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We presentin this Letter a detailedanalysisof mechanismsby which thephasespaceBrownianmotion of anensembleof
massiveparticles,in thediffusionregime,is governedby theSchrodingerequation.It is explicitly shownhowthepressureofthe
diffusing ensembleis linked to thequantumpotential, knownto appearin theHamilton—Jacobi—Madelungformulationof the
correspondingquantumdynamics.Thequantumstatevector(wavefunction) correspondsin this picture to thephysicallyreal
diffusingmediumgoverningthecollectiveevolutionof theparticleensemble.

1. Motivation generalexternal force, albeit with the applicability
limited to the Fick law governedcases.

In the framework of Nelson’s reformulationof Alternatively, attemptsto derive stochasticme-
quantummechanics[1] the notion of the particle chanicsin the frameworkof the so-calledstochastic
pathacquiresa well definedmeaningon the level of electrodynamics[6,7] indicatethat in the Markov-
configurationspacemotions. Onecan view it as a ian approximationof processeswith short correla-
sampletrajectory [2—41followedby the masspoint tion times(high friction) oneshoulddisregardfric-
undergoingthe Markovian diffusion processin p3 tion atall to arriveeventuallyat Nelson’sformalism.
withdynamicsconstrainedby thesecondNewtonlaw It thusseemsthat the searchfor a realisticphase
in the conditionalmean. spacejustification of stochasticmechanicsendsup

While tryingto understandthismodelof quantum withaconfusingpictureinvolvingbothhighandlow
phenomenaon physically deepergrounds,one is friction limits of Markovianstochasticprocesses.
temptedto searchfor a randomphasespaceprop- Ourpurposeis to view stochasticmechanics(and
agation,whoseconfigurationspaceprojectionwould eventuallyquantummechanics)asa specialversion
imply stochasticmechanics.This would amount to of the generalproblemof randomflights [8] which
a phasespacederivationof Nelson’smeanacceler- arisesin the diffusion approximationof the phase
ation formula, spacerandommotion.To geta clearideaofthe links

A deep analysisof the links betweenEinstein— [91betweenquantummechanicsand the conven-
Smoluchowski(configurationspace)andLangevin tional Brownian motion it seemsadvantageousto
(phasespace)descriptionsof the Brownianmotion analyseany solvablemodel in detail. For clarity of
wasmadein the expository reference[5]. As one discussion(not hamperingthe generalisations)we
knows the large friction regime of the Ornstein— shallconfineour attentiontothecaseof freely mov-
Uhlenbeckprocessallows for the Smoluchowskiap- ing Brownianparticlesin one spacedimension.
proximation(e.g.spatialdiffusion) in thecaseof the
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2. Brownian motion of a single particle which in the diffusion regime reduces to
x

The general form of the joint probability distri- <u> =w(x, 1) ~-. (8)
bution W(x, u, t) for a freely movingBrownianpar-
ticle which at t= 0 beginsits motionat x0 = 0 withan The local (configuration spaceconditioned) mo-
arbitraryvelocity u0 is derivedin ref. [8] underthe mentof W finally reads
assumption of the maximally symmetric displace-

x _DVw(.~~t) (9)ment probabilitylaw: 2t = w(x, t)

W(x,u, t)= W(R,S)=[4it
2(FG—H2)]~”2

For the secondmomentwe have

xexp(
GR2—2HRS+FS2

— 2(FG—H2) )‘ (1) Jduu2W(x,u,1)=JdSS2W(R,S)

whereR=x—u
0(l—e~

1)fl~,S_—zu—u
0e~’while +2uoe_PtJ dSSW(R,S)

F= (2$t_3+4e_/tt_e
2m), +u~e2~’JdS W(R, S). (10)

G=D/3( 1 _e_2Pt), H=D( 1 —e~’)2. (2) In the diffusion regime the leading contribution
comesfrom JdSS2W(R,S) whichcanbeevaluated

/3 is the friction coefficient,D will appearlaterto be by meansof handyformulasgivenin ref. [10]:
the spatialdiffusion constant,D= kBT/m/3.

