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| consider three approaches to the Heisenberg’s uncertainty principle: the
Copenhagen interpretation, the Bohmian interpretation, and one new approach where a
particle is presented as the oscillator.

1 The Cop.enhagen interpretation

The uncertainty principle is one of cornestones of quantum mechanics. Firstly its
proof was published by W. Heisenberg which started (see [Jammer, 1967]) from the
simplified representations: he suggested that a particle position g is distributed around
its averaged value accordingly with the Gauss error curve. Then the particle momentum
p should also be distributed around its averaged value by the same manner, and the
uncertainties product 6qdp is h/2, i.e., the more precisely a position is determined, the
less precision is specified for momentum, and vice versa. W. Heisenberg saw in this the
indirect clear interpretation of the basic commutation relationship pg — gp = h/2i.

Later Robertson showed (see [Jammer, 1967]) that one can formulate the general
uncertainty principle for any two non-commutating operators having the commutator ih.
He proved that for a given normalized wave function and two given Ermitian operators A
and B the inequality like AAAB = h/2 can be establish.

John von Neuman reproduced this proof in his famous book [von Neuman, 1932].
He had in mind the quantum observable operators that are specified in principle by
unavoidable measurement inaccuracy'. He stated that measurement effect to its issue
just made the quantum theory (the wave function reduction) purely statistical and
acausal, causes non-zero dispersion in the quantum observables ensemble distribution
and excludes any possibility of the determinism recovering using any “hidden variables”.
Note that von Neuman pointed out to the purely imaginairy commutator type of two
arbitrary Ermitian operators.

On the other hand, Heisenberg hi-self investigated the physical roots of his famous
principle. Hi stated that measurement as such destroys the “true” picture; the more
precisely a position is determined, the more a measurement device violates the “true”
rmomentum value. In the textbook [Feynman et al., 1963] the uncertainty principle is
interpreted accordingly the wave packet representations — this packet can be found in
the certain range g+Aq only. The uncertainty for such the packet is linked with the fact
that its momentum is inversely proportional to the wavelength; however, a short wave
packet is the sum of a number of different harmonics, and its exact wavelength cannot
be well determined.

2 The Bohmian interpretation and the weak measurements

In 1952 David Bohm formulated ([Bohm, 1952]) that the von Neuman’s statistical
hypothesis is not true, and a “hidden variable” exists”? it is the wave function phase

which in principle allows us to talk about a quantum particle individual trajectory and

! In the Section 3 it is shown how one can interpret the uncertainty relationship deterministically having in
mind the averaging over a very small oscillation time period.

2 Later John Bell showed that this does not contradict to the von Neuman’s statement, if a “hidden
variable” is not local.
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velocity. Accordingly to Bohm’s opinion one can (at least, by calculation) determine
simultaneously and with arbitrary accuracy its position and momentum.

In 1988 Y. Aharonov, D. Albert, and L. Waidman proposed the idea of so-called
“‘weak” quantum measurements. Let us measure (accordingly Heisenberg’s principle)
very “roughly” one of two variables. One can “overcome” this, if he performs a number
of measurements (at a given initial and final conditions) and then averages the results.
In this case the inaccuracy is decreased proportionally to the square root from the
measurements number. Then the accuracy overcomes the theoretical limit due to the
Heisenberg’s relationship. It was recently performed experimentally (see [Dixon et al.,
2009], [Jeff et al., 2011], [Hosten and Kwiat, 2008], [Kocsis et al., 2011] [Popescu,
2009]).

Though the amount of the publications of the Bohm’s ideas and weak
measurements followers increases continuously, do we can talk that the Heisenberg’s
relationship and quantum mechanics statistical interpretation became “obsolete”? In my
opinion, this is not the case. In the both Copenhagen and Bohm’s interpretations we
deal with some kind of individual history particle evolution averaging: It is true for weak
measurements by definition; for Bohmian interpretation one can see this from the formal
analogy between his approach and the “probabilistic” fluid theory:

“Consider a (classical) fluid. It consists of many different particles (e.g., atoms,
ions, molecules, etc.), all the degrees of freedom being described by a set of
differential coupled equations, with as many equations as degrees of freedom are
involved. If one is not interested in the microscopic description of the fluid, but in a
macroscopic one, equations like the Euler or Navier-Stokes ones will be rather
used, which describe phenomenologically the evolution of a continuous fluid
without paying any attention to the particular (microscopic) dynamics of its
constituents. This is essentially the basis of classical hydrodynamics. ... Thus,
individual real qguantum particles behave like individual point-like particles, though
their distributions display wave-like behavior, in accordance with Schroédinger’s
equation or its Bohmian equivalents. Hence, it is clear that ensemble properties
need of an ensemble description, i.e., a density distribution function, whose role is
played by the probability density in quantum mechanics or, at a more elementary
level, the wave function. This is in agreement with Born’s statistical interpretation
of quantum mechanics. ... if the Bohmian equations are understood as
hydrodynamic equations, the trajectories obtained from can (should) not be
regarded necessarily as the trajectories pursued by real particles, but rather as the
streamlines associated with the associated quantum fluid.” [Sanz and Miret-
Artés, 2011].

See also the publication [Sanz, 2012] where these streamlines are identified as
the lines of the mass/energy transport (that never cross in configuration space and form
the “probabilistic tubes” with non-transversal boundaries); they are not the individual
particle trajectories! Thus, the Bohm’s model that is mathematically equivalent to the
“diffusional” Shrdodinger’'s equation cannot (and does not) describe any chaotic
(“Brownian”) motion of each individual particle; it gives averaged (collective) motion
description only.

