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Some precautions needed in the choice of weight functions when calculating wave
functions by the method of moments are analysed. It appears that an important
criterion for “good” weight functions is that the difference between the “total’” and
the “truncated” overlaps (both defined in the paper) be high.

The method of moments is applied to wave functions involving Hylleraas-type
correlation factors using weight functions made up of products of single-particle
orbitals. The aim of the calculations is partly to test the criteria for “good” weight
functions, partly a preparation of more extended calculations of a similar type.
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1. Introduction

In quantum mechanical calculations difficulties of integration often more fundamentally
influence the choice of the analytical form of the variational wave functions than the
physical considerations. The difficulties of integration, however, depend on the criteria

by which the values of the variational parameters are determined. It appears that the use

of the method of moments’ as a criterion is a powerful tool for reducing difficulties of
integration, thus opening the way of handling problems by physically better wave
functions. The results obtained by the method of moments can, however, become un-
stable if some precautions are neglected. The aim of this paper is to analyse some of these
precautions and test them on examples which, at the same time, prepare the application of
the method of moments to variational wave functions made up of group orbitals and involv-
ing Hylleraas-type correlation factors between particles belonging to the same group [7-10]

* The new name of the institute is: Computer Application Research and Development Center of the
Chemicat Industries.

! The idea of using the method of moments for reducing difficulties of integration seems to have
emerged in [1]. A detailed summary of its basic principles has been given in [2]. Numerical results
together with results of principle can be found in many papers, e.g. [3-6].
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2. The Stability of Results Obtained by the Method of Moments

Let 5 be the Hamiltonian operator of a molecular system with eigenvalues E; and eigen-
functions U;(x)

(.#— Ei)Ui(X) = O; (UI(X) l U,(x)) = 1, Ei<Ei+l; (l= 0, 1, . .), (1)

where x denotes the point in the configurational space. Be u,(x, a) the variational wave
function by which we want to approximate to U;(x) and which involves the variational
parameters a

ui(x,a) = aglif(X, aq, - - am); {ug(x,a) | ui(x,ap=1, )

i.e. we formally consider the normalization factor as a variational parameter. In order to
determine the values of the variational parameters a and the approximation e; to E; by
the method of moments we first choose a weight function generator

wi(x,b) = bowi(x, by, . . ., by); wix, b) | wi(x, b = 1; n=m (€))

depending on the point b of some parameter space other than a. For simplicity we assume
that both u;(x, a) and w;(x, b) satisfy the usual continuity and symmetry conditions,
although if a symmetry operator commutes with 5 it is sufficient to assume that either
u; or w; is an eigenfunction of it.

Let us introduce the notation

usi(x, a) = duy(x, a)/da;;  (7=0,...,m), “)
and define the weight functions by
Wik(x, b) = awi(X7 b)/abks (k = 0, s l’l). (5)

It will be assumed that the functions u;; form a linearly independent set, similarly the
functions w;.

The method of moments determines the values of the a and the approximate eigenvalue
e; from the requirement minimize

3 Re(wae(x, b1 # - ¢ L, )| 5 (Rewipx, b) | u(x, ap)y? ©)
k=0 k=0

as a function of a and ¢; keeping b fixed. In the important special case m = n this means
the solving of the set of equations

Re{wix(x,b)| # — e; jui(x,a) =0; k=0,....n=m). @)

Although (6) may have practical advantages even in the case m = # (e.g. if the parameters
ai, ..., 4y, are linear it leads to a symmetrical eigenvalue problem) we shall consider only
(7) as the analysis of (6) is more involved and probably leads to similar results.

