Chapter II ,

The Interpretations of Quantum Mechanics

2.1 Introduction

The formalism of .gquan ‘ ics (see Appendix A and B) is
. On the other hand, its

interpretation remadns™an-Of jestion™ihe orthodox interpretation

of quantum mecha s _ihe ‘ ,'Si~\\\\\;Eoretation. Its modified
version is the n L Jer terpretati
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Awhile physicists ask what is the correct interpretation of

Weizsacker' and hiEcolleagues. :

quantum mechanics, philosophers of science are concerned about what it

means to interpret such a theory (Jammer, 1974, p.9).

Ballentine (1970, pp.3539-360) believes that quantum theory,

and indeed any theory, can be divided into :



a) A mathematical formalism consisting of a set of primitive
concepls, relations between these concepts <(either postulated or

obtainable by given rules of deduction), and a dynamical law.

b) Correspondence rules which relate the theoretical concepts

of a) to the world of experience.

The correspon i < m@e the primitive concepts of

state and Obsei‘v

In so doing they will

provide an interp ub (1974) says that an

interpretation o ow in what fundamental

respects the th g theories, he proposes

thatl quantum mechanfcsffight UT a 'a principle theory, in

Einstein's sense of ftheftermCEinstsi ’-‘!- ). The distinction here is
4 tf"‘r 4 -J"‘ s :

between principle theories: — i introduce abstract structural

constraints thatw e s are ‘helc » fy, and constructive

\

component. systems m a par'ticua m H
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underlying reality behind the laws and procedures of quantum

theories., which V} " diverse systems to

mechanics. Since interpretations of a physical theory cannot normally
be subjected to experimental verification, he suggests the following

criteria for critical comparision :

1) Economy : minimum number of independent postulates.



2) Compatibility : compatible with physical laws.
- 3) Plausibility : mechanisms, if any., should be physically
plausible.

4) Insightfulness : provide insight into the wunderlying

mechanism of nature.

2.3 The Copenhagen Inter

2.3.1 What Is Lhew@€&Penhagen

Differen things when speaking

about the Cope PBallentine (1987) thinks

that the term i@ { tY m necessarily historically

a) The 4

ol " rather than those of

g
; @umns ROMIRT . o

o :
equati Wﬁ ﬂmﬁﬁlscont inuously
during measur: ment, to an eigenstate of the observable that is measured

(von Neumann's "projection postu'lat,e")_. Of course this does not fully

individual system C

Einstein in theirﬂmous Controversy) ;

characterize the Copenhagen interpretation. 1In particular. Born's
statistical mter‘pret.at,lon of the wavefunctlon is also an essential
ingredient, but it is either a postulate or a consequence of almost

every interpretation. so it does not distinguish one from another;



Meanwhile, John G. Cramer ¢( 1986, pp.649-651) has identified

five principal elements of the Copenhagen interpretation. as follows :

(C-1> The uncertainty principle of Heisenberg (1927) : this
includes wave-particle duality. the role of canonically conjugate

variables, and the impossibility of simultaneously measuring pairs of

.,

such variables to arbitr

(C-2) The of Born (1926) : this

includes the meani wave function, ¥, given

by the probabilif; e predictivity of the

formalism only fopt" group of similar events.

(C-3) The £c comgsBt of Bohr (1928) : this
includes the "wholeness ~£ oscopic system and macroscopic

pature of wave-particle
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- duality, and t0& inty principle as an

er than
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intrinsic proper@ of nalure

AT InenInens

a peculiarity of the

measurement
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eisenberg is includes the identification itself
and the use of this concept to explain the collapse of the state

vecﬂor and to eliminate simple nonlocality problems.

(C-5) The positivism of Heisenberg (1927) : this includes

declining to discuss "meaning” or "real ity" and focussing interpretive

(@)



discussions exclusively on observables. ,

These five elements comprise the essential physical and
philosophical characteristics of the Copenhagen interpretation.
However, only elements (C-1) and (C-2) alone are being considered by

most working physicists in using antum mechanics. Indeed, (C-1) and

(C-2>. without any -3). (C-4) and (C-5), are

a@ooks as " the Copenhagen

represented

interpretation that the Copenhagen
interpretation has t" is perhaps correct. as
it applies to elemen _'%y;f, . “\Ot as it applies to (C-3)

through (C-5). N\ effect, been tested by

experiment and fou \ ;;—;f JLhet it Des failed to neutralize the

manifest nonlocality _;g;g" Ny designed Bell inequality
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2+3.2¢:The » Ji% csented by the Quantum

Mechanical Formal.
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Al3.2.1 Identlty What Is the State Vector 2

amaﬂﬂimum'mmaa

In the formalism of quantum mechanics the possible states

of a system are described by a state vector , a function <(usually
complex) that depends on position, momentum, time, energy, spin., and
isospin variabies, etc. The state vector (which will be represented as
IS> in the notation of Dirac) is the most general form of the

quantum-mechanical wave function ¥. The problem of identity is to



explain the physical significance of the state vector.

