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Investigated idea was actuated by the old opinion that a measurement of a quantum ob-
servable should be regarded a as a single deterministic sampling. But, according to the
last decades studies, such observables are veritable random variables and their measure-
ments must imply significant sets of statistical samplings. So one finds the indubitable
caducity of the approached idea. Contiguously the respective finding allows to put into
a new light the controversial questions like the Sclinger cat thought experiment or
description of quantum measurements.

1 Introduction In its turn, IWFC continued to be present in important

A recent highly authorized opinion [1] points out the exisRuPlications (see [1-3] and references), with explicit or im-
ing deadlock that: There is now ... no entirely satisfacPlicit references to CIUR. It was aroused by the conflict be-

tory interpretation of Quantum Mechanics (QMAs major tween two items:

guestion of that deadlock is recognized as being [2] the prob{i) The old opinion that a measurement of a quantum ob-

lem of Quantum Measurements (QMS), in whose center still  servable should be regarded a as a single deterministic
stands [3] the Idea about Wave Function Collapse (IWFC). sampling and

For IWFC, demarcated as above, the most known debates am The agreement, enforced by theoretical practice, that

mainstream publications are reported in [1-3]. studies of quantum systems use probabilistic (non-
Here, in discussing the IWFC question, we try to present  geterministic) entities (wave functions and observ-
a somewhat “unconventional” strategy based on viewpoints ablegoperators).

promoted in our modest researches about QM, developed o . . ) )
over last few decades (see [4,5] and references). For avoiding conflict and breaking a deadlock it was devised

the IWFC which, in diferent readings, was assumed in a large

Firstly we note the fact that, historically, IWFC emerge __ _
at the same time with the inaugural ideas regarding the CGHMber of publications. But, as arule, such assumptions were

ventional Interpretation of Uncertainty Relations (CIUR). I@nd still are) not associated with adequate investigations re-
the main CIUR started [4, 5] by mixing the theoretical re@ard'”g the truthfulness of the respective idea in relation with
resentation (modeling) of a a physical quantity regarding’f QM questions. A modest investigation of that kind we
quantum stafeystem with a fictitious observatioh (done Will try to present below in the next sections. ,
through some thought (gedanken) measuring experiment) of Firstly, in Section 2, we point out the fact that in the main
the respective quantity. The mentioned mixing invented aH@: irrespectively of its readings) IWFC is nothing but an
promoted the widespread term oblservablé for such a useless fiction. Such a fact certainly shows the caducity and

quantity. Below, similarly to the nowadays publications, wigilure of the respective idea. In Section 3 we discuss the

will use also the respective term. some aspects contiguous between failure of IWFC and fa-
After the alluded start CIUR coagulates in a form of afious subject of Scbdinger’s cat thought experiment. Then
apparent doctrine centered on two main pieces: within Section 4 we argue that alternatively to the IWFC we

have to reconsider our views about QM theory in relation with
N . . } QMS. So, for the readings of the respective theory, we must
(if) Robertson- Schidinger theoretical relation. to consider either a restricted-QM (r-QM) or an extended-QM
The respective doctrine can be incorporated [4,5] in few bageQM) form. On the one hand the r-QM is essentially the
items (presumptiorisassertions). A deep analysis shows [4grsion promoted by usual QM textbooks [6, 7] and it deals
5] that the respective items, considered as single or grougadlusively only with the modeling of intrinsic properties for
pieces, are incriminated by indubitable facts which are uthe studied systems. On the other hand e-QM must to contain
surmountable within the framework of CIUR. Then CIURIso obligatorily some additional elements regarding QMS
proves oneself to be deprived of necessary qualities for a valekcriptions (i.e. theoretical models about characteristics of
scientific construction. Consequently, in spite of its apologyeasuring devicg@srocedures). Figuratively speaking e-QM
in many modern texts (see references from [4]), CIUR musinsists in r-QM united with QMS descriptions. An simple
be abandoned as a wrong conception without any real vaéxxemplification of a QMS description, regarded in the men-
or scientific significance. tioned sense, is presented in the end of the same Section 4. Fi-