Egs. (7) become equivalent with the method of energy variation if w(x, b) = v (x, a,),
where a, denotes the point of the parameter space a yielded by the method of energy
variation, i.e. {u;(x, a) | # — e; |u,(x, a)) = stationary. The practical advantage of the
method of moments results from the fact that we can apply also other weight functions
and use the freedom in their choice to reduce difficulties of integration. Evidently, how-
ever, the method of moments will only casually yield good results if this freedom is
misused in such a way that the roots of (6) or (7) become unstable under small changes
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of the weight functions. We thus have to answer two questions: a) Under which circum-
stances do Egs. (7) become “ill-conditioned”, i.e. cause “unfortunate” small changes of
the weight functions large changes in their roots; b) under which circumstances will the
roots of Egs. (7) be good approximations to presumably “good” values. As our aim is
not to improve but to simplify the most frequently used variational method, the method
of energy variation, we tacitly shall assume that the “good” values of the parameters a
and the energy e; are a, and e, yielded by the method of energy variation.

The analysis can be simplified by the fact that as Eqs. (7) are linear in the weight functions
we can replace the weight functions by any linearly independent linear combinations.

vy(%, b, /@) =k§ cr@wi(x,b);  (=0,.. . m), ®)
=0

say, such which all but the Oth are orthogonal to u(x, a)

(vi(x, b, ci(@)) | us(x, a)) = 0, G=1,....m), 9)
and in order to make the definition of the coefficients cijx(a) unique we assume that the
new weight functions v;(x, b, ¢;(a)) have a maximum overlap with the corresponding
derivatives of the wave function

(vij — wj | vz — uyd = minimum; (7=0,...,m). (10)
The value ¢; in the last m equations of (7) can then be replaced by any other value, E;, say

Re(v;i(x, b, cf(a)) | #— E; | u(x,a) =0; G=1,....,m). (11)
(This m)eans that we can formally decouple the determination of the parameters and the
energy.

Let us denote the roots of (11) by a,, . Writing instead of a,,, the “good” values a, into
(11) the right-hand sides will be equal to some (generally non-zero) values zZ;

Rev;i(x, b, cia.)) | # — E;luy(x, a,)) = zZj; G=1,...,m). (12)

Qualitatively the smaller the absolute values of the z;’s and the less sensitive the roots of
(11) to small changes in the right-hand side the better approximation a,, to a,.

In order to obtain practically more useful, although still rather qualitative, statements let
us subtract the equations Re{u;i(x, a,) | #— E; |u{x, 2, =0;(j=1, .. ., m) (obtained
in a straightforward way from the basic equations of the method of energy variation)
from Egs. (11). By the Schwarz inequality we obtain the following upper bounds:

|27 1> < <ug(x, b, ¢j(a,)) — uii(x, a0) | vgi(x, b, ¢j(a,)) — uz(x, a,))
x Cui(x, a0) | (A — E)? | uy(x, ap)). (13)

From the second term of the right-hand side of (13) it can be seen that the better
approximation u,(x, a,) to the exact wave function the smaller the I z; I's. Thus the better
can the variational wave function approximate to the exact one the more stable the
method of moments. This conclusion is very satisfactory, although entirely qualitative.

From the first term of the right-hand side of (13) it follows that in order to obtain small
|z; I's the weight functions v;;(x, b, ¢;(a)) must have a possibly high overlap with the
corresponding derivatives of the wave function
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1 — [(Rewy(x, b, ¢;(@)) luz(x, a))* [(vs(x, b, c4(@)) | v;5(x, b, c;(a)))
x (uyi(x, a) | uy(x, W] < 1. (14)

The Nth root appearing in (14) (where N denotes the number of particles of the system)
attempts to make the criterion (14), as far as possible, independent of the number of
particles.

In any case, the more complicated functions enter (12) the more, in general, the right-
hand side of (13) overestimates the left-hand side. This is another very satisfactory
qualitative statement.

