a4 /a- 1% Tore \&sr\‘m% 3

Forma i s

En m&nad, V, med  en \\(\‘\5\( Str kXU Bdyer en
Kyopp +
Addibian (#) s& ok om. abEN

= o+t eV
Mutiplikarion (\)ish oft om < €F ochh A€V

= ot €\
Addifon
Associativiter @ (atb)+c = atlbtc) ¥ o,0,c €V
Kommutotrivitek: oatb = bt ¥ o, €V
Enhetselement: 4 0E&V sa ok Otra=za Y oeV
lnvers : - YoaeV 3 aeV ok a+a=0
Multplika on
X, BeF, aeV = «(pa)® (xB)o €V
Distributiviter © (x+R)a = xatBa ¥ «,3ef , aeV

X(o+b) = xatxlbo

Enhecselement: J 1EF & axx 1a=0 Ya e\

"

Kvantmerkanicen. de  Upplygad  pa:

|, Tistdnd  (vagfunkfoner)

2. Olsevvolkler (operotorer)

To\Kn'mca-' tillstanad &r Vektrorer 1 eX  vekxiorruum
(funrTonscum).

Observaloler, dvs. operakorer ;| XKoo  ses som

linjdeo. TransPormatoner oV dessa Hlstdndsvekrocer,



Qbeservation
V 4 > Tw%c“w

M&r\sdev\ av ala  Kvadratintegrabla fungioner £(X)

PA  \ntervallex Lo, b))
b

gl\ﬁ(xn"dx < oo

Or ek vektorvom  som  kolad Fé( L™ eler

Hilbere rummet.

VBraw  vBgfunkRoner &¢ allksd vekkorer 1 e Hilberbrum
Inre prodoktren 1 vart  Hilbertrum:

For varje  funkfon  £) 1 Vet H-rum & sverar
en vekkor |18y o for ware  vekkor  (§> sworar

en  ‘aual' <f| )

= \nre  produkren. : <$\%’> = gf“ ()9 X\AX

/N
Viee Schworke s glirhet:

ff*g ax £f§lfl"dx fﬁ.\@\zdx

o.

\_f—v—ﬁ-—fh——\/-———-)

kvadrak \n*egro\\a\a\

=  <fig> alrd \oe%r‘&r\S&d
Lo = |f>  “Ket!

< “\oro\"% brackecnorarion  (Dirac)



Fr varje  £(x) finns et > odh en
Aual < & art om  X|f> — <* <A
\N\d\i%t vekkorrom °

H:> - ('F\/ fz/ {‘/"'3
<l 6]

—

Transponatee Komgkexkor\juga’ce‘: = | hermikronjvoatet

SRIED = IRIF o102+

E%@nskaper hos nre Proc:\u\'\b:
b

) o
<£lg> = (‘f{—*(xﬁg(x\ d><> = S-Hx\ 9" (x) dx = gg*(x\-(l(x)dx

a

b c = <gl¢d
<eip>= [foagoaax = fiparax 2o
a ' o a
: £(x)= 0

= 0= 24y =
<EIE> =0 Slf(x\l x> 1 s

o

Normalisering: Sf*(x)P(x\d>§;| , 4avs. <€l$>t’-\
Octogonalitet: Xf*(X\%(X\C\X ='O) avs. <€-\%>:O

Ortonormala Hllstand : {-G,\’g % ax SQ: )8, (A = B
dVS. <FV\ IFM> = gmf\

{{3,\§ kollas  4Auliskandia  om ala andron  funkfoner '
S =

Hilbererummet Xan Skdvas  som  en \iwacKomb, o
aesStay




Pl = Z\ Cafa(x) s, 1852, calfd
n= nz|

d&( Cr\: <‘€nl'€>
.‘\‘F3>

EX. 'T B
’- S £

C= <g|Nf?”

£> o (£,

Hur kopplar detkor il olservaloler ¢
Vihnteviirdee ov  en  obtervobel O(x,P)

<O»= Y{P*(b?)o\v <PIOPS

( viesa lbcker skrws dek < PLO\DY)
Observalel: <O0»=<0>* (fyskalisk storhet € R)

<O>» = X\P* (6‘?)c\x

‘Y

oy Lg P (6 ‘?)dxr - g?té?\“ Ax = S(é?)”?ax <

- <OPIPH
Observalbler  Uppfyller \iWkerer < Q\CPY=<Q0P\Dy
Mer oallmane :

<$10q¥ = <OFlg>



OPeraJcorer som uppf\j\\ef detton Kallos
hermitsko

Observabler <= hermitsko operatorer
\A%vlkm’nai
operatorer | kuontmekanik : \‘\r\\\‘drOu avloi idningour
mellan. tvA vekXorrom : T:V— W
S& oft T(vu,+v,) = T+ T(v,)
T (w0 = «T(V) dar veV , T(vW\€ W

Ex. \A—\

=

AP

A
Qs
0y By=ne) By

Rasvekkorer 1\ Hiberkrummet : - {e;F — {le]
Bilda matriselement av  Vdra  operakorer A -

Ay = <e \Aey =  Marrsmeranik!

aenVi raen :

Ege
AP:= o

= < |ARY =<eaPy = ake| Dy = a P,
=

|\ > = Z«‘ e > = ZEI A'Q UPJ = P,




HQVW\H’KOV\'&\ASO\{-ﬁk— Pa en QPera{-Qr;

<$10g» = <OTfIg¥| ¥ fi9
|

A
hevm\'\'Kon‘\u%ateL— ov O

En hermits Rk Operator har d&r&,r
A
8= 0f

[0y O - ot o4 ]
ta . OTL K

- - -

Problem 3.4 o)
Summan. OV tvA hermitskal operatorer Ar hermits

< + 0>+ ﬁ*&x\(&ﬁéag(xxc\x:
= S‘E*(X) é\g(ﬂdxw“ SF*(X\C’SL% (x)dx =

= g(@f{l)*qu«— g(é:{-)#gc\x:

(&) 7gex+ [(&u)gan= [(B BRY gax= Dbt
By O fermitsk, XEC. Ndc dr ®x0 hermirsk?
<8109>= <Oflg>

<Pl x0q>- S\“ (xég\dx . g(**éf-)*go\w

= <o<.*éf-l%> = x0Q Or hermittk endost da
x¥:x = ®eR



c) Nar ar produbrcn oV tva  hermitska
opercd:ore( O‘ ) O,_ A hermitsk?

A A A
<£10,0,9% = <£16,(0,9)> = <8,£10,9> = <&, QO flg >
= 626‘ 3 6‘8)2 avs. [0 , 6,_] = 0, (mger [x, pl=in)
(Orc\n‘mger\ ?6 Komponenternal X3 \/‘c\\dioyc \J‘mﬁ% \nar,
ex <‘5\\€\/€Dzs> (Sg_ hoppar n FRAMFES?\)

Bestémda Rlstand
Tillstnad  sdcdana. o vore w&-mm% ov oObservabeln
e QeYr \Vhradek O
0Q= 0P < egenvardeservation
Alla m&#n‘mgo« ger vardete . = <07 =L
= gt=<(0-<eV*>=0

Varioansens



