



































































































































Foundationsof MathematicalPhysics ConstructorUniversityBremen Session5

Prof SorenPetrat Fall2023 Sep20,2023

Recall wedefined cried find e flip
ftp go

Remarks

TIM f nd e nfiln FIMI.si IjPmml
Note one can showthat pliesIlfIlp If Il felon L9 forsomeg

For all lepers LPMd areBanachspaces i.e completenormedvectorspaces

if oneidentifies functionsthatagree
almost everywhere always assumedI

really LPMd arevectorspacesof equivalence classesof functions

Only Tal is a Hilbertspacewithscalarproductcf.gs fIgtanachspacewithnorm givenbyscalarproductii e IlfIl's c f fs

For 4 RxRd d partialderivativesaredefinedin theusualway
0 4text OxReYHA ti dImYHA

Free oneparticle SE KO i.e if 4 tax I 14ft x 4 RexRd a

Recall solutions to thestationary SE ES OH EOH

give us
solutions 4ft l e

IetOH






































































































































Formally the eigenfunctions of IS are planewaves

Onat eth Ie Éki forany keRd since Adult tkOuld

thisgivessolutionsYultix e Ete ofthe freeSE

But IYultix 1 so onRd E thattaxil'dx D butwewant 1412 1

Bylinearity we findthatformally 4 tax S flu fulfildk f fine i teit'dk
is alsoa solution and f lil e is determinedby theinitialcondition
410 x SfChleitedk

Conclusion we need to studytheFouriertransform onRd

First step we definetheFouriertransform ou L

Def 2.1 let fig e L lRd thenwedefine the

Fouriertransformoff as Icut Ff k art I fly e
it dx

inverseFouriertransformofg
as gH Fg x 2n tfglkle dk

NoteWedonotknowyetinwhatsense F istheinverseof F

Next we want toknowaboutregularityof f lie continuitydifferentiability
needtotakederivative of integralwithparameter



lemma2.2 IntegralswithParameter

let Ifl a flag dx with f Rdx T 0 where TCR anopeninterval

and let fixyl e L lied for all fixedyet
a If y to fixyl is

continuousforatÉÉxend
and if I get lRd withguy Ifixy legal for a a xend

then I ly is continuous

b If y to flag is continuouslydifferentiablefor a a xeRd

and if I g
e c lRd with

spy Ioffixyl Eg x for a a X EIRI

then Ifl is continuously differentiable and

daff f fixyldx I offityldx

Proof AW Usedominated
convergence

Note Commas likethisone are oneofthemainadvantagesof Lebesgue over Riemann

integral