Themarginaldistribution of velocities J dS~2 w(R,S)= (FG_H2 + R2)

w(u,t)=Jdx W(x,u, t)

x(2~tF)”2exp(—R2/2F) . (11)
=(2itG)~”2exp(—S2/2G)=w(S) (3)

In the diffusion regime we thus obtain
in the largefriction regime (alternativelyat times t

2flt—l) x2\
muchlarger thanthe relaxationtime5’) takesthe <~2> (D( 21 + ~.-

1)w(x~t) (12)
conventionalform

1/2
m / 2 andtheconfigurationspaceconditioned(local) mo-

w(u, t) =(~-~-~)exp~—~ (4) mentof W(x, u, 1) takes the form

characterisingdiffusionsin velocity space. <U
2> x = (D/3—D/2t) + Ku> ~. (13)

Analogouslythe marginalspaceconfiguration Thetransport(Fokker—Planck)equationgoverning

w(x, t)=J du W(x,u, t) the time developmentof W(x, u, 1) reads

ô, W+uV~.W=flV~(Wu)+q/�~~W,
=(2i~F)~’2exp(—R2/2F)=w(R) (5)

q=D/32 (14)
in thediffusion regimegivesriseto thefamiliar heat
kernel andimplies the local conservationlaws

w(x,t)=(47tDt)~’2exp(—x2/4Dt), (6) o
1w+V(<u)’~w)=0,

solving ô,w=DL�~w. ôt(<U>xW)+Vx(<U
2>xW)rr —fl<u>~w. (15)

Let us now evaluatethe first local momentof the
Introducing

joint distribution:

<u>=$duuw(x,u,t) P(x,t)=(<u2>~—<u>~)w(x,t) (16)
andassumingthat w(x, 1) hasno zeros,we caniso-

=w(R) [(H/F)R+u
0e~’] , (7) late the leadingcontributionto Pin:
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3. Brownian evolutionof particleensembles

(8,+ Ku>~V) <u> = — /3< u> — VP! w. (17) All previous derivationsrefer to a singleparticle
suffering random displacementsaccordingto the

In the diffusion regimewe have maximally symmetric probability law, which

VP Vw D Vw uniquely characterisesthe randommedium.
— — —flD— + __, (18) However[8],itisclearlyallowedinsteadtoimag-

w w 2tw
me a verylarge numberof particlesstartingunder

which wheninsertedinto theabovemomentumcon- the sameinitial conditionsandundergoingBrown-
servationlaw givesrisetothe cancellationofthefric- ian displacementswithout any mutualinterference
lion term(!): ourprocesseffectivelyappearsto befric- accordingto the sameprobability law.
tionlessalthoughin fact operatingin thehighfriction Suchan ensemblecati be built as well of sample
regime. flights consecutivelyexecutedandhaving flight du-

We havehere ration time 1: evenif not perfectlyrealisablein prac-

tice, such an ensemblecanbe easily producedbyD Vw
(8,+ <u>,~V)<u> (19) meansof a computersimulation.

= ~ Oncepassingto the ensemblepicture,wecancon-

whereit is instructiveto notice that sistentlyfollow the loreof thekinetictheoryof gases
and e.g. understandP(x, t)=<u2>—(u>~w=D Vw !VPosm, P

0smD

2WA lnw. (20) (D/3—D/2t)wasthepressureexerteclatpointx(on

theensembleaverage!).This conceptcanbe exclu-

SinceVPosm/W is irrotational we caneasily recover sivelyattributedto theswarmofparticles,whereeach
memberindependentlyfollows a Brownian motionthe correspondingpotential (the generaldiscussion

is given in refs. [1,9]) accordingto thesamedisplacementprobabilitylaw.
It is a canonicalstatementof the macroscopic the-

Q=Q(x, t)=2D2 ory of diffusion [8] that if w(x, I) denotesthe con-
w’12 ‘ centrationof diffusing substanceat x at time 1, then

theamountescapingthrougha givenpoint from the

(8,+ <U>,~V)<U>~= — ~VPosm = — VQ. (21) areaof larger concentration,pertime At is givenby

—DVw(x, t) At= —U(x, t)w(x, t) At. (23)
Q(x, t) has the familiar form of the Bohm—Vigier
quantumpotential (seth/2m=D) exceptfor the ~ Here u (x, t) is called [1,5] the osmotic velocity,
positesign. u=DVw/w. In our caseapparentlyu(x, t) = —x/2t

Irrespectiveof the sign, however, holds Vw = — <u >~andsinceKu> is the local velocity of the
VPosm wVQ.Thelink of Q andP,~,,,hasbeenlnown particleflow, we realisethat (23) doesrefer indeed
for a longtime [9,11,12] in connectionwith the hy- to the osmotic transport. In its coursethe particle
drodynamicalmodelsof quantummechanics,where, swarmexpandsat the expenseof lowering its con-
however, a given particle distribution p(x, t) = centrationby theobviousreason:therearemorepar-

I ~u(x,t) 2 is associatedwith tidesleavingthe region of higher densitythanen-
teringit.