(i) Heisenberg’s thought-experimental formula and

S. Dumitru. Caducity of Idea about Wave Function Collapse as well New Views o@nber’'s Cat and Quantum Measurements 63



Volume 1 PROGRESS IN PHYSICS January, 2013

nally, in Section 5, are given some concluding remarks abauingle experimental sampling delivering an unique (individ-

the views from this article. ual) result, sayA;, is worthlessly. Such a sampling is not de-
scribed as a collapse of the probability densigy(A). More-
2 Uselessness of IWFC over a true experimental evaluation/fin its wholeness and

Now let us try to estimate the usefulness and truthfulness fegarded equivalently with a stationary random process, re-
grees of IWFC. Such an estimation can be obtained if IWFEires [15] an adequate lot of samplings finished through a
is regarded through the details of its constituent elemerftignificant statistical set of individual recordings. In a plausi-
The before mentioned regard must be opened by observafishmodeling [16, 17] the mentioned recordingsd can be
that the starting purpose of IWFC was to harmonize the félescribed by another probability densityc = wrec(A).

lowing two conflicting Itemsl(): The above notifications about quantum observables point

I, The old opinion (of the same time as CIUR) that qut clearly the complete incorrectness of itém Conse-
measurement of a quantum observaBlespecific to quently, even if in the main the itefip is a true assertion,
a statgsystem at atomic scale, should be regarded tgg subterfugé supporting IWFC proves oneself to be noth-

a single sampling which gives an unique deterministicY but an useless recomme_ndanon_ Additionally note that,
in the mainstream of publications ( see [1-3] and references),

result, says;; i ! o :
ya.. _the respective subterfuge is not fortified with thorough (and
I, The theoretical agreement that, due to the probabllbsénuine) descriptions regarding the collafise—s ;. Ev-

tic character of wave functiolif describing the alluded jye )y that the above revealed facgmint out the caducity
statgsystem, the observabkeis endowed with a spec- 54 failure of IWFC.

trum (set) of distinct values. The previous discussions about IWFC lead us also to the

So came into an equivocal sight IWFC knew a lot of debatgslowing more general RemarlR]
(see [1-3] and references). In essence, the solution promoted

by the respective debates can be summarized within the fol-R ’g‘ random varcijable S.h (.)UI.d not b? asse_sTeg (rgeasured)
lowing SubterfugeS): y an unique deterministic sampling (trial) but by a sta-

tistical ensemble of samplings.
S The unique resull; and wave functio’, mentioned in
itemsl 1 andl ,, should be seen (‘and described) through
the wave function collaps# — v, where¥ depicts 3 Contiguities with the Schrodinger’s cat thought exper-
the considered quantum stagstem in its wholeness  iment
while y; is thea-eigenfunction of the operatdk (as-

sociated to the observabl) — i.e Ay; = au;. As itis well known [18] the famous Scbdinger’s cat thought

