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This is a FAQ on physical and netaphysica
approaches to the neasurenent problemin QM Pl ease help make it
nore conplete. See “What is needed' for details.

The existing sci.physics FAQ does a good job of dealing with technica
questions in nost areas of physics. However it has no nmaterial on
interpretations of QM which are anong the nost frequently di scussed
topics in sci.physics. Perhaps in part because of that void a rogue
"FAQ on the many worlds interpretation has appeared. That docunent is
nmore a position paper that advocates the many worlds interpretation than
an attenpt at objectively answering questions about the interpretation.

It contains serious factual errors. Thus there is a need for a docunent
that provides a broader and nore objective description of interpretations
of QM and ot her approaches to the neasurenent problem

This docunment is probably out of date if you are reading it nore
than 30 days after the date which appears in the header. The easi est
way for nost people to get a copy of any FAQ is by anonynous FTP or
via e-nail server fromrtfmnit.edu. By FTP, look for the file

/ pub/ usenet / news. answer s/ physi cs-f aq/ neasur enent -i n- gm

By e-mail send a nessage with a blank subject line and the
wor ds:

send usenet/ news. answer s/ physi cs-faq/ measurenent -i n- gm

The main sci.physics FAQis in this same directory with file nanes
partl through part4 and can be retrieved in the same way.
You can put nultiple send lines in a single e-nail request.

This docunent, as a collection, is Copyright 1995 by Paul P. Budnik
(paul @t nmat h. com). The individual articles are Copyright 1995 by

the individual authors listed. Al rights are reserved. Permi ssion to use,
copy and distribute this unnodified docunent by any neans and for any

pur pose EXCEPT PROFI T PURPCSES is hereby granted, provided that both the
above Copyright notice and this pernission notice appear in all copies of
the FAQitself. Reproducing this FAQ by any neans, included, but not
limted to, printing, copying existing prints, publishing by electronic or
other neans, inplies full agreement to the above non-profit-use clause,

unl ess upon explicit prior witten perm ssion of the authors.

This FAQis provided by the authors "as is," with all its faults.

Any express or inplied warranties, including, but not Iimted to, any
inmplied warranties of merchantability, accuracy, or fitness for any
particul ar purpose, are disclaimed. |If you use the information in this
docunent, in any way, you do so at your own risk
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ltem 1.

The measur enent probl em

Paul Budni k (paul @t nnmath. com

The formul ati on of QM describes the deternministic unitary evol ution of
a wave function. This wave function is never observed experinentally.
The wave function allows us to conmpute the probability that certain
macroscopi ¢ events will be observed. There are no events and no nechani sm
for creating events in the mathematical nodel. It is this dichotony
bet ween the wave function nodel and observed nacroscopic events

that is the source of the interpretation issue in QM In classical
physics the mat hematical nodel tal ks about the things we observe.

In QM the mat hemati cal nodel by itself never produces observations.

We nust *interpret* the wave function in order to relate it to
experinental observations.

It is inmportant to understand that this is not sinply a philosophica
question or a rhetorical debate. In Qv one often nmust nodel systens

as the superposition of two or nore possible outcomes. Superpositions

can produce interference effects and thus are experinentally distinguishable
frommxed states. How does a superposition of different possibilities
resolve itself into sonme particular observation? This question (also known
as the nmeasurenent problen) affects how we anal yze sone experinments such as
tests of Bell's inequality and may raise the question of interpretations
froma phil osophical debate to an experinentally testable question. So far
there is no evidence that it nakes any difference. The wave function evol ves
in such a way that there are no observable effects from macroscopic
superpositions. It is only superposition of different possibilities

at the microscopic level that |eads to experinentally detectable
interference effects.

Thus it would seemthat there is no criteria for objective events
and perhaps no need for such a criteria. However there is at |east
one small fly in the ointnent. In analyzing a test of Bell's inequality
one nmust make some determi nation as to when an observation was
conplete, i. e. could not be reversed. These experinments depend
on the timng of nmacroscopic events. The natural assunption is

to use cl assical thernodynanmics to conpute the probability that

a macroscopi c event can be reversed. This however inplies that
there is sone *objective* process that produces the *particul ar*
observation. Since no such objective process exists in

current nodels this suggests that QMis an inconplete theory.

