
Stability ofMatter part 1

1. Introduction

2.Review ofaM.



LITY OFMER

1.ODUCTION

Matter:electrons andatomic nuclei.

Forces:electric, magnetic, gravitational
↓

most importantin
the context of atoms and molecules

The electric force between electrons (negative
electric charge -e) and nuclei (positive charge

+Ze with z =1.2, ..., 32 in noture) is attractive
and proportional to Zet.

In this course we will consider this besic

question:

Why don't the point-like electrons fall into

the (nearly) point-like nuclei?

To put it differently: why is the energy

of an atom with a point like nucleus

not -?This would be the cose

in dessical mechanics. Indeed:



recoll thatin classical mechanics the

Hemilforion is given by
H(x,p) I 4 +V(x) = =T(p) +V(e)
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Kinzefic potential

energy energy

Hydrogen:electron ofEIR Surrounding
one nucleus of R=0

2

- V(x) = -
↳ H(x,p) =-

=>>inf H(xp) =-0

eEIR,pEIR

Asuccesful answer to the aforementional
question (STABILITYOF FIRST KIND) is

given by quantum Mechanics and

Schrodinger's famous equation (1926).
This is only 15years since Rutherford's
discovery ofthe point-like nature ofthe

modens.



Secondpart ofthe story:STABILITY
OFME SECOND KIND

Question:given the stability ofatoms (first kind),
is it obvious that bull motter with a

large member N ofotoms (say, N=104) is
also stable in the sense that the energy
and the volume occupied by IN otoms are

twice that ofNatoms?Without this

property, the would ofordinary matter, as we

know it, would not exist.

Question omittedin acourses -> difficult I

First asked by Onseyer (1939), solvedby
Dyson and Lenerd in 1967:Pauli

principle essential? Bosonic matter would not

setisfy the liner (in N) dependence (-N*s.

Dyson - Leveral proofcomplicated
it next Lieb-Thirring who really
"Understand"what happens isopen a

completely new chapter ofmothrphys and

even mathematics.



Course details:

Bibliography: ) "The stability ofMatter
in Quantum Mecherics"lieb-Seivinger

9)Schrdinger operators, evalues, Ting - Frank, lapfer, weid
1) P.T. Nem-LMU Munich, lecture notes
-)others...

Exen:oval exam

Disclaimer: Iwill try to make thecourse as self-
-contained as possible, sometimes will be impossible...

2. Auction to
Let us briefly recall the main principles of
QM. This is well known to you but will set

the notation.

of the state ofa quantum mechanical particle is

described by a complex valuedpunction

p:RR
+4

-) physical space (we restrict to 3 dimensions)

· Inormolized: S14x12 =1
I

·) cossical energy replaced by energy functional

EGy)=TpUp, where



kinetic
energy expectation value

Tr=ca
and potential energy expectation value

V =SVs lyces de

·) associatedHamiltonian:

H =Ho + V

with Ho = -x =-zm

(4(x) =-(x4)(x) +V(x) 4(x).

·) Then
E(y) =(y, Hri), (frg)=Egax

for sufficiently nice functious

·) Cy,Me)= .getUK recede
(*)

Problem:LHS does not always make sense for

orbitrary y's.
In this course:interpret (4.He) as RHS of Es

well definedifande eH'CR3)I



the sobolar
space H'C"

DI Afundion feLUR" is weakly differentiable
of there exists a function gEL(IRP, 43(
such thatfor all be (IRS; 4"

i ttes far= les gro

We then define
of: I g.

Ofthe Soboler space H'CRY is the space

ofall functions feL"(IRS) that are really
differentiable. It is a Hilbert space with the inner

productgiven by

Sign =gede+ages de

and the corresponding norm:

Ifr= 3 lessons ofsar)"

Remark
i'CRY) is the space ofCRS) functions that

have distributional first order derivatives that

are also in LCRY.

Remed Clearly M'CRS) > YCR".



Fouvier Transform

Convenient way of rewritingthe kinetic energy
is vie Fourier Transform and the momentum

representation.

↑(k) =I yxx)e
- 2ib.x

dX

ID*

well defined for all EL? (IRY).
8Javerse: 2nikx

↑Ces =14(r) e old

9)Plancherel's identity

Sliceslre= licks inID

·Non-relativistic kinetic energy.

I v4s1ox=S(25K)" (Icell" ale

Remark:
PELIY) is in HCRYES I (ae[an)

Stability of the firstkind:

Ess-o where Eo=inf) 54): 14K=1}