2.3.2.2 Complexity : Why Is the State Vector a Complex

Quantity ?

Complex functions are found in classical physics, but are

”/&n indication that the solution

_ with two independent and

invariably interpreted ei

is ., unphysical or (2.
—

equally valid solutd s 0f : equabiofiSTwene real and one imaginary.
Never in classicdl phf '- \\-‘\ lex function "swallowed

vhole" as it ¥ j gtum meghanics. is is the problem of

complexity.

2.3.2.3 % Coltl apaa Jz’f Does the State Vector

Abruptly Change ?

The V Sefore a measurement is

performed is verﬂiif ferent from the stateﬁctor: immediate-ly after
4
the measurﬁﬁ aﬁmv?{wgﬁm the final state of
the system Wt rather one of a series of sequential measurements or
B sl b Y
XN TN SERUANV TV oo ==
the sthate vector undergoes : Type (1) changes the state vector
smoothly and continuously with time as the system evolves; Type (2)
changes the stalte vector abruptly and discontinuously with tTime in

accordance with the laws of probability when <(and only when) a

measurement is made on the system. This is conventionally referred to

as the "collapse of the state vector."”
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2.3.2.4 Nonlocality : How Are Correlations of Separatéd

Parts of the State Vector Arranged ?

The problem of nonlocality is clearly related to that of
the collapse of 1he state vector (see 2.3.2.3). Cramer (1986)

distinguishes between two kinds of nonlocality. Nonlocality of the

first kind arises from )\{\\,‘,: tlon of the state vector as a
physical wave. When the 7 ses the change implicit in
the collapse occur e described by the state
vector at the s : AV > dergoing such a change

would seem To re Lhan4light, prepagation of information.

system.” There ore 0 8 measur is 7 e showing that a photon

is located at .pbint A ,1}’. knowledge of the

photon's locatloxm a.bruptly changes and thﬁnagmtude of the state

g0} 110) 1) “iﬂ’ﬁi?fﬁas;;effiifi;.‘i
a*"‘“‘ﬁ"ﬁ“"laﬂﬂ‘iiu um'mma g

But the intrinsic nonlopality of the quantum mechanical
formalism runs deeper than this. This becomes clear when more
complicated ‘situations are considered which involve separated
measurements of parts of a correlated system. In that situation,

definitions of the state vector become irrelevant because real



measurements are involved. This leads to a nonlocality of the second

kind. which is associated with the enforcement of correlations in

spatially separated measurements. This is the Einstein-Podolsky-Rosen

(EPR) paradox (Einstein et al. 1935) (see Appendix C).

2.3.2.5 Completeness : Do Canonically Conjugate Variables

Have Simultaneous Reality.

2

ra 1s~ \H\#\ le Einstein-Pcdolsky-Rosen

AN _\\\

canonically cond » 'S [ “.' 9: s of variables like

(EPR) paper (see correspondence between

or the case of pairs of

position and momen 5 3 ; { >cha '~- operalors that do not
commute. The EPR p&ps arjﬂE§¥:f j\; element of the physical
reality must have a count~ 1: > physical theory” and points out
That, i ter ormalism, wheﬁ the

operat,ors corre V ‘ do not commute, they

cannot, have 81mul£gleous reality.” Thus (goéﬂ]the argumenl) there is a

lack of cor ?Wﬁﬂ%ﬂrﬁwﬁﬁm reality, and the

former must 1ncomp et

ama\‘mimummmaa

Yet, from one point of view, the quantum-mechanical
fofmalism contains the solution to the completeness problem. The
variables do have "simultaneous reality” in the uncollapsed state
vector but can never have simultaneous reality in a single component

of the state vector which results from the collapse.
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The above resolution of the EPR compleleness criticism is,
however, demolished by the Copenhagen interpretation itself. since
(C-4) denies the objective reality of the state vector and associates
it instead with the "knowledge"of an observer. Then the "reality” of
the conjugate variables becomes only a subjective one arising from the

observer's lack of information. in support of the EPR criticism.

However, ik 18 “nobs . &8 problem with the

quantum-mechanical f interpretation of the

formalism.

