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1. Introduction

In a few years we will celebrate the 100th anniversary of the publication [1] [2]
by Louis de Broglie predicting the existence of physical waves associated to ele-
mentary particles (as, e.g., electrons) and other quantum systems (atoms, mole-
cules). Very soon, Davisson [3] detected experimentally the diffraction of elec-
trons by a crystal of nickel. The existence of isolated physical waves, that is, in-
dependent of the accompanying particle, does not belong to the orthodox inter-
pretation of Quantum Mechanics. The so called wave-particle duality expresses
the dual behaviour of elementary particles as corpuscles or waves, depending on

the performed experiment or measurement. Obviously, this dual behaviour of a
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single system departs from any “classical” or rational interpretation.

However, an extremely simple scientific argument [4], grounded in the action
reaction principle, predicts the existence of isolated physical waves, also denoted
quantum or de Broglie waves. There are inconsistencies between the action-reaction
principle and the projection rule under measurement of Quantum Mechanics
[5] [6]. Whenever the trajectory of an elementary particle splits into two or more
alternative paths, which later on can rejoin and interfere, we know that the cor-
puscular particle follows just one of the paths and therefore another wavelike
system must follow both. Notice that if we block one of the paths the interfe-
rence phenomenon disappears, there is a change of state associated to the inte-
raction of the system (particle and wave) with the blocking element. Some
change of state of the blocking system must happen too (action-reaction), but
the corpuscular particle arriving at the junction of paths must follow the alterna-
tive path and cannot interact with the blocking system. Therefore another sub-
system, the physical wave, must locally interact with the blocking element.

This is a rational description of the two-slit experiment (with, e.g., electrons),
and of the self-interference of a photon in a Mach-Zehnder [7] [8] interferome-
ter. In the first case, the electron goes through one slit while the associated phys-
ical wave follows both, so that if one slit is blocked, although the electron fol-
lowing the other slit arrives at the final screen, there is no more interference pat-
tern on this final screen. Similarly, we can adjust the length of the arms of an in-
terferometer in such a way that an incoming laser beam takes exclusively one of
the two alternative exit gates. This happens even if the photons of the beam are
injected one by one into the interferometer, that is, there is self-interference of
the single photon. If we block one of the arms and the photon arrives at the exit
gates it must have followed the other arm. But in absence of one of the wave
components (the one which is blocked) there is no more self-interference and
the photon can take both exit gates with equal probability.

We can also use a Stern-Gerlach device [9] to split the trajectory of an electron
into two alternative paths, corresponding to spin up and down in the measured
direction, orientation of the device. If we locate another device with opposite
spatial orientation, and use an adequate electromagnetic field to redirect the spin
up and down trajectories into the second device, we will reconstruct the initial
spin state of the incoming electron, because of the superposition and interfe-
rence of both spin components. Again, if we block one of the trajectories there is
no more interference and the initial spin state is destroyed. Obviously, the elec-
tron arriving at the second Stern-Gerlach device has followed the unblocked tra-
jectory; another system, the quantum wave, has followed the blocked path and
locally interacts with the blocking system. In this reasoning we are systematically
applying the action-reaction principle and locality of interactions, both well es-

tablished principles in Physics.

2. The Experimental Set Up

We can use then a Stern-Gerlach device to split the trajectory of an isolated elec-
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tron, and try to detect the quantum wave in one of the outgoing trajectories (say,
that of spin up) while the corpuscular electron is detected in the alternative (spin
down) path. Similarly, we can use a beam splitter acting on an isolated incoming
photon to split its trajectory into two, and try to detect the physical wave in one
of the outgoing paths while the photon is detected in the other path.

As these physical, quantum waves are associated to all types of elementary
particles, massless or massive, charged or neutral, etc., they must have a gravita-
tional character, ie., they must be some kind of microgravity waves [10] [11]
[12]. These waves can then perturb the trajectory of a laser beam. If the incom-
ing laser beam is injected in a Mach-Zehnder interferometer adjusted to get to-
tally destructive interference in one exit gate (say A) and totally constructive in
the other (B), once the laser beam is perturbed by intersection of one of the arms
of the interferometer with the path of the quantum wave (either associated to an
electron or to a photon, which follows another path) we should observe the per-
turbation by detecting some signal in the previously empty gate A. That is, the in-
tersecting quantum wave perturbs, modifies the adjustment of the interferometer
and there is (momentarily) no more totally destructive interference in gate A.

The experimental set up contains then in one side an incoming particle (pho-
ton or electron), with a splitter (beam splitter for photons or Stern-Gerlach de-
vice for electrons, Figure 1) and, in the other side a Mach-Zehnder interferome-
ter with an incoming laser beam, Figure 2, adjusted to get totally destructive
(respectively constructive) interference in exit gate A (resp. B). We locate both
systems in such a way that one outgoing path of the elementary particle crosses
one arm of the interferometer. We measure the arrival of the particle to some
point of the alternative path, and if the particle has followed the alternative path
(not the one crossing the arm of the interferometer) we expect to measure some
signal in exit A of the interferometer, Figure 2, caused not by the corpuscular
particle which has followed the alternative path but by the physical, quantum de
Broglie wave. Obviously, when the particle follows the path which intersects the
interferometer we could get some signal in A too, caused by the local interaction
between the particle and the laser beam, but this case is not of our interest.

The first figure is an abstract representation of the trajectory of a particle
(photon or electron) that splits into two paths (which later on could rejoin and
interfere). The splitter will be a beam splitter for photons or a Stern-Gerlach de-
vice for electrons. The small black disk represents the intersection of one path

with one arm of the Mach-Zehnder interferometer.
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Figure 1. Ingoing trajectory of the particle, the splitter and two alternative outgoing
paths.
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Figure 2. The Mach-Zehnder interferometer and an intensity detector in exit gate A.

Figure 2 represents the Mach-Zehnder interferometer, with its two beam
splitters and its two mirrors. The arms lengths are adjusted in such a way that
there is totally destructive interference in exit gate A. The small dark disk
represents the intersection between that arm of the interferometer and one
possible path of the particle.

Any perturbation over the beam along one arm of the interferometer will
generate a small transient signal in exit A. We expect that when the particle
(photon or electron) follows the alternative path, the one which does not inter-
sect the interferometer, we will detect the particle at the end of the alternative
path (with the particle detector there located), and correlatively a signal in gate
A. The signal is not caused by the particle, which follows the alternative path,
but by the quantum wave which follows the path intersecting the interferometer.
We will also detect some signal in A when the particle follows the path inter-
secting the interferometer, but this case is not of our interest, as far as it

represents a local interaction between the particle and the laser beam.

3. Summary

The action reaction principle is not automatically fulfilled along quantum mea-
surements. We analyse simple examples in which the action reaction principle is
apparently violated. This happens when an elementary particle (photon or elec-
tron) goes through a splitter (beam splitter for photons or Stern-Gerlach device
for electrons); the particle follows (stochastically) one outgoing path, while the
associated quantum de Broglie wave follows both. We can try to detect the wave
by intersecting its path with one arm of a Match-Zehnder interferometer, in
such a way that it perturbs the length adjustment of the apparatus, and we could
get some signal in the previously forbidden exit gate. The particle is detected on
the alternative path, and we can study the correlation between wave and particle
detections. If the particle follows the initial path crossing the interferometer we
could get a signal too, but this case is not of our interest.
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