

DO 100 TI=1,500
READ(5910INCASE,ISTAT,ZCHG4RDIST, XVALU,DXVALU
NCASE=NCASE+1
FORMAT(21544F10.0)
NCSE(I)=NCASE
[STE(I)=ISTAT
ZICHAR (I )=7ZCHG
RDISTC(I)=RDIST
XVAL(T)=XVALU
DXVAL{TI)=DXVALU
IF{NCASE«LT.0)GO TO 11
CONTINUE

J=1-1

J IS THE TOTAL NUMBER NOF CASES FOR THIS RUN

WRITE(6,12)J

FORMAT( //5Xy %' NUMBER 0OF CASES THIS RUN?'",I14,/5X,' CASE',2X,"' ST
LATE' 32Xy " NUC. CHGe " 94X, RY,//)

WRITE(6413) (NCSE(M),ISTE(M),7CHAR (M) 4RDISTC(M) M=1,)

FORMAT(5X 14 46Xy 1492X9F5e244X,F10.5)

DO EACH CASE IN TURN

DO 101 K=1,J

N=NCSE(K)

NM=ISTE (K)

CG=7ZCHARI(K)

RD=RDISTC (K)

XVALI=XVALI{K)

DXVALI=DXVAL(K)

CALL MAINS (N ,NM,CG4,RDyXVALT,DXVALTI)
CONTINUE
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STOP
END
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LEVEL 1, MOD 3 MATINS DATE = 69133 15 /33 /50

SURROUTINE MAINS (L1,L2,ARG1,ARG2,ARG3,ARG4)
IMPLICIT REAL*8(A-H,0-2)
EXTERNAL TOTAL

MAIN INPUT AND DUTPUT ROUTINE
GAUSSTAN WAVEFUNCTION FOR H2 ISOELECTRONIC SEQUENCE
ENERGY CALCULATION AND MINIMIZATION

COMMON/NEW/CUTOFF,NN,N
COMMON/S1/CHISQ,X(20)
COMMON/ S2/XMAX(20) 4 XMIN(20) yDELTAX{20)4,DELMIN(20)4NV,NTRPACF,

1 MASK(20)
COMMON/AL/PI4RyS(14,14) ,H(14414)43XP1(B)yXP2{3),XP3(3),CNF(14),7,
1 I'STATE

COMMON/AZ2/HA{14414) yHB(14,14),HC(14,14)
DIMENSION KP(20),COFN(20),SMAT(105)
DIMENSION IDATE(3),ITIME(2)

DIMENSION CNF(10)

CALL DATEA(TDATE) j
CALL TIMEA{ITIMF)

1 WRITE(6,1122)

1122 FORMAT('1")
WRITE(64345) IDATE, ITIME
NN=L1
N=L1
ISTATE=L 2
7=ARG1
R=ARG?

X(1)=ARG3
DELTAX(1)=ARG4 ,
NTRACE=0
NV=1
DO 11 I=1,3
XMAX(1)=25D0
XMIN(I)=1D-5
. DELMIN(T )=CUTOFF
11 MASK(I)=0

WRITE(6,45)
NNN=N-1
WRITE(6,605)NNN
IR=7*%*R
b WRITE(bfé)Z’R!ZR
g IF(ISTATE.EQ.0)GO TO 7
‘ WRITE(6,9)
GO TN 10
7 WRITE(6,8)
10 CONTINUE

CALL SIMPLEX TO MINIMIZE ENFRGY FUNCTION
COF(1)=0D0
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: COF(2)=0D0
COF{3)=0D0

CALL DSIMPX(TOTAL)

COMPUTE THE OVERLAP INTEGRAL - INTEGRAL OF PSI*PSI

OUTPUT SECTION

WRITE(AK,1122)
WRITE(6,5)
, WRITE{6,605)NNN
- 605 FORMAT(/5X,' WAVEFUNCTION = PST*,I1)
E WRITE(6,6)7Z4,R,IR
IF(ISTATE.EQ.O0)GO TN 77
WRITE(6,9)
GO TO 80
77 WRITE(6,8)
80 CONTINUE
5 FORMATI 5Xy' GAUSSTAN WAVEFUNCTION FOR THE',/5X,' H2 ISOFLECTRN
INIC SEQUENCE',//5Xy" SeL.RRENNFPR',/5X,"' SUNY AT BINGHAMTON®,/5X,"
2NEW YORK?')

6 FORMAT(/6X,*'NUCLEAR CHARGE',F10.0,/5X,' INTERNUCLEAR DISTANCF',F10

1e59'( ZR=',F10.5,')")

8 FORMAT( 5X,' GROUND STATE')

9 FORMAT( 5X,' TRIPLET STATE')
SUM1=S{1,1)*COF (1) %%x2
SUM2=S(1,9)%COF (1) *COF (2) %200
SUM3=S5(9,9)*%COF (2) *%2
SUM&4=S{12,12)*C0OF (3) %%
PSISQ=SUM1+SUM2+SUM3+SUM4
SUML=HA(1,1)%COF (1) %%
SUM2=HA{1,9)%COF (1)*COF(2)*2D0
SUM3=HA({9,9) %COF ( 2) %*2
SUM4=HA(12,12)%COF (3)#*%2
EXPT=SUM1+SUM2+SUM3+SUM4
EXPT=EXPT/PSISQ
SUML=HC(1,1)*COF (1) *%?
SUM3=HC (9 ,49) %COF { 2) %%

SUM2=HC (1,9) %COF (1)*COF(2)*2D0
SUM4=HC({12,12)%COF {3) %%2
EXPV1=SUM1+SUM2+SUM3+SUM4
SUML=HB(1,1)%COF(1)%*%2
SUM2=HR(1,9) %COF (1) %CNF (2)%2D0
SUM3=HRB(9,9) %*COF (2) %%
SUM4=HB(12,12)%CNF (3) %%
SUMS5=HB(1,12)*COF(1)*CNF(3)%2D0
SUM6=HB (9,12 )%COF (2)*COF (3)%*2D0
EXPV2=SUML+SUM2+SUM3+SUM4+SUM5+SUMb
EFXPV=EXPV1+FXPV2
EXPV=EXPV/PSISQ + Z%*%2/R

&
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VIRIAL=-EXPV/(2DO*EXPT)
DEDR==({2DO*EXPT+EXPV) /R
BINDEN=CHISQ+8D0/{3D0%*PI)
EXPR12=FEXPV2/PSISQ
EXPRA={1D0/4D0)* (EXPV-EXPV2=-7%%2/R)
CNF(1)=0D0
CNF({2)=0D0
CNF{3)=0D0
3 DO 602 I=1,N

602 CNF{T)=COF(I)/CNOF(1)
WRITE(6,301)
IFINNN.EQ.O)WRITE(6,300)CNF(1)
IF(NNNeEQ.1)WRITE(64300)CNF{1),CNF(2)

3 IF{NNNeEQ«2)WRITE(64300YCNF({1),CNF(2),CNF(3)
. 300 FORMAT(/(5X,3D25.16))
310 FORMAT(3D25.16)

301 FORMAT(//5X,' EIGENVECTOR COMPNNENTS"')
' WRITE(6,401)
WRITE(6,300)X(1)
| 401 FORMAT(//5X,' ORBITAL EXPONENT')
WRITE(6,303)
- 303 FORMAT(//5X,' LOWEST EIGENVALUE")
WRITE(6,300)CHISQ
: WRITE(646007T)EXPV,EXPT,VIRIAL
p007 FORMAT(/5Xy' POTENTIAL ENERGY:',F15.10,' HARTREES',/5X,' KINETIC E
2NERGY:'yF15.104"' HARTREES'y/5X,*' VIRIAL THEORFM: -V/2T:',F15.10)
: WRITE(6,603)BINDEN,EXPR12,EXPRA,DEDR

' 603 FORMAT(5X," BINDING ENERGY',F15.10,/5X,' EXPECT. VALUE NF 1/R127",
1F15.104/5X,' EXPECTATION VALUE OF 1/RA',F15,10,/5X,' NDE/DR*,F15.10
1)

WRITE(T749600)Z4RyISTATE,NyX(1), VIRIAL,BINDEN,EXPT,EXPV,EXPR12,DEDR
: 1,CNF{1),CNF(2),CNF(3),EXPRA,CHISQ

600 FORMAT(F10.5,F15.10,215,025.16,/3D25.16,4/3D25.16,/3ND20.,1N0,D15.R,
’ 1/D25.16)

CALL DATEAUIDATE)