This m ght be thought of as the Einstein interpretation of

M i. e., that there are objective physical processes that

create observations and we do not yet understand these processes.
This is the view of the conpiler of this docunent.



For nore information:

Ed. J. VWheeler, W Zurek, _Quantumtheory and measurenent _,
Princeton University Press, 1983.

J. S. Bell, _Speakable and unspeakable in quantum nechanics_, Canbridge
Uni versity Press, 1987

R 1.G Hughes, _The Structure and Interpretation of Quantum
Mechani cs_, Harvard University Press, 1989
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Item 2.

Schr odi nger's cat

Paul Budni k (paul @t nmat h. com)

In 1935 Schrodi nger published an essay describing the conceptua
problens in QM 1]. A brief paragraph in this essay described the
cat paradox.

One can even set up quite ridicul ous cases. A cat

is penned up in a steel chanber, along with the foll ow ng

di abol i cal device (which nust be secured agai nst direct
interference by the cat): in a Geiger counter there is a

tiny bit of radioactive substance, so small that *perhaps*

in the course of one hour one of the atoms decays, but al so,

wi th equal probability, perhaps none; if it happens, the
counter tube discharges and through a relay rel eases a hamrer
whi ch shatters a small flask of hydrocyanic acid. If one has
left this entire systemto itself for an hour, one would

say that the cat still lives *if* neanwhile no atom has decayed
The first atom c decay woul d have poisoned it. The Psi function
for the entire systemwould express this by having in it the
living and the dead cat (pardon the expression) mxed or
snmeared out in equal parts

It is typical of these cases that an indeterm nacy originally
restricted to the atonic domain becomes transformed into

macr oscopi ¢ i ndet ermi nacy, which can then be *resol ved* by
direct observation. That prevents us from so naively accepting
as valid a "blurred nodel" for representing reality. In itself
it would not enbody anything unclear or contradictory. There is
a difference between a shaky or out-of-focus photograph and a
snapshot of clouds and fog banks.

We know that superposition of possible outconmes nust exist sinultaneously

at a microscopic | evel because we can observe interference effects fromthese.
We know (at | east nobst of us know) that the cat in the box is dead, alive or
dying and not in a sneared out state between the alternatives. Wien and how
does the nodel of many mcroscopic possibilities resolve itself into a
particul ar macroscopi c state? When and how does the fog bank of m croscopic
possibilities transformitself to the blurred picture we have of a definite
macroscopi c state. That is the neasurenent problem and Schrodinger's

cat is a sinple and el egant explanati ons of that problem

Ref er ences:

[1] E. Schrodinger, "Die gegenwartige Situation in der Quantennechanik, "
_Naturwi ssenschaftern_. 23 : pp. 807-812; 823-823, 8440849. (1935).
English translation: John D. Trinmmer, _Proceedings of the American

Phi | osophi cal Society , 124, 323-38 (1980),

Reprinted in _Quantum Theory and Measurenment , p 152 (1983).
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ltem 3.

The Copenhagen interpretation

Paul Budni k (paul @t nmat h. com)

This is the oldest of the interpretations. It is based on Bohr's notion
of “conplenentarity'. Bohr felt that the classical and quantum nechanica
nmodel s were two conpl ementary ways of dealing with physics *both* of

whi ch were necessary. Bohr felt that an experinental observation
col l apsed or ruptured (his tern) the wave function to make its future
evol ution consistent with what we observe experinentally. Bohr understood
that there was no precise way to define the exact point at which collapse
occurred. Any attenpt to do so would yield a different theory rather than
an interpretation of the existing theory. Nonetheless he felt it was
connected to consci ous observation as this was the ultimate criteria by
whi ch we know a specific observation has occurred.

Ref er ences:

N. Bohr, The quantum postul ate and recent the recent devel opnent of
atomic theory, _Nature_, 121, 580-89 (1928),

Reprinted in _Quantum Theory and Measurement_, p 87, (1983).
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Item 4.

The relative state (many worlds) interpretation

Paul Budni k (paul @t nnmath. com

The idea of the wave function collapsing has al ways been troubling

to some physicists. Everett nmade the assunption that no coll apse occurs

and worked out the mathematical inplications of this assunption.

