Lagt Fime : position and momeahm bases/ opermtus

Haw: How: n opentors /t;b.e ecolutron
Schrsdmger’s equabon

CVen o Hom [sonten operator ¥
aching o Lzw) = {v:aw ¢}
((/Su//p ﬁ‘- IPP4UR)  Bor some )
Potenhal finckhon V: v €

We  weal 15 solve %[,,5'/{27,0/5 ezulf'an
L i’ztl(e) : H UL,

TD Solve hu's) we 9“/( an Wﬁ;,,sh‘j
I(e P)‘h//‘ltﬂﬁ 0{'_ #v W@}y e,c’,ane.ff/;’ _
Let's  Finsh ol



Recal faal B{V) denses He space A
bowtled | ntoy gptratars o1 A normel

Spdee V.

B(V, 1S a norme) space i
the opeatar norm
Wil = infCo0 1 Nuull € Cliull Voel

We {/wv‘l " a fraé/em (a5t home

hm” &va«) | ewr ofe/dzr on
Faite dmensisnnl normed space s bowtd,
se  Blv) = E.ly) -

We con now s$ay:



DCF: LL" L be a baum/(/«/ opmf”
M g noymel Spuce V.
Ten 7o expmential of ) s

bo

explt) = & &

R:=p ”!

“M nfs -Stfcfes Calﬂ/!/,&j N n’
norm topslogy gn BlV).

Today ve il proe pats of he foliny
Yeoram (some of whih might je i)
Reall 1ok o nowed space s Bamech
£ €very Ca,.,d'j Sequene Lonvenyes,
A sequene (W) s V s Cacchy if
Vs-9 INeN VnweN Nue-vul) ¢ &



wa‘— LC* V be a Benach sprce.
Ten he expomential s dofieed
For eWV) L eBly) y anl expll«) € B(U)

FUfﬂuma/e y )t sahshes W Ry .

) eK([L)V < [U ) Vel
Z’) I:P L‘ ) l/z Commef€ p) Tten
exrl Ly L) = eplL)eqli) -eqll) eqlt/

¢ "{\-v-) dond Commidt, sEC Bkllr-(.,m‘d"Mwﬂ: Fomyln

3) The map tH (L)
defbes a  smooth Fomchan
R = BV)
Seh Tt et = Leplel) .

‘{) If v is an eigweofor of L



wi Th e/'yen‘/a e A, flen cxf(L)V: eAv,

The vpshol oF T 15 That, asgumby V
'S A Buach space and H ;s boudd,
He equaton
4 Ule) = b )
IS solved L7 Ult) - fexf[’t.ff';)
A9 Vine-imdeppadent  Opeonfar

M;o/ Mese solbons e te orly oves .

Fv/ﬂ‘lllﬂait, II €, ,-,Cn IS a bass
. 1 :
fhr V which A/agmalz),&a 1'/) wi b
eervaloes A, Lo M vEsp, s

Uit v- U Z vies



= J};.’VJ- el -it 5;) e

Vs a guntem sgstte  oud Ko
fle /'rﬁm'/famhn) s Saqs fout we
Con Fpd Yie tme evolhon oF
o~ st Cl¥D by exfuJ/‘nJ 1,
in & besiS of eyw,) e,‘je«sh’g I15)
od  we faud ,

Ult) ly> = F: G| v) enl-itE) 5D

To see wly e con apply s bo
We “purtide on G=2/0" 595 kem
(or any fnte dargusimgl 3ystem )
Wt hae o probles g it iteional
hormed Spay s Bopwadh



Hov daes the stale @]x:0D
Cuolve over tihe )y  he
‘b on YN ot V20"
System ? He P

For mow work wifte an Wrbibury Shfe I >
Netd o ecpoud 19D o1 tue encryy
Cihenbuss,  With H:1PY, e fout
Tt e W’j eigenbasis = oy omenhin
e.genbass )i

We compded  Cie|w = Wik) Previnsty (h, oe)

-(tE,

Ve R bt UL vy = Z Fe iy

kae_ Ek ps “{ 5/2?2Z%rrk) )



I8 J¥2: lx=0) |, frug
(kla) ((o'k}
=( &)

- i'f; /téfﬂ /W}

To tom{vk The posn'b‘on coefficents (i.e P yue/’md'w)

tolx) = (xl Wt)/*")
= S Gu)e” G/k)

kzo

-/ 2r.
5 Ax

W

-cEt ‘
- (/‘) e m €
It at Fowe € e MmeLswt The {asz%'on
of ft. pﬁlh‘otg, we )l merswe A
. 2
Wit pobabithy IO Jyg)?

Cel




D Even Hw’l' te patile Sturts
«t x:0 , afte, Fime passes
v bt  a Nwmzers Utama o

W¢WM7 th fos//?bn Far /}.

W Vs Cxample of Heisenbery'
ume,«l-aoh/7 Priuple ,  wh.ch
Lasfa//) asseots Vel he posihow
brs's avd P Moverhm  bpsis

are Cau,/e/e/7 jheomnbrble .

~> egenbislly bease |Glie)|> €20

To Provl  He Threm an exp!BlV) - K v),
e JSe ‘rl,( &Ilﬂhﬂh’o



TZlM; TF UIQS Bd-ndoél ,an
B(U) is Bawach wth f pernlor nowm.

We con poe tois whon Vs Fuite dom
She Then BlY):Eully) ;5 o Phile
dmensind  normed Space,

A Tl Thm folos  From He lnst probtem

We Showed R W/ﬂwd, 0 & vove-op

Lemma: TF o4 seres comvomyes
(lbsy’u/’eﬁ t a Baneh Spe
ﬁlcn b Senes Com ver9S .

‘v

Recll  fuatF B seres
2 Va

no

Conalyfs absol,/&lj F e senby



S ),

n:=o

Now e cen prose Teut L is

& bowmdd opvetar on & Rumach Srac Y
Then s U Conveyes

"o W

o

5 s 2 N e

n=o n!

~

N ole ﬂaf ” Ls/“ < ’[ l—” ”V” ( us'ny propestits of nf ) So
el < et heyhy

A e <



She BlY) is a Banech Space, t follos
(i e/cy[ L) s well-delines G Eres,
bava pfenl/‘” L.

One lasf fug:
Tom: A linesr a’om‘f‘ﬂf L o a nomel
sfacc ’'s  conldn oS 5 N bouelaf.

50 Ohe reason Lo [ila)@ Boneck spaa’
IS thet ce com Jefwe ﬂ,ys Lke exponeatal
Fonchons fhat beace ocw Hesred F/q:c/ﬁt’s .

Aﬂoﬁly rwason 1S ‘nm}' we m'/l/za.l
Our wer fro«luof speces to be complefe
m order fsr resolts  lde e Specta/ Recsm



fo I”ﬂ//  We need hy Spehuf/ frwrew fto
do Puwie, franshrms , bl we peed Fove
bransforms o have Momenhm Spe nfors !

So 7‘7) Ao QVM/m p‘»gs:‘a B 2 protrel
oN e wn\f//(a/tl Seaces foan ”/V/

"Lb Z/S-’/ ar/?i ve neel

most common!

A Cmnp/(/( thner P/p/ad‘ Space
LV' 0’7(/ wa’/g,
a /‘/I"Leyf S¢acc