2.3. Not, Predict the Cutcome

The third q 1tﬂ.§ﬂfq ntum echanics by the EPR paper
(1935) (see Appendix oA Proper theory should enable the
user to, "withv 7 tem. ... predict with
certainty ... 5‘1———* sic " Quantum mechanics, on

the other hand,mprovides the user with aﬂay of predicting only

4
average beﬁrﬂﬂcﬁ ﬂ W mtﬂ ‘ﬁvents but not the
behaviour ofjja particular partlcle in a par icular event (except in

the uw '«’Tmtﬂﬁ m W]t?ﬂ m‘ﬂ cﬁlthe event has

a predicted probability of 1.0 and all other outcomes have predicted

probabilities of zero (see also 2.8)). This is thé problem of

predictivity.

2.3.2.7 The Copenhagen Interpretation and the Uncertainty

Principle

i



Element (C-1). the uncertaipty principle of Heisenberg
(1927), is one of the most important aspects of the Copenhagen
interpretation. Heisenberg's uncertainty relations are a' direct
consequence of the character of the solutions of the Schrodinger
equation and its relativistic equivalents, solutions that are
functions of products of conjugate variasbles such as k.r and Et. In

W n  of the uncertainty principle
Lt

ve equation solutions by

fact, Heisenberg's origir
dealt directly with t

showing that the Fo lized Gaussian position

wave function is aussiai Im-space wave function.
with the moment i of [theslatte aussSian proportional to the
reciprocal of the

Gaussian. This property

orms has many analogues

stEle vector that is the

carrier of theselZA 1 ies is not a real wave.

a1y associagion of the uncertainty
principle :ﬁ ﬂ%ﬁﬁlﬂ]ﬁ Qﬁomena of classical
physics (for, jzi s it ee, Tor example, Cramer, 1986,
U
65 ol ~ Y
pp.651 : : ,
IRIANNIUURIINYIAY
B ,

2.3.3 The Neo-Copenhagen Interpretation

This renders more!questionable

Henry P. Stapp (1971; see also Ballentine, 1987, p.788)
altempts to develop an interpretation of quantum mechanics that is

nohlocal. His basic concepts are that the physical world must be

te



seperated into 1two parts, called the pbserved and the observing
system, and that the probabilities in the theory are probabilities of
response of the measuring devices. "Collapse of the wave function”
does not occur as a physical process, but only corresponds to a
"change in the set of specifications on the preparation of the
observed system.”" Stapp (1972) also radically revises what is often

called "the Copenhagen intery 3 " by redecting von Neumann's

"reduction” of the surement and Heisenberg's

subjectivistic gmatic" aspect of the

interpretation is interpretation has been

known as the "neo®

2.4 Semiclassica

afsrpretation

T

2.4.1 Schrddis

ANVt 11500 L (i
(Schrodinge 4 3 se S hr1ich, ‘7, .1210). His idea is that

= TSI TR

fundaméntal ontological objects, and matter is, in the last analysis.
a complicated superposition of them. These "matter waves"” are
continuous functions of space and time. Furthermore, the continuity
equation which is easily derivable from the free Schrodinger equation
suggests an electromagnetic interpretation of the wave function ¥

The charge density of the electron is to be identified with the

13



electron charge e times \P*W, and the ele'ctric current density is the
corresponding expression eh  (¥ww - Y)Y /2mi . AThe theory is,
however. only semiclassical because of the quantization involved,
which pfovides for the stability of the charge distribution of the

electrons in the atom, this distribution cannot be stable classically.

Difficulties of /s interpretation were apparent

; @har‘ questions, (1) how the

———
- compalible with the identification

almost immediately. Lo
spreading of the wave

of wave packel and function can describe s

wave in ordinary ils configuration space

has more than thr L single electron in the

photoelectric effec e'complex superposition of

matter waves that ution of all the electrons
in an atom. Heisenberg' quésticned er Schrodinger's interpretation

would permit a derivs bdack-body radiation. And

Schrodinger himse I; FToted. CHAs 1) 8 vebe function is complex,

it must represenm‘two real waves and (2) t@re is an inconsistency
between the cont 1nﬁ'§ ﬂ Ejeﬂifﬁifpl ﬂ(ﬁ electron in the
hydrogen ato oul L particles in his
RS I =

q ‘

2.4.2 De Broglie's "Guide Wave" Interpretation

The guide wave interpretation (de Broglie, 192635 Cramer, 1986.
p.682) suggests a specific underlying mechanism for the interplay of

waves and particles in a quantum event. De Broglie (1964) gave the

14



following summary :

a particle is a very small object which is constantly
localized in space, and a wave is a physical process which is
propagated in space in the course of time according to a given

equation of propagation. . Lhe wave has a very low amplitude

and does not i ’ﬁ least not in a noticeable
manner. Th él small =zone of highly
: ificor the wave, in which it

constitut E N - e singularity. By reason

\ yration which, as it moves,

ith »1\~~ vibration of the wave..

concentrat

of this in the wave, the

particle

| \ determined according to the
shape of the wave by rLait "guidance law.” but this motion
has Supenim { on it donti: Puations corresponding to

a hidde - ' ariicles.