3 The uncertainty relationship and a particle model as the elementary oscillator
The concept of “quantum particle” is usually associated with its image as a

material point that could be specified by real values of its position and momentum.
However, this concept was destroyed by quantum mechanics founder — Heinsenberg
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him-self. He introduced (see [Jammer, 1967]) a quantum particle position and
momentum as infinite serie of complex valued harmonics. He also introduced several
limitations for these quantities multiplication rules (identical with the rules for matrix)
from what he deduced all the rest. Do we can found some clear physical interpretation
of such the mathematical scheme based on the classical theory?

In my book [Shulman, 2004] | proposed consider a quantum particle model as
complex valued oscillator. From the mathematical viewpoint this completely
corresponds with the Heisenberg’'s approach. From the physical viewpoint this explains
the representation complication about particle position and trajectory, about physical
guantities commutation and their simultaneous measurements, about proper angular
momentum, about two particle types (fermions and bozons).

In this case we can imagine the motion description as two components
combination: slow (typical for classical physics) and fast (oscillating). Such second
particle motion component (“Zitterbewegung”) (for example, electron) that obeys to the
Dirac relavistic equation was theoretically found by Shrodinger in 1930. The oscillation
frequency corresponds to the transitions from particle to anti-particle (near 2mc?/h =
10?° Hz). The oscillation phase like the Bohm’s model can be considered as the hidden
non-local variable. The quantum inaccuracy of measurement is just connected with this
oscillation.

Let us introduce the instant action:

s(t)=q(t)p(t)=qgesin wt - pesin (wWt+@)]
This expression can be written as the sum of two components
s(t)=q(t)p(t)=(qopo) [cos ¢ (sin wt sin wt) + sin @ (sin wt cos wt)]

The first term in the square brackets is proportional to cos ¢ and represents so-
called active component. It does not contain a phase shift between two harmonic
factors. This component describes the irreversible energy lost per period in the
oscillator, it may be calculated by direct integrating over period:

Sa=(qopo) cos ¢

The second term in the square brackets is proportional to sin ¢ and represents so-
called reactive component. It contains the phase shift between two harmonic factors
equal to n/2. This component describes the purely oscillating energy, its averaged value
is of course equal to zero.

When ¢=0, then all the energy of the oscillator should be dissipated during the
period; when ¢= n/2, then the oscillator total energy over the period is conserved.

It is easily to show that the total variance of two components relative to the mean
value S; is

D = (qopo)® (cOS°® + Sin’®)/8=(CoPo)*/8

If we transit from the amplitudes qo and po to the effective values gert and pesr, then we
have the Heisenberg'’s relationship:

D = (QefPerr) /4

where we have to replace the classic action (QesiPett) prefactor by the quantum constante
h.



Acknowledgments

| thank very much Dr. A. Belinsky for constructive and fruitful discussion that led to
the publication’s improvement.

References

[Aharonov et al., 1988] Y. Aharonov et al. How the Result of a Measurement of a
Component of the Spin-1/2 Particle Can Turn Out to be 100. Physical Review Letters,
Vol. 60, Numb. 14.

[Bohm, 1952] D. Bohm, A suggested interpretation of the quantum theory in terms of
“hidden” variables. |, Phys. Rev. 85, 166-179(1952); A suggested interpretation of the
quantum theory in terms of “hidden” variables. I, Phys. Rev. 85, 180-193 (1952).
[Dixon et al., 2009] P. B. Dixon, D. J. Starling, A. N. Jordan, and J. C. Howell, Phys.
Rev. Lett. 102, 173601 (2009).

[Jeff et al., 2011] Jeff S. Lundeen, Brandon Sutherland, Aabid Patel, Corey Stewart,
and Charles Bamber. Direct Measurement of the Quantum Wavefunction.
arXiv:1112.3575v1.

[Jammer, 1967] Max Jammer. The conceptual development of quantum mechanics.
McGraw-Hill book Company. New York, St. Louis. San Francisco, Toronto, London,
Sydney 1967.

[Feynman et al., 1963] Feynman R., Leighton R., Sands M. The Feynman lectures on
physics. Addison wesley publishing company, inc., 1963.

[Hosten and Kwiat, 2008] O. Hosten and P. Kwiat, Science 319, 787 (2008)

[Kocsis et al., 2011] Sacha Kocsis, Boris Braverman, Sylvain Ravets, Martin J.
Stevens, Richard P. Mirin, Krister Shalm, Aephraim M. Steinberg. Observing the
Average Trajectories of Single Photons in a Two-Slit Interferometer. Science 332, 1170
(2011). http://materias.df.uba.ar/labo5Aa2012c2/files/2012/10/Weak-measurement.pdf
[Neumann, 1932] v. Neumann J. Mathematische Grundlagen der Quantenmechanik.
Berlin, Verlag von Julius Springer, 1932.

[Popescu, 2009] Sandu Popescu. “Weak measurements just got stronger”. Physics 2,
32 (2009), http://link.aps.org/doi/10.1103/Physics.2.32].

[Sanz and Miret-Artés, 2011] A. S. Sanz and S. Miret-Artés. Analyzing the quantum
phase with quantum trajectories: A step towards the creation of a Bohmian thinking.
ArXiv:1104.1296v1 [quant-ph] 7 Apr 2011.

[Sanz, 2012] Angel S. Sanz. Quantumness beyond quantum mechanics.
ArXiv:1202.5181v1 [quant-ph] 23 Feb 2012.

[Shulman, 2004] Michael H. Shulman. Variations on quantum theory (in Russian).
Moscou, Editorial URSS, 2004. Avaliable at:
http://timeorigin21.narod.ru/rus_quantum/Variations.pdf



http://materias.df.uba.ar/labo5Aa2012c2/files/2012/10/Weak-measurement.pdf
http://link.aps.org/doi/10.1103/Physics.2.32
http://timeorigin21.narod.ru/rus_quantum/Variations.pdf