Pq = —D2pAln p ~ = — 2D2 Ap”2 For a deeperunderstandingof the previouslydis-
pl/2 ‘ cussedstrikingaffinity betweenQ andQq let uscon-

8,p= — V(pv), (8,+ vV)v= — VQq, siderthe particleensemble,whoseinitial (attime t
0)

spatialdistribution reads
v=2DVln(~/p”

2), D=h/2m. (22)
p

0(x) = (xa
2) 1/2 exp(—x2/a2) . (24)

We assumethat our particleshaveapproachedthis
distribution in the course of the well defined phase

131



Volume162, number2 PHYSICSLETFERSA 3 February1992

spaceevolution. Irrespectiveof its detailednature at t
0 an arbitrary point x’ with the meanvelocity

(Brownian,classicaletc.) we cansafelyadmit that V0(x’) we developa Brownianevolutionanew(this
a certain meanvelocity field is given in parallelto situationhasvery much in commonwith the prob-

1cm of repeatedmeasurementsin stochasticme-
KU>~V(X,to)=Vo(X). (25) chanics [13]).

The correspondingpropagationformula (with
We thenaddressthe following problem:whatis the t0= 0) reads
probabilityto reachaAx neighbourhoodof a certain
point x at time t> t0, if particlesare conditionedto p(x, t) = Jdx’ w~(x, t)p0(x’ ) = (4x

2a2Dt)1’2
emanatefrom x

0 at time t0 with the meanvelocity
V0 (x0), andthe propagationis Brownian? / [x—x’—V0(x’)t]

2 x’2\
The universal maximally symmetric Brownian x Jdx’ exp~— 4Dt — —~)~

probability law for spatial displacementsAR in the (30)
diffusion approximationcoincideswith the heatker-
nel expression ConsequentlytheBrownianevolutionof theparticle

ensemblePo(x) —*p (x, t) quite sensitivelydepends
w(AR)=(4xDAt)~’2 on the initial meanvelocity field, to be contrasted

xexp[ — (AR)2/4DAt] . (26) with the singleparticleBrownianpropagationwhich
is insensitiveto the initial particlevelocity U

0 in the
However,what AR is needs to be carefully specified diffusion regime. Hence, how the ensemble propa-
since it dependson the meanvelocity value at the

gatesdue to random fluctuations dependson the
reference point (source of particles). Apparently, if phasespacepreparationprocedurewhich not only
we start from x0 with a member of the V0(x0) beam fixesPo(x) butsupplementsit with a meanvelocity
thenaftertime At theparticlewill reachthe pointx,

field V0(x).
x=x0 + V0(x,~)At+ AR, (27) In particular,if the particleensemblewasBrown-

where AR is the purely randomcontribution.Ac- ian prepared (through Brownian evolution from
x0 =0 andarbitraryinitial velocity U0) thenwe shouldcordingly we mustwrite set a

2= 4Dt
0 andthe osmoticflow is characterised

AR=x—x0—V0(x0)At, (27’) by V0(x)=x/2t0.
Let us considerthe ensemblepreparationproce-

thusarriving at the distorted [8,2,3] infinitesimal
duregiving rise to p0(x) andalso to

Brownianpropagator.Thisdisplacementprobability
law induces[8] the diffusion equation V0(x)=y2Dx/a

2, (31)

8, w(x,t) = — V
0Vw(x, t) + DL~.w(x, t) , (28) with yeP’ left unspecified at the moment. The

which is solvedby the Browniankernel Gaussianpropagationintegralcanbe immediately
evaluated.We have

w~0(x,t) = [4xD(t—to) ]_I/2

a
/

xexp~ 4D() ). (29) p(x, t)= {x[a
4+4Dta2(l+y)+y24D2t2]}”2

x2a2
Forsimplicity we shall disregardt,, in the abovefor-
mula,which providesuswith theanswertotheprob- ~ ex~(— a4+ 4Dta2(1+y) + y24D2t2)’ (32)
1cm posedbefore. Thechoiceof y= 1 producestheBrowniandiffusion

It is, however,remarkablethat our isolatedprob- of the Brownian preparedV
0(x) =xl 2t0 = 2Dx/a

2
1cm canbe easily extended(by varyingx

0) to the ensemble,while the choicey= — 1 apparentlyleads
generalissue of the Brownian propagationof mi- to (seealso ref. [14])
tially given particle distributions with non-trivial
initial velocity fields.Forparticlesconditionedto pass
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a Qq refersto theosmoticdiffusion processagainstthe
p(x, t)= [,t(a4+4D2t2)]”2 initial flow.

