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Wecontinue our remarksabout4km xn
alreadyfortheHeliumatom

For V22 and V70 explicitsolutionsnot feasible
I 1h21 noexplicitsolutionis
known

For large N I inpracticeN210or1001 alsonumericalsolutionsnot feasible

divide IR intoM latticepoints
needMdrlatticepointsto approximate 4th exe

eg M 100 verylittle K 10 MY 10011020 100000000Terabyte

needsimplified approximate coarse grained effectivedescriptions

Activeresearchtopic rigorousderivationof sucheffectiveequations

Fast ford 3 wave function is either

bosonic meaningsymmetric
underexchangeofvariables i.e

41 Xj Xk 41 tu l Tji

i e i 4h in 4ham tow foeg
met group lie permutationsof a v3

or fermionic meaningantisymmetricunderexchangeofvariablesi.e

41 it ji ok 41 Tui Xj

i.e 4th in1 1164ham tow VGesu
synch signofpermutations I 1 8 7



Note Onlyparticlesofthesamekindhavethesesymmetries

e.g X axebosonswithmassm yaybosonswithmassin m trite fermions then

4AnitaYayaZeZe Symm in ta ta Symon inyaya antisymm in trite

Bosons tendtobeinthe samestate IseeHW 11 whiche.g leads to

Bose Einsteincondensation

Fermions tendtorepeleachother Hwi which
e.g
leadstotheFermipressure

neutronstars superconductivityetc

Iright configurationspaceandnotRdr allparticlesareindistinguishable

for the sameparticle species also we need

Nd hasinterestingtopology its connectednessproperties leadtothedifferent
symmetries

MR is multiply connectedwhichleadstotheboson fermionalternative

R is multiplyconnected inaworseway whichleadstomany more

possibilities auyouswith 41 it i the felt 41 i th ti

relevantforquasi2dim materials

PEER

Alsointerestingrelevant is the time independentSchrodingerequation HOe EOe

aneigenvalueproblem
T T

Hamiltonian wave
function

Here E eigenvalues energies Ole eigenfunctionseigenstates



Givesolution 4th e
iet
Ole to timedependentSchrodingerequation

check ifKAI if e
Et
Of e Et EOf e ietHO H441

Eo inf E inf coHol if it exists is called groundstateenergyall011 1

if a minimizerOle exists it is calledgroundstate

Groundstates areveryrelevant sincemattertendstoradiateuntilit reacheslowestenergy
state

Olewith E Eo are called excitedstates

Activeresearch topics findapproximate Eo Ole
levelof

lowlying E OE

a E rarelypossie

III

Finally let us unitedown the Hamiltonianof non relativisticmatter for
N electrons We treatthenuclei in Bom Oppenheimer approximation i.e classicallyY
i e they are atpositions Rn Rn Rj ER j 1 M itheyhave charges Zi Zm

Z je I i.e multiplesoftheelementarycharge e Denotingtheelectron
variables

as xn a lie thewave functionis 4 ni al theHamiltonian is

IH ÉEe1Ax th ca In
Zit

i
nuclei fieldofnuclei interactionof

electrons

me electronmass

note for a neutralmolecule ÉZ N



This Hamiltonian describes sometimeswithsmallmodifications non relativisticmatter

e.g chemistry conductivity

Centraltopicof this class

For which 4 t 01 andV does Schrodinger equationhaveglobal solutions and

in whichsense

Generalidea regard Schrodingerequation as an ODE if 414 H414 for
Y R H someHilbertspace usually Rdr

Difficulties H infinitedimensional

H unbounded


