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22. The Thomes - Fermitheory

As we have seen, many of the problems are

very difficultandcomplicated for thefull
meny-body problem I stability, groundstole energy,
conization...).

the idea is to address them within the framework

of simplified, effective theories.

An example ofsuch effective theory is the

Thones-Fermitheory which describes the energy

ofa many-bodyquantum system only through its

density

g(x) =NS dx... , dx YNC,fe...., E) l

There for is the unknown many-body were function).
Here the name density functional theory.
IFtheory is much easier tostudy than the

full many-body problem, due to the fact thatit

depends on much less degrees offreedom (the

density is a function on 13, while the were function

is a function on 13). Later we will discuss

the validity ofthe TF approximation in the limit

when N,t t0.



22. 1. Derivation ofITfunctional

the starting point is thekinetic energy.
We

need to express itin terms of the density J.

To this and we consider the Free Fermi yes.
To determine the kindenergy ofthe free Fermi

yes we know we need tofill the ferm bell

N =21 m gdsk - b
kck,

1k1Ke

the
E =Sk" dk ex,"- p5's

1k|Ck,

If we make the assumption f(x) =8
=N, the

the binefre
energy scoles like gi. Note that

this scaling is in agreementwith the semicosia

approximations like the kinetic Lieb-Thirring bound.

thus the one-body part ofthe FFfunctional
will be given as

Eig) =Gr Sqesde - I grad
where VII is the electrostatic potential generated

by the nudei:

v =E
k =1(x - Ric



Indeed, we have

SYNEe, Yul-zuSun.... MeetFr
=>NE San. ... . Hence... atSagev

For the electron-dection interection we have:

<Aw,1 in
icj (irj

To make connection with the density paul, we assume

the electrons are classical point parties with positions

A. We treat them as idependent, identically
distributed random variableswith probability
distribution GCA/N. then

= See (*)

by the last oflarge numbers (on the leftwe have

the mean energy experienced by the irthparticle

↓(4 +-. +x) -m).
Under this approximation, we have

Lyntr) =TrTr =



*4N,wilr
where w(x) =(gx1./)(e). The bigconceptual

simplification is thatwe replaceda sum of two-body

operators by a sum of one-body operators by an

averaging principle. Repeating the computation

as for the external potential we get

↳merwier= Ijanis sss,s
All this leads to the Thomes-Fermi functional:

E1 (9) =crSgax-JgVdx+Stadt
where v =a v =z=i

icj(Ri-Rj

the domain ofthe functional is given by

I =39:1-11 19410, 11g111 =N, gE25(n3}

the thomas-Fermigrand state energy:

ETF= inf Etr(g)
&Fr