CALL TIMEA(ITIME)

WRITE(64345) IDATE, ITIME
345 FORMAT(50X,' DATE ',3A4,/50X,' TIME ',2A4)
RETURN
END
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SUBROUTINE TOTAL

IMPLICIT REAL*8(A-H,0-Z2)
COMMON/Al/PIvRoS(l4,l4).H(14914),Xpl(Q),XP?(7),XP3(3vaﬁF(14)q?y
1 [STATE

COMMON/AZ/HA(14.14),HR(14y14),HC(14.14)

COMMON/NEW/CUTOFF 4 NN, N

COMMON/S1/CHISQ4X(20)

DIMENSION KP(14),HMAT(IOS)'SMAT(IOS)yE(14)yCﬂET(14;14);VFC(1475),
1 ITIME(2)

PI=3.1415926535897932D0

N1=1

E INTTIALTZE EXPONENTS WITH CURRENT X VALUES

XP1(1)
XP2(1)
XP3(1)

X(1)
X(1)
X(1)

E CALL ENFRGY MATRIX ROUTINES

CALL OVFRLA
CALL HAMTRX
CALL HBMTRX
' CALL HCMTRX
SMAT(1)=S(1,1)
SMAT(2)=S{1,9)
SMAT(3)=S(9,9)
SMAT(4)=S(1,12)
SMAT(5)=5(9,12)

* SMAT(6)=S(12,12)

} HMAT(1)=HA(1,1)4HB(1,1)+HC(1,1)
HMAT(2)=HA(1,9)+HR(1,9) +HC(1,9)
HMAT(3)=HA(9,9)+HRB(9,9) +HC(9,9)
HMAT(4)=HA(1,412) +HB(1,12)+4HC(1,12)
HMAT(S)=HA(9412) +HB(9,12)+HC(9,12)

[ HMAT(6)=HA(12,12)4HB(12,12) +HC(12,12)

' DO 897 I=1,6

g TF(DABS{SMAT(I)) o LT.1D-10)SMAT(I)=0D0
. 3 IF(DARS{HMAT(T)) oLT.1D=10)HMAT(T)=0D0
‘897 CONTINUF

K

OBTAIN EIGENVLAUE AND EIGENVECTOR

HERI
FTRG

CALL CEIG(NyN1,NNyHMAT ySMAT,E4COET,VEC,KP)

TOTAL ENERGY = FLECTRONIC ENERGY + NUCLFAR REPULSTON FNERGY

(i)

CHISQ=E(1l) + 7%%2/R
DO 15 I=1,4N
COF(I)=COFT(I,1)
RETURN

END

Sy
P
v

]
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1, MOD 3 OVERLA
SUBROUTINE DVFRLA
COMPUTE OVERLAP MATRIX S(T1,J)

IMPLICIT REAL*8(A-H,N-2)

DATE

69133
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COMMON/AL/PI 9R9S(14414) yH{144514),XP1(8),XP2(3),XP3(3),CNF(14),7,

1 ISTATE
COMMON/NEW/CUTOFF, LL,LLL
DIMENSTON VLAP({3)
NI{XyY)=(PI/(X+Y))%%x(3D0/2D0)
I=1
J=1
IF(ISTATE.NE.O)GO TO 1000

COMPUTE S-S ELEMENTS

A=XP1(1)

B=XP1(J)

VLAP({1) = N(A,BR)

TEST= AXB*R*%2/(A+B)
IF(TEST.GF.25D0)G0 TO 30
VLAP(2)=VLAP(1)*DEXP{-TEST)
GO TO 40

VLAP(2)=0D0O

CONT INUE
S(I+J)=2DO*(VLAP(1)*%2 + VLAP(2)%*%2)
StJ»T)=S(T1,J)
IF(LLL.EQ.1)GO TO 2000

COMPUTE S-PZ ELEMENTS

A=XP1(1)

U=xrP2(J)

TEST=A*U*R**2/(A+U)
IF(TEST.GE.25D0)G0O TO 31
VLAP(5)=(A/(A+U) ) *R*:N(A,U)*DEXP(-TEST)
GO TO 41

VLAP(5)=0D0

CONTINUE

[J=J+8

S(IyIJ) = 200%( - VLAP(5)*%2)
S(IJyI1)=S(I,1J)

COMPUTE S-PX ELEMENTS

S(1,12)=0D0
S(9,12)=0D0
S(12,1)=00D0
S{12,9)=0N0

COMPUTE PZ-PZ ELEMENTS
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II=1+8
JJd=J+8
U=xP2I(1)
D=XP2(J)

VLAP(3) = N(U,D) * (1D0/(2D0*(U+D)))

TEST=UXD*R**2/{U+D)

IFITEST.GE.25D0)G0 TD 33
VLAP{7)=N{U,D)XDEXP(=TEST)I*{1D0/(2DO*(U+D) ) =UXD*R*¥*2/((U+D)*%2))
GO TO 43

VLAP(7)=0D0

CONTINUE

S(IT+JJ)= 2D0 * ( VLAP(3)*%2 + VLAP(7)**x2 )

S(JJLT1)=S(IT,JJ)

IF(LLL.EQ.2)GO TO 2001

COMPUTE PX—-PX ELEMENTS

E=XP3(1)

F=XP3(J)

VLAP(4) = NIELF)*(1D0O/(2D0*(E+F))) {h
TEST=F%F %R %%2 / (F+F) ‘
TF(TEST.GF.25D0)G0O TN 35

VLAP(8)=VLAP(4)*DEXP(-TEST)

GO TO 45

VLAP{8)=0D0

CONTINUE

II=1+11

JJ=J#11

S{IT,JJ) = 4D0 % (VLAP(4)%%2 + VL AP(8)%%x2 )

S(JJyI1)=S(ITI,JJ)

RETURN AFTER GROUND STATE CALCULATION
GO TO 2003
EXCITED STATE SECTION - ELEMENTS COMPUTED IN SAME QRDER AS ABODVE

CONTINUE

A=XP1(1)

B=XP1(J)

VLAP(1) = N(A,B)

TEST= AX*XB*R*%2/(A+B)
IFITEST.GE.25D0)G0O TO 50
VLAP(2)=VLAP(1)*DEXP(-TEST)
GO TO 60

VLAP(2)=0D0O

CONTINUE
S(T,J)=2D0*(VLAP(L1)*%2 — VLAP(2)%*%2)
S(J+1)=S(TI,4)

A=XPL1(1)

U=xpP2(J)
TEST=A%U%R**x2/(A+U)
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IE{TEST +GE«25D0)G0O TO 51
VLAP(S)=(A/(A+U) )*R*N(A,U)*DEXP(-TEST)
GO TO 61

VLAP{5)=0D0

CONTINUE

[J=J+8

S(I,IJ) = 2DO%( + VLAP(5)%%D)
S(TJ,I)=S(I,14)

S(1,12)=0D0

S{9,12)=0D0

S(12,1)=0D0

S(12,9)=00D0

[I=1+8

JJ=J+8

U=xP2(1)

D=XP2(J)

VLAP(3) = N(UsD) % (1DO/(2D0%(U+D)))
TEST=UXD%R%%2 /(U+D)
IF(TEST.GE.25D0)G0 TO 53
VLAP(7)=N(U,D)*DEXP(—TEST)*(IDO/(ZDO*(U+D))-U*D*R**?/((U+D)**2))
GO T0O 63

VLAP(7)=0D0

CONTINUE

SUTT+JJ)= 2D0 * ( VLAP(3)%%2 — VL AP(7)%%2 )
S{JIy ITV=S(1T5J4d)

E=XP3(1)

F=XP3(J)

VLAP(4) = N(E,F)X(1DO/(2DO*x(F+F)))
TEST=EXF%R%%2 / (F+F)
IF{TEST.GE«25D0)G0O TO 55
VLAP(8)=VLAP(4)*DEXP(-TEST)

GO TO 65

VLAP(8)=0D0

CONTINUE

IT=1+11

Jd=J+11

SUIT4JJ) = 4D0 * (VLAP(4)%%2 — VLAP(B)%%2 )
S{JI3 TTV=SIIT yJdJd)

${14,9)=0D0

S(9,1)=00D0

S(9,9)=0N0

S{9,12)=0D0

S(12,9)=0D0

S(1,12)=0D0

S(21,1)=0D0

S(12412) =000

RETURN

END
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KINETIC ENERGY MATRIX

SURRQUTINE HAMTRX

IMPLICIT REAL*8(A-H,N-2)

