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The wave funct ion of a sys tem is bui l t  up b y  the H L S P  and LCAO 
methods  from one electron orbitals. In  principle,  however,  also m a n y  electron 
orbitals m a y  be used as building units. The  use of two-electron orbitals  has 
been pr imar i ly  suggested b y  F o x  [1]. In  the  case examined b y  him,  two 
electron orbitals are symmetr ic  in the space coordinates.  Then the  whole wave 
funct ion can be wr i t t en  as the l inear combina t ion  of de terminants .  The energy 
expression for a wave funct ion of this t yp e  has been derived b y  I-Iu•LEY 
LErqNARD-JONES and  POPLE [2]. 

By  us the wave funct ion of the sys tem is buil t  up from an t i symmet r i e  

two electron orbitals ~v(l12 ) i. e. 

(112) = --~V (2 I 1) .  

Here  also the spin coordinates are included in the arguments .  Le t  us assume 
tha t  : 

1. the number  N of the electrons of the  system is even ; 
2. The wave funct ion  of the system can be approx imated  as the p roduc t  

N 
of  - -  two electron funct ions  : 

2 

~1 (112)~2 (3 i 4) ~Pa (516) . . .  ~N ( N - -  X]N). 

By  the Paul i  principle it is required to ant i symmetr ize  this p roduc t  : 

O:CX'(--1)PP~I(1]2)...Ai(u[),)...Wj(~Iv)...y~N(N--I[N). (1) 
p ~- 

Here C is the normal iza t ion  factor ,  whereas P signifies those pe rmuta -  
tions by  which electrons are in terchanged between the individual  two electron 
orbitals. We have to sum over  these. (Permuta t ions  b y  which electrons are 
in terchanged within the individual  two electron orbitals should not  be con- 
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sidered, since two electron orbitals are already ant i symmetr ica l  in themselves.) 
N! 

In our case ~ different permuta t ions  exist. 

2 2- 
For  the sake of fur ther  simplification of computat ions  let us assume 

tha t  the two electron orbitals ate orthonormalized,  i. e. 

~v* (112) 'Pi (112) d 31 d ~2 = 1, 

~~7(11~)~~(li~)d~,=0, if i--/=j. 

Considering these, we obta in  from the condition j'~*q)d3 ---- 1, t ha t  

(2) 

N 

2 u 
c = (3) 

V~~. 

I f  mean  values of physical quanti t ies  (energy, d ipolmomentum,  diamagnetic  
suscept ibi l i ty  etc.) should be determined,  then ir is advisable to produce the 
densi ty  matrices /'~ of q~ : 

~ ( 1 2  ~112 ~, ( ~ ) ~ o , ( 1 2  ~ ~ + 1  ~,o(12 ~ 

. . .  N) d 3,+ 1 . . .  d 3N. (4) 

By  using these, the physical  quantit ies can be easily computed.  I f  our 
airo set is the calculation of the  energy, then  ir is sufficient to compute the  
first and  second order densi ty  matrices (if we confine ourselves to two-body 
forces). 

Considering formulae (1), (2), (3) and (4) as well as the fact,  tha t  operator  
H is symmetr ic  in the electron coordinates, the first  order densi ty ma t r ix  
will be the following : 

N 

F(I"{ 1) = 2 ~ , S ~ *  (1"12) ~i (112)d3u, 
i = 1  

whereas the second order densi ty  mat r ix  : 

N N 

F 2 (1" 2'{ 12) = ~ ~~ (1' l 2') 'Pi (112) -~ 4 ~ '  S {~* (1'13) w7 (2'l 4) ~t (1] 3) ~j (2{4)-- 
.;=1 1 = i < /  

-- ~~ (1'13) VJ~ (2" 14) W; (213) YJj (114)}d 3a d 34 , 
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and the energy can be writ ten : 

E --~ H (0) d- S H (1) F (1' I 1) d 31 d - J 'H  (12) F 2 (1' 2" I 12) d 31 d 32. 

Here H(0) signifies the part  of the H a m i h o n  operator not depending on 
electron coordinates, H(1) tha t  one depending only on the coordinates of 
one electron, whereas //(12) the part  which depends on the coordinates of 
two electrons. 

Let us introduce the following denotat ions : 

[ 1 Hi(12)]~,i(l[2)d~ld32, Ei ~- 2 ,I ~* (112) H (1) -4- 2 

Ci = x.,, S ~v* (113) W7 (214) H (12) ~i (113) ~vj (2i4) d 31 d r 2 d 33 d 34 , 
J 

Ai --  x ,  ,1" ~v* (113) ~v7 (2]4) H (12) ~i (2[3) VJj (114) d 31 d 32 d 33 d 34 . 
J 

(X' means tha t  the te rm j = i should be omit ted  from the summation) .  
s A s a  final result we obtain the following simple formula 

X' (E i _~_ 2 Ci -- 2 A i). E = H ( 0 )  d- 
i 

The descriptive meaning of the individual  terms is the following : E i is  the 
energy of an electron pair being on the i - th  orbit, Ci is the Coulomb-like 
interact ion energy of one of the electrons on the i-th orbit with electrons being 
on other orbits. Whereas Ai is the exchange energy of one of the electrons on 
the  i-th orbit with electrons on other orbits. 
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