
on the other hand ,
if[* ,] # 0·

results from2 depends on whether or not

i measurement has actually been performed.

3) Uncertainty :

D14 operator O=A-*31 I(X)=
<(*) : dispersion of * /-04

=<) A - <* > 11) (
variance

= < (*) - 2<*/ + <*)17 squaredor mean

2 I deviation.= <#)-2<*XE) + (#>

= <-) - <A)

(Std deviation O = /N -1* (

<(*)y vanish iff when state (4)
in question.

is an eigenstate of

Proof :It) = all)

-> ( * - <*A) IN = alt) - <MEDIIN)
-H

a 14>* <MFIT) = alt)-alt) = 0



uncertainty principle: normalized.
T

Given two Herm. operator. & B
,
and a state (N)

<(*)<(B) KT, BJ)/

To proof .
We need Lemmas (Intermediate theorems)

Lemma 1 : Schwartz inequality :

<(a)<BlB>= /< /B> 12 ·

la1512 = 1 :512
↓

1)- /51· cost

Lemma2 : The expectation value of XH is real.

Lemma3 : The expectation value of Anti-Herm .

is purely imaginary ,

* = =Y X(4) = alt)

-> <41 * 14) = a

ma
-a)

alt> #
&

= <MY =X+) (4) = - < *414) = - <a4It>

w/Lemma : Let 1x)=*
may beany ket

183=B1)



Based on(@laD(B1B>= /< /B> 12 ·

↓↓↓I
<10** 1) (OB1) <2**BK

(11) W

↓
<13) (E)<(*))

WB= IXF,0B] +ESrE , wBh
↓

~B-
2 2

ED ,bi]
"

= (AGB-LBA)+
Previously given.

= (BLA-B) (NY) " = Y+ X+

== ([Δ,wi])

=> [OA,GB] is anti-Herm .

likewise ([0 ,(3) is a Herm.

-> <OB) =<I, (B]) +ESS0.B])
↓

imaginary real
-> KAB >R= <IG* ,WB]1+ 119* ,OBG>R

Since[O , DB] = [F .B] trivial proof.
O

↑-*I



<**1 (B WBI) <14**BD :

↓

<(A)Y<B- <ICA , wBY1+ 119* ,BY>R
V ↓

20= IKI*, BJ> /2

=> < (**)((65) > [K[*.B3>12
*

e.g. # = *, B = 5 - [X , P) =i

=> > (**) < (**>=* / i) 12
↓↓↓
#SioS

=> S .S = SxSp1h

3. position , momentum & translation.

3-1 continuous spectra

* &F are associated w/ continuous

eigenvalue (spectral e. g. pzeigenvalue can



be anywhere T-X, X]WIN =Wow
↓

g(x)=continuous spectra
v-0 -> S(X)

* (a) = ala) - > discrete spectra.
·(x) : Diracdelta function

-Analogy :
=> o anywhere , except "at" X=0

Discrete .

continuous spectra .

↓

<ww") = S (w'=W")<ald") = Said "

Jdw'ln's<Wi =1 .& (a)al=#
as

1x) = (dw'w'Wix)(x)==(a)<alx)

Jdw · k <Wix> = 1
[ (ax>k=]

<a"I * (a) = aSaax <W"/WIw) = ·S (w'- w")

ifwW"== 0
ala) (fat lif w=W"->70


