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Abstract

In 1916, A. Einstein developed a model of the absorption and emission of radiation from which he
derived M. Planck’s radiation law. He postulated light-induced (stimulated) emission, because
within the framework of classical physics an oscillator can, depending on the phase difference, both
extract energy from the electromagnetic field and transfer energy to it. In a non-coherent field, a = 8
should hold, where & denotes the kinetic constant of absorption and f that of stimulated emission.
This assumption is indispensable for deriving the radiation law from his model. In this context, it is
problematic that a certain degree of field coherence follows necessarily from his model, which implies
that a # . Moreover, the model cannot readily be generalised to fields of arbitrary coherence. An
alternative model for the absorption and emission of radiation by matter is therefore developed here.
On the one hand, it is based on the assumption that, within a blackbody, quanta of different energies
may recombine freely; on the other hand, it employs the “pairwise interference model of quantum
theory” (PIMOQ). The alternative model of the interaction between light and matter allows the
radiation law to be derived for thermal equilibrium in a non-coherent field, under which conditions,
according to the model, no stimulated emissions occur. It also describes the behaviour of systems
with a coherent field (interference experiment, laser). Furthermore, considerations are presented
regarding the energy distribution within a blackbody and the explanatory scope of A. Einstein’s
model in this respect.

Keywords: Planck; Einstein; radiation law; blackbody; photon; light interference; double-slit
experiment; laser; coherence; Copenhagen interpretation; energy distribution; state distribution

Introduction

In 1900, M. Planck derived an equation that describes the spectrum of blackbody radiation (and
thus also that of idealised stars free of atmosphere) [13]. In contrast to its predecessors, each of which
correctly accounted for only a portion of the spectrum, i.e. the relationship between luminous
intensity and frequency [11], M. Planck’s formulation differed in that its derivation required the
assumption that the energy exchanged between a resonator and the electromagnetic field is
quantised. The equation therefore marks the beginning of “classical” quantum theory (1900-1925). It
is given as follows (p: radiant intensity, mv: number of photons of frequency v, h: Planck constant, c:
speed of light, k: Boltzmann constant, T: temperature):

8whvd 1
P = My h V= c 3 e
ek —1 (1)

In 1909, A. Einstein sharply criticised M. Planck’s derivation of Eq. 1 [7], pointing out a serious
flaw while simultaneously maintaining the correctness of the equation itself. If the energy quantum
¢ is large in relation to the mean resonator energy—as is the case, for example, for visible light
compared with the resonator energy at 1700° K—the theory would predict very pronounced
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deviations from the intensity curve given by Eq. 1. However, this is not observed; empirically, Eq. 1
is confirmed with remarkable precision (a circumstance I have referred to as “Einstein’s riddle” [18];
it is not the only one). A. Einstein therefore called for an alternative derivation of Planck’s radiation
law.

In 1900 and 1901, M. Planck described the energy exchange between the electromagnetic field
and idealised “monochromatic resonators” (he was not convinced of the existence of molecules),
assuming that equal energy quanta & = hv are exchanged, without making more specific assumptions
concerning the absorption and emission of radiation [13,14]. Einstein altered this in 1916 and 1917
[8,9].

One might suppose that, in his derivation of the radiation law, he corrected Planck’s “error”.
However, a careful examination of his model shows that this is not the case [16,18], at least if one
assumes that he, too, regarded molecules as resonators. It then follows from the model that highly
energetic quanta (energetic in comparison with the mean resonator energy) should occur far more
frequently than is actually observed. This may indeed hold quite generally once one assumes that the
energy distribution in resonators can be described by the Boltzmann factor

_AE
NE+AE/NE =€ kT )

as was done, for example, by S. Bose in 1924 [3] and by R. Feynman in 1963-1965 [12] (E: resonator
energy; n: relative number of resonators).

