








I. Introduction

One of the most striking and dramatic pages in the history of the development of
the world cognition is related to the originating of quantum mechanics which has given
the strict quantitativ: description of all the variety of strange phenomena of the atomic
world. The fundamentai representations of new mecharics have not been, however, developed
basing directly on clear understanding of the necessary transformation of the laws of
conventional mechanics in passing over to microparticle motion.

The theory of atumic phenomena was build anew with the complete refusal from
classical mechanics conceptions. The most unususl phenomenon in developing quantum
mechanics was the fact that at first "the carcas" of the mathematical apparatus of the
future theory was discovered, so to say, and only later the physical trecatment of quant-
ities cortained in obtained mathematical equations was found. The modern yuantum theory
in full measure reflects this unusual phenomenological way of developing. The formulation
itself of the gqualitatively original laws of the microworld is directly related to the
interpretation of all the formalisms of quantum mechanics and up to now it continues to
raise disagreements in some insignificant, as it might seem, details which screen entire-
1y various views on the essence of the laws established by quantum mechanics,

The most important problems for
understanding quantum mechanics which have no conventional solution yet, need further
more accurate determination of the formulations of the very bases of juantum theory,
further clarification of some aspects of the relationship of quantum end clagsical laws.

The solution of problems related to the interpretation of quantum mechanics is
at present of urgent significance in connection with the necessity to further radically

change physical representations for the theoretical generalization of rich experimental
information in e¢lem:ntary particle physics,

A phenomenological way for constructing quantum mechanics was incvitably to
result in formal understanding of this theory with considerable lacl. in explainin; the
peculiarities of microparticle motion. Now it has Lecome traditional not to pay attention
both to the unusualness of juantum theory comstruction and to the limitedness of th's
theory explanation achieved. Durin, the years of successful application of jquantum mechan-

incs the rnumber of physicisits was reduced who share the opinion of A.lMinstein on the 1n-
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of atomic phenomena treatment was impossible, that search for more complete description
of these phenomena is groundless from the scientific point of view.

However, the progress of science will inevitably make us again consider the same
problems, to re-estimate the consolidated opinions,

The period of rapid development of quantum theory application to various atomic
world aspocts wag over long ago when it was possible to obtain valuable physical results
without deducing any new fundamental equation or theorem and without caring for a deeper
understanding of the formslism employed. The leading front of the theoretical physics
moved from the atomic world to nuclear physics and elementary particle physics during re-
cent decades. Here it facod immense difficulties in solving new problems basing on the use
of the eér]ier formalism of quantum mechanics and the relativity theory. The present day
theoretical physics needs extremely the reappraisal of quantities, the radical change of
the "apparatus" used. This problem can hardly be solved basing on the formal intexrpreta-
tion of the present formalism of theoretical physics without essential deepening the quant-
um theory.

And that is why along with investigations carried out at the leading edge of

theoretical physics where ilic majority of theoretical physicists are working, the in-
vestipation is needed in the deep rear of theoretical physics aimed at eliminating the
lack of understanding of the earlier established laws and at searching for more complete

description of these phenomena,

2. On the Incompleteness of the Available Quantum - Mechanics
Description of Micro-Object Motion

In the discussion with A.Einstein N.Bohr gained the victory not only over
Einstein's erroneous confidence in existence of atomic phenomena the results of measure-
mer*< *n which are not described by means of quantum mechanics. Together with that, as
if for one, Einstein's idea was rejected unjustifiably of the necessity of further theory
development in order to establish the space-time description of the microworld phenomena.
The value of the raising the question is not diminished also by the fact that A.Einstein
erroneously hoped that it was possible to exclude in this way the probability from the
description of quantum phenomena.

1t cannot be said that this positive feature of Einstein's position has been lost
among erroneous statements and remained unnoticed by its opponents. W.Heisenberg, for
instance, in his book "PHYSIK UND PHILOSOPHIE" rather accurately formulates this part of

A.Einstein's position as well: "... 8o erlaubt diese Deutung doch keine Beschreibung von



dem was tatsachlich geschieht, unabhangig von oder zwischen unseren Beobachtungen, Aber
irgend etwas muss doch geschehen, daran konnen wir nicht zweifeln. Dieses irgend etwas
kann vielleicht nicht in den Bepriffen Elektronen oder Wellen oder Lichtquanten beschrie-
ben werden; aber sofern es nicht irgenwie beschrieben wird, ist die Aufgabe der Physik
noch nicht erfullt.“le/ In his turn N.Borm also has drawn a conclusion that " ... es nicht
so sehr die Frage des Determinismus ist, die Einsteins Adleknung der heutigen Quanten-
physik bedingt, sondern sein Glaube an die objective Realitat des physikalischen Ge-
schehens, unabhangig vom Beobachter' /3/.

The incompleteness of quantum mechanics is obvious from the point of view of the
3pace-time description of microparticle motion hidden from direct observation but
uniquely connected with tvhe results of irreversable processes of measurem.nts. fiven the
most zealous supporters of the Kopenhagen interpretation hardly doubt about the exist-
ence within the given mjcroconditions of microparticle motion before measurements. They
just consider that the aim of physical theory is to describe only the results of irrevers-
able measurem.nts but not that of the space-time picture of micro-object motion hidden
from observation, In this connection N.Bohr formulated the conception of physical reality
whereas the physical principle of uncertainty was generalized into the philosophical
principle of additivity. The limitedness of this point of view is especially clearly seen
in rejecting by persistent supporters of the Kopenhagen school to give explanation to the
interference of single photons atrter their passing through a half-transparent mirror. This
experiment wus suggesved for consideration by A.Einstein. Quantum mechanics in its present
state does not describe and explain the really existing process of photon motion from the
half-transparent mirror to the photoplate detecting interference when the experiment is
repeuted several times /4/. But instead of seeing the limitedness of the guantum mechanics
problem sSolved without any description of thia undoubtedly existing in reality but direct-
lyunobservable motion, N.Bohr declares the statement of the problem describing such a
motion to exceed the bounds of the problems of physical theory/S/. In this way N.Bohr

managed both to avoid the answer to the question put by A.Einstein and to simultaneously
conserve the myth on the incompleteness of quantum mechanics description. Such unnatural
situation DPasing on the philosophical re-estimation of the notion of physical reality
could be consolidated in physics for a long time only due to the fact that quantum mechan-
ics gives by avoiding the description of directly unobservable motion of micro-objects
the complete description of the results of measurements.

The principle of additivity suggested by N.Bohr not only reflects the fact that

in various experiments we learn the aspects of reality supplementing each other, whose



experimental investigation cannot be combined in experiments of a certain type. The
principle of additivity, however, is not limited by this generalization of the content
of the physical uncertainty prineiple. It unjustifiably prohibits the theoretical com~
bination into one physical image of information obtained in incompatible experiments too.
Just in this respect the principle of additivity exceeds the bounds of generalization of
the physical law which had been formulated for the first time by W.Heisenberg as the
principle of uncertainty.

Nobody proved yet the theorem on the impossibility of unique statistical descrip-
tion of gquant.m phenomena by basing on the combined use of physical quantities not
measurable simultaneously. The Kopenhagen school deciared such description to be outside
physical reality by proceeding from positivistic principle of observability according to
which only directly observable quantities should be introduced intv physical theory. It
is a surprise, of course, that the supporters of such points of view do not notice that
the suggested principle of observability is denied by quantum mechanics itself which is
based on the application of the wave function not measurable directly.

The fact that two separately measured quantities cannot be directly measured
simultaneously does not mean that it is impossible to apprehend, to cognize the idea
including both the quantities for no possibility has been proved yet to indirectly measure
such quantities by basing on the results of direct measurements. On the contrary, the re-
fusal from studying the motion of micro-objects in the given micro-conditions, for in-
stance, of photon motion in the earlier discussed expcriment, is a direct contribution
to agnosticism, The development of such a statistical description though for a single but
typical quantum case of motion could be the best proof of the failure to prohibit the
theoretical application of the joint description of simultaneously not measurable quanti-~
ties. The clarification of these basic disadvantages of the present-day formulation of
existing theoretical description of quastum phenomens is of great importance. The conven-
tional statement that quantum theory defines the state of micro-systems with respect to
devices described by classical mechanics and which are original counting systems gives
rise to a difficulty of principle to consistently describe quantum processes which
occurred in the prehistoric period.

