MANY- WORLDS | NTERPRETATI ON

The concept of collapse of the state vector introduced by von Neunmann
in 1930s and has becone integral part of orthodox interpretation of
guantum t heory.

What evidence do we have that this collapse really takes place?

Well . . . pots and erasers now seemto be direct evidence for
col | apse.

What if they turn out to have a different explanation? Wat are the
ot her possibilities?

As we have seen, coll apse seens to be necessary to explain how a
guantum systeminitially in |linear superposition state before
measurenent is converted into quantum systemexisting in only one of
nmeasur enent ei genstates after neasurenent process has occurred.

It was introduced into the theory because our experience is that
pointers point in only one direction at a tine.

Early View

The Copenhagen solution to the neasurenment problemis to say there is
no sol ution.

Poi nters point because they are part of a nmacroscopic measuring
devi ce which confornms to | aws of cl assical physics.

Collapse is only way in which "real” world of classical objects can
be related to "unreal"” world of quantum particles.

Is it sinply a useful invention, an algorithm that allows us to
predi ct outcomes of neasurenents and not a real process. Many point
out that if we wish to nake col |l apse a real physical change occurring
as a real physical property of quantum system then we nust add
sonething to theory, if only the suggestion that consci ousness
sonehow i nvol ved. This is not a satisfactory outcone to nmany
physi ci st s.

So the sinplest solution to problem of quantum nmeasurenent is to say
there is no problem

Over the last 60 years, quantumtheory has proved its worth tinme and
time again in the |laboratory. Why change it or add extra bits to it?

Al though, it is overtly a theory of the mcroscopic world, we know

t hat macroscopi c objects are conposed of atons and nol ecul es, so why
not accept that quantumtheory applies equally well to pointers, cats
and human observers? Pointers point because of collapse and that is
that!!!! That is the standard view

There is a different interpretation accepted by many. In this
interpretation the observer is assunmed to split into nunber of
different, non-interacting conscious selves. Each individual self
records and renenbers a different result, and all possible results
are realized
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In this interpretation, the act of neasurenent splits the entire
uni verse into a nunmber of branches, with a different result being
recorded in each branch.

This is so-called many-worlds interpretation of quantumtheory.
Rel ative states

Everett insisted that pure Schrodi nger wave nechanics is all that is
needed to make a conpl ete theory.

Thus, wavefunction obeys deterministic, tinme-symetric equations of
notion at all tines in all circunstances. Initially, no
interpretation is given for wavefunction; rather, the neaning of
wavef unction nust enmerge fromformalismitself. Wthout the coll apse
of the wavefunction, the neasurenent process occupies no speci al
place in theory. Instead, the results of the interaction between a
guantum system and an external observer are obtained from properties
of a larger conposite systemforned fromthem

In conplete contrast to special role given to observer in von
Neurmann's and Wgner's theory of neasurenent, in Everett's
interpretation the observer is nothing nore than an el aborate
measuri ng devi ce.

In terns of the effect on the physics of quantum system a conscious
observer is no different froman inanimate, automatic recording
device, which is capable of storing an experinental result inits
nmenory.

The relative state fornulation is based on properties of quantum
systens which are conposed of smaller sub-systens. Each
sub-system can be described in terns of some state vector which, in
turn, can be witten as |inear superposition of sone arbitrary set of
basis states. The vector space of conposite systemis a product of
vect or spaces of sub-systens. If we consider sinple case of 2
sub-systens, then the overall state vector of the conposite systemis
a giant linear superposition of terns involving all parts of both
sub- syst ens.

The end result
one sub-system
sub-syst em

a giant entangled state, where every property of
entangled with all other properties of the other

(72 0N7)]

We can see nore clearly what this nmeans by | ooking at specific
exanpl e.

Consi der once again the interaction between a nmeasuring device and a
si npl e quantum system which possesses just two eigenstates. The
measuri ng device may, or may not, involve observation by human
observer.

From previ ous discussions, can wite the state vector of the
conposite system (quantum system + neasuri ng device) as

|®)=c

+

vle.)+cly )le.)
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As before, |p,) and |y_) are measurement eigenstates of quantum system

and |¢,) and |¢_.) are the corresponding states of neasuring device

(different pointer positions, for exanple) after interaction has
t aken pl ace.

Everett's argunent is that we can no | onger speak of the state of
ei ther the quantum system or the neasuring device independently.

