



































































































































Foundationsof MathematicalPhysics JacobsUniversity Fall2021 Session13

Prof SorenPetrat Oct15,2021

We continue our studyof the asymptoticvelocity

Last time we established that theprobabilitydensity pyltx 144 tl andthe
probabilitycurrent jyltixl lmkit.tl 04ctixi satisfy the continuity equation

featDjy 0 alsowithpotentials i.e whenHe AtV real

NoteThecontinuityeq implies offeudx Stjyd Iffydo
u n ou

changeofmassprobability flowthroughboundaryof 1
in Acadfompact

Now current density velocity i.e jy py y

velocityvectorfield yltext 844
D t

yay4ha 41ft
Im 044in

looksdangerousatzerosof4

thevelocityfieldneverneeds
let us approximate Vy forlarge t or y fore 0 tobeevaluatedatthezeros

particlesareneverthere

recall macroscopicwave fat Yetax e 4 EEl

i yyy.gg



On themacro scale wehave

Y E E Im
1041EEl
44 I E m

EYEEI
HEE

E Ye It x

thisstep Eel I 1
wedonotdiscuss

e lm gEtTolErigorously

E Im i E t Ole

I told

Y It El a E for small e for y it x E forlarget

inthis senseclassical trajectories appearin QM

A smalldigression We can regard y It x as an actualvelocityvectorfieldfor
particles Thisindeedyields a coherentmathematicalandphysical theoryofquantum
mechanics calledBohemianMechanics or deBroglieBohmtheory

Wehavetwo definingequations

Schrodingerey if41H H414 forYeCray withinitialcondition4101 4

LawofMotionforparticles Xi t mEY t x faith t.lt forXieRd i ti N
manyparticlegeneralization Initial condition Xi101 Xin Tofvelocityvectorfield

Herewe see nonlocalityagain
Trajectoryofparticlei depends onall
othertrajectories

Theparticles are guidedby thewave function



Howdothetrajectorieslooklike

They are integral curvesof thevectorfield y

Tilo

Ex Wehave seen abovethatfreeparticles asymptoticallymove onstraightlines

withconstantvelocity justasclassicalparticles Butthisisnottrueforsmalltimes

or inthepresenceof interaction

Ex If 4 is a groundstate one canprovethat it canalwaysbechosenreal Inthatcase

tilt 1 0 i.e tilt ti lol nothingmoves

Ex Doubleslitwithreasonableinitialdata

tf interferencepattern

Since lawofmotion is firstorder particletrajectories can never cross

Theparticle trajectories are so important becausetheyallow us to analyze

subsystems



Eg we can ask questionssuchas

a Assuming in alargesystemparticles are 14 distributedDoesthisimply that

particles in subsystems are also 14,1 distributed Underwhichconditions in
whichsense

b Assumingwe separateoursysteminto
measurementapparatus and systemtobemeasured

modelingtheapparatusin a reasonablewayDoesthisimply a collapse of the
effectivesystemwavefunction

Thekey to answeringsuchquestion is theconceptof conditionalwavefunction

let xanax bethevariablesofsystem1 e.g asmallsubsystem andyn yn the

variablesof system2 e.g a larger rest or
measurementapparatus1 Then

Yona ha ah N Y
Etepgheactualconfigurationforsystem

whereM S14amaxeYetth Yultill da dx is a normalization constant

One can thenshow thatthequestionsabove canbeansweredas

a The conditional wavefunctionsatifiesits own subsystem Schrodingereq andparticles

in thesubsystem are Youal distributed if thereis no entanglementandno
interactionbetweensubsystemandrest

b Yes the conditional wave functionindeedcollapses whilethefull4neverdoes
a Yooud tKudla measurement
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