The above difficulty to consistently formulate the description of quantum pro-
cesses in the prehistoric period is due, mainly, to the confuse in the determination of
the notions "a device" and "measurcmcnt" in quantum mechanics. If in describing and
studylng sattelite motion the Earth was considered to be a device, this would give rise
to a great surprise. A similar confusion still remains in quantum mechanics in the basis

of this theory formulation.



Indeed, they call the physical conditions of micro-object motion given by the
classical potential to be a preparatory part of the device forgetting that not the micro-
object itself is the subject of quantum mechanics but the micro-object which is in cer-
tain phjsical conditions. The process of micro-object transition from some physical

conditions of motion into other ones is incorrectly called measurement. In fact, the
man's congnitive activity is principally connected only with the detection of this process
with a device generating a macroscoupic sigoal,

The test of quantum mechanics predictions a.ong with the employment of macroscop-
1c amplification in order to detect tho change of quantum motion states requires, of
course, the controlled conditions for the unigus separation of the original statistic
asseably of quantum systems under study, which is impossible without definite macroscopic
physical conditions of micro-object motion. However, only the part which detects quantum
trangitions should be eliminated in describing quantum phenomena occurred in the prehisto-
ric period, i.e. in describing them without relating to the experimental test of theoret-
ical predictions. The experimental device itself generating the amplified macroscopic sig-
nal of micro-object quantum transition from some physical conditions intu other omes, is
not at all an integral part of the irreversable quantum process. Unfortunately, D.I.Blok-
him;sev/ 6/ in his monograph has paid no attention to this circumstance in considering the
macroscopic nature of a detector,of the equilibrium macroscupic instability of 1its
initial state.

For instance, atom excitation, emission of light quanta by these atoms as well as
photoionization of gas atoms by photons occur without any connection with the congnition
activity of a subject from the macroworld.

The use of a generated photoelectron in the device as the initial impetus for
producing a macroscopic avalanche under the e¢ffect of the electrical field in a photo-
multiplier, in a gas counter or a spark chamber cannot affect the earlier quantum proces-
ses of atom excitation, its photon emission and further atom photoionization in the
counter, Despite the fact whether the electricai field is supplied to the counter or not,
i.e., whether we have detected a photon or not, atom photoionization itself or the pro-
duction of the Compton electron introduces the violation of wave coherency in quantum
processes of the 1-st type eliminating a possibility to further separate with macroscopic
means the assembly in which the interference cffect migzht take place (Von Neumann's
teminolo&y/w).

Thus, if in the exp.riment with a half-transparent mirror the photons before



hitting a photoplate will pass through two symmetrically placed counters of Compton elect—
rons, independentiy of voltage over the counter the interference of stipes on the photo~

plate will be eliminated proportionally to the eftectiveness of Compton scattering process.

3, Substantitation of a Necessity to Establish the Joint

Coordinate~Momentum Description of Micro-Object Motion

The behaviour of quantum systems consisting of an assembly of separate micro-
objects not interacting with each other which are in identical macroscopic conditions
of motion is a subject for description in quantum mechanies.

Both in quantum and in classical mechanics physical conditions for object motion
are given by potential energy functions. But in classical physics these potential energy
functions are used after solving motion equations in order to obtain the dynamic or sta-
tistical description of motion in space and time or in the phase space of coordinates and
momenta., In quantum mechanics potential energy functions determine unambiguously only
some auxuliary quantity, the so—called wave function of the state under study. The physic-
al meaning of the latter is expressed in the predictions of the probabilities of micro-ob-
ject transition from the state under study into any other motion state occurring in nature.

Note that the probability character of the present description corresponds to the
the statistical nature of these transitions but it is not an artificial reason of the
accepted description., Indeed, with one and the same type of sudden changes of extermal

ical conditions in various specimens of similar quantum system transitions into vari-
ous states take place which differ by the eigen-vaiues of a certain dynamical varisble.
Therefore, the objective law is displayed in the probability distribution of such tran-
sitions.

Since a macroscopic signal informing of the transition of each micro-object into
another state of motion can be obtained in specially prepared conditions, consequently,
one can say that the wave function gives the statistical description of the results of
any possible measurem.nts of quantum systems. In accordance with the type of an effect
upon jquantum systems these proceuses are classified as the measurements of various dynam-
ic variables. Among the so-cailed observables in quantum mechanics we have also dynamic
variables (coordinates and momenta) with which motion in classical physics is described.
But in quantum mechanics these quantities are not combined in the description of micro-
object motion in phase space.

Amony; various possible states of quantum systems the so-called eigen-states of

physical guantities are of special importance. Without describing micro-object motion



itself within the given physical conditions defining a quantum~mechanical state the
quantum mechanlecs separates such states and corresponding to them functions of potential
energy from possible ones with which certain physical quantities conserve constant values.
1t is obwvious that the corresponding measurements carried out for each separate specimen
from the statistical body of quantum systems being in the given eigen-state will provide
the same result. Such a body has a definite varue of the physical quantity due to its
conservation in each specimen in the process of motion,.

In order to create quantum systems being in the cigen-state 1t 1s necessary to
bring about certain physical conditions represented by a certain potential function.

The peculiarity of quantum sSystem properties is that in nature there are no such
states of micro-object motion in which the space coordinate in any direction and the
momentum component in the same direction remained constant. (By the way, in classical
mechanics these conditions are valid only in the state of object rest). Hence, the eigen-

states of these dynamic variables do no coincide. In order to bring about the eigen-state
by the momentum the absence of any forces in space is necessary, whereas for the elgen-
state by the coordinate an infinitely narrow potential box with infinitely high potential
walls is required.

A direct consequence of the fact that in nature there are no states having const-

ant vaiues of the coordinate and momentum is the impcssibility to simultaneously measure

the coordinate and momentum, since the process of measurement employs transition occurr-
ing in each case of the micro-object from the state under study into one of the exist-
ing eigen-states with the constant values of measurable quantities.

Thus, juantum mechanics leads to the impossibility of bringing about such macro-
scopic conditions of micro-object motion which allowed to separate the statistical body
of quantum systems with the constant vafues of the moms ntum and coordinate. If the con-

dition of conserving one of the variables to be constant holdg, then according to the
principle of uncertainty we obtain for the statistical body of such systems a2n indcfinite
vatue of another quantity. It should be noted that the term "an indelinitc value" having
a specific, concrete mcaning with respect to the statistical body of similar juantum
systems is often used rather lamely for a :eparate quantum system when one foriets the
fact that a separate mcasurement always gives a certain value of the measured quantity.
Quantum mechanics as P.Dirac hus emphasized in his book "PRINCIPLES OF ~UANIUM wliCHANICS"
(ref./a/, p. 145) procceds from the abstract possibility of an as precise as desired
single measurem. nt of the coordinate and momeutum of a micro-object.

Suppose we have a statistical assembly of (lectrons not interactiny with cachother
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localized in a certain area of space due to the use of identical potential boxes., If we
ar: able to instantly remove the potential walls of the box and let the electron into the
space free of force fields affecting the elwctron, this will allow us to carry out as
precise as desired measurement of the momentum of the single electron. In each specific
measurement we shall obtain a certain value of momentum. But the measurement of various
specimens of the available body of identical systems will provide different results. Dis-
persion characterizing the spread of obtained results in the statistical body is just
contained in the uncertainty relation.

