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I NTRODUCTION
W

HETHER A PHOTON IS A PARTICLE OR A WAVE ? – this question has
been raised for decades. For a long time it seemed that such questions have only historic interest and would be forgotten, since
both qualities can be shown with a proper experimental arrangement, further, quantum optics is capable of describing both properties of the photon.
But in the last two decades the development of laser metrology (and certain measurements in particle physics made it possible to detect low intensity light and particle beams. Problems
such as the Einstein–Podolsky–Rosen paradox were raised again,
because it could not longer been stated that “The measurement
is applied to a statistical sample.”
It was first pointed out by Einstein, Podolsky and Rosen in
a classic paper (1935) that according to the usual interpretation
of quantum mechanics there exist certain two-particle states with
the property that a measurement of one chosen variable of particle A completely determines the outcome of a measurement of
the corresponding variable of particle B. At the time of measurement, the two particles may be so far apart that no influence
resulting from one measurement can possibly propagate to the
other particle in the available time.
According to Einstein, when the outcome of a measurement
of some particle variable can be predicted with certainty, without
disturbing the particle, then “. . . there exists an element of physical reality corresponding to this physical quantity . . . ”. In other
words, then particle B really has this value of the variable, irrespective of whether it is actually measured or not. This must be
contrasted with the quantum point of view, according to which
the measurement creates the reality, in a sense. On the other
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hand, suppose that a different variable, say one that is canonically conjugate to the previous one, is measured for particle A.
Then this predeterminates the value of the conjugate variable for
particle B, and by the foregoing arguments particle B really has
this value of the conjugate variable. But, if the two variables are
canonical conjugates, then according to quantum mechanics they
do not commutate and they can not both have definitive values at
the same time. Now the decision whether to measure one or the
other conjugate variable of particle A can be made when the two
particles are far apart and can not communicate in the available
time, yet it influences the state of particle B. We appear to have a
contradiction which led Einstein to conclude that quantum mechanics is ‘incomplete’.
Such counter-intuitive non-local correlations have, however,
been observed experimentally (Aspect et al., 1982). The phenomenon is sometimes referred to as a violation of Einstein locality, and its implications have been widely discussed (Bohm,
1952; Bell, 1964; Clauser et al., 1969).
Attempts have been made to account for the predicted (and
later observed) correlations between two particles in terms of
hidden variables, or unmeasurable parameters that are supposed
to determine the outcome of an experiment, but it was later
shown by Bell and others that such non-local effects are fundamentally quantum mechanical, and that no realistic local theory
can account for the correlation quantitatively.
Arthur Fine’s (1982) approach resolves the contradiction between the violation of Bell-type inequalities and the assumption
that the EPR experiment can be accommodated in a relativistic
and deterministic universe. According to the so-called “Prisms
Model” all probabilities can be interpreted as relative frequencies in a well-defined ordinary statistical ensemble. The “quantum probabilities”, too, obtain a meaningful explanation inside
of the classical Kolmogorovian theory of probability.
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R ESEARCH O BJECTIVES
O

UR ATTENTION WAS TURNED to observing and modelling an optical process which is capable of producing measurable interference, because interference is probably the simplest complex problem in quantum optics where the aforementioned aspects are simultaneously present. It is also an important point that the arrangement of the experiment is technically easy, and the measuring device can be clearly described theoretically – even classically.
The world-famous mathematician and theologian René D ES CARTES (1596–1650) in his book Discourse on the Method formulated four simple rules that should be followed by anyone who
is seeking for (scientific) truth:

The first was never to accept anything for true which I did not
clearly know to be such; that is to say, carefully to avoid precipitancy and prejudice, and to comprise nothing more in my
judgement than what was presented to my mind so clearly
and distinctly as to exclude all ground of doubt.
The second, to divide each of the difficulties under examination into as many parts as possible, and as might be
necessary for its adequate solution.
The third, to conduct my thoughts in such order that, by
commencing with objects the simplest and easiest to know, I
might ascend by little and little, and, as it were, step by step,
to the knowledge of the more complex; assigning in thought a
certain order even to those objects which in their own nature
do not stand in a relation of antecedence and sequence.
And the last, in every case to make enumerations so complete, and reviews so general, that I might be assured that
nothing was omitted.
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Accepting these advises the research was split into four main
stages beforehand.
1. First of all, an extensive survey of literature should be carried out for paradoxical phenomena in weak intensity beam interference, outlining the attempts that have been made to account
for these phenomena, in order to propose a “new” paradigm for
resolving the apparent contradictions.
2. Next, the experimental apparatus should be designed that
was divided into parts according to the logic of input/output
modelling: the statistics of the incoming photonic signal process
should be characterized, the arrangement that produce interference should be described theoretically, and the parts of the output
measurement unit should be examined.
3. For up to this point only (first- or higher-order) correlations, coincidences and momentums had been measured, the
model for the photonic signal process (based on the results of
stochastic control theory) was not involved. I intended to base my
investigation theoretically on stochastic dependencies between
absorption processes in the elements of the detector array. As the
interference picture (that is the average intensity distribution) can
not be interpreted after the impact of a few photons, this paradox
can be lift by applying double stochastic vector processes, which
are well-known from modern probability theory. Moreover, I can
give a statistical characterization for the dynamics of absorption
time (events of photon detection) vector processes by assuming
the existence of stochastic connection with “hidden” generating
information processes.
4. Finally, I should be aware that despite of all goodwill and
every attempts that were made to complete the task, there is a
limited relevance of the results and, of course, there are topics that are treated only cursorily or not at all. I should try to
recognize these deficiencies, and to mark directions for further
research.
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N EW