Investigating the left-hand side of (12) it can be seen that the criterion (14) itself does not
guarantee the stability of the roots. In order to verify this let us for a minute assume that
(contradicting our basic assumptions) the set of wy’s is linearly dependent. This can still
be consistent with Egs. (9), but in any case it means that the set of v;;’s is either linearly
dependent or consists of less than m functions. Consequently the roots of (12) become
ill-determined. It can thus be expected that if the set of w;z’s is close to being linearly
dependent the roots of Egs. (12) will be ill-conditioned. For us the most important con-
sequence of this is that their roots will be very sensitive to “unfortunate” small changes
of the weight functions.

By v;(x, b, ¢;(a)) = u(x, a), following from (14), the approximate linear dependence of
the weight functions can be a consequence of an approximate linear dependence of the
u;(x, a)'s. This also causes serious trouble in the method of energy variation, making the
results sensitive to round-off errors. The situation in the case of the method of moments
is worse as the results become sensitive to small changes of the weight functions. However,
as the v;;’s are generally only rough approximations to the corresponding u;;’s their
approximate linear dependence can also be a consequence of an “unfortunate” choice of
the weight functions. If the set of u;’s is near to being linearly dependent the best we can
do is a probable contraction of the “almost redundant” variational parameters in u;. If
the approximate linear dependence of the weight functions is due to their “unfortunate”
choice one can attempt to choose better weight functions. In any case, we shall attempt to
give a practically useful semi-quantitative criterion which, at least, can signal the danger.

Let us define auxiliary weight functions v b

viP(x. b, () = zo dr@walxa)  (G=1,...m) (15)
k£j

which also satisfy Eqgs. (9)- (10) The weight functions vy} and quantities assomated with
them will be referred to as “truncated”. If we find that the overlap between u,, and u;;
differs only insignificantly from the overlap between v;; and uy;, i.e. the criterion

1 — the left-hand side of (14) < 1 — [(RewP(x, b, c(’)(a)) | ui(x, a)?/
(@P(x, b, ¢2@) | B2(x, b, cf@))uy(x, a) | uz(x, 2] W (16)

is violated, then this is a warning that the function wy; is (at least in the subspace spanned
by the u;;’s) near to a linear combination of the other weight functions and the problem
is probably ill-conditioned.

Obviously, more elaborate and probably more complicated criteria could be derived but
it can hardly be believed that a weight function w;; which can give no significant contribu-
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tion to the overlap with its “own” derivative u; will be a “good” weight function. Con-
sequently it is not sure that the use of more elaborate criteria pays off.

The calculation of the coefficients ¢;;(a) means the solving of the set of linear equations

m
zci]'k(willwik)=<willuij>; (l=0,...,m;]'=1,...,m) (17)
k=0

and a set of similar equations with k, I ¥ in the truncated case. In practice, the linear
dependence can also be signaled by the fact that Eqgs. (17) are ill-conditioned.

The error in the approximate eigenvalue e; can be estimated by similar tools. From the
0th equation of (7) it follows that

eim = Re[{wip(x, b) | A |ui(X, a5 ))/wo(x, b) | (X, 2, )] (18)
By the orthogonality relations (9) we can replace w;q in (18) by v;o. Making use of the
identity e, = E; — (E; — ;) the error in e;,, can be written as
eim — E; = Re[(w;0(x, b, ¢o(@m)) | #'— E; [ ufx, am Mvjo(x, b, co(an)) | ui(x, am D]
(19)
If we apply the Schwarz inequality to the numerator at the right-hand side of (19) the
upper bound

L €im— Ei | < 1ReCwio(x, b, colam)) | ui(x, a, )™ X

X [<Ui0(x> b: CO(am)) | UiO(xa ba CO(am))><ui(X= am) i(%_-Ei)2 i ui(x’ Ay )>] 12 (20)

of the error is obtained. For the ground state by the identity # — Eq = (# — Eo)'/?
( # — Ey)'"? (20) can also be written as

|eom — Eo | <|Relvgo(x,b, co@am)) | uo(X, an ) ['x

[woo(x, b, co@m)) | #— Eq | voo(X, b, colam DN uo(X, am) | #— Eq | ug(X,a, )] 2.
(21)

