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The influence of various correlation functions is studied and applied to the pair
(1s 4 1s | ) of Be atom and its isoelectronic series in ground states. Two-particle
approximation is used for the evaluation of the correlation energies E,. This method
allows the evaluation of E_ for different pairs separately. In the ground state of
Be atom, values of E, obtained using functions of the type y = £ (r; + r,) @,
x=C(ari;+B(rs +72)p and g =(ars, +yri;(ry +15)) @ agree with the
exact values. Results approaching 96% of the exact values are obtained using
functions of the type y = [« 7y + f(ry +72) +yri2(rs +72)] 0.

1. Introduction

Two particle approximation represents one of the most important methods in
the theory of many electron systems. Two particle approximation is a generalization
of one electron Hartree-Fock approximation, in which every two electrons move
in the potential of the other electrons of the system. In this method the pair corre-
lation energy is taken into consideration. This method was first proposed by Fock
et al.? in 1940 and continued by Jusys?’ and Arai®. It was derived theoretically
by Sinanoglu*- 5’ and then tested by different authors®-14), In Sinanoglu’s method,
the solution of the two-electron problem is correct only within the limits of the
second order perturbation theory. The two-electron correlation without using
perturbation theory can be calculated using Brenig’'s method!5,
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Brenig's expression for the correlation energy in the two particle approxi-
mation can be divided exactly into different pair contributions!®. In this paper
Brenig's method is used for the calculation of the correlation energy for the pair
(Is* 1s}) of Be atom and their isoelectronic series. The influence of various
correlation functions on the correlation energy is studied.

2. Theoretical aspects and considerations

Brenig’s expression for the correlation energy for N electron atom can be
written in the form

Bom g & [y G0 93 () ) + el s Geama) +

+ 9 (21) 93 () U (:%2) 205 (xlx»}. )

The correlation energy for (I1s4 1s } ) pair in Be atom and its isoelectronic series
in ground state can be written in the form

B %t = ";" (@151 (1) @1y (x2) DB () + A (%2)) X1t 1or (K1%2)] +

1
+ 3 [P1at (1) Puay (x2) Ux1%2) X1st 103 (1%2)] 2
where
- l 2 Z .
h(x)=—5vi— .

and

1

U(xsx) =-—.
12

ry is the distance of electron ¢ from the nucleus, and r,, is the interelectronic dis-
tance. ¥,4¢1s3 (X1%2) is the correlation part of the two-particle wave function
@18t (x,x,), which is taken in the form1?

protiol (i %)) = @usprsy (Ba%a) {1 + vy + B(ry +r2) +

Fyrialrs Fra) 80y —r)2 8y 1)+ Erl)) (3)
where

@it (2, %5) = @ustasy (¥1%2) + X1a1s (¥1%2) )]
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and @, 15 (x1%2) is chosen in the antisymmetric form
1
Prat1es (X1%2) = l:,—-’-2= (@120 (P a5y (r2) — @10t (r2) @usr (P0)] &)

®, B v, 6, € and & in Eq. (3) are variational parameters and can be determined
using variational procedure which leads to the equation.

IHKL - ENKL' = 0 (6)
where
Ngp = [ykprdxdx,
Hgy = [y} Hy, dx,dx,
g = fg (%1%2) P15t 10y (%1% 2)
f1 (xli_\?z) =112 fa(®a%2) ={(r1 +72);
Falegxa) =720y +7a)s Fa(xixg) = (ry —r2)%,

Fs{xixa) =(ry +12)% folxxp) =13,

while fq (x,%,) is taken as unity.

In all above calculations we have used the analytic ion-electron function!®,

3. Results and discussions

On the basis of the two particle approximation method, the correlation energy
for the pair (Is 1 1s | ) of the beryllium atom and its isoelectronic series were cal-
culated. The variational parameters for various correlation functions used are
given in Table 1. The corresponding values of the correlation energy E. are given
in Table 2. Comparison of our results and those obtained by different workers for
Be atom and its isoelectronic series are given in Table 3. This comparison indicates
that the choice of a good correlation function allows in principle the exact calcula-
tion of the correlation energy. As an example, the results obtained by Kamel and
Labzovsky!®’ using the same method but with the function