Figure 1 summarises the results of an earlier study by the present author [18]. Here, r denotes
the number of energy quanta R “stored” in matter, each of energy ¢, relative to the number of
molecules N (r = R/N). The index i refers to the possible energy levels of the molecule or resonator,
respectively.
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Figure 1. Ratio of the relative frequencies of molecules in adjacent energy states according to three different
models. n; denotes the relative number of molecules in energy state i with energy ie. r is the number of energy

quanta of energy ¢ relative to the number of molecules N. (The figure was generated using GeoGebra.).
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Two-state systems can absorb only a single quantum of a given “colour”, i.e. energy &, and
therefore exist either in the ground state (Z,) or in the excited state (Z;). The ratio ni/no is shown in
Figure 2 by the blue curve, obtained from the fact that Z, contains exactly one quantum, Z, none, and
under the condition that 1, = 1-n,. It is immediately evident that the energy distribution of two-state
systems cannot be represented by the Boltzmann factor.
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Figure 2. Interaction of light and matter according to A. Einstein (1916) [8]. Two arbitrary energy levels of a

molecule are considered.

By contrast, the red curve describes the energy distribution for the monochromatic resonator in
A. Einstein’s model, if one assumes that “his” molecules are indeed to be interpreted as such
resonators. This is not entirely clear. He writes: “Each molecule shall be capable only of a discrete series Z,
Z,, etc., of states with energy values €1, &, etc.” Whether these states Z; satisfy i € £f* and are therefore
arranged in a “ladder-like” sequence does not follow necessarily. In contrast to other authors (such
as R. Feynman [11]), I assumed i € #* in earlier work [16,18]; for the sake of completeness, however,
this assumption will not be imposed here, so as to allow for the remaining possibility.

The third, green curve results from that model of L. Boltzmann from which the Boltzmann factor
(and the relation between entropy and statistics) is derived [2]. His fundamental assumption is that
a molecule can absorb an arbitrary number of quanta of the energy e. From his model, as from that
of Einstein, it follows that #1i+1/n; = r/(1+r) (red curve), but as an approximation for large r (many quanta
per molecule) he infers ni+/n; = exp(=1/r) (green curve). For L. Boltzmann, the quanta are not real (but
merely a mathematical device); he may therefore conceive them as arbitrarily small and arbitrarily
numerous. However, they are real, and many of them are by no means particularly frequent (relative
to the number of molecules). The difficulties arise when an approximation is employed in a regime
(significantly fewer quanta than molecules) in which it is not applicable, yet nevertheless reproduces
the empirical findings correctly —unlike the exact equation.

Figure 1 shows that, for example, for r = 0.1 (on average one quantum per ten molecules), the
ratio n1/ng for the two-state system, or ni+/ni for the monochromatic resonator, is likewise close to 0.1,
as one would expect if the number of quanta per molecule determines the molecule’s energy state.
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For the approximation that yields empirically consistent results (green curve), however, this is not
the case.

In order to resolve this contradiction, one might postulate that the energy quanta exchanged are
far smaller (and hence more frequent) than is presently assumed. Alternatively, one might suppose
that the resonators are much larger, i.e. that they do not correspond to individual molecules but to
ensembles. In both cases, the approximation ni+/ni = exp(-1/r) would be justified. One might even
conjecture that the energy distribution among molecules does not arise from a stochastic process at
all.

Alternatively, one may assume that one of the assumptions underlying the models of M. Planck
and A. Einstein is fundamentally incorrect. This is the hypothesis to be examined here.

Einstein’s Model of the Interaction of Light with Matter

A. Einstein considers “a gas consisting of identical molecules ... which are in statistical equilibrium
with thermal radiation. Each molecule shall be capable only of a discrete series of states ...”. As stated above,
we shall assume here that these states may be separated by arbitrary energy intervals (generally not
arranged in ladder-like form) and that A. Einstein therefore had in mind not a monochromatic
resonator but rather —perhaps under the influence of Niels Bohr’s 1913 theory of atomic spectra [1],
which he mentions in his paper—a hierarchical orbital model.