REAL*8 K1,K2,K3,K4

COMMON/AL/PIsRyS(144514)4H(14,14)4XP1(8B)yXP2(3),XP3(3),CNF(14),7,
ISTATE

COMMON/A2/HA(14414) yHB(14414) yHC(14,14)

COMMON/NEW/CUTOFF,LLyLLL

DIMENSION VLAP{8),EKIN(10)

N{XyY)=(PI/Z{X+Y) ) %% (3D0/20D0)

DEFINE AUXILIARY K FUNCTIONS

KLOXsY) = 3BDOXX%XY/(X+Y) = 2DOK{XkYKR)*%D2 /([ X+Y)%%D)
K2(XyY) = 3D0XX%kY/ (X+Y)
K3(XyY) = 2DO*Y*RAEX*%2/( (X+Y) *%2)
CK4(XyY) = XY/ (X+Y)*%2)
I=1
J=1

20

- 30

21

IF(ISTATE.NE.O)GO TO 1000
S-S ELEMENTS

A=XP1(1)

B=XP1(J)

VLAP{1)=N(A,B)
EKIN(L1)=K2(A,B)%N(A,8)
TEST=A%B%R*%*%2/ (A+B)
IF{TEST.GE.25D0)GO TN 20
VLAP(2)=VLAP(1)*DEXP(-TEST)
EKIN(2)=K1(A,B)*VLAP(2)

GO TO 30

EKIN(2)=0D0

VLAP(2)=0D0

CONTINUE

HA(L y J)=4DO*{EKIN(L1)*VLAP(1) + EKIN(2)}%VILAP({2))
HA(J, [)=HA(I,J)
IF(LLL.EQ.1)GO TO 2000

S=PZ ELEMENTS

A=XP1(1)

C=XpP2(J)

TEST=AXC*R**2/{ A+C)
IF(TEST.GE.25D0)G0 TO 21
W=N(A,C)*DEXP{-TEST)
VLAP(S5)=(A/({A+C) ) *R*W
EKIN(3)=W*K3(A,C)+K1(A,C)*VLAP(5)
GO TN 31

VLAP(5)=0D0
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EKIN(3)=0D0O

CONTINUE

JJ=J+8

HA(L 4 JJ)= = 4DO*EKIN(3)%VLAP({5)
HA(JJ, 1) =HA(T,JJ)

HA(1,12)=0D0

HA(12,1)=0D0

HA(9,12)=0D0

HA(12,9)=0D0

PZ-PZ ELEMENTS

II=1+8

JJ=J+8

C=xP2(1)

D=XP2(J)

NN=N(C,D)

VLAP(3)=NN*x(1D0/(2D0*(C+D)))
EKIN(6)=K&{C,D)*NN+K2(C,D)*VLAP(3)
TEST=C*D*R*%2/(C+D) '
IF(TEST.GE.25D0)GN T0O 24

W=NN*DEXP(-TEST)
VLAP{7)=W%(1DO/(2D0*{C+D))—-C*xDXR%x%*2/ ((C+D)**2]))
EKIN(S)=WxK4(CyD)—WXRX(C/(C+D) ) *(K3(CyD)+K3(D,C)I+KL(C,DI*=VLAP(T)
GO TO 34

VLAP(7)=0DO

EKIN(5)=0D0

CONTINUE

HA(IT yJJ)=4D0*(EKIN(A)XVLAP(3) + VLAP(7)*EKIN(5))
HA(JJ»IT)=HA(IT,JJ)

IF(LLL.EQ.2)GO TO 2001

PX-PY ELEMENTS

Il=1+11

JJ=J+11

E=XP3 (1)

F=XP3(J)

NN=N(E,F)

VLAP(4)=NN*(1DO/ (2DO*(E+F)))
EKIN(7)=K&4(E,F)®XNN+K2(E,F)*VLAP(4)
TEST=E*FXR*%2 /(E+F)
IF(TEST.GE.25D0)GO TO 25
W=NNXDEXP{-TEST)
VLAP(8)=WX{1DO/(2D0%(E+F)))
EKIN(9)=K&4(E F)*W+K1(E,F)*VLAP(8)
GO TN 35

VLAP(8)=0D0

EKIN{S)=0D0

CONTINUE

HA(TT yJJ)=8DO*(EKIN(7)*VLAP(4) + EKIN{9)*VLAP(8))
HA(JI,TT)=HA(TII,JJ)
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RETURN AFTER GROUND STATE CALCULATION
GO TO 2003

EXCITED STATE - MATRIX ELEMENTS COMPUTED IN SAME ORDFR AS AROVFE

1000 CONTINUE
i A=XP1(1)

- B=XP1(J)

E VLAP(1)=N(A,B)

1 EKIN{1)=K2({A,B)%N(A,B)
TEST=A%B%R*%2/ ( A+B)
IF(TEST.GF.25D0)G0O TO 50
VLAP(2)=VLAP(1)%DEXP(-TEST)
EKIN(2)=K1(A,B)*VLAP(?)

i GO TN 60

- 50 VLAP(2)=0D0

: EKIN(2)=0D0

- 60 CONTINUE

: HACT 3 J)=4DOX(EKIN(L)*VLAP(L) = EKIN{2)%VLAP(2))

HACJy 1) =HALT 4 J)

A=XP1(1)

C=XP2(J)
TEST=A*C*R*%2/ (A+C)

‘ IF(TEST.GE.25D0)G0 TO 51
1 W=N(A,C)%*DEXP(-TEST)

( VLAP(S)=(A/(A+C) ) *R*W

EKIN(3)=W*K3{A,C)+K1(A,C)*VLAP(5)
: GO TO 61
- 51 VLAP(5)=0D0
J EKIN(3)=0D0
61 CONTINUE
1 JJ=J+8
HA(T yJJ)= + 4DOXEKIN(3)*VLAP(5)
: HA(JJ 1) =HA(T,JJ)
) HA(1,12)=0D0
' HA(12,1)=0D0
HA(9,12)=0D0
HA(12,9)=0D0
[1=1+8
JJ=J+8
C=XP2{1)
N=XP2(J)
NN=N{C,D)
VLAP{3)=NN*(1D0/(2D0O*(C+D)))
EKIN(6)=K4(C4D)IXNN+K2{C,D)%VLAP(3)
TEST=C*D*R%%2/(C+D)
IF(TEST.GE.25D0)GD T0O 54
W=NN*DEXP(-TEST)
VLAP({7)=W*(1D0O/({2D0%(C+D) ) —CkDkR*%x2/ ({C+D)*%2))
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EKIN(S5)=WkK4(C D) =WXR*(C/{C+D) )% (K3 (CyD)+K3(DyCII+K1(CHyDIXVLAP(T)
GO TO 64

VLAP(7)=0D0

EKIN(5)=0D0

CONTINUE

HA(TT yJJ)=4DO*{EKIN(6)%RVLAP(3) — VLAP(T7)*EKIN(5))
HAGJJ I T )=HA(TT,JJ)

II=T+11

Jd=J+11

E=XP3(T1)

F=XP3(J)

NN=N{E,F)

VLAP(4)=NN%x(1DO/ (2DO*(E+F)))
EKIN(7Y=K&4(E,F)XNN+K2 (E4F)*VLAP (&)
TEST=E*F*R**2/(E+F)
[E(TESTWGE.2500160 TO 55
W=NN*DEXP{-TEST)
VLAP(8)=Wx(1DO/(2D0*(E+F)))
EKIN(9)=K&(E,F)*W+K1{E,F)%®VLAP(R)
GO TO 65

VLAP(8)=0D0

EKIN(S)=0D0

CONTINUE

HACTIT yJJ)=8DO*(EKIN{7)*VLAP(4) — EKIN(GQ)*VLAP(8))
HA(JJ,,II)=HA(IT,JJ)

HA(1,9)=0D0C

HA{9,1)=0D0

HA(9,9)=0D0

HA(9,12)=00D0

HA(12,9)=0D0

HA(1,12)=0D0

HA(12,1)=000

HA(12,12)=0D0

RETURN

END

|
|
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SUBROUTINE HBMTRX
IMPLICIT REAL*8(A-H,N-Z)