RESULTS

T

HE MAIN CONTRIBUTIONS of the dissertation are summarized as
follows (with cross-references to the sections of Thesis).

THESIS 1. (Sections 3.3 and 7.2). I proposed the application of
vector-valued doubly stochastic Poisson process models for the
formulation (time evolution) of interference patterns.
Although it is well-known that the photon impact process is
Poissonian (Mandel, 1958), the formulation process of interference pictures was not embedded into the standardized paradigm
of probability theory up to now. On the ground of quantumoptical calculations and statistical analysis I proposed the vectorvalued doubly stochastic Poisson process model.
THESIS 2. (Section 4.3). I developed a new method for minimizing the output frequency fluctuations of semiconductor laser
diodes.
I proposed the application of semiconductor lasers for producing interference, instead of the usual gas or solid-state lasers.
Laser diodes are well-known, can easily be configured in experimental environments and reasonably priced but the area of use is
limited, mostly because of the instability of their frequency outcome. I suggested active frequency stabilization (in addition to
passive one, see Ohtsu, 1992) for the semiconductor laser system in order to apply as a coherent source in the interferometric
experiment.
THESIS 3. (Sections 5.1–3). I set up an experimental layout for
registering the time formulation of interference patterns.
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Although this seems to be a straightforward goal, nonetheless one have to face with both theoretical and practical difficulties. First of all, some measurement results should be collected.
This is certainly not a trivial problem, Chapters 3 to 5 summarize the proposed experimental layout and describe the necessary
equipment in technical terms. The experimental layout itself is
a proposition as it became available only in the last few years to
combine a high speed photodetector array with a high speed data
acquisition card and record time statistics for the photonic arrival
process.
THESIS 4. (Section 6.4). I concluded in the optimal sampling
time for statistical modelling of the photonic arrival process.
Before system identification was performed I had to consider
the “detectors’ inefficiency” problem and the “sampling time selection” problem. These two are hopefully resolved by a new
approach based on fractal theory. In Chapter 6 I introduced the
concept of point fractals and proved that the photon arrival process is self-similar in a statistical sense (cf. Lovejoy et al., 1987).
After investigating the existence of scale invariance I could draw
up two statements: 1) the efficiency of detection does not effect
substantially on the statistical properties of the photonic arrival
process, and 2) for the photonic arrival process under investigation the return period is approximately 1ms.
THESIS 5. (Section 8.5). I derived the optimal linear filtering algorithm for vector-valued doubly stochastic Poisson processes.
As the final objective of research was the statistical identification for generating information processes of interference patterns, I should elaborate an optimal filtering algorithm for the
embedded intensity process. Assuming linearity, the optimal filter
is the Kalman–Bucy filter, and for vector-valued doubly stochastic Poisson processes it is formulated in the Multichannel Linear
Filtration Theorem.
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I NTERPRETATION AND
A PPLICATION
Identification for underlying intensity processes resulted in fascinating issues: although the original counting processes are spatially separated, they can not be distinguished in a statistical sense,
while the intensity processes have definitely different frequency
characteristics.
The first observation is far from surprise, quantumoptics predicted the same outcome. However, separability of intensity processes is especially worth for thinking, and a parallelism can be
drawn with the theory of Fine: it can be supposed that time evolution of the statistical sample contains some information related
to the original abundance.
In my interpretation this is an evidence for the existence of
some kind of global hidden information pattern that should correspond to Karl Popper’s third world. I did not want to fell in
the mistake of vanity and not take an attempt at explaining (or
resolving) the Einstein–Podolsky–Rosen paradox that is in focus
of interest of the scientific community for more than 65 years.
Instead, in the last Chapter I pointed out some of the known
absences of my model and outline the directions for further research.
The algorithm for frequency stabilization of laser diodes offers a far more practical application area. The introduction of
this method into industrial framework is under research (Nádai,
2001).
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model for H-atoms (Non-radiating solution of the classical Bohr
model)’. In: 3rd APCCM. Tunhuang, China.
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Várlaki, P., L. Szeidl, and L. Nádai: 1997c, ‘New stochastic approach for
measuring and controlling photon statistics’. In: P. Gabko (ed.): Proc.
Workshop AUTOMATION 2001. Vienna, Austria, pp. 253–256.
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