Remark 1. Eq. (34) is aconventionalSchrodinger

xexP(_ a4±4D2t2)’ (33) equation,if we setD=h/2M. Here [4] wecaniden-
tify M with the massm of diffusing particles,which

which is a well known probability distribution as- fixes thediffusionconstant.However,wecanaswell
sociatedwith the solutionof the Cauchyproblem chooseD to be the universalconstantandthen in-

troduceaneffectivemassM=h/2D.
iO, yi(x, t) = — DA~(x, t), Remark2. TheBrownianpreparedensembleevo-

(34) lution with y=l convergesto the y=—l evolutionfor largertimes. Indeedthenthe term 8Dta2 canbe
Indeed neglectedagainst4D2t2.

~(x, t) = J dx’ G(x—x’, t) çv(x’, 0) Remark3. If the ensemblepreparationprocedure
is tunedto the backgroundrandomfield to provide

(47tiDt) — 1/2 J ~, ( (x—x’ )2\ p
0(x) with theexactreversaloftheosmoticflow, then

= exp — 4~t ) ~ 0) the Brownianevolutionof suchanensembleis gov-
ernedby the Schrodingerequation.Thisamountsto

= (a
2/x)”4(a2+2Wt)”2 analysingthe diffusion processin termsof average

x2 \ (collective) flows. Oneflow is directedtowardsthe
x exp(— 2 (a2+2iDt)) (35) main concentration,another is born due to the

Brownianfluctuationsandtransportsparticlesaway

and I ~v(x,t) 2 =p (x, t) in agreementwith (33) from themain concentration,hencea diffusion pro-
The initial (reversed osmotic) velocity field cessagainstthe initially given flow appears.

<U> = — 2Dx/a2 is not conspicuouslypresentin Theprocessrespectsthe energyconservationlaw
(35) but its time evolutionis providedby Nelson’s in the mean:
osmoticvelocity formula [1]

u(x,t)=DVlnp, ~JdxP(x,t) (u2+v2)(x,t)=const.

2Dx 2Da2x
u (x, 0) = — —~ U (x, t) = — ________ In the courseofthe Brownianpropagationtwo com-

a a4+ 4D2t2’ peting flows combineinto the meandrift, which
(36) asymptoticallyisdominatedby theoutgoingcurrent.

By (35) wehaveheredevelopeda particlecurrent The quantumpotential Qq appearsto be a mathe-
with the velocity (called [1,5] currentvelocity) maticalencodingof sucha diffusion process.

Remark4. The initial phasespacedistributionto
v(x, t) = 2DV in (ç~i/p”2), which remark3 appliescanbeimmediatelyobtained

4D2tx from theBrowniansolution (1) if we specialiseit to
v(x,0)=0 —p v(x,t)=

a4+4D2t2’ (37) time t
0 andformally replaceH by —H. Keepingin

mind that we are interestedin the t0>> fl’ regime
which togetherwith (36) yields andsettingt0= a

2/4D the form of W
0 (x, u) reads

~Jdxp(x,t)(u2+v2)(x,t)=const, W0(x,u)=(2it
2D/3a2)~2

comparee.g. ref. [12] where the hydrodynamical / 4Dx2+8Dxu+2a2u2
discussionis givenandref. [1] fora discussionfrom X exp~— 4Dfla2 )~ (39)
thestochasticmechanicsviewpoint. Thecurrentve-
locity solvesthe transportequation By (3), (5) one easily obtainsp

0(x), (26) and
<u>~=DVp0/p0tobe comparedwith (9).