Naturally we shall consider that measurement is pecail type of effect which
despite the destruction of the not studied quantum system allows to obtain the values of
the measured quantity which are inherent to the object under study. Then the difference
of experimcntal results of m.asurements carried out using separate specimens of the body
of similar systems should describe the change of th: given measured quantity in the pro-
cess of micro-object motion in the state under study. Then the goal of further development
of quantum mechanics should be the description of the micro-object motion in the phase
space D and q hidden from the direct obserwv. on but uniquely related to the sta-
tistical bodies of the results of measurem:nts.

Since quantum mechanics gives the correct prediction of statistical distribution

of the results of all possible measurements, it is natural to suggest that the formatism
of the existing theory hiddenly contains ell the information on micru-object motion
in the phase space p and q in any given state.

Just in this respect, against the Kopenhagen school statements, some scientists
made attempts to develop the conventional formalism of quantum theory. As P.Dirac re-
marks in his book/B/ (p.187), von Neumann was the first to introduce for the quantum
system the density F ( p , Q' ) in the phase space which is analogous to the Gibbs
density in classical statistical physics. But as far as quantum Systems are concerned,
this stutistical function cannot be measured directly since the statistical body of sys-

tems corresponding to it is hidden from the macroworld as it cannot be separated by
creating macroscopic conditions for micro-object motion. In Lhis respect the function
of probability density in phase space is entirely similar to the wave function also
not measured directly in experiment but related theoretically with all the statistical
distributions of the results of measurements. However, the development of the quantum
theory on the basis of the distribution function in mixed coordinate-momentum space would
deepen the theory since it would ailow together with the predictions of statistical dis-
tributions of the results of all possible measurements to obtain information on the

micro-object motion hidden from direct observation.
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Note that the queétion of acquiring information on such motion does not contra-
dict the conclusion drawn earlier by Von Neumann on the "hidden parameters", As far back
88 1932 in his excellent monograph "MATHEMATISCHE GRUNDLAGEN DER QUANTENMECHANIK" 17
which still remains the most strict and accurate description of quantum mechanics, Von

Neumann drew a conclusion on the impossibility of introducing into quantum mechanics
hidden parameters not taken into account which would allow to separate sub-assemblies
without momentum and coordinate dispersion and to establish on this basis "true" causal
motion of micro-particles (p. 240-241), Thus, the conciusion of Von Neumann refers to the
parameters not taken into account in theory but directly observed in experiment, since he
speaks of the separation with their help of assemblies not described by conventional
quantum theory.

Acknowledging that modern quantum mechanics gives the complete description of all
really directly observed quantities we pay attention to the inevitable existence of the
parameters of micro-object motion which are hidden from the direct observation. These
parameters cannot be used for separating with macroscopic means the assemblies contradict-

ing the present day quantum theory and to available experimental data. But these parame-
ters principally hidden from the direct observation should be cognizable by establishing
their relation to all the assembly of observed quantities.

It should be stressed that the solution of the problem of establishing the unique
description of micro-object motion principally hidden from observution will not allow to
predict any new effect or result of measurements in the sphere of quantum phenomena. Then,
what is this description needed foi? First of all, it is needed to fill in the gap in
the explanation of quantum efrects for which the existing theory provides only statistic-
al prediction of the results of observation., In other words, in order to give concrete
explanation, for instance, to micro~particle motion with the tunnel effect, to the reason
of statistical spread of the results of repeated measurements and at last to the unity of

corpuscular and’'wave properties of matter a new experimnt would be necessary to runm,
if the queétion arogse o0f substituting the old explanation vy a new one. But just the
paradox of our time is that for forty years of quantum mechanics existence there has been
no explanation whatever of the above effects. Thus, quantum mechanics in its present-day
form giving correct and complete description of statistical distribution of the results
ot all possible measurements does not provide, nevertheless, in an obvious form all what
could be established concerning micro-object motion in the microworld basing on these

results of measurements.
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Besides, it should be noted that the elimination of the gap in the explanation of
quantum effccts basing on the establishment of the nature of quantum effects hidden from
the direct observation will permit in due course to predict new experimental results not
in the field of atomic physics but in the deeper spheres of physics where even a formal
theoretical formalism has not been developed yet on the basis of available representations,
Strictly speaking, molecular theory as well which had opened wide horizons for physicists
gave no practical results just to phenomenological thermodynamics.

Prof. D.I.Blokhintsev in his monograph "PRINCIPAL PROBLEMS OF QUANTUM MECHANICS"
(ref./s/) quite correctly remarks that the assumption on the hidden causal motion of
quantum particles to which principally hidden, not measurable parameters correspond cannot
be rejected basing on the considerations called the Neumann theory/7/(pp. 133-147), since
Von Neurann proceeds from the observability of parameters hidden in the formalism of
modern guantum theory, Nevertheless, the methods of mathematical statistics, in fact,
allow to strictly prove the same conclusion for the unobservable parameters as well.
Further it will be shown that for the principally hidden micru~particle motion the repre-
sentation of motion along certain trajectories in phase space is banned since such motion
is incompatible in terms of mathematical statistics with probability distributions given
in quantum theory for the observable quantities.

/9_12/to develop quantum theory for

This means that the attempts of some physicists
establishing dynamical motion are condemned to fail, The impossibility of creating the
causal, not stati :al description of the results of measurements in quantum processes
has becen proved by Von Neumann. Further we shall prove the necessity of involving stat-
istics not only to predict results but also to describe micru-particle motion principally
hidden from direct observation.

Searching for a unique description of hidden-particle motion, using the methods
of mathcmatical statistics a non-classical way of motion as complex as desired should be
admitted, if necessary. Their unique compatibility with all the amount of experimental
results predicted with the pYesent day theory can be the only criterion of the correct-
ness of the discovered properties of hidden micro-particle motion., Therefore, the inverse
method for finding thc unobserved function of the distribution of the F(p,q) probability
density in phase space proceeding from the analysis of the mathematical formalism of the
available quantum mechanics is guite natural.

Just this way of obtaining the mixed density matrix or thc function of the joint
momentum—coordinate distribution has been chosen by E.Wigner/15/, G.Bei1/14/,

Ya.P.Terletsky/15/, D.I.Blokhintsev/1b/, P.Dirac/17/ and J.E.Moyal/18/, However, the
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above authors have not succeeded in obtaining the description of the hidden motion of
micro-puarticles since obtained probability densities in phase space were expressed either
by the complex function or had negative varues., The use of such quasi-probability distribu-
tion. functions means the development of new versions of thg rormalism for describing the
results of observations in quantum mechamics only in their external form close to that
of classicali statistical paysics.

The problem or uniqueness of the sulutions obtained by the above authors has been
discussed by R.L.Stratanovich’ 19/, u.v.Ryazanov/2%/ could not avoid negutive "probabili-

ties" in generalizing the approach developed by R.Feynman/21/

as well,

In describing in terms of classical statistics specific quantum properties relat-
ing to the interference effects of quantum mechanics, negative values were always obtained
for the F(p,q) hidden function found theoretically. However, nobody has proved yet the
theorem of the impossibility to sulve the inverse problem of determining the real and
everywhere positive function F(p,q ) of the hidden probability distribution in the space
of simultaneously not measurable dypamic variables p and g with the known distributions of
£(p) anduP (q). Since we discuss here really existing hidden and as complicated as desired
micro~particle motion for whose cognition no principal obstacles should exist, failures
in solving this problem should be considered only as & proof of its complicacy.

The consideration and solution of an analogous inverse problem in classical phys-

ics can promote the overcoming of difficulties in sclving the problems set in quantum
mechanics. As far as is known, in classical statistical physics no problem was solved on
the unique determination of probability density in phase space using known probability
distributions for coordinates and momenta. At the same time this problem can be set both
for object performing dynamical motion along certain trajectories in phase space and for
objects moving along stochastic trajectories,
4, Statistical Description of the Motion of Individual Objects
In Classical Physics

Prior to solving the inverse problem in classical mechanics let us refer to the
statistical description of the dynamical motion of individual objects. Unfortunately, the
description has not been widely used in practice despite the fact +that just in its sta -
tistical form classical mechanics allows a direct comparison with experimental results.