From the Boltzmann factor, or from thermodynamic considerations which he does not elaborate
in detail, he infers that the relative number of molecules n; occupying state Z; (Figure 2) is given by
(notation modified; the following equation corresponds to his Eq. 2):

_E
np=e T (3)

In contrast to the original (his Eq. 2), the “statistical weight of Z;”, a temperature-independent
constant that plays no further role later on, is omitted here. E; denotes the energy level of Z;. From
this he deduces (i, j =0, ... ,s):

Ej—Ej
HJ-,J'H,- = kT (4)

The molecular energy states Z;, Z;, etc., are mutually exclusive states, and naturally each

molecule must occupy one of them; thus one must have:

no+...+mi+nj+..+n,=1(5)

For small s, this additional condition becomes problematic. This is particularly evident if one
considers a hypothetical molecule possessing only two energy states Zy and Z; (s = 1). In that case,
instead of Eq. 5 we have n; = 1-n (see also Figure 1, blue curve), and for the ratio of the populations
of the two states, n1/ng = (1-n9)/ny, Eq. 4 (also Eq. 4 in Einstein’s paper) does not hold. If, on the other
hand, n+n; << 1 because there exist very many possible states, one may assume that Eq. 3, and
therefore also Eq. 4, can be valid.

However, does the energy distribution given by Eq. 4 also follow from the kinetics of Einstein’s
model? The great advantage of the monochromatic resonator in the models of L. Boltzmann [2] and
M. Planck [13,14] lies in the ladder-like arrangement of the energy states (i € £+), which yields a series
that is straightforward to handle [16]. If the energy states are separated by arbitrary intervals and are
mutually exclusive, this procedure cannot be applied; under these circumstances, the resulting
energy distribution cannot be inferred from the energy-exchange processes postulated by A. Einstein,
nor can it be derived from the kinetics of the model, as will become evident in what follows (if one
considers only two states Z; and Z;, this does not imply that the arguments applicable to a two-state
system may be adopted whenever ni+n; < 1). Eq. 4 does not represent the only possible energy
distribution compatible with the model.

In addition to spontaneous emission, A. Einstein postulated in his model a further form of
emission induced by the field, that is, by photons (Figure 2). The reason for this postulate lay in the
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classical description of the interaction between resonator and field. A. Einstein writes: “In the case of
the resonator ... the incident radiation ... may just as well produce a decrease as an increase of energy.” If a
resonator can both absorb energy from the field and emit energy into it, the same must be possible in
quantum theory. Accordingly, a light quantum may either be absorbed or trigger the emission of a
further photon of the same energy e.

A. Einstein assigns three kinetic constants to the three different forms of interaction between
light and matter. In the notation used here, let & denote the constant for absorption, f for induced
emission, and y for spontaneous emission. Let Z; be the energetically higher state relative to Z; (Figure
2). In addition to n;, we also require the relative frequency of photons m, where m = M/N, and M is
the number of photons in the same volume to which the number of molecules N refers (A. Einstein
used the radiation intensity p = mhv instead of photon number in his calculations).

The transition from Z; to Z; occurs via induced and spontaneous emission (Figure 2). The former
must be proportional not only to the population of molecules in the higher-energy state but also to
the photon frequency:

Zi—Z: Pmnj+ynj=n;(pm+y)
The transition from Z; to Z; occurs via absorption. Here both the photon frequency and the
population of molecules in the lower-energy state are relevant:
Zi— 7 amn;
It follows (t: time):
Am/At =B mnj+y nj - o mni
In thermal equilibrium, Am/At = 0, which yields:
m (a ni— B n)=vymn

A. Einstein now concludes that the kinetic constants for absorption and induced emission must
be equal: & = . This is not without justification. Within classical physics, in the interaction between
resonator and electromagnetic field, the former may either absorb energy from the field or emit
energy into it. Which process occurs depends on the phase difference between field- and resonator-
oscillation. In the case of a non-coherent field, both processes should occur with equal probability
once a contact between a photon and a molecule has taken place. Thus:

am (ni—nj) =y n

Using Eq. 4, one may substitute for nj and finally obtain—if one assumes that the photon energy

€ corresponds to the energy difference between the two levels, i.e. € = Ei~Ei:
Y 1
m=——-
o efT —1 (6)

With an appropriate choice of y/a and by setting & = hv, this corresponds to M. Planck’s relation
between pand T, i.e. Eq. 1.

Equation (6) may now be rearranged, again using a = 3, to yield:

_ B ,ﬂ'm
el = ————
Bm+y (7

The right-hand side of Eq. 7 corresponds to the ratio of the number of induced emissions to the
total number of emissions, which evidently depends on v and T. This has consequences for the
coherence of the field, since induced emission (B m) produces coherent photon pairs—as
demonstrated by the laser —whereas spontaneous emission (y) produces photons of random phase
(as well as propagation direction and polarisation). With increasing temperature T and decreasing
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photon frequency v, coherence should increase, and according to Einstein’s model a certain degree
of coherence is always present. This is problematic, however, because the identification & = § was
justified by assuming that the field is non-coherent. Moreover, this result of Einstein’s model has no
counterpart in classical physics.