An elementary analysis of (20)-(21) yields the resuli that, similar to the case of the
method of energy variation, the error in e, contains only terms proportional to the
square of the error in u; provided that the criterion

[(Re<wio(x, b, co(@m)) | u(X, apm W) [((wi0(X, b, ¢o(@n)) | vio(X, b, colanm)) X
X (X, am) | uf(x, am W] ~ 1 (22)
is not severely violated. Attention is again called to the fact that the more complicated

functions make up the integrands the more, in general, the Schwarz inequality over-
estimates the integrals.

Essentially equivalent results for the error in the energy have been derived in [2] and [3]
by different tools.

The criteria (14), (16) and (22) must obviously be satisfied in the neighbourhood of

a = a,,. As we do not know a,,, at the beginning of the calculations we often have to
proceed as follows. We choose some starting values of the parameters b and calculate

a,, . Then, if the requirements v;;(x, b, ¢j(a,,)) = u;i(X, a,,) (or, in practice, the require-
ments wi;(X, b) ~ u;;(X, a,,)) are not fulfilled we choose new values of the b’s and iterate.
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This procedure is very similar to the self-consistent field procedure and can be carried out
‘parallel with it. If both the parameters a and b are linear such an iterative procedure is, in
general, unnecessary.

It is often possible to carry out the procedure outlined in the preceding paragraph in the
following way. We construct the weight function generator (3) by making some systematic
small changes in the variational wave function (2) in order to simplify the integrals and
then formally replace the parameters a; by parameters b;. Thus we can consider both

u;(x, a) and wi(x, b) as approximate wave functions and can try to determine the para-
meters in both of them by the method of moments using each other also as weight
function generators. This means that we determine both u; and w; from the requirement

Re[{wi(x,b) | A |u(x, a)/{iwi(x, b) | u;(x, a)}] = stationary. 23)

The advantages of such a procedure are obvious but it must be handled with great care as
it can yield worse weight functions than an explicit adjusting of the v;;’s to the u;’s.
Probably in most cases the best method is to start with (23) and if some tests signal
deterioration of the weight functions we switch on explicit adjusting.

3. Applications

The calculations presented below form part of the investigations to apply the method of
moments for the determination of correlated wave functions. Most of the methods

applied for actual calculations are using the single-particle function expansions which
severely restrict the rate of convergence (natural orbital expansion [7], pseudo-natural
orbital expansion [8], extended separated pair theory [9]). The rate of convergence can
partly be improved by an explicit inclusion of the interparticle co-ordinates into the trial
functions [10]. This approach, however, is associated with severe difficulties of integration
if the number of particles is not extremely low.

The variant of the method of moments used by Boys and Handy applies a particular form
of weight functions which, to a certain extent, facilitates the evaluation of the integrals
[3]. The method proposed in the present paper uses weight functions which can be decom-
posed into products of single-particle functions, and wave functions constructed from
group orbitals, taking into account by interparticle co-ordinates the correlation of particles
belonging to the same group. It can easily be verified that in this way the difficulties of
integration can significantly be reduced as in the worst integrals the co-ordinates of
particles belonging to two groups are inseparably coupled, while the method of energy
variation leads to integrals inseparably involving the co-ordinates of all particles. The
method is particularly suitable for wave functions of the cluster expansion type.

In order to test the applicability of the method of moments in the case of such weight
and wave functions simple test calculations have been made for the helium atom and
the negative hydrogen ion. In both cases three different approximations have been made,
the wave functions u¢(x, a) being
Appr. A: aglexp(—a r—a,r3)
+a, exp(—a;ry—ayra)ria) (24)
Appr. B: aglexp(—a r1—ary)

+a, exp(—a r1—a1r2)r2
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+ag exp(—air—ar)rirs

+ag exp(—ayr1—ayry)(r} +13)) (25)
Appr. C: aglexp(—a ri—airs)

ta, exp(—ayr1—a,72)12

+ ay exp(—ari—a r)r1rs

+ag exp(—ayr;—a )} +13)

tas exp(—ayry—agra)(ry +72)

tag eXP(—ﬂlrl—aﬂ'z)"%ﬂ (26)

Here ry, 73 and {4 denote the distances of electron 1 and 2 from the fixed nucleus
and each other, respectively.