The initial notions of the so-called statistical mechanics (phase space, micro-
canonical distributions, phase space invariance with respect to canonical transformations
of variables, etc.) are considered in formulating the fun.amental problem of stutistical

physics. M.Born/jz/ has investigated a gen.ral case of statistical dynamics describing
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the combinations of separate particle motions #iong trajectories strictly following dynam-
ical laws with the given distribution of the initial values of velocities and coordinates.
To be frank, the author erroneously identified his proof of the limitedneas of predictions
of classical object motion states with the undeterminacy of the laws of classical mechan -
ics. Both in 1ts conventional and statistical forms classical michanics proceeds con-
sistently from the Laplass predetermination of future motion states. Statistical cal-
culations given in ref./jz/ are based entirely on the acknowledgement of determinacy

of classical object motion since for each object of the original statistical body a
strictly determined trajectory is taken but not a stochastic one in phase space.

The statistical dynamics of the motion of separate classical particles is a limit-
ing case in .juantum mechanics since in vanishing of Planck's constant to zero quantum

mechanics turns out directly into stochastic classical mechanics. This limiting transfer
has been studied by Ya.P.Terletsky/15/. Thus, some features of the statistical representa-
tions of quantum mechanics are common to the stochastic form of classical mechanics and,
therefore, they cannot be ascribed to the specific properties of quantum mechanics laws.
Owing to this, the analysis of the stochastic formulation of classical m- chanics turns

out to be rather useful for clarifying a number of simple problems intricated by some
clumsy, imperfect formulations of the conv-ntionali description of quantum mcchanics. The
exhaustive anaiysis of stochastic mechanics can also promote further clarification of such
initial problems of statistical mechanics as the proof of ergodicity and the substatiation
of the irreversibility of processcs. For instance, ergodicity in the case of statistical
dynamics recults dircctly from the Liouville theorem on phase volume conservation in the
canonical transformation of variables corresponding to the variation of coordinates and
velocities according to the dynamical laws of classical mechanics. Indeed, the continuum
of particles havin; various total e.ergies which are plotted by a dotted line in phase
space due to the Liouville thoorem will move for a short period At so that the dots

of phasc space describing th- continuum will pass the volume pruportional to the time
interval 4 t and which is independent of the chosen time t . This invariance of the
phase volume traversed for the time f t , Just m ans ergodicity. (See, for instance,
vet S, pu330).

The time variation of the probability density F (p, q, t ) in phase space for
the continuum of particles not interacting with each other, moving according to the laws
of clausical dynamics is ¢ ~ibed by the weli-known Liouville equation, If uniform

probability density distribution aiongp one of the particle trajectories(and the zero

value of the probability demsity) ror the remaining dots of phase space corresponds to



the initial statistica(assembly of the system under consideration, such microcanonical

distribution remains constant in time. This kind of the time-independent state is of
special interest since the solution of the inverse problem put by ourselves leads in this
case to the determination of a certain trajectory in phase space from the analysis of the
statistical distributions }3 (q) and £(p). It is also worth noting that the description
of the time-~independent assembly of classical particles located on a single phase traject-
ory is quite identical to the description of the motion of a single particle at various
stochastic periods of time taken according to the law of uniform distribution. Ergodicity
in this case is a direct consequence of the dependence of statistical distributions of
quantities describing the object motion sbtate, upon the variation of these quantities in
time which i8 considered to be a stochastic quantity. Now it is evident also that the
relative durations of the system residing in a certain region of phasé space should be
considered not as formal probabilities deprived of proper statistical bodies as it has
been stated, for instance, by M.A.Leontovich/zﬁ/, but as the most conventional probabil-~
ities referring to the body of states at stochastic moments of time‘).

In order to study the motion of an imndividual classical particle we can employ
a device measuring only the particle coordinate and separately a device measuring only
the particle momentum. Applylng these devices in two series of independent measurements
we obtain some statistical distributions of results of measurements performed.

In this case two versions are possible of holding the conditians of the independen—
cy of separate measurements, If one neglects the effect of measurement on the object under
study, all the measurements can be subsequently carried out with one and the same object
at independent stochastic moments of time. If each separate measurement results in consi-

derable vielation of motion of the object under study, the statistical investigation

®) This approach in which time 1s considered to.be a stochastic gquantity can be success-—
fully applied also to the stochastic description of the motion of a particle belonging
to the equilibrium assembly of particles not interacting with each otner, for instance,
to ideal gas. In this case stochastic quantitites describing the state of individual
object motion will be functions of both the stochastic period of time and the stochastic
quantity of particle total energy. The proof of ergodicity, naturally, remains the same
since averaging over quantities in time means statistical averaging over the continuum
of states at various stochastic periods of time.

The consideration of time as a stochastic guantity is tolerable aiso for a quasi-
stationary assembly of systems performing conditionaelly periodical motion if the period
of the motion is much shorter than relaxation time. So, ergodicity or morc exactly quasi-
ergodicity can be strictly proved for those mechanical syscem whose statistical descript-
ion of motion can be based on accepting the observation time of the motion state to be a
stochastic guantity suffering uniform distribution,
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1s possible since measurements can be carried out with various specimens of the statist-
ical bodies of similar systems.
Such an approach to the investigation of the motion of an individual classical
object is applicable not only for describing motion along stochastic trajectories of the
type of Brownian particle motion but for a conventional causal motion along a definite
trajectory as well. The methods of mathematical statistics should evidently allow to
obtain the description corresponding to this specially chosen methoed of experimental in-
vestigation for any typeof motion,In other words,the statistical distributions of the re-
sults of independent measurements of coordinates and momenta should be predicted theoreti-
cally for any type of motion. In its turn, there should be a theoretical possibility of the
unique reconstruction of motion descriptinn ir the phase space of coordinates and momenta by
the statistical distributions of coordinates and momenta separately found in experiment.
This method of investigations 1is peculiar of the applicability of its resuits
also to the case when each measurement leads to the destruction of the system under study.
Only due to the possibility available in classical mechanics to carry out measurement
without violating the effect studied this principully imporvant method of investigation
turned out to be undeveloped in classical statistical physics.
Conuider first the general case of periodic motion ol a classical object along
a certain trajectory in phase space. For the sake of simplicity consider the case of
one-dimensional motion.
Considering the results of measurements of coordinates and momenta as a function
of a stochastic quantity of observation time = (t) and p = p(t) and taking
for T the uniform distribution ‘P(t)dt "—‘ dt , Where the normalizing factor T is
a period, we find the following expressions for the probability density of acquiring the

coordinate and momenta values in indepéndent stochastic measurements:

1
P(O( Tlo,f?]-a%(q)] (1a)
fp)=% 73 TEE (o)

where H (p,q) is a Hamiltonian for the motion under study.

Emphasize that the appearence of statistics in the distribution of the results
of coordinate and momcntum measurement of a classical objcct moving alongz a definite
trajectory is related '.ot to experimental errors but to stochastic selection of the

moment of m.asurement. Various values obtained in these experiments characterize the fact



that the object under study resides at various points of space in the states having
various momenta. In this connection the meaning of the obtained distributions is very
simple. For instance, the probability </%tz)[i[z of acquiring in measurements the value
(l in the interval Ciq. is proportional to the time of real object residing in this re-
gion of space. The distribution of the probability density {‘(D) has a similar meaning.
The obtained distributions p(q) and f(p) are characterized by the dispersions
2 a2
(4G)" na (4P

and differing from zero, if only the object under study is not at rest.

With the definite (fixed) value of energy these dispersions turn out to be correlated.
hW.

Moreover, if one considers a classical harmonic oscillator of the total energy —2—4

one finds for it the same reletion for dispersions as for a quantum oscillator in the

zeroth state, i.e., (AC]')Z (ﬂp—)ixg‘l .