(8,+vV)v _VQqV[2D
2(Ap”2)/p”2]. (38)
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4. Brownian evolutionof particleensembles:phase which implies
spacepicture

KU>~=KU>/p(X,t)_—U(X,t)+V(X,t), (46)

To completethe argumentsof section3 we shall where U and v are givenby (36), (37) respectively.
presenta parallel phasespacedescription of the In Nelson’snotation [1] Ku>~= b(x, t) coincides
Brownian ensemble propagation, for the case with the forward drift of the Markovian diffusion
V

0(x) = — (2D/a
2)x.Themoregeneralchoice(31) process.

canbe easily investigatedby following the pattern. With theexplicit formofp, 1), U, andb inour hands
Theinitial phasespacedistribution (39) is to be we canstraightforwardlyderivetheconservationlaws

propagatedby theBrowniankernelof the form (1), respectedby our diffusion.The following holds,
exceptfor anotherchoiceofRandS. Namelywe need

0,p=Di~p—V(pb),
R=x—xo—V

0(x0)t—U0(l—e~’)/3’
0,b+bVb=0 (47)

S=u—V0(x0)—u0e~’. (40)
andsimultaneously

We consider
dx,,du0W(x, u,t;x0,u0)W0(x0,u0) 0,p=—V(pv),

O1V+VVV_VQq, (48)
~rW(x,u,t). (41)

which completely characterisesthe diffusion pro-
In the diffusion regime the u0 contributionscanbe cess. We would like to emphasisethe classical
neglected,andthe effectivedu0 integrationyields (Liouville) propagationformula for b(x, t) = KU>

W(x, u, t) = Jdxi, W(x, u, t; X0 )Po(x0) . (42) in the absenceof externalforces.We havethusar-

rived at the notion of the quantumpotential (Qq)
Apparently (comparee.g. (29), (30)) governeddiffusionprocess,by meansof purelyphase

$ dU W(x, U, t)=j’ dU $ dxc, W(x, u, t; x0)p0(x0) space(Brownian) arguments.The strikingaffinitybetweenQ andQq governeddiffusions (cf. section
2) becomeshere transparent,if we makea time=J dx0 w~0(x,t)p0(x0)=p(x, t). (43) substitution

We canevaluatethe local expectationvaluewith re- 4Dr= a
2+ 4D2t2/a2, (49)

spectto u by the sameinterchangeofthe integration
which amountsto changingthe clock (t—~~(t)) ac-orderprocedure:
cordingto which the stochasticprocessis executed.

Ku> =$ du uW(x,U, t) Eq. (49) implies (the notationsof section 2 are
strictly followed)

=Jdx~Jdu uW(x, U, t; x
0)p0(x0) p(x, t)= w(x, r)= (4xDt)”

2 exp(—x2/4D~),

=J~oVo(xo)w~o(x,t)po(xo). (44) KU>~=x/2r=—U(x,t), (50)

Setting V
0(x0) = — (2D/a

2)x
0 we canproceedfur- whereapparently

ther to arrive at 0~w=—V(Ku>,w)

2D
KU>= — —i (4x2a2Dt)I/2$ dx0x0 (o~+Ku>~v)Ku>~

2 2 =—VQ(x,r)=VQ0(x,t) (51)

xexp(
[x—x0+(2D/a

2)x
0t] x0\

— 4Dt —~i) and
1/2— 2Dx(a

2—2Dt) _____

— — a4+4D2t2 p(x, t), (45) Q(x, x) =2D2 (x, x) = —Q
0(x,t),

134



Volume162,number2 PHYSICSLETTERSA 3 February1992

‘~‘osm(x, r) is inconsistentwith this picture.Quantumparticles
really move in a “hidden thermostat”,to recall de=(D2wA ln w)(x, r)=—P

0(x, t). (52) Broglie’s famoussuggestion.[19].

By setting4Dr0=a
2 we relate (50) with the initial On the otherhandwe give further supportto the

distribution (24). The following holds, idea that quantummechanicalparticlesare trans-
portedalongrealisticspacetimetrajectorieswith re-

w(x, t)=J ~‘ w(x—x’, t—r
0)w(x’, T~) (53) alistic momentain plain oppositionto the Copen-

hagenconvention.
which is a propagationformulacharacteristicfor free Quantum state vectors (wave functions) corre-
diffusion. spond in this model to real physical phenomena

Hence,while Qq (x, t) governsthe Brownian dif- which aregovernedby thebackgroundrandomfield.
fusion against-the-flow,within a specifically pre- Theyencodethe mean(collective) dataof the dif-
pared (conditioning!)particleensemble,it appears fusion process.By (26)—(29) one can here intro-
that Q(x, r) = — Qq(x, t) governsa conventional, ducea conceptof the stochasticcontrol fields. In-
unrestricted(no conditioning) diffusion processof deed,in thedescriptionofparticleensembleswehave
section2, albeitwith respectto anotherclock, (49). finally arrivedatthe field of locallydefineddisplace-
The phasespaceimplementationis obvious. mentprobabilitylaws,which controlthediffusion in

