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The influence of various correlation functions is studied and applied to the pair
(ls t l s  .i,) of Be atom and its isoelectronic series in ground states. Two-particle
approximation is used for the evaluation of the correlation energies Ee. This method
allows the evaluation of Ee for different pairs separately. In the ground state of
Be atom, values of Ee obtained using functions of the type x = P (r 1 + r 2) <p,
x = (oc r12 + P (r1 + r2)) <p and x = (oc r12 + y r12 (r1 + r2)) <p agree with the
exact values. Results approaching 96% of the exact values are obtained using
functions of the type x = [oc r12 + P (r1 + r2) + y r12 (r1 + r2)] <p. 

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 a1.1> in 1940 and continued by Jusys2> and Arai3>. It was derived theoretically
by Sinanoglu4 -5> and then tested bydifferent authors6 -14>. In Sinanoglu's method,
the solution of the two-electron problem is correct only within the limits of the
secpnd order perturbation theory. The two-electron correlation without using
perturbation theory can be calculated using Brenig's method15>. 
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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 16>. In this paper
Brenig's method is used for the calculation of the correlation energy for the pair
(ls t l s  t) of Be atom and their isoelectronic series. The influence of various
correlation functions on the correlation energy is studied. 

2. Theoretical aspects arul, considerations

Brenig' s expression for the corre�ation energy for N electron atom can be
written in the form 

+ ,,,, (x,) 'PJ (x.) u (x,x.) x,, (x,x.)J. (1) 

The correlation energy for ( l s  t l s  ,!, ) pair in Be atom and its isoelectronic series
in ground state can be written in the form 

where 

and 

h( ) 1 2 z .
x., =--2 v,-­r, 

(2) 

r, is the distance of electron i from the nucleus, and r12 is the interelectronic dis­
tance. Xisttsi (x1 x2) is the correlation part of the two-particle wave function 
tp1 8t1si (x1 x2), which is taken in the form17> 

where 
(4) 
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and 9'1st 1sl (x1x2) is chosen in the antisymmetric form

ex, P, y, �, e and E in Eq. (3) are variational parameters and can be determinedusing variational procedure which leads to the equation. 

where IHKL - ENKLI = 0
NKL = f V'�V'Ldx1dX2

HKL = J v,; Hv,L dx1dx2 

while f o (x1x2) is taken as unity.

(6) 

In all above calculations we have used the analytic ion-electron function 1 s>.

3. Results and discussions

On the basis of the two particle approximation method, the correlation energyfor the pair ( ls t ls .J, ) of the beryllium atom and its isoelectronic series were cal­culated. The variational parameters for various correlation functions used aregiven in Table 1. The corresponding values of the correlation energy Ee are givenin Table 2. Comparison of our results and those obtained by different workers forBe atom and its isoelectronic series are given in Table 3. This comparison indicatesthat the choice of a good correlation function allows in principle the exact calcula­tion of the correlation energy. As an example., the results obtained by Kamel andLabzovsky16> using the same method but with the function 

give a result smaller than that obtained in the present work using the function
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T ABLE 1. 

Function Para- Z:4 s 6 7 8 used meter 

/0/1 a 0.0137 0.0110 0.0091 0.0079 0.0070 
/0/2 p 0.0126 0.0102 0.008 7 0.0077 0.0070 
/0/3 ,, 0.0136 0.0139 0.0140 0.0142 0.0144 
/0/5 8 0.08 70 0.008 8 0.0090 0.0090 0.0090 
fo/6 E 0.0130 0.0136 0.0138 0.0139 0.0140 

fofd2 a 0.0092 0.0071 0.0062 O.OOS4 0.0049 
p 0.0072 0.0060 0.0049 0.0043 0.0039 

fofif3 a 0.0115 0.0099 0.008 9 0.008 1 0.0076 ,, 0.0090 0.008 2 0.0075 0.0068 0.0062 

fofd2h a 0.008 6 0.0074 0.0067 0.0061 O.OOS8
fJ 0.0070 O.OOS6 0.0048 0.0043 0.0038,, O.OOS2 0.0040 0.0032 0.0027 0.0023

Calculated values of the variational parameters. 

T ABLE 2. 

Parameter Z:4 s 6 7 8 used 

a 262 268 270 215 28 1 
p 328 332 338 345 35S ,, 249 252 254 2S1 260 
8 208 211 211 213 214 

177 177 18 4 18 7 18 9 
a, fJ 36S 370 376 38 4 39S 
a,?' 38 6 391 398 407 418 
a, fJ, y 430 436 443 453 466 

C orrelation energy for the pair (ls t ls ,i. ) of Be atom and its isoelectronic series in the ground 
state (units of Be 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 Ee are obtained using functions of the form 

X1su.,-l(X1X2) =<p1.s11s,(X1X2) [tXT12 + /J(r1 +r2)] 
and 

Xi.t 1s� (x1x2) = 'P1st 1.s, (x1x2) [ex ru + ru (r1 + r2)]. 
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TABLE 3. 

Method 

1) Perturbation theory on the basis of Hartree-Fock
function (second order) 19>. 

2) Two body approximation 10>.
3) Two body approximation (Brenig's method

lo, Ii, 12, 15) 16>. 
4) Two body approximation (Brenig's method

lo, 11)20>. 
S) Semiempirical values of E13>.
6) Present work Brenig's method.

a) lo,16
b)lo,I,
c) lo,la
d)lo,11 
e) lo,l2
f) lo,l1,l2 
g) lo,11,la 
h) lo,li,l2,la 

7) Exact value

Ee (in H with reversed sign) 

360 
420 

390 

260 
418 

117 
208 
249 
262 
328 
365 
386 
430 
446 

( ls t ls ,i.) contribution for the correlation energy of Be atom in its ground state. 

The function [9'1st i.,i (x1 x2) d (r1 - r2) 2] gives very small values of Ee and hence
we do not report it. Moreover this method allows the evaluation of Ee for different 
pairs separately. This allows the calculation of the correlation energy for the pair 
(ls t ls 4,) of the Be atom and its isoelectronic series. 
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O riginalni znanstveni rad 

Istrazuje se utjecaj izbora raznih korelacijskih funkcija za par (ls t ls .i,) u osnov­nom stanju atoma Be i njemu izoelektronskima. Koristi se dvocesticna aproksimacijaza racunanje korelacijske energije Ee. Metoda dozvoljava racunanje Ee za svaki parposebno. Za osnovno stanje atoma Be vrijednosti Ee, koristeci funkcije oblika x = 
= P (r1 + r2) <p, x = [a. r12 + P (r1 + r2)] <p i ·X = [a. r12 + 'Y r12 (r1 + r2)] <p,do bro se slazu s tocnom Vrijednoscu. Funkcija oblika x = [ a. r 1 2 + p (r 1 + r 2) +
+ 'Y r12 (r 1 + r2)] <p daje rezultate koji odstupaju 96% od tocne vrijednosti. 
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