Since our description of the results of measurements of dynamical variables of
the classical object is, entirely analogous in form to the statistical description of
time-independent states in quantum mechanics, the obtained results clearly show the
groundlessness of the interpretation of the term "uncertainty" applied in quantum mechan-—
ics to a separate micro-object. Only K.V.Nikolsky/zz/ and D.I.Blokhintsev/25/ in their
courses of studies on quantum mechanics followed the mathematical statistical language

/

which had been used for the first time by Von Neumann &/ to desciibe the essence of
quantum mechanics.

On the other band, these authors obviously underestimated, however, the main
peculiarity of statistical as.emblies consisting of not interacting particles as a means
for clarifying the properties of motion of individual objects.

Strictly speaking, the dispersions (A [l)z and ( a L))z both in classical
and in quantum mechanics refer to the statistical assemblies of independent repeated
measurements with similar physical systems. The objective character of measurements
implies the true realization of these distributions in the assembly of similar systems
in the process of motion of objects studied. Since the assembly consists of particles
not interacting witn each other, the statistical distributions referring to the assembly
are at the same time the statistical form for describing individual particle motion.
With the given energy differing from zero of the classical oscillator we are not able
using any variations of the potential functions to create motion corresyonding to a
statistical assembly having zero values of both the dispersions.

The motion itself of the classical object under study in the phase space but not
the fact that the object has ne definite momentum at each point of space leads to this

circumstance. The impossibility of creating an assembly with zero dispersions with the
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given oscillator energy implies also the impossibility of simultaneous measuring the
coordinate and the momentum when a device is used which distroys the motion under study.
Obvidusly, this limitation of experimental possibilities cannot deprive a classical
object of its property to move at each point of space at a definite velocity. The most
important fact is that the application of the more perfect device measuring simultaneous-
ly the particle momentum and coordinate is not the only method for proving this property.
Rather a simple theoretical analysis of the distributions }9(Q) and f(p)
obtained only in the independent separate measurements of coordinates and momenta
allow to uniquely establish the presence of motion along a definite trajectory of the
phuse spuce.
Relation (1a) by itself establishes the relation between the absolute value

of velocity or the momentum and the coourdinate.

;DIZQ%@?)L@ ' @

We are only to exclude from this relation the unknown parameters m and T,

Indeed,

T4me differentiation over time of relation (2) gives

1@
-2 2

Substituting this value of Pbto (1b) we obtain the relation correlating the

(&)

dynamical variables p and q only by the functions/)(q) and f (p) known from

measurements.
olf(p)- 2L
[P (Q) ()
Relation (4) determines, consequently, the equation of the trajeciory in the

puase space of variables p and Cl . *

Using it, for example, for a classical oscillator, having the distrivutions
PO)= g =
(;U-E;'
4
and p 9
w2 find hucown equation of the ellipse for tne phase trajectory of tre classical

oscillator —& 1— %.

The most important fact is that in deducing relations (1a), (1) and in

solving the inverse problem of detelmining the phase trajsciory by using svatis

aistributions measured we did not employ the dynamical lwuws of classieal wechanics



circumstance has a principal meaning since it makes relation (4) applicable for finding
out the hidden motion along a definite trajectory independently of effective dynamical
laws. Consequently, the fact of motion aiong a definite traj c¢tory due to the kinematic
factors causes certain dependence of separate statistical distributions on q and p which
are the projections of the combined micro-canonical distribution in phase space.

Thus, basing only on the measured dlstrlbutionsp (g) ana £(p) without making the
simultaneous measurement of the momentum and the cuordinate and without meking any sug-
gestions on dynamical laws governing the motion of an object under study we can by using
relation (4) establish the motion itself along a trajectory and determine the trajectory
itself of object motion in phase space,

This means that we can apply relation also tc the anasysis of hidden microparticle
motion in various quantum-mechanical states. Since in this aspect of physics it is prin-
cipally impossible to simultaneously measure the momentum and the coordinate of the micro-
particie, the above method of anaiysing is the only possibility to clear out the hidden
motion along a certain trajectory. Introducing into relation (4) distributions given by
quantum mechanics for time-independent states we make sure that the obtained equation has
no solutions. Equality (4) does not hold with amy real vaiues of p for definite q if,
for instaunce, a distribution function for a juantum oscillator is taken, This violation
of equality (4) takes place for all guantum-mechanical states with the wave function

presenting the superposition of flat waves.

The absence of solutions for the trajcctory equation means that the gquantum—
mechanical distributions P@}) and }(D) are not compatible with the representation of
the hidden motion along a single trajectory. Unly the free motion of micro~purticles
with the given momentum is an exception, i.e., the case when wave interference is
absent.

Consegquently, the concuiusion of Von Neumann 1s generalized also for the case
of entirely hrdden, principally not observed parameters. This means that the stabistic-
4l character of quantum-mechanical deuseription is due not ouly to the stochastic selection
of the measurcment time of the separate specimen from the statistical as.cembly of similar
obgucts beingz in the time-independent state of motion, but by a more complex charuacter
of the hidden, dircctly unobscrvable meticn.

It should be noted that D.Bohm /17 has made a completely wronyg conclusion on the

2Xxistence of hidden quantum-mechanical motion of particles along aynamical trajectories.



A system of two equations obtained from the Shroedinger equation was interpreted by the
author as eguations of the dynamical description for microparticle motion basing en the
fact that one of these equations is of the Jacobi-Hamiltonian type with an additional
quantum-mechanical potential. As has been shown earlier by B.T.Geliklan/2u/ with an
example of the Brownian motion, in classical physics such a system of equations is des-
cription of statistical but not dynamical motion of the particle. The hidden parameter
treuted by D.Bohm as the velocity of a separate particle at a definite point of space is,
in fact, only the mean velocity of the particle continuum at the given point.

The search for the theoretical description of the hidden motion of juantum mecha-
nics should be carried out taking into account the stochastic character of this motion
on the basis of statistical analysis allowing to determine everywhere positive probabil-
ity density F ( p,(} ) in phase space. The above~developed approach is easily generalized
for the case of more complicated motion in phase space. For the sake of conserving comp-
lete clearness, it is reasonable to make this generalization using the examples of ohject
motion from classical mechanics.

Let the independent and separate measurements of Cl and p be carried out in a
statistical assembly of the system whose total energy is distributed according to the law
w(E ). The results of measurements of the distribution functionsj)(q) and f(p) for a
time-independent case will be identical both for an assembly consisting of a mechanical
mixture of systems having various but constant energy values for each specimen and for
the assembly consisting of similar non-conservative systems whose total energy varies due
to independent stochastic variations of perturbations, The interpretation of statistical
results will be, of course, different for such assemblies.

The observed distributions in our case will be as follows
o
B 2m WEBE
P4)- fe.(q) TENPE Q)] (5)
f0)- [, TEiscar
52(‘]) T(e)\p(€7p{ . (5b)

On the other hand, these functions are related with the intejsral relations to probability

P(g) = f: F(P,q)dp (68)
()= FEgdy

density in phase space
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Comparing these two relations w:o have
AL wig)
A = A ;
F (r},g,, 0 , )
where the functions \W(€) and T{£) arve also unknown. It follows from this rolation that
probability density necessary for us should be searched for as some tunction F ( £ )

2
of only one variable £ =2LW+D(Q,) .

—~

Xpressing the absolute velocity \;;) in relation (5a) through enerry, we obtain

for the unknown functiom ¥ ( 8 ) the folliowings Wolter integral equation of the first
© .