experiment is a subject often displayed in debates (more or
For a proper judgment of such a subterfuge we have to kgss scientifically) about the significariiceerpretations of
consider the correctness of the item®ndl .. In the light of QM constituents. The essential element in the respective ex-
such areason it must to note that studies from the last decasig$ment is represented by a killing single decay of a radioac-
(see [4-7] and references) consolidated beyond doubt the fRetatom. But the radioactive decays are random (probabilis-
that, mathematically, a quantum observablghrough of the tic) events. Then the mentioned killing decay is in fact a twin
operatorA) is a true random variable. In a theoretical viewanalogue of the single sampling noted above in itgnin
point, for a given quantum stasystem, such a variable isconnection with IWFC.
regarded as endowed with a spectra of values associated withrhe mentioned analogy motivates us to discuss on some
corresponding probabilities (more exactly probability amplipntiguities among questions specific to the alluded experi-
tudes). Then, from an experimental perspective, a measiignt and those regarding IWFC. We think that, according to
ment of a quantum observable requires an adequate NUMREabove remarR, the main point of such motivated discus-
of samplings finished through a significant statistical group §bns is to mark down the following NotificationJ
data (outcomes). , , i
Previous opinions about the randomness of quantum ob-N When the variable of interest has random characteris-
servables can be consolidated indirectly by mentioning the ~1iCS itis useless (even forbidden) to design experiences
quantum-classical probabilistic similarity (see [4,8]) among O actions that relies solely on a single deterministic
the respective observables and macroscopic variables stud- Sampling of that variable.
ied within phenomenolgical (thermodynamic) theory of fluc- |n the light of such notification the Sdbainger experi-
tuations [4, 9-14]. In this way let us refer to such a macrgrent appears to be noting but just a fiction (figment) without
scopic random observable. Its intrinsic (n) characteristics any scientific value. That is why the statements likéhe"
are given in details by a continuous spectra of valdes- Schrodinger cat thought experiment remains a topical touch-
side of spectra (rang&)i, (i.e. A € Qin), associated with a stone for all interpretations of quantum mechahjcaust be
probability densitywin, = win(A). Then forA, in its fullness, regarded as being worthlessly. (Note that such statements are
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present in many science popularization texts, e.g. in the ones
disseminated via the internet.)

The above notificatioN, argued for quantum level, can
be also of non-trivial significance (interest) at macroscopic
scale. For illustrating such a significance let us refer to ther,
thought experimental situation of a classical (macroscopic)
cousin of the Sclidinger cat. The regarded situation can be
depicted as follows. The cousin is placed in a sealed box to-
gether a flask of poison and an internal macroscopic hammer.
The hammer is connected to an macroscopic uncontrollable
(unobservable) sensor located within the circular error proba-
ble (CEP) of a ballistic projectile trajectory. Note that a ballis-
tic projectile is a missile whose flight is governed by the laws
of classical mechanics. CEP is defined as the radius of a cir-
cle, centered about the mean, whose boundary is expected to
include the landing points of 50% of the launching rounds (for
more details about ballistic terminology see [19]). The exper-
iment consists in launching of a single projectile, without any
possibility to observe the point where it hits the ground. Also
the projectile is equipped with a radio transmitter which sig-
nals the flight time. If the sensor is smitten by projectile the
hammer is activated releasing the poison that kills the cousin.
But as the projectile trajectory has a probabilistic character
(mainly due to the external ballistic factors) the hitting point
is placed with the probability of 50% within the surface of
CEP where the sensor is located. That is why, after the pro-
jectile time of flight and without opening the box, one can not
know the state of living for the cousin. So the whole situation
of the classical cousin is completely analogous with the one
of quantum Schirdinger’s cat. Therefore the thought experi-
ment with classical cousin makes evident oneself as another
fiction without any real significance.

We can add here another circumstance where the abovg
notificationN is taken into account (and put in practice) in a
classical context. Namely we think that, in the last analysis,
the respective naotification is the deep reason of the fact that in
practice of the traditional artillery (operating only with ballis-
tic projectiles but not with propelled missiles) for destroying
a military objective one uses a considerable (statistical) num-
ber of projectiles but not a single one.

4 Contiguities with descriptions of quantum measure-
ments

It is easy to see the fact that the considerations from Section 2
are contiguous with the question of QMS descriptions. Such
a fact require directly certain additional comments which we
try to present here below. In our opinion the mentioned ques
tion must be regarded within a context marked by the follow- >
ing set of TopicsT):

T, Inits plenitude the QM theory must be considered in a
r-QM respectively in an e-QM reading. Fundamentally,
on the one hand, r-QM deals with theoretical models
regarding intrinsic properties of quantum (atomically
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sized) systems. On the other hand e-QM has to take
into account both the characteristics of measured ob-
servablgsystem and the peculiarities of measuring de-
vicegprocedures;

