Phys321 2023

Lechwe @

Tues: Read. Text 23 2.4 2.5

Observables

An  obsovable Vs an opeator  Hat omeSponds o A measwement

‘ For‘ a SPQA“VZ
parhide Huese con e conshucted fron  bare  measwenant

{ngrcdjenis wa
A~ T e T
& Physical vecswement \\ Matemahcal desciphow (hasve 1\
\ - Ingrechents |
I Cwoose oo diveckon 1 o)
ok M2aswe compomf'd? spIA Outcomg | Stule Measwerert- O perafol
afana #us  direchon i "
| S L0 B e EU NG
o Seaeh K +a X +A
© | SEA L Sa=Fa | 1A | By s A XAl

e S n""t\/z_

/

7~

:5 o | < Descibes ?Vobalo oF om"com
(N\aﬁr‘az] szxswwayﬁt kigaldm 7 h —Probfsr—"hfs = <9 pnME}
( Somg.  Sluke Su Jn_c 0 Some \.,
| Mezasuwement . The outpuls  are DFO‘CJ [Sn-J‘/ﬂ o (q“?P A 19D

 agpeqaied nto da sumpie
avesh S,

e I Obsevable associated wirk Sa s
<1 For parhcles W slzke I‘E’Z _ _ /S\n = % K "%P_n J

| veon, expe b volue is

f

SR EOERS TN



s
lese . Gosevables e Hamuihan 1ee

A o

Sn+ = Sn

Obsevables for spir- /2 Parhcles

for  spin componants Hie dosowables  have ¥ee fomm

I

LA - E AYAL

%[wm |- YA

M(mg Hie Horee cordinal irecNons - direck Calcu(ah@ reweals gk

Sa

(t

A k(o Q %/ 0-l a

gx'\"b L([-a) - SgWD hf/(écl)l SEM%(;_?

-

lhen  we con Show  Hat I e

Clonsidler  an ensemble of ParRles

i shale 48y, Tuen for  Hu
ensembly

/\{\ or a gwm —

dmechm n

<S \w wsgﬁ Sm@
/ rﬂ}-ﬂ—zﬁmml CO»omLc/wa' \ \ <Sj> =¢ing «gfﬂ@%

\ f:osgésnaé)x +sm¢§m@g*cog©a ,\ B = W@ hz,

o o b a e o e e i AT i,

¥ ) Tig e\cpad-ah‘m vohues  we ﬁms)
Yhe comporents oF A -

S e



Sinslou @l%@,\o[&, il Give

Given any  wnit  veckor
A '@ N4 ql C g A : A
0= (osgh SIh@ X +singine] + wses

fn e obosevable fr SA' 's

A
A .
Spy = s 5 Ty g sihve 5\‘4 +¢89 8“%

e
s
S L P
Suppose - For an Y ensemble. of Pevhtlas
/(\L:f\x;l{ {«ﬂﬁ\g) —H]g,% o CJ{M SM‘{,
Wohase LG50 = MlS04 ay<Sydy 02 (5w
ﬂ\f-&-f\ ﬂl 1-4'1{“‘«' | \““H. ——

e

e N ’ o

T e e 1

Tows  we anly nud fo ke able fo ddemdre {Sx) {547, 08 In order
W ddemine Sy



Eigensltles and ergenvalies ot doservables

l/[)@ m) (MSQW Hu e Pi‘ocess, 61‘\1@1‘1 a Herm) hon o[waf"m‘*, ﬁ"
con s be  nstweled as o observably? TThis  means we aced

Outcomes States Measwe mon- operaters
a ¥op P = loXal
a, | @) P, = LX)
a.
,3 | l.d)3> ’;53 = | &sX da)
S0 Hat

A

A A "

A;-_,_ lej + a;,,‘Pa +QEP3 F.,.
" el s will be  possible (al*fao’u\jh nok _nemmfﬂ wigue) , The
‘_P(‘OCQ.SS “:OFA %’nau'nfj e outcomes ond slafes H‘im*&.‘; %wr% 1&@

et‘gema.]ouz,s evid é,lgmsrahes ¢n£ E

Given on Ohaservable f\\) an g{ﬂmmlﬁ DY s o shhk

ok sahshes

Algd= rlgd

whaee A s A sealar .




1 Eigenstates of 8,
Show that R
Se |+&) = M |+&)
and R
Sz [—&) = Ay |-&)

and provide the values for A1 and As.