. — r(€)de

)T [ 20,

A ¢ VE-E,

where q in the functicn'p (q) should be expressed by ihe lower integral limit E; :L)a}).

type:

, (G

Equation (8) is identical to that found in the known Abei nroblem. [t has the only

solution/zb/ of the following form:

4 (PS4m0 dE
el gpma |~ e

. (9
Thus, the solution of the inverse problem has been ootained by ourselves using
the dynamical laws of the classical mectanics., In order to determine the probability den-
sity F( €) in phase spuace it is necessary to know the probability ﬂ (q ) and the function
of the potential energy L)(@) . The momentum distribubionlf(p) with such an approach
can be predicted basing on (bb) and (5b), wéere 61 should be taken equal toé%i* ljnﬂh
Relavion (?7) implies that the equality 8 :g;;-bv(qj should be valid. Relations (5) and
(o) can be used in statisticul consideration of the obj ¢t motion independently of the
dynamical laws of classical mechanics. In this case all the statistical distributions
refer to the Hibbs statistical assembly consisting of similar not interacting with each
other physical systems suffering stochastic perturbations of motion from one and the
same thermostat. The observed distributions_ﬁ((}) and }:(p} are sums teken with cer-
tain weipghts of statistical distributions corresponding to motion along separate traject-
ories in phase space. Due to stochastic perturbation of motion the system uader study
passes from a trajectory to another one , its micro-state being varied by step. If the
independent measuremcnts of C} and D do not violate the motion of our system,
statistical distributions can be obtained in the assembly of repeated independent
measurements at stochastic moments of time using one physical system interacting with
the thermostat. The probability distributions of measurement results are due in this
case not only to stochastic choice of the time of measurement but to the stochastic

character of the variation of dynamical motion of the object under study.
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Accepting the canonical energy distribution W(9)~——e F for a one~dimensional
classical oscillator which is a classical Brownian partlcle in the force field mb-)o q
and suffering independent stochastic perturbations one obtains from relation (5) for q
and D the Geussian law distributions in agreement with the results of ref./m/ Thus,

Gaussian distributions are obtained as a result of summing the distributions

1
R . -

2 £
where q n’2\®2 and D:= 2mé .

The particle moving in phase space along an elliptical trajectory corresponding
to the total energy 8 at some stochastic time t at the point q(t) suffers a perturba-
tion changing instantly its momentum P (t) by some stochastic quantity A D,, . Hence,
being at the same point gq , baving the previous potential energy —-———OL at the time
t + 4dt, the particle has now another value of klnetic energy _([%L&)_ 29— *‘AS .The total

AD ﬂtp )2
oscillator energy is varied by the same value 18 according to which

further particle motion in phase space occurs along a new elliptical trajectory.

5. Problem of Unique Statistical Description of Hidden Microparticle

Motion in Phase Space

The hidden value of the probability density F (p,LL) in phase space for
quantum systems in a general form should be, of course, searched for proceeding from the
wave function of the state, as it contains all the data on the statistical distributions

of the measured cuantities. However, the approach developed in the previous Section for
the systems of classical mechanics seems to offer interesting possibilities for studying
some tvpical quantum systems as well.

As has been alreadv mentioned, for the classical oscillator having the det'inite
hWo
2 k]

energy E,= the dispersions for the g and P distributions coincide with those for
the jquantum oscillator in the zero state. The q and p distributions themselves
considerably differ from quantum distributions, However, for the classical oscillator
excited by Brownian perturbations we have the q and p distributions of the same type as
in the case of the zero state of the guantum oscillator. This similarity of distributions
allows to expect that information on the hidden motion can be obtained in analysing some
quantum systems basing on the solution of inverse problem (9) obtained for a classical

system,
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first of all, a direct consequence of the same seeming contradiction of the relation be-
tween energy variables in quantum mechanics itself, The values of kinetic and potential
energies measured separately take, according to quantum theory, also eigen-values exceed-
ing that of total energy. The present day quantum theory dues not explain this unusual
relation between the energy characteristics stressing only the absence of discrepancy in
the frame work of the accepted formallsm due to the simultaneous immesurability of these
quantities.

Thus, it is natural that the unobservable quantity & which is the sum of the
eigen-values of kinetic and potential energies takes vaiues exceeding those of total
energy. But physical theory trying to describe hidden motion cannot be limited only by
formal clearing out the formal absence of discrepancy in this fact.

It is necessary to obtain physical explanation both of this fact and of the
reasons of the uninsulated non-conservation character of quantum systems,

An attempt to describe a quantum oscillator as entirely identical to the above-
considered Brownian one for which it would be impossible to measure the instant energy 8,
confronts a difficulty of principle, Quantum particles released due %o the tunnel effect
have always energy corresponding to the total energy of the system having a negligible
energy dispersion spread. Hence, perturbation experienced by quantum systems does not
change the total energy of the system. This will be possible if one supposes that with
each perturbation simultanecusly energy should be varied by AS; and the potential energy
should be varied Dby the vaiue AUL:-ASL s, which keeps the unchanged value in the
process of further particle motion in phase space till next stochastic perturbation.
Consequently, the unobserved quantity & = g% +[)01) taking into account instant changes
of kinetic energy By = 5£+ AL)L which remain constant. Such processes occurring with
total energy conservation are called virtual in quantum mechanics.

Kinetic energy fluctuations are responsible for the departure of the particle into
a region remoted from the attgﬁc{ion centre where the potential energy determined by the
classical function L)(Q)=m—02)'—q without taking into account stochastic perturbations
of the potential by a Ui considerably exceeds the total energy of the system. The tunnel
effect is explained by particle passage over the potential barrier due to the stochastic
process of lowering the whole potential function, Bmploying the classical image of the
force field potential quantum mechanics, in fact, takes into account in a hidden way the
macroscopic nature of potential energy fluctuations. Without explaining the physical

essence of the tumnel effect modern theory uses rather improper terminology (subbarier
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ics of these oscillators we can, basing on the results of ref./29/make an unambiguous
conclusion on the physical nature of fiuctuation perturbations violating the lnsulated
character of quantum systems., It is virtual processes of quantum system excitation with
photon vacuum that cause simultaneous fluctuations of kinetic and potential energies)

total energy being conserved.
h (wo
2

of quantum systems is completely due to their uninsulation of zero vacuum oscillations,

Thus, a specific peculiarity of the presence of the zero energy E,=

i.e. to the efiect of virtual photons of vacuum. Since the virtual process of kinetic
energy variation due to the potential one can occur by definition only in coupled systems,
only such systems have zero energy, and the vaiue of zero energy turns out to be propor-

tional to tne frequency (U, describing the degree of microparticle coupling, The exist-
ence of the finite vaiue of zero energy of the cuupled system in turn means the absence
in nature of the assemblies having dispersions for q and p simultaneously equal to
zero. Consequently, the uncertainty relation is due to the impossibility in principle to
insulate the systems from zero vacuum oscillations but not to the properties of measure-
ment. On the contrary, the impossibility to simultancously measure the momentum and coor-
dinate 1s a direct consequence of the absence of juantum assemblies corresponding to the
state of rest of the localized particle and to the necessity in principle bp violate the
motion state under study in cach separate act of measurcment,

Thus, just interaction with vacuum taken into account by the theoretical formalism
in a pot obvious way makes all the difference in quantum mechanics from the statistical
description of dynamical systems of classical physics. The impossibility in principle to
insulate any material syctem from interaction with phy§icai vacuum representing systems
with infinite number of frcedom dejrees makes quantum laws universal and leads to not
causal motion of microparticles in principle.

Thesc basic specific properties of hidden micro-particle motion were clarified
in this study basin; on the unique mixed coordinate-momentum statistical description of
a quantum harmonic oscillalor in a zero state. However, a further analysis shows that the
stochastic eftect (discovered in this particular case) of physical vacuum upon micropar-
ticles in a bound state docs not describe the specific properties of the hidden motion
of juantum particles. This stochastic effect of vacuum predetermines some similarity
stressed by Shroedin:;er/34 / and Fuert/a/ of the basic equation of quantum mechanics and
the clasuical ejualion of Brownian particle motion. But, on the oth:r hand, the available
principal dirfcrence of these ¢quations fails to be fully explained by the diftrerence of
the origin of virtuul p rturbations going from physical vacuum, of molecular perturbations

suftered by the Brownian particle.