Within r-QM a situation (stafsystem) is described
completely by its intrinsicif) wave function¥;, and
operators&\k (k=1,2,...,f), associated to its specific
observableg\. Expression of¥j, is distinct for each
situation while the operatorgk have the same math-
ematical representation in many situations. The con-
crete mathematical expression 8, may be obtained
either from theoretical studies (e.g. by solving the ad-
equate Sclidinger equation) or from a priori consid-
erations (not supported by factual studies). For a given
statésystem the observable& can be put into sight
through a small number of globai-descriptors such
are: in-mean valuesin-deviations or second or higher
orderin-moments and correlations (for few examples
see below);

T3 Atrue experimental evaluation of quantum observables

can be obtained by means of an adequate numbers of
samplings finished through significant statistical sets of
individual recordings. For an observable the samplings
must be done on the same occurrences (i.e. practi-
cally on very images of the investigated observable and
statgsystem). As regards a lot of observables a global
and easy sight of the mentioned evaluation can be done
by computing from the alluded recordings some (ex-
perimental) expquantifiers (of global significance)
such are:expmean,expdeviation respectivelgxp
higher order moments;

Usually, a first confrontation of theory versus experi-
ence, is done by comparing side by sideitieescrip-
tors andexp-quantifiers mentioned above T andT 3.
Then, if the confrontation is confirmatory, the investi-
gations about the studied observadjstem can be no-
ticed as a fulfilled task. If the alluded confirmation does
not appear the study may be continued by resorting to
one or groups of the following upgradings)(

u;) An amendment for expression ¥f,, e.g. through
solving a more complete Sabtinger equation or using
the quantum perturbation theory;

uz) Improvements of experimental devices and proced-
ures;

uz) Addition of atheoretical description for the consid-
ered QMS;

Through the extension suggested in above upgrading
us the study changes its reading from a r-QM into an
e-QM vision, in the sense mentioned in topic Such

an extension needs to be conceived as a stylized rep-
resentation through a mathematic modeling so that it
to include both intrinsic elements (regarding observ-
ablegstategsystems) and measuring details. Also if the
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upgradingus is adopted then a true confrontation of b;) Theory is pretty correct and

theory versus experience must be done not as it was b,) Measuring devicgprocedures are almost ideal.
mentioned inT 4 but by putting face to face the predic- Thus, practically, the survey of debated QMS can be
tions of QMS description with the experimental data. regarded as a finished task.

For an illustration of the topic¥,—Ts let us regard as a
QM system a spin-less quantum particle in a rectilinear andD; If instead of the mentioned equalities one detects (one

stationary movement along ti@x axis. The QMS problems or two) flagrant diferences at least one of the alluded

will be reported to the orbital observables momentoupand beliefs p;) and ) is deficient (and unsustainable).

energyE, denoted generically b Such a deadlock can be avoided by one or groups of the
In terms of T, the probabilistic intrinsicif)) character- upgradings u;—usz mentioned above within the

istics of such particle are depicted by orbital wave function  topicT,.
¥in = ¥in(X) (where coordinate covers the rang€®). The

observable# are described by the associated operatoas- Generally speaking the the upgradings u, are appreci-

: ; — .5 ; ated and worked (explicitly or implicitly) in mainstream liter-
cording the QM r_ulei [6,71(i. . by = —inz; respectlyely ature (see [1-3] and references). But note that, as far as know,
by th(_a HamlltonlanH). Then from the class of 9'0'?3‘““ for uz such an appreciation was neither taken into account nor
despnptors regarding such.an ob;ery&btean be mgnnoned developed in details in the respective literature. It is our mod-
the in-mean-valugA), andin- deviationoin (A) defined as oq 155 1o present below a brief exemplification of upgrad-
follows ing us in relationship with the QMS question. The presenta-
(A, = (\{,m, K‘Pm) tion is done in some simple terms of information transmission

theory.
. Y

7in (A) = ‘/(6'”A Fin, oA \P'") An information theory modeling for QMS description
where {,g) denotes the scalar product of functiohsndg, |n a QMS process the input information regarding the in-
while 6inA = A= (Ain- trinsic (in) properties of the measured system is converted