The weight function generators have been obtained in all three cases by a) replacing
exp(—a#1—-aro)riz by

Appr. 0: exp(—coa171—coa 72, ‘ @7
Appr. 2: exp(—cal1t1~Ca8y72)r3 (28)

in the second terms of (24)-(26) and b) formally writing instead of a;s, b;’s. The constants
¢p and c, have been chosen in several different ways and are to be discussed later. By
Py =ri 1) — 2%, + Yy, +2,2,) the weight functions can be decomposed into

products of single-particle functions.

The six approximations belonging to the wave functions (24)-(26) and the weight
function generators obtained by the replacements {27)-(28) will be denoted in an obvious
way by AO, A2, B0, B2, and CO, C2.

We first investigate the behaviour of the total and truncated overlaps belonging to the
substitutions (27)-(28) as functions of the constants ¢, respectively c,. The values listed
in Table 1 belong to @; = 1 but the trivial behaviour of the integrals under the change of
a common scale factor ensures that the results are also similar for ¢; # 1. It is also clear
that the investigations can be limited to vg,, the other v;’s will hardly cause any surprise.
In order to blow up the differences and thus make the results more easy to compare the
exponents 1/N in the criteria (14)-(16) have been disregarded.

The data listed in Table 1 suggest the following: a) The approximations “2” are probably
better than the approximations “0”. b) It is not surprising if the stability and consequently
the accuracy of results in the approximation “0” decrease if the number of variational
parameters increase; the approximation CO is probably exceptionally “malevolent” as the
round-off errors completely overshadow the difference between the total and the truncated
overlaps and, in addition, the best value of ¢ is very close to 1.0 which may cause trouble
in the numerical stability of the eigenvalue problem.

This “malevolent” behaviour of the approximations “0” could hardly be predicted if we
studied only the overlaps between the weight functions and the corresponding derivatives
of the wave function. The maximum overlap between the function exp(—#;—r,)r;, and
the functions exp(—cor;—Ccora)r, and exp(—c,ry—cory)ra, is, namely, 0.9204 and
0.9628 respectively. This can indicate a moderate superiority of the approximations *“2”
but by no means an extreme one.
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Table 1. Truncated and total overlap values belonging to the weight functions vy in the
approximations A0-C2

Appr.: A0 BO COo A2 B2 Cc2
Trunc.? Trunc.2 Trunc.? Trunc.® Trunc.? Trunc.?
0.2025 0.0722 0.0095 0.2025 0.0722 0.0095
o Total? Total? Total® s Total® Total® Total?
1.10 0.0706 0.0634 0.0095 0.90 0.0385 0.0374 0.0061
1.05 0.0698 0.0634 0.0095 0.95 0.0274 0.0272 0.0055
0.95 0.0699 0.0634 - 0.0095 1.15 0.0119 0.0117 0.0043
0.90 0.0708 0.0634 0.0095 1.10 0.0080 0.0072 0.0038
0.85 0.0726 0.0636 0.0095 1.15 0.0071 0.0045 0.0033
0.80 0.0752 0.0661 0.0095 1.20 0.0094 0.0031 0.0029
0.75 0.0789 - 0.0722 0.0095 1.25 0.0150 0.0026 0.0026
0.70 0.0837 0.0698 0.0095 1.30 0.0241 0.0028 0.0024
0.65 0.0897 0.0684 0.0095 1.35 0.0366 0.0035 0.0023
0.60 0.0971 0.0680 0.0095 1.40 0.0522 0.0046 0.0022
0.55 0.1059 0.0681 0.0095 1.45 0.0702 0.0059 0.0022
0.50 0.1162 0.0683 0.0095 1.50 0.0900 0.0075 0.0023