Further, a short survey is made of investigations where some analogy available
in the statistic laws of quantum mechanics and ciassical diffusion have been obviously

overestimated. B.T.Gelikman/24/

was the first to indicate the possibility of describing
classical diffusion of a free Brownian particle with a system of two equations, the first
of which is "the motion equation" for probability density (a statiustical analog of Jacobi-

Hamilton equation)

as (05’ Dq[ v g <vP>]~0 ,

=7 11
ot 2m T2 pr an
-
and the second is the continuum equation in which probability density velocity ¥
is expressed by the action function V=9 § which is average for the particle con-

tinuum. Comparing this system of equations with that obtained from the Shroedinger equa-
tion for the module squared ‘11'%=j9 and the phase S of the wave function, B.T.Gelikman
has arrived at the conclusion of the coincidence of thesc eguations basing on the fact
that the guantum-mechanical analog of the Jacobi-Hamilton equation for a free particle

(vS)*_ _h? [vzp 1 (vp)2]=0

Im " Am LB T2 A (12)

differs from the equation for a Brownian particle (11) only by its sign of the statistical
potential. However, the inverse sign of the statistical juantum-mechanical potentlal means,
in fact,that free quantum particle motion is not similar to diffusion. Tndﬁrd,at I)Vy)
corresponds to equation (12) with D = h/2m which cannot be satisfied with any real .
Quite a wrong conclusion on the total similarity of quantum particle motion and
Brownian particle diffusion has been drawn by J.Fenyes/31/. He made an attempt to deduce
the same new "motion equation" for the probability density of Brownian motion as B.T.Gel-
ikman but in a gencral case, an external field being present. The errors made in the con-
clusion lead the author to an equation completely coinciding with the quantum-mechanical

analog of the Jacobi-Hamilton equation

2 [e2p 14 @)
(2Vrsn) 4hm [pﬁ 2 P’] ~U=0. O

The fact that the external field potential was included into the statistical
equation of probabitity density motion in the same way as into juantum-mechanical egua-—
tion (21a) appears to imply thal the author had consi.iecred, in fact, an example ol motion
without friction which is entirely discrepant with the clausical diffusion of a Brownian
particle. The obtained inverse sign in front of the statistical pote.tial

sz[vi’jJ_”l (VD)]
P2 P

disaprees with ref./24/ .
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Using the deduction method described in ref./au/it is easy to obtain for conven-
tional diffusion with friction, the external field being present, the following "equation

of motion” for the probability density
38 , (5 mD’[‘ip_ _1eps 1+1[§.U+DVZU_ 1 (VU)’]“D (13)
3t T 2m 7 T2 Vpla mp N Y EU,
where mjb is the friction coefficient determining the velocity of macroscopic flux in
the force rield ;’= *ig;z; . As is seen, our equation (13) considerably differs
from quantum~mechanical equation (12a).

Recently E.Nelson’>®/ poited out the possibllity of deducing the Shroedinger
equation from classical difrusion eguations without friction. Equations given in ref./as/
are easily transformed into a statistical equation similar to that of Jacobi-Hamilton,

Due to the absence of friction this equation differs from equation (1%) by the fact that
the external field potential enters into it direectly as into quanvum-mechanical equation
(12a) or the true Jacobi-Hamilton equation., However, it diflers from equation (13) also
by the sign of the statistical potential. The latter circumstance means that in deducing
the author retreated from classical diffusion not only in eliminating friction. By the
way, the author pays no attention to the fact that the idea itself of diffusion without
friction is already a considerable retreat from classical physics, Mathematical statist-
ics allows to actually generalize the notion of diffusion lor the case of friction absence
as well, But this only step, despite K.Nelson's opinion, does not lead to quantum mechan-
jcs laws. This is easily seen if one considers the kinetic eguation given, e.g., by
Chandrasekhar /37/gor probabiility density in phase space., If the coefficient }5 is taken
to be equal to zero, while Q, is considered to be constant, one obtains the description
of inconventional diffusion without friction for which there is diffusion motion in
velocity space similar to conventional diffusion, whereas in coordinate space distribution
dispersion for free particles is increasea proportionally to time cubed.

Such motion does not correspond obviously to free juantum particle motion.

The coefficient CL appears to differ from zero only fnr bound quantum particles.Ilt
is not only friction but the peculiaritics of perturbation sufiered by a quantum particle
due to the external rield fluctuations that the iuturc statistical theory of hidden micro-
object motion should refiect.

G.Comisar/38/, another American physicist, huzs made an atlempt to develop the
theory of jquantum particle motion causal at short time intervals which due to "false"
microparticle interaction with vacuum turns into convintional juantum theory for long

time intervals., However, if all the specific propertics of the cuantum particle could be
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explained by independent stochastic pertu iions of vacuum violating causal motion ac-—
cording to cirassical laws, our selution (9) would provide for any quantum state the de-—
seription of hidden microparticle motion in the form of the everywhere positive function
of probability density in phase space. In order to clear out the limited possibilities of
applying our svlution of the inverse problem to guantum systems, it is sufficient to con-
sider a quantum oscillator in an excited state. ‘

By taking the coordinate distribution function for the first excited level of the
2 g%/,
quantum oscillator P(q): \%%—;e a'A’r, one obtains the unique solution of equation (9)
1 I
o

A A4 o€
F- (e)‘zj 2(%:_ 2 )f‘,e 7t and, respectively, the energy distribution which has the

mean energy coinciding with the total energy of the oscillator in this state £'=

©
= j 6W,(£)d£ = %h(&), . The obtained momentum distribution on the basis of F1( £ )
als: coincides with the quantum-mechanical distribution. However, the obtained function
F1( é ) does not provide the statistical description in phase space since with &€ < E, /2
it has a negative vaiue and, hence, is not probability density in phase space. The same
situation arises in considering other excited states as well, Nevertheless, it is also
very important that on the basis of the ciassical statistical aralysis of the gquantum -
mechanical probability density f)n @1) in the coordinate space the function Fn( 13 ) can be
obtained which allows to calculate the momentum distribution I\(D)=1C(P”2 and the
values of the total energy En =hWe(n +-%-) without resorting to the Shroedinger equa-~
tion. The formal applicability of solution (9) in this case appears to be due to the ful-
filment of the maln assumption of calculation made which consists in particle motion oc-
curring according to dynamic laws of classical mechanics in the intervals between fluctua-
tion perturbations of vacuum. However, the fact that the obtained solution for the excited
state of a quantum osciliator in some phase space region has a negative meaning inevitably
means that the specific properties of juantum motion cannot be explained fully taking
into account only independent stochastic violations of this motion by the virtual photons

of vacuum*). Without considering the physical nature of these violations we can assume,

®) The author of ref./BB/ could not find out the insufficiency of his diffusion idea to
develop some new interpretation of quantum mecha.ics since he avoided solving the
problem of statistical description of hidden microparticle motion in phase space.
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in & general case, @ more complex picture of their stochastic motiomn admitting, for inst-
ance, the existence of perturbation independency of micru-object state,

The appearence of the negative vaiues of the function Fn( £ ) for n >0 can be
dus tu the fact that equation (9) determining a single solution witb independent stochast-~
ic fluctuations of interactions takes into account perturbation correlations with the
state of micromotion by the proper subtraction of some states. Indeed, a simple arithmetic
addition of distributions (10) with statistical weights Wn( € ) cannot give from (5a)
the guantum-mechanlcal distributions }Zm(q) with n nodal points. The change of sign of
statistical weight of addition makes it necessary to subtract distributions corresponding
to some value of 8, , which provides the zeros of the function fL (a). All this means
that distribution (10) in the state with the definite vaiue of the hidden energy 8 is
not fulfilled entirely and, hence, the condition of the independent character of fluctua-
tion perturbations for the excited oscillator does not hold.