Furthermore, it follows that nj/ni = B m/( f m+y). This is all that can be learned from the model
about the ratio of the molecular energy states (provided one does not assume from the outset that
nj/ni = exp(-hv/(kT) and provided one assumes that the model molecules are not monochromatic
resonators).

Summarised

e  From the kinetics of Einstein’s model, one cannot deduce the distribution of energy among the
molecules (unless one assumes that his model is based on monochromatic resonators). It does
not follow necessarily that the energy distribution is described by Eq. 4 (the Boltzmann factor).
In the model, the energy states or levels are mutually exclusive, i.e. each molecule represents one
such state.

e  According to Einstein’s model, the electromagnetic field is always coherent to some extent,
which is incompatible with the assumption a = §; yet without this assumption the radiation law
(Eq. 1) cannot be derived from the model.

e  The model cannot readily be generalised to allow for arbitrary degrees of field coherence.

An Alternative Derivation of Planck’s Radiation Law Based on the “Pairwise
Interference Model of QM” (PIMOQ)

The blackbody is an idealised state of matter that completely absorbs all incident electromagnetic
radiation and emits characteristic thermal radiation. It is, for example, closely approximated by stars
or glowing coals. It emits and absorbs a continuous spectrum of radiation, which is not the case for
isolated atoms or molecules. The highly complex visual pigments of our retina display a continuous
absorption spectrum; however, this does not coincide with that of a blackbody. Gases, which consist
of more or less free molecules, likewise do not in general exhibit the properties of a blackbody.

What, then, is distinctive about a blackbody? In the author’s view, its defining feature is that
quanta of different colour, or energy, can recombine freely within it; that is, they may be described
as mutually independent. There is no restriction between them of the kind whereby a quantum of
energy & can be absorbed by a molecule only after a quantum of energy ¢ has been absorbed, or vice
versa. In other words, there are no hierarchical orbitals. From a theoretical standpoint, this entails a
modification of perspective: rather than considering the energy states of a black-body molecule, it is
more appropriate to conceive of it as a reservoir of quanta (the indices #,j therefore refer in the
following not to molecular energy states but to the energies of the quanta).

A further property of the blackbody, in my view, is that within it—by analogy with Eq. 4—the
following relation holds (;, as before, denotes the frequency of quanta of colour & relative to the
number of molecules N):

&

ri=e kT (g

This is not merely a consequence of the exchange of quanta between molecules (as already
shown [16,18], plausible models yield incorrect results in certain regimes), but equally of the
distribution of energy within a given molecule. I regard Eq. 8 as a fundamental property of the
blackbody, which I shall not attempt to explain further here. The following, however, holds: owing
to free recombinability, for three quanta of the energy levels ¢; & and ¢, if & = & + g, then it must also
be the case that 1, =1; 1;, or, according to Eq. 8:

o

£ g +Ej 3
Fi :e_f?r?e_ﬁ —p KT = E_I'Jf 9)
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thus demonstrating that the relation expressed in Eq. 8 is likewise satisfied for #. The additivity of
energy on the one hand, and the requirement of free recombinability on the other, therefore enforce
an exponential relationship, provided one assumes a strict correspondence between the energy of the
quanta and their frequency. The quantity kT/; represents the ratio of the mean energy per molecule
(averaged over the entire spectrum of the radiation) to the energy of the particular quantum under
consideration.

Different quantum energies do not constitute mutually exclusive states within a molecule, in
contrast to the state of the molecule as a whole (a molecule may store several quanta simultaneously,
though not more than one of a given colour). Consequently, no difficulty arises with Eq. 8 if we note
that, when # molecules possess a quantum of colour &, a fraction 1-r; of the molecules does not
possess this property (this effectively replaces Eq. 5). We accept that each molecule can “store” only
one quantum of a given colour, but many of different ones, which do not influence one another
(Figure 3).

