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A way to specifythepreferablebasiswhich determinestheensembleof universesin themany-worldsconceptionof quantum
theoryis proposed.Thisway is basedon a considerationoftheclassicallimit in quantummechanics.Thespecifiedbasisis shown
to benecessaryandsufficientfor comparisonoftheorywith observations.

1. Introduction ablebasis(andits possiblequasiclassicalextension)
which in our opinion is not only the most natural

In quantumtheory, a physical systemis charac- onebutalsonecessaryandsufficient forcomparison
terizedby the vectorof the correspondingHilbert of theorywith observations.To this endwe first of
space, ~v), which containsall the information on all briefly dwell on a not very trivial questioncon-
the stateof thesystem.To interpretthevector i,u>, cerningthe classicallimit of quantummechanics.
it is usuallynecessaryto find the expansionof this
vectorin a certainbasisof the initial Hilbert space.
Although all the various expansionsare equivalent 2. The classicallimit of quantummechanics
from thepoint ofview ofthemathematicsof thethe-
ory, in comparisonof the elementsof the mathe- As is well known, the behaviourof macroscopic
maticswith the elementsof reality this equivalence objectsobeysthe lawsof classicalmechanics.On the
is violated. So, in the Copenhagenconceptionof other hand, since any macro-objectconsists of
quantumtheory in a considerationof a concreteex- micro-objectseachof which is describedby quan-
periment,preferableisthesetof vectorstowhich the turn mechanicsandthereis no reasonto excludeap-
initial vectorof the“state” ofthesystemmaybe re- plication of quantumlaws to systemscontaining a
ducedasa resultofmeasurement.In themany-worlds largenumberof particles[6]; it mustbe alsopos-
versionof quantumtheory [1,21 therealso existsa sible for macro-objectsto be describedby quantum
preferablebasiswhichcharacterizesthe ensembleof mechanics,In thecorrespondinglimiting case,there-
universesdescribedby quantummechanics[3]. At fore, the classicallaws must follow from the quan-
eachtime momenta concreteelementof this pref- turn-mechanicallaws. The questionabout passing
erablebasisis assignedaconcreteuniverse.Thus,a overfrom theSchrodingerequationto the equations
preferablebasisdeterminesthe schemeof compar- of classicalphysicsis usuallyclearly formulatedand
isonof anabstractvector I w> of a Hubertspacewith solvedoniy for simpleconcretephysicalsystems[7].
elementsof reality (ensembleof universes).In what Theconceptof a classicalsystemcanalsobedefined
follows we are dealing only with the many-worlds only in theframeworkofaconcretephysicalproblem.
conceptionof quantumtheory. In any experiment,an observerperceivesdirectly

Severalpapers[3—5]proposeddifferent ways to only a setof classicaldataJI~~(a= 1, 2, ...) on the
defineapreferablebasis.A detailedanalysisofthese stateof the subsystemsof an investigatedphysical
preferablebaseswill begiven elsewhere.Theaim of system.Thesedataare alwaysknownwith a limited
the presentpaperis to describethe classicalprefer- degreeof accuracyoföA’~.Wewill call classicalsuch
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subsystemsof a physical systemwhosestate in the 3. Preferablebasis
framework of the formulatedproblem is uniquely
characterizedby a setof macroscopicaloperatorsM~ On thebasisof thepreviousconsiderationonecan
asignedto observedclassicalquantitiesJI’~.An op- formulatethe generalrule for the definition of the
erator M is called macroscopicif there exists a preferablebasis which determinesan ensembleof
(super)completesetof suchvectorsk”1> in the Hil- universesdescribedby a givenwave function.Since
bertspaceof aninvestigatedsubsystemsuchthat the anobserverperceivesthemicroworlsonly in theform
quantities of macroscopicphenomena,differentuniverseshave

an interpretationalsensefor him only becausethey
MI = <W1 I Mi w~> are macroscopically(classically) distinct, It is use-

less to speakof microscopicallydistinct universes
satisfy the classicalequationsof motion with an ac-

becausethe interaction (interference)of such uni-
curacy exceeding&ii’~

It canbe shownthat for any vector w> the fol- versesis too strong.
Thedefinitionof a preferablebasisis basedon thelowing relationsholdin thiscase, following fact: the observedworld of macro-objects

<W/i(Ma_Ma)
2 I W~>h/2<&#a<<Ma (2) is a classicalworld.

Considera systemdescribedby a completewave
Besidesthe vectors (p

1> and w~>can be distin- function I w(...)>. Fixing accuraciesof determina-
guishedonly if theycorrespondtoclassicallydistinct tion of classicalobservablesof a system,singleout
states,i.e. if for a certaina we have in the physical systemall possibleclassicalsubsys-

temsM1,M2, ...characterizedby setsof macroscopic
M~—My I > &aa. (3) operatorsM~,M~....Eachofthesesubsystemsis de-

scribedby its own Hubertspacei~”. In the HubertIf for the statesi andjtheconditions(3) donothold,
we will identify thesestatesandhenceforthusethe spaces,~MI, jf~l2 singleout the subspaces~

(i= 1, 2, ...) whosevectorscorrespondto certain
indices i only for distinguishablestates.For super-

classicalstates (see section 2), so that for any
positionof thewavefunctions 1w1> and lw~> (is~j)

Iqi~’ > e ~*‘~‘ the following relationshold,
(a stateof the “Schrodingercat” type [8])

