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Abstract. Semi-free gas and collective coordina­
tes models are used for description of the ground sta -
te of fermion systems. 

1 .  I n t r o d u c t i o n. Semi-free gas model 
has been introduced in the theory of bosen and fermion 
systems by Ljolje 1, 2 >

This model treats correlative motion of every 
pair of particles by means of two-particle asymptotic 
wave function for short distances, leaving the partic­
les to move freely in the rest of space. 

The contribution of the greater inter-particle 
distances, for boson systems, has been taking into 
account by making use of collective motion with RPA 
(Random Phase Approximation ) 

3, 4, 5 > .

The aim of this article i s  an application of 
these two methods for description of the ground state 
of fermion systems . 

The energy of the ground state has been calcula­
ted by Iwamoto-Yamada method ? ) , taking for the symmet­
rical part of wave-function one of the eigen-functions 
of the Hamiltonian . 

2 . E x p e c t i n g v a 1 u e o f  t h e  H a­
m 1 1 t o n  1 a n  f o r  f e r  m 1 o n  s y s t e m . 
The Hamiltonian of a fermion system has the form3 > : 

1;• , �- 'v' - , 2 H = - E 2m fi, + 2 (r'i)+ L V (rtj) ( 1 )  
i ' ' , v  , 

where the potentials V (rq) and V (r�·) describe the short-
rang and long-range interaction, respectively. 

The wave functions of the observed system is wri­
tten as a product of a symmetrical wave function, as in 
the case of boson systems 3, 4, 5 > , and a determinant wave
function, composed of one-particle functions; i.e . : 

4:18 



'f/= � .  <P ( 2 )  
where is 

and 
c/> =VFJT � {- 1f f r;i � ('xj) ( 3 )  

lj(�J=vk 
e11.p ( i  � ij) Sj (o/) . ( 4 )  

The functions Sj ( bj) are spin functions • 
The syrmnetrical wave function is also written as 

a product Y{= �R · �°' 
where the wave function �R is given as 
two-particle asymptotic wave functions 

(5) 
a product of 
for short inter-

particle distances : 
(6) 

The wave function, which describes the collecti­
ve motion, can be also, written as a product of two-par­
ticle functions : 

I/!, = eXD ( - J_ r't:;· ) LR -r 2 7f J • 

By making use the following denotes : 

ti =h +1· , Fr== exp (-fy ) 
the realation ( 2 )  becomes : 

(7) 

( 8 )  

I 
N .... 

'f = n Fq 1h11 E .  ep n lt ( Xc) .
( 9 )  t<J vN! J::·.'A, t 

The expecting value of the Hamiltonian (1) , regar-
ding to the wav� function (9) , is given by 

< H> = < '+' I H I 'f >
": �, 'Y > (lo) 

3. F i n d i n g  o f  t h e  f u n c t i o n s  fy 
and lij • The function fi.j· which describes the short-ran­
ge interaction, is determined, in the semi-free gas mo­
del l) , in such way so as to cancel the strong repulsive

1 
short-range potential V (rij) • This condition leads to
the equation : 1:.1 a 1 , 

2 ;;;- ( 'vdq) = 2 V (rg) ,

which has general solution 1 1 3 > :
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( 11) 



ftrJ =-�Iv�':.· v'rrJ dr ' + C
0 ( 12 )  

The function rif , which describes collective os -
cillations of the system, is connected with long-range 
potential V rr'.1-) . This connection can be found by expon -
ding 'fq and Vtr9) with respect to the plane waves ; i • e. : 

V(rq) 0 f. \4 exp[tF(r,·-rj·i/ ; 0· =f � e¥.p[i;9(ir-ry)] < 13)

Inserting ( 1 3) in (lo) and introducing the colle­
ctive coordinates 

( 14) 
the expecting value of the Hamiltonian is obtained, re­
garding to the collective coordinates. The reguest, that 
the coefficient, beside the square of collective coordi­
nate vanishes, leads to the relation for the Fourier com­
ponent f1e of lo.ng-range part of two-particle wave function 

'f,J • 
This component reads 

't:,. = a� (,/t+ �trz.,vt - 1}
whei:e is v'· = n \4 a •

By making use the relation 6 > : 

rF(xJ �;,., xrdJt. = .&l - � + F'�o> - + . . .J '  r r . ,.s 

for the function 'f<� is obtained: 

'frrJ = A(x,,:) ..,_ � + . . .
J '-' r• r 

(15) 

( 16 ) 

( 1 7 )  
wheref =  � is the density of system and X designates vari­
otinal parameters of · separation of the potential VcrvJ . 

The coefficient A(x,_r) and B<x,r) have the values 

A(ic,r)= ; �(� .rR(x-5) B(xsJ = f - �,rR (,c-Sc)
1 if �''l fR (x - S )

where J.. ,  R , 5 and C are constances6 > . 

420 

(18 ) 



4 .  U s i n g o f I w a m o t o - Y a m a d a , 
m e t h o d . The calculation of expecting value of 
the Hamiltonian will be made by using of Iwamoto Yamada 
method ? ) . 

Applying this method and taking only coefficients 
of , aluster expansion, which give the contribution of 
the first power of density, it could be written : 

< I-/ > = f" < i / H (1) / i > + fr;.< tj-j;/ H0,2) F,:,
1 /t.f > + · · · ( 19 ) 

where is 

H<fJ=  H. .Cx J =  - £ c1AdX:> 
< ' 2m X., (tJ 

/-l(f a)=J.J.,:(t; -; )=- 'It./' f td'a .,.  �X;<!:J�F,a +- V �;(.XaH?Fta -1- V�+ v,: ' • "I t, i. m z ·F,a i ( X4) ,2 )..) O<a? F,2 ( 2o ) 
In our case , we get 

:, ll 
Hm=f!/ 

(21 ) 

After inserting (21) in (19 ) and ordering ,  the 
terms of (19) read as following . 

The first: 
a :% % L < i i  H / i > = N :0':,, (3F) · f , 

the second: 
( 2 2 )  

I NP./' { ( -2T<,., ..,. /-Rff) · ... z ; � <ij-ji/Hc ,,a)F,a ij>= .! ,;;- J e · l<.tJdr+je · Rt!'Jd7 +

+ �{j/'li-'-/z(s1,., 1r,:r-1y-coslt,JK<r'1:Jr.,_fa(r) � ('sin Jy-Jvcas�/or j < 2 3 > 
where is 
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-5-

K (r)= [  d
2 
ftrJ + � E... ftrl]cl.r2 r dr 

The expecting value of energy per particle , regar­
di� to the density, is: 

<M>= �o: {,llaf,/16+-J>{;.LfJr!k(r)cl1-,..fe27h_ l?{r)dlj+

This result could be applied on liquid He3 which 
is a representative example of fermion systems. Because 
of troubles in the numerical computation, this applica­
tion is left for an other article. 
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