However, can define states of neasuring device relative to those of
guantum system as fol | ows:

‘(I)+REL> = C+ +>
‘(I)_REL> = C—| —>
and
@) =, )| P ) + )| Pt )

The relative nature of the states is made nore explicit by witing
expansion coefficients c, and c as anplitudes:

¢ =(w.a,|0) |0 =0 P)0.)
C_=<w_,¢_|<1>> , ‘(I);{EL>=<U}—1¢—|(I)>|¢—>

wher e

(oo |=(w. Ko, and (w0 |=(w [io]

Everett went on to show that the relative states fornul ati on of
guantum nechanics is entirely consistent with the way quantum t heory
is used inits orthodox interpretation to derive probabilities.

| nstead of talking about sinple anplitudes and probabilities, it is
necessary to tal k about conditional probabilities, which is the
probability that a particular result will be obtained in a

measur enent given certain conditions.

The nane is different, but procedure is sane.

Al this is reasonably straightforward and non-controversi al.
However, the |ogical extension of Everett's fornulation of gquantum
theory leads inevitably to conclusion that, once entangled, relative
states can never be di sentangl ed.

The Branchi ng Uni verse

In Everett's fornulation of quantumtheory, there is no doubt as to
reality of quantum system Indeed, the theory is quite determnistic
in the way that Schrodi nger had originally hoped. Gven a certain set
of initial conditions, the wavefunction of quantum system devel ops
according to quantum | aws of notion. The wavefunction describes the
real properties of a real systemand its interaction with a real
nmeasuri ng device so that all specul ati on about determ nism
causality, quantum junps and col | apse of wavefunction is unnecessary.

However, restoration of reality in Everett's formalismcones with a
fairly large trade-off.
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If there is no collapse, each termin the superposition of the total
state vector |®) is real, i.e., all experinmental results are realized.

Each termin the superposition corresponds to a state of the
conposite systemand is an eigenstate of observation. Each descri bes
a correlation of the states of the quantum system and the neasuri ng

device (or observer) in the sense that |yp,) is correlated with |¢,) and

ly_) with |¢.). Everett argued this correlation indicates that observer

perceives only one result, corresponding to a specific eigenstate of
observati on.

In his July 1957 paper, he wote:

Thus with each succeedi ng observati on

(or interaction), the observed state
branches into a nunber of different
states. Each branch represents a

di fferent outcone of measurenment and a
correspondi ng ei genstate for [conposite]
system All branches exist simultaneously
in superposition after any given sequence
of observati ons.

Thus, in the case where an observation is made of the polarization
state of a photon known to be initially in a state of 45°-

pol ari zation, the act of neasurenent causes universe to split into
two separate universes.

I n one of these universes, an observer neasures and records that
phot on was detected in a state of vertical polarization. In the

ot her, the sane observer neasures and records that photon was
detected in a state of horizontal polarization. The sane observer now
exists in two distinct states in two universes.

Looki ng back at paradox of Schrodinger's cat, we can see that
difficulty is now resolved. The cat is not sinultaneously alive and
dead in the sane universe, it is alive in one branch of the universe
and dead in the other!

Wth repeated neasurenents, the universe, together with observer
continues to split. A repeated neasurenent for which there are two
possi bl e outconmes continually splits the universe. The path foll owed
frombeginning of tree to the end of one of its branches corresponds
to a particular sequence of results observed in one split universe.

I n each branch, the observer records a different sequence of results.
Because each particular state of observer does not perceive universe
to be branching, the results appear entirely consistent with the
notion that wavefunction of the original 45°-polarized photon
col |l apsed into one or the other of two neasurenent eigenstates.

Why does the observer not retain sonme sensation that the universe
splits into two branches at nonent of neasurenent? The answer given
by the proponents of the Everett theory is that |aws of quantum
mechani cs sinply do not allow the observer to nake this kind of
observati on.
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DeWtt argued that if splitting were to be observable, then it should
be possible in principle to set up a second neasuring device to
obtain a result fromnenory of first device which differs fromthat
obtained by its own direct observation.

Wgner's friend could respond with an answer which differs from one
that Wgner could check for hinself. This not only never happens
(except where a genuine human error occurs) but is also not allowed
by the nmat hemati cs.

The branching of the universe is unobservable!!!

Not very satisfying at all!
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