ELECTRON REPULSION MATRIX

COMMON/AL/PI yRyS(14,414)4H{1464514),XPL(8),XP2(3),XP3(3),C0F(14),7,
1 ISTATE

COMMON/A2/HA(14414) yHB(14414),HC(14,14)
COMMON/F/T4FT14FT24FT3,FT4,FTO

COMMON/NEW/CUTOFF, LLyLLL

DIMENSION REP1{4)yREP2(4),REP3(4),REP4(4),REP5(4),REPA(4L)
N{XyY)={PI/(X+Y))%%{3D0/2DO0)

G{WyX9Y9Z)=2DO*DSQRT({W+X)*(Y+Z)/ (PIX(W+X+Y+Z7)))

TEST FOR GROUND OR EXCITED STATE

S4=S1+S?2

T=S1*S2%R*%2 /S4

CALL FT

NN=N(A,B)

GG=G(A,RvC'D)

REPL(2) =GGXNN**2*FT0
TEST=A*B*¥R*%2/(A+B)
IF(TEST+GE+25D0) G0 TO 11
REPL(3)=GG*{NN*DEXP(-TEST) )*%*2
GO TN 12

REP1(3)=0D0

CONTINUF

HB(I yJ)=2D0O*(REP1(2) + REP1(3))
HB(J,T)=HB(I,J)

IF{LLL.EQ.1)GO TO 2000

COMPUTE S-P7 ELEMENTS

JJ=J+38
B=XP1(1)
A=XP21(J)
C=A

D=R
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S1=A+R
S2=51
S4=S1+S2
T=S1%S2%R%%2 /S4
CALL FT
NN=N(A,B)
GG=G(AvaCvD)
REP6(1)=GG*NN**2/S4*(FTI/ZDO-SI*S2*FT2*R**2/S4)
TEST=A%B%kR%%2/ (A+R)
[FITEST.GE.25D0)1G0O TN 21
PQ=R*{B/(A+R)-C/(C+D))
T=S1%S2%PQ%*%2/S4
CALL FT
W=NN*DEXP(-TEST)
REP6(3)=GG*W**2*((R*R/(A+R))*(—B*P/(C+D)*FTO+81*PO*FT1/§4)+FT1/(?D
1 0%S4)=S1%S2*kPQ%%k2%FT2 /S4%%D — BEkRxSTIHPQXFT1/{ (A+R)%S4))
GO TO 22
21 REP6(3)=0D0
22 CONTINUE
3 HB(1,JJ)=2D0% (REP6(1) + REP6(3))
HB{JJ 1) =HB(I,JJ)

COMPUTE PZ-PZ ELEMENTS

[I=1+8

Jd=J+8

A=XP21(1)

B=XP2(J)

C=A

D=R

S1=A+R

S2=C+D

S4=S1+S2

T=S1%S2%R*%2 /S4

CALL €T

NN=N{A,B)

GG=G(AvByCvD)

SAA=NN/(2D0*(A+B))

SBB=SAA
GOZZ=(SI/S4)*((Sl/§4)*FT?*R**Z—(IDO/(ZDO*S?))*FTI)
GZ20=G0277

] GZZZ=(lDO/(S4**2))*((SI*SZ*R**ZIS4)**Z*FT4—SI*SZ*BDO*PT%*R**2/54
B 1 +3D0*FT2/74D0)

REPZ(1)=GG*(SAA*(SBB*FTO+NN*GDZZ)+NN*(9RB*GZZD+NN*GZZ7))
TEST=A%BR%R%%2 /( A+R)

IF{TEST.GE.25D0)GO0 TO 41

W=NN*DEXP(-TFST)
GZZZZ=IDO/S4**2*(Sl**Z*SZ**2*PO**4*FT4/S4**2—3DO*S1*87*00**2*FT3/
1 S4 +3D0%FT2/4D0)
REP2(2)=GG*(SABI**2*GOOOO+2DO*W*SABI*GOOZ7+W**2*GZZZZ)
GOOZZ=51/S4*(§1/84*PQ**2*FT?—IDO/(?DO*SZ)*FTI)
T=S1%S2%PQ%%*2 /S4
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CALL FT

GOOON=FTO
SAB1=(1D0/(2D0%{( A+B) ) —A*B&*R%%2/ ( (A+B)**%2) ) %Y
PQ=(B-C)/(B+C)*R

GO TO 42

REP2{2)=0DO

CONTINUE

HB(II,JJ)=2DO0*(REP2(1) + REP2(2))

HB(JJ IT)=HBI(ITI,JJ)

IF(LLL.EQ.2)G0 TO 2001
COMPUTE S—-PX ELEMENTS

Jd=Jd+11

A=XP3(J)

B=XP1(I)

C=A

D=R

S1=A+8B

S2=S1

S4=S1+S2

NN=N(A,B)

GG=G{A,8,C,D)

T=S1%S2%R%*%2/S4

CALL FT
REPS(1)=GGANN**2%FT1/(2D0%*S4)
TEST=A%B%R*%2/ (A+R)
[F(TEST.GE.25D0)G0 TO 31
T=S1%S2%R*%2 /S4%{B/(A+B) —-C/(C+D))*x*?2
CALL FT

W=NN*DEXP(-TEST)

REPS5(?2)= GGxWk%x2%FT1/(2D0%*S4)
GO TO 32

REPS5(2)=0D0

CONTINUE
HB(I,JJ)=4DO*(REPS5(1) + REPS(?2))
HB{JJ,I)=HB(T,JJ)

COMPUTE PZ-PX ELEMENTS

[I=1+8
Jd=J+11
A=XP2(1)
B=XP3(J)
C=A

D=R
S1=A+8R
§$2=S1
S4=S1+S2
T=S1%S2%R*%2 /S4
CALL FT
NN=N(A,B)

691373
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GG-'-'G(AvByC,D)

REP4{1)=GGXNN%*2%(1D0/S4**2% (FT2/4D0-S1%xS2%R%%k2%kFT2 /(2N0%S4)))
TEST=A%B%R*%2/ ( A+B)

IF(TEST.GE.25D0)G0 TO 51

PQ=R*(BR/{A+R)=C/(C+D))

T=S1%S2%PQ*%2 /S4

CALL FT

W=NN%*DEXP(=TEST)

REP4(2) =GGXW#2% (1D0/(16D0%S1*%2 )% (=S1¥PQ#*2%kFT34FT2)=(R*R /([ A+R))*
1 *¥2%FT1/(2D0%S4))
s GO ¥O 52

' 51 REP4(2)=0D0
52 CONTINUE
3 HBITIyJJ)= 4DOX(REP4(1) + RFP4{2))
HB(JJ T T)=HB(I1,JJ)

COMPUTE PX-PY ELEMENTS

II=1+11

Jd=J+11

A=XP3(1)

B=XP3(J)

C=A

D=8

S1=A+8

S2=S1

S4=S51+S2

T=S1%*S2%R*%2/S4

CALL FT

NN=N{A,B)

GG=G(A,B,C,D)

REP3(1)=GG*NN**2%(FTO/(4D0*S1*S2)-FT1*( S1 /(2D0*S1%S2%S4) )+
1 3DO*FT2/(4D0%S4%%2))
REP3(2)=GG*NN**2%FT2/(4D0*S4*%%*2)

TEST=A%*BXR**2/(A+B)

IF(TEST.GE.25D0)G0 TO 61

W=NN*DEXP(-TEST)

T=S1%S2%R*%2/S4*{(B/(A+B)-C/ (C+D) ) **2

CALL ET
REP3(3)=GG*Wx*2*x{{1D0/(2D0%(A+B) ) )% (FTO/(2DO%(C+D))=S1*FT1/(2DN*S?2
L *S4) ) +3D0*FT2/(4D0%S4%%2)-FT1/(4D0*S1%S4))
REP3(4)=GGxWH*k2%FT2%(1D0/ (4D0*S4%%2))

GO TO 62
61 REP3(3)=0D0
b REP3(4)=0D0

62 CONTINUE
- HB(ITI,JJ) = 4DO*(REP3(1)+REP3(2) + REP3(3) + REP3(4))
HB(JJIT)=HB(TI,JJ)

RETURN AFTER GROUND STATE CALCULATION

GO TN 2003
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1000 CONTTNUE
FXCITED STATE GALCULATION