I (M~ M~)
2IW~’”>”2<&t~<<M~

k”>=aIc~~>+fiIw
1>, (4) (5)

theequationsfor themeanMa = <W IMi w> derived The Hubert space~ of the whole system is con-
from the Schrodingerequationare the sumof two structedas the direct productof the corresponding
classicalequations(with weights I a 2 and /32 for Hubertspaces,
M~=<~1IM’~i~1>and My=<W~IMaIW1>).It is
naturalto assumethereforethat the wave function ~ ® ~M2 ® ® ~ ® ® ~mlc , (6)
(4) describedtwo typesof classicallydifferent en- where
semblesof universes.In this casethe vectors I
and I w~>arethecomponentsof thepreferablebasis Y(MI = .~*‘~fI © ,~‘~1I$ (7)
which specifydifferent universes, and ~0mic is the Hilbert spaceof microscopicsub-

It is naturalthat classicalequationsare notexact. systemsof the dynamicalsystem.
Quantumcorrectionsto theseequationsare respon- Define the classicalpreferablebasisasfollows:
sible for an interferenceinteractionbetweendiffer-

pref
ent universes.Thesecorrectionsare howeversmall iWii..i..> = Iw~~> iW~I2>...jçu~”>...Iw

m~>
ascomparedwith ~ andthereforetheinteraction ref

betweenuniversesis smallerthantheaccuracyofthe
specificationof universes.Classicallydifferent uni- I w~L>= I w~~l> I çii712 > ... I ~ > ... I
versesdo notinteractin this approximationandde- (8)
velop independently.
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The accuracyof the definition of the vectors(8) u~ causefor its vectorstheconditions(5) aresatisfied.
sufficient for one-to-one correspondencebetween ForthemicrosystemSthe componentsof thepref-
theoryandobservations.Note that the correspond- erable basis are eigenvectorsof the operatorA:
ing basis I w> e~ is fixed automaticallywithin the I W~k>’ The choiceof componentsof the preferable
accuracydeterminedby the errorsof the classical basisis unique.Indeed,supposethat thereexistsan-
observables. otherpreferablebasis I ~> for the systemS. Then

the wave function of the whole systemafter mea-
surementscanbe representedin the form

4. Theory of measurements ~ , (13)
in

Weshalldemonstratehow theproposedwaytode-
where I w~>arethe vectorsof the Hilbert spaceof

fine the basisworksin the theoryof measurements. the device. Expand I vi~,>in a power seriesof
Considera quantumsystemSwith a wavefunction I W~>:

I WS> interactingwith a deviceM which measures
thequantityd4—IAofthesystemS. Thedeviceshould I wi,> = ~c~1I> . (14)
be a classicalobjectand its indicationsare charac- in

terizedby a classicalobservable~t (declinationof At leasttwo of the coefficientsc1,,. essentiallydiffer
thearrow) which is assigneda macroscopicoperator from zero becauseI w~># I w~L>on noAm. Substi-
M. In the spaceof the wave functionsof thedevice tuting (14) into theright-handsideof (12)andcorn-
one can single out subspaces~ such that for paringthe expressionobtainedwith (13), we find
I w~> e we have

1/2

2i 2(9) I~>=~a/c/mIW~>(~IakI Ick~I)~. (15)
/ k

whereM[A~J= ~ MIy.’~>, and&il”[A~] is the
error in “arrow” fixation. If the initial wave vector It is easytoverify that I ~ ~~ fornoA, because
of the systemS is the eigenvectorof the operatorA for (15) the conditions(5) are not satisfied.Con-
which correspondsto the eigenvalueAk, then the re- sequently,the basis I Wm> is notpreferable.
suit of the interactionbetweenthe systemSandthe
deviceM shouldhavetheform

IW~k>I W~f>—’IYJ~k>Iw~>, (10) 5. Concluding remarks

where I w~>is the vectorcorrespondingto the ini-
tial stateof the device.The condition (10) is nec- Above, settingthe error~Jj~e of the valuesof the
essary for realizing a good measurementof the classicalobservabiesjja we definedan ensembleof

universeswhichcanbeconsideredasclassicallydis-quantity~Wby the deviceM [9].if tinct non-interactinguniverses.The term “non-in-

teracting”impliesherethataninterferenceinfluence
I WS> = ~ a, I w~,>, (11) of someuniversesupon othersleadsto corrections

in.~,rsmallerthan~4ia andcannorthereforebedis-
then(10)andthelinearity of the Schrödingerequa- covered.By decreasing&.t~’(i.e. increasingthe ac-
tion imply curacyof a classicaldevice) we finally reachthe

valuesequalto thequantummechanicaldispersions
S’ M’I WS> I w~~>—‘ ~ a, WA,) I WAi) . (12) 6J(~of the operatorsMa for the states ct’1> e

The quantities&.#~ cannotbe smallerthancertain
Different terms of the superposition(12) cone- minimal valuesdeterminedby the parametersof the
spondtoclassicallydifferentuniverses(“indications system.Thisis due to non-commutativityof canon-
of the arrow” of the device .~ M[A,] are distinct ically conjugateoperators,that is, to the uncertainty
for them). The basis I w~,>Iw~>is preferablebe- principle. The accuracyof a classicaldevicecannot
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exceed the quantum-mechanicaluncertainty of individual propertieswhich would makethem dif-
~ If we decideto impart a moreprecisemeaning ferent from eachotherbecausethe interferencein-
to the operatorsMa, we will haveto considerthe teractionis too strong.
“device” in a quantum-mechanicalmanner.
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