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10.25 and semicossics



10. LT and semidessics

the semidessical approximation in quantum
mechanics uses the dessical concept ofa

phase space to describe spectral prophetic,

of quantum mechanical systems.

Note thatthe sum ofeigenvalues can be

written as thetrace ofnegative part of
the Schwildinger operator

IE
=Tr( -xtV)

-
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Tracing over the Hilbert space in QM means

testing against all possible states - classically
this corresponds to exploring the whole

phase space (digression: all this can be

mere vigorous andprecise in quantitation coursel

So, in the semidessical approximation we have

Tr (- x +v)
_

=cSSdpox1 (pirCes =0)
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the constant a corresponds tothe factthat

one quantum state has certain volume

in the phase space. In feet, the



constant c is equal (21), or rather

25)-3 in our warts (note: in this section we

use -andnot - ID).

Digression:Why Rih)?
consider a box o side length L, volume V=L

AQM particle were-function is of the

form
↑(x.y.z) =Sindh= x) Sin(bzy) sin(kf

where Dirichlet boundary conditions (venishing

upon the wolls) imposes

ki =hi Ck-speac cell volume ())I

=)
encry Ex

=p =(bb)=n'd.

will do =T12th in=ne ng +n-
↳

The states available to a particle in a box

can be represented by points on a brain. Loffice

Sk,by,be). All distinctstates are represented

by points with ni20 (sign ofwere-function)
To fol member of stores in the spherical shell

with redius between K andkrolle i then the

volume of one octent of a spherical shall

divided by the cell volume:

-r = bo- bde



since
p
=the we get

or =e

Digression 2:
the above argument has been demonstrated

for a cube, butfor large volumes the

result is independent ofthe shape ofthe

can one hear the shapesomein:Weyl's law of e drum? (M.KecS

ok, so we know

Es =S(1)perso
zi)
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and similarly

IsilEgI=(prespirator
We can colcelobe:

SS Iprce1 = S S DV_cell-popdx
pV

(r) 0 122 (p1 -I

=n!at-de



This lost integral can be computed.

(4-pd =

)
:

1912) J,d

The question how the constant in the

Lieb-thorning inequality (y, d is related to

the semiclassical constant (" has become
Goo

an important problem in spectral theory.

Weyl esymptotics imply that ↳=Ljid
·) Lieb-Thirring:1891):2 =hy, for del, far

8 ) Lepter-Weide (2000):-4-fh ,d=1

· I also known ↳11 =2L
8)for ? in dit end -1 in 1

itis known that ↳? G,

·)most recent improvement:Frenk - Hundertwerk-Jax - New (2011)

d1
↳1,= 1,456 Li

Reloberl to optimal constants in Geglicrdo- Nivenberg
and soboler inequalities, harmonic analysis...