It Fful'g WX’EJ ﬂxﬁdﬁwave interpretation
fferen v1ew

presents a qjery quantum events from that of the
Copen%wmrﬁqﬂ ? memmﬁg% m ﬁﬁlption is the
state vector itself, which has a definite but limited reality in that
it can physically travel through space but cannot carry energy,
momentum, etc. The collapse does not occur, but is replaced by the
at.;t.ion of thé particle, which "rides" the state vector and arrives
with the largest probability at the locations where the ét,at.e vector

has the largest amplitude, the general properties of the state vector

015775



being separated from those of the specif‘ip particle that tracks it.

The most serious problem of the guide wave interpretation is
that it is implicitly local, and therefore inconsistent with the Bell
inequalily experiments (see Appendix C). There are also grounds for

believing that it may be inconsistent with the formalism of quantum
] *’/ . the guide wave interpretation
lim srsion of the transactional

—
interpretation <sef? ——

mechanics. From a certain

can be taken as a ki

2.4.3 The "Dis

It is thg in textbooks, that

canonically conjugatef i '_ ) ) cular system under study can

making a measurement of 6ne of thes es gs'disturbs"” the other so

v

that no knowledgs TJhe disturbance model

(Herbert. 1985; &mer, 1886.  p.682) haﬁbeen refuted by the

exper imental ﬁ ﬁvjlﬁ ﬂxﬁ?ﬂ ﬁe}fﬂéﬁix C), but remains
to be held by, ylcists: o

ARAININUARIINIAY

er Semiclassical Mode

Other semiclassical interpretations (Jammer, 1974, pp.33-38,
49-54) include the hydrodynamic interpretations proposed by Erwin
Madelung (1926), by A. Isakson (1927) and by Arthur Korn (1927). Their

basis is the similarity of the wave equation and its implications with

16



the equations of hydrodynamical flow. More recent hydrodynamic models
were proposed by Oscar Buneman (1956), by Takehiko Takabayasi (1952,
1953). by Mario Schonberg (1954 a, b), by David Bohm and Jean-Pierre

Vigier (1954, 1958) and by Lajos Janossy (1962).

2.5 Hidden Variable Theories

2.5.1 Motivati
Motivatioﬂ!'g"-”’f L Yar aF G Jammer, 1974, pp.253-267) :

1a TGE ras a kind of statistical

mechanics which - of measured quantities
while at a more time being empirically
inaccessible -- leve e:é;>4~ =2 system should be regarded as
performing its “ﬂ By if’ly deterministic laws.
r—' : S

To di ense wit

e peculiar ;Ekhotomy of physics into

classical a ﬁgx T] unitary account of
the physic s 8P :EZC o) some mes grea er incitement than
o dﬁ W'Tﬁ"ﬁfﬂ‘ftlm‘ﬁ"f’ﬁ it 8y

3. To search for a "completion" of quantum Tmechanics

regarding the problem raised by the EPR argument (see Appendix C).

Although the:EPR,incompleteness argument was one of the

major incentives for the modern development of hidden variable



theories, it would be misleading to regard Einstein as a proponent of

hidden variables.
2.5.2 Definitions
Jammer (1974, p.255) has distinguished between "hidden

variables” and "hidden va ﬂ\\ ’, retations” or "hidden variable
theories.” He uses the ™orm usual formali ism of quantum

mechanics is retai

,-f it is modified, thus

leading to a new t

There is definition of hidden

variables. David 3 *‘\ them as "a further set of

. . 'ﬂ J 34 . . .
variables, describin ‘-,-_‘ ewW ii"' of entities existing in a

deeper subquantum mech n1 e ‘obeying qualitatively new types

T F A2

=

of individual laws.’ then added” ~variables, though at
present "hidden' y ' 3 1 @il when we will have

discovered still o r kinds of experiments, m‘uch may be as dif'ferent

from those of yﬁﬁtﬂygj ﬂmﬁjﬁ iom experiments that
are able to arg ale level."
chco?ing q Pger !l}t],e staedftg. (1968a), on the other hand,