It is inmportant to understand that the Everett interpretation does

not expl ain macroscopi ¢ observations or solve the neasurenent

problem It assunes they exist and al so assunes that the wave function

does not collapse. These two assunptions lead to the relative state nodel.
Instead of the existence of a single unique set of macroscopi c observations
there is an ill defined nultiplicity of relative states that are al so
referred to as many worl ds.

There is no relativistic version of Everett's interpretation. Since
the relativistic version of quantum nechanics, quantumfield theory.
has no wave function it is not clear how a relativistic version
coul d be devel oped.

Ref er ences:

H Everett. "Relative State" Fornul ati on of Quantum Mechani cs,
_Reviews of Mddern Physics , 29 454-462, (1957)

Reprinted in _Quantum Theory and Measurenent_, p. 315, (1987).
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Item 5.

Is QM a conplete theory?

Paul Budni k (paul @t nmat h. com)

Ei nstein did not believe that God plays dice and thought a nore
conpl ete theory would predict the actual outcone of experinents.
He argued[1] that quantities that are conserved absolutely
(such as monentum or energy) must correspond to sonme objective
el ement of physical reality. Because QM does not nodel this he
felt it nust be inconplete.



It is possible that events are the result of objective physica
processes that we do not yet understand. These processes nay deternmnne
the actual outcone of experinments and not just their probabilities.
Certainly that is the natural assunption to make. Any

one who does not understand QV and nany who have only a superfi ci al
under standi ng naturally think that observations cone about from

some obj ective physical process even if they think we can only

predi ct probabilities.

There have been numerous attenpts to devel op such alternatives.

These are often referred to as " hidden variables' theories. Bel

proved that such theories cannot deal with quantum

ent angl ement wi thout introducing explicitly nonlocal nechanisns[2].
Quantum ent angl emrent refers to the way observations of two particles
are correlated after the particles interact. It comes about because the
conservation |laws are exact but nost observations are probabilistic.
Nonl ocal operations in hidden variables theories m ght not seem

such a drawback since QMitself nust use explicit nonlocal mechani sm
to deal with entangl enent. However in QWthe non-locality is in a wave
function which nost do not consider to be a physical entity. This
makes the non-locality less offensive or at |east easier to
rationalize away.

It might seemthat the tables have been turned on Einstein. The very
argunent he used in EPR to show QM nust be inconpl ete requires that

hi dden vari abl es nodel s have explicit nonlocal operations. However it

is experiments and not theoretical argunents that now nust decide the

i ssue. Although all experiments to date have produced results consistent
with the predictions of QM there is general agreenent that the existing
experinents are inconclusive[3]. The is no concl usive experinmenta
confirmation of the nonlocal predictions of QM If these experinents
eventually confirmlocality and not QM Einstein will be |argely

vindi cated for exactly the reasons he gave in EPR Final vindication

wi || depend on the devel opnent of a nore conplete theory.

Most physicists (including Bell before his untinely death) believe QMis
correct in predicting locality is violated. Wiy do they have so nuch nore
faith in the strange formalismof QM than in basic principles like locality
or the notion that observations are produced by objective processes?

think the reason may be that they are viewi ng these problens in the wong
conceptual franmework. The term " hidden variabl es' suggests a theory of
classical like particles with additional hidden variabl es. However quantum
ent angl enent and t he behavior of nulti-particle systens strongly suggests
t hat whatever underlies quantumeffects it is nothing |ike classica
particles. If that is so then any attenpt to develop a nore conplete
theory in this framework can only lead to frustration and failure.

The fault may not be in classical principles like locality or

determnism They failure nmay only be in the inmagination of those

who are convinced that no nore conplete theory is possible.

One alternative to classical particles is to think of observations as
focal points in state space of nonlinear transformations of

the wave function. Attractors in Chaos theory provide one nodel of
processes like this. Perhaps there is an objective physical wave function
and QM only nodel s the average or statistical behavior of this wave
function. Perhaps the structure of this physical wave function determ nes
the probability that the wave function will transformnonlinearly at

a particular location. If this is so then probability in QM conbines

two very different kinds of probabilities. The first is the probability
associated with our state of ignorance about the detail ed behavior of

t he physical wave function. The second is the probability that the

physi cal wave function will transformwith a particular focal point.