VAR A Zi

1-r1
f] 1-rj
1-ri

Figure 3. A comparison is made between the exclusivity of molecular energy states in A. Einstein’s model (top)

and the unrestricted recombinability of quanta of differing energies in the alternative model (bottom). A row

symbolizes the entirety of the molecules.

The information presented suffices to attempt a very simple derivation of Eq. 1. We consider
only a single colour and therefore omit the index. We assume two processes:

— A photon of energy € is emitted with a probability proportional to the relative number of
molecules containing a quantum of this colour: yr.

— A photon of energy ¢ is absorbed with a probability proportional to the photon frequency and
to the relative number of molecules that do not contain a quantum of this colour (a molecule can
absorb a photon of a given colour only if it has not already absorbed one of that colour): ad m(1
-7).

In addition to the kinetic constant «, I have introduced a second constant §, intended to represent
the probability that a photon and a molecule encounter one another. The constant & then denotes the
probability that, in such a case, an interaction actually occurs (this separation could, of course, equally
have been introduced in the model of A. Einstein).

Am/At= yr-adm(1-r) (10)
In equilibrium, Am/At = 0. It follows that:

Sy r ¥
Call—r  ad

1

1
L

and, upon application of Eq. 8:
4 1
m=———"
aderm — 1 (11)
Formally, Eqs. 6 and 11 are essentially consistent; differences arise, however, in their
interpretation. In the alternative derivation no mention has thus far been made of stimulated
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emission, nor was there any necessity to set & = f§, since f§ did not appear. The reason for this is not
that such processes do not exist; the laser demonstrates that they do. However, we assume that in a
non-coherent field no stimulated emissions occur (apart from statistical fluctuations), which is in fact
the only way to maintain this state of the field, since stimulated emission “produces” pairwise
coherent photons. Moreover, in the alternative model stimulated emission and absorption are
evidently not complementary events.

With regard to field coherence, black-body radiation represents one extreme; in the author’s
view, the interference experiment represents the other [15], since in the latter—according to the
interpretation of the PIMOQ —practically only stimulated emissions play a role (such experiments
furthermore permit manipulation of the coherence of the local field). The difference between the
PIMOQ and quantum theory in the Copenhagen interpretation shall be outlined only briefly here. To
present the Copenhagen interpretation, P. Dirac (1947) [5] may be quoted:

“Each photon ... interferes only with itself. Interference between two different photons never occurs.”

In the PIMOQ, by contrast, it is always pairs of photons that interfere, never a photon with itself.
Interference requires the mediation of matter. The superposition of possible states that are supposed
to collapse upon measurement likewise does not occur in the PIMOQ. P. Dirac further writes:

“Some time before the discovery of quantum mechanics people realized that the connexion between light
waves and photons must be of a statistical character. What they did not clearly realize, however, was that
the wave function gives information about the probability of one photon being in a particular place and
not the probable number of photons in that place.”

In agreement with A. Einstein (1936) [10], the PIMOQ maintains that quantum theory permits
only statistical statements and none that refer to an individual photon.

According to the Copenhagen interpretation, it is meaningful only to formulate hypotheses
concerning the results of experiments, but not to devise intuitive conceptions of the underlying
processes:

“Only questions about the results of experiments have a real significance and it is only such questions
that theoretical physics has to consider.”

Within the PIMOQ, it is permissible to raise background questions concerning the nature of an
interaction (although the mathematically correct result must, of course, ultimately be obtained). With
regard to stimulated emission, this has already been undertaken [15] and is summarised here.

In order to identify, for stimulated emission in quantum theory, a counterpart to the phase
difference between field and resonator in classical physics, we may, following De Raedst et al. (2005)
[4], assume that the absorbed photon transfers to the molecule not only its energy but also its phase
message ¢ (which may be visualised as the position of a pointer on a clock face), and thus the
information concerning its travel time modulo 1/v. This information remains unchanged for as long
as the photon is stored.

