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a classof operators fromlinearAlgebra

Definition3.23 let te H beHilbertspaces Alinearboundedoperator UESHHHal is
calledunitary if it is surjectiveandisometric isometric

meaning 11441be 1141be KYEH

Note injectivefollowsfrom116411 51141be

withthepolarizationidentity isometry preservationof innerproduct
UYUage cHege theCH

o F L L2 is unitary

letus now comeback tothe freeSchrodingerequation

Wecandefinethe freepropagator on L now

for any fixed telR PfH L41124 L'Hill PfH1 F e
i tf

PfLH is clearlyunitary 1 I e
i 1 1 and F isometric forany telR

Is 4 IR s41124 t t 4TH TfHIYo continuous

Wecheck 114fttht HHIlia IlPfHehlYoTfAlYoIlla Io
11f fe i e ith e

iE't Fyi112
2

f e iEh i 141ktTdk 0

his 0
i e i 4 is continuousforanytoed i e Kel bydominatedconvergence



What about themap Pf IR SIL't

HPfftth PfIHHguy sup 1117ItthePelthelloyea
11411 1

sup11K e
i Yee11

yet
4117

sup HleiEAM eit't qH
EEL2

Problem4HW3 the11 1

I e itHth e
iE'tMu11gu 114th sup

keRd le i h 11

2 for all ht 0

SoPf IR f t isnot even continuous

Wewill comebackto thediscussionofPf inthenextsectionbutfor now ourupshot is that we
need differentnotionsof convergence

Definition3.26 let Hulubea sequence inSobelandAeSobel

a Hulu converges in nom or uniformly to A if LiggHAU Allsy 0

Notation figAu A or Au A

b Anhconvergesstrongly or pointwise1to A if ftp lAu4 A4lbe o V4eH

Notation EhimAn A or An 5 A



c Hulu convergesweakly to A it figIceHu Al4 1 0 the Ye H

Notation washingAn A or An T A

Note a IceHuAl4 I EHell 11An4 A411 Hell11411 AuAHuge

so normconvergence Strong convergence weakconvergence

But theotherwayaround isnottrue comeupwith counterexamples inHW6Problem1

exampleaboveTECHis stronglycontinuous andthusweakly1butnot nom continuous