A nodel of this type might be able to explain existing experinenta



results and still never violate locality. | have advocated a cl ass of
nmodel s of this type based on using a discretized finite difference
equation rather then a continuous differential equation to node

the wave function[4]. The nonlinearity that nmust be introduced to

di scretize the difference equation is a source of chaotic |ike behavior

In this nodel the enforcenent of the conservation | aws cones about through
a process of converging to a stable state. Information that enforces

these laws is stored hol ographic like over a w de region

Most woul d agree that the best solution to the neasurenent problem
woul d be a nore conplete theory. Wiere people part conpany is in
their belief in whether such a thing is possible. Al attenpts

to prove it inpossible (starting with von Neunann[5]) have been shown
to be flawed[6]. It is in part Bell's analysis of these proofs that
led to his proof about locality in QM Bell has transforned

a significant part of this issue to one experinenters

can address. If nature violates locality in the way QM predicts then
a local deternministic theory of the kind Einstein was searching for
is not possible. If QMis incorrect in nmaking these predictions then
a nore accurate and nore conplete theory is a necessity. Such a
theory is quite likely to account for events by an objective physica
process.

Ref er ences:

[1] A Einstein, B. Podolsky and N. Rosen, Can quantum nechanica
descriptions of physical reality be considered conpl ete?,
_Physical Review_, 47, 777 (1935).

Reprinted in _Quantum Theory and Measurement_, p. 139, (1987).

[2] J. S. Bell, On the Einstein Podol osky Rosen Paradox, _Physics_, 1,
195- 200 (1964).

Reprinted in _Quantum Theory and Measurenment , p. 403, (1987).

[3] P. G Kwiat, P. H Eberhard, AL M Steinberg, and R Y. Chiao
Proposal for a | oophole-free Bell inequality experinment,

_Physical Reviews A, 49, 3209 (1994).

[4] P. Budnik, Developing a |ocal determnistic theory to account
for quantum nechani cal effects, hep-th/ 9410153, (1995).

[5] J. von Neurmann, _The Mathematical Foundations of
Quant um Mechani cs_, Princeton University Press, N J., (1955).

[6] J. S. Bell, On the the problem of hidden variables in quantum
mechani cs, _Reviews of Mdern Physics_, 38, 447-452, (1966).
Reprinted in _Quantum Theory and Measurenment_, p. 397, (1987).
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ltem 6.

The shut up and calculate interpretation

This is the nost popular of interpretations. It recognizes that the
i mportant content of QM is the mathematical nodels and the ability
to apply those nodels to real experinments. As |ong as we understand
the nodels and their application we do not need an interpretation

Advocates of this position |ike to argue that the existing framework
allows us to solve all real problens and that is all that is inportant.
Franson's analysis of Aspect's experinment[1l] shows this is not entirely
true. Because there is no objective criteria in QM for determ ning when a
measurenent is conplete (and hence irreversible) there is no objective
criteria for neasuring the delays in a test of Bell's inequality.

If the denise of Schrodinger's cat may not be deternined unti

someone | ooks in the box (see item?2) how are we to know when a neasurenent
in tests of Bells inequality is irreversible and thus neasure the

critical timng in these experinments?



Ref er ences:
[1] J. D. Franson, Bell's Theorem and del ayed determni ni sm
_Physical Review D, 31, 2529-2532, (1985).

Rk Sk Sk b S R ok S R R Sk O R R R kb Sk S R R O R R R Rk kS S R R R R S Rk o

Item 7.

Bohm s theory

Paul Budni k (paul @t nmat h. com)

Bohm's interpretation is an explicitly nonlocal nechanistic nodel. Just

as Bohr saw t he phil osophical principle of conplenentarity as having broader
i mplications than quantum mechani cs Bohm saw a deep rel ationship

between locality violation and the whol eness or unity of all that

exi sts. Bohm was perhaps the first to truly understand the nonl oca

nat ure of quantum nmechanics. Bell acknow edged the inportance of Bohnis
work in hel ping develop Bell's ideas about locality in QM

Ref er ences:

D. Bohm A suggested interpretation of quantumtheory in terns of
"hi dden" variables |I and Il, _Physical Review, 85, 155-93 (1952).
Reprinted in _Quantum Theory and Measurement_, p. 369, (1987).

D. Bohm & B.J. Hiley, _The Undivided Universe: an ontol ogi ca
interpretation of quantumtheory_ (Routledge: London & New York,
1993).
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Item 8.