Upon collision of the molecule with a second photon, its message is compared with the stored
one. Depending on the magnitude of the phase difference & = @i~¢; (i,j = 1, ..., M), stimulated
emission occurs with probability p;, the result being the release of a photon pair with (nearly)
identical properties (frequency, phase, polarisation, trajectory). The attributes of the “later” photon
are those that are adopted. We assume that p; should increase with increasing similarity of the phases.
Furthermore, the range of the cosine (-1 to 1) must be taken into account. We therefore choose for p;:

1 + cos&j
Pij = ———
g 2 (12)
The frequency f with which stimulated emissions occur now corresponds to the difference

between emission events and those that “cancel” the emissions again, the latter occurring with
probability g; = 1-p; (in this model § is, of course, not a constant).
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B = Z mimg; (PU — ffu‘)
i (13)

In a non-coherent field, p; = g5 = 0.5 and hence § = 0. In a perfectly coherent field, g = 1. Using
Eq. 12, one obtains:

g = Z mimijcoski;
i (14)

As I have shown elsewhere [15], this equation yields the same result as the amplitude-squared
representation in quantum theory for the probability of an event—here, stimulated emission—when

1A% = Z m!.ewv“’—_lz mije—9iv-1
{ i

The mathematical agreement with quantum theory is therefore established. The interpretation,

the Born rule is applied.

however, is difficult. In an earlier publication [15], I adopted on the one hand the position that the
complementary event to stimulated emission is absorption (as was also done by A. Einstein), and on
the other hand that Eq. 13 presupposes a monochromatic resonator and cannot be “reasonably”
interpreted in a two-state system (since in that case superposition must be assumed). As we have
here dispensed with the monochromatic resonator and do not regard absorption as a complementary
event, only a pragmatic viewpoint remains: namely, that there exists no complementary event to
stimulated emission at all. The counter-probabilities g; may formally be eliminated by replacing Eq.
13, as an intermediate step towards the more relevant Eq. 14, with
P =L mm; 2p;~1). In any case, Eq. 14 states that the coherence of the field determines the number of
induced emissions and thus the extent, or the directionality, of the energy exchange between the field
and matter.

The PIMOQ is not a classical theory, since it assumes that a photon can carry information about
its travel time, although according to relativity no time elapses for a particle moving at the speed of
light. For 6, one obtains from Eq. 1 and Eq. 11:

0 = c3/8m? (15)

provided that we assume y/a = 1. In the PIMOQ, photons follow classical trajectories and there are
no possible paths that superpose. A more detailed discussion of this topic can be found in Ref. 18.
Within the framework of PIMOC, two scenarios in which stimulated emission is significant shall
be briefly discussed, namely the interference experiment and the laser.
In an interference experiment such as the double-slit experiment, the local coherence of the field

at the detector or observation screen is determined by the light source and the experimental
arrangement [15]. Locally, it varies in the horizontal direction (i.e. perpendicular to the slits) from
=0to B =1 (B is given by Eq. 14 or may be replaced by 1A% and describes the field coherence). At
room temperature, practically all molecules of the detector would be in the lower-energy state;
however, due to the irradiation the opposite is the case, and the vast majority of molecules contain
quanta of the energy of the light reaching them from the source. Consequently, r is only slightly
smaller than one and 1-r is approximately zero (r is given by Eq. 8 only in thermal equilibrium with
a non-coherent field). Although absorption is certainly important for the process, it does not play a
role in the balance (see Eq. 10). In principle, this yields:

Am/At=y+po6m  (16)

However, owing to the conditions and constraints of the system, this leads not to an exponential
but only to a logistic increase in m. Because f varies periodically along the horizontal direction of the
screen, the interference fringe pattern arises. It may be surprising that even at locations of destructive
interference absorption is insignificant in the balance; however, here as well almost all molecules are
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at a higher energy level, but because of the phase difference of @ between the partial beams no
stimulated emissions occur. Since the coherence of the field is determined by the light source and the
experimental arrangement (the double slit)—so to speak from outside—it is not altered by the
stimulated emissions. Consequently, no feedback occurs.

In the case of the laser, Eq. 16 also applies with the aforementioned restriction. That r is only
slightly smaller than one is achieved in this case, for example, by pumping, that is, by the continuous
supply of quanta bound in matter. In order for a steady-state flow equilibrium to arise (m+r =z, where
z is a constant), a fraction of the photons must be removed from the system. Mirrors ensure that the
other light quanta stay in the system for a relatively long time, so that feedback occurs: the field
coherence (B > 0) gives rise to stimulated emissions, which in turn increase the field coherence.
Ultimately, this leads to positive density-dependent selection, as I have described elsewhere [17].

