
Lecture $M ( Sept . 12 , F- ri day)
- =

-

Last time : compatible observables/ commuting
=
- operators (CA , B) = O)

complete set of simultaneous eigenkets :

A la ', b ' ) = a
' ta :b 'S "

g KB la ', b ') = b ' la '
.

b ')

- degenerate eigenvalues :

"

bi
" label in la! b

' )

needed
,
since given a

"
,
can get b'f- (a'RBI al))

For dege case
,
we do_ need b ' label

,
e.g., for

orbital angular momentum , @ , Lz]= O
,
with L2

eigenvalues being l (etc) th
' ( e is integer) and Lz

eigenvalues are met , me = -e . -et I . - O . -
e- 1. l for

each e ⇒ state characterized by l and me

I just e is not enough)
Outline for today
=
-

= Incompatible observables / non - commuting
=
--

=

opera#ors : CA , B) to ⇒ la
' )
"

different
"
than lb ')

→ in certainty relations (e.g ,
a
, Dae)

→ change of basis :(
'

from la
'> to lb

' ))
- Eonh spectra of eigenvalues : position
and momentum ( us . discrete

,

thus far, egjyssifj
|(AiB] : do not have a complete set of

simultaneous eigenkets
-



PROOFS byadi : A la :b ') = a'lastly
& B La '

,
b ' ) = b ' la ! b ') simultaneous

= A b ' Ha! b 'S = a'bi ( al, by eigeaket
-7

. . . BA la', bi ) = ↳
' a' la'gb ')

(AB - BA ) la ! b
' > = O ⇒ AB - BA = O

-
assume complete set [A ,B]= 0 . . .

-= contradiction
( not complete )

-subsf.ae#afofaIeigenkets can be simultaneous

eigenkets ,
e. g. , Ca , Lz) #

O
,
but (s-wave)

is eigenstate
of La & Lz

Widnes for measurements (e.g. with

SG apparatus for spin Yz i see HW2⇒
probability to get c

' starting with La
')

( normalized) with §meto b (fixed)
= 1lb ' la '> 12 I c ' Ib '> 12

- - - Next , Isami③ ( still meggie it) :

probability to get o' =b94"b?{b!gµq
.
.
. compare to case with ⑤ B measurement

ataqg.gg?lj:YIkb.iaisca*rb'7lb'
. .

- 22 probabilities different ,
unless CA, B) I 0

or [ B. c) or CA ,D=o



⇒ outcomeofcmeasurementdependso.ws!emY7ef%n;tfwemeasureBCeuenitw#
uncertaintyrelat.vn#(genevralized)mmfwrez?@
DA E A - LA>
-

Lala Ix)

(A) is real : ( a' IX la
"> = ( a " I *

+ la '>
*
in

Here A = At Cnermits
-any general

& la's =( a ")

(CA A- 12 ) = ((AZ- 2A (A) + SAY) )
= (AZ) -Gaj

digbfeern.io# . . .
vanishes when La) - ka ') of'maeuw§

→ dispersion measuring
"

-uncertainty
" in Al , e.g.,

for ( Sz:*) state , ( (Dsa )
') = h- 24

while Sz)) - O ( sharpy Chitty )

⇒ @AI44DBD3Yd#BI!a,
Ch⇒ of basis
-

idea : same Ket space spanned by
la ')

& ( b ') different)
( Again, Ala '> = alla

') ; B Kb ' ) = b ' lb ')
talk > : k = ¥2 . . . . N l ble) ) .ie#.2 . . .



in = E la '"D(aji n

"
r

= & lb ' " :?m!.su ringe d

=%%ia;b ")
s compared

⇒ ee '

n

'

need these (Bfaeigaieinket expanded in

⇒ expandlbijf.in/ai)''basis..1aDba#-nowtogFabejyfla'"Xac"lb→eej
-mcolum#

- g&m°attii× representation : ( a " l B ( al ) ( not
- - diagonal
diagonalization : row

⇒af find eigenvectors values : e = 2 , -2 . . N ( e . g .

in
CB matrix) !!!;) = x " /!!!) new 3.4

c' are ( a "
- " Mf beet)(ne

- need to
invert (3) : define U (operator)

by matrix elements : falkllutaceY-fam.l.bg#
( '⇒ e

th column of U is lb 'll) ) in la ') basis)



'

Ee cool is (U matrix ) f III , MY = 'd

.

!;?,
of pinlbbbasislayba.si#

I is unitary ÷ ( ackl ( U l all # general guff fgrm
= face' l U lack)) * = facet ( blk))*

⇒ ( al" I Lacey
= Sb lately

⇒gain I ut ( acm
) ) La'm ' fu ( ace ')

I
Em ¢

.

( alms) ( aim
' I b 'll)

=
- ( blk) / ble ) > =

⇒ 131 or (34 gives @for Ut from left)

finewldcolumn-U-old.LT
U wgiven

"

matrix - independently
"

:

call. a
" '

kitbag

=iiama"'s
µ=EmlblmKalm
(bH)=u(aC ( easy

"

informal Hw
")



General operator Kx) in la ' ) vsx.si/nboYdbbasaissis
" "" ""t.

⇒ xiqnew-U-X.ca# T

similarity transformation)

- - - but traced Inchanged :( see Sakurai
or

" informal HW
' ')

tr X ( in general) = E diagonal elements
in matrix

= §, Laf Xl
representation

Uyequintobservably
is unitary transform of A ;

A da U AU
- I are unitary equivalent

- t¥laaH=④a←

⑤ T A eigenvalues eight lb ')
④CofEhere#LfE
I.ssbectraJ : generalize

discrete . . .

-

a' la " ) = Sala " → ( E ' les ")

(Ele 's -

- elegy
- see '- ey



Ea, la' > La
' 1=1 → foes ' K' KE 't ' ?

. .

posifioneigenketsfx.la' ) = n' la ') fo) -

Kieran
⇒
Ea.y÷g%*lIo%iKkaI

ers :YY7aekgEgeat@scouapses.i
. practically , particle

is (K'- Dz , a't # ) so
iet case ) (A small)

x'+Golz

12) = Jase Ilse "§L*" It> ^tt Jda " Ise
") (a' ' Ix)

ye
'
- DIZ

- assume D small enough so ( x
" 12) constant

within this region : probability of detection
is

Ka ' 1*312 da ' ( like Kalla> 12 of discrete )
w

b

-total probability =3 = f%a '#lol ' dakota'Ka'la)
x

\ x - representation
- extend to 3d : assume (x ; , sej ] =

0 of wavefunction
- - of IDK2

, 2,3
= 2C

, Y , Z