2 The right-hand side of Eq. (16) without the exponent 1/N.
b The teft-hand side of Eq. (14) without the exponent 1/N.

The results of the calculations on the ground state of the helium atom and the negative
hydrogen ion are listed in Table 2. All results are given in atomic units. Where no entries
are given the results were either meaningless or could not be calculated because of
numerical instability or insufficient convergence of the iterations. For the negative
hydrogen ion no reliable expectation value of the operator 1/r;, could be found in the
literature.

The columns of Table 2 correspond to the following calculations:

1. The best values of ¢g, respectively ¢,, taken from Table 1. Because of numerical
stability problems the value ¢y = 0.97 may be slightly inaccurate.
2.The best values of ¢y, respectively ¢,, calculated from the maximum overlap
between exp(—r;—7,)r14 and exp(—cor—cors )5 respectively exp(—cor—cor )3 5.
3. Arbitrarily chosen values of ¢ and ¢,.
4. The values obtained by the method of energy variation.
5.The “exact” values [11].

Table 2 contains the expectation values of the Hamiltonian operator and the operators
6(3)(r12), ¥+ 73, and 1/rq,.

4. Discussion

The results presented in Table 2 need little comment. They fulfil (perhaps to an un-
expected extent) the predictions following from the criteria (14), (16) and (22). We have
the impression that the results may be a bit “too beautiful” and do not want to over-
estimate the power of the criteria. In any case, the results together with the results of
many other papers indicate that the method of moments, if used with precaution, can
yield reliable results comparable with those obtained by the method of energy variation.

It may, perhaps, be useful to call attention to the following fact. The maximum overlap
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Table 2. Results of the calculations on the helium atom and the negative hydrogen ion. The explanation

is given in the text

269

Helium Atom

Appr. A0 Method of Moments En. Var. Exact
co = 0.97 0.75 0.50 - -

(H) = ~2.82633 -2.82524 -2.91970 ~2.89112 ~2.90372
612y = 0.22542 0.21119 0.08006 0.11991 0.10635
3+ r3= 2.05774 2.08061 2.19278 2.15366 2.3870

Afry2) = 1.09758 1.07933 0.92613 0.97429 0.94582
Appr. BO
co = 0.97 0.75 0.50 - -

() = -2.89877 - -2.89096 —2.90268 -2.90372
6O,y = 0.12264 - 0.13742 0.11539 0.10635
v} +rdy = 2.37371 - 242442 2.35390 2.3870

A/ryp) = 0.95369 - 0.96424 0.94802 0.94582
Appr. CO
co= 0.97 0.75 0.50 - -

() = - - - —2.90333 ~2.90372
6@ = - - - 0.11196 0.10635
Gt +ih = - - - 2.38647 2.3870

Afrip) = - - - 0.94608 0.94582
Appr. A2
= 1.13 1.25 1.083 - -

(#) = -2.89004 —2.88982 —2.89020 —2.89112 —2.90372
<6(3)(r12)> = 0.12160 0.12195 0.12135 0.11991 0.10635
gy = 2.16050 2.15875 2.16119 2.15366 2.3870

Afrip) = 0.97509 0.97571 0.97475 0.97429 0.94582
Appr. B2
cy = 1.27 1.25 1.083 - -

(A = -2.90118 -2.90117 -2.90124 -2.90268 ~2.90372
<5(3)(r12)> = 0.11826 0.11828 0.11826 0.11539 0.10635
i+ = 2.36403 2.36440 2.36715 2.35390 2.3870

Afr1a) = 0.94991 0.94988 0.94943 0.94802 0.94582
Appr. C2
cy = 1.42 1.25 1.083 - -