In summary, the following emerges:

e  From the knowledge of the mean molecular energy kT of the blackbody, one can determine the
relative proportion of quantum-absorbing (1-r) and quantum-emitting () molecules for each
quantum colour &, provided that the field is non-coherent.

e |Al?o0r, equivalently, § describes the degree of field coherence.

e The field coherence determines the directionality of the energy exchange between matter and
field (induced emissions).

e  This directionality, in turn, reinforces the field coherence.

References

1. Bohr, N., On the Constitution of Atoms and Molecules, Philosophical Magazine Series 6, 26 (151), 1-25,
1913.

2. Boltzmann, S., Uber die Beziehung zwischen dem zweiten Hauptsatze der mechanischen Warmetheorie
und der Wahrscheinlichkeitsrechung respektive den Satzen iiber das Warmegleichgewicht, Sitzungsber.
Kais. Akad. Wiss. Wien Math. Naturwiss. Classe, 76, 373-435, 1877.

3. Bose, S., Plancks Gesetz und Lichtquantenhypothese, Z. Physik 26, 178-181, 1924.
De Raedt, H., De Raedt, K., Michielsen K., Event-based simulation of single-photon beam splitters and
Mach-Zehnder interferometers, arXiv:quant-ph/0501141v1, 2005. https://doi.org/10.48550/arXiv.quant-
ph/0501141.
Dirak, P. A. M., The Principles of Quantum Mechanics, Third Edition, Oxford, Clarendon Press, 1947.
Einstein, A., Die Plancksche Theorie der Strahlung und die Theorie der spezifischen Warme, Annalen der
Physik, 327(1), 180-190, 1907.

7. Einstein, A., Uber die Entwicklung unserer Anschauung iiber das Wesen und die Konstitution der
Strahlung, Physikalische Zeitschrift 22, 817-825, 1909.
8. Einstein, A., Strahlungs-Emission und -Absortion nach der Quantentheorie, Deutsche Physikalische

Gesellschaft, Verhandlungen 13/14, 318-323, 1916.

9. Einstein, A., Zur Quantentheorie der Strahlung, Physikalische Zeitschrift, 18, 121-128, 1917.

10. Einstein, A., Physik und Realitdt, Journal of the Franklin Institute, 221(1323-23), 313-347, 1936.

11.  Feynman, R. P., Leighton, R. B., Sands, M., The Feynman Lectures on Physics, Volume I, 1963-1965.
https://www.feynmanlectures.caltech.edu/

12. Feynman, R. P., Leighton, R. B., Sands, M., The Feynman Lectures on Physics, Volume III, 1963-1965.
https://www.feynmanlectures.caltech.edu/

13.  Planck, M., Zur Theorie des Gesetzes der Energieverteilung im Normalspektrum, Verhandlungen der
Deutschen physikalischen Gesellschaft 2(17), 237-245, 1900.

14.  Planck, M., Uber das Gesetz der Energieverteilung im Normalspektrum, Ann. Physik 4 553-563, 1901.

15. Tiefenbrunner, W., The Interference of Light As Photon Pair Interaction Mediated by Matter Under the
Assumption of Alternative (“Classical”) Photon Paths in Multi-path Experiments. MDPI-Preprints 2024,
2023020162. https://doi.org/10.20944/preprints202302.0162.v2

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.0962.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 March 2026 d0i:10.20944/preprints202603.0962.v1

11 of 11

16. Tiefenbrunner, W., The Monochromatic Resonator and the Interaction Between Light and Matter Under
the Assumption That Photons Follow Classical Trajectories. MDPI-Preprints 2025, 2025021648.
https://doi.org/10.20944/preprints202502.1648.v1

17.  Tiefenbrunner, W., 17. Change of information by positive frequency-dependent selection in two very
different models (laser-like and chirality of shell-coiling in the snail Partula suturalis),
https://biorxiv.org/cgi/content/short/2021.02.15.431340v1

18. Tiefenbrunner, W., Planck’s Radiation Law and Einstein’s Riddle, Preprints 2026, 2026011915.
https://doi.org/10.20944/preprints202601.1915.v1

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.



https://doi.org/10.20944/preprints202603.0962.v1
http://creativecommons.org/licenses/by/4.0/