The Transactional Interpretation of Quantum Mechanics

Lawence R Mead (Il rnmead@hal e. st. usm edu)

The transactional interpretation of quantum nmechanics (J.G Craner,

Phys. Rev. D 22, 362 (1980) ) has received little attention over

the one and one half decades since its conception. It is to be enphasized
that, like the Many-Wrlds and other interpretations, the transactiona
interpretation (TlI) makes no new physical predictions; it merely reinterprets
t he physical content of the very same mat hematical formalismas used in

the "standard" textbooks, or by all other interpretations.

The followi ng summari zes the Tl. Consider a two-body system (there are

no additional conplications arising in the nmany-body case); the quantum
mechani cal object |ocated at space-time point (R 1, T_1) and another

with which it will interact at (R 2, T_2). A quantum nechani cal process
governed by E=h\nu, conservation |aws, etc., occurs between the two in the
foll owi ng way.

1) The "enmitter" (E) at (R 1, T 1) enits a retarded "offer wave" (ON \Psi.
This wave (or state vector) is an actual physical wave and not (as in
t he Copenhagen interpretation) just a "probability" wave.

2) The "absorber"” (A) at (R 2, T 2) receives the ONand is stinulated to enit
an *advanced* "echo" or "confirmation wave" (CW proportional to \Ps
at R 2 backward in time; the proportionality factor is \Psi* (R 2,T_2).

3) The advanced wave which arrives at '"E is \Psi \Psi* and is presunmed to be
the probability, P, that the transaction is conplete (ie., that an interaction
has taken pl ace).

4) The exchange of ONs and CWs continues until a net exchange of energy and
ot her conserved quantities occurs dictated by the quantum boundary conditions
of the system at which point the "transaction" is conplete. In effect, a



standi ng wave in *space-tine* is set up between 'E and 'A, consistent
with conservation of energy and nmonentum (and angul ar nomentun). The
formation of this superposition of advanced and retarded waves is the
equi val ent to the Copenhagen "col |l apse of the state vector". An observer
perceives only the conpleted transacti on, however, which he would
interpret as a single, retarded wave (photon, for exanple) traveling
from'E to 'A'.

QL. When does the "coll apse" occur?

Al. This is no longer a neani ngful question. The quantum measurenent
process happens "when" the transaction (ONsent - CWreceived - standing
wave formed with probability \Psi \Psi*) is finished - and this happens
over a *space-time* interval; thus, one cannot point to a tinme of collapse,
only to an interval of collapse (consistent with relativity).

@. Wait a nonment. What you are describing is tine reversal invariant. But
for a massive particle you have to use the Schrodi nger equation and if
\Psi is a solution (ON, then \Psi* is not a solution. Wuat gives?

A2. Renenber that the CWnust be tinme reversed, and in genera

nmust be relativistically invariant; ie., a solution of the Dirac equation
Now (eg., see Bjorken and Drell, Relativistic QW, the nonrelativistic
limt of that is not just the Schrodinger equation, but two Schrodi nger
equations: the tine forward equation satisfied by \Psi, and the tine
reversed Schrodi nger equation (which has i --> -i) for which \Psi* is

the correct solution. Thus, \Psi* is the correct CWfor \Psi as the OW

@B. What about other objects in other places?

A3. The whol e process is three dinmensional (space). The retarded OWis
sent in all spatial directions. O her objects receiving the OVNare sending
back their own CWadvanced waves to 'E al so. Suppose the receivers are

| abeled 1 and 2, with correspondi ng energy changes E 1 and E 2. Then

the state vector of the systemcould be witten as a superposition of
waves in the standard fashion. In particular, tw possible transactions
could form exchange of energy E 1 with probability P_1=\Psi_1 \Psi_1*,

or E2 with probability P_2=\Psi_2 \Psi_2*. Here, the conjugated waves

are the advanced waves eval uated at the position of R 1 or R 2 respectively
according to rule 3 above.

. Involving as it does an entire space-tine interval, isn't this a
nonl ocal "theory"?

A4. Yes, indeed; it was explicitly designed that way. As you know from
Bell's theorem no "theory" can agree with quantum nmechanics unless it
is nonlocal in character. In effect, the Tl is a hidden variables theory
as it postulates a *real* waves traveling in space-tine.

b. What happens to ONs that are not "absorbed" ?

