
Chemi s t r y 542
Fal l , 2002

Pr obl em Set 10
Due Monday, December 2

Read Chapt er 8. Thi s pr obl em set cover s par t s of chapt er 7 and 8. 3, 8. 4, 8. 6.
The r emai ni ng par t s of chapt er 8, and hopef ul l y par t s of chapt er 9 wi l l be

cover ed next week, as t i me al l ows .

1. Thi s pr obl em f i l l s i n t he det ai l s of t he der i vat i on of t he Uncer t ai nt y
Pr i nci pl e.

A. Show t hat [ ] 2
2

2 ˆˆˆˆ AAAA −=− ( Thi s i s a one l i ne pr oof . )

B. Show t hat f or any pai r of l i near oper at or s , Â and ,B̂ t he f ol l owi ng
i dent i t y hol ds :

( )( ) [ ]BAFBBAA ˆ,ˆ
2

1ˆ
2

1ˆˆˆˆ +=−− ,

wher e
( )( ) ( )( ){ }AABBBBAAF −−+−−= ˆˆˆˆˆ .

I n cl ass we pr oved t hat i f Â and B̂ ar e Her mi t i an, t hei r commut at or equal s ,Ĉi

wher e Ĉ i s al so Her mi t i an. Not e t hat i n cl ass t he f i r s t ½ was mi ss i ng.

C. Show t hat i f Â and B̂ ar e Her mi t i an, t hen ABBA ˆˆˆˆ + i s al so Her mi t i an.
D. The Schwar z i nequal i t y was gi ven i n cl ass f or r eal f unct i ons . Levi ne
gi ves t he f ol l owi ng mor e gener al r esul t , whi ch appl i es t o compl ex f unct i ons
as wel l . You can t hi nk of t hi s i nequal i t y as a s t at ement about over l ap
i nt egr al s ,

[ ]2
4 fggfggff +≥

Demonst r at e t hi s i nequal i t y f or t he r eal f unct i ons ,

,1−=
=

xg

xf

over t he i nt er val .0 Lx ≤≤

At t hi s poi nt , you shoul d be abl e t o pi ece t oget her t he ent i r e der i vat i on of
t he Uncer t ai nt y Pr i nci pl e. .

2. Usi ng t he mat r i x r epr esent at i ons of zyx LLL ˆˆˆ
,, der i ved i n cl ass f or ,1=l

demonst r at e t hat

[ ] zyx LiLL ˆˆˆ
, h=



Al so show t hat t he i dent i t y 2222 ˆˆˆˆ LLLL zyx =++ i s sat i s f i ed.

3. Der i ve t he mat r i x r epr esent at i on of t he oper at or s zyx LLLLLL ˆˆˆˆˆ,ˆ
,,,,

2
−+ f or t he

case of l = 2.

4. Repeat pr obl em 3 f or l = ½. The mat r i ces f or zyx LLL ˆˆˆ
,, ar e cal l ed t he Paul i

spi n mat r i ces .

Levi ne 7. 55, 7. 56, 8. 37, 8. 42.