COMPUTATION OF MATRIX ELEMENTS IN SAME NRDFR AS FOR GRNUNN STATFE

A=XP1(1)
B=XP1(J)
C=A
D=8
S1=A+8
S2=S1
S4=S1+S?2
T=S1%S2%R*%2 /S4
CALL FT
NN=N(A,R)
GG=G(A,B,C4D)
REPL(2)=GG*NNk*2%FTO
TEST=A%B%XR*%2/(A+B)
IF(TEST .GE=25D0)G0 TO 71
REPL(3)=GG*(NN*DEXP{-TFEST) ) *x?
GO TN 72
71 REP1(3)=0D0
- 72 CONTINUE
HB(I,J)=2D0*%({REP1(2) - REP1(3))
HB(Jy 1)=HB(I,J)
JJ=J+8
B=XP1(1)
A=XP2(J)
C=A
D=8
S1=A+R
S2=S1
S4=S1+S?2
T=S1*S2%R*%2/S4
CALL FT
NN=N(A,8B)
GG=G(A’RQCQD)
REP61 1) =GGXNN**2/S4% (FT1/2D0-S1*S2xFTP2%R%%2/S4)
TEST=A%B%&R*%2 /{A+B)
IF(TEST.GE.25D0)GO TN 81
PQ=R*{B/(A+B)-C/(C+D))
T=S1%S2%PQ*%*2/S4
CALL FT
W=NN*DEXP(-TEST)
REP6E(3)=GGHWx*2%( (B*R/(A+B) ) * (=B%R/ (C+D)*XFTO+S1*PQ*FT1/S4)+FT1/(2N
1 O%S4)=S1*S2%PQ¥k*k2%FT2/S4%%2 — B%xR(SI*PQ*FTL/( (A+B)*S4))
GO TN 82
81 REP6(3)=0D0
- 82 CONTINUE
HB(T,JJ)=2D0% (REP6(1) - RFEP6KE(3))
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HB(JJ 1) =HB(I,JJ)

JJd=J+11
A=XP3(J)
BR=XP1(1)
C=A
D=R
S1=A+R
S2=S1
S4=S1+S2
NN=N(A,B)
GG=G(A’B'C'D)
T=S1*S2*R%%2/S4
CALL ET
REPS (1) =GGXNN**2%FT1/(2D0%*S4)
TEST=A%B%R*%%2/(A+RB)
IF(TEST.GE.25D0)G0 TO 91
T=S1%S2%R*%2 /S4%(B/(A+B) —-C/(C+D))**2
CALL FT
W=NN*DEXP{-TEST)
REPS5(2)= GGXW*x*2%FT1/(2D0%S4)
GO TO 92
. 91 REP5(2)=0D0
- 92 CONTINUE
{ HB(I,JJ)=4DO*(REP5(1) - REP51(2))
HB(JJ'[)=HB(IvJJ)
II=1+8
JJd=J+8
A=XP21(1)
B=XP2(J)
C=A
D=8
S1=A+R
S2=C+D
S4=S1+S2
T=S1%S2%R*%*2 /S4
CALL FT
NN=N{A,B)
GG:G(A'B'C'D)
SAA=NN/(2D0O% (A+R))

SBB=SAA

GOZZ=(S1/S4)*((S1/S4)*ET2%R*x*%2-(1D0/(2D0%S2) )*FT1)

GZZ0=G0Z7
GZZZ=(1DO/1S4*%*2) ) *{ (S1*S2%R%x%k2/S4) **2*FT4-S1*S2%3DO*FT3%R*%2/S4
1 +3D0*FT2/40D0)

REP2(1)=GG*(SAA*(SBB*FTO+NN*GNOZ7)+NN*(SBRXGZZN+NN*G777))
TEST=A%BXR*%%2 /(A+B)

IF(TEST.GE.25D0)G0 TO 101

W=NN*DEXP(-TEST)
SABL1=(1D0/(2D0O%(A+B) ) -A%B*R*%x2/ ( (A+B)*%2) ) *W

PQ=(B-C) /(B+C) *R

T=S1%S2%PQ*%x2/S4
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CALL BT

GO0O00=FTO
GOOZZ=S1/S4*%{S1/S4%PQ*%2%FT2=1D0/{(2D0*S2)*FT1)
GZZ77=1D0/S4X%k2%(S1%k%x2%kS2%%2%PQ**k4XFTA/S4k%2=3DNESTRS2APOXXDHETI/
1 S4 +3D0O*FT2/4D0)

REP2 ({2)=GG*({ SARL1*x*2%G0000+2D0*WxkSABL*GON7 7 +Wkx*2%G7777)
GO TO 102

REP2(2)=0D0

CONTINUE

HB(TIJJ)=2D0%(REP2(1) - REP2(2))
HBLJJ I T )=HB(ITI45JJd)

II=1+8

JJ=J+11

A=XP2 (1)

R=XP3(J)

C=A

D=8

S1=A+R

S2=S1

S4=S1+S2

T=S1%®S2%R%%*?2 /S4

CALL FT

NN=N{A,RB)

GG=G({A4B,C4D)

REP4(1)=GGXNN*%2%(1D0/S4%%2% (FT2/4D0-S1%S2*R*¥%2%FT2 /(2D0*S4)))
TEST=A%B*R*%2/(A+B)

IF(TEST.GE.25D0)G0 TN 111
PQ=R*(B/(A+B)-C/(C+D))

T=S1%S2%PQ*%2/S4

CALL FT

W=NN*DEXP(-TEST)

REP4 (2)=GGH*Wk%x2%(1DO/(16D0%S1%*%2 ) *(—=S1%PQ*x%x2%FT3+FT2)-(R*R /(A+8B) ) *
1 ¥2%FT1/(2D0%S4) )

GO 10 112

REP4(2)=0D0

CONTINUE

HB(II,JJ)= 4DO*(REP4(1) - REP&4(2))
HB(JJHZIT)=HB{ITI,JJ)

[I1=1+11

Jd=d+ 1)

A=XP3(T1)

B=XP3(J)

C=A

D=R

S1=A+8B

S2=S1

S4=S1+S?

T=S1%S2%R*%2 /S4

CALL ET

NN=N(A,B)

GG=G(A4B,C,D)
REP3(1)=GG¥NN*x*2%x(FTO/(4D0*S1%S2)-FT1x( S1 /(2D0%S1*xS2%S4) )+
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1 3DOXFT2/(4D0%S4%%2))

REP3(2)=GG*NN*%2%FT2/ (4D0*S4%%2)
TEST=A%BXR%*%2/(A+R)

IF(TEST.GE.25D0)GO TO 121

W=NN*DEXP{(-TEST)
T=S1*S2%R*%2/S4%(B/(A+B)=C/(C+D) ) %2

CALL FT
REP3(3)=GGH*Wx*2%((1D0/(2D0%(A+B) ) )% (FTO/(2D0*(C+N))=S1%FTL/(2D0%S?
1 *S4) ) +3D0%FT2/(4D0%S4%%2)=FT1/(4D0*S1%S4))
REP3(4)=GGxWk%x2%FT2%(1D0/(4D0*S4%*%2))

GO TO 122

REP3(3)=0D0

REP3{4)=0D0

CONTINUE

HBITIT,JJ) = 4DOX(REP3(1)+REP3(2) - REP3(3) - RFP3(4))
HB(JJ I T)=HB(TII,JJ)

HB(1,9)=0D0

HB{9,1)=0D0

HB(9,9)=0D0

HB(9,12)=0D0

HB(12,9)=0D0

HB(1,12)=0D0

HB(12,1)=0D0

HB(12,12)=0D0O

RETURN

END
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SUBROUTINE HCMTRX
COMPUTE NUCLEAR ATTRACTION MATRAIX

IMPLICIT REAL*8(A-H,N-Z7)

COMMON/AL/PI yRyS(14414)3H{14414) 4 XPL(B)4XP2(3),XP3(3),CNF{14),7,
1 ISTATE

COMMON/A2/HA(14,14) 4HB(14,14),HC(14,14)
COMMON/F/T4FT1sFT2,FT3,FT4,FTO
COMMON/NEW/CUTOFF, LL,LLL

DIMENSION VLAP(8),ATRAC(16)
N{XyY)=(PI/(X+Y))*%(3D0/2D0O)
TH{X,Y)=Q*DSQRT{X+Y)

Q=(2D0O/DSORTI(PI))

I=1

J=1

IF(ISTATE.NE.O)GO TO 1000

COMPUTE S-S ELEMENTS

A=XP1(1)
B=XP1(J)
NN=N(A,B)
VLAP(1)=NN
THETA=TH(A,B)
ATRAC (1) =THE TA%NN
T=(A+R) %R %%
CALL FT
ATRAGC(2)=ATRACI(1)*FTO
TEST=A%B*R%%2/ (A+8)
IF(TEST.GE.25D0)G0 TO 11
W=NN*DEXP (-TEST)
VLAP(2) =W
T =(B*R)#%2/(A+8)
CALL FT
ATRAC (4)=THE TA%W*FTO
T=(A%R) %%2/(A+8)
CALL FT
DTRAC=THETA*WXFTO
. G0 TO 12

