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It 1s known that Thomas-Ferm1 approach [1] together w1th 1ts

s partrcula.r varlant for the classmal many-body systems the Debye- -
S Hueckel method [2], is able to prov1de satlsfactory results whlle 1n~ »
‘.'~'vest1gat1ng the correlatlon phenomena in the med1a w1th Coulomb

h | ‘1nterpart1cle potent1al The advantage of thrs approach cons1sts‘1nv

o the extreme transpa.rency of understandlng the phy51cs of the par— o

L t1cle correlatrons But up to now. the apphcatlons of Thomas~Ferm1

; method have been hnnted to the s1tuat10n of the Coulomb type m—

b l

. ‘_Rteractrons ThJS paper presents the generallzatlon of the approach

¢ to cons1der the many—body systems w1th const1tuents 1nteract1ng by‘ b

pie v'imea.ns of an arbltra.ry releva.nt potentla.l

To der1ve the genera.hzatlon, let us take the system of some par— - .

/.,"t1c1es umformly d1strxbuted w1th den51ty n over a regron of volume

,V Let the potentlal of the pa.rt'lcle 1nteract10n be (I>(r) Assume :
;_that a p01nt ob_]ect 1s placed 1nto th1s reglon and 1nteracts w1th the i
' ;f’;‘ surroundrngs v1a the sa.me potentra.l Further we shall treat the pomt

~oof the ob_]ect locatlon as the or1g1n of the coordlnates We are 1nter- v

,»,‘~"‘

sted 1n the equ111br1um structure produced a.round the or1g1n p01nt
""'Thls structure 1s SpeCIﬁed by quantlty nst,.(r 0 n) belng the den51ty
: | Here 9

v.,(of the partlcles located in the v1c1mty of p01nt F,T
l’?_“denotes the system temperature Below we shall use nst,.(r) 1nstead
' 'of ns,,.(r 0 n) to s1mphfy formulae Accord1ng to the ﬁrst ”1tem of

Thomas—FermJ approach nst,-(r) can be calculated w1th the followmg

EE conditidn"“

SRR

ﬂ:d (nsg,-(r)) + <I>(r) + U(r) = const (V,:'), ‘ (1) |

o ,,"where u,d(p) is the chem1ca1 potentla.l of the 1deal gas of the consrd-
‘ered part1cles at densrty p, and U (r) is the energy of the 1nteract10n

) of the pa.rt1c1e be1ng at p01nt T w1tl,1 the other part1cles of the system




LA v
ERNS boundary So, any boundary effects can be 1gnored in our 1nvest1ga— Tl ‘ for the Pall' dxstrlbutxon fllIlCthD

’f,i?,‘*f;tlon Equatmg (1) and (3) we can ﬁnd

i
o R
foo

= ("g(r)) 5 @(” + "/ (9<y? -1 l)eu -7 |>dy i’ A;,f_<?.'>

where g(r) = g(r 0 n) To rece1ve some vxew to what extent thxs

) = i (n,,,,(r)) = @(r) - / (nm(y) : n)¢(| P g‘ I)dﬂ‘v (4) G

; “";tvvhere the used relat1on equatxon 1s adequate, let us explore 1ts classxcal hrmt In thxs case"

llm fV (Q(l rfar y I) - @(I T - y I)) dy _\ O .
V=00 3 fv q)(| = I)dyf"* TERE :

| 1s fulﬁlled for a lot of th,‘ ~knownfpotent1als, 1n part1cular

,A for the;" ek

e

ik ;latlons 1n the many-body system made of the part1cles umformlyf

E T d1str1buted w1th dens1ty n The most 1mp0rtant quantxty calculated

1n Thomas-Ferrm approach and related w1th the part1cle correlatlons,’

usually thought to be the screemng rad1us Of course now we can;

,not explolt thls quantlty, for 1t 1s txghtly connected w1th Coulomb,’ 4
f1nterpart1cle potent1al and the neutrahzmg background But there
) ':fils ‘one more cqrrelatron chmacterlstxc, no less 1mportant than the
~f'll_;(‘;'screen1ng radlus, that may be evaluated in the approach dxscussed‘avf’{fr

It 1s the pa1r dlstrxbutxon functlon g(r 0 n) for wh1ch we: have

ing integral equation . |



only at hlgh temperatures So equatlon (9) glves the va11d sec-‘-‘»};(’ L
ond v1r1a1 coefﬁc1ent at’ low temperatures, and the correct second‘;"’ff .
: and th1rd ones at hlgh temperatures Note, that qulte reasonable,;‘ i :
‘ mtegral equatlons for g(r) der1ved in the superpos1tlon approx1ma—f

t1on [4], are in error beyond the th1rd v1r1a1 coefﬁc1ent 3, 5] Thus,‘i g

\

functlon, enable us to generahze th1s method to study the case of

3 the non-Coulomb 1nteractlons

been reached yet

! relat1ons 1n for example, nuclear matter where the nucleon-nucleon

potentlal 1s of Yukawa type exp( y) /y, or )n the electron gas But

E
",'a ¢

the1r behav1our at small separatlons between mteractlng part1cles ‘

7

For 1nstance 1f we take potent1a1 1 / r"‘ (m’ > 2) then the 1ntegrals 1n'«
express1ons (7) and (9) w111 not ex1st Thls obstacle appears because-,