A5. lnasnuch as they do not stinulate a responsive CW they just continue
to travel onward until they do. This does not present any problens since
in that case no energy or nonentum or any other physical observable is
transferred.

6. How about all of the standard neasurenent thought experiemts |ike

the EPR, Schrodinger's cat, Wgner's friend, and Renninger's negative-result
experinment ?

A6. The interpretational difficulties with the latter three are due to

the necessity of decidi ng when the Copenhagen state reduction occurs. As

we saw above, in the Tl there is no specific tine when the transaction is
complete. The EPR is a conpl eteness argunent requiring objective reality.

The Tl supplies this as well; the OWand CWare real waves, not waves of
probability.
Q7. | amcurious about nore technical details. Can you give a

further reference?
A7. 1If you understand the theory of "advanced" and "retarded" waves
(out of electronmagneti smand optics), many of the details of TI



cal culations can be found in: Reviews of Mdern Physics, Vol. 58, July
1986, pp. 647-687.
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Item 9.

Conpl ex probabilities

Ref er ences;
Saul Youssef _Quantum Mechani cs as Conpl ex Probability Theory_ hep-th 9307019.
S. Youssef, Mod. Phys. Lett. A 28(1994)2571.
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Item 10.

Quantum | ogi ¢

Ref er ences:

R I.G Hughes, _The Structure and Interpretation of Quantum
Mechani cs_, pp. 178-217, Harvard University Press, 1989.
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Iltem 11.

Consi stent Histories

Ref er ence:
R B. Giffiths, "Consistent Histories and the Interpretation of
Quant um Mechani cs", Journal of statistical Physics, 36(1/2):219-272(1984)
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ltem 12.

What i s needed?

Al'l conments suggested and contributions are wel cone. We currently
have not hing on Conpl ex Probabilities and Quantum Logic. The entries
on the following topics are mnimal and should be repl aced by
complete articles.

Copenhagen interpretation
Rel ative State (Everett)
Shut up and cal cul ate
Bohm s theory

Al ternative views on any of the topics and suggestions
for additional topics are wel cone.
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Item 13.

Is this a real FAQ?

Paul Budni k (paul @t nnath. com

A FAQ is generally understood to be a reasonably objective set of answers
to frequently asked questions in a news group. In cases where an issue is
controversial the FAQ should include all credible opinions and/or

the consensus vi ew of the news group.

Establ i shing factual accuracy is not easy. No consensus is possible

on interpretations of QM because nmany aspects of interpretations involve
met aphysi cal questions. My intention is that this be an objective
accurate FAQ that allows for the expression of all credible rel evant



opinions. | did not call it a FAQuntil | had significant feedback
fromthe “sci.physics' group. | have responded to all criticismand
have made sonme corrections. Nonethel ess there have been a coupl e of
conmpl aints about this not being a real FAQ and there is one issue that
has not been resol ved.

I f anyone thinks there are technical errors in the FAQ

pl ease say what you think the errors are. | will either fix

the problemor try to reach on a consensus with the help

of the “sci.physics' group about what is factually accurate.

I do not feel this FAQ should be Iimted to noncontroversial issues.
A FAQ on neasurenent in quantum nechani cs shoul d hi ghli ght

and underscore the conceptual issues and problens in the theory.

The one area that has been di scussed and not resolved is the status
of locality in Everett's interpretation. Here is what | believe the
facts are.

Eberhard proved that any theory that reproduces the predictions of QMis

nonl ocal [1] . This proof assunmes contrafactual definiteness (CFD)

or that one could have done a different experinment and have gotten a definite
result. This assunption is widely used in statistical arguments.

Here i s what Eberhard means by nonl ocal

Let us consider two neasuring apparata located in two different places

A and B. There is a knob *a* on apparatus A and a knob *b* on apparatus B
Since A and B are separated in space, it is natural to think what wll
happen at A is independent of the setting of knob *b* and *vice versa*.
The principles of relativity seemto inpose this point of viewif the
time at which the knobs are set and the tinme of the nmeasurenents are

so close that, in the tine laps, no light signal can travel fromA to

B and *vice versa*. Then, no signal can informa neasurenent apparatus

of what the knob setting on the other is. However, there are cases in

whi ch the predictions of quantumtheory make that independence assunption
i mpossible. If quantumtheory is true, there are cases in which the
results of the neasurenents A will depend on the setting of the knob

*b* and/or the results of the nmeasurenents in B will depend on the
setting of the knob *a*.[1]

It is logically possible to deny CFD and thus to avoid Eberhard's proof.
This assunption can be made in Everett's interpretation. Everett's
interpretation does not inply CFD is false and CFD can be assuned

false in other interpretations. | do not think it is reasonable to
deny CFD in sone experinments and not others but that is a judgnent cal
on which intelligent people can differ.