11 VLAP(2)=0D0

~ ATRAC(4)=00D0
. DTRAC=0DO

2 CONTINUE
. HC(1,J)=4D0%(VLAP(1)*(ATRAC{1)+ATRAC(2))+VLAP(2) % (ATRAC (4) +DTRAC))
HC(J, 1) =HC(T,J)
IF(LLL.EQ.1)G0 TO 2000

COMPUTE S-PZ ELEMENTS

JJd=J+8
A=XP1(T1)
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C=xP2(J)

TEST=AX%C*R*%2 /{A+C)

[F{TEST.GE.25D0)G0O TO 21

NN=N(A,C)

THETA=TH(A,C)

W=NN*DEXP{-TEST)

VLAP(6)==(A/ (A+C) ) %*R*W

T=(A%R) *%2/( A+C)

CALL FT
ATRAC(13)=THETAXWX(A*R/(A+C))*(FTO-FT1)
T=(C*R) *%2/(A+()

CALL FET

ATRAC{15) =THETA®W%XR/ (A+C) *(A*FTO+C*FT1)
GO TN 22

VLAP(6)=0D0

ATRAC(13)=0D0

ATRAC(15)=0D0

CONTINUE

HC{IyJJ)=% 4DOXVLAP(6)*(ATRAC(13)+ATRAC(15))
HC(JJ,I)=HC(I,JJ)

COMPUTE S-PX ELEMENTS

HC(1,12)=0D0
HC(12,1)=0D0
HC(9,12)=0D0
HC(12,9)=0D0
COMPUTE PZ/PZ ELEMENTS

JJ=J+8

II=1+8

C=XP21(1I)

D=XP2(J)

NN=N(C,D)
VLAP(3)=NN*(1DO/(2D0*(C+D)))
THETA=TH(C,D)

THN=THE TA*NN
ATRAC(6)=THN*(1D0O/(3D0*(C+D)))
T=(C+D) *R*%*2

CALL FT

C53
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ATRAC(T7) =THN*(FT2%R**x2-1D0/(2D0*(C+D) I*FT1+1D0/(2D0*(C+D))*FTO)

TEST=C*D%R**2/(C+D)
IF{TEST.GE.25D0)G0 TO 41
W=NN*DEXP{-TEST)

T=(D*R) *%2/(C+D)

CALL &7

ATRAC(S8)=THETAXW/(C+D)*{ ( {D*R)*%2 /(C+D) ) *FT2-FT1/7200+( 1D/ 2NDO-C*D

1 *R*%2/(C+D) ) *FTO)
VLAP{7)=W*(1D0/(2D0*(C+D) ) —C*D*R**2/( (C+D)**2))
GO TO 42
ATRAC(8)=0D0
VLAP(7)=0D0
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| 42 CONTINUE
; HC(TT9JJd) =4D0% (VLAP (3)%(ATRAC (6)+ATRAC(7)) + VLAP(T)*2D0%ATRAC(S))
HCUJJ I T)=HC(TT,JJ)

TF(LLL.EQ.2)GDO TO 2001
COMPUTE PX-PX ELEMENTS

JJ=J+11
[1=1+11
E=XP3(1)
F=XP3(J)
NN=N(E,F)
THETA=TH(E,F)
THN=THE T A%NN
VLAP(4)=NN*(1D0/ (2D0% (E+F)))

: ATRAC(6) =THN*(1D0/ (3N0*(E+F)))

w T=(E+F) %R #%2

~ CALL FT
ATRAC{10)=THN/(2DO*(E+F)) *(FTO-FT1)
TEST=E*F#R*%2/ (E4+F)
IF(TEST.GE.25D0) GO TO 51
W=NN¥DEXP (=TEST)
VLAP(8)=W*{1D0/(2D0% (E+F)))
T=(F#R) *%2/(E+F)
CALL FT
ATRAC(9) =THE TA%W/ (2D0% (E+F) ) ¥ (FTO-FT1)
G0 TN 52

51 VLAP(8)=000
| ATRAC(9)=0D0
52 CONTINUE

. HC(ITI,JJ)=8DO%*(VLAP(4)*(ATRAC(6)+ATRAC(10))+VLAP(A)*2D0*ATRAC(O))

HC(JJsTT)I=HC(IT,JJ)

MULTIPLY MATRIX BY —-Z(NUCLEAR CHARGE)

RETURN AFTER GROUND STATE CALCULATION

GO TO 2003

EXCITED STATE COMPUTATION - ELEMENTS COMPUTED IN SAMF 0ORDFR AS ARNVF
CONTINUE

A=XP1(1)

B=XP1(J)
NN=N{A,B)
VLAP(1)=NN
THETA=TH{A,B)
ATRAC(1)=THETA*NN
T=(A+B) *R%*%*2

CALL FT
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ATRAC(2)=ATRAC{1)%*FTO
TEST=A*B*R**2 /{A+R)
IF(TEST.GE.25D0)G0O TO 61
W=NN*DEXP(-TEST)
VLAP{2)=W

T =(B*R) *%2/{A+B)
CALL FT
ATRAC(4)=THETAXW*FTO
T=(A%R) *%2/(A+B)

CALL FT
DTRAC=THETA*W*FTO

GO TO 62

VLAP(2)=0D0
ATRAC(4)=0D0
DTRAC=0DO

CONTINUE

691373
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HC(I,J)=4D0%(VLAP(L)*(ATRAC(L)+ATRAC(2))=VLAP(2)*x(ATRAC(4)+DTRAC))

HC(Jy I)=HC(I,J)

JJ=J+8

A=XP1(1)

C=XpP2(J)

TEST=A%C*R*%*2 /{A+C)

IF(TEST.GE.25D0)G0O TN 71

NN=N(A,C)

THETA=TH(A,C)

W=NN*DEXP(-TEST)

VLAP(6)==(A/ (A+C) ) *R*W

T=(A*R) *%2/{ A+C)

CALL FT
ATRAC(13)=THETAXW*(A%R/ (A+C) ) *(FTO-FT1)
T=(C*R) **2/{ A+C)

CALL FT

ATRAC{L15)=THETA*WXR/(A+C) *{AXFTO+C*FT1)
GO 1O 72

VLAP(6)=0D0

ATRAC(13)=0D0

ATRAC(15)=0D0

CONTINUE

HC(I,JJ)== 4DO*VLAP(K)*(ATRAC(13)+ATRACI(15))

HC(JJ,T)=HC(I1,JJ)

HC{1,12)=0D0
HC(12,1)1=000
HC(9,12)=0D0
HC(12,9)=00D0

JJ=J+8
II=1+8
C=XP2(1I)
D=XxP2(J4)
NN=N(CvD)
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VLAP(3)=NN*{1D0O/(2D0*(C+D)))
THETA=TH(C,D)

THN=THETA*NN
ATRAC(6)=THN*(1DO/(3DO*(C+D)}))
T=(C+D) *R*%*2

CALL FT
ATRAC(T7)=THNX(FT2%R%%2—-1D0/(2D0*(C+D) )*FT14+1D0/(2DO*(C+N))I*FTO)
TEST=C*D%R**2/(C+D)
IF(TEST.GE.25ND0)G0 TO 91
W=NN#*DEXP{-TEST)

T={D*R) *%2/(C+D)

CALL FT

ATRAC(8)=THETA*W/(C+D)*{ ((D*R)*%2/({C+D))*FT2-FT1/2D0+(1NDN/2N0-C*N
1 XR¥%X2/1C+D) ) *FTO)
VLAP(7)=Wx{1D0O/(2D0%(C+D) ) —ChD%R**2/{(C+D)**2))

GO TN 92

ATRAC(8)=0D0

VLAP(7)=0D0

CONTINUE

HCUTT 9JJ)=4D0%(VLAP(3)%(ATRAC{H)+ATRAC(T)) = VLAP(T7)%2N0%ATRAC(8))
HC(JJ,IT)=HC(ITI,JJ)

JJ=J+11

IT=I+11

E=XP3(1)

F=XP3(J)

NN=N(EvF)

THETA=TH(E,F)