An actual experimental measurement of observabie jn predicted pd) or output information incorporated within
sense off3 must be done through a set of statistical safhe data received on a device recorder. That is why a QMS
plings. The mentioned set gives faras recordings a collec-appears as aimformation transmission process which the
tion of distinct values {a1,az,a3, ... .1} associated measuring device plays the role ofirformation transmis-
with the empirical probabilities (or relative frequencieSion channel So the QMS considered above can be symbol-
vi,v2,v3, ..., v }. Usually, for a lower synthesized sighized asw¥;, = ¥,q for the wave function while the operator
about the mentioned measurement, as experimeatd) ( A remains invariant. Such symbolization is motivated by the
quantifiers are chosen te&pmearA)eypandexpdeviation ¢, .ts that, on the one hand the wave functipris specific
exp(A) given through the formulas: for each considered situation (statestem) whereas, on the

r other hand the operata?f preserves the same mathematical

(Aexp= Z Vi@ expression in all (or at least in many) situations. Note that the

=1 (quantity of) information is connected with probability den-

r 5 : ) sitiesp,(X) and currents (fluxesj,(x) (7 = in, pd) defined in
Texp(A) = JZ Vi '(a’j - (A)exp) terms of'¥,,(x) as in usual QM [4—7]. Add here the fact that
=1 pn (X) and j, (x) refer to the positional respectively the mo-

tional kinds of probabilities. Experimentally the two kinds

The above considerations about an experimental QMg onapilities can be regarded as measurable by distinct de-
must be supplemented with the following Observatiddk ( yices and procedures. Besides, as in practice, one can sup-

O: Note that due to the inaccuracies of experimental dsose that the alluded devices are stationary and linear. Then,

vices some of the recorded values, a2, @3, ... ,ar } similarly with the case of measurements regarding classical
can difer from the eigenvalue®y, &, as, ... ,as} of random observables [4, 16, 17], in an informational reading,
the operatoA. the essence of here discussed QMS description can be com-

O, A comparison at first sight between theory and expdiessed [4, 17] through the relations:
iment can be done by putting side by side the corre-
sponc_Jing aggregate (global) entities (1) and_(_Z). Whe_n ppa(X) = fr(x, X) pin (X) dX
one finds that the values of compared entities are in

near equalities, usually is admitted the following cou-

®3)
ple of linked beliefs if): Jpa (¥) = f/\(x, X) jin (x) dX
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Here the kernel§'(x, xX') and A(x, X') include as noticeable  In the above modeling of QMS description for the energy
parts some elements about the peculiarities of measuring@e= E = H one obtains [4] the followingn respectivelypd
vicegprocedures. Mathematically;(x, X') and A(x, X') are means and deviations

normalized in respect with botk and x’. Note that QMS ho

becomes nearly ideal when bofifx, X) — J6(x — x’) and (H)y = —; oin(H)=0, (5)
A(X X) = (X - X), (6(x — X') being the Dirac’s function). 2

In all other cases QMS appear as non-ideal. w [h2 N (h oM 2)2]
By means of the probability densify,q(x) and current (HY oy = Y ©)

jpd(X) can be computed [4] some useful expressions like pd 4(h + 2mwy?) ’

P (X) A¥pq(X). Then, for observablé, it is possible to 5 5 2

e\?gluate global indicators of predictedd) nature such are opa (H) = Vame?y (h +Mwy ) @

pd-mean(A),q and pd-deviationo g (A) defined, similarly (7 + 2mwy?)

with (1), as follows Relations (5) and (7) show that even#if, has the quality of

— an eigenfunction foH (asoin(H) = 0), due to the measure-

(Apd = (Tpdv A‘de) @ ment¥ ,q is deprived of such a quality (becausgy(H) # 0).
opd(A) = J(édeTpd, SpaA P po) 5 Concluding remarks