Diffusion processes(48) and (51) are here in- the infinitesimal neighborhoodof eachgiven point.
separablyconnectedand live simultaneously,provid- Onecanthustell that~v(x,t) is relatedtothespecific
ing a suggestiveillustration of the action—reaction control field (stateof the diffusing medium) from
principle. The“quantumpressure”Pq(1) is exactly which the quantummechanicalstatistics(e.g.Born
balancedby the osmoticpressurePosm(t( t)), theos- postulate)doesoriginate.
motic flow Ku>~(x,r) balancesthe remainder
u(x, t) of theinitial particleflow. Togetherwith the
conservationlawfdx (u

2+ v2)p(x,1) = constit seems Acknowledgement
to establisha link with the ideasof ref. [15], where
particle—mediuminteractionwas actingboth ways I havebenefitedfrom discussionswith Professor
(action—reaction)with a strictly observedenergy— J.P. Vigier and his hospitality extendedto me in
momentumconservationlaw at eachminute scat- Paris.
teringevent.

References
5. Conclusions

[1] E. Nelson,Quantumfluctuations (PrincetonUniv. Press,

Princeton,1985).In the abovecontext of the essentiallyBrownian
[2] N. CufaroPetroni,Phys.Lett. A 141 (1989)370.

implementationof thequantummechanicaltimede- [3] P. Garbaczewski,Phys.Lett. A 143 (1990)85.
velopment,let usstressthefundamentalimportance [4] P. Garbaczewski,Phys.Lett. A 147 (1990)168.

ofboth theoreticalandexperimentalinvestigationof [5] E. Nelson, Dynamical theoriesof the Brownian motion

the particletrajectoryconceptin the realmof quan- (PrincetonUniv. Press,Princeton,1967).
[6]L. de la Peila andA.M. Cetto,J. Math. Phys. 18 (1977)

tum theory [16—18].In our discussionparticletra- 1612.
jectories (“hidden variables”) primarily arise as [7] P. ClaverieandS. Diner,Int. J. QuantumChem. 12, Suppl.
phasespaceBrownianpaths,hencetheyrefer to the 1 (1977)41.
non-trivial energy—momentumexchangesbetween [8] S. Chandrasekhar,Rev.Mod. Phys.15 (1943) 1.

the particle andthe surroundingdiffusing medium; [9] P. Garbaczewski,Nelson’s stochasticmechanicsas the
problemof randomflights androtations,in: Karpacz91

thequantumpotentialrefersthusin thediffusionre- Proc.on Nonlinearfields, classical,random,semiclassical,
gime to a quite realistic physical phenomenonof eds. P. GarbaczewskiandZ. Popowicz(World Scientific,
random accelerations.Consequentlyany idea of Sin~pore,1991).
“ghost information” or “empty wave” propagation [10] J. Rzewuski,Fieldtheory,Vol. II (Iliffe, London,1969).

135



Volume 162,number2 PHYSICSLETTERSA 3 February1992

[11 ]T. Takabayasi,Progr.Theor.Phys.11(1954)341. [17] H. Rafli-Tabar,Phys.Lett. A 138 (1989) 353.
[l2]E.H.Wilhelm,Phys.Rev.D 1(1970)2278. [l8]J.P. Vigier, in: Proc. 3rd tnt. Symp. on Foundationof
[13] Ph. Blanchard,S. Golin andM. Serva, Phys.Rev. D 34 quantummechanics,Tokyo, 1989,pp. 140—152.

(1986)3732. [19]L. de Broglie, La thermodynamiquede Ia particuleisolée
[14] K. Namsrai,Nonlocalquantumfield theoryandstochastic (ou thermodynamiquecachéedesparticules)(Gauthier-

quantummechanics(Reidel,Dordrecht,1986). Villars, Paris, 1964).
[15] D. BohmandJ.P.Vigier, Phys.Rev.96 (1954)208.
[16] N. CufaroPetroniandJ.P.Vigier, Singleparticletrajectories

andinterferencesin quantummechanics,Found.Phys.,to
appear.

136