THN=THE TA*NN
VLAP(4)=NN*(1DO/(2DO*(E+F)))
ATRAC(6)=THN*(1D0/ (3DO*(E+F)))
T=(E+F) %R*%2

CALL FT
ATRAC(10)=THN/(2D0O*(E+F))*(FTO-FT1)
TEST=E*F*%R%*%2 /(E+F)

IF(TEST «GE«25D0) GO TO 101
W=NN*DEXP(-TEST)
VLAP(8)=Wx(1DO/(2D0%(E+F)))

T=(F%R) *%2/(E+F)

CALL FT
ATRAC(9)=THETA*W/ (2D0O*(F+F) ). (FTO-FT1)
GO TO 102

VLAP(8)=0D0

ATRAC(9)=0DO

CONTINUE

HCUTIT 4JJ)=8D0*({VLAP(4)*(ATRAC(6)+ATRAC{10))-VLAP(B)*2NNXATRAC(9))
HC(JJIT)=HC(IT,JJ)

HC({1,9)=0D0
HC(9,1)=0D0
HC(9,9)=0D0
HC(9,12)=0D0
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HC(12,9)=0D0
HC{1412)=0D0
HC({12,1)=0D0
HC(12,12)=0D0
HC(1,1)=-2%HC(1,1)
HC(9,9)=-2%HC(9,9)
HC(12412)=-Z%HC(12,12)
HC(1,9)=-7Z%HC(1,9)
HC(9,41)=-Z%HC(9,1)
RETURN

END

DATE

69133
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IMPLICIT REAL*8(A-H,0-Z7)

DIMENSION CARD1{80),2(200),NK(200),X{200),VIRIAL(200),BINDEN(200),
LEXPT(200) ,EXPV(200),EXPR12(200),DEDR(200),C1{200),C2(200),C3(200),
2EXPRA(200) 4CHISQ(200),R(200)

99 READ(5,1,END=999)NOTBL,0PTION

NOTBL=NOTBL/S

READ(5,2) (CARDL(I),I=1,80)

1 FORMAT(I5,F10.0)
2 FORMAT{80AL1)

DO 100 K=1,NOTBL

READ (5930 Z(K)gRIK) gNKI{K) 3 X{K)9VIRIALIK)»BINDENIK )y EXPT{K)yEXPVIK),
1EXPR12(K) yDEDRI(K) yCL(K) 9C2(K) 4C3(K)4yEXPRA(K)yCHISQ(K)

3 FORMAT(F1l0454F15.1045X9154D254164/3D025416,/3D025.16,7/3020.10,015.8,
1/D025416)

100 CONTINUE

| N=NK(1)-1

LL=1

98 L=1

WRITE(6410) (CARDL{MM),MM=1,80)

; IFIN<EQ.O)WRITE(6,4)

; [FINCEQ.L)WRITE(6,6)

: [IFINSEQe2)WRITE(6,7)

97 IFIN.EQ.OIWRITE(645)R(LL)»CHISQILL)yX(LL)
IF(N+EQel)WRITE(64y5)R(LL) yCHISQILL) ¢X(LL)yC2(LL)
IFINSEQe2)WRITE(6,5)R(LL) yCHISQILL) yX(LL)2C2(LL),C3(LL)

LL=LL+1
IF(LL.EQ.( NOTBL+#1))GO TO 101
IF(L.EQ.50)G0 TO 98
L=L+1
GO TO 97
101 CONTINUE
{ 4 FORMAT( /10X, R (BOHR) ',5X,' ENERGY (HARTREES) ', ' ZETA ', /)

T ——————————

]
6 FORMAT{/10Xy* R (BOHR) ',5X,' ENERGY (HARTREES) ', v ZETA Y,
19X, * ALPHA ',/)
7 FORMAT(/10X,' R (BOHR) *',5X,"' ENERGY (HARTREES) ',2X,' ZETA ',
17X," BETA *',9X, ' GAMMA',/)
5 FORMAT(10XyF1l0e595X3F15.1093XyF10e592(3X,F12,.8))

g 10 FORMAT{('1', ///10X,80Al1)
El | 2=1
102 L1=1

WRITE(6,10)(CARD1(MM) ,MM=1,80)
WRITE(6412)
PI=3,1415926535
103 IF(Z{(L2)+GT«1DO)BINDENIL2)=CHISQ(L2)+(8D0O*Z(L2)%%2)/(3D0%P1I)
WRITE(64+413)R(L2)+BINDENIL2),EXPV(L2),VIRIAL(L2),DEDR(L2)
L2=L2+1
[FIL2.EQ.( NOTBL+1))GO TO 104
[F(L1.EQ.50)GO TO 102
Ll=L1+1
GO TO 103
104 CONTINUE
‘12 FORMAT(/12Xy" R (BOHR) '51X,* BINDING ENERGY "45X,' (V) *,5X, °*

R

— v S
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L'=N/L2T!, % 5K DELOR. Y5/ )
FORMAT(10X4F10.5,4F15.10)

[F{N.EQ.O0)GO TO 108

L4=1

L3=1

WRITE(6410){CARD1(MM) ,MM=1,80)
[FIN<EQ.1)WRITE(6,20)
IFIN.EQ.2)WRITE(6,21)

IR=Z(1)*R(L4&)

XZET=X{L&)/Z(1)*%2
IFINGE«L1)ALPZ=C2(L4)/Z(1)%%*2
IFIN.EQ.2)GAMZ=C3(L4)/Z(1)
IFIN<EQ.LIWRITE(64107)ZR¢yXZET4ALPZ
FORMAT(10X4F10.5510X,F1045,2{5X,F15.10))
FORMAT(10X4F10.5,2(10X,F15.10))
IFINCEQ.2)WRITE(64177)ZRyXZETHALPZ,GAMZ
Lé4=L4+1

IF{L4.EQ.(NOTBL +1))GO TO 108
IF(L3.EQ.50)G0 TO 105

L3=L3+1

GO TO 106

CONTINUE

FORMAT( /14X, " ZR Yy TXye' ZETA/Z%%*2

1* GAMMA/Z',/)

L6=1

L5=1
WRITE(6,10)(CARDL ( MM) yMM=1,80)
WRITE(6,113)
WRITE(64112)R(L6),EXPRLIZ2(LE),EXPRA(LS)
L6=L6+1

IF(L6.EQs( NOTBL+1))GO TO 115
IF(L5.EQ.50)G0O TO 110

L5=L5+1

GO TO 111

CONTINUE

FORMAT( /10Xy * R (BOHR) *"411X,'{1/R12) *411Xys*'{1/RA)",/)

FORMAT{10X4F10.5,2(5X4F15.10))
IF{Z(1).GT.1D0)GO TO 99

L8=1

L7=1

WRITE(6,10) (CARDL(MM) ,MM=1,80)
WRITE(64+30)

FORMAT(/10X,* SCALED R'y 7X,' SCALED ENERGY?',

Y13X,!
FORMAT( /14X, IR Yoo TXy® ZETA/ Z%%2° 410X, *

69135

TXy !

IF(NeEQeO«OReNEQe 1)R(LBI=R(LB)*(1.401D0/1.55D0 )

IF{N.EQ.2)RILB)I=R(L8B)*(1.401D0/1.53D0)

IF(N<EQ.O)BINDEN(L8)=BINDEN(L8)*(.,1744746/.1380708)
[IFIN.EQ.L)BINDEN(L8)=BINDEN(LB)*(.1744746/.1457276)
IFINsEQ«2)BINDEN(L8)=BINDEN(LB)*(.1744746/.1541438)

C59 /0€
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ALPHA/Z*%% 2%, /)

BETA/Z' 410X,

SCALED DE/DR'/)

IFIN.EQ.O)DEDR(LB)=DEDRI(LB)I*(+1744746/.1380708)%(1.55/1.401)
IFINsEQe l)DEDRILB)=DEDRILB)*(.1744746/.1457276)1%(1.55/1.401)

IFIN.EQ.2)DEDR(LB)=DEDR(LB)*{,1744746/.1541438)%{1.53/1.401)
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: WRITE(64119)R(L8)yBINDEN(L8)yDEDR(LS)
119 FORMAT(10XyFl0e545XyF15.10,5X4F15.10)
L8=L8+1