Tistasy (X1%2) = @royiay (x1%2) [arya + B(ry -+ 72) + (o +72)°]
give a result smaller than that obtained in the present work using the function

Zastisy (F1%2) = @Prgprsy (ax2) [0r12 + B(ry +72) + yria(ry +ra)l
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TABLE 1.
Function  Para- Z:4 5 6 7 8
fofs a 0.0137 0.0110 0.0091 0.0079 0.0070
fofa B 0.0126 0.0102 0.0087 0.0077 0.0070
fofs p 0.0136 0.0139 0.0140 0.0142 0.0144
fofs 8 0.0870 0.0088 0.0090 0.0090 0.0090
Sofs ¢ 0.0130 0.0136 0.0138 0.0139 0.0140
fofifa a 0.0092 0.0071 0.0062 0.0054 0.0049
B 0.0072 0.0060 0.0049 0.0043 0.0039
fofifs a 0.0115 0.0099 0.0089 0.0081 0.0076
y 0.0090 0.0082 0.0075 0.0068 0.0062
Sfofifafs Q 0.0086 0.0074 0.0067 0.0061 0.0058
B 0.0070 0.0056 0.0048 0.0043 0.0038
y 0.0052 0.0040 0.0032 0.0027 0.0023

Calculated values of the variational parameters.

TABLE 2.
Parameter .
used Z:4 5 6 7 8
a 262 268 270 275 281
B 328 332 338 345 355
Y 249 252 254 257 260
8 208 211 211 213 214
& 177 177 184 187 189
a,p 365 370 376 384 395
a,y 386 391 398 407 418
a, B,y 430 436 443 453 466

Correlation energy for the pair (1s * 1s} ) of Be atom and its isoelectronic series in the ground
state (units of E. in H with reversed sign; 1 H = 27.2 eV). ,

This function leads to about 96%, of the exact value. It is pointed that the method
used in this study follows a simple procedure for calculating the correlation energy
and does not involve complicated calculations. Despite this, from Table 2 it is
clear that reliable values of E, are obtained using functions of the form

Xist10) (2122) = B @uat1g (r1x2) (ry + 72),
q X1st1s1(X1%2) = Prap1ay (%1%2) [7y2 + B (ry +72)]
an
Xist1s (¥1%2) = @rat sy (%1%5) [w7ry2 + r12(ry + 7))
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TABLE 3.
Method E_ (in H with reversed sign)

1) Perturbation theory on the basis of Hartree-Fock

function (second order)!9, 360
2) Two body approximation!?, 420
3) Two body approximation (Brenig’s method

Sos f1s fas £3)10. 390
4) Two body approximation (Brenig’s method

fo> f1)29. 260
5) Semiempirical values of E'3, 418
6) Present work Brenig’s method.

a) fosfs 117

b) fosfs 208

c) fosfa 249

fosf1 262

e) fo,f2 328

£) fosf1sfa 365

g8) fosS1s/3 386

h) .fo,fnfz:fs X 430
7) Exact value 446

(1s* 1s }) contribution for the correlation energy of Be atom in its ground state.

The function [@,,44, (x1%2) 8 (r; — r2)?] gives very small values of E, and hence
we do not report it. Moreover this method allows the evaluation of E, for different
pairs separately. This allows the calculation of the correlation energy for the pair
(Ist 1s | ) of the Be atom and its isoelectronic series.
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Istrazuje se utjecaj izbora raznih korelacijskih funkcija za par (1st 1s }) u osnov-
nom stanju atoma Be i njemu izoelektronskima. Koristi se dvocesti¢na aproksimacija
za ratunanje korelacijske energije E.. Metoda dozvoljava racunanje E, za svaki par
posebno. Za osnovno stanje atoma Be vrijednosti E,, koristeéi funkcije oblika y =
=B1+r)g x=[ari,+ 1 +r)leix=[ar,+yri(r+r)le
dobro se slazu s totnom vrijedno$¢u. Funkcija oblika y = [e 7y, + S (ry + 72) +
4+ yry,(ry + r,)] @ daje rezultate koji odstupaju 96% od tolne vrijednosti.

118 FIZIKA 21 (1989) 2, 113—118