hidden variables characterize a theory in the formulation of which one
"dispenses with a pervasive realizability of the theory.” The
prescientific operative measurement procedures needed to define the
fundamental notions of the theory, he argued, may or may not be

consistent with the measurement prescriptions as derived from the body

18



of the theory. In other words, not every }Zheory necessarily satisfies
what C. F. von Weizsacker (1971) called "the principle of semantic
consistency."” the requirement that "the rules by which we describe and
guide our measurement, defining the semantics of the formalism of a
theory. must be in accordance with the laws of the theory." If the

principle is satisfied. the theory possesses self-consistency and it

operative a priori he theery, is incompatible with the
requirement of it i lizab 1 8y, “two pOSSlbllltleb exist

either (DL thé o . or (2) the requirement

of empirical rea , Up. The first possibility

leads to theories g he second to theories of

_hidden variables. inally operatively defined

fundamental concepls hidden variables, which,

although employed emgrof the theory, are by

thew very del C usly, Mittelstaedt's

variables differs consfmrably from Bohm's.

WE.L‘LJH’A 1) fngfr‘imﬂEen e ik
: follos WMT Wm quﬁﬂmaﬁtem S certain

‘uonceptlon of hldlx

variabl?s v descrlbe the states of S ;3 in a theory T' about S certain

variables v' (which may be dynamical quantities or ot,her hypothetical
entities) which are not experimentally detectable within the framework
of T describe the states of S ; if the the. values of V. 2eér of
explicitly defined functions (or functionals) associated with v as

used in the state ‘description in T, can be obtained by some averaging



operation over the values of v', v' are clalled hidden variables <(with
respect to T) and T' is called a hidden variable theory

(interpretation) (with respect to T). Note that this definition does

not stipulate that the embedding of T in T' entails the transformation

of a statistical or probabilistic theory into a deterministic or

causal theory.

2.5.3 Hidden Varie eori ‘ e First. Second and Zeroth

i'—

Frederik 17> thinks that there

are three kinds o hidden variable theories

of the first kind . , Kind. For hidden variable

equilibrium distribution of

hidden variables, the thédry wi e exactly the same probability

predictions as .ordimary quantum 0 s "First™ kind of a

theory, deviatighs Jwbuld occur  only  in

e idden.mriables. It is easy to

e B A e e

that in prier' ' SHould sSi investigate experimentally
¢ = /.

the ﬁmarﬁ mlﬂquﬂ‘yy mﬂuﬁ the hidden

variablq. In practice, owever, these experiments are made difficult

nonequilibrium d gr ibutions ©

by the extreme speed with which a perturbed distribution returns to
the equilibrium distribution, so that the deviations from quantum

theory would disappear before they could be detected.

Thus it is not simple at all to distinguish experimentally a

20



hidden variable theory of the first kind from pure quantum theory.
This would easily explain the great success of quantum theory, even if
it were true that in principle nature would be governed by a hidden

variable theory of the first kind.

On the other hand, this makes it difficult to prove

conclusively by experime \: e is governed by pure quantum

theory if that would et,au ; Wgatlve outcome obtained in

such case by any 'ons from quantum theory

after disturbing bution could always be

explained away by (Lo equilibrium) takes

place faster than

Therefore whether one should prefer

,r.r ¥ ‘
quantum tTheory or a h1 den theory of the first kind for

explaining the -fact f hature, ill #have to invoke other

principles. Sinéel ~§ formalism than hldden

cory for reaons of simplicity should

have the p ? ({ om quantum theory

predicted ﬂ Hﬁ ﬁ:EJ?l ﬂ aﬁnifc positively been

demonqu qnﬁajm W aj rﬂl burden upon
g8

hidden %ariable theory to prove its validity disproving the simpler

variable theory, mre quantun

quantum theory.

There are, however, people so much dissatisfied with quantum
theory that they are looking for deviations from quantum theory that

would exist even if the hidden variable distribution were an

21



equilibrium distribution (see Appendix C),. These are hidden variable

theories of the second kind.

Some people have tried to define by some postulates some
properties which they thought any hidden variable theory should

possess. They then proved that theories having the properties

'”/ case, however, among the
e which the more realistic

herefore those so called

postulated could not e
properties postulated
hidden variable

"impossibility p 2, Belinfante, 1973) do not

R

£ the s kind or of the second

apply to hidden va

]

kind. Belinfante &nq’} he0 al were disproved hidden
| \\ 2\
variable theories &f @hefizeraih “5‘ d \interest of those theories

is that they are a warning. hey. aréla g for what one can never

e £
expect any realistic hiddeéf-var e theory Lo accomplish.

