



































































































































Foundationsof MathematicalPhysics JacobsUniversity Fall2021 Session23

Prof SorenPetrat Nov19,2021

lasttimewedefinedtheorthogonalprojectors p c c t cent y andq 11 p

pj andq denote theprojections inthe j th coordinateonly

Notethat in braket notation we write p lx le celts i.e p lecel

p tells us how
much of thewavefunction is in thestate y E.g if at is orthogonal

to a i.e cates 0 and t feet feet s t IXIE 1 then

11partkata
Next we define a projectionthatmeasures howmuch of the Abodywavefunction
is not in thestate e

Definition4.3 For yeL 11411 1 wedef forany Oeke N thebounded operator

Pml L RM 2211234 Pak Ean II pi ai q di where

Au ae On EYaj K

Example Pm pi p
Pmi a pie pit p alps pit xp pu.iq giqipI.pi.Pmiql and

Note Pmkcontainsineachsummand K q'sand NK p's






































































































































Amma44 Wehave lil Pike is an orthogonalprojectorforall Of Ken
ii PriPri O forall jak
iii EiPuk I

lit EEPila I É95

Proof HW 10

Wecan now decompose the wavefunction as Yn II PmlYu
Then 11Pm Yall is theprobability for k particlesnotbeinginthestate a
Thus wedefine

Definition4.5 Theexpectedrelative numberof particlesnot inthestate y

is givenby a14m61 É I 11Put411

Corollary4.6 For all symmetricYueCITY andforall ye CR

a 14 cel É E YuPakYu I É 4 q Yu 4mg 4 1199411

Proof Firstequality followsdirectlyfrom lemma4.4 lil second from lil and third

fromYu symmetric

Note For Yn Dice wehave 214,41 119911,41170

For etwith catas 0 Yu fiet wehave a Ynet 1
Of 414me E f for11411 1 11411
For Yu FEI IIIelx.la x wehave414 e I but114IIehilllapse 21






































































































































Next let us look at expressionsof thetype cY A Y moreclosely where

Ae8 Ccn and A denotes theactionof A on variable x onlyWecallA a

one body operatorWewantto ask thequestion Can we approximate

cYultl A tutti by its BEC meanvalue celt felt s Eg for A In Ack

cYeCtlA4ult s is theprobabilityforfindingparticleone oranyoneoftheparticlesby
symmetry in theregion Ack

Definition 4.7 For YnetCR wedefinethereducedone particledensity

matrix gq x y JdXz dyYuly xu in YulXiXu it 1

E g Jyj XY Sdk du plylyix l celalGlx eitel eh 914161 1

Definition4.8 For any Ke S'm wedefine theintegraloperator

A SIR SIR fix to Af x SayKlay fly1 Wecall k the

integralkernelof A

E.g theidentityhasintegralkernel K Carl Six yl sinceSdyfix elflet fall

Thus we can define y as theoperatorwithintegralkernel felt yl

lemma4.9 Jwhasthefollowingproperties

i geneScahill Ilyala El ten ten
Gilfan is nonnegative i e okput 20 K XeCarl
























Proofof lemma4.9
i Sdy fulfil Xly Sda dxnSaythe Ynly xu in YulXiXu all

I Sdx dindy lyly xu in I tall 14nA xu call

5Th X fdydx.edu 4nlaxa x1l fdydxn.dex1e11 l4nltanixnll

well lull
lsdxi.dkYEY

Ily the E 11411 11411 11 so Ilylls 1

fat p clearfromdef

Iii at punk Sdy Yuly xu al 4 fdxxlxknlxixan.int chip 4ns

Ilp4,11 20 0

Finally we establish arelationbetween ya FIE and a14m41

lemma 4 10 For any symmetricYueCCIR ye CR with11411 1 11411 wehave

414m61Ellyn pallsEKammer

Proof Notethat p'tg 11bydef so we can decompose

fun p'tg pulp tq

p gap t plug t q yup t 9984.9

facade
pecYupika p p cYai4ns



Hyun p'll 11 packgin tplug t 9 yup t 984.9 lls

lip'll 4mgYestllpgy.geyllqFep4lt1lqYynq'll
YETI TEYIgyas inproofoflemmata

E 2214melt244nF
4atiiftsince 0414pie

Also

alknee 1191411 1 lip411 t capes ca pl g les ell p gulls
D

So in particular 414m41 0 Ilya p'll 50

Nexttime we willprovethat indeed 41441,4411 O ft er