“‘:‘,part1cle correlaf'ons have been neglected whlle calculatlng U (r) In"k,,'-f o

partlcular 1n above mentloned reasomngs, quantlty U (r far) Is' glvenlw

:;"‘f w1th the express1on

o 7,' n. Keep1ng th1s 1n m1nd we est1mate U (r far) [6]

the use of 1ntegral formulatlon for Thomas Ferml approach 1nsteadf°i?

/‘(

- of the dlﬂ'erentlal one and the or1entat10n to the pa1r d1str1but10n g
But the 1nvest1gat10n goal has notf

"“f.;Indeed equatlon (7) glves the poss1b111ty to cons1der partlcle cor—\:; . ShOUld‘be SUbStltUted f01' (I’(T) in all the 1ntegrals 1n express1ons (2) |

(5) In th1s case we have

:"Jlt is not the case for the potentlals whlch are not 1ntegrable due tor»‘,

that corresponds to the‘ part1cle 1nteract10ns taken 1n Hartree ap-f |

L ,‘prox1matlon The latter is' well known not to take 1nto account any,' s
| 'v correlatlons To der1ve a more correct relatlon for quant1ty U (r fa,-),i i
f,lnote, that 1t 1s nothlng else but the 1nteract1on energy of a part1clefz A

c ‘Wlth the other part1cles un1formly d1str1buted around w1th dens1ty;:

o 7D 8 7 - yl)dy |

fBut now the problem ar1ses how U (r) can be spec1ﬁed Jfor we have :

“{‘ffixed only 1ts hnnt value at T far A reasonable way to do th1s is. to"v{;i

treat quantlty g(r)(I)(r) 35 the effectlve 1nteractlon potentlal wh1ch:“ L




- Th1s 1s very s1m11ar to the equat1on

§

‘ffg_ezng(,.) q)(r”"/ (g(w—l)@(lr—y*l)dy (14)

?.@ 47-7 |) = g(l F- |)<I>(|;r “y |>+ fI ;P(t) gdt,

Functlon f]?(t) 1s osc1llat1ng ound zero so 1ts mtegral apparently,‘, ;;

does not make an essent1a' contr1but1o mto the expressmn for (j[)\u

:'"‘st1tuents : The essentlals of the general1zat1on cons1st in usmg 1ntegral

Ex formulatron a.nd operatmg W1th the pa1r d1str1but1on functlon Thei':

o paper results in the 1ntegral equat10ns for g(r) wh1ch correspond to"'f'

. ffmatlon g(r) 1 At last 1ntegral equatlon (12) can be used as the",
e .s1mpl1ﬁed varra.nt of (15) belng able to produce the same quahtatwe : ':
T 'p1cture of part1cle correlat1ons e

: "»“'f‘ilnvestrgate other pos51ble eyaluatmns of U (r) and the correspondmgl*

3 B .1ntegral equatlons for the pa1r d1str1but10n functlon Th1s 1nvest1ga—~

g i‘the dlfferent ways of cons1der1ng part1cle mteractmns The most ac-;1

5 \denved. m the superpos1t1on approx1mat10n by Bogohubov [3] Here"i‘,; il Curate of them, (15) is reduced to Bogollubov equatmn (14) in the‘,:::': ;

class1cal hrmt As to relat1on (7) it follows from (15) in approxr-’_

Of course, 1t 1s also mterestmg \to‘

" tlon wrll be presented m the forthcommg paper

Boer and GE Uhlenbeck North—Holland Amsterdam, 1962)““
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Thls paper presents the Thomas——Ferm1 approach generahzed to, conslder‘
the partlcle correlatnons in; many- body systems w1th -non- Coulomb interaction
potentlals The key pomts of the generalization ConSISt in usmg lntegral formulatlon‘
-and extracting the pair. dlstnbutlon function. The ‘latter has-been: found to obey
‘the’ mtegral equation’ which, m ‘the classrcal limit, is reduced to the well- l\nown*
equatron of . Bogoliubov. So the approach presented gives the way of takmg
;into’ account interactions in the quantum many body systems beyond the ‘weak:.
couphng perturbatlon theory v e LN o

The mvestlgatlon has been performed at the Bogohubov Laboratory:
of Theoretlcal Physrcs, JINR e S , ‘ L