A
hwo: S & (D)

L ©

By = B MELD) e & (]
Y = E N - D w5 (4)
was
? wy B[OV L] KA
Sty w0 E(TNE0) - 2 )
MDJ+§>
So
gx)“j;(>- gl4;> =P (A‘wi_/z
Tn



s Muskrabes
o (o
( For +#g  oloservable ?ﬁ\ Measwenarts o) s \\
/
\ zlﬁénvam l e(séné]uk

oultomes | associaed ¢lade 2

MR R
\ . P / ) -ty 3 /
\\WMW ..... /2, B ,,./’ . 2 X) - .

P

“Tts  wAll gowally  be tue Tor ony observable

Ficding  ergonstates ond 41Q0nualugs.

Gnsideran arbibary  opodor A An eigmasiale 16 sabishes
Mod= a1y = 2Tl

= (ﬁ-)i) 1p) =0

Solubeus  +o Huis @ etber 10D =

or 1> +0 14y late Case Hus
e Yat A3

s no invese Tis only  possible if
det (A23) =0

whee the  deteminant of ¢ x2  mahix g

wub“ b \] = buby-bybe,

'b'2| b?,?_

Tws  we e o

—_—

v ( Norowlize | @)

Substitule N
intD

A8 = 2D
| T delermine i)




2 Eigenvalues of an observable

Consider
3 —43
d¢ -3 /)°

b) Find the eigenvalues and eigenstates of A. Verify that each is an eigenstate using
Alg) =Alg).

a) Verify that A is Hermitian.

c¢) Show that the two eigenstates are orthogonal,

o Y .
Arswer. a) At ia__v(s @.o) _ kR 1/ -4y g
. A 2 5 GO 2 5 ( 44 _53-A

b) Soe  det (A-AT)=0

3 “4s'
S S RO YIRS
So
doe (A3 - -(EE2)(E80) - TE(5)(4)
-_-_[.Jffi-)zj LN
4 25 4 25

= oW e L LK
4 25 ‘ 4

So det (AXD=0 @ pF= F°



Bigevake  *% Lo )= (C)

e

fo- 2 BTN B

=) 30v-4uc. = 5¢y —~Adr¢c.. = 2¢%
At ¢y =3¢- = 5¢- 41 ¢y = B¢ -
=) C- = -5':'—0
C'{_: -(Lz,c
e
o Cx ,
MD . =
(—~> (%)
and ‘
1= {gl¢y=[Cil ““/z( < e /5
( v, ICJ(] C‘})
--‘-“—b 2: A..
| Crl 5 P |G ﬁ_

SO @ pessibiligic e ad e

O E) = 10
Cigmalus "4 Again leb t¢>; (f\*j) “.
L @) R

v 3de - dvd. = - 5dy =D

= 41‘a+~3d-—- - -5-d- ::OZd.. = —(Ltld..’_ =P d—.?— _Z\IO{.},



s Y= ds (L) Maf‘mali%i‘fl@ dguin gives:  dys

/Ylw W ha(*e

etgmuauuf. &\gwmm
LA 14> = P"'@“'QY
~¥, - 7|1 <204y
Chedt.
3 -y . -
Ald) o 25 [0 Tz - i) b ()
12y
RN ki) -5 e
R o 23l T () 280 sa L
C) <d)1,\d)1> <

‘__L -~ ) '. ..A .l‘ -\ (. ..A
= l;(-ﬂsh ? (_z‘_@l@ [2 EATYS 1>]

1

:.é_.L @mww%uzal)@] .



Eiﬂen stzdes  ond. eﬁgﬂﬂvaw& a“¥ obsen)ab@.

Stindad  resulls fron  linear algebr give

A

I£ A is Hermifaw  then any ét'gﬂnuam g,l“ﬁ N regl

. " N
£ A is Homiban  sogk N, M ae Mshact al'@znvalwu

with  dssociaed cigonsidles 16y 14> Huan ey are orﬂogoml.

(A gra/wal

R s Homiha e e exist teal N, oA @ so-of
ofunorongl slales 14> sude that |

A= 2 N\ Xa)

[ Tuon 14D s i aigmsinie of bl “gervaue A;

. .
Tt Fllas  that A s orshcted  from MLaSWement  oufcene

o Slules v

A R
@ Hermw =D .@SWN@AF assolialed

S oultome Slate
gy e

5‘1 \ >

N This veaswemant resils i e,
“""‘“"'wz 74 bwabk ‘i\ T

e -
e
Phay

.

e

s i



Using e measwemant Opadlor  onshuck

:I:\J T IQ‘)LYCb.’

ca\'wzs

A= g %
/ﬁ A\ associaked

outwme Measwemat ¢ postar