Thus, there are all the grounds to expect the solution of a more complicated prob-
lem of describing hidden motion in phase space in the most general case taking into ac-
count the correlation of the fluctuation perturbations of vacuum. Solving this prublem
one- can proceed from the guantum-mechanical density }L(Q) only in the case of real wave
function. In a general case of the complex wave function the solution of the prublem
should originate from the wave function, as only it has the full information on the quant-
um system state inciuding also information on the fluctuation perturbation correlation.
And if stochastic fluctuation perturbations experienced oy the quantu.m system from physic-
al vacuum turn out to be gtatistically related, i.e., they depend upon the state of micro-
particle motion, wave processes in vacuum whose generalized information i1s contzined in the
wave function, can be a single physical reason for regulating virtual processes of affect-
ing on mechanical systems. The hidden de Broigle waves can correspond to the real physical
process in vacuum which is related to the motion of the mechanical micro-object motion
and manifesting its existence only by affectin; the virtual process of vacuum effects on
the same mechanical system., Attention should be paid to the principal difference of this
assumption from the earlier discussed idcas of Lhe wave~pilob or an idea of a double
solution according to which the wave controls microparticle motion in space and time but
not the stochastic process of virtual interaction with vacuum.

It should be mentioned that the specific properties of ;uantum laws can hardiy be
fully explained by thc eflect sufiered by a bound microparticle from physicat vacuum for
the not classical properties of microparticle behaviour are clearly manitfested also for

free mobtion described by flat wave superposition., The attempt to interprete this motion

30



also yield negative "probabilities". However, all the statistical anaiyses of guantum
mechanics made up to now in order to analytically determine not measurable probability
density in phase space proceed from one insufficiently grounded assumption on measure-
ments in a quantum assembly., In classical statistical physics measurements result im the
separation of the initial statistical body into such fragments having certain constant
values of measured quantities which in mixing provide a statistical body entirely identic-
al to the initial one. In the statistical analyses of quantum mechanics measurements are
also assumed a8 the separation of the initial statistical body into fragments with
constant vatues of the measurable which are proportional in volume to the probability

that the systems of the initial assembly should have the given values of the measurable
quantity.This is just the meaning of conventional relations (6a) and (6b). The same fact
that the mixed statigtical body obtained after measuring turns out in a general case to

be not equivalent to the initial one is explained as follows: the very procedure of separ-—
ation of the initial assembly into systems having the given values of the observable,
using macroscopic¢ means,results in varying additianal quantities owing to system transi-
tion into another state of motion, the so-called eigen-state for the given measurable.

However, in primciple, it cannot be excluded that in fact not only additional
quantities but the measurables themselves suffer certain changes in the process of tran-
sition. Then the statistical distributions of probability densities given by quantum
mechanics for various physical quantities should be treated as the probability of transi~
tion from one initial state into eigen-states directly not related to the fact that the
systems of the initial assembly have the given value of the variable.

Just the wave process in vacuum can be, quite probably, the reason of the fact
that in order to determine the probability of quantum system transition from the initial
state of motion into an eigen-state one should take into account(for a certain guantity )
the phase volume of the initial state correspc...ns not only to the given eigen-value of
the variable but to other eigen-vajlues.

7’39/

As has been shown in ref, , the necessity of treating measurcments in this
way results from the statistical amalysis of the simplest case of free microparticle
potion described by the superposition of flat waves. Attention was paid iu the same rei.
;0 the possibility of eliminating negative "probabilities" in describing this motion by
introducing states in phase space differently responding to the observation means of
additional quantities. Unfortunately, ref./}9/ presents only a particular case of this
more general approach considered in which, however, condition for normarizing the total

probability to unity has been fulfilied.
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Nobody has carried out the statistical analysis of quantum mechanics taking
account possible correlations in the interaction of microsystems with vacuum and the
sibilities of transition of the initial state into the given eigen-state from any po
of phase volume., And just these yet not taken into-account specific properties of qu
systems can prove to be an essentiai addition to the general property of the absence
insulation of quantum systems from the zero oscillations of vacuum. These new additi
(new properties) can turn out to be responsible for the above-discussed difterence i
principle of quantum equations from the classical diffusion equation or that of Brow
particle motiom.

6. Conclusion

Of course, only the strict mathematical solution of the problem of describin
hidden motion in a general case can confirm or reject the assumption made on the eff
of some wave process on virtual process of mechanical system interaction with vacuum
the transitions of these systems into new states of motion., However, the very idea
separating guantum-mechanical object both into the micro-particle itself carrying re:
energy and capable of performing real (not virtual) effects used in measurements and
the hidden directly not observed wave process in vacuum producing stochastic eftrect:
the micro-particle, the very idea is still the only possibility to unigquely explain
out any logical and physical contradiction the interference effects of a single part:
This idea of explanation simply has no competitor if the idea predominating now of r
ing from the explanation.of interference in general is not taken into account. Discu
the contradiction of conventional attempts to explain two sets of experiments with single
photons passed through a semi-transparent mirror N.Bohr writes: "In fact, after a prelim-
inary measurement of the momentum of the diaphragm, we are in principle offered a choice,
when an electron or photon has passed through the slit, either to repeat the moment
measurement or to control the position of the diaphragm and, thus, to make predictions
pertaining to alternative subsequent observations." From the unacceptability of each of
the hypotheses for explaining the results of both additional experimental runs N.Bohr
arrives at the conclusion of impossibility to anyhow explain photon motion in space after
passing through a semi-transparent mirror. Thus, Bobr practically converts the principle
of additivity into that of discrimination. However, the separation of an object into a
descrete particle golng only along one of the two possible ways and into a continuous
wave process in vacuum going on both the ways and then statistically affecting the micro-
particle allows onc to give a single, unambiguous explanation of effects observed. Un~-

fortunately, this possibility of explaining has not been discussed seriously either by
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N.Bohr or any other physicists. Ir O.Frish's paper/A/(k.zaa} among other really logical-
ly contradictive or physically groundless caruat attempts of explanation ib~re 1is also

an idea'against Ibiéh only one inconvincing ~bjection is given on the useleasness of wave
process existing independently of a particle. But physicists have already scknowledged
vacuum to be spesific Thedium carying infinite energy ir *+he bound form froa which
we cannot take a single calorie without spending the same amount of energy. Then why
should we reject the possibility of the wave process in vacuum bound with energy concealed
in vacuum? Of course, the wave function used in quantum mechanics can express only proper-
tles common for wave processes related to .an assembly of microparticles separated
macroscopically.

All the difficuliies of interprcting modern quantum theory are due to the undis—
covered peculiarities of micro-particle interaction with physical vacuum and of the effect
on this interacticns and the process of measurement produced by certain wave processes.

It is easy tc imagine how incomprehensible and formal the theory of precise description
of ship motion would be, if it only inobviously took into account the real process of wave
generation and the ship hitting its own reflected wave.

Therefore, one should not be surprised with the unusualness of the laws of the
modern phenomenological theory of quantum phenomena where one can speak not of a wave in
liquid or gas but of the directly unobserved waves of physical vacuum,not taken into ac-
count in an obvious way,affecting rather an unclassical form of fluctuation perturbations
on micro-objects and on the process of measuring physical quantities defining their motion,
Physicar theory will become maximally clear and vivid after obvious presenting absolutely
different aspects of quantum phenomena. The separation of a micro-object moving in space
and time according to the laws of classical mechanics as an indicator of really completely
unusual properties of physical vacuum can not only help tounderstand in full measure a
contradictive picture of using classical images for describing not classical properties
of the behaviour of the micro-object itself but will also allow to approach in a new way
to the investigation of the physical properties of the deeper region of real world., If
the statistical substantionation of the phenomenological thermodynamics tpgg opened the way'
for investigations of the world of "invisible" particles, the analogous substantiation of
the phenomenological theory describing the behaviour of these particles will open up new
vistas for studying entirely new properties of the direetly unobserved universal physical
medium -« vacuum. The knowledge of these properties can prove extremely necessary for solv-

ing the fundamental problems of elementary particle theory.
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