(H#) = —2.90148 -2.90077 —2.90064 —2.90333 ~2.90372
(5(3)(r12)> = 0.11789 0.12048 0.12105 0.11196 0.10635
@3 +rd) = 2.37093 2.36218 2.37033 2.38647 2.3870

Afriad= 0.94930 0.95065 0.95031 0.94608 0.94582
Negative Hydrogen Ion
Appr. A0 Method of moments En. Var. Exact
cp = 0.97 0.75 0.50 - -

(H) = —0.47428 —0.47440 —0.47510 —0.50878 —0.52775
<6(3)(r12)> = 0.01249 0.01245 0.01226 0.00389 0.00274
P +rd = 12.74054 12.74470 12.76577 12.65480 23.827

Afriy = 0.42648 0.42621 0.42480 0.37311 -
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Table 2—continued
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Appr. BO

Method of moments En. Var. Exact
co = 0.97 0.75 0.50 - -

() = —0.51365 - —0.45746 ~0.52566 —0.52775
6@ = 0.00584 - 0.02655 0.00320 0.00274
r3+rd) = 17.49715 - 15.44325 18.26688 23.827

Afripy = 0.34767 - 0.39464 0.32447 -
Appr. CO
eo = 0.97 0.75 0.50 - -
()= - - - —0.52646 —0.52775
@@y, = - - - 0.00336 0.00274
g = - - - 19.20641 23.827
Afrip) = - - - 0.32362 _
Appr. A2
€y = 1.13 1.25 1.083 - -

(#) = —0.50974 -0.50903 —0.51006 —0.50878 -0.52715
@ = 0.00371 0.00384 0.00365 0.00389 0.00274
Fr+r = 12.72990 12.64700 12.76120 12.65480 23.827

Afrip) = 0.37097 0.37286 0.37018 0.37311 -
Appr. B2
ey = 1.27 1.25 1.083 - -

(#) = —0.52529 —0.52530 —0.52553 —0.52566 —0.52775
6@ = 0.00327 0.00327 0.00322 0.00320 0.00274
Fr+ryy = 18.39629 18.41183 18.46714 18.26688 23.827

Afriz) = 0.32433 0.32421 0.32339 0.32447 -
Appr. C2
€2 = 1.42 1.25 1.083 - -

(#) = -0.52662 —~0.52647 ~0.52634 —0.52646 —0.52775
@) = 0.00330 0.00335 0.00340 0.00336 0.00274
A +id = 19.17686 19.14109 19.15572 19.20641 23.827

Afrig) = 0.32375 0.32392 0.32383 0.32362 -

between exp(—r;—ry )12 and exp(—cof1—cor2)rh is obtained at ¢y = 0.75. Consequently
from simple overlap considerations one would prefer this value. However, in the approxima-
tion BO the difference between the total and the truncated overlap, just at ¢ = 0.75, is
almost zero, although the total overlap itself is not smail. Now, in our calculations we were
unable to make the iterations convergent in approximation BO with ¢y =0.75. On the

other hand at ¢p = 0.97 the iterations smoothly converged although the left-hand side

base is almost degenerate.

It is been tested on a few examples how the results in the approximations “Q0”” behave

if more weight functions are applied than the minimum, i.e. we calculate by Eq. (6). The
additional weight functions had the form exp(—cor; —cora) (co # co)- In all calculations
five additional weight functions have been applied with various values of cj and ¢ more
or less arbitrarily distributed around cg. The accuracy and stability of the results definitely
improved but did not reach the preciseness of the approximations “27.

It has also been investigated how the results behave if simple weight factors as 1/r, are
introduced into the criteria (14)-(16). In most cases the expectation values of those quan-
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tities which are sensitive to the shape of the wave function in regions preferred by the
weight factor slightly improved, but the differences were small and not convincing.

The calculations have been carried out with a 28-bit precision.
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