We point out, on the one hand, the historical emergence of

.lf as regards a quantum observal?l,ebe&des & Irue X4 o |WEC from the conflict between the itefnsandl, men-
perimental evaluation, for its measuring process one resrts

to a (theoreticginformational) QMS description of the abov loned in Section 2. Th_en we r_emlnd the fact that, on th_e qther
kind the pc-indicators (4) must be tested by comparing themand, the modern studies certify the random characteristics of
with their experimental (factual) correspondents (iexp gquantum observables. Therefore a true measurement of such

o ) . an observable requires a whole set of statistically significant
quantifiers) given in (2). . : . : . . :
. . . .samplings. The respective requirement invalidate indubitably
When the test is confirmatory both theoretical descrip- . .
. RN . : e alluded item ;. So IWFC is proved as a caducous and
tions, of r-QM intrinsic properties of system respectively Ouseless recommendation
QMS, can be considered as adequate and therefore the scien: )

tific task can be accepted as finished. But, if the alluded tFS&Contlguously the"re.spect,we proof allows to pl.Jt Into a new
) . S . ight the famous Sclidinger’s cat thought experiment. We
is of invalidating type, at least one of the mentioned descrip>

; : rgue in Section 3 that Sdbdtinger’s experiment is noting but
tions must be regarded as inadequate and the whole ques |gp - : LS .
a fiction without any scientific value. The argumentation

) h o jus

requires further investigations. . e . .

q . estig ; relies on the notification that: “When the variable of inter-

For an impressive illustration of the above presented in- o :

. o . est has random characteristics it is useless (even forbidden)
formational QMS description we consider as observable 0

interest the energp = E = H regarding a QM harmonicto design experiences or actions that relies solely on a single

oscillator. The operatoR associated to the respective o deterministic sampling of that variable”. The same notifica-

i s R @ 1 29 tion is useful in appreciating of some non-quantum problems
servable is the HamiltoniaH = -5 + smw™x” (mand o0 o Schbdinger’s-type experiment with a classical cat
w denote the mass respectively the angular frequency of 855 vtical practices in traditional artillery.

ciIIatqr). The oscillat_or i_s c_onsidergd to be_ in its lower err The question of IWFC caducity is contiguous also with
ergetic level, whose intrinsic state is described by the waye, problem of QMS descriptions. That is why in Section 4
function'¥i (X) o exp{~ 25 (hereo = oin (¥) = \/% de- we present some brief considerations about the respective
note thein-deviation of coordinat&). Then, becaus#;, isa problem. Thus we propose that QM theory to be regarded
real function, for the considered state one fifigs= 0 —i.e. either in a r-QM or in an e-QM reading, as it refers to the
the probability current is absent. studied observables and systems without or with taking into

So for the regarded QMS description in (3) remains of iaccount the QMS descriptions. The proposal is consolidated
terest only first relation dealing with the change — ppq 0f  with simple illustration regarding a spin-less quantum oscil-
the probability density through the kerréfx, x'). If the sup- lator in a rectiliniar and stationary movement along @
posed measuring device has high performanddesx’) can axis. Particularly we suggest an approach of QMS descrip-
_(x=x)? tions based on information transmission theory.

be taken [4] of Gaussian form i.E.(X, X') o« exp{ -7 1,

. - . v Of course that other fferent approaches about QMS de-
being the error characteristic of the respective device. It C@é}iptions can be imagined. They can be taken into account
been seen that in the case whers 0 the kernel'(x, X’) de- )

. . ) for extending QM theory towards an e-QM reading, as com-
generates into the Dirac functidigx — x’). Thenppg = pin. 9Q y Q g

) _pletgconvincing as possible.
Such a case corresponds to an ideal measuremerﬁferDlp ¢ gasp
ently, wheny # 0 one speaks of non-ideal measurements. Submitted on: November 15, 2012ccepted on: November 18, 2012
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