2.5.4 The Modi

There are everal hidden variable Eeories We will present

= uE iR
YRTEI TR TN Gpjoms s

variabld theories. In 1966 he presented a new model which showed the
following features : First, it reproduced the statistical predictions
of quantum mechanics, if one averaged over the hidden variables.
Second, 1%, 'éutomatically reduced the wave packet during the
measurement in accordance with the influence of the hidden variables.

However, for very short times after the measurement, it yielded a



result different from quantum mechanics. |
The essential features of the model can be discussed by using
a simple model of a quantum variable, taking the two values, say of a

spin one-half system. One assumes that the general state vector ¥

t

2 2
> = #,1S,> + ¥, 18,5, I 1~ + 19,15 = 1 ‘ (2442
does not represent a desc&f the state. but has to be
supplemented by an i ' 2. vectormic >

with (aed)

.'..""‘,- having a random
T
is supposed to be slow, and nothing

else happen g & The équations of

motion for Hﬂﬁimmﬁmlﬁwﬁm by the hidden
X 5 1 e g A

"a“aqu TANNIUANRIINYIAY

where the componep

behaviour. The chaﬂe in ¢ and ¢,

< o3 2 b= - 2 2
d'lr1 i = consh; E(I\P1l / l€1| ) - (I\Ile £ Iczl 2] \Ifil'lrzl .
and (2.3
3 2 2 Z 2 2
dxlrz /.dU = const. E(l\Ile £ lt:zl ) - (I\If1| / Icll )] \Ilellrll »
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From Equation 2.3 one finds that the normalization of |¥

remains constant. Now, if

2 2 2 2
» AR T 2 VAN T S

one finally arrives at ¥, = 0 at the end of the measurement, and

similarly at ¥, = O after the measurement if the inequality is

inverted. One therefore uction to the state 18> for

certain values of the s $,, and a reduction to IS, >

for the others. d. that quantum mechanical

probabilities come e can demonstrate that

for times in are not averaged. the

predictions of the#E g t, f‘ ~ Cradict quantum mechanics.

J j 9\ \ al tests and the result

This theory has be ‘
has been found to di -4‘*e 5, f: iolios, 1967).

2.6 Stochastic
-

Y P

Stochastiéﬁlnterpre: oni (Wheeler aﬂ% Zurek,; 1983, p,.778) 18

o °"‘“‘ﬁ*ﬁ“tﬁw Wﬁ’w YNNI
TR S Ty e e

equatic@, thou an equation for the diffusion of probability

amplitude rather than probability density itself; and

2. that this diffusion is driven by a force arising from
other dynamical entities, that is, from a special class of hidden

variables : random impacts of particles postulated ad hoc, fluctuating

24



fields, electromagnetic or otherwise, etg.

This outlock was first introduced by Furth <(1933) and is
expounded at length in Fényes (1952). In their work quantum mechanics
is described as a "time-symmetric stochastic process,"” with little

said about the origin of the random external force. In contrast.

Kalitsin (1953), inspired ingand Hopf (1910) and by Einstein
and Stern (1913). likeWw es @nics of the electron to be
classical at bottom. the sluctualing force on it that makes

it behave "quant “ing from the fluctuating

electromagnetic “ though this treatment

reproduces the grel W¥scillator, it fails for

other systens.

(1) It predicts™ ) lectron of the hydrogen atom.
originally in L epergy from the vacuum

fluctuations. Ey'_'_’_" ~

- |

a% parts. | ag vin . the
Einstei 1n~Podi ﬂjzm ﬂ ’x]dﬂcj the fluc‘wa’r,ionQ
at th % ﬁiE:rve Lo have a
quite iﬁ:iﬁqgjmepmdme ’Z! well-tested predictions

of standard quantum mechanics. Boyer (1980) has surveyed "stochastic

electrodynamics. "



2.7 Transactional Interpretation

The transactional interpretation has been proposed by John G.