IF(L8.EQ.(NOTBL+1))GO TO 99
IF(LT.EQ.50)G0 TO 117

L7=LT7+1

1 GO TO 118
999 STOP

4 END
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SUBROUTINE DSIMPX(FUNK)
DOUBLE PRECISION VERSION OF SIMPLX
SIMPLEX-MINIMUM 0OF A FUNCTION OFf SEVERAL CONSTRAINED VARIABLES

o P N P

FUNCTIJON MINIMIZATION BY THE SIMPLEX METHOD. J.P. CHANDLER BIN 27SMPL X
(NELDER AND MEAD, THE COMPUTER JOURNAL, JANUARY 1965) SMPLX
AT PRESENT MATRIX AND ERR ARE INOPERATIVE. SMPL X

THIS PROGRAM IS STILL IN EXPERIMENTAL FORM. NOTHING IS GUARANTEED. SMPLX
COMMANDMENT 1 eeee THOU SHALT NOT OMIT THINE *EXTERNAL' CARD. SMPL X

IMPLLCLT REAL#*8(A=H,0-2)

INTEGER SWITCH

COMMON/S1/CHISQyX(20)
CCMMON/S2/XMAX(20) 4XMIN(20) yDELTAX(20),DELMIN(20),
b NV,NTRACE ,MASK(20)

DIMENSION CHI(21),2(21,420),ZBAR(20),4ZSTAR(20) SMPL X

MATRIX=0
SWITCH=65535
KW=6

30 HUGE=1.0075
SIGNIF=1.0D17
ALPHA=1.0D0
BETA=0,7D0
GAMMA=2.,00D0

I[IFINV)890,890,4y40 SMDLX‘J

40 DO 120 J=1,NV SMPLX
[F(MASK(J))120,50,120 SMPLX |
50 IF(SIGNIF*DABS{DELTAX(J))I=-DABS(X(J))) 60,60,90 J
60 IF(X(J))80,70,80 SMPLX
70 DELTAX(J)=0.01D0
GO TO 90 SMPL X
80 DELTAX(J)=0.01D0%X(J)
S0 ITF(XMAX(J)-XMIN(J))100,100,110 SMPL X
100 XMAX(J)=HUGE SMPL X
XMIN(J)=-HUGE SMPL X
110 X(J)=DMAXL{XMIN(J) yDMINL(XMAX{J),X(J)))
120 CONTINUE SMPL X
CALCULATE INITIAL P(I) AND Y(I). SMPL X
NVA=0 SMPL X
NF=0 SMPLX," %
DO 160 J=1,NV SMPLX |
[F(MASK(J))160,130,4160 SMPLX !
130 NVA=NVA+1 SMPLX @
. DO 140 K=1,NV SMPLX
140 Z{INVA,K)=X(K) SMPLX o
ZINVA,J)=Z(NVA,JI+DELTAX(J) SMPLX

XS=X(J) SMPL X | ¢



& cé62 /10

LLEVEL 1, MOU 3 DSIMPX DATE = 69132 14/44/18
XUEJ)V=Z(NVA4J) SMPL X1
NGO=1 SMPL X1
GO TO 210 SMPL XL

150 X(J)=XS SMPL XL
CHI(NVA)=CHISQ SMPL X1
160 CONTINUE SMPL X1
[F(NVA)1704170,190 SMPL XL
170 DO 180 J=1,NV SMPL X
180 MASK(J)=0 SMPLX L
GO TO 40 SMPL X
150 NVP=NVA+1 SMPL X!
DD 200 J=1,NV SMPL X |
200 ZINVP,J)=X(J) SMPL X
NGO=2 SMPLX |
210 DO 240 JF=1,NV SMPLX .
IFIMASK(JF)) 240,220,240 SMPLX .
220 TF(X(JF)I=XMAX(JF))230,230,4250 SMPL X
230 IF(X(JF)=XMIN(JF))2504240,240 SMPLX .
240 CONTINUE SMPL X
CALL FUNK SMPL X .
NF=NF+1 SMPLX .
GO TO 260 SMPL X
250 CHISQ=HUGE SMPLX .
260 GO TO (150,270+400,460,550,720 ) ,NGO SMPLX .
270 CHI(NVP)=CHISQ SMPLX .
WRITE (KWy81) .
Bl FOFMAT(94HL1SIMPLEX MINIMIZATION.... CODED BY J. P. CHANDLER, I.USMPLX .
Xe PHYSICS DEPT., BLOOMINGTON, INDIANA.///19H INITIAL VALUES..es//)SMPLX .
WRITE (KWy82) (MASK(J)yJ=1,NV) SMPL X
82 FORMAT(/10H MASK = 5(I112,12X)/(10X5124))
WRITE (KWy83) (X{J) yJ=1,NV)
83 FORMAT(/10H X = 4D25.16/(10X4D25.16))
WRITE (KiyB4) (XMAX (J)4J=1,NV) SMPL X
84 FORMAT(/10H XMAX = 4D25.16/(10X4D25.16))
WRITE (KWy85) (XMIN(J) yJ=1,NV) SMPLX»‘
85 FORMAT(/10H XMIN = 4D25.16/(10X4D254.16))
WRITE (KWy86) (DELTAX (J)yJ=1,NV) :
86 FORMAT(/10H DELTAX = 4D25.16/(10X40D25.16))
WRITF (KWy87) (DELMIN{J)yJ=1,NV)
87 FOKMAT(/10H DELMIN = 4D25.16/(10X4D25.16))
WRITE (KWy88)NV,NVAy MATRIX ,ALPHA, BETA,GAMMA, CHI $SQ SMPL X
88 FORMAT(//20XI13,11H VARIABLES,I3,8H ACTIVE.10X9HMATRIX = I13//20X7HASMPL X
$LPHA =F4.1,10X6HBETA =F5.,2,10XTHGAMMA =F4.1//30X8HCHISQ = D25.167)
IF(NTRACE) 280,290,280 SMPL X
280 WRITE (KW,92)

92 FORMAT(/60(1X1H*)//10X37THTRACE MAP OF THE MINIMIZATION PROCESS//7)SMPL X

DETERMINE H AND L. SMPLX

L 290 JH=1 SMPL X11
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1, M0OD 3 DSIMPX DATE = 69132
JL=1

DO 330 J=2,4NVP

[FICHI(J)-CHI{JH))310,4310,300

JH=J

[F(CHI(J)-CHI(JL))320,330,330

JL=J

CONTINUE

'C CALCULATE PBAR.

DO 370 J=1,4NV
I[FIMASK{J))370,340,370
IBAR(J)=0.000

DD 360 K=1,NVP
IF(K-JH)350,360,350
IBAR(J)=ZBAR(J)+Z(K,J)
CONTINUE
IBAR(J)=ZBAR(J)/DFLOAT(NVA)
CONTINUE

ATTEMPT A REFLECTION.
FORM P*

DO 390 J=1,NV

IF(MASK(J))390,380,390
X(J)=(1.0D0+ALFHA)*ZBAR(J)=ALPHAXZ(JH,J)
ZSTAR(J)=X(J)

NGO=3

GJ TO 210

CHISTR=CHISQ
[F(CHISQ-CHI(JL))410,470,470

THE REFLECTION SUCCEEDED. ATTEMPT AN EXPANSION.
FORM P*xx%x

IFINTRACE) 42044304420

WRITE (KW,43)CHISQ

FORMAT({10X8HCHISQ = D25.16y10X20HREFLECTION SUCCEEDED
WRITE (KWy44) (X(J)yJ=14NV)
FORMAT(5X8HX(I)eoee/{5(1XD24.15)))

WRITE (KWy155)

FORMAT(1IH )

DO 450 J=14NV

[FIMASK(J))450,440,450
X{J)=GAMMAXX(J)+({1.0D0-GAMMA) *ZBAR(J)
CONTINUE

NGC=4

GO TN 210

IFI(CHISQ-CHISTR) 7604500,500

THE REFLECTICN FAILED.
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FLEVEL 1, MUD 3 DSIMPX DATE = 69132 l4/44/18

470 DO 490 J=1,NVP SMPL X
IF(J-JH)480,49C,480 SMPLX
480 ITF(CHISQUG-CHI(J))520,490,490 SMPL X
490 CONTINUE SMPL X:
[FICHISO-CHI(JH))540,560,560 SMPL X!
500 IF(NTRACE)510,45204510 SMPL X!
510 WRITE (KW446)
46 FORMAT(43X16HEXPANSION FAILED ) SMPL X1
REPLACE P(JH) By Px*x , SMPL X1
520 DO 530 J=1,NV SMPL X1
530 Z(JH,J)=ZSTAR(J) SMPL X1
CHI(JH)=CHISTR SMPL X1
