iUncertainty Brinciple:

Suppose AL B are rwo Hermihan eperaters,
and l’!P) .,fs,..,a.n_\_@_fgg.nvzci-a r of both of +hem:

L Alwr=alw> , BIY>= by
5:'..n_,cw&m:i:b_z)a._H.a_wr._@..____. Hermitan , ab b are real-
= AB|W>=Ab|v> =bAlw>= baly> Dequal
e BA P> =B alp>=aBlyY, = ablypy>*

N [A, Bliwy=0

I‘f fhere v5 a complete set of simuwltaneows |
o &l‘.ﬁ.z@nvu&._a_—f.—a rs {(1¥>) of AZ B, then [A,B]1=0.

What abowut +he reve .r,szﬂ.*?. o

A LA BI=0 — Simultancews e..f.,aenvdue&

PP




Swpposp, [ABl=0. Let 1Y) be @ Com_ple:z‘ve_
Set of el‘genv’ec-f-or\s ef A

AI"-Pn> a—n,'z[)n,k

For 5+ar+er5 Swuppose the an are un:ozu.e
(non - de.gene.ra,‘f'e cCase)

> Yl [A,BTPa> = O

> Y | ABIYn> = <P | BAIYP>
Om <Y lBl1Wn) =dn <Pm | Bl P>

> For m#gn, <WYm|B|lWn)> =0

\no off diagonal

In n ) '
n matix form ma+rix zleprents

z:gan values

;b T'ln @13&!‘: y.ch‘ors o-F /4- are alseo z:ganvcc-l—or}
of B.




UNen - ,d,z,gxan erate case: For si m_p‘l Wy = Yo
. take a,=az > buwt all +he other az?génva‘!ua&, |
Hare disHnct. Now we have =

2 <Y Bl Y>> = a; < IBIW2>

Win general <WIBIY.>#0. .. .

hP? & 17&,7 are. n.-ot necessari f)/ 413 eanc:f‘or.S.‘ ,

lef 5 bt b)/ di a,ga nal:z:nﬁ ( ﬂ‘b ,

we canr —F:nd z@zn vch-o rs of. E) of. +hz. ‘Farm.-

th,ch, also has A(“l’l{]7+ /3”'}):)) a,, (°(I1IJ)+/91’%})
In. ether words we have. simultancotes..
mganvec'l‘or of AL B. The genzraJ non-
,degenzrcd'e case follows in a similar manner:

I:A; BJ o & cOmplz‘i'c Set
simultaneous mgen vectors




What happens f [A,BI1+#o0 ¢

Uncertainty : Ox Op 2 /_L_,([_'A,BJ}
Principle 26

Note it AlY>=alyY>, then

Azl’lf)) = a*|W> and
g: = (a=a*)=0
Proof:

= <P | (4-<A>)(A-<A>)1P> = 1>,
L= <PUB-<BX)(B-<BX)IP>=<9l9>,

where 1£>= (A-<A>) P>
| ig> = (B-<B>)1¥>.

é_SchWarz- n'neq,u—.alf-f'?i <f-/f=.>4ﬂ’§7?!<“ﬁ7lv

 Pricture: gy e ng> = H-’)<£IQ>
o E /!’9117 | <"€/78)

<-Flg;>- <r13> <lg>=0

<9u‘9i>= <tlg2” (4”31> 0
- Lty -




—_— (3!9? = (911191-1? + <9-.L’3-L>-

3 <e ”>_. I 19>1*
ulg FIF >

> <FIf><glg> 2 [<flg>] >

We now have

Gy T = <fI1f><q919> 7 1.<ﬂg>1"

2 (Tm (<#195))"

where Im(<flg>)= <figr-<£19>"

Zb

= <flg> — ZGH-F>
2»&

<tlgr = <PI(A-<a>)(B —<BIP>
(qH'> = <V (B-<B2IA-<A>) P >

<YI[A BlLIYV?
*05* 7 (<ng&22) v/