Cramer (Cramer. 1986, 1988; Gornitz and v. Weizséacker, 1987, p.930).
He claims that his theory is equivalent with traditional quantum

mechanics in all testable predictions, but that it avoids the state

reduction as a means of des ﬁ is is done by defining the
. betwe
f K

"objective" wave fu ents (say ., between the

‘
¥ & four=dimensional action at a

A W\

distance, includi advVaficed " p

emission and the ab the cocperation of both

evenlts; so Lo spe He achieves this by the

"absorber theory" man (1945, 1949) which

replaces the Ma

ced N well as retarded ones. He
: § " A; a;".n"
applies this formalismfto the: sc podinger wave. His solution of the
o B p

state-reduction problem i$ 1g. The retarded wave originally

starting from the tter is the dingér wave in the usual

1

m——— WiAon of the absorption

&

description. Are

s the absorber to emit advanced wave running
backward mﬁﬂﬂ'ﬁﬂhﬂﬁ%}ﬂm ﬂjemit an additional
retarded wav gjand so on. e superposition of all these waves is the
¢ o L7
"real"qaﬁmTﬁ€ ﬂﬁm ﬁ%ﬂﬁfﬁeﬂ ‘Ef’}satﬂeduc,tion" is

nothing § but the logical transition from the first component. of the

act, this wave Came

total_ wave function, which we describe as a retarded wave leaving the
emitter, to the real total wave, i.e.. from an incomplete picture to

the full reality.

Cramer (1988) points out that while interpretations cannot be

IxV]

)]



directly tested. it is possible for experimental results to favour one
interpretation or another. This is what might be called a

corroborative experimental result. For the transactional

interpretation these are : experiments concerning absorber deficiency
al cosmic distance scales (Partridge, 1973), detailed studies of the
character of quantum randomness (Pagels, 1980) or searches for
: d transactional interpretation
& characteristic of the

ibes causality as arising

physical effects arising from
transactions. Furth
transactional inter

from precariousl , nullify the occurrence

of advanced eff speculates that for

sufficiently sma ently short time scales

this balance might. nic ocausallty might appear.

Evidence for micr6c it vic gtions “in high-energy electron

: 17
scattering has recently bé&es

reanalyzed datawf electr n-pro o g and shown that the

by Bennett (1987, a, b). He has

data exhibit !ﬂ \J tion: from dlsperswn

relations based ommlcrocausa ity. He propoms a semiclassical model

that is uprpﬂl_jj ﬂﬁw ﬂaﬁﬁﬁrms corresponding to
advanced e fgc S and shows hat wit ch a model he is able to
“ AT TN TN -

concludé that microcausality has failed.

2.7.1 Advanced-action Interpretations

In addition to the transactional interpretation, two other

approaches to the interpretation of quantum mechanics (Cramer, 1986,

24



p.685) haQe appeared in the literature which have suggested the use of
advanced waves. The first of these is the "advanced action”
interpretation of Cdsta de Beauregard proposed in 1953 (see for
example, Costa de Beauregard, 1985). He pointed out that the timelike
symmelry of electrons and positrons in the Feynman picture can, in
principle, account for the nonlocal structure of quantum mechanics as

applied to electrons and. w; creation anﬁihilation event.

However. Garuccio «(13980) gued that there are many
* ’ =

difficulties, e.g. energy conservation.

A second on dsiing ativanced waves was suggested by

Davidon (1976), \\EL which factors into a

tensor  product solutions of the

Lime-dependent Sch lead to "a local and

objective description il of the remote parts in an

Einstein-PodolskyyRosen : tion" dix C). Cramer (1986) has
e ey
pointed out Lhatagir OPedinder equation, being

first order in itéﬂlime derivative. does notﬂi

ave advanced solutions,

AT

¢

1 RIANYINY

L. E. Ballentine (1970, 1987) argues that the quantum state

function should be regarded as a déscription of a conceptual ensemble
of similarly ﬁfepared systems, rather than as the complete description
of an individual system. This is called the statistical or statistical

ensemble interpretation. In Cramer's (1986, p.650) opinion this



extreme view is unwarranted as long as ,it is appreciated that the
predictivity of the quantum-mechanical formalism is severely limited
in its application to isclated events. He points out that the
discovery of an important particle in the development of particle
physics, the Q baryon, was accomplished with the observation of a

single isolated quantum event.

N

Weizsacker., 1987. 988, p.301) consider the

Copenhagen i : 4 [OBl 488 \; of several ©possible

interpretations of &

but. as the attempt & emantics to the formalism

of quantum mechanics w1th rone wvould not know how to apply the
formalism to reabit all. Théy 5 theses :

R

1. State aduction is p enomendlogi lly inevitable.

q is relnt,erpre ed f nog ennlnated by a quantum

des""‘ﬂ‘ﬁ"iﬂWW U13N878 Y

94. It might be eliminated by going beyond quantum theory as

we know it today.

They then give a reconstruction of abstract quantum theory
(see also 3.6). By "abstracl" they designate the general frame of

quantum theory in Hilbert space without reference to position space

e P, 4 ; Olleagues (Gornitz and v.