It is mathematically inmpossible to have a unitary relativistic

wave function from which one can conpute probabilities that will
violate Bell's inequality. A unitary wave function does satisfy CFD
and thus is subject to Eberhard's proof. This is a problemfor some
advocates of Everett who insist that only the wave function exists.
There is no wave function consistent with both quantum mechani cs and
relativity and it is mathematically inpossible to construct such a
function. Quantumfield theory requires a nonlocal and thus

nonrel ativistic state nodel. The predications of quantumfield
theory are the sane in any frame of reference but the mechani sns
that generate nonlocal effects nust operate in an absolute frame

of reference. Quantum uncertainty makes this seeningly paradoxica
situation possible. There is a nonlocal effect but we cannot tel

if the effect went fromA to B or Bto A because of quantum
uncertainty. As a result the predictions are the sane in any frane
of reference but any nmechani smthat produces these predictions nust
be tied to an absolute frane of reference.

There is a certain Alice in Wnderland quality to argunments on these



i ssues. Many physicists claimthat classical mathenatics does not
apply to sone aspects of quantum nechanics, yet there is no other

mat hemati cs. The wave function nodel is a classical causal deterninistic
nmodel . The conputation of probabilities fromthat nodel is as well.
The aspect of quantum nmechanics that one can claimlies outside

of classical nmathematics is the interpretation of those probabilities.
Most physicists believe these probabilities are irreducible, i. e.

do not cone froma nore fundanental deterninistic process the

way probabilities do in classical physics. Because there is no

mat hemati cal theory of irreduci ble probabilities one can invent

new net aphysics to interpret these probabilities and here is

where the problens and confusion rest.

Sone physicists claimthere is new netaphysics

and within this metaphysics quantum nmechanics is | ocal

Ref er ences:
P. H Eberhard, Bell's Theorem wi t hout H dden Vari abl es"
Il Nuovo Cinento, V38 B 1, p 75, Mar 1977
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|tem 14.

Errors in the Many-worlds " FAQ

The following refers to the periodic posting archived at "rtfmnit.edu
as '/ pub/usenet/news. answers/ many-worlds-faq'. This is a |list

of the nobst egregious errors | found in reading parts of this docunent
and scanning the whole nmess. It is by no nmeans an exhaustive |ist of
the errors.

QL Who believes in many-worl ds?

The poll by "Political scientist" L David Raub quoted under this
topi c suggests that 58% of "I eading cosnol ogi sts and ot her quantum
field theorists" agree "Yes, | think MN¥ is true"

By no nmeans does this suggest that 58% of physicists (or |eading
physicists) believe this. It is easy to construct a poll to get the
answers you want or to msinterpret poll results. Anbng the supporters
listed is Richard Feynman. Since he wote extensively on physics

and there are no corroborating reports that he accepted nmany

worl ds this casts doubt on the entire survey. It is true that

many physicists believe that the exiting nodel fully describes the
evol ution of the wave function and thus are lead to sone form of
relative state interpretation. O hers have a w de range

of differing opinions. Probably the nost conmonly held opinion

is sone formof “shut up and cal cul ate'

@ What is many-worl ds

[...] The histories forma branching tree which
enconpasses all the possible outconmes of each interaction

This sentence suggests that interactions are sone how derivable from

the wave function and that the possible outcones of these interactions

are also derivable. The wave function never generates interactions it
only allows us to conpute the probability of a specific interactions we
define. There is no canonical set of possible outconmes froman interaction

This is a critical point and it is why Bohr was led to evolve the notion
of conpl enentary ways of describing physics. Events do not exist in

the wave function nodel. Only a wave function that allows us to conpute
probabilities for events exist. You cannot escape this. You can

assune events happen and work out the consequences of that



assunption and the assunption that the wave functi on does not

change or collapse as a result of these events. However doing

this provides no explanation for how these events cone about

nor does it allows us to derive a canonical set of all possible outcones.