\ called "quantum mechanics,"



and to concepts like particle and field.’"Reconstruction" means the
attempt to formulate simple postulates on prediction and to derive the

basic concepts of abstract quantum theory from them. Their three basic

postulates are :

B7-C1 Separable Alternatives. An n-fold alternative is a set

of n mutually exclusive s,:;‘x one of which will turn out to

be present if and when an-emp

There exist alternati i dependent of the decision

of other alternati

e age Lwo mutually exclusive

*\ th of them by conditional

or

C3 al #probabilities between

connected state*t’ 7h ;JQJ change in time.

(1988) that e p e ) Y interpreted, are

suffi m }I(]r tﬂa tfﬁai gzmﬂﬁms abstract

quantumj theory offer an adequate basis for generalizing
Copenhagen interpretation into a universal theory, including a
description of the observer's state of mind. On the ether hand, it
stays indeed within the conceptual frame of the Copenhagen

interpretation using concepts of human experience throughout.

this alternative is made.
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They try to start a reconstruct,iop of concrete quantum theory
as a consequence of the abstract theory applied to binary alternatives
(von Weizsacker, 1985). By "“concrete” quantum theory they mean the
full quantum theory of objects in a position space. such as particles

or fields, including a possible quantum cosmology.

'k} pt of the "ur" -- the quantized

Gerin Alternativen =  original
T——
alternatives (Gorni , Gornit 1988 a, b) shows that any

E a succession of binary
_ .._ {\,\\,\.\ 20ory of a single binary

Using von Weizsa

binary alternative

decidable altern

(yes-no) alternati

alternative contai theé group SU(2). This group

is then supposed o, of all alternatives

composed of succes i 1¥es. i.e., of all alternatives
of physics. SU(2) is locatt c to S0(3), the rotation group

in a three-dimension ses Lhis to be the reason

p

the laws of p ‘}f ve ‘This means that the

sics as emp cally knoﬁ is the symmetric space
alternatives i nt, . 'He' t ghot hat the inclusion of
Y [
" .
L NI P NN (1) A
v | L | -

cons ideqs relativily as a consequence of abstract quantum theory. Thus

position space of

the space-time continuum would turn out to be a systematic consequence
of quantum theory. This would be a further encouragement of = the

intention to interpret quantum theory as a universal theory.
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2.9.1 Other Proposals for a Universal Quantum Theory

1. Kochen (1985) calls his proposal the  perspective

interpretation. He proves that in any quantum system that can

mathematically be described as composed of two subsystems, any one of

these subsystems may be described as observing the other one.

V//

2. Deutsch w. uses "Quantum theory as a

universal physical ‘

open in Kochen's pap€r i f‘fl,

vill actually be*fouafl 4t '{;f?rf Q;'u 10, 7 This is the problem of

on a problem that is left

h one of the ¥, states

first proposed by
Everetl (1957). ‘;gk Cheory. In this view the
Statev vector i v r e, any’ decision process such as

measurement all competing re en simultaneously, but such that

the observer who observes he e results is not aware of
the other simultapéous res = _ 9W’ is either constantly
split into more aniDmore simultaneous worlds r there is an infinity

of smultanﬁxuﬁﬁ ﬁ:ﬂﬂ%ﬁ ,]:nessmn, take ome of

the possible ways, Some ano eut,
ARIAINIUURIINYIAY
Qaccording to Deutsch, this is not Jjust an alternative
interpretation as compared with Copenhagen interpretation, but a
different theory. He offers a thought-experiment which should give
different reéﬁlts according to his theory from those‘ following from
the Copenhagen interpretation. He shows that the existing formalism,

in either the Copenhagen or the Everett interpretation. must be
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supplemented by an additional structure,, the "interpretation basis."

This is a preferred ordered orthonormal basis in the space of states.

. Quantum measurement theory is developed as a tool for determining the

interpretation basis.

3. Cramer (1986)

his proposal the transactional

interpretation (see 2.7

Von Weizsae (G

; acker, 1987) then applies
‘ d”}{ \(NSS;;:\i
his universal quantum™hésns t- g

nterpretaticns, which he
\

understands as being \\\e same theory, i.e., they

are essentially iden ion of real knowledge w1th

LN
each other and with th x't- ion. Indeed, he proposes
that one deduce  a '"d}uLfffii set  of interpretational
transformations that can s f Jinterpretation in the terms or

"language" of (@fob §s f3) sort of equivalence

-

principle for inbelr 19

- R - : 1
i ]
that can be mapp-.‘ nto each other are not nécessarily interchangable

ﬂ’lJEJ’JVIEmiWEJ’lﬂ‘i
ammnmummmaﬂ

argues that Theories
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