Some consequences are:

[...]

That the conventional statistical Born interpretation of the
anplitudes in quantumtheory is *derived* fromw thin the theory
rat her than having to be *assuned* as an additional axiom (See
"How do probabilities emerge within many-worl ds?")

There has been nuch debate on this question in “sci.physics'. There is

no way to derive the probabilistic interpretation fromthe theory w thout
first nmaking additional assunptions that inply this in the first place.
How el se could such a derivation be possible? The wave function nodel

is just that: a mathematical nodel. How could you interpret that nodel as
defining probabilities w thout additional assunptions?

Many-worlds is a re-fornulation of quantumtheory, published in 1957
by Dr Hugh Everett |11

O course it is not arefornulation of QM It is
a derivation fromthe *existing* fornulation and an interpretation of
the existing fornul ation

Everett discovered that the new, sinpler theory - which he naned the
"relative state" formulation - predicts that interactions between two
(or nore) nacro systens typically split the joint systeminto a
superposition of products of relative states.

Everett's interpretation is not a new theory and is not sinpler then
standard QM As a physical theory it is the *sane* as standard QM It
is only the *metaphysical* assunptions that are different then other
interpretations. The superpositions related to an interaction are

a standard part of the Qv nodel and they are experinentally detectable
Assunptions about relative states are metaphysical assunptions.

They are not predictions because they have no testable consequences.

(03] What is a neasurenent?

A measurenent is an interaction, usually irreversible, between
subsystens that correlates the value of a quantity in one subsystemwth
the value of a quantity in the other subsystem

There are no irreversible processes in QM The assunptions that such exist,
if specific enough, would lead to a theory experinentally distinguishable
fromQM This is not part of Everett's interpretation.

QL2 Is many-worlds a local theory?

The sinplest way to see that the many-worlds neta theory is a | oca
theory is to note that it requires that the wave functi on obey sone
relativistic wave equation, the exact formof which is currently
unknown, but which is presunmed to be locally Lorentz invariant at all
times and everywhere

This is inpossible as Bell[1] and Eberhard[ 2, 3] have proved. The argunent
made | ater about contrafactual definiteness is irrelevant because

the wave function nodel satisfies CFD. It gives definite probabilities

for any set of initial conditions. The only way to nodel that mathematically
and obtain the standard predictions is with explicitly nonlocal operations.



The relativistic wave function does not exist because it is a |logica

i mpossibility. QM requires a configuration space nodel that is irreducibly
nonl ocal . Evolution of the wave function in configuration space is local in
that space. However the projections fromthe configuration space wave
function nodel to predictions in physical space is irreducibly nonloca

in physical space. Inrelativistic QMthere are fields that evolve locally
but there is also a non local state nodel. Relativistic QMis an

oxynoron in the sense that no nodel that it is consistent with

the predictions of QW can evolve locally in physical space. However
because of quantum uncertainty, the predictions are the sane in all
relativistic frames of reference. This is possible because the nonl oca
effect is “encrypted’ with quantumuncertainty so that we cannot tel

in what direction it operates in. However the effect nust exist to
reproduce these perditions and in any mat hemati cal nodel it nust

operate in a particular direction and thus in a particular frame

of reference.

According to many-worl ds nodel worlds split with the operation of every
t hermodynamical ly irreversi bl e process

There is no such thing as a discrete thernodynanmically irreversible process.
There is a continuous process that over tine beconmes nore unlikely
to be reversed. The above statenent nmakes no sense.

@6 What uni que predictions does many-worl ds nake?

A prediction occurs when a theory suggests new phenonmena. Many-worlds
makes at |east three predictions, two of themunique: about linearity,
(See "lIs linearity exact?"), quantumgravity (See "Wy *quantun¥
gravity?") and reversible quantum conputers (See "Could we detect other
Everett-worl ds?").

This is dead wong. O course you can extend any interpretation to create
a new theory and people to some degree are trying this but Everett's
interpretation on its own makes no new predictions. The argunent about
reversi bl e quantum conputers actually nmakes the Copenhagen interpretation
into a testable theory that differs fromstandard Qv and t hen devi ses

a test for this theory. The predictions related to linearity are standard
part of the existing nodel. Similarly the claimthat all forces
(including gravity) nust be quantized is a standard part of the